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1. INTRODUCTION

1.1 OBJECTIVES

This report presents the results of the fourth year of Construction Monitoring
in the vicinity of Wolf Creek Generating Station (WCGS) as outlined in
Section 6.1 of the WCGS Environmental Report (Construction Permit Stage).
Environmental monitoring programs near the WCGS site have been conducted
since 1973. The initial studies (1973-1974) were conducted to collect
baseline data on water quality, aquatic biology, and terrestrial biology to
partially fulfill the Nuclear Regulatory Commission's (NRC) requirements for
preparing an Environmental Report prior to issuance of a construction permit
for WCGS. Subsequent monitoring programs were modified as necessary to
obtain as complete a data base as practical for the ecosystem near WCGS.
Major changes in the terrestrial biology, water quality, and aquatic biology
monitoring programs were made after issuance of the Final Environmental
Statement (FES) for WCGS by the NRC in 1975. Changes recommended by the NRC
were implemented in the 1976 construction phase environmental monitoring
program. Environmental monitoring data collected through 1978 were summarized
in Chapter 2 of the Operating License Stage Environmental Report prepared for
the NRC.

Design changes were incorporated into the 1980-1981 program following com-
pletion of an expanded three-year monitoring program based on recommendations
of the NRC staff in the Final Environmental Statement for WCGS. Alterations
in the 1980-1981 construction environmental program included:

1. sampling frequency for surface water quality and aquatic biology
was reduced from a bimonthly to quarterly program.

2. all monitoring at Location 5 on the lower reach of Wolf Creek was
discontinued.

3. water quality and plankton monitoring was discontinued during the
May and July surveys of the John Redmond Reservoir tailwaters. In
addition, seining at Location 11 was eliminated during these two
survey periods.

4. field and laboratory methodologies utilized during this study period
remained essentially the same except for the phycology program.
Periphyton was collected from artificial substrates at Locations 4
and 10 which replaced collections from natural substrates at Loca-
tions 1, 4, and 10. Phytoplankton analyses were performed using the
inverted microscope method, which replaced the bright field-phase
contrast scan technique.

5. groundwater sampling was reduced from three times a year at eight
wells to twice a year at four wells.

6. hardness was added to the water quality parameters measured in the
groundwater samples.
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7. vegetation monitoring in April and June was discontinued. The
September survey included sampling of all strata.

8. small mammal trapping in June and avifauna surveys in November were
eliminated from the wildlife monitoring program.

9. construction site overviews were reduced from five to three times
per year and were conducted in June, September, and January.

The overall objective of the 1980-1981 program was to assess the land and
water environments in areas which will, or may be, influenced by construction
and operation of WCGS. Potential near-field impacts could result from
construction and operation of the makeup water pumphouse located in the
tailwaters of John Redmond Dam. Construction activities could influence
water quality downstream of the construction area and operation of the
pumphouse will result in losses of organisms through entrainment and impinge-
ment processes. Potential far-field effects could be manifested downstream
of the confluence of Wolf Creek depending on the quantity and quality of
water discharged from Wolf Creek during construction and operation of WCGS.
Specific objectives of the 1980 program are listed below.

1.1.1 Water Chemistry

The objectives of the water chemistry study during this phase of the Construction
Environmental Monitoring Program for WCGS were to

1. document changes in water quality, if any, resulting from construction
related activities,

2. provide additional data on the general water quality of the aquatic
environment (both surface water and groundwater) in the vicinity of
the facility,

3. document the concentrations of aquatic nutrients, organically-derived
materials, and certain trace metals.

1.1.2 Aquatic Biology

The objectives of the aquatic biology monitoring study were to

1. provide additional baseline data on the periphyton, phytoplankton,
zooplankton, macroinvertebrate, and fish communities in the vicinity
of the facility,

2. document any natural year-to-year changes in the aquatic community,

3. provide reference information to be used in the formulation of
management programs to minimize effects of construction and operation
on the environment.
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1.1.3 Vegetation Monitoring

Specific objectives of the vegetation program were to

1. evaluate changes in the vegetation since the 1973 baseline study,

2. provide additional data for comparison with subsequent monitoring
studies,

3. evaluate any relationships between phytosociological changes and
construction activities,

4. record total 1980 construction-related land-use disturbance at
the WCGS site.

1.1.4 Wildlife Monitoring

The 1980 wildlife monitoring program was designed to determine

I. species composition and abundance of game and nongame wildlife,

2. naturally occurring variations in species composition and abundance,

3. faunal changes that may have resulted from construction activities
associated with WCGS.

1.2 STATION DESCRIPTION

Kansas Gas and Electric Company's Wolf Creek Generating Station (WCGS) is
located in Coffey County approximately 5.6 kilometers northeast of Burlington,
Kansas. Upon completion in 1983, the station will employ a pressurized water
reactor to produce 1,150 megawatts (net output) of electrical power. The
site encompasses 9,818 acres of range, cropland, and woodland typical of
southeastern Kansas. The station will occupy 135 acres and the cooling lake
will inundate approximately 5,090 acres. A once-through cooling system,
utilizing water from the WCGS cooling lake, will be utilized. The cooling
lake will be formed by impounding Wolf Creek approximately 8.8 kilometers
upstream from its confluence with the Neosho River. A surface elevation of
1,087 feet above sea level will be maintained in the cooling lake by precipi-
tation and runoff in the Wolf Creek watershed and makeup water from the Neosho
River. A makeup water pumphouse on the Neosho River in the tailwaters of
John Redmond Reservoir will provide water to the cooling lake via an under-
ground pipeline.

1.3 DESCRIPTION OF STUDY AREA

1.3.1 Aquatic Habitat

The Neosho River is a relatively slow meandering stream that rarely exceeds a
gradient of I m/km (Prophet 1966). The river was significantly altered in
1964 with the completion of John Redmond Dam. River flow in the study area
is dependent upon discharge from John Redmond Reservoir which is regulated by
the U.S. Army Corps of Engineers.
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Substrates in the tailwaters of the John Redmond Reservoir Dam were layered
limestone, shale, and sandstone bedrock. Flow was variable and entirely
dependent upon releases from John Redmond Reservoir. Pools, gravel bars, and
riffles characterize the lower river near the confluence with Wolf Creek.
Substrates in the riffle habitats were rock, rubble, and gravel, whereas the
pools were characterized by bedrock overlaid by silt.

Wolf Creek, a small intermittent tributary of the Neosho River, is subject to
brief periods of high flow following snowmelt or stormwater runoff and long
periods of low or zero flow, during which the creek often consists of a
series of isolated pools. In October and December, small isolated pools were
present. Various mixtures of silt, clay, sand, and gravel were present in
the substrates of Wolf Creek during 1980. The creek bottom above the cooling
lake site was heavily overlaid with leaf litter in October and December.

Four locations in the Neosho River and two in Wolf Creek were sampled to
characterize the aquatic community of each system (Figure 1-1). A description
of the physical characteristics associated with each location is presented
below.

1.3.1.1 Neosho River

Location 1 was in the tailwaters of John Redmond Dam near the make-up water
intake structure for the station. The bottom substrate was bedrock, with
rock riprap along the banks. Flow was entirely dependent on releases from
John Redmond Reservoir.

Pools and riffles characterized Location 10 which was 0.7 kilometers upstream
of the confluence with Wolf Creek. The riffles had substrates of rock,
rubble, and gravel, whereas the pools were characterized by bedrock overlaid
with silt.

A riffle located approximately 0.5 kilometers below the confluence with Wolf
Creek constituted Location 11. The riffle consisted of small rubble, gravel,
and sand swept by swift current. During periods of low flow, the water depth
ranged from 5 to 25 centimeters.

Location 4, 1.3 kilometers downstream of the confluence with Wolf Creek, was
comprised of deep pools and a shallow gravel bar. The substrate of the
pools was silt and sand, whereas the gravel bar consisted of sand and gravel.

1.3.1.2 Wolf Creek

Location 7 was upstream of the area to be inundated by the WCGS cooling lake.
The substrate at this location consisted of sand, gravel, and clay which
usually was covered by leaf litter.

Location 3 was a clay and silt bottomed pool located approximately 1.7
kilometers downstream of the cooling lake dam. Construction activities
during 1976 altered the physical features of a portion of this location.
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Figure 1-1 Aquatic sampling locations in the vicinity of Wolf Creek
Generating Station, 1980.
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1.3.2 Terrestrial Habitat

Studies of vegetation, mammals, avifauna, reptiles, and amphibians were
conducted in the following communities (Figure 1-2)

1. north floodplain woods, Community 1, (NE 1/4, NW 1/4, Section 25,
T20S, RI5E),

2. abandoned railroad right-of-way, Community 2, (NE 1/4, NE 1/4,
Section 6, T21S, Rl6E),

3. south floodplain woods, Community 8, (NE 1/4, NE 1/4, Section 12,
T22S, Rl5E).

The north floodplain woods occupies a terrace above Wolf Creek and is located
upstream from the WCGS cooling lake, near the approximate high water level
for the cooling lake. The community is subject to periodic flooding and, due
to community topography, some portions of the woods are inundated more
frequently than others. The elevational gradient of the woods is not visually
discernible, although the community slopes gently to the south and drops off
steeply into the creek bed.

The abandoned railroad right-of-way is representative of protected prairie of
the Kansas Osage plains. Community 2 has been protected from grazing,
mowing, and fire since 1975; such prairie communities with protection from
anthropogenic disturbances are uncommon in the area.

The south floodplain woods is located approximately 6 kilometers downstream
from the cooling lake dam on Wolf Creek. Community topography is irreguar
and portions of the community are periodically inundated. The locations of
vegetation sampling plots vary from depressions on the first terrace of Wolf
Creek to well-drained sites on the second terrace of the floodplain.

1.4 STATUS OF CONSTRUCTION

Construction-related land-use disturbances declined in 1980 and reflected
near completion of the project (Section 8.2.5). Low rainfall and completion
of certain projects reduced the likelihood of construction effects on the
Neosho River in 1980. Major construction activities in 1980 included initial
filling of the ultimate heat sink (UHS), completion of the makeup water
pumphouse (MWPH), and closure of the cooling lake dam. Filling of the UHS
began in mid-May and it has since served as a holding pond for a portion of
the fish planned for stocking the cooling lake. The MWPH was completed soon
after the initial aquatic survey in April 1980; consequently, construction
activities in the tailwater area would not be expected to affect the 1980
data. Data collected during initial site clearing and ground construction
activities for the MWPH indicated no near- or far-field impacts on the
water quality or biota in the Neosho River. Testing of the MWPH began on
13 October 1890. Closure of the main dam began on August 1980 and was
essentially completed by the end of September. Lake filling started on
27 October 1980. Low rainfall during 1980 (Section 2.2) and diversion of
Wolf Creek through the borrow areas in 1979 limited runoff from the plant
construction site prior to dam closure.
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Figure 1-2 Terrestrial sampling locations in the vicinity of Wolf Creek Generating Station, 1980.



2. WATER QUALITY

2.1 METHODS

2.1.1 Surface Water

Quarterly water quality samples were collected from three locations in the
Neosho River (1, 10, and 4) and two locations in Wolf Creek (3 and 7) during
the 1980 study. Subsurface samples were collected using non-metallic water
samplers. Bacteriological and oil-and-grease samples were collected at the
surface in glass sample containers. Immediately following collection,
samples were preserved, packed in ice, and shipped to the laboratory for
analysis of the chemical parameters listed in Table 2-1.

Analytical procedures used during the study are presented in Table A-l. The
methods used conform to procedures outlined in Standard Methods for the
Examination of Water and Wastewater (APHA 1976). Analytical testing and
quality control procedures were conducted in a manner consistent with the
guidelines of the U.S. Environmental Protection Agency (1979a) and the EA
Quality Assurance Program. Water temperature, dissolved oxygen, pH, total
alkalinity, and turbidity were measured in the field. Enteric bacteria
samples were processed at the Lincoln, Nebraska Regional Laboratory using
standard delayed incubation methods; chemical parameters were measured at the
Northbrook, Illinois Regional Laboratory with the exception of the October
and December samples which were analyzed at the Sparks, Maryland Laboratory.

The differences in laboratory processing of samples by individual analysts
and laboratories resulted in differences in analytical detection limits
reported for the 1980 data. Data reporting conventions with regard to
significant figures and rounding of values resulted in slightly different
reporting values.

2.1.2 Groundwater

Single groundwater samples were collected from four wells (B-12, C-20, C-49,
and D-65) in April and October. Samples were collected after the wells were
pumped for approximately five minutes. Well C-20 was dry in October and no
sample was recovered for analysis. Following collection, samples were processed
using the same methods outlined for surface water samples in Section 2.1.1.

2.1.3 Data Analysis

An analysis of variance test (Scheffe 1959; Steel and Torrie 1960) was used
to test for significant differences (P < 0.05) in water quality between
sampling locations. Seasonal and annual mean concentrations for each constit-
uent measured in surface water samples are presented in Tables 2-2 through
2-6. Seasonal data for groundwater samples are presented in Table 2-7.
Appendix A, Table A-2 contains physical and meterological data collected
during the 1980 study.
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Table 2-1 Water quality parameters measured in surface water and groundwater
samples.

General Water Quality Trace Metals

*Alkalinity, total
*Calcium
*Chloride
Color, true
*Conductance, specific
*Iron, soluble
*Iron, total
*Magnesium
*Manganese, total
Oxygen, dissolved
Oxygen, saturation
pH
*Potassium
Residue, filtrable (total

dissolved solids)
Residue, nonfiltrable (total

suspended solids)
*Sodi um
*Sulfate
Temperature
Turbidity
*Hardness, total

Copper, total
Lead, total
Mercury, total

*Selenium, total
Zinc, total

Aquatic Nutrients

Ammonia
*Nitrate
Nitrite
Organic nitrogen, total
Orthophosphate, soluble
*Phosphorus, total
*Silica, soluble

Indicators of Industrial and
Municipal Contamination

Bacteria, fecal coliform
Bacteria, fecal streptococci
Biochemical oxygen demand (5 day)
Chemical oxygen demand
Hexane soluble materials
Organic carbon, total

* Indicates parameters measured in groundwater samples.
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Table 2-2 Seasonal and annual mean concentrations of general water quality parameters measured in the
Neosho River and Wolf Creek near Wolf Creek Generating Station, April to December 1980.

Oxygen Con-
Temp D.O. Saturation pH Alk. ductance TDS TSS Turb.

Location Date (oC) (mg/l)Y (%) (units) (mg/l) (limhos/cm) (mg/1) (mg/l) (NTU)

1 15 Apr 9.4 11.5 100 6.9 128 340 262 142 55
17 Jun 23.0 7.5 95 8.6 183 550 318 54 4128 Oct 8.0 13.8 115 7.5 143 530 311 15 30
16_Dec 4.5 12.2 93 7.9 150 -a 348 38 20

x 11.2 11.2 101 7.7 150 473 310 62 36

10 15 Apr 9.4 10.5 95 7.8 130 355 250 55 53
17 Jun 23.5 5.7 70 8.2 186 540 303 16 19
28 Oct 8.0 10.7 90 7.3 144 530 292 11 10
16_Dec 4.6 12.3 93 8.3 148 -a 362 16 15

x 11.4 9.9 87 7.8 152 475 302 25 24

4 15 Apr 9.4 11.7 101 7.9 128 350 265 58 53
17 Jun 23.0 5.3 61 8.2 184 550 314 13 21
28 Oct 8.0 10.6 90 7.1 145 540 294 7 12
16_Dec 4.5 12.3 93 8.3 149 -a 357 18 16

x 11.2 10.6 86 7.8 152 483 308 24 26

7 15 Apr 9.4 11.1 97 7.3 148 450 306 22 19
17 Jun 19.5 4.3 42 8.3 216 605 342 13 24
28 Oct 8.0 5.7 47 7.6 83 215 139 35 32
16_Dec 4.5 1.0 12 6.8 91 -a 194 41 20

x 10.4 5.5 50 7.5 134 423 245 28 24

3 15 Apr 9.4 10.7 95 7.3 121 350 281 90 90
17 Jun 20 4.8 52 8.2 205 540 317 48 51
28 Oct 8.0 11.1 93 6.6 57 480 290 22 34
16_Dec 4.5 4.6 31 7.1 123 -a 370 30 34

x 10.4 7.8 68 7.3 126 457 315 48 52

a Not available.
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Table 2-3 Seasonal and

Neosho, River
annual mean concentrations of major dissolved ionic constituents measured in the
and Wolf Creek near the Wolf Creek Generating Station, April to December 1980.

!Q

Fe, Fe,
K Ca Cl Na Mn Mg SO4  total soluble Color

Location Date (mg/l) (mg/l) (mg/l) (mg/l) (yg/l) (mg/l) (mg/l) (mg/l) (Vg/l) (units)

1 15 Apr 4.1 51 10.7 14 54 9.6 40 2.5 67 44
17 Jun 4.1 57 19 19 180 20 80 2.0 43 13
28 Oct 4.3 61 30 26 125 18 81 0.83 100 12
16_Dec 8.9 106 32 27 90 42 79 2.2 <200 -a
x 5.4 68 23 22 112 22 70 1.9 -b 23

10 15 Apr 3.7 52 7.6 15 67 9.7 33 2.2 60 40
17 Jun 3.8 56 19 19 155 20 61 0.88 39 11
28 Oct 4.2 57 27 24 100 17 95 0.26 300 11
16_Dec 7.4 112 32 28 85 38 85 0.30 300 -a

x 4.8 69 21 22 102 21 69 0.9 174 21

4 15 Apr 3.7 55 7.7 15 70 9.9 46 2.3 63 37
17 Jun 3.9 64 19 19 150 20 68 0.89 31 11
28 Oct 4.1 59 28 24 100 17 97 0.34 150 10
16_Dec 5.2 92 30 5 80 39 38 0.30 <550 -a
x 4.2 67 21 16 100 21 62 1.0 -b 19

7 15 Apr 2.8 69 6.5 20 100 12 76 0.86 32 27
17 Jun 6.1 75 13 21 200 17 61 1.03 43 21
28 Oct 8.4 26 3.3 5.7 -a 6.2 32 2.4 650 62
16_Dec 8.2 48 5 4.5 2100 12.2 21 2.5 950 -a

x 6.4 54 7 13 101 11.9 48 1.7 419 37

3 15 Apr 3.1 54 15 16 220 8.4 43 3.9 105 45
17 Jun 3.7 63 8.3 19 810 15 72 2.2 51 18
28 Oct 2.5 58 4.3 9.4 -a 18 181 0.91 100 13
16_Dec 3.6 118 17 19.5 560 38 106 2.0 400 -a

x 3.2 73 11 16 362 20 101 2.3 164 26

a Not analyzed.
b Not calculated.
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Table 2-4 Seasonal and annual

and Wolf Creek near
mean concentrations of aquatic nutrients measured in the Neosho River
the Wolf Creek Generating Station, April to December 1980.

uI

NH3  NO3  NO2  TON O-PO4  P Si
Location Date (mg/l-N) (mg/l-N) (mg/l-N) (mg/i-N) (Pg/l-P) (Pg/l-P) (mg/l-SiO2)

1 15 Apr <0.01 2.9 0.032 1.05 75 160 3.90
17 Jun 0.1 0.28 0.087 0.35 26 165 0.68
28 Oct 0.11 0.04 0.004 0.95 63 120 0.41
16_Dec 0.20 0.045 0.095 0.69 209 988 0.50

x 0.10 0.80 0.033 0.69 93 ill 1.4

10 15 Apr 0.06 16 0.028 0.29 85 124 3.6
17 Jun 0.03 0.38 0.022 0.29 32 96 1.2
28 Oct 0.09 0.28 0.012 0.67 105 160 0.43
16_Dec 0.13 0.06 0.003 0.49 269 340 0.20

x 0.08 0.56 0.016 0.43 123 180 1.4

4 15 Apr 0.04 1.7 0.029 0.46 79 110 3.6
17 Jun 0.02 0.31 0.019 0.33 99 100 1.3
28 Oct 0.09 0.33 0.004 0.77 135 195 0.37
16_Dec 0.20 0.34 0.010 0.54 236 475 0.20

x 0.09 0.66 0.015 0.48 137 220 1.4

7 15 Apr <0.01 0.33 0.007 0.37 6 41 3.6
17 Jun 0.15 0.22 0.031 0.36 24 69 4.3
28 Oct 0.06 0.01 0.001 1.44 108 350 2.2
16_Dec 0.10 0.08 0.010 0.76 220 1007 3.7

x 0.08 0.16 0.012 0.73 88 367 3.5

3 15 Apr <0.01 10.0 0.030 0.39 20 145 3.9
17 Jun 0.08 0.2 0.011 0.36 7 115 10.5
28 Oct 0.02 0.36 0.007 0.50 5 99 1.2
16_Dec 0.12 0.37 0.012 0.71 252 459 3.9

x 0.06 2.73 0.015 0.49 70 204 4.9
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Table 2-5 Seasonal and annual mean concentrations of parameters
pollution measures in the Neosho River and Wolf Creek
April to December 1980.

indicative of municipal and industrial
near the Wolf Creek Generating Station,

Hexane, Soluble Fecal Fecal
BOD COD TOC Material Coliform Streptococcus

Location Date (mg/l) (mg/l) (mg/l) (mg/l) (No./I00 ml) (No./lO0 ml)

1 15 Apr 2.4 22 8.7 <3 19 70
17 Jun 2.3 23 8.6 <3 0 68
28 Oct 5.0 25 6.7 208 76 36
16 Dec 2.8 38 8.3 18 0 11

x 3.1 27 8.1 -a 24 46

10 15 Apr 1.7 20 9.2 5 180 47
17 Jun 2.3 18 9.7 <3 >1000 130
28 Oct 4.0 71 5.6 <3 645 232
16_Dec 3.6 49 6.0 359 4 66

x 2.9 39 7.6 -a 457 119

4 15 Apr 1.7 20 7.8 4 108 69
17 Jun 2.0 15 7.6 <3 520 18
28 Oct 4.3 13 10 <3 171 186
16 Dec 0.8 32 8.0 <3 0 36

x 2.2 20 8.4 -a 200 77

7 15 Apr 2.4 18 5.6 <3 18 46
17 Jun 1.4 28 8.2 _b 49 255
28 Oct 8.8 56 22 <3 >1000 570
16_Dec 8.4 116 14.4 422 0 40

x 5.3 54 12.6 -a 344 228

3 15 Apr 2.5 23 9.1 4 105 30
17 Jun 1.2 20 9.6 <3 33 4200
28 Oct 6.6 98 7.8 81 98 193
16 Dec 3.4 56 4.7 4 0 48

x 3.4 48 7.8 -a 59 1118

a Not calculated.
b Not available.



Table 2-6 Seasonal and annual mean concentrations of trace metals measured
in the Neosho River and Wolf Creek near the Wolf Creek Generating
Station, April through December 1980.

Cu Pb Hg Se Zn
Location Date (•Ig/l) (pg/l) (Ug/l) (pg/I) (pg/l)

1 15 Apr 10 <1 0.82 <2 36
17 Jun 10 <1 <0.20 <2 18
28 Oct 2.9 -a .9 -a <30
16 Dec 7.4 5.3 <0.1 <1.0 60
x 7.6 -b -b -b 41

10 15 Apr 9 <1 10.24 <2 16
17 Jun 4.5 <1 0.93 <2 74
28 Oct 1.2 (a <0.1 -a <30
16_Dec 2.1 3.2 2 <1.0 50
x 4.2 -b -b -b 48

4 15 Apr 12.5 <1 <0.20 <2 34
17 Jun 6.2 <1 0.84 <2 31
28 Oct 2.3 -a <0.1 -a <30
16_Dec 2.6 3.4 0.7 <1.0 130
x 5.9 -b -b -b 61

7 15 Apr 3.5 <1 0.50 11 12
17 Jun 2.0 <1 1.74 <2 36
28 Oct 4.6 -a <0.1 -a <30
16_Dec 5.6 8.2 <0.1 <1.0 55
x 3.9 -b -b _b 38

3 15 Apr 9.5 <1 1.05 <2 42
17 Jun 7.5 <1 2.21 <2 66
28 Oct 4.2 -a <0.1 -a <30
16_Dec 4.3 1.8 <0.1 <1.0 50
x 6.4 -b -b -b 52

a Not available.
b Not calculated.
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Table 2-7 Groundwater data collected near Wolf Creek Generating Station, April and October 1980.

Hardness
Temperature pH Alkalinity Conductivity Total TDS Turbidity Ca C1 Fl Mg

Location Date (OC) (units) (mg/l CaC03) (pmhos/cm) (mg/l) (mg/l) (N.T.U.) (mg/1) (mg/i) (mg/i) (mg/l)
B12 14 APR 11.0 7.3 285 1000 378 696 5.0 120 _a 0.32 19

27 OCT 11.0 7.4 233 370 1440 684 -a 400 56.5 1.2 110

C20 14 APR 11.0 6.8 224 1300 702 654 30 250 150 0.14 19
27 OCT .b - - - - - - - - -

C49 14 APR 13.5 6.8 360 1100 560 765 1.5 160 56 0.21 39
27 OCT 12.5 7.1 170 1100 439 720 -a 120 6075 1.4 35

D65 14 APR 13.5 6.5 180 5000 2360 344 10 730 _a 0.11 130
27 OCT 12.5 6.6 41 4400 1780 2980 -a 550 6045 1.6 98

K Na SO4  NO3 + NO2  NO3  NO2  P Si Fe, total Fe, soluble Mn Se
Location Date (mg/l) (mg/I) (mg/i) (mg/l-n) (mg/i-n) (pg/l-n) (pg/l) (mg/l SlO7) (mg/l) (Wg/1) (pg/l) (ug/1)

B12 14 APR 1.7 140 -d -d -d 4 74 9.3 0.97 15 -d <2
27 OCT 120 340 774 110 -a -a 450 14.3 32 1600 0.47 -a

M)

C20 14 APR 1.1 25 -a
27 OCT .b -

7 9 10 5.8 46 -a <2

C49 14 APR 1.4 65
27 OCT 0.87 70

D65 14 APR 2.1 300
20 OCT 1.4 230

-a
151

.a
6.7

2 100 14
-a 60 11.7

36 -a
100 0.10

<2-a

3a -a
30 420

-a 52 54 10
-a -a 24 12.9

5.7
3.0

48 (a <2
200 0.47 _a

a Not analyzed.
b Pumo malfunction.



2.2 RESULTS AND DISCUSSION

2.2.1 Surface Water Hydrology

Local precipitation and groundwater inflow play an important role in maint-
enance of instream flows, and consequently, water quality in the Neosho River
and Wolf Creek. During 1980, 66 centimeters of precipitation were recorded
at John Redmond Dam, 19 centimeters below the average annual precipitation
level of 85 centimeters (NOAA, 1980). Total monthly precipitation levels
were below normal throughout the year with the exception of March and December
(Figure 2-1). Locally heavy rainfall events (>5 centimeters) were recorded
in March and June of 1980. Flow in Wolf Creek at Locations 3 and 7 was
essentially nonexistent during 1980 sampling periods due to low precipitation
in the study area.

Neosho River flows near WCGS have been controlled by the operation of John
Redmond Dam above Burlington, Kansas since 1963. Discharges into the river
during 1980 were low for most of the year. Monthly mean flow ranged from 61
cfs in October to 6,025 cfs in April (Table 2-8). Peak discharges occurred
in April and were similar in magnitude to peaks observed in June and July of
1979. Peak river discharge was 10,340 cfs recorded on 12 April 1980.

Water quality sampling dates in 1980 coincided with high flow in April and
low flow in June, September, and December. Sampling in April was conducted
the last day that flows exceeded 10,000 cfs; within 17 days, recorded
flows were below 1,000 cfs and flows for the remainder of the year were
generally below 500 cfs.

Flow data is unavailable for Wolf Creek as it is ungauged. Locations sampled
during 1980 generally consisted of small pools which became progressively
smaller throughout the year. Construction of the cooling lake site and dam
controlled flows at Location 3 when precipitation events did occur and dam
closure was essentially complete by September 30, 1980.

2.2.2 Neosho River

Water quality of the Neosho River was similar at all locations during 1980
with the exception of turbidity and total iron levels in June (Tables 2-2
through 2-6). No significant (P > 0.05) spatial differences were observed
in the concentration of the parameters measured. Based on millequivalents
per liter of the predominant cations and anions, water in the Neosho River
can generally be classified as "calcium-sulfate water".

2.2.2.1 General Water Quality

Water temperature and dissolved oxygen (DO) levels exhibited normal seasonal
trends. DO levels were generally higher at Location 1 as were oxygen satur-
ation values (Table 2-2). Aeration of water as it passes through the control
gates of John Redmond Dam and low water discharge account for this difference.
Oxygen supersaturation was observed at Location 1 in October and Location 4
in April. Seasonal mean concentrations of total dissolved solids (TDS) and
related dissolved constituents were generally highest in December at all
locations (Table 2-3). Total suspended solids (TSS) and turbidity levels
were highest in April as were total iron concentrations and color levels.
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Table 2-8 Mean daily river flow (cfs) in the Neosho River, 1980.

Date Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

I
2
3
4
5
6
7

9
10

* 11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

140 140 1840 70 1770 175
140 140 1820 550 1266 202
140 140 1800 2777 820 260
140 140 1745 6925 820 265
140 140 1685 9065 600 235
140 140 1640 8980 410 175
140 140 1020 8655 410 175
140 140 150 8080 410 175
140 140 150 7820 258 175
140 140 150 8432 140 175
140 140 150 9585 140 180
140 140 1110 10340 140 180
140 140 1760 10220 160 180
140 140 1730 10245 160 180
140 570 1710 10088 165 180
140 915 1690 9710 425 180
140 915. 1680 9330 640 180
270 915 1055 7730 640 180
450 915 710 7730 640 180
450 915 710 7730 640 180
450 903 710 7116 640 175
450 150 710 3777 640 180
960 160 710 1595 640 230

1360 170 725 2080 640 285
1100 2185 740 2390 640 285
900 4005 1725 2210 640 285
900 3900 2285 2010 395 285
575 3780 2340 1895 165 285
140 2535 2500 1835 165 285
140 285 1805 170 285
140 70 170

285
285
285
225
200
200
200
200
200
265
325
325
325
325
300
275
275
193
140
140
140
117
73
74
77
82
89
93
103
112
112

194

64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64

64
265
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64

64
64
64
64
64
52
52
57
59
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
73
86

110
131
140

140
140
140
140
122
85
85
85
85
85
85
85

155
169
156
156
156
156
156
156
156
156
156
156
156
156
1 56
156
156
156
156

156
83

130
156
156
156
156
156
156
122
130
148
148
148
148
148
118
94
86
86
86
43
19
19
19
19
19
19
19
19

Mean 344 858 1196 6025 501 213 64 70 61 136 96

2-11



High levels of suspended material and related constituents were attributed to
the high discharge levels from John Redmond Dam, which included spring runoff
water and suspended material, resulting from bottom and shoreline scouring.

2.2.2.2 Aquatic Nutrients

Seasonal mean concentrations of aquatic nutrients were highest in December
with the exception of nitrate and soluble silica which was highest in April
(Table 2-4). Annual mean concentrations of nitrogen species were slightly
higher at Location 1 than Locations 10 and 4, however, no significant
(P > 0.05) spatial differences were observed. Considerable temporal varia-
bility was apparent. Peak concentrations of most aquatic nutrients in
December may be related to reduced primary productivity activity due to lower
water temperature (Section 3.2). Aquatic nutrients were present in concen-
trations considered adequate to support aquatic species.

2.2.2.3 Indicators of Municipal and Industrial Contamination

Variability in concentrations of this group of water quality constituents
over time was highly significant (P < 0.05), with the exception of total
organic carbon (TOC). Seasonal mean concentrations of biochemical oxygen
demand (BOD), fecal streptococcus bacteria, and oil-and-grease (hexane
soluble material) were generally highest in October (Table 2-5). No signifi-
cant (P > 0.05) spatial variability occurred during 1980. However, annual
mean concentrations of fecal coliform, fecal streptococcus, and COD (457/100 ml,
119/100 ml, and 39 mg/l, respectively) were higher at Location 10. Fecal
coliform densities were consistently higher at Locations 10 and 4, indicating
a predominance of sewage-related organisms in the lower river which is
downstream of the Burlington sewage treatment plant (Table 2-5).

2.2.2.4 Trace Metals

Trace metal concentrations exhibited spatial and temporal variability during
1980; however, differences among locations were not significant (P < 0.05).
Copper concentrations were highest in April and ranged from 9 to 12.5 Ug/l
(Table 2-6). Annual mean concentrations were highest at Location 1 (7.6 Vg/l).
Lead concentrations ranged from <1 to 5.3 ug/l and were highest at Location 1
in December. Annual mean concentrations of lead, mercury and selenium were
not calculated as values were generally below analytical detection limits.
Peak concentrations of zinc were observed at Locations 1 and 4 in December
and at Location 10 in June. Annual mean concentrations were highest at
Location 4 (61 pg/l).

2.2.3 Wolf Creek

2.2.3.1 General Water Quality

Spatial and temporal variability of general water quality constituents were
observed during 1980. Spatial differences were not significant (P > 0.05);
however, the differences in seasonal means for water temperature, DO, pH,
total alkalinity, sodium and soluble iron were significant (P < 0.05).
Temperature, pH, total alkalinity, and specific conductance were highest in
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June (Table 2-2). TDS, calcium, chloride, sodium and magnesium were highest
at Location 7 in June and Location 3 in December (Tables 2-2 and 2-3). These
differences reflect local variations in ground cover, bottom substrate and
water volume as the locations were generally isolated from each other during
the year. Low water temperatures recorded during October were attributed to
low water levels and cool air temperatures at night. Annual mean concentrations
of pH, (7.5 units), total alkalinity (134 mg/l), potassium (6.4 mg/l), soluble
iron (419 jig/l), and color (37 units) were higher at Location 7 during 1980.
The remaining general water quality constituents were highest at Location 3.
Soluble iron and color levels are probably related to breakdown of leaf
litter in the bottom of the pools sampled at Location 7. Hem (1970) reported
that iron content of streams is often affected by decomposing leaf litter.

2.2.3.2 Aquatic Nutrients

Significant (P < 0.05) temporal variability of ammonia, total organic nitrogen,
soluble orthophosphate and soluble silica concentrations was observed during
1980. Soluble silica was highest during June and soluble orthophosphate and
total phosphate were higher in December (Table 2-4). Annual mean concentra-
tions of ammonia (0.05 mg/l-N); total organic nitrogen (0.73 mg/l-N); soluble
orthophosphate (88 ug/l-P), and total phosphorus (367 pg/l-P) were higher at
Location 7, while annual mean concentrations of nitrate (2.73 mg/i-N),
nitrite (0.015 mg/i-N), and soluble silica (4.9 mg/l-Si0 2 ) were higher at
Location 3 (Table 2-4). The high annual mean concentration of nitrate at
Location 3 resulted from high levels in April. The April concentration (10.0
mg/i-N) was =6 times higher than in previous studies and may represent
fertilizer runoff.

2.2.3.3 Indicators of Municipal and Industrial Contamination

Differences in concentrations between locations of these indicator parameters
reflect the isolation of the creek locations discussed in Section 2.2.3.1.
Peak seasonal mean levels of BOD, TOC, fecal coliform, and fecal streptococcus
at Location 7 and BOD, COD, and oil-and-grease at Location 3 were observed in
October (Table 2-5). Annual mean concentrations of this group of parameters
were highest at Location 7 with the exception of fecal streptococcus. Oxygen
demand and TOC levels were probably higher at Location 7 due to greater levels
of organic debris on the bottom of the creek bed as discussed in Section
2.2.3.1. BOD, COD, TOC, fecal coliform, and fecal streptococcus levels were
generally higher in Wolf Creek than in the Neosho River. Oil-and-grease
concentrations were below detection limits in Wolf Creek during April and
October at Location 7 and in June at Location 3. High levels of oil-and-
grease were observed at Location 7 in December and Location 3 in October
(422 mg/l and 81 mg/l, respectively). High oil-and-grease values may be the
result of natural oil products from the breakdown of plant material and/or
variation in analytical methods.

2.2.3.4 Trace Metals

Concentrations of trace metals in Wolf Creek varied slightly among locations
and with time; temporal variation observed in mercury concentrations were
significant (P < 0.05). Seasonal concentrations of copper, lead, and zinc
at Location 7 were highest in December whereas concentrations at Location 3
were higher in April and June (Table 2-6). Annual mean concentrations of
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copper and zinc were highest at Location 3. Annual mean concentrations were
not calculated for the remaining trace metals as levels were below detection
limits.

2.2.4 Comparison to Previous Data

Water quality in the Neosho River is subject to variation in discharge rates
from John Redmond Dam, inflow from Wolf Creek, groundwater inflow, and local
precipitation runoff. Discharges from John Redmond and groundwater inflow
were the main contributors to flow in the river due to the 1980 drought
conditions. Water quality generally followed seasonal concentration patterns
reported during previous studies. Seasonal mean manganese concentrations
were higher throughout the year and copper, mercury, and zinc were higher for
most seasons. Concentrations of nitrate and soluble orthophosphate were
higher than previously reported in April and April, October, and December,
respectively. Total organic nitrogen (April and June) and soluble silica
(June, October, and December) concentrations were lower than values previously
reported.

Organic demand parameters (BOD, COD) were generally higher than previously
reported during October and December, while oil-and-grease values were higher
during April 1980. Based on the aquatic ecology sampling conducted near the
WCGS during 1980, there is no evidence that the variations in water quality
parameters has had detrimental effects on endemic aquatic biota nor could
changes be directly related to construction activities.

2.2.5 Comparison of Results to Kansas Water Quality Criteria

During 1980, water quality in the Neosho River was generally adequate to meet
the assigned water quality criteria for all specific constituents except
ammonia (Table 2-9). Ammonia concentrations exceeded the 0.15 mg/l allowable
concentration at Locations 1 and 4 in December (Table 2-4). Water quality
criteria are applicable to all assigned water bodies in the state unless the
flow is below the seven day-ten year low flow. Based on discharge data
(Table 2-8), the flows when these criteria were exceeded were in excess of
the seven day-ten year low flow (15 cfs).

State water quality criteria do not provide limitations for several specific
parameters that are discussed in The Quality Criteria for Water (U.S. EPA
1976). Review of these criteria indicated that the recommended criterion for
phosphate (25 ug/liter) was exceeded at all locations in the Neosho River
during 1980. Mercury (0.05 pg/liter) and iron (1.0 mg/liter) criteria were
exceeded at most river locations.

Exceeding these criteria may not result in a detrimental effect on the
biological populations in the Neosho River because the synergistic reactions
of physical parameters (e.g., pH, temperature, and light penetration), river
flow, and contact time with the various parameters have a role in determining
the effect of the criteria exceeded.

Based on current and past chemical and biological data, exceeding the above
criteria has not been detrimental to the overall biological integrity of the
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Table 2-9 Water quality criteria for Kansas surface waters applicable to
the Neosho River.a

Parameter Criterion

Temperature, water 32.2 C (90 F)

Oxygen, dissolved Not less than 5 mg/l

pH 6.5 to 8.5

Ammonia 0.15 mg/l-N maximum

Bacteria, fecal coliform Not to exceed 2000 per 100 ml
sample

Oil and grease No evidence of visible oil or
grease

Turbidity and total suspended No increases from other than
solids natural origin

Color No man-made point source
discharges of color producing
substances

Taste and odor producing No increases from man-made point
substances discharges

Toxic substances Man-made point discharges limited
to concentrations in receiving
water that will not harm human
or aquatic life

a Kansas Department of Health and Environment (1977).
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Neosho River. Since studies began near the WCGS, few violations of water
quality criteria have occurred. During the present study, oil-and-grease
levels exceeded the criteria for the first time. However, the results are
not directly comparable to previous data because of differences in analytical
methodology. The source of these higher levels could not be determined.

2.2.6 Groundwater

Variation in groundwater quality is related to many factors including water
table fluctuation, well construction, surface water inflow, land use, and
well and pump condition. Samples collected during the 1980 study indicated
groundwater quality varied over time and among wells. Temporal variation was
probably related to the dry conditions throughout the year which resulted in
low recharge rates. Wells B-12 and C-20 were difficult to pump during 1980
and Well C-20 failed to produce water during the October study. With the
exception of sodium, potassium, and sulfates, the concentration of major
ionic constituents was highest in Well D-65 (Table 2-7).

The 1980 concentrations of calcium, phosphorus, silica, total iron, and
manganese were generally higher than in 1979. Concentrations of these
constituents were highest in Well B-12 in October and Wells C-49 and D-65 in
April with the exception of silica in Well D-65 which was higher in October.
Based on specific conductance, TDS and total hardness levels, Wells B-12 and
D-65 appear to have higher levels of dissolved materials with Well D-65
having the highest. Concentrations of calcium, magnesium, potassium, sodium,
sulfate, and total iron in Well B-12 were substantially higher in October and
were in excess of previous data. This drastic increase is probably the
result of poor well maintenance and concentration of constituents from low
water levels. Well B-12 is no longer used on an active basis with the
exception of groundwater monitoring. This low usage may also result in
chemical changes in water quality resulting from reactions with the casing
and water-bearing formations. Water quality in D-65 was slightly better
overall and appeared to be less colored during 1980 compared to previous
data. This may be attributed to casing modifications made during 1980.

National secondary drinking water criteria (U.S. EPA 1979b) for TDS, chlorides,
sulfates, and total iron were exceeded in one or all the wells during 1980.
Selenium concentrations, which have exceeded the EPA criteria in previous
years were below detection limits in April and no data was available for
October.

2.3 SUMMARY AND CONCLUSIONS

Water quality in the Neosho River and Wolf Creek during 1980 was affected
by low flows, lack of local precipitation, and in the case of Wolf Creek,
pooling of water at sampling locations. Neosho River water quality was
generally good, with slightly lower quality at the lower river locations
(10 and 4). Spatial differences were not significant with the exception
of turbidity and total iron levels which were higher at Location 1.

Kansas water quality criteria for ammonia (0.15 mg/l) were exceeded at
Locations I and 4 in the Neosho River. In addition, EPA-recomended criteria
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for phosphate was exceeded in all samples and mercury and iron criteria
were exceeded at most river locations. Oil-and-grease results indicated
high levels of this material during October. However, due to a variation
in analytical methods, results are inconclusive.

Selected nutrient concentrations were lower during 1980 than previously
recorded, while oxygen demand parameters and several trace metals were higher
than in past years. These differences reflect the lower precipitation levels
and subsequent lower flows resulting in a concentrating effect on dissolved
constituents, and the lack of heavy nutrient inflow during rainfall events.

Groundwater samples collected during 1980 varied in quality over time and
among wells. Concentrations of calcium, phosphorus, total iron, and manganese
were higher than in 1979. Temporal variation in concentration is probably
due to the drought condition in the area resulting in low groundwater recharge
and therefore higher ionic constituent concentration.
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3. PHYTOPLANKTON

3.1 FIELD AND ANALYTICAL METHODS

Duplicate water samples for phytoplankton analyses were collected quarterly
at Locations 1, 4, and 10 on the Neosho River. Subsampleý were stored in
prelabeled, 8-oz bottles containing five milliliters of M'3 preservative
(Meyer 1971) for later algae identification, enumeration, and biovolume
determination. Carbon fixation rate and chlorophyll a concentration were
assessed from unpreserved portions of the samples and were used as indices of
primary productivity.

The inverted microscope method (Lund et al. 1958; Weber 1973) was used to
determine phytoplankton species composition and abundance. Identification
and enumeration of phytoplankton were performed under oil immersion at I,OOOX
magnification. Approximately 400 reporting units per duplicate sample were
identified to the lowest positive taxa and quantitatively reported using
various reporting units:

Reporting Units
Algal Form (units/ml)

Diatoms Each frustule
Unicellular Each cell
Colonial 4 cells (50 cells for some

blue-green algae)
Filamentous lOD0-m lengths

Taxonomic keys used as identification aids included Hustedt (1930), Smith
(1950), Cleve-Euler (1951), Tiffany and Britton (1952), Drouet and Daily
(1956), Edmondson (1959), Prescott (1962, 1964), Patrick and Reimer (1966,
1975), Drouet (1968), Stoermer and Yang (1969), Weber (1971), and Whitford
and Schumacher (1973).

Density data were used to calculate diversity and evenness (Shannon 1948
using natural logarithms; Pielou 1966; Zar 1968) at each location on each
sampling date. Biovolume determinations were made following the procedures
described by Cowell (1960) and Hohn (1969). Cell volumes were calculated
using the geometrical configuration that best suited each taxon and expressed
as microliters per liter (pl/liter).

The rate of carbon fixation was estimated with the light bottle/dark bottle
C-14 method (Wetzel 1964; Parkos et al. 1969; Strickland and Parsons 1972).
Six 50-ml light bottle subsamples (three per duplicate water sample) and one
50-ml dark bottle subsample per location were inoculated with 4-6 microcuries
of aqueous C-14 bicarbonate solution. Dark bottle subsamples were wrapped in
aluminum foil to exclude light, and all subsamples were incubated for 3 hours
at a constant temperature (near ambient) and light intensity in an environmental
chamber. Subsamples were filtered onto membrane filters (0.45-pm pore size),
which then were air-dried under dark conditions. Upon return to the laboratory,
the filters were dried further in a desiccator, fumed with concentrated
HCI for 10 minutes (Wetzel 1965), and placed in low potassium scintillation

3-1



vials. After 17 milliliters of scintillation fluid were added to each vial,
C-14 activity was measured with a refrigerated liquid scintillation counter.
Primary productivity was expressed as carbon fixed per cubic meter of water
per hour (mg C/m3 /hr) at each location.

Six 50-ml subsamples per location (three per duplicate water sample) were
filtered through a thin layer of MgCO 3 on glass-fiber filters for chloro-
phyll a analysis. Filters were placed in centrifuge tubes and stored on ice
under dark conditions, until further processing. The filters later were
eluted in 10 milliliters of 90 percent aqueous acetone for 24 hours at 4 C
under dark conditions, then subjected to ultrasonic disruption. After
samples were clarified by centrifugation, their fluorescence was determined
before and after the addition on 1N HCl (Lorenzen 1966). Standard equations
(Strickland and Parsons 1972; APHA 1976) were used to calculate chlorophyll a
concentrations. These concentrations, corrected for ph~eopigments, were
reported per cubic meter of water (mg Chl a/m 3 ) at each location.

3.2 RESULTS AND DISCUSSION

Phytoplankton collected in the Neosho River during 1980 consisted of 100 taxa
representing 58 genera and 7 algal divisions (Table 3-1). The Chlorophyta
(green algae) and Bacillariophyta (diatoms) were especially well represented
(40 and 28 taxa, respectively). Density and biovolume for each taxon are
presented by sampling date and location in Appendix B, along with summaries
of phytoplankton data for 1973 through 1979.

During 1980, total phytoplankton densities ranged from 4,910 to 115,407/ml
(Table 3-2). Densities were similar to respective values in previous years
except in October when total densities were 3-10 times as great as previously
observed. However, the 1980 results were not directly comparable to those of
previous years because laboratory methods had been changed. A modified Lackey
microtransect method (Lackey 1938; Mackenthun 1969) was used prior to 1980,
but the inverted microscope method was used in 1980. In April and June,
densities were similar at upstream (1) and downstream locations (4 and 10).
Upstream densities were much greater than downstream densities in October and
December.

Numerical dominance of the phytoplankton community in the Neosho River
shifted among algal groups during the 1980 sampling season. Centric diatoms
(Centrales) generally were dominant at all three locations on 15 April and 17
June, although green algae were slightly more abundant than centric diatoms
at Location 1 near John Redmond Reservoir in June. In October the blue-green
alga Merismopedia tenuissima was most important numerically at all locations.
Different groups dominated the phytoplankton at upstream and downstream
locations during December; diatoms were most abundant upstream while green
algae dominated downstream. Green algae was always the second most important
algal group numerically when diatoms were dominant. Previous studies have
attributed the frequent importance of centric diatoms in this portion of the
Neosho River to upstream discharges from the John Redmond Reservoir because
large populations of these diatoms are generally characteristic of lentic
(lake) habitats (Repsys 1979a; Bockelman 1980a).
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Table 3-1 Algae identified in phytoplankton samples from the Neosho River
near Wolf Creek Generating Station, Burlington, Kansas, 1930.

BACILLARIOPHYTA .(Diatoms)
Centrales

Cyclotella atomus Hustedt
Cyclotella meneghiniana Kuetzing
Melosira b Grunow) 0. Mueller
Melosira distans (Ehrenberg) Kuetzing
Melosfra granulata (Ehrenberg) Ralfs
Skeletonema potamos (Weber) Hasle
Stephanodiscus astraea (Ehrenberg) Grunow
Stephanodiscus hantzschii Grunow
Stephanodiscus minutus Grunow ex Cleve and Moller
Thalassiosira fluviatilis Hustedt
Unidentified small centrics

Pennales
Asterionella formosa Hassall
Cocconeis placentula Ehrenberg
Gomphonema parvulum (K.uetzing) Kuetzing
Navicula cryptocephala Kuetzing
Nitzschia acicularis (Kuetzing) W. Smith
Nitzschia apiculata (Gregory) Grunow
Nitzschia holsatica Hustedt
Nitzschia kutzingiana Hilse
Nitzschia linearis (Agardh) W. Smith
Nitzschia longissima (Brebisson ex Kuetzing) Grunow
Nftzschia palea (Kuetzing) W. Smith
Nitzschia tryblionella llantzsch
Nitzschia spp.
Rhoicosphenia curvata (Kuetzing) Grunow ex Rabenhorst
Surirella ovalis Brebisson
Surirella ovata Kuetzing
Unidentified pennates

CHLOROPHYTA (Green Algae)
Actinastrum hantzschii Lagerheim
Ankistrodesmus convolutus Corda
Ankistrodesmus falcatus (Corda) Ralfs
Carteria cordiformis (Carter) Diesing
Chlamydomonas spp.
Coelastrum microporum Naegeli ex A. Braun
Cosmarium spp.
Crucigenia crucifera (Wolle) Collins
Crucigenia fenestrata Schmidle
Crucigenia quadrata Morren
Crucigenia tetrapedia (Kirchner) West and West
Dictyosehaerium ehrenbergianum Haegeli
Dictyosphaerium pulchellum Wood
Elakatothrix viridis (Snow) Printz
Franceia ovalis (France) Lemmermann
Gloeocystis gigas (Kuetzing) Lagerheim
Golenkinia radiata (Chodat) Wille
Kirchneriella subsolitaria G.S. West
Lagerheimia quadriseta (Lemmermann) G.M. Smith
Lagerheimia wratislawiensis (Schroeder) Ley
Micractinium pusillum Fresenius
9pcystis b Snow

pus ilTa Hansgirg
Pediastrum duplex Meyen
Pediastrum tetras (Ehrenberg) Ralfs
Pteromonas spp.

CHLOROPHYTA (continued)
Scenedesmus abundans (Kirschner) Chodat
Scenedesmus acuminatus (Lagerheim) Chodat
Scenedesmus bicellularis Chodat
Scenedesmus bijuga (Turpin) Lagerheim
Scenedesmus dimorphus (Turpin) Kuetzing
Scenedesmus lon.u. Meyen
Scenedesmus quadricauda (Turpin) Brebisson
Scenedesmus spp.
Selenastrum minutum (Naegeli) Collins
Selenastrum westii G.M. Smith
Sphaerocystis schroeteri Chodat
Tetraedron muticum (A. Braun) Hansgirg
Tetrastrum staurogeniaeforme (Schroeder) Lemmermann
Unidentified coccoid greens

CHRYSOPHYTA (Yellow-green Algae)
Arachnochloris minor Pascher
Chlorallanthus oblongus.Pascher
Chrysochromulina spp.
Mallomonas tonsurata Telling
Ochromonas spp.
Synuropsis globosa Schiller
Trachychloron depauperatum Pascher

CRYPTOPHYTA (Cryptomonads)
Chroomonas spp.
Cryptomonas spp.
Rhodomonas minuta (Skuja)

CYANOPIIYTA (Blue-green Algae)
Anabaena spp.
Aphanocapsa delicatissima West and West
Aphanocapsa elachista West and West
Aphanothece nidulans P. Richter
Chroococcus dispersus (Keissler) Lemmermann
Merismopedia tenuissima Lemmermann
Microcystis aeruginosa Kuetzing emend. Elenkin
Unidentified coccoid blue-greens

EUGLENOPHYTA (Euglenoids)
Euglena acus Ehrenberg
Euglena gracilis Klebs
Euglena polymorpha Dangeard
Phacus caudatus Heubner
Phacus helikoides Pochmann
Phacus lemuermannii (Swirenko) Skvortzow
Phacus pyrum (Ehrenberg) Stein
Phacus spp.
Trachelomonas crebea (Kellicott) DeFlandre
Trachelomonas hispida (Perty) Stein
Trachelomonas volvocina Ehrenberg

PYRRHOPHYTA (Dinoflagellates)
Glenodinium spp.
GGymnodinium spp.

Unidentified Microflagellates
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Table 3-2 Mean density and biovolume of total phytoplankton and major algal groups in
River near Wolf Creek Generating Station, Burlington, Kansas, 1980.

the Neosho

(.•

Density at Sampling Locations Biovolume at Sampling Locations1 10 4 1 10 4
Units Units Units ul per ul per ul perDate Taxonomic Group Per ml % Per ml % Per ml % liter % liter % liter %

15 April Bacillariophyta 2604 51.17 2584 52.63 2614 51.75 2.368 85.90 2.164 80.36 2.299 80.54
(Centrales)a (2514) (49.40) (2494) (50.80) (2584) (51.16) (2.314) (83.91) (2.136) (79.32) (2.294) (80.38)(Pennales)a (90) ( 1.76) ( 90) ( 1.83) ( 30) ( 0.59) (0.055) ( 1.99) (0.028) ( 1.04) (0.005) ( 0.16)Chlorophyta 1020 20.05 1235 25.15 1442 28.54 0.122 4.42 0.178 6.59 0.185 6.46Chrysophyta 0 0.00 10 0.20 42 0.84 0.000 0.00 <0.001 0.02 0.014 0.49Cryptophyta 309 6.08 369 7.51 419 8.29 0.154 5.59 0.101 3.74 0.232 8.11Cyanophyta 1006 19.77 532 10.84 384 7.60 0.015 0.55 0.028 1.05 0.007 0.27Euglenophyta 10 0.20 50 1.02 20 0.40 0.040 1.46 0.168 6.25 0.064 2.26Pyrrhophyta 0 0.00 0 0.00 0 0.00 0.000 0.00 0.000 0.00 0.000 0.00Total Phytoplankton 5089 100.00 4910 100.00 5051 100.00 2.757 100.00 2.692 100.00 2.854 100.00

17 June Bacillariophyta 3711 34.56 4235 43.90 6637 49.95 2.251 65.34 1.699 36.84 2.753 63.10(Centrales)a (3637) (33.86) (4071) (42.20) (6428) (48.38) (2.228) (64.66) (1.634) (35.44) (2.704) (61.98)(Pennales)a (75) ( 0.69) ( 165) ( 1.71) ( 210) (1.58) (0.023) ( 0.67) (0.064) ( 1.41) (0.049. ( 1.12)Chlorophyta 3786 35.25 2750 28.51 4048 30.47 0.671 19.48 0.819 17.75 0.984 22.54Chrysophyta 15 0.14 3 0.03 45 0.34 0.002 0.04 <0.001 <0.01 0.004 0.09Cryptophyta 239 2.23 673 6.98 299 2.25 0.026 0.75 0.449 9.74 0.096 2.21Cyanophyta 2839 26.43 1656 17.17 1883 14.17 0.278 8.07 0.069 152 0.104 2.38Euglenophyta 30 0.28 75 0.77 90 0.67 0.208 6.05 1.542 33.43 0.379 8.68Pyrrhophyta 0 0.00 15 0.16 15 0.11 0.000 0.00 0.015 0.32 0.022 0.51Total Phytoplankton 10740 100.00 9647 100.00 13287 100.00 3.445 100.00 4.612 100.00 4.363 100.00

23 October Bacillariophyta 16515 14.31 7111 22.73 5161 10.91 3.628 54.20 0.926 34.63 0.657 34.64
(Centrales)a (13189) (11.43) (6423) (20.53) (4473) ( 9.45) (2.135) (31.89) (0.825) (30.85) (0.583) (30.74)
(Pennales)a (3326) ( 2.88) ( 688) ( 2.20) ( 688) ( 1.4.5) (1.493) (22.30) (0.101) ( 3.78) (0.074) ( 3.90)Chlorophyta 18522 16.05 7570 24.20 11440 24.18 0.976 14.58 0.426 15.92 0.538 28.36
Chrysophyta 344 0.30 688 2.20 688 1.45 0.023 0.35 0.030 1.11 0.063 3.33
Cryptophyta 3899 3.38 3670 11.73 1835 3.88 0.793 11.84 1.062 39.70 0.454 23.95
Cyanophyta 75552 65.47 12128 38.77 28185 59.58 0.404 6.04 0.074 2.79 0.184 9.71
Euglenophyta 573 0.50 115 0.37 0 0.00 0.869 12.99 0.156 5.85 0.000 0.00
Pyrrhophyta 0 0.00 0 0.00 0 0.00 0.000 0.00 0.000 0.00 0.000 0.00Total Phytoplankton 115407 100.00 31282 100.00 47310 100.00 6.694 100.00 2.675 100.00 1.897 100.00

16 December Bacillariophyta 24341 39.73 3144 12.00 4023 14.72 7.498 53.93 1.033 22.76 1.410 28.97
(Centrales)a (21062) (34.38) (2637) (10.06) (3584) (13.11) (7.074) (50.88) (0.899) (19.82) (1.208) (24,82)
(Pennales)a (3279) ( 5.35) ( 507) ( 1.93) ( 439) ( 1.61.) (0.424) ( 3.05) (0.134) ( 2.95) (0.202) ( 4.15•Chlorophyta 17664 28.83 13320 50.82 15289 55.95 2.574 18.51 1.864 41.07 1.882 38.67
Chrysophyta 8046 13.13 1589 6.06 2231 8.16 0.590 4.24 0.125 2.75 0.174 3.58Cryptophyta 3245 5.30 2333 8.90 2840 10.39 1.685 12.12 0.742 16.36 1.051 21.60
Cyanophyta 7497 12.24 5688 21.70 2907 10.64 0.212 1.53 0.131 2.88 0.030 0.62Euglenophyta 203 0.33 68 0.26 34 0.12 1.269 9.12 0.638 14.07 0.319 6.56Pyrrhophyta 135 0.22 0 0.00 0 0.00 0.064 0.47 0.000 0.00 0.000 0.00Total Phytoplankon 61266 100.00 26209 100.00 27324 100.00 13.903 100.00 4.538 100.00 4.866 100.00

a Values for centric and pennate diatoms
in phytoplankton.

are presented separately due to their relative importance



Total phytoplankton biovolume ranged from 2.68 to 13.90 ]l/liter (Table 3-2).
These 1980 values fall within the range of phytoplankton biovolumes
(0.16-16.55 pl/liter) previously observed in the Neosho River (Table B-6).
Centric diatoms, composing 30.7-83.9 percent of total biovolume, dominated
phytoplankton biovolume upstream in the Neosho River on all dates and down-
stream in all but three instances. The other algal groups that dominated at
downstream locations included cryptomonads (Cryptophyta) at Location 10 in
October (39.7 percent) and green algae at Locations 10 and 4 in December
(41.07 and 38.67 percent, respectively). Pennate diatoms (Pennales) and
euglenoids (Euglenophyta) also occasionally made important contributions
(>20 percent) to total biovolume.

Important centric diatoms observed in the Neosho River during 1980 included
Cyclotella atomus, Cyclotella meneghiniana, Melosira granulata, Skeletonema
potamos, Stephanodiscus astraea, Stephanodiscus minutus, and Thalassiosira
fluviatilis (Table 3-3). Small centric diatoms (<5-um diameter) that could
not be positively identified by the analytical technique employed also were
major components (>5 percent of total density or biovolume) of the phyto-
plankton community except in April. These diatoms have all been important in
the Neosho River during previous studies. Downstream declines in abundance
reflecting probable origin in John Redmond Reservoir generally occurred for
the Stephanodiscus species, M. granulata, and T. fluviatilis. In December
the highest numbers of small unidentified centric diatoms also occurred
upstream near the reservoir; however, in June and October, they were less
abundant at Location 1 than at the downstream locations. The Cyclotella
species and S. potamos were more abundant at downstream locations than
upstream.

Taxa other than centric diatoms were also important in terms of density or
biovolume, particularly in October and December. In October, M. tenuissima
(Cyanophyta) dominated numerically at all locations while Nitzschia
tryblionella (Pennales) and Rhodomonas minuta (Cryptophyta) made important
contributions to total biovolume. At downstream locations in December,
M. tenuissima and the green alga Ankistrodesmus falcatus were major taxa in
terms of density; the green alga Chlamydomonas spp. and the cryptomonad
Cryptomonas spp. were important in terms of biovolume. Earlier in the year,
the euglenoid Euglena acus dominated biovolume at Location 10 on 17 June.
Seasonal cycles of nondiatoms in the Neosho River were described by Repsys
(1979a). All these important nondiatom taxa, except A. falcatus and E. acus,
almost always occurred in highest numbers upstream at Location 1, suggesting
their probable origin in John Redmond Reservoir. The greater downstream
abundance and biovolumes of A. falcatus and E. acus possibly indicated these
organisms are better adapted to, or originate in, the lotic (flowing) habitat
of the Neosho River.

Annual maximum phytoplankton abundance has occurred in a different month
during each year since 1973. The effects of physical factors such as
water temperature, light intensity, and day length that normally control
seasonal algal cycles were modified by seasonal differences in discharge
rates from John Redmond Reservoir (Bockelman 1980a). Annual climatic differ-
ences in length and severity of winters, and the pattern and amount of yearly
rainfall were factors that indirectly affected phytoplankton densities in the
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Table 3-3 Mean density and biovolume of taxa composing at least 5 percent
of total phytoplankton in the Neosho River near Wolf Creek
Generating Station, Burlington, Kansas, 1980.

Mean Density
(Units/ml)
Location

10 4

Mean Biovolume
(0,I/liter)
Location

1 10 4Date/Taxon

15 AprilI

Bacihlariophyta
Centrales
Cyclotella atomus
Stephanodiscus astraea

Chlorophyta
Ankistrodesmus falcatus
Selenastrum wes1Ti-
Unidentifie-T cid green

Cryptophyta
Cryptomonas spp.
Rhodomonas minuta

Cyanophyta
Aphanocapsa delicatissima
Chroococcus dispersus

17 June

Bacillariophyta
Centrales
Cyclotella atomus
Cyclotella men---ehiniana
Melosira Iranulata
Stephanodiscus astraea
Small unidentifie-d-Cen-trics

Chlorophyta
Chlamydomonas spp.
Crucigenia tetrapedia
Unidentified Coccoid green

259 359 279
2125 1946 2055

229 249 359
190 241 264
264 239 232

80 40 120
229 309 279

555 151 180
432 334 170

0.020 0.028 0.022
2.240 2.051 2.166

0.006
0.005
0.027

0.006
0.006
0.024

0.009
0.006
0.023

0.134 0.066 0.201
0.020 0.028 0.025

0.009 0.003 0.003
0.006 0.004 0.002

180
254
913

1961
195

658
1227

135
1122

539

958
1541

157
2110
1332

0.017
0.073
0.188
1.935
0.004

0.069
0.030
0.172

0.061
0.356
0.028
1.108
0.012

0.390
0.012
0.131

0.089
0.447
0.032
2.083
0.031

0.301
0.016
0.203

150 853 658
782 322 430
636 483 748

Cryptophyta
Cryptomonas spp. 0 329 45 : , 0.000 0.407 0.055

Cyanophyta
Aphanocapsa elachista
Chroococcus dispersus
Herismopedia tenu issima

Euglenophyta
ea acus
spp.

874 168 283
991 550 696
614 849 831

0 30 0
15 0 15

0.219
0.041
0.002

0.042
0.023
0.003

0.071
0.029
0.002

0.000 1.298 0.000
0.179 0.000 0.179
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Table 3-3 (continued)

Mean Density
(Units/ml)
Location

1 10 4

Mean Biovolume
(uv /liter)
Location

10 4Date/Taxon

23 October

Racillariophyta
Centrales

Skeletonema potamos
Stephanodiscus astraea
Stephanodiscus minutus

Small UJnidentified Centrics

Pennales
Nitzschia tryblionella

Chlorophyta
Selenastrum minutum
Unidentifiedo--5c-c-Td green

Cryptophyta
Cryptomonas spp.
Rhodomonas minuta

Cyanophyta
Merismopedia tenuissima

Euglenophyta
Trachelomonas volvocina

16 December

Bacillariophyta
Centrales
Thalassiosira fluviatilis
%Sm unidentified Centrics

Chiorophyta
Ankistrodesmus falcatus
Chlamydomonas spp.
Crucigenia crucifera
Dictyosphaerium pulchellum
Unidentified Coccoid green

Chrysophyta
Chrysochromulina spp.

Cryptophyta
Cryptomonas spp.
Rhodomonas minuta

Cyanophyta
Merismopedia tenuissima

Euglenophyta
Euglena gracilis

0
918

2179
0

1147

6967
0

0

3785

72054

344

2179
229

1032
2867

0

2466
0

344

3326

10551

115

0
1555

2637
1995
2231
1462
1927

1487

270
2062

4234

68

0
0

803
1835

0

5821
1892

115

1720

26207

0

0.000
0.717
0.678
0.000

0.801

0.237
0.000

0.000

0.621

0.259

0.469

0.122
0.179
0.321
0.181

0.000

0.083
0.000

0.516

0.545

0.038

0.156

0.000
0.415

0.103
0.698
0.585
0.130
0.088

0.107

0.547
0.196

0.015

0.638

0.000
0.000
0.250
0.116

0.000

0.198
0.117

0.172

0.282

0.094

0.000

0.264
0.695

0.124
0.805
0.281
0.277
0.079

0.151

0.820
0.231

0.008

0.319

2738
15585

0
2738
2865

0
0

7945

710
0

6356

101

338
2603

3178
2299
1073
3110
1724

2096

406
2434

2434

34

2.139
4.161

0.000
0.958
0.751
0.000
0.000

0.572

1.435
0.000

0.023

0.q58
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Neosho River because they influence turbidity, retention time, and algal
standing crops in the reservoir. Wilde and Reetz (1976) and Farrell (1978)
associated increases in phytoplankton densities and chlorophyll a concentra-
tions with concurrent declines in annual precipitation within the John
Redmond Reservoir watershed from 1973 to 1976.

Diversity of phytoplankton in the Neosho River ranged from 1.70 to 3.03
during 1980 (Table 3-4). These values were in the range of values (0.91-3.34)
reported in earlier years (Table B-7). Low phytoplankton diversity in
October 1980 corresponded to the numerical dominance by the blue-green alga
M. tenuissima. As in previous years, species indices were similar among
Neosho River locations on most sampling dates. The greatest spatial difference
occurred on 23 October when diversity ranged from 1.70 at Location 1 to 2.37
at Location 10. Maximum species diversity in 1980 occurred in June. Maximum
diversity has occurred in October or December since 1975.

Carbon fixation rates ranged from 0.48 to 108.78 mg C/m3/hr, and chlorophyll
a concentrations ranged from 7.31 to 31.28 mg Chl a/mn in the Neosho River
during 1980 (Table 3-5). Previous ranges in the Neosho River were 0.15-130.65
mg C/m3 /hr and 0.70-50.96 mg Chl a/m 3 (Tables B-8 and B-9). Highest
carbon fixation rates occurred in June and corresponded to relatively high
chlorophyll a concentrations. Both parameters were highest downstream at
Location 4 at this time. Water temperatures in the Neosho River in June were
the highest (23.0-23.5 C) observed during sampling. Lowest carbon fixation
rates occurred in December when river temperatures had dropped to 4.5-4.6 C.
Carbon fixation rates in past years have generally shown summer depressions
between spring and fall peaks.

As in previous years, no adverse effects of WCGS construction on phytoplankton
composition, abundance, diversity, biovolume, chlorophyll a standing crop, or
carbon fixation rate were evident in the Neosho River. Values for these
parameters have generally been similar at all three river locations and
especially at Locations 10 (upstream from Wolf Creek) and 4 (downstream from
Wolf Creek). Wolf Creek, the drainage system through which most runoff from
construction-related activities is carried to the Neosho River, has exhibited
intermittent flow throughout the monitoring studies and has had only minor
effects on flow regimes and phytoplankton in the river. Low or no flow was
observed in Wolf Creek during 1980 when precipitation was low. In addition,
the cooling lake dam was completed on 30 September, 1980. As previously
stated, phytoplankton communities in this portion of the Neosho River have
been influenced most directly by water releases from John Redmond Reservoir.

3.3 SUMMARY AND CONCLUSIONS

During 1980, numerical dominance of the phytoplankton community shifted among
algal groups. Centric diatoms frequently were dominant although blue-green
algae were the most abundant group in October. Green algae were often the
second most abundant group. Centric diatoms also most often dominated the
phytoplankton biovolume in the Neosho River. Other algal groups that were
periodically important in terms of biovolume included green algae, cryptomonads,
euglenoids, and pennate diatoms. Major taxa were the same as those in
previous studies.
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Table 3-4 Average diversity indices for phytoplankton collected from the
Neosho River near Wolf Creek Generating Station, Burlington,
Kansas, 1980.

Speciesa Evennessb Number
Date Location Diversity Value of Taxa

15 April 1 2.14 0.70 21
10 2.37 0.71 28
4 2.39 0.73 27

17 June 1 2.93 0.82 37
10 3.03 0.83 40

4 2.99 0.80 42

23 October 1 1.70 0.50 31
10 2.37 0.77 22

4 1.84 0.58 23

16 December 1 2.65 0.71 42
10 2.84 0.81 34
4 2.83 0.81 33

a Based on Shannon
b Zar (1968).

(1948) using natural logarithms.
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Table 3-5 Mean carbon fixation rates and chlorophyll a concentrations of phytoplankton samples
collected from the Neosho River near Wolf Creek Generating Station, Burlington,
Kansas, 1980.

Carbon Fixation Rate (mg C/m3 /hr) Chlorophyll a Concentration (mg Chla/m 3 )
Location Location

Date 1 10 4 1 10 4

15 April 2.84 2.69 2.64 7.31 8.81 7.91

17 June 77.78 33.14 108.78 25.48 20.97 28.06

23 October 7.74 3.47 4.45 31.28 11.37 12.76

16 December 0.48 1.49 1.18 27.41 18.56 14.12I~

C



Values for phytoplankton biovolume, diversity, chlorophyll a, and carbon
fixation rates observed in 1980 fell within the respective ranges previously
reported for these parameters in the Neosho River. Maximum density in 1980
(115,407/ml at Location 1 in October) was much greater than the previous
maximum (58,445/mi) reported for the Neosho River. However, 1980 density
data were not directly comparable to previous density data because the
analytical methods were changed in 1980.

Water releases from John Redmond Reservoir again exerted a controlling
influence on phytoplankton in this portion of the Neosho River. Physical
and climatic factors influenced phytoplankton in the river primarily because
they affected discharge rates and phytoplankton development in the reservoir.
No adverse effects of WCGS construction on phytoplankton in the Neosho River
were noted during 1980. Data from locations immediately upstream and down-
stream from the confluence with Wolf Creek were similar, and there was no
discharge from Wolf Creek into the Neosho River during most of 1980.
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4. PERIPHYTON

4.1 FIELD AND ANALYTICAL PROCEDURES

Periphyton was sampled from plexiglass artificial substrates at Locations 10
and 4 in the Neosho River on 17 June, 12 August, 27 October, and 16 December.
April collections were attempted, but the artificial substrate platforms were
lost during a period of high flow, and the August collection was substituted.
Periphytic algae were allowed to colonize and grow on the artificial substrates
for =30 days prior to each collection. On each sampling date, duplicate
samples were collected for identification, enumeration, and biovolume deter-
minations and preserved with M3 (Meyer 1971). Four replicate samples were
taken for biomass and chlorophyll a measurements and stored on ice under dark
conditions until further processing.

Periphytic algae were identified to the lowest positive taxon and enumerated.
Diatoms were cleaned chemically (Hohn and Hellerman 1963) and analyzed from
Hyrax mounts under oil immersion at 1250X magnification. Nondiatoms were
analyzed from wet mounts at 500X magnification. Taxonomic references used
for identifications were similar to those used for the phytoplankton (Section
3.1). Algal abundance was expressed as the number of units per square centi-
meter (No./cm2 ) using reporting units similar to those used for phyto-
plankton (filamentous algae were reported in lO-jim lengths for periphyton).
Biovolume was determined by methods described for phytoplankton and expressed
as microliters per square decimeter (pI/dm2 ). Shannon's (1948) diversity
index and evenness indices (Zar 1968) were calculated using base 2 logarithms.

Biomass was used at each location as an index of the organic content of the
periphyton community, and provided an index of the algal component. Biomass
(ash-free dry weight, gravimetric method) and chlorophyll a (corrected for
pheophytin, spectrophotometric method) were measured in accordance with
Standard Methods for the Examination of Water and Wastewater (APHA 1976).
Production rates were reported as milligrams per square decimeter per day
(mg/dm2/day) and micrograms per square decimeter per day (vg/dm2/day) for
biomass and chlorophyll a, respectively.

4.2 RESULTS AND DISCUSSION

Periphytic algae identified from the Neosho River during 1980 consisted of
167 taxa representing 52 genera and 6 taxonomic divisions (Table 4-1).
As in previous years, most taxa (66 percent) were diatoms (Bacillariophyta).
Density and biovolume for each taxon are presented by sampling date and
location in Appendix C, along with summaries of periphyton data from natural
substrates for 1973 through 1979.

Total densities observed at Locations 4 and 10 ranged from 541,826 to
3,056,249/cm2 on artificial substrates in 1980 (Table 4-2) and from =40,000
to 84,250,000/cm2 on natural substrates in previous years. Densities were
similar (within 25 percent) at the two locations for August and October
collections, but densities at Location 4 (below the confluence with Wolf
Creek) were more than twice those at Location 10 during June and December.
Total biovolume in 1980 ranged from 12.3 to 186.1 pl/dm2 ; in previous years
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Table 4-1 Algae identified in periphyton samples from artificial substrates
in the Neosho River near Wolf Creek Generating Station, Burlington,
Kansas, 1980.

BACILLARIO0I'IYTA (Diatoms)
Achnanthes exigua Grunow
A. lanceolata Brebisson
T. lewisiana Patrick
T. linearis W. Smith
A. ii-itissima Kuetzing
Amphora ovalis Kuetzing
A. perpuslTTaGrunow
A. veneta Kuetzing
aln--n-ei•--bacillum (Grunow) Mereschowsky

Cocconeis pTediicuus Ehrenberg
C. placentula Ehrenberg
ycate a atomus Hustedt

C. meneghiniana Kuetzing
C. puslgera Hustedt
tymbella lunata Smith
C. mexicana (Ehrenberg) Cleve
T. minuta Hilse ex Rabenhorst
T. -iinaa Grego-ry

T. tumda--(Brebisson) VanHeurck
en le ans Kuetzing

Diatonia vuT~re~ory
Fragilaria capucina DesMaziers
F. construens var. venter (Ehrenberg) Grunow
F. vaucheriae (Kuetzin-gTPetersen
Gom*honem gracile Ehrenberg

. oTiTacum (Lyngbye) Kuetzing
1G. ý-rv K-muetzing

. psubcavatutn var. mexicanum (Grunow) Patrick
G. teneTlum Kuetzing

. terges-tinum (Grunow) Fricke
Gyrosigma obtusatum (Sullivan and Wormley) Boyer
G. spencerii mith) Cleve
ffelosira distans (Ehrenberg) Kuetzing
M. distans var. lirata.(Ehrenberg) Bethge
M. ir-an-u-T-ata (Ehrenberg) Ralfs
Fr. graulata var. angustissima Muller
M. varians C.A. Agardh
Navi.ccula accomoda Hustedt
N. arvensTi-Hustedt
R. a-ur-icuTata Hustedt
V. c tata Ehrenberg
'f. capitata var. hungarica (Grunow) Ross
N. cincta (Ehrenberg) Rafs
N. cryptocephala Kuetzinq
W. crptoceph'aja var. veneta (Kuetzing) Grunow
N. decussis Ostrup
N. dT-issa HustedtP ir•. gpadi ca ,Grunow
N. ýraci oiede A. Mayer

N. q Donkin
'f. heufleri Grunow

f. h-eufT-eri var. leptocephala (Brebisson ex Grunow)
Patr-ick-

N. menisculus Schumann
N. menisculus var. upsaliensis (Grunow) Grunow
IT. m-inma Grunow
* n. TiTuscula Grunow
I. muralis Grunow
N. notha Wallace
1T. pup•a Kuetzing

BACILLARIOPHYTA (continued)
N. pygma.a Kuetzlng
N. ra--oia Kuetzing
ff. rh-cocephala Kuetzing
N. r aVnchoceehala var. germainii (Wallace) Patrick
'R. schonfeldii Hustedt

N. symmetrica Patrick
LT. tripunctata (O.F. Muller) Bory
N. tripunctata var. schizonemoldes (VanHeurck) Patrick
IT. vaucheriae Petersen
ffavicula spp.
NItzsc-ia accomodata Hustedt
N. acicularis W. Smith
N. acicularis var. adelos Hohn and Hellerman
N. acicularoides Huste-dt
IT. adapta Ilustedt
TI. amphibia Grunow
N. angustata (W. Smith) Grunow
1T. apicu ata (Gregory) Grunow
N. capitelTata Hustedt
N. c ausii Hantzsch
IT. dissipata (Kuetzing) Grunow
I. TiTiformis (W. Smith) Hustedt
'f. fonticola Grunow
ff. frustulum Kuetzlng
TI. frustulum var. perminuta Grunow
N. hantzschiana Rabenhorst
TI. hungarica Grunow
'f. kutzingiana Hilse
N. minearis w. Smith
T. y9 ss•lma (Brebisson) Ralfs
N. microcephala Grunow
N. palea (Kuetzing) W. Smith
TI. pertica Hohn and Hellerman
N. subacicularis Hustedt
N. subcapitel'at-a Hustedt

s. subminearis Hustedt
N. tryblionella var. debilis (Arnott) A. Mayer
N. tryblionella var. V9toriae Grunow
Nitzschia spp.

Pleurosigma delicatulum W. Smith
Rhoicosphenia curvata;(Kuetzing) Grunow
Stephanodiscus astraea (Ehrenberg) Grunow
S. astraea var. minutula (Kuetzing) Grunow
3?. ivisitatus Hohn and-Hellerman
?ur-irella ovata Kuetzing

S. ovata var. africana Cholnoky
3. su--e-cTca Grunow
Tynedraacus Kuetzing
3Fa-sculata var. truncata (Greville) Patrick
T. minuscula Grunow
ThaT-assiosra fluviatilis Hustedt

CHLOROPHYTA (Green Algae)
Ankistrodesmus falcatus (Corda) Ralfs
A. spiralis (Turner) Lemmermann
haracium ambiguum Hermann

Chiamydomonas spp.
Cladophora glomerata (Linnaeas) Kuetzing
Cosmarium spp.
Crucigenia crucifera (Wolle) Collins
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Table 4-I (continued)

';iii ROPHYTA (continued)
Gonium pectorale Meuller
Kirchneriella subsolitaria G.S. West
Lagerheimia quadriseta G.M. Smith
Micractinium pusillum Fresenius
Mouqjeotia spp.
Oedogonium spp.
Oocystis lacustris Chodat
0. pusilla Hansgirg
Pediastrum tetras (Ehrenberg) Ralfs
Quadrigula lacustris (Chodat) G.M. Smith
Scenedesmus ahundans (Kirchner) Chodat
7. hj (Turpin)Lagerheim

dimorphus (Turpin) Kuetzing
S. longus Heyen
S. quadricauda (Turpin) Brebisson
Selenastrum minutum (Naegeli) Collins
S. westii G.M. Smith
Stigeoclonium tenue (C.A. Agardh) Kuetzing
Tetrastrum staurogeniaeforme (Schroeder) Lemmermann
Unidentified coccoid green
Unidentified filamentous green

CYANOPHYTA (Blue-green Algae)
Anahaena spp.
Calothrix epiphytica West and West
Chroococcus limneticus Lemmermann
C. minimus (Keisser) Lemmermann
T. minutus (Kuetzing) Naegeli
Chroococcus spp.
Lyngbya aerugineo-caerulea (Kuetzing) fomont
L. diquetii Gomont ex Ilariot
L epiphytica Hieronymus ex Engler and Prantl
L. limnetica Lemmermann
L. nordgaardii Wille
Merismopedia tenuissima Lemmermann
Oscillatoria angusta Koppe
0. limnetica Lemmermann
Oscillatoria spp.
Phormidium tenue (Meneghini) Gomont
Spirulina laxa G.M. Smith

EUGLENOPHYTA (Euglenoids)
Euglena gracilis Klebs
E. minuta Prescott
E. proxima Daneard
Euglena spp.
Phacus acuminatus Stokes
P. lemnmermannii (Swirenko) Skvortzow
P. pyrum (Ehrenberg) Stein
Trachelomonas volvocina
Trachelomonas spp.

CHRYSOPIIYTA (Yellow-green Algae)
Tribonema bombycinum (C.A. Agardh)
Unidentified chrysophyte

CRYPTOPHYTA (Cryptomonads)
Cryptomonas spp.

Derbes and Solier
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Table 4-2 Mean density, biovolume, and percent composition of major taxonomic groups in periphyton samplescollected from artificial substrates in the Neosho River near Wolf Creek Generating Station,Burlington, Kansas, 1980.

ti

Density at Sampling Locations Biovolume at Sampling Locations
10 4 10 4

Exposure Period Taxon No./cm2  % No./cm2  % 1l/dm2  % Pl/dm2  %

19 May-27 Jun Bacillariophyta 662,858 51.0 1,789,463 58.6 16.8 62.5 34.7 18.6Chlorophyta 216,424 16.6 194,650 6.4 7.7 28.4 145.3 78.1
Chrysophyta 0 -- 7,724 0.3 0 -- 0.2 0.1Cyanophyta 415,611 32.0 1,062,863 34.8 1.8 6.6 5.7 3.1Miscellaneous 5,745 0.4 1,544 0.1 0.7 2.5 0.2 0.1

Total periphyton 1,300,641 100.0 3,056,249 100.0 27.0 100.0 186.1 100.0

08 Jul-12 Aug Bacillariophyta 2,070,474 75.8 1,295,847 59.6 51.3 71.8 21.6 29.9Chlorophyta 148,497 5.4 154,483 7.1 14.8 20.7 45.4 63.1Chrysophyta 0 -- 21,628 1.0 0 -- 1.7 2.4Cyanophyta 512,623 18.8 701,364 32.3 5.4 7.6 3.4 4.7

Total periphyton 2,731,598 100.0 2,173,328 100.0 71.5 100.0 72.1 100.0

26 Sep-27 Oct Bacillariophyta 473,456 87.4 354,667 52.9 10.1 82.1 6.5 11.8Chlorophyta 17,236 3.2 216,039 32.2 1.1 8.9 48.1 87.1
Cyanophyta 44,240 8.2 97,676 14.6 0.2 2.0 0.5 0.8
Miscellaneous 6,894 1.3 1,723 0.3 0.9 7.1 0.1 0.2

Total periphyton 541,826 100.0 670,107 100.0 12.3 100.0 55.2 100.0

12 Nov-16 Dec Bacillariophyta 747,579 87.3 1,858,913 98.8 19.4 82.0 22.8 86.3
Chlorophyta 47,110 5.5 71,240 3.5 1.4 5.7 2.4 9.2Cyanophyta 38,838 4.5 80,667 4.0 0.2 0.9 0.3 1.1Miscellaneous 23,210 2.7 13,558 0.7 2.7 11.4 0.9 3.3

Total periphyton 856,738 100.0 2,024,379 100.0 23.7 100.0 26.4 100.0



the biovolume observed on natural substrates ranged from 0.7 to 10,903.2
1I/dm2 . Total biovolume was much higher at Location 4 than at Location 10
during June and October.

As often occurred with previous collections from natural substrates, diatoms
numerically dominated the periphyton on artificial substrates at both loca-
tions throughout 1980 (Table 4-2). In terms of biovolume, diatoms were
always dominant at Location 10, but at Location 4 they dominated biovolume
only during the November - December exposure period. The major diatom
collected from the May - June exposure was Cocconeis placentula (Table 4-3),
which comprised 15.1 and 28.9 percent of total numbers at Locations 4 and 10,
respectively (Appendix C). This species remained the dominant diatom at
Location 10 during the July - August and September - October exposure periods;
the dominant diatoms at Location 4 during these periods were Nitzschia
frustulum and Gomphonema parvulum, respectively. The most abundant diatom at
both locations during the November - December period was Nitzschia acicularis.

Green algae (Chlorophyta) dominated biovolume at Location 4 during the first
three exposure periods, and composed more than 20 percent of total biovolume
at Location 10 during the first two periods (Table 4-2). Important green
algae were Cladophora glomerata (Location 4 only), Oedogonium spp., and
Stigeoclonium tenue. Cladophora was a major component of periphyton in
earlier studies but was not observed in 1979 (Bockelman 1980b). Blue-green
algae (Cyanophyta) were observed at both locations during all four collection
periods; Lyngbya epiphytica, Lyngbya limnetica, and Lyngbya diguetii were the
major species observed in this group. These taxa were more important numer-
ically than in terms of biovolume. Yellow-green algae (Chrysophyta), crypto-
monads (Cryptophyta), and euglenoids (Euglenophyta) were observed in the
artificial substrate samples, but only the euglenoid Euglena gracilis composed
at least 5 percent of total density or biovolume.

Biomass and chlorophyll a production in 1980 ranged from 0.65 to 3.92 mg/dm2/day
and 6.63 to 38.56 Vg/dm2 -iday, respectively (Table 4-4). Biomass production
was higher at Location 4 than at Location 10 in the May - June, July - August,
and November - December exposure periods. Maximum chlorophyll a production
occurred at Location 4 in the first sampling period. Autotrophic Index
values indicated that, with the possible exception of August collections
from Location 4, periphyton was dominated by photosynthetic organisms (algae).
Periphyton diversity (H') in 1980 ranged from 3.30 to 4.99, as compared to a
range of 1.11-4.67 observed on natural substrates in previous years. In 1980,
diversity ranges at Location 10 and Location 4 were comparable (3.39-4.99
and 3.30-4.25, respectively), and values were not consistently higher at
either location. Evenness also was similar at Locations 10 and 4 in 1980,
and followed the same trend as diversity.

There was no indication of construction effects on periphyton in the Neosho
River evident from the results of artificial substrate sampling. There was
little or no flow in Wolf Creek during the period of 1980 periphyton studies.
Some spatial differences during the early exposure periods may have resulted
from differences in physical characteristics (e.g., water velocity, reduced
intensity of incident sunlight due to shading) at the two locations.
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Tabl e 4-3 Algal taxa composing at least 5 percent of total density of biovolume in periphyton collected

from artificial substrates in the Neosho River near Wolf Creek Generating Station, Burlington,
Kansas, 1980.

Sampling Location
Exposure Period 10 4

19 May-17 Jun

08 Jul-12 Aug

Cocconeis placentula
Stigeoclonium tenue
Unidentified green coccoid
Lyngbya epiphytica
Lyngbya limnetica

Cocconeis placentula
Nitzschia frustulum
Stephanodiscus invisitatus
Navicula heufleri
Nitzschia subacicularis
Oedogonium spp.
Unidentified green coccoid
Lyngbya epiphytica
Lyngbya limnetica

Cocconeis placentula
Nitzschia frustulum
Navicula cryptocephala
Gomphonema parvulum
Cladophora glomerata
Lyngbya epiphytica

Nitzschia frustulum
Cocconeis placentula
Stephanodiscus invisitatus
Stigeoclonium tenue
Cladophora g1omerata
Lyngbya limnetica
Lyngbya epiphytica

Gomphonema parvulum
Navicula graciloides
Nitzschia frustulum
Nitzschia palea
Oedogonium spp.
Unidentified green coccoid
Lyngbya diguetii

Nitzschia acicularis
Surirella suecica
Nitzschia palea
Nitzschia acicularis var. adelos
Navicula cryptocephala

26 Sep-27 Oct Cocconeis placentula
Nitzschia frustulum
Nitzschia palea
Nitzschia frustulum var. perminuta
Navicula graciloides
Navicula rhynchocephala
Cyclotella meneghiniana
Pleurosigma delicatulum
Unidentified green coccoid

12 Nov-16 Dec Nitzschia acicularis
Nitzschia palea
Navicula cryptocephala
Surirella suecica
Nitzschia dissipata
Nitzschia hungarica
Euglena gracilis



Table 4-4 Mean biomass and chlorophyll a production, Autotrophic Index, and
diversity measures for periphyton collected from artificial
substrates in the Neosho River near Wolf Creek Generating Station,
Burlington, Kansas, 1980.

Sampling Location
Parameter Exposure Period 10 4

Biomass productiona 19 May-17 Jun 2.25 3.92
(mg/dm2 per day) 08 Jul-12 Aug 1.96 3.56

26 Sep-27 Oct 1.11 0.68
12 Nov-16 Dec 0.65 1.26

Chlorophyll a productionb 19 May-17 Jun 19.73 38.56
(pg/dmi per day) 08 Jul-12 Aug 18.02 15.34

26 Sep-27 Oct 14.95 9.51
12 Nov-16 Dec 6.63 18.11

Autotrophic Indexc 19 May-17 Jun 114 102
08 Jul-12 Aug 109 232
26 Sep-27 Oct 74 71
12 Nov-16 Dec 98 70

Number of taxa 19 May-17 Jun 33 47
08 Jul-12 Aug 43 47
26 Sep-27 Oct 73 69
12 Nov-16 Dec 67 67

Diversity (H')d 19 May-17 Jun 3.39 3.79
08 Jul-12 Aug 3.57 3.87
26 Sep-27 Oct 4.99 4.25
12 Nov-16 Dec 4.55 3.30

Evenness (j,)e 19 May-17 Jun 0.67 0.68
08 Jul-12 Aug 0.66 0.70
26 Sep-27 Oct 0.81 0.70
12 Nov-16 Dec 0.75 0.54

a
b
c
d
e

Ash-free dry weight.
Corrected for pheophytin.
Weber 1973.
Shannon 1948 using base 2 logarithms.
Zar 1968.
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4.3 SUMMARY AND CONCLUSIONS

These studies represented the first year that artificial substrate samplers
were used to collect periphyton. In previous years periphyton was sampled
from natural substrates. In addition, periphyton sampling in 1980 was
limited to Locations 4 and 10 in the Neosho River. However, both total
density and total biovolume in 1980 were within respective ranges previously
reported in the Neosho River. Total density and total biovolume were generally
similar at both locations or higher at Location 4 than at Location 10.
Diatoms continued to be the most important numerical component of the
periphyton in the Neosho River, while green algae often were important in
terms of biovolume.

Neither biomass production nor chlorophyll a production indicated construction
effects on periphyton in the Neosho River below the confluence with Wolf
Creek. However, there was little or no flow from Wolf Creek during the 1980
periphyton studies.

4-8



5. ZOOPLANKTON

5.1 FIELD AND ANALYTICAL PROCEDURES

Duplicate zooplankton samples were collected quarterly from the Neosho River
at Locations 1, 10, and 4 (Figure 1-1). Each replicate consisted of a
stationary horizontal sample of 1-3 minutes duration with a metered No. 25
mesh (64-1m aperture) plankton net with a 437-cm2 aperture. When flow was
minimal or absent, the net was towed at a speed sufficient to provide reliable
flowmeter readings. Each sample was placed in an appropriately labeled glass
jar containing menthol crystals to relax the body structure of the rotifers
to facilitate identification. Within one hour of collection, samples were
preserved with 5 percent formalin, then transported to the laboratory for
analysis.

In the laboratory, samples were concentrated or diluted to a workable density
of organisms, and thoroughly mixed to obtain a representative subsample,
which was withdrawn and placed in a Bogorov counting chamber. Stratified
counts of zooplankton in the subsample were made using a binocular dissecting
microscope at 1O-70X magnification. Difficult specimens were identified at
lO0-100OX with a compound microscope. All organisms were counted in the
first two subsamples. As progressively larger aliquots were withdrawn,
abundant taxa were eliminated from consideration. Subsampling was continued
until a sufficient number of organisms was enumerated to estimate population
densities, usually after counting at least 5 percent of the total sample.
Microcrustacea were identified to species with the exception of taxonomically
indistinct immature copepods and cladocerans which were identified to the
lowest positive taxon. Rotifers were identified to genus, except certain
littoral benthic genera in the order Bdelloidea. Identifications were made
using appropriate taxonomic keys, including Brooks (1957, 1959), Ruttner-
Kolisko (1972), Smirnov (1974), and Pennak (1978).

5.2 RESULTS AND DISCUSSION

The zooplankton community in the Neosho River was dominated (>5 percent) by
four copepod, one cladoceran, and seven rotifer taxa (Table 5-1). Rotifers
constituted the majority of the plankton in most months and comprised 48-88
percent of the total assemblage (Table 5-2). Predominant rotifer taxa
collected included Brachionus, Keratella, Polyarthra, and Synchaeta. During
the study, immature copepods, Diaptomus siciloides, and Pleuroxus hamulatus
were the only dominant crustaceans. In total, 58 taxa were encountered
during the 1980 study (Table 5-3).

Mean zooplankton density in the tailwaters of John Redmond Reservoir (Location
1) was highest during June and October (156,334 and 159,391 organisms/m3 ,
respectively) and lowest in April (44,063 organisms/m3 ) (Table 5-1). April
and June zooplankton assemblages were relatively balanced, with copepods
and rotifers each comprising approximately half of the total community. In
April, immature copepods and Keratella together accounted for nearly 77
percent of the total zooplankton. Immature copepods continued to be
important in June. Diaptomus siciloides was the only adult copepod to
represent over 5 percent of the total zooplankton, and reached a maximum
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Table 5-1 Mean density (No./m 3) of dominant zooplankton identified from samples collected in the
Neosho River near Wolf Creek Generating Station, April through December 1980.

T4-~-FI--Iune 1-- 0 27 Octobe` 1980 16 DecemnbJ 1 -Ij
Taxa __'-' 1 10 4 1 N0 4 10 I

Copel)Udd 21352 3,j53 ?4432 71 Mii 15314 -a 43836 312 14A? 25566 6113 12676
Nauplii 13209 1i226 In66 48644 13364 - 23716 276 1386 1874A 5u64 11229
Calanoid copepodites 32 26 30 5556 394 - 8088 0 0 778 103 151
ryclopoid copep ,,i tes 7428 7273 7212 3041 1154 - 3955 25 76 2545 422 872
Diaptomus sicilildes 19 26 34 q672 158 - 5557 9 0 280r 517 323

Cladocera 4q2 908 1,110 2800 BO - 751 205 755 703 82 291
Pleuroxus hamulatus 0 0 0 0 0 - 0 47 321 0 26 76

Rotifera 22219 22055 33592 81647 10P14 - 114804 3635 3763 89451 39739 82543
Bdelloid Rotifera U ý0 72 2384 375 - 1425 110 357 556 262 444
Brachionus spp. 2506 2651 2910 61106 45496 - 1908 861 1158 1271 169b 5773
r. ephalodela sPP. U U 0 238 4 - 115 342 629 159 241 323
Filinia spp. 2510 3073 2950 144 75 - U 53 0 U 13 0
Kerate1la spp. 1311U 13420 24592 12131 9859 - 1755 325 100 37496 11279 24312
Po'yrt-ra spp. 240/ 1548 I672 5112 35586 - 1513 47 1U 367U2 19619 6AJ17
Tynchaeta spp. 671 8BO 935 U 10661 - 108098 515 863 13u28 6116 14725

Total Zooplankton 44063 45ulb 59534 156334 117208 - 159391 4152 6UU0 115722 46017 95504

a Samples collected but not preserved.



1w ww qw

C

Table 5-2 Percent composition of dominant zooplankton identified from samples collected in the
Neosho River near Wolf Creek Generating Station, April through December, 1980.

14 April 1980 17 June 1980 27 October 1980 16 December 1980
Taxa 1 10 4 1 10 4 1 10 4 1 10 4

Cbpepada
Nfauplii
Calanoid copepodites
Cyclopoid copepodites
Diaptomus siciloides

Cladocera
Pleuroxus hamulatus

Rotifera
Bde1loid Rotifera
Brachionus spp.
Cephalodella spp.

L Filinia spp.
Kerate!la spp.

=,J Polyartjra spp.
Synchaeta spp.

48.5
30.0
0.1

16.9
(0.I

50.1
33.1
0.1

15.8
0.1

41.9
28.3
0.1

12.1
0.1

46.0
31.1

3.6
1.9
6.2

13.1
11.4

0.3
1.0
0.1

27.5
14.9
5.1
2.5
3.5

7.5
6.6
0
0.6
0.2

24.7
23.1
0
1.3
0

22.1
16.2

0.7
2.2
2.5

13.5
11.0

0.2
0.9
1.1

13.3
11.8

0.2
0.9
0.3

1.1 2.0 1.7
0 0 0

1.8 0.1
0 0

0.5 4.9 12.6
0 1.1 5.4

0.6 0.2 0.3
0 0.1 0.1

50.4
0
5.7
0
5.7

30.0
5.6
1.5

47.9
0.2
5.8
0
6.7

29.2
3.4
1.8

56.4
0.1
4.9
0
5.0

41.3
2.8
1.6

52.2
1.5

39.1
0.2
0.1
7.8
3.3
0

86.9
0.3

38.8
(0.1
0.1
7.6

30.4
9.1

72.0
0.9
1.2
0.1
0
1.1
0.9

67.8

87.5
19.5
20.7

8.2
1.3
7.8
1.1

12.4

62.7
6.0

19.3
10.5
0
1.7
0.2

14.4

77.3
0.5
1.1
0.1
0

32.4
31.7
11.3

86.4
0.6
3.7
0.5
(0. 1
24.5
42.6
13.3

86.4
0.5
6.0
0.3
0

25.5
37.7
15.4

a Samples collected but not preserved.



w w W

0
W ww w w 0

Table 5-3 Zooplankton taxa collected in the Neosho River
Kansas 1980.

near Wolf Creek Generating Station,

01

COPEPODA
Cyclops bicuspidatus thomasi Forbes
Cyclops varicans rubellus Lilljeborg
Cyclops vernalis Fischer
Diaptomus clavipes Schacht
Diaptomus pallidus Herrick
Diaptomus siciloides Lilljeborg
Ergasilus chautauquaensis Fellows
Ergasilus megaceros Wilson
Eucyclops agilis (Koch)
Eucyclops speratus (Lilljeborg)
Mesocyclops edax (Forbes)
Harpacticoida

CLADOCERA
Alona circumfimbriata Megard
Alona pulchella King
Alona sp. Baird
Bosmina longirostris (O.F. Muller)
Ceriodaphnia quadran ula (O.F. Muller)
Chydorus sphaericus (O.F. Muller)
Daphnia galeata mendotae Birge
Daphnia parvula Fordyce
Daphnia pulex Leydig
Daphnia retrocurva Forbes
Diaphanosoma brachyurum (Lieven)
Diaphanosoma leuchtenbergianum Fischer
Disparalona rostrata (Koch)
Kurzia latissima (Kurz)
Leptodora kindtii (Focke)
Macrothrix laticornis (Jurine)
Pleuroxus denticulatus Birge
Pleuroxus hamulatus Birge
Simocephalus vetulus (O.F. Muller)

ROTIFERA
Asplanchna spp. Gosse
Bdelloid Rotifera spp.
Brachionus spp. Pallas
Cephalodella spp. Bory de St. Vincent
Colurella spp. Bory de St. Vincent
Conochiloides spp. Hlava
Dicranophorus spp. Nitzsch
Euchlanis spp. Ehrenberg
Fili.nia spp. Bory de St. Vincent
Hexarthra spp. Schmarda
Kellicottia spp. Ahlstrom
Keratella spp. Bory de St. Vincent
Lecane spp. Nitzsch
Lepadella spp. Bory de St. Vincent
Lophocharis spp. Ehrenberg
Monostyla spp. Ehrenberg
Notholca spp. Gosse
Notommata spp. Ehrenberg
Notommatid Rotifera spp.
Platyias spp. Harring
Polyarthra spp. Ehrenberg
Rotaria spp. Scopoli
Scaridium spp. Ehrenberg
Synchaeta spp. Enrenberg
Testudinella spp. Bory de St. Vincent
Trichocerca spp. Lamark
Trichotria spp. Bory de St. Vincent



density of 9,672 organisms/m3 during June. Keratella was succeeded in
abundance in June by Brachionus which comprised nearly 40 percent of the
plankton. Synchaeta attained maximum densities at Location 1 in October
(108,088 organisms~mJ). Other rotifer taxa were encountered in densities
<2,000 organisms/mni. Keratella and Polyarthra dominated the tailwater
community (Location 1) in December when peak densities were recorded (37,496
and 36,702 organisms/m3 , respectively) (Table 5-1). Immature copepods
remained important in December.

Cladoceran densities, especially B. lonqirostris, were extremely low in 1980
compared to previous annual means (Table 5-4). Diaptomus siciloides, numer-
ically important during 1979 (Rogers 1980), was only dominant at Location 1
in June 1980. The decline in microcrustacean abundance in 1980 may be
related to low reservoir discharges and selective predation by fish, especially
gizzard shad. Based on fishery catch data (Section 7.2), gizzard shad
apparently developed a strong year class in John Redmond Reservoir in 1980
due to low seasonal reservoir discharges which resulted in reduced losses of
larval and juvenile gizzard shad. Although no food-habit data for gizzard
shad in the reservoir were collected, selective predation by fish can alter
species composition and abundance of zooplankton in lakes and reservoirs
(Hrbacek et al. 1961; Brooks and Dodson 1965; Brooks 1968). Young gizzard
shad in Tuttle Creek Reservoir, Kansas selectively fed on Cyclops, Bosmina,
and Daphnia which may have caused a change in zooplankton species composition
and abundance (Cramer and Marzolf 1970). Bosmina longirostris, Cyclops
bicuspidatus, and Daphnia pulex were important food items in the diet of
young-of-the-year gizzard shad in North Twin Lake, Iowa (Kutkuhn 1957).
These preferences for crustacean zooplankton may partially account for the
21-fold decrease in cladocerans and an overall 4-fold decrease in total
microcrustaceans relative to densities in 1979.

Zooplankton populations in the lower Neosho River (Locations 10 and 4)
exhibited species composition and seasonal trends similar to that noted at
Location 1. Nauplii reached maximum densities in April (16,800 organisms/m 3 )
at Location 4 (Table 5-1). Rotifer abundance was greatest in June at Location
10 when Brachionus and Polyarthra combined to represent nearly 70 percent of
the total community. In October, the cladoceran Pleuroxus hamulatus, absent
in April and June, comprised >5 percent of the total zooplankton at Location
4. Pleuroxus hamulatus and other littoral cladocerans including Chydorus
sphaericus, Disparalona rostrata, Kurzia latissima, Alonids, and several
littoral rotifer taxa were collected only at the downstream locations,
suggesting autochthonus production. Seasonal autochthonus production in the
Neosho River has been generally noted in past studies during low river flows
(Repsys 1979b; Rogers 1980). Minimum densities at Locations 10 and 4 (4,152
and 6,000 organisms/m3 , respectively) occurred in October (Table 5-1).

Mean total zooplankton at Location 4 in October and December was greater
than mean densities at Location 10 (Table 5-2). Habitat differences between
Locations 10 and 4 may account for the higher densities at Location 4.
Samples at Location 10 are collected below a riffle inimical to zooplankton
production whereas Location 4 consists of a large sluggish pool conducive
to zooplankton production. Higher zooplankton density at Location 4 has
been noted in past studies in the Neosho River (Rogers 1980). Higher
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Table 5-4 Annual mean densities (No./m 3 ) of selected
Reservoir (Location 1), 1973 through 1980.

major microcrustacean taxa from John Redmond

Year
Taxa 1973 1974 1975 1976 1977 1978 1979 1980

Copepoda
Calanoid (Diaptomus) copepodites 2635 6948 8963 1698 4903 5447 6376 3614
Cyclopoid copepodites 2546 6558 9006 13182 16978 21601 23220 4242
Cyclops vernalis 284 597 443 976 1106 1432 1750 1400
Diaptomus pallidus 1 7 a 1006 48 316 266 390 878 339
Diaptomus siciloides 1418a 1171 3458 1014 2502 5110 6772 4529
All adult Diaptomus spp. 2591 2177 3508 1330 2810 5501 7650 4879
Ergasilus chautauquaensis 133 39 756 282 217 154 97 110
Total Copepodab 8188 16319 22676 17468 26014 34135 39093 14245

Cladocera
Bosmina longirostris 4509 4247 10580 20980 14923 30484 7584 129
Ceriodaphnia spp.c 1022 2483 130 11 28 17 53 0
Daphnia parvula 1271 2095 2870 3547 3333 1134 3889 190
All Daphnia spp.d 14413 5089 3994 3579 3343 1857 7955 979

(juveniles and adults)
Diaphanosoma leuchtenbergianum 3032 2759 8418 3344 4877 1391 3952 14
Moina spp.e 163 205 7484 259 1102 1921 649 0
Total Cladocerab 23139 14783 30943 28173 24273 35670 24082 1122

Total microcrustaceansb 31327 31102 53619 45641 50287 69805 63175 15367

Ln

a
b
c
d
e

Males only. Females not identified to species in 1973.
Includes the above selected taxa only.
Mainly C. lacustris.
Mainly juveniles and adults of D. parvula.
Mainly M. micrura.



densities in December reflected increases in nauplii and the rotifers Keratella
and Polyarthra.

Although dominant taxa were similar among locations, densities were generally
lower downstream. Zooplankton abundance was apparently affected by water
releases from John Redmond Reservoir. A correlation between reservoir
discharge and mean microcrustacean density at Location 10 (r = +0.81) and
Location 4 (r = +0.89) was apparent although not significant (P > 0.05).
Beach (1960) reported that lakes and impoundments in the Ocqueoc River system
of Michigan were the major locations of plankton development. In general,
most plankton derived from lakes and artificial impoundments decreased in
quantity downstream (Hynes 1970). The removal rate of the plankton is
related to length of stream segment, current, depth of water, turbulence, and
amount of vegetation or other objects in the channel which support a peri-
phyton assemblage. Vegetation and periphyton display a pronounced filtering
effect on the plankton during low flow (Chandler 1937). The abundance of
plankton in the Neosho River in April was similar between Location 1 near
John Redmond Reservoir and Locations 10 and 4, approximately 16-19 km down-
stream (F(?, 3 ) = 3.591, P > 0.05). The flow rate in April was at the
annual maximum (Figure 1-2) and probably caused rapid transport of reservoir
plankton to the downstream locations. Densities in April ranged from 44,000
organisms/m 3 at Location 1 to 59,000 organisms/m 3 at Location 4 (Table
5-1).

Differences between the tailwaters and downstream locations were pronounced
during periods of low flow. Although data was not available from Location 4
in June, densities at Location 10 were lower than those near the reservoir.
River flow in June was less than 300 cfs. Lower flow (<150 cfs) in October
resulted in densities at least 26 times higher at Location 1 than Locations
10 and 4. Data collected in December also reflected a downstream decrease in
abundance when releases were 148 cfs. The correlation between reservoir
discharge flow and percentage zooplankton remaining at Location 10 was
statistically significant (r = +0.98, P < 0.05) indicating that higher flows
promote greater downstream transport of zooplankton. A similar relationship
between reservoir discharge and percentage zooplankton remaining at Location
4 was evident (r = +0.93) although the relationship was not significant
(P > 0.05). Similar reductions of zooplankton densities in the Neosho River
during periods of low flow have been reported (Repsys 1978, 1979b; Rogers
1980) and documented by Ward (1975) and Armitage and Capper (1976) for
river-reservoir systems in Wales and Colorado. Both authors speculated that
these decreases in numbers were mainly attributed to the filtering effect of
extensive growth of periphytic algae covering the stream-bottom substrates.

The data collected during the present study indicated that the construction
of Wolf Creek Generating Station had no apparent effects on the zooplankton
community in the Neosho River. Species composition was not significantly
affected by construction activities. Any consistent differences or variability
noted between locations were due to natural phenomena that were innate to the
study area and to the Neosho River.
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5.3 SUMMARY AND CONCLUSIONS

Predominant zooplankton taxa collected during the study included immature
copepods, Brachionus, Keratella, Polyarthra, and Synchaeta. Rotifers dominated
at all locations and comprised from 48 to 88 percent of the total assemblage.
Mean microcrustacean density in the tailwaters of John Redmond Reservoir
(Location 1) was 4-fold less than mean density in 1979. Reduced microcrustacean
abundance may be related to low reservoir discharges and selective removal of
zooplankton by young gizzard shad.

Maximum zoo~lankton density at Location 1 occurred in June (156,334
organisms/min) and October (159,391 organisms/m 3 ). Zooplankton abundance
downstream was highest in June (Location 10) and December (Location 4). Mean
zooplankton density generally decreased downstream. During periods of low
flow differences between the upstream (Location 1) and downstream locations
(Locations 10 and 4) were more pronounced. A correlation between river flow
and zooplankton density at downstream locations was apparent although not
statistically significant. A significant correlation between river flow and
percentage zooplankton remaining from the tailwaters to downstream Location
10 was present. Production of littoral zooplankters was evident at downstream
locations during periods of low flow. Densities increased from Locations 10
to 4 which was attributed to autochthonus production resulting from more
favorable habitat at Location 4.

Construction of Wolf Creek Generating Station had no apparent effects
on the zooplankton community in the Neosho River during the 1980 study
period.
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6. MACROINVERTEBRATES

6.1 FIELD AND ANALYTICAL PROCEDURES

Two replicate samples of drifting benthic macroinvertebrates were collected
at night from the tailwaters of John Redmond Reservoir (Location 1; Figure
1-1) on 18 April, 16 June, 27 October, and 15 December 1980. Collections
were made using a 0.75-m diameter plankton net of No. 0 mesh Nitex (0.571-mm),
equipped with an internally mounted flowmeter (General Oceanics, Inc.
Model 2030). Two replicate grab samples were collected with a Ponar dredge
(area samples = 530 cm ) on 15 April, 17 June, 28 October, and 16 December
1980 from Locations 10 and 4 in the Neosho River and Locations 7 and 3 in
Wolf Creek (Figure I-]). Qualitative samples were obtained by seining and
handpicking at each of these five locations concurrent with Ponar sampling.
Flooding precluded qualitative and Ponar sampling in the Neosho River in
April.

All samples were sieved using U.S. Standard No. 30 mesh (0.595-mm) screen.
The sieve residue was transferred to appropriately labeled containers fixed
with 10 percent formalin with rose bengal stain (Mason and Yevich 1967).
After exposure to the stain solution for a minimum of 24 hours, samples were
rewashed in the laboratory in a No. 30 mesh sieve and preserved in 70 percent
ethanol. Macroinvertebrates were manually separated from the debris with the
aid of a stereozoom microscope and identified to the lowest possible taxonomic
level using appropriate taxonomic references. Aerial and terrestrial speci-
mens collected in drift samples were not identified or enumerated.

Diversty indices were calculated for all quantitative samples using Shannon's
(1948) equation (log base 2). Student's "t" test (Steel and Torrie 1960)
was used to test for significant differences (P < 0.05) in densities and
diversity values among locations during each sampling period.

6.2 RESULTS AND DISCUSSION

6.2.1 Neosho River

6.2.1.1 Macroinvertebrate Drift

Drift samples from Location 1 in the Neosho River yielded 35 macroinverte-
brate taxa in 1980 (Table 6-1). The drift was composed primarily of aquatic
insects with Hydropsychidae (net-spinning caddisflies), Chaoboridae (phantom
midges), and Chironomidae (midge flies) exhibiting the greatest densities
(Table 6-2). Chironomidae were the most diverse group of organisms present.
The lowest and greatest density and diversity was observed in December and
June, respectively.

Chaoborus punctipennis was the dominant species during April and June when it
comprised 79 and 41 percent, respectively, of the total drift assemblage.
This species was also dominant in most of the 1979 drift collections at this
site (Table 6-3). Considering the preference of C. punctipennis for a lentic
habitat (Merritt and Cummins 1978), the individuals collected in the drift at
Location 1 probably originated from John Redmond Reservoir and not the
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Table 6-1 Summary of macroinvertebrate occurrence in quantitative collections
near Wolf Creek Generating Station, Burlington, Kansas, 1980.

Neosho River Wolf Creek
Taxon 1 10 4T

P1atyhelmi nthes
Turbellaria

Tricladida
Planariidae
Dugesia sp. Girard + +

Nematoda
Unidentified Nematoda + +

Entoprocta
Urnatellidae

Urnatella gracilis Leidy +

Annelida
Oligochaeta

Plesiopora
Enchytraeidae

Unidentified Enchytraeidae + +
Naididae

Dero di it t (Muller) +
Tf TR -is s Her) + + +

T- behningi Michaelsen +
Nari bret ei Michaelsen +

Tubificida-ae
Branchiura sowerbyi Beddard + + +
" lyodrilus temp etoni (Southern) +
Limnodrilus cervix Brinkhurst + + +
Limnodri1Vi c aeT redianus Ratzel +
Limnodrilus hoffmesteri Claparede + +
Immature w/o cap. chaetae + + + +
Immature w/ cap. chaetae + + + +

Ili rudi nea
Rhynchobdellida

Glossiphoniidae
Actinobdella sp. Moore + +
Actinobdela inequiannulata Moore +
Placobdella sp. Blanchard + +

Pharyn goF&M 11 a
Erpobdellidae

Dina microstoma Moore +

Arthropoda
Crustacea

Amphipoda
Talitridae

Hyalella azteca (Saussure) +
Decapoda

Astacidae
Unidentified Astacidae + +

Insecta
Ephemeroptera

Ephemeridae
Ephoron leukon Williamson + + +
eage-nia limbata (Serville) +

Potamanthus sp. Pictet + + +
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Table 6-1 (continued)

Neosho River
Taxon I 10 4

Wolf Creek

Caenidae
Caenis sp. Stephens.
Tricorythodes sp. Ulmer

Heptageniidae
Unidentified Heptageniidae
Heptagenia diabasia Burks
Stn interpunctatum (Say)
Stenonema sp. Traver
Stenonema terminatum (Banks)
Stenonema tripunctatum (Banks)

Baetidae
Unidentified Baetidae
Isonychia sp. Eaton
Paracloeodes minutus
Baetis sp. Leach

O.donata
Gomphidae

Gomphus s.p. Leach
Coenagrionidae

Argia sp. Rambur
P 1-ec op tera

Perl idae
Neoperla clymene (Newman)

Trichoptera
Psychomyiidae

Cyrnellus sp. Banks
Hydropsychi dae

Unidentified Hydropsychidae
Cheumatopsyche sp. Wallengren
Hydropsyche frisoni Ross
Hydropsyehe orris Ross
Potamyia fla-va Hagen)

HyTroptid iae
Hydroptila sp. Dalman

Leptoceridae
Nectoisyche sp. (Muller)
Oecetis sp. Mlc Lachlan

Coleoptera
Unidentified Coleoptera

Elmidae
Unidentified Elmidae
Stenelmis sp. Dufour

Diptera
Chauboridae

Chaoborus punctipennis (Say)
Simuliidae

Unidentified Simuliidae
Chironomidae

Ablabes~yia sp. Johannsen
Chironomus sp. (Meigen)

Cladotanytarsus sp. Kieffer
Coelotanypus sp. Kieffer
Cricotopus sp. van der Wulp
.ricotopus bicinctus group (Melgen)
Cricotopus uscus group Kieffer
Cricotopus tremulus group
Cricotpus ~ieisls Goetghebuer
Crrtochironomus sp. (Kieffer)

4. + *

+ + +

+
+

+

+ +

+
+

+

++ +

+

+

+

+

+

+ + +

4.

4. 4.
+ 4.

4. +
4.

4. 4.

4. 4
÷. 4

4. +

+

4.

4.

4.

4.
4.4. 4

4. 4. 4.

4. 4

4.

+

+

4.

4.

+
4.

4.

4. 4.

4.

+ 4.

4.
+

4.
4.

4.

4.

4.

4.
4. 4.
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Table 6-1 (continued)

Neosho River Wolf Creek
Taxon I 1U 4 7 3

Dicrotendi es sp. Kieffer + + + + +
Eukiefferie a sp. Thienemann +
Glyptotendipes sp. Kieffer + + +
Glyptotendipes (Phytotendioes) sp. Goetghebuer + +
Hydrobaenus sp. Brundin + + +
Larsia sp. Fittkau + +
Nanocdadius sp. Kieffer + + + +
Paralauterborniella sp. Lenz +
Polypedilum (ss) sp. Kieffer + + +
Po1ypedirum (ss) convictum type (Walker) + +
Polyedilum (ss) simrulans type Townes + + +

--- usadis.(Psilotany us) sp. (Kieffer) + + +
Procladius use + +
Pseudochironomus sp. Malloch + +
Rheotanytarsus sp. Bause + +
Stictochironomus sp. Kieffer + + +
Tanypus sp. Re1gen +
anytarsus sp. van der Wulp + +

Thienemanniella sp. Kieffer + +
Thienemannim'"a group Fittkau + + + +
Xenociironomus (Anceus) sp. Roback +

Ceratopogonidae
Unidentified Ceratopogonidae + +

Empididae
Hemerodromia sp. Meigen +

Dolichopodi dae
Unidentified Dolichopodidae

Tipulidae
Unidentified Tipulidae + +

Lepidoptera
Pyralidae

Parargyractis sp. Lange +

Mollusca
Gastropoda

Pulmonata
Physidae

Physa sp. Draparnaud + + + +
Planoridae
Ancylidae

Ferrissia rivularis (Say) + +
Ferrissia sp. +

Pelecypoda
Heterodonta

Sphaeriidae
Sphaerium sp. Scopoli + +
Sphareriun transversum (Say) +

Eulamibran ia
Unionidae

Unidentified Unlonidae +

TOTAL TAXA 35 60 46 26 37
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Table 6-2 Dominant groupsa and diversity indices of the macroinvertebrate drift collected from the
tailwaters of John Redmond Reservoir on the Neosho River (Location 1) near Wolf Creek
Generating Station, Burlington, Kansas, 1980.

18 April 16 June 27 October 15 December
Taxon No./lOOm3 % No./lOOm3  % No./lOOm3  % No./lO0m 3  %

Ephemeroptera
Heptageniidae 2 7 6 . 6 b 4.5 336.4 3.0 0 0

Trichoptera
Hydropsychidae 41.3 0.7 1302.8 11.0 19.8 32.3 2 100.0

Diptera
Chaoboridae 4842.0 78.6 4920.5 41.4 5.4 8.8 0
Simuliidae 0 463.6 3.9 23.4 38.3 0
Chironomidae 982.4 15.9 4302.5 36.2 7.2 11.7 0

Total Macroinvertebrates 6162.9 11875.1 61.3 2

Total Taxac 13 27 13 1

Species Diversity Indexc 1.68 3.57 3.09 0.00

C,

- uvulP ý,VIIIPJUZIII " V VI
b Mean of two replTcates.
c Total of two replicates.

ui UI., k I iII~.. U1,1 V I Ccv I.u a Elz uUi v "V ally Sally "vy p~l 0u.



Table 6-3 Drift densities (No./lOOm3 ) of selected macroinvertebrate families
in the tailwaters of John Redmond Reservoir on the Neosho River
(Location 1) near Wolf Creek Generating Station, Burlington, Kansas,
1976-1980.

Month
Taxonomi c

Ilydridae

h r~aididae

April
Day Niaht

June
Day N iaht

October
Day Nioht

December
Dav NiahtYear

1976
1977
1978
1979
1980

1976
1977
1978
1979
1980

1976
1977
1978
1979
1980

-a

4
32

1407
27

110

6
0
0

19

6
39

2
37
0

2980

26

5 4

2
0
0

16
21

Hydropsychidae
98
26

23
25

33

54
0

41

169

105
125

4842

Chaoboridae 1976
1977
1978
1979
1980

Simul i idae

Chironomidae

1976
1977
1978
1979
1980

1976
1977
1978
1979
1980

1976
1977
1978
1979
1980

- 55
5

- 11
- 0
- 0

46

306

159

32

83

15

419

263

750

893

3
709

2
1303

247
27

500
4920

13
7

464

108
74

231
4302

404
1006
973

11875

21

2118
267

9697
821

0

34

109
5
0

108
56
9

546
20

35
208
51

966
5

29

55
23

242
8

838
468

7

161

6719

10

681

30

244

6

5

58

124

45

275

375

8479

35
4740

0
0

736
2
0

39
115

4
2

217
240

41

173
44

982

111

0
0

16
0
0

222
0
0

74
5879

43
2

Total Density
1869

395

436

372
186

6163

3174

2702
549

10815
2972

61

aSample not taken.
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riverine habitat at Location 1. This species is known to migrate to surface
waters a short time after sunset and return to the hypolimnion or sediments
a short time before sunrise (LaRow 1968). During its diel vertical migration,
large numbers of Chaoborus were discharged from the reservoir and subsequently
collected downstream at Location 1.

Chironomidae were also common in the April and June collections from the
Neosho River (Table 6-2). Pupae and larvae of Procladius spp. dominated the
diverse chironomid assemblage during these two months. Chironomus sp.,
Glyptotendipes sp., Cricotopus spp., Nanocladius sp., and Dicrotendipes sp.
were other abundant midge taxa. Procladius spp. and Chironomus sp. probably
originated from John Redmond Reservoir, where they have been commonly
collected (Andersen 1976). Immature stages of these organisms were probably
entrained in the discharge from the reservoir during their pre-emergence
ascent to the surface. The other dominant taxa in the drift likely originated
from the substrate in the tailwaters of the dam.

Hydropsychid caddisflies (primarily Cheumatopsyche sp.) were abundant in the
June collection. Cheumatopsyche sp. was also a dominant taxon in October and
the only organism in the December sampling. Hydropsychidae are lotic species
which require a stable silt-free substrate with a constant current. The
tailwaters of the John Redmond Reservoir dam provides an ideal habitat for
net-spinning caddisflies.

Simuliidae (black flies) were commonly collected in June and dominated the
drift in October. Similar to the hydropsychids, the Simuliidae are riverine
species requiring a continuous current to supply a food source.

Heptageniid mayflies (primarily species of Stenonema) were numerically
abundant in April and June but did not compose a large percent of the drift
assemblage.

Drift densities were highest in April and June then declined in October and
December (Table 6-2). Drift densities in the Neosho River since 1976 have
generally been lowest in the winter (Table 6-3). Waters (1962) also reported
higher macroinvertebrate drift rates in summer than in winter. He indicated
that the seasonal difference in drift corresponded to a similar seasonal
difference in production rates.

6.2.1.2 Benthic Samples

Ponar grab samples from the Neosho River during 1980 yielded 71 benthic
macroinvertebrate taxa (Table 6-1). Tubificidae (aquatic segmented worms),
Hydropsychidae (net-spinning caddisflies), and Chironomidae (midge flies)
were the predominant groups collected (Table 6-4).

The October samples contained the greatest diversity and density of organisms
during this study. As was reported in 1979 (Table 6-5), the lowest densities
occurred in December. Grab samples could not be collected in April because
of the flooding conditions. Hydropsychidae (primarily Potamyia flava and
unidentified immature individuals) and a varied assemblage of Chironomidae
dominated the benthic community in June. The mayfly Caenis sp. was also
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Table 6-4 Dominant groupsa and diversity index of benthic macroinvertebrates
samples from the Neosho River (Locations 10 and 4) near Wolf Creek
Burlington, Kansas, 1980.

collected in Ponar grab
Generating Station,

0O

17 June 28 October 16 December
10 4 10 4 10 4

Taxon No./m 2  % No./m2 % No./m 2  % No./m 2  % No./m 2  % No./m 2

01lgochaeta
Tubificidae 0b 0 330.8 1.9 463.0 11.3 226.8 52.2 396.9 70.0

Ephemeroptera
Ephemeridae 283.5 6.4 122.8 8.8 2343.6 13.5 387.5 9.4 18.9 4.3 37.8 6.7
Caenidae 94.5 2.1 226.8 16.2 2371.9 13.7 198.5 4.8 18.9 4.3 9.4 1.7
Heptageniidae 18.9 0.4 0 1247.4 7.2 245.8 5.9 0 0
Baetidae 0 0 1209.6 7.0 0 0 0

Plecoptera
Perlodidae 264.6 6.0 47.3 3.4 1209.6 7.0 66.2 1.6 47.3 10.9 0

Trichoptera
Hydropsychidae 1530.9 34.6 444.2 31.8 4999.0 28.8 0 9.4 2.2 0

Coleoptera
Elmidae 264.6 6.0 18.9 1.4 708.8 4.1 557.5 13.6 18.9 4.3 0

Diptera
Chironomidae 1908.9 43.3 519.8 37.2 1682.1 9.7 1918.3 46.7 28.4 6.5 94.5 16.7
Tipulidae 0 0 0 0 37.8 8.7 0

Total Benthos 4413.1 1398.6 17359.7 4110.8 434.7 567.0

Total Taxa 30c 17 48 34 15 14

Species Diversity Index 3.98c 3.23 4.19 4.07 3.25 2.38

a Group composing-> 5% of the benthos at a location during any sampling period.
b Mean of two replTcates.
c Total of two replicates.



Table 6-5 Benthic macroinvertebrate data from the Neosho River (Locations 10 and 4) near Wolf Creek
Generating Station, Burlington, Kansas, 1973-1980.

Mean Density (No./m 2ja
Naididae Tubificidae Ephemeroptera Plecoptera Trichoptera Chironomidae Total Benthos

Sampling Date iT0 i0 1T0 4 10 4 10 4 140 4T

17 April
6 April
4 April

25 April
10 April
15 April

1975
1976
1977
1978
1979
1980

11 June 1974
10 June 1975
15 June 1976
8 June 1977

27 June 1978
12 June 1979

a~17 June 1980

5 October 1976
4 October 1977

10 October 1978
8 October 1979
28 October 1980

10 December 1973
10 December 1974
3 December 1975

14 December 1976
13 December 1977
12 December 1978
10 December 1979
16 December 1980

0 10
2873 2618
3194 1134

9 0
85 113-_b

0 0
28 0
0 0
9 28
0 19

19 47
0 0

85 9
9 9

123 142
0 9
0 9

- 0
0 9

19 57
94 104
19 0

444 9
0 19
0 0

218 28
19 57

180 208
28 19
47 38

0 19
142 160
396 37

19 104
47 28

9 0 0 38
0 10 264 567

28 0 151 1200
104 132 9 95

94 293 1029 916
0 491 47 0
0 0 397 350

0 397 2930 312
47 132 302 841

255 387 1143 1143
19 76 435 179

331 463 7173 832

- 76 - 20
19 728 19 19
19 180 57 227

293 718 3827 672
66 38 9 37
47 0 321 132

9 0 0 9
227 397 38 47

0 0 0 114 86 104 340 388
775 671 1105 19 6709 4593 13098 8496

9 9 56 0 11000 3884 15498 5746
57 66 584 208 463 208 1606 1002

0 0 0 9 472 274 775 633

0 0 0 0 9 38 38 142
19 0 1200 1163 1012 369 2646 2174
0 66 66 321 57 255 350 1890
0 0 9 28 57 113 265 605

19 19 7862 0 803 576 9894 2022
0 0 0 0 170 180 576 983

265 47 1531 444 1909 519 4413 1399

225 38 3496 0 8533 3393 16282 4328
246 208 12786 12748 652 756 14317 14723
151 0 28 19 2693 2164 4536 3449

66 142 1370 189 5358 2665 7532 3307
1210 66 5320 19 1682 1918 17360 4111

- 0 - 38 - 19 - 143
0 0 19 19 94 576 189 .1370

10 10 19 57 246 1664 567 2438
1011 9 4403 75 4876 7475 16084 9941

9 76 1427 1228 539 217 2485 1852
9 813 28 18 10140 1673 11179 3081
0 0 9 19 28 47 57 94

47 0 9 0 28 95 435 567

a Mean of two replicates.
b Location not sampled.



abundant at Location 4. Although Location 10 had a greater density of
organisms than Location 4, there were no significant differences (P < 0.05)
between locations in any of the dominant groups or in species diversity
(Table 6-6). The greater density and diversity at Location 10 compared with
Location 4 may be attributed to the more productive riffle habitat at Location
10 in comparison to the predominantly pool habitat at Location 4.

The benthos community increased at both locations from June to October (Table
6-4). The predominant organisms in October included Hydropsychidae (primarily
Cheumatopsyche sp. and unidentified immature individuals) at Location 10 and
Chironomidae (primarily Dicrotendipes sp., Pseudochironomus sp., and Glyptotendipes
sp.) at Location 4. The riffle habitat at Location 10 provided a steady
current and silt-free substrate required by Hydropsychidae (Fremling 1960).
Similar to the June collections, the benthic community at Location 10 was
more diverse and densely populated than at Location 4. Of the major groups
compared, the only significant difference between locations was in the total
benthos (Table 6-6). The mayflies Potamanthus sp. and Tricorythodes sp. were
also abundant at Location 10 in October.

The benthic fauna declined in abundance and number of taxa from October to
December. The communities at Location 4 and 10 were dominated by Tubificidae
(primarily Branchiura sowerbyi and unidentifiable immature tubificids,
respectively). There were no significant differences in the density of the
dominant groups or species diversity values between Locations 4 and 10 (Table
6-6).

A varied insect assemblage dominated the qualitative samples (Table 6-7).
Hydropsychid caddisflies were the prominent organisms collected in June.
During October and December, Location 10 yielded more taxa than Location 4
which was probably related to the diverse pool and riffle habitat at this
site. Location 1, which was situated in the tailwaters of John Redmond
Reservoir, was characterized by fewer taxa and a lower relative abundance of
organisms than either Location 10 or 4. Variable reservoir discharges
apparently limited benthic fauna at this sampling site. Previous qualitative
samplings in the Neosho River also indicated a restricted macroinvertebrate
community at Location I.

6.2.2 Wolf Creek

Quantitative sampling of the Wolf Creek benthos in 1980 yielded 46 macro-
invertebrate taxa (Table 6-1). Aquatic oligochaetes (Naididae and Tubificidae)
and midges (Chironomidae) were the predominant organisms collected in the
grab samples. Total densities were lowest in December when the creek had
been reduced to isolated pools.

Tubificidae and Chironomidae dominated the Wolf Creek benthos in April
(Table 6-8). Tubificids (primarily unidentifiable immature individuals
without capilliform chaetae and Limnodrilus cervix) composed approximately 96
percent of the benthos at Location 7. The dominant organisms at Location 3
were the tubificid Branchiura sowerbyi and the chironomid Cryptochironomus
sp. Although the total community density was greater at Location 7 in April,
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Table 6-6 Significant differences (P < 0.05) in species diversity and
density of the dominant ben~hic macroinvertebrates collected
from the Neosho River (Locations 4 and 10) near Wolf Creek
Generating Station, Burlington, Kansas, 1980.

Statistical Comparisons
Sampling Date Dominant Taxaa Density Diversity

17 June Ephoron leukon NSb NS
Total Caenidae NS
Total Hydropsychidae NS
Total Chironomidae NS
Total Benthos NS

28 October Potamanthus sp. NS NS
Total Caenidae NS
Total Heptageniidae NS
Stenelmis sp. NS
Total Tubificidae NS
Total Chironomidae NS
Total Benthos 10 > 4

16 December Potamanthus sp. NS NS
Total Tubificidae NS
Total Chironomidae NS
Total Benthos NS

a Taxa or groups composing > 5% of the total benthos.
b Non-significant difference.
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Table 6-7 Benthic macroinvertebrate occurrence in qualitative collections
near Wolf Creek Generating Station, Burlington, Kansas, 1980.

Sampling Date/Location
15 April 80

ja 10a 4V 7 3 1 1
16 June 80

01 4 7Ta xon ____

0 4 7

P Iat.yhel mlnthes
Turh'l lania
Tricladida
Planariidae
Lugela Sp. R

Arthropoda
Crustacea
Decapoda

Astacidae
Insecta
Ephemeroptera
Ephemeridae

Ephoron leukon
fleptageniidae

Stenacron interpunctatum
Stenonema integrum
S. tripunctatum

Odonata
Gomphidae

Gomphus sp.
Coenagrionidae

Libellulidae
Didymops transversa

Plecoptera
Pernidae
rNeoperla clymene

Megaloptera
Corydalidae

Corydalus cornutus
Trichoptera
Hydropsychidae

Cheumatopsyche sp.
aqydrsche. frisoni
H. orris
Potamyia flava

Hydroptilidae
Hydroptila sp.

Hemiptera
Gerridae
Gerris sp.
Rheumatobates sp.

Veliidae
Rhagovelia sp.

Coleoptera
Gyrinidae

Dineutus sp.

Mollusca
Gast ropoda

PuImonata
Physidae

Physa sp.
P1anorbidae
Ifelisoma sp.

Pelecypoda
Sphaeriidae
Sphaerium transversum

Number of Taxa

R R 0 R R 0

R

R

R R
R

R

0

R R

R

R

R

0 0
R
R
R

R

0
R
R
R

R

R
R

0
0

R
R

0

0 R

R R 0 R

R R

R

4 5 11 11 5 5
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Table 6-7 (continued)

Sampling Date/Location
28 October 80 12 Decembe80

Taxon 1a 1 0 a 4a 7 3 1 10 4 7 3

Annelida
Oligochaeta
Plesiopora

Naididae
Nais bretscheri R

Arthropoda
Crustacea

Decapoda
Astacidae R

Insecta
Ephemeroptera
Ephemeridae

Potamanthus sp. R R R
Heptageniidae

Stenonema terminatum R 0
. pctatum R

-aet-idae
Isonychia sp. R R

Odonata
Gomphidae
Gomphus sp. R R

Coenagrionidae
WL' sp. R 0 R R R

Plecoptera
Perlidae

Acroneuria sp. R
Hemiptera

Corixidae R R R
Trichoptera

Hydropsychidae
Unidentified Hydropsychidae R
Cheumatopsyche sp. R 0
Potamyia flava R R
olTeoptera

Elmidde
Stenelmis sp. RGyrinidae

Dincutus sp. R
D iptera
Simuliidae C
Chironomidae
Cricotopus fuscus R
Hydrobaenus sp. R

Ceratopogonidae R
Tipulidae R

Mollusca
Gastropoda

Basomatophora
Physidae
Physa sp. 0 0 R R

Pelecypoda
Heterodonta
Sphaeridae

Sphaerlum transversum R 0 0

Un ionidae
Lamesilis anodontoides R

Number of Taxa 4 9 4 0 0 3 19 2 0 0

R = Rare (1-4), 0 = Occasional (5-25), C = Common (26+).

a Not taken due to flooding.
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Table 6-8 Dominant groupsa and diversity indices of the benthic macroinvertebrates collected from
Wolf Creek near Wolf Creek Generating Station, Burlington, Kansas, 1980.

15 April 17 June 28 October 16 December
1 3 7 3 7 3 7 3

Taxon No./m 2  1 Tl./2 •lo./m2  % rlo./m 2  
% No./m 2  % No./m

2  
N No./m 2  % No./m

2

O0igochaeta
Naididae 0b 0 9.4 0.8 434.7 36.8 0 66.2 5.0 0 0
Tubificidae 1285.2 95.8 198.4 34.4 869.4 76.0 151.2 12.8 113.4 66.7 1067.8 81.3 9.4 12.5 293.0 88.6

Ephemeroptera
Caenidae 0 0 0 0 0 18.9 1.4 9.4 12.5 9.4 2.9
Ephemeridae 0 0 0 9.4 0.8 0 9.4 0.7 0 0
Heptagenhidae 0 0 0 0 0 0 9.4 12.5 0

Plecoptera
Perlodidae 0 0 0 0 0 0 9.4 12.5 9.4 2.9

Trichoptera
Hydropsychidae 0 9.4 1.6 9.4 0.8 0 0 0 28.3 37.5 9.4 2.9

Coleoptera
Elmidae 0 37.8 6.6 9.4 0.8 9.4 0.8 0 0 9.4 12.5 0

Diptera
Chironomidae 56.7 4.2 264.6 45.9 226.8 19.8 538.7 45.6 47.3 27.8 47.3 3.6 0 0
Ceratopogonidae 0 28.4 4.9 0 9.4 0.8 0 9.4 0.7 0 0

Gastropoda
Physidae 0 9.4 1.6 0 0 9.4 5.6 0 0 0

Total Benthos 1341.9 576.5 1143.4. 1181.3 170.1 1313.6 75.6 330.8

Total Taxa 8C 15 14 16 6 13 7 7

Species Diversity Index 1.05C 3.34 2.24 3.17 1.88 1.73 2.75 1.87

a Groups composing > 5% of the total benthos at a location during any sampling period.
b Mean of two replicates.
c Total of two replicates.



more taxa were collected at Location 3. The significantly higher species
diversity value at Location 3 reflected these community differences between
locations (Table 6-9).

The June collections at Location 7 revealed a Tubificidae-dominated community
similar to the fauna recorded in April. Tubificids and chironomids continued
to be predominant families at Location 3 in June; however, the dominant taxon
was the naidid oligochaete Nais sp. There were no significant differences
between Locations 7 and 3 in June in species diversity values or in mean
densities of the dominant groups (Table 6-9).

Tubificidae (primarily unidentifiable immature individuals) dominated the
Wolf Creek benthos in October. From June to October the total benthos and
total taxa decreased at Location 7 but remained the same at Location 3. The
decline in the benthos community at Location 7 was attributed to the low flow
and heavy leaf litter at this sampling site. Total Tubificidae and total
benthos were significantly greater at Location 3 than at Location 7 in October.

The total benthos decreased at both locations in Wolf Creek from October to
December. Low flow had reduced the aquatic habitats in Wolf Creek to isolated
pools. Hydropsychid caddisflies (especially Cheumatopsyche sp.) and tubificids
(predominantly unidentifiable immature individuals) were the most abundant
families at Locations 7 and 3, respectively, in December.

Qualitative collections in Wolf Creek yielded few taxa in 1980 (Table 6-7).
The sparse fauna was probably related to the intermittent nature of this
stream and the extended reduced flow during 1980. Crayfish (Astacidae),
water striders (Gerris sp.), and the snail, Physa sp., were the most abundant
organisms collected in April and June; however, no macroinvertebrates were
found during October and December.

Quantitative and qualitative sampling of Wolf Creek revealed variations in
community composition and structure typical of intermittent streams. During
1980, the fauna of Wolf Creek had lower density and diversity values than the
community of the Neosho River. Comparisons of Wolf Creek benthos densities
from 1974 through 1980 revealed no consistent spatial or temporal fluctuations
(Table 6-10). There were no indications that station construction had
altered the macroinvertebrate community of Wolf Creek.

6.3 SUMMARY AND CONCLUSIONS

Drift samples collected from the Neosho River (Location 1) during 1980
yielded 35 macroinvertebrate taxa. The drift assemblage was dominated by
Hydropsychidae (net-spinning caddisflies), Chaoboridae (phantom-midges), and
Chironomidae (midge-flies). As in previous years, the composition of the
drift in 1980 exhibited seasonal variations in density and diversity.

Ponar grab samples from the Neosho River (Locations 10 and 4) during 1980
contained 71 benthic macroinvertebrate taxa. Aquatic oligochaetes (Tubifici-
dae), net-spinning caddisflies, and midge-flies were the dominant organisms.
The diversity and density of benthic organisms were generally greater at
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Table 6-9 Significant differences (P < 0.05) in species diversity and
density of the dominant benthic macroinvertebrates collected
from Wolf Creek (Locations 3 and 7) near Wolf Creek Generating
Station, Burlington, Kansas, 1980.

Statistical Comparisons

Sampling Date Dominant Groupsa Density Diversity

15 April Total Tubificidae NSb 3 > 7
Total Chironomidae NS
Total Benthos NS

17 June Total Tubificidae NS NS
Total Chironomidae NS
Total Naididae NS
Total Benthos NS

28 October Total Tubificidae 3 > 7 NS
Total Chironomidae NS
Total Benthos 3 > 7

16 December Total Tubificidae NS NS
Total Benthos NS

a Selected groups composing > 5% of the total benthos at a location.
b Non-significant difference_.
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Table 6-10 Macroinvertebrate densities (No./m 2 )
7, 3, and 5) near Wolf Creek Generati
Kansas, 1974-1980.

from Wolf Creek (Locations
ng Station, Burlington,

Sampling Location
Sampling Date 735

26
17

6
5

25
10
15

March
April
April
April
April
April
April

11 June
10 June
15 June
8 June

27 June
12 June
17 June

5 October
3-4 October
10 October
8 October

28 October

10 December
3 December

14 December
12-13 December
12 December
10 December
16 December

1974
1975
1976
1977
1978
1979
1980

1974
1975
1976
1977
1978
1979
1980

1976
1977
1978
1979
1980

1974
1975
1976
1977
1978
1979
1980

-a

445
964
57

728
1739
1342

2098
7437

406
2533
2816
1143

20667
387

1484
529
170

526b
5680
2807

463
1578

142
577

898
435

1635
170
964
331

1181

dry
576

1427
822

1314

4763
1323
dry
643

1654
1210
331

359
265

1266
dry
586

85

161
19

1805
548
255
558

dry
123
dry
dry

5481
303
dry

1238
558
227

463
4319
6587

917
246

76

a Location not sampled.
b Mean of two replicates.

6-17



Location 10 than at Location 4. These differences in the aquatic community
were attributed to the more productive riffle habitat at Location 10 in
comparison to the pool habitat sampled at Location 4.

A total of 46 macroinvertebrate taxa was collected in the Ponar grab samples
from Wolf Creek in 1980. Tubificidae and Chironomidae were the predominant
macroinvertebrate families collected from Wolf Creek. Naididae were also
occasionally abundant components of the benthic fauna. Intermittent flow of
Wolf Creek was the probable reason for lower abundance and diversity of
macroinvertebrates in comparison with the Neosho River fauna.

Data collected in 1980 paralleled that reported in previous years of monitoring
in Wolf Creek and the Neosho River. No long-term patterns, empirical, or
statistical differences were found in the macroinvertebrate data that suggested
any alterations attributed to construction of Wolf Creek Generating Station.
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7. FISHERIES

7.1 FIELD AND ANALYTICAL PROCEDURES

7.1.1 Sampling Locations

Four locations in the Neosho River and two in Wolf Creek were sampled to
characterize the resident fish community of each system (Figure 1-1). A
description of the physical characteristics associated with each location is
presented in Section 1.3.

Adult and juvenile fish were collected monthly April through July, October,
and December 1980. Larval fish were collected biweekly April through July
1980.

7.1.2 Sampling Methods

7.1.2.1 Electroshocking

A single-phase 230-volt AC boat-mounted boom shocker was used to collect fish
in the Neosho River at Locations 1, 10, and 4. Sampling at each location was
conducted for approximately 30 minutes and encompassed approximately 800
meters of shoreline. Electroshocking was conducted at each location once
durinq April, June, October, and December 1980 at Location 1 in May and
July.

7.1.2.2 Seining

A seine, 4.6 meters long, 1.8 meters deep, with 0.3 centimeter Ace mesh was
used to collect forage-size fish from the shallow areas at all locations.
When physical conditions permitted, 2-4 seine hauls were taken per location
durinq each sampling period. Seining was conducted at each location once
during April, June, October, and December 1980. In addition, Location 1 was
seined in May and July. High water conditions during April prevented seining
in the Neosho River.

7.1.2.3 Larval Fish Sampling

Larval fish were collected at Location 1 by placing a stationary 0.75-m
diameter No. 0 mesh Nitex plankton net in the flowing water for 2-3 minutes.
The net was equipped with a flowmeter (General Oceanics Model 2030) to
quantify the volume of water sampled. Duplicate diurnal and nocturnal
samples were taken on all sampling dates by Kansas Gas and Electric Company
personnel; each sample was preserved separately in 10 percent formalin.

7.1.3 Data Analysis

Fish collected by electroshocking were identified, measured (total length in
mm), and weighed (g) in the field. Forage-sized fish collected by seining
were identified and measured either in the field or laboratory depending on
the number of individuals collected. Fish to be identified and measured in
the laboratory were preserved in 10 percent formalin.
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Catch per unit effort (CPE), defined as the number of fish collected per 30
minutes of electroshocking, was determined for all species collected by this
method. Spatial and temporal comparisons were based on CPE.

Scale samples were obtained from all blue suckers collected. Scale impressions
were made on cellulose acetate slides, and the number of annuli was determined
with the aid of a microprojector. Age was determined for individual fish.

Fish larvae samples were returned to the laboratory where the larvae were
separated from the debris and preserved in 10 percent formalin for later
identification. Identifications were made to the lowest positive taxonomic
level using available keys and current literature including Fish (1932),
Mansueti and Hardy (1967), May and Gasaway (1967), and Taber (1969). Densi-
ties were expressed as the number of larvae per 100 cubic meters of water
(no./100 m3 ). Kansas Gas and Electric personnel sorted the samples,
identified the larvae and provided the data for this report.

Surface water temperatures were measured during each fish collection with a
calibrated thermometer.

7.2 RESULTS AND DISCUSSION

7.2.1 Physical Conditions

Flow in the Neosho River within the study area was dependent on water releases
from John Redmond Reservoir. Drought conditions resulted in minimal discharges
for most of the year. Low flow conditions existed in the Neosho River during
all sampling periods except April when flows were high (Section 2.2). Wolf
Creek had low or zero flow during all samplng periods.

Surface water temperatures were generally similar for all locations sampled
(Table 7-1). Slight variation was noted among locations during the June
sampling, which was attributed to solar heating at locations with low water
levels.

7.2.2 Species Composition and Relative Abundance

7.2.2.1 General

Electroshocking and seining in the Neosho River and Wolf Creek resulted in
the collection of 5,142 adult and juvenile fish representing 38 species from
11 families (Tables 7-2 and 7-3). Numerically dominant species included
red shiner (77.2 percent), bullhead minnow (4.9 percent), river carpsucker
(3.0 percent), and gizzard shad (2.5 percent). Red shiners have been the
most abundant species collected for the past four years. Number and size
distribution of fishes collected by electroshocking and seining during each
sampling period are presented in Appendix E, Tables E-1 through E-3.

The 1980 collections included two species (gravel chub and freckled madtom)
which were not reported in previous monitoring studies. Both species occur
in larger streams of the Neosho River Basin in deep riffles with gravel
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Table 7-1 Water temperature recorded at locations sampled by electroshocking
and seining in the Neosho River and Wolf Creek near the Wolf Creek
Generating Station, Burlington, Kansas, April through December 1980.

Sampling Location

Sampling Mode Date 1 10 11 4 7 3

Electroshocking 14 Apr 9.4 9.4 -_a 9.4 - -

28 May 25.6 - -

17 Jun 23.0 25.6 - 25.6

24 Jul 26.0 - -

29 Oct 8.9 9.4 - 8.9

15 Dec 6.0 5.0 - 5.0 - -

Seining 15 Apr - - - 9.4 9.4

28 May 25.6 - - - - -

17 Jun 23.0 23.0 25.6 23.0 19.5 20.0

24 Jul 27.0 - - - - -

29 Oct 8.0 8.0 11.0 11.0 8.0 8.0

15 Dec 5.0 5.0 5.0 5.0 4.5 4.5

a Not sampled.
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Table 7-2 Checklist of fishes collected by seining and electrofishing near
Wolf Creek Generating Station, Burlington, Kansas 1980.

Family and Scientific Named Common Name

Lepisosteidae (gars)
Lepisosteus osseus

Clupeidae (herrings)
Dorosoma cepedianum

-Longnose gar

-Gizzard shad

Cyprinidae (carps and minnows)
Cyprinus carpio
Campostoma anomalum
Hybopsis x-punctata
Notemigonus chrysoleucas
Notropis buchanani
Notropis lutrensis
Notropis stramineus
Phenacobius mirabilis
Pimephales notatus
Pimephales promelas
Pimephales tenellus
Pimephales vigilax

Catostomidae (suckers)
Carpiodes carpio
Carpiodes cyprinus
Ictiobus bubalus
Ictiobus cyprinellus
Ictiobus niger
Moxostoma macrolepidotum
Cycleptus elongatus

Ictaluridae (freshwater catfishes)
Ictalurus melas
Ictalurus punctatus
Pylodictis olivaris
Noturus nocturnus
Noturus placidus

Poeciliidae (livebearers)
Gambusia affinis

Atherinidae (silversides)
Labidesthes sicculus

Percichthyidae (temperate basses)
Morone chrysops

Common carp
Central stoneroller
Gravel chub
Golden shiner
Ghost shiner
Red shiner
Sand shiner
Suckermouth minnow
Bluntnose minnow
Fathead minnow
Slim minnow
Bullhead minnow

River carpsucker
Quillback
Smallmouth buffalo
Bigmouth buffalo
Black buffalo
Shorthead redhorse
Blue sucker

Black bullhead
Channel catfish
Flathead catfish
Freckled madtom
Neosho madtom

Mosquitofish

Brook silverside

White bass
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Table 7-2 (continued)

Family and Scientific Namea Common Name

Centrarchidae (sunfishes)
Lepomis cyanellus
Lepomis humilis
Lepomis macrochirus
Lepomis megalotis
Micropterus salmoides
Micropterus punctulatus
Pomoxis annularis

Percidae (perches)
Etheostoma spectabile
Percina phoxocephala
Stizostedion vitreum

Scianidae (drums)
Aplodinotus grunniens

Green sunfish
Orangespotted sunfish
Bluegill
.Longear sunfish
Largemouth bass
Spotted bass
White crappie

Orangethroat darter
Slenderhead darter
Walleye

Freshwater drum

a According to Robbins (1980).
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Table 7-3 Number and relative abundance of fish collected by electroshocking
and seining in the Neosho River and Wolf Creek near the Wolf Creek
Generating Station, Burlington, Kansas, Ap-ril through December 1980.

Sampling Date Relative
.... Species 14-15 Apr 28 May 17 Jun 24 Jul 28 Oct 15 Dec Total Abundance

Longnose gar 6 0 6 0 0 0 12 0.2
Gizzard shad 4 24 69 2 18 11 128 2.5
Carp 8 1 5 0 23 3 40 0.8
Stoneroller 1 0 0 0 0 0 1 Ta

Gravel chub 0 0 0 3 0 1 4 0.1
Golden shiner 19 3 22 1 6 0 51 1.0
Ghost shiner 0 3 2 1 13 3 22 0.4
Ped shiner 16 94 383 6 1752 1718 3969 77.2
Sand shiner 0 1 7 0 0 0 8 0.2
Suckermouth minnow 6 0 3 0 1 5 15 0.3
Bluntnose minnow 0 0 0 0 3 0 3 0.1
Fathead minnow 1 0 3 0 0 0 4 0.1
Slim minnow 0 0 0 0 0 6 6 0.1
Bullhead minnow 0 0 18 5 189 42 254 4.9
UID Cyprinid 0 0 3 0 0 0 3 0.1
Carpiodes sp. 0 0 1 0 0 0 1 T
River carpsucker 2 26 48 15 19 42 152 3.0V Quillback 0 0 1 0 0 0 I T
Ictiobus sp. 0 0 1 0 0 0 1 T
Snallmouth buffalo 3 5 30 11 11 3 63 1.2
Bigmouth buffalo 1 6 5 0 0 0 12 0.2
Black buiffalo I 1 0 0 0 0 2 T
Shorthp.ad redhorse 0 0 5 0 2 0 7 0.1
Blue sucker 0 0 2 0 4 1 7 0.1
Black bullhead 1 0 4 0 0 0 5 0.1
Channel catfish 0 12 7 II 6 0 36 0.7
Flathead catfish 0 5 27 10 1 0 43 0.8
Freckled madtom 0 0 0 0 0 1 1 T
Neosho madtom 0 0 1 0 1 4 6 0.1
Mosquitofish 0 0 0 0 4 0 4 0.1
Lrook silverside 0 0 0 32 14 0 46 0.9
White bass 7 1 13 1 3 0 25 0.5
Green sunfish 6 0 13 8 1 0 28 0.5
Orangespotted sunfish 3 2 6 1I 3 2 27 0.5
Bluegill 0 0 2 0 1 0 3 0.1
Longear sunfish 0 0 2 3 1 0 6 0.1
LarqernotAth bass 0 0 0 1 0 0 1 T
Spotted bass 0 0 25 0 2 1 28 0.5
White crappie 2 7 13 11 0 2 35 0.7
Orangethroat darter 0 0 0 0 0 4 4 0.1
Slenderhead darter 0 0 0 0 10 4 14 0.3
Walleye 0 2 2 0 0 0 4 0.1
Freshwater drum 4 0 13 4 39 0 60 1.2

Total 91 193 742 136 2127 1853 5142
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bottoms (Cross 1967). Similar habitat was sampled in December at Location 10
where these species were collected. Cross (1967) found freckled madtoms to
be scarce when encountered but they occurred most often in areas of slow
current with leaves or other woody material. Gravel- chubs were most abundant
in the Neosho River when there was continuous low and clear flow (Cross 1967)
which existed in 1980 following the hiqh April flow.- Consistently low flows
made the riffles more accessible which may have made these species more
susceptible to collection. Gravel chub has been classified as endangered in
Kansas because of its narrow range in the Neosho and Spring rivers (Platt et
al. 1974). Recommendations for protecting this species include control of
nutrient loading and protection of gravel substrates.

Blue sucker, which are listed as rare in Kansas (Platt et al. 1974) were
again collected in 1980. A total of nine blue suckers was collected. The
total length (TL, mm) - weight (W,g) relationship of these fish was loglOW
= 3.49 loglO TL - 6.44 r = 0.94 (Figure 7-1). Ages ranged from III+ to
VI+, with no representatives of the IV+ age qroup. Condition factors (Carlander
1969) ranged from 0.72 to 0.96 for all fish collected. Age was highly
correlated with both loglO total length and loglo weight, with r = 0.98
and r = 0.95, respectively. A comparison of the bio-characteristics of the
blue suckers collected in the Neosho River in 1980 and other populations is
presented in Table 7-4. Coefficients of condition and length-weight relation-
ship determined for blue suckers collected in the Neosho River were similar
to those determined by Swinqle (1965) and Rupprecht and Jahn (1980).

The Neosho madtom, listed as endangered in Kansas (Platt et al. 1974), was
collected in 1980. Six Neosho madtom were collected at Location 10 and 11
(Table 7-3). Slenderhead darters were collected at Locations 10, 11, and 4.
Slenderhead darters and Neosho madtoms require shallow gravel riffles swept
by swift current as habitat (Cross 1967, Deacon 1961). Location 10 appeared
to be the preferred habitat for both the Neosho madtom and slenderhead
darter. Although Locations 11 and 4 were also utilized, higher numbers at
Location 10 may be due to differences in bottom substrates. Location 10 has
coarser gravel and less silt than Locations 4 and 11 following high reservoir
discharqes in April.

Gizzard shad were collected in lower numbers than in previous years.
Lower catches were probably due to the low discharqes from the John Redmond
Reservoir for most of the year. It is suspected that most gizzard shad
present in the river oriqinate from the reservoir.

7.2.2.2 Neosho River

7.2.2.2.1 Electroshocking

Electroshocking in the Neosho River yielded 546 fish representing 23 species
(Table 7-5). The most abundant species collected included river carpsucker
(27.8 percent), qizzard shad (11.4 percent). freshwater drum (11.0 percent).
smallmouth buffalo (8.4 percent), carp (7.9 percent), flathead catfish
(7.7 percent), channel catfish (6.4 percent), and white crappie (5.5 percent).
These eiqht species comprised 86.1 Percent of the total collected by electro-
shockinq. CPE was greatest at Location 1 throughout the year except in
October (Figure 7-2).
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Figure 7-1 Length-weight relationship of blue suckers collected by
electroshocking in the Neosho River near the Wolf Creek
Generating Station, Burlington, Kansas, 1980.

7-8



W w

Table 7-4 Comparison of blue suckers collected in the Neosho River in 1980 with other populations.

Neosho River Mississippi River
Biostatistic Kansas Iowaa Alabamab

Number Examined 9 153 6

Total Length (TL) loglOW = 3.49(log1 0 TL) loglOW : 3.59(log1 0 TL) logloW = 3.19(logloTL)
- Weight (W) - 6.44 - 6.69 - 5.57
Relationship r : 0.94 r = 0.96 r = 0.95

Condition "K"
range 0.72 - 0.96 0.74 - 1.10 0.73 - 1.04
mean 0.85 0.87 0.89

Length Range (mm) 556-668 503-817 457-635

Weight Range (g) 1390-2510 703-2246

a Rupprecht and Jahn 1980.
b Swingle 1965.
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Table 7-5 Number and relative abundance of fish collected by electroshocking in the Neosho River nearthe Wolf Creek Generating Station, Burlington, Kansas, April through December 1980.

0

Sampling Date RelativeSpecies 14 Apr 28 Maya 17 Jun 24 Jula 28 Oct 15 Dec Total Abundance

Longnose gar 6 0 1 0 0 0 7 1.3Gizzard shad 4 24 5 0 18 11 62 11.4Carp 8 1 5 3 23 3 43 7.9Ghost shiner 0 0 0 1 0 0 1 0.2Red shiner 0 0 0 1 0 0 1 0.2River carpsucker 2 26 48 15 19 42 152 27.8Quillback 0 0 1 0 0 0 1 0.2Smallmouth buffalo 3 5 13 11 11 3 46 8.4Bigmouth buffalo 1 6 1 0 0 0 8 1.5Black buffalo 1 1 0 0 0 0 2 0.4Shorthead redhorse 0 0 0 0 2 0 2 0.4Blue sucker 0 0 2 0 4 1 7 1.3
Channel catfish 0 12 7 11 5 0 35 6.4Flathead catfish 0 5 27 10 0 0 42 7.7Brook silverside 0 0 0 1 1 0 2 0.4White bass 7 1 3 1 3 0 15 2.7Green sunfish 0 0 6 8 1 0 15 2.7Longear sunfish 0 0 2 3 0 0 5 0.9Largemouth bass 0 0 0 1 0 0 1 0.2Spotted bass 0 0 2 0 2 1 5 0.9White crappie 2 7 8 11 0 2 30 5.5
Walleye 0 2 2 0 0 0 4 0.7
Freshwater drum 4 0 13 4 39 0 60 11.0

Total 38 90 146 81 128 63 546

a Only Location 1 sampled.



w m

100

80

60

(901
(86)

W Location I

l Location 10
(81)

, • Location 4

Note: Locations 10 and 4 not

sampled on 28 May and 24 July.
(62)

(44)

(33)

(221 [1 (22)

UJ

0.
0

40

-.,
-a

(26)

20

19)

14 APR 28 MAY 17 JUN 24 JUL 28 OCT 15 DEC

SAMPLING DATE

Figure 7-2 Catch-per-unit-effort of electrofishing at three locations (I, 10, and 4) in
the Neosho River near Wolf Creek Generating Station, Burlington, Kansas, 1980.



Catch rates were greatest for most species in the tailwaters (Location 1) of
John Redmond Reservoir. River carpsucker were collected throughout the
sampling season and were caught at rates that averaged approximately 5 times
higher than at the downstream locations (Table 7-6). Consistent occurrence
and large size of carpsuckers at Location 1 suggested a resident population
in the tailwater area. The average CPE at Location 1 for river carpsucker
was approximately 5 times greater than at the downstream locations.

Catch rates of gizzard shad were extremely low in 1980 (Table 7-6). The
average CPE was only 4.4 compared to average CPE's of 15.0 to 28.1 recorded
from 1977 through 1979. The lower rates in 1980 were due primarily to the
near absence of juveniles in the tailwaters. Lower catches may be attributable
to reduced discharges from the reservoir where most of the gizzard shad in
the river are thought to originate. Low densities of larval gizzard shad
(Section 7.2.3) support the apparent relationship between reservoir discharges
and gizzard shad abundance. Catches of gizzard shad at Location 4 represented
43.6 percent of the catch at that location which was higher than previously
reported. Gizzard shad CPE was highest in May at Location 1 when the catch
was dominated by adults in spawning condition.

Smallmouth buffalo were taken throughout the year (Table 7-5) and based on CPE
were most abundant at Location 10 (Table 7-6). Catch data collected from
1977 through 1980 for smallmouth buffalo and other commercial species (includ-
ing carp, river carpsucker, and bigmouth buffalo) were examined to determine
if commercial fishing operations during 1980 in the Neosho River had any
impact on these species. The 1980 catch rates of these species were within
ranges of previous CPE's except for bigmouth buffalo whose catch rates have
declined since 1977 (Table 7-7). Data collected in 1981 will provide additional
information on the impact of commercial fishing.

Freshwater drum represented 11.0 percent of the total catch and were abundant
at Location 10 where the average CPE was 8.5 (Table 7-6). Thirty-five
percent of the total catch was taken at Location 1. Most drum collected were
small (average length 174 mm) and do not represent a commercial or sport
value at this size (Appendix E, Table E-l). Freshwater drum represented
between 12.9 and 14.4 percent of the electrofishing catch from 1977 through
1979 (Table 7-8).

Flathead catfish were collected in greater numbers than channel catfish for
the first time in four years (Table 7-8). The greatest CPE for both species
occurred in the tailwaters of the John Redmond Reservoir (Table 7-6). Most
catfish (78 percent) were collected during the early summer (Table 7-5).
Location 1 apparently provided the most suitable habitat for channel catfish
based on CPE whereas the CPE for flathead catfish was similar at all three
locations (Table 7-4). Both species were nearly absent during April and
December indicating, as in 1979, a movement to deeper, more quiescent waters
during the winter (Bliss 1980).

Other species which had higher CPE in the tailwaters included carp, white
bass, green sunfish, and white crappie (Table 7-6). Catch rates of white
bass and white crappie may have been affected by low discharges from the
reservoir since some of these fishes are thought to be lost from the reservoir
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Table 7-6 Number and average CPE of each fish species collected by electro-
shocking at sampling locations in the Neosho River near Wolf
Creek Generating Station, Burlington, Kansas, April through
December 19 80.a

Location 1 Location 10 Location 4
Species No. CPE No. CPE No. CPE

Longnose gar 0 0.0 7 1.8 0 0.0
Gizzard shad 32 5.3 3 0.8 27 6.8
Carp 33 5.5 9 2.2 1 0.2
Ghost shiner 1 0.2 0 0.0 0 0.0
Red shiner 1 0.2 0 0.0 0 0.0
River carpsucker 121 20.2 15 3.8 16 4.0
Quillback 0 0.0 1 0.2 0 0.0
Smallmouth buffalo 20 3.3 21 5.2 5 1.2
Bigmouth buffalo 8 1.3 0 0.0 0 0.0
Black buffalo 2 0.3 0 0.0 0 0.0
Shorthead redhorse 1 0.2 1 0.2 0 0.0
Blue sucker 1 0.2 4 1.0 2 0.5
Channel catfish 31 5.2 3 0.8 1 0.2
Flathead catfish 21 3.5 10 2.5 11 2.8
Brook silverside 2 0.3 0 0.0 0 0.0
White bass 14 2.3 0 0.0 1 0.2
Green sunfish 14 2.3 1 0.2 0 0.0
Longear sunfish 4 0.7 0 0.0 1 0.2
Largemouth bass 1 0.2 0 0.0 0 0.0
Spotted bass 0 0.0 2 0.5 3 0.8
White crappie 28 4.7 2 0.5 0 0.0
Walleye 4 0.7 0 0.0 0 0.0
Freshwater drum 21 3.5 34 8.5 5 1.2

Total 360 60.1 113 28.2 73 18.1

a CPE represents number of fish caught per 30 min. of effort.
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Table 7-7 Average CPE (by electrofishing at Location 1) of commercial
fishes in the Neosho River, Burlington, Kansas, 1977 through
1980.a

Year- -

Species 1977 1978 1979-- 1980

Carp 1.8 6.4- 11.5 5.5

River carpsucker 18.1 13.2 35.8- 20.2

SmalImouth buffalo 9.1 3.7 3.8 3.3

Bigmouth buffalo 5.4 3.1 2.0 1.3

a Number of fish caught per 30 min. of effort.
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Table 7-8 Number and relative abundance of fish collected by electroshocking
in the Neosho River near Wolf Creek Generating Station, Burlington,
Kansas, 1977-1980.

Year Collected

1977 1978 1979 1980a
Relative Relative Relative Relative

.S]pecies No. Abundance No. Abundance No. Abundance No. Abundance

Longnose gar 6 0.4 7 0.5 9 0.6 7 1.3
Shortnose gar 2 0.1 3 0.2 9 0.6 0 0.0
Gizzard shad 457 31.1 563 36.7 271 18.5 62 11.4
Carp 116 7.9 101 6.6 149 10.2 43 7.9
Goldfish 0 0.0 0 0.0 1 0.1 0 0.0
Red shiner 4 0.3 2 0.1 7 0.5 1 0.2
Sand shiner 1 0.1 0 0.0 0 0.0 0 0.0
Ghost shiner 1 0.1 0 0.0 0 0.0 1 0.2
Blue sucker 33 2.2 38 2.5 21 1.4 7 1.3
River carpsucker 199 13.5 139 9.1 323 22.1 152 27.8
Quillback 0 0.0 0 0.0 0 0.0 1 0.2
Bigmouth buffalo 73 5.0 28 1.8 36 2.5 8 1.5
Smallmouth buffalo 79 5.4 63 4.1 58 4.0 46 8.4
'Ilack buffalo 1 0.1 5 0.3 9 0.6 2 0.4
Shorthead redhorse 1 0.1 3 0.2 1 0.1 2 0.4
Golden redhorse 3 0.2 1 0.1 1 0.1 0 0.0
Channel catfish 93 6.3 78 5.1 93 6.4 35 6.4

O Vlathead catfish 14 1.0 17 1.1 11 0.8 42 7.7
Blrook silverside 15 1.0 0 0.0 0 0.0 2 0.4
Mosquitofish 0 0.0 1 0.1 0 0.0 0 0.0
White bass 48 3.3 54 3.5 120 8.2 15 2.7
Largemouth bass 1 0.1 1 0.1 2 0.1 1 0.2
Spotted bass 8 0.5 6 0.4 9 0.6 5 0.9
Bluegill 2 0.1 0 (0.0 0 0.0 0 0.0
Green sunfish 26 1.8 153 10.0 52 3.6 15 2.7
Longear sunfish 11 0.7 9 0.6 4 0.3 5 0.9
Orangespotted sunfish 2 0.1 3 0.2 1 0.1 0 0.0
White crappie 83 5.7 31 2.0 75 5.1 30 5.5
Walleye 0 0.0 5 0.3 8 0.5 4 0.7
;reshwater drum 190 12.9 221 14.4 192 13.1 60 11.0

rIlo. species 26 24 24 23

total No. Fish 1469 1532 1462 546

a Sampling done on 6 dates; all other years represent 8 dates'.
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during higher flows than generally occurred in 1980. In contrast to 1979,
white bass apparently remained in the tailwaters throughout the year (Appendix
Table E-l).

Supplemental data collected by Kansas Gas and ElectrFc at Location 1 during
radiation monitoring collections indicated similar species composition to the
environmental monitoring surveys. Dominant species included river carpsucker,
channel catfish, flathead catfish, and freshwater drum. Gizzard shad were
also collected in low numbers by KGE personnel. Two species (brook silversides
and golden redhorse) were only taken during the radiation monitoring collections.

Synthesis of the environmental and radiation monitoring electroshocking data
provided more complete seasonal catch data than did previous studies. The
predominant species generally were more abundant in the tailwaters during the
spawning season (May through July) and apparently dispersed in the summer
(Table 7-9). Catch rates of gizzard shad, carp, river carpsucker, and fresh-
water drum generally increased in the fall whereas flathead catfish and
white crappie were not encountered after the summer collections. The electro-
shocking CPE was moderate in December but the diversity of fishes was lowest
of the study (Table 7-9). A relatively mild early winter resulted in water
temperatures of 4.5 C during the December 1980 sampling. Previous studies
found that fish were absent at Location 1 when water temperatures were below
2 C (Bliss 1980).

7.2.2.2.2 Seining

A total of 4,357 fish representing 28 species was collected during seining
in the Neosho River (Tables 7-10 and 7-11). Species having relative abundance
greater than 5 percent included only red shiner (87.4 percent) and bullhead
minnow (5.4 percent). Of the remaining species, only gizzard shad (1.9
percent) had a relative abundance greater than 1 percent. Seine catches were
highest in October and December (Figure 7-3) when juvenile red shiners
dominated the samples (Table 7-11). Red shiners were most abundant at
Locations I and 10 (Table 7-10).

Red shiners have become increasingly important in the Neosho River since
1976. This predominance may be attributed to the adaptability of red shiners
to environmental variation and specifically to drought conditions (Cross
1967, Pflieger 1975). Drought conditions in 1980 resulted in low flow during
most of the year which may have given red shiners a competitive advantage.
Most other species in the river do not do as well under these conditions,
thereby reducing competition.

Few game fish were collected by seining in the Neosho River. Channel catfish,
flathead catfish, white bass, white crappie, and spotted bass represented
less than 1 percent of the total catch (Table 7-10). Collection of adult and
juvenile gizzard shad at Location 4 suggests the pool habitat was used as a
spawning/nursery area during 1980.

The 1980 seine catch was higher than in previous years despite reduced effort
(Table 7-12). Greater catches of red shiner and bullhead minnow were respon-
sible for the increase. Annual catches of other major species were generally
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Table 7-9 Catch rates (CPE) of selected species collected by electroshocking at the tailwaters of John

Redmond Reservoir (Location 1) near Wolf Creek Generating Station, Burlington, Kansas, 1980.

~-1

-I

-4

Date

14 Apr

14 May

28 May

11 Jun

17 Jun

9 Jul

24 Jul

29 Aug

18 Sep

30 Sep

21 Oct

28 Oct

20 Nov

15 Dec

Gizzard
shad

3.0

18.0

24.0

0.0

0.0

2.0

0.0

0.0

0.0

3.0

12.0

1.0

0.0

4.0

Carp

7.0

2.0

1.0

8.3

3.0

1.0

3.0

0.0

1.0

4.0

0.0

17.0

1.0

2.0

River
carpsucker

2.0

8.0

26.0

21.7

39.0

18.0

15.0

4.0

8.0

8.0

24.0

12.0

4.0

27.0

Small mouth
buffalo

0.0

0.0

5.0

1.7

3.0

1.0

11.0

7.0

3.0

6.0

4.5

1.0

0.0

0.0

Channel
catfish

1.0

4.0

12.0

3.3

7.0

13.0

11.0

7.0

2.0

7.0

12.0

1.0

0.0

0.0

Fl athead
catfish

0.0

2.0

5.0

11.7

6.0

11.0

10.0

4.0

0.0

0.0

0.0

0.0

0.0

0.0

White
bass

7.0

4.0

1.0

1.7

3.0

0.0

1.0

2.0

0.0

3.0

10.5

2.0

0.0

0.0

White
crappie

2.0

12.0

7.0

6.7

8.0

2.0

11.0

0.0

5.0

1.0

0.0

0.0

0.0

0.0

Freshwater
drum

3.0

2.0

0.0

5.0

7.0

2.0

4.0

1.0

2.0

7.0

16.5

7.0

0.0

0.0

Total

26.0

70.0

90.0

68.4

86.0

55.0

81.0

30.0

23.0

42.0

84.0

44.0

23.0

33.0



Table 7-10 Number of fish collected by seining in the Neosho River near
the Wolf Creek Generating Station, Burlington, Kansas, April
through December 1980.

Sampling Location Relative
Species la 1 0 b 1 1 b 4 b Total Abundance

Longnose gar
Gizzard shad
Gravel chub
Golden shiner
Ghost shiner
Red shiner
Sand shiner
Suckermouth minnow
Bluntnose minnow
Slim minnow
Bullhead minnow
Carpiodes sp.
Ictiobus sp.
Smal lmouth buffalo
Bigmouth buffalo
Shorthead redhorse
Freckled madtom
Neosho madtom
Channel catfish
Flathead catfish
Mosquitofish
Brook silverside
White bass
Orangespotted sunfish
Bluegill
Longear sunfish
Spotted bass
White crappie
Orangethroat darter
Slenderhead darter

29

12
18

1184
8

198

3

17 21

1

1-

3 -
37

6

5
5

1I -

5
37

637

2

1

4
18

17
4
5

-6

66
1

12
21

3808
8
8
3
6

236
18

1
17

4
5
1
6
1
1
4

44
10
19

3
1

23
5
4

15

4357

0.1
1.5

Tc

0.3
0.5

87.4
0.2
0.2
0.1
0.1
5.4
0.4

T
0.4
0.1
0.1

T
0.1

T
T
0.1
1.0
0.2
0.4
0.1
T

0.5
0.1
0.1
0.3

4
*1

4
38
10
18

2
1

1-

5

2

1

1
1

21

5

13

Total 1350 2249

31.0 51.6

1 1

3 755

0.1 17.3Percent of Total

a Sampled on five dates.
b Sampled on three dates.
c Trace, < 0.1 percent.

7-18



lo w w

0
Table 7-11 Number and relative abundance of fish collected by seining in the Neosho River near Wolf

Creek Generating Station, Burlington, Kansas, April through December 1980.

-4

Sampling Date
28 Maya 17 Jun 24 Jula 28 Oct 15 Dec

Relative Relative Relative Relative Relative
Species No. Abundance No. Abundance No. Abundance No. Abundance No. Abundance

Longnose gar 0 0.0 5 1.2 0 0.0 0 0.0 0 0.0Gizzard shad 0 0.0 64 15.7 2 3.6 0 0.0 0 0.0Gravel chub 0 0.0 0 0.0 0 0.0 0 0.0 1 0.1Golden shiner 3 2.9 2 0.5 1 1.8 6 0.3 0 0.0Ghost shiner 3 2.9 2 0.5 0 0.0 13 0.7 3 0.2Red shiner 94 91.3 239 58.6 5 9.1 1752 87.6 1718 96.0
Sand shiner 1 1.0 7 1.7 0 0.0 0 0.0 0 0.0Suckermouth minnow 0 0.0 2 0.5 0 0.0 1 0.1 5 0.3Bluntnose minnow 0 0.0 0 0.0 0 0.0 3 0.2 0 0.0Slim minnow 0 0.0 0 0.0 0 0.0 0 0.0 6 0.3Bullhead minnow 0 0.0 0 0.0 5 9.1 189 9.5 42 2.3Carpiodes sp. 0 0.0 18 4.4 0 0.0 0 0.0 0 0.0Ictiobus sp. 0 0.0 1 0.2 0 0.0 0 0.0 0 0.0Shorthead redhorse 0 0.0 5 1.2 0 0.0 0 0.0 0 0.0Freckled madtom 0 0.0 0 0.0 0 0.0 0 0.0 1 0.1Neosho nadtom 0 0.0 1 0.2 0 0.0 1 0.1 4 0.2.Channel catfish 0 0.0 0 0.0 0 0.0 1 0.1 0 0.0Flathead catfish 0 0.0 0 0.0 0 0.0 1 0.1 0 0.0Mosquitofish 0 0.0 0 0.0 0 0.0 4 0.2 0 0.0Brook silverside 0 0.0 0 0.0 31 56.4 13 0.7 0 0.0White bass 0 0.0 10 2.5 0 0.0 0 0.0 0 0.0Orangespotted sunfish 2 1.9 2 0.5 11 20.0 3 0.2 1 0.1Bluegill 0 0.0 0 0.0 0 0.0 1 .0.1 0 0.0Longear sunfish 0 0.0 0 0.0 0 0.0 1 0.1 0 0.0.Spotted bass 0 0.0 23 5.6 0 0.0 0 0.0 0 0.0White crappie 0 0.0 5 1.2 0 0.0 0 0.0 0 0.0Orangethroat darter 0 0.0 0 0.0 0 0.0 0 0.0 4 0.2Slenderhead darter 0 0.0 1 0.2 0 0.0 10 0.5 4 0.2

Total 103 408 55 1999 1789

a Only Location I was sampled.
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Figure 7-3 Number of fish collected during seining in the Neosho
River (Locations 1, 10, 11, and 4) near the Wolf Creek

Generating Station, Burlington, Kansas, 1980.
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Table 7-12 Number of selected fishes collected by seining in the Neosho
River near the Wolf Creek Generating Station, Burlington,
Kansas, 1973 through 1980.

Year
Species 1973 1974 1975 1976 1977 1978 1979 1980

Gizzard shad 0 0 3 1669 - 41 1174 149 66
Ghost shiner 35 21 100 606 -.412 270 264 21
Red shiner 42 910 1558 2928 981 2381 2536 3808
Bluntnose minnow 0 2 3 43 31 11 29 3
Bullhead minnow 92 2 14 238 12 174 188 236
Slim minnow 0 7 64 32 6 0 22 6
Neosho madtom 0 0 0 12 19 46 12 6
Mosquitofish 0 24 108 54 49 69 2 4
Total fish 207 990 1920 5944 1626 4418 3491 4357

No. collections 8 8 8 26 26 28 25 14
No. fish per collection 26 124 240 229 63 158 140 311
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within previous ranges although wide variations are evident. Gizzard shad
catches exhibited the greatest variability. Schooling behavior of cyprinids
and gizzard shad and fluctuating flows probably contributed to some of the
annual variations. Variable flows affect the number of fish discharged from
the reservoir (i.e. gizzard shad), affects selection of seining sites, and
has potential effects on reproduction and recruitment and schooling results
in patchy distribution. No trends are evident that suggest a decline in the
abundance of any species collected by seining.

7.2.2.3 Wolf Creek

7.2.2.3.1 Seining

Seining in Wolf Creek resulted in the collection of only 242 fish represented
by 9 species. The most abundant species was the red shiner with 98.8 percent
collected at Location 3. Most fish occurred in the 17 June sample (Appendix
E, Table E-3). No fish were taken on 28 October and only 1 was taken on 15
December. The only gamefish collected in 1980 in Wolf Creek was the black
bullhead (Table 7-13). Orangespotted sunfish, which represented 28.1 percent
in 1978 and 30.0 percent in 1979 of the total catch from Locations 7 and 3,
were collected in low numbers in 1980 (n = 8) representing only 3.3 percent
of the total catch. Only 38 fish were collected at Location 7. The extremely
low catch in 1980 was probably due to several factors including drought
conditions, closure of the cooling lake dam in September 1980, rerouting of
the creek through borrow areas on the construction site, and renovaton of the
watershed with rotenone from the dam to KGE's northern property boundary
during the summer of 1980.

7.2.3 Larval Fish

Larval fish were present in the tailwaters (Location 1) from 30 April
to 23 July 1980. Total densities ranged from 0.9 to 26.3/100 m3 in the
diurnal samples (Table 7-14) and from 2.2 to 100.4/100 m3 in the nocturnal
samples (Table 7-15). Peak abundance of ichthyoplankton occurred in June.
Densities were similar to numbers recorded in 1979 which was considered a low
abundance year attributed to either a poor spawn or missed spawning period of
usually (1976-1978) abundant gizzard shad (Bliss 1980). Low densities in
1980 were probably the result of low discharges from John Redmond Reservoir.
The major spawning site of gizzard shad is in the reservoir and water releases
during spawning result in a population of larval shad entering the Neosho
River. During 1980 water releases were very low, and few larvae apparently
entered the Neosho River. Other common taxa included freshwater drum,
channel catfish, Lepomis sp., and Notropis sp.

Larvae in nocturnal samples were more than four times as abundant as larvae
in diurnal samples (Table 7-16). All larval taxa that were collected during
the day were more abundant at night.

The average density of sucker larvae in 1980 (0.5/100 m3 ) was low compared
to the density recorded in 1979 (11.0/100 m3 ). Higher abundance of
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Table 7-13 Number of fish collected by seining in Wolf Creek near the Wolf
Creek Generating Station, Burlington, Kansas, April through
December 1980.

Sampling Location Relative
Species 7 Total Abundance

Stoneroller 0 1 1 0.4
Golden shiner 24 15 39 16.1
Red shiner 2 158 160 66.1
Suckermouth minnow 0 7 7 2.9
Fathead minnow 0 4 4 1.7
UID cyprinid 0 3 3 1.2
Black bullhead 1 4 5 2.1
Green sunfish 7 6 13 5.4
Orangespotted sunfish 4 4 8 3.3
Bluegill 0 2 2 0.8

Total 38 204 242
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Table 7-14 rMumher, density, and taxa of larval fish collected during diurnal
san:ipling at Location 1 in the Neosho River near Wolf Creek
Cenerating Station, O3urlington, Kansas, April through July
1920.

Vol ume of Water
Water Sampled Temperature Density

Date (m3I) (OC) Taxa Niumber (,o./100m 3 )

2 Apr 46.38 8.0 - 0 0.0
17 Apr 30.10 6.0 - 0 0.0
30 Apr 102.43 15.5 Gizzard shad 1 1.0

Notropis sp. 3 2.9
Total 4 3.9

14 !Iay 82.58 17.5 - 0 0.0
28 May 226.26 22.0 Gizzard shad 2 0.9

Total 2 0.9

11 Jun 134.14 23.5 Gizzard shad 28 20.9
White bass 1 0.7
Lepomis sp. 4 3.0
Freshwater drum 2 1.5
Total 35 26.1

25 Jun 184.66 24.0 Carp 1 0.5
Notropis sp. 1 0.5
Freshwater drum 48 25.3
Total 50 26.3

9 Jul 220.47 29.0 Notropis sp. 13 5.Q
White hass 1 0.5
Lepomis sp. 2 0.9
Freshwater drum 1 0.5
Unidentified 1 0.5
Total 18 8.3

23 Jul 1,36.66 Notropis sp. 6 3.*
Centrarchidae 2 1.1
Lepomis sp. 4 2.1
Freshwater drum 4 2.1
Unidentified 1 0.5
Total 17 9.0
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Table 7-15 Number, density, and taxa of ichthyoplankton collected during
nocturnal sampling at Location 1 in the!Neosho River near Wolf
Creek Generating Station, Burlington, Kansas, April through
July 1980.

Volume of Water
Water Sampled Temperature Density

Date (m3 ) (OC) Taxa Number (No./lOOm3)

2 Apr
17 Apr
30 Apr

58.38
82.96

137.91

8.0
6.0

15.0 Cyprinidae
Ictiobus sp.
Total

0
-0•

2

3

1.5
0.7
2.2

14 May

28 May

11 Jun

25 Jun

9 Jul

67.97

165.41

129.31

192.7

222.47

17.5

22.0

23.5

24.0

28.0

Gizzard shad
Ictiobus sp.
Total

Gizzard shad
Percidae
Total

Gizzard shad
Ictiobus sp.
White bass
Lepomis sp.
Freshwater drum
Total

Gizzard shad
Cyprinidae
Channel catfish
White bass
Freshwater drum
Total

Gizzard shad
Cypri nidae
Notropis sp.
Channel catfish
White bass
Centrarchidae
Lepomis sp.
Pomoxis sp.
Freshwater drum
Total

2
1

3

19
1

20

92
1

3
2

32
130

3
1
7
3

54
68

6
3

29
9
9
8

103
2
4

173

2.9
1.5
4.4

11.5
0.6

12.1

71.1
0.8
2.3
1.5

24.7
100.4

1.6
0.5
3.6
1.6

28.0
35.3

2.7
1.3

13.0
4.0
4.0
3.6

46.3
0.9
1.8

77.6
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Table 7-15 (continued)

Volume of Water
Water Sampled Temperature Density

Date (m3 ) (°C) Taxa Number (No./lOOm3 )

23 Jul 181.51 25.0 Notropis sp. 2 1.1
Channel catfish 61 33.6
Flathead catfish 1 0.5
Centrarchidae 3 1.7
Lepomis sp. 10 5.5
Green'-sunfi-sh -.,2 1.1
Freshwater -drum .6 3.3
Unidentified :5 2.8
Total 90 49.6

7-26



W Mr W W

Table 7-16 Number, relative abundance, and average density of larval fish collected at Location 1 in
the Neosho River near Wolf Creek Generating Station, Burlington, Kansas, April through
July, 1980.

Diurnal Nocturnal Total
Relative Relative Relative
Abundance Density Abundance Density Abundance DensityTaxa No. (M) (No./10Om 3 )a No. (%) (No./lOOm3 )a No. (%) (No./lOOm3 )a

Gizzard shad 31 24.6 2.4 122 25.1 9.9 153 25.0 6.1Cyprinidae 0 0.0 0.0 6 1.2 0.5 6 1.0 0.2Carp 1 0.8 0.1 0 0.0 0.0 1 0.2 0.0Notropis sp. 23 18.3 1.8 31 6.4 2.5 54 8.8 2.2Ictiobus sp. 0 0.0 0.0 3 0.6 0.2 3 0.5 0.1Channel catfish 0 0.0 0.0 77 15.8 6.2 77 12.6 3.1Flathead catfish 0 0.0 0.0 1 0.2 0.1 1 0.2 0.0White bass 2 1.6 0.2 15 3.1 1.2 17 2.8 0.7Centrarchidae 2 1.6 0.2 11 2.3 0.9 13 2.1 0.5Lepomis sp. 10 7.9 0.8 115 23.6 9.3 125 20.4 5.0Green sunfish 0 0.0 0.0 2 0.4 0.2 2 0.3 0.1Pomoxis sp. 0 0.0 0.0 2 0.4 0.2 2 0.3 0.1Percidae 0 0.0 0.0 1 0.2 0.1 1 0.2 0.0Freshwater drum 55 43.7 4.3 96 19.7 7.8 151 24.6 6.0Unidentified 2 1.6 0.2 5 1.0 0.4 7 1.1 0.3

Total 126 9.9 487 39.3 613 24.5

a Average of two replicates.
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sucker larvae might have been expected in 1980 because adult river carpsucker
were relatively abundant at Location 1 and were present throughout the larval
sampling season (Table 7-5).

Centrarchids were collected in higher abundance in 1980 than in 1979.
Lepomis sý. (sunfishes), which were not collected in 1979, had a density of
5.0/100 m in 1980. Reduced flow out of the reservoir may have afforded
Lepomis sp. with more suitable spawning habitat in 1980.

7.3 SUMMARY AND CONCLUSIONS

Fisheries sampling in the Neosho River and Wolf Creek in the vicinity of the
Wolf Creek Generating Station resulted in collections similar to previous
monitoring studies. Drought conditions in 1980 caused a substantial cutback
in flow out of the John Redmond Reservoir for most of the year. This resulted
in decreased electroshocking catches in the Neosho River, notably for
gizzard shad and white bass which presumably enter the river from the reservoir.

Decreased flows apparently afforded red shiner and bullhead minnow suitable
habitat in the river since numbers in seine collections were higher than in
past years. Dominance of red shiner in the seine collections may be related
to their ability to adapt to drought conditions.

Seine collections in Wolf Creek were dominated by red shiners. Total catches
were extremely low, especially in September and December. Drought conditions,
closure of the cooling lake dam, and renovation of the creek contributed to
the low number of fish collected.

Ichthyoplankton collected at Location 1 were less abundant than in previous
years due to lower densities of gizzard shad and nearly a total absence of
catostomids. Low discharges from John Redmond Reservoir probably resulted in
the low abundance of gizzard shad in the tailwaters since most of their
larvae probably originate in the reservoir. Reduced flows may have benefited
sunfishes since their larvae (Lepomis) exhibited increased abundance when
compared to previous studies.

The 1980 data displayed characteristics of a drought year. Comparisons
with previous data did not indicate any long term trends that suggested any
construction effects on the Neosho River fish community. Construction
activity, including rerouting of the creek channel and closure of the cooling
lake dam in conjunction with drought conditions resulted in expected population
reductions in Wolf Creek. Renovation of the creek with rotenone prior to
lake filling was completed in 1980 and was done as part of the cooling lake
management and stocking program.

Potential impacts of the makeup water pumphouse were not evident in 1980.
Construction activity was completed in April 1980 and testing was initiated
in October. Filling of the cooling lake started at the end of October and
therefore pumping during the larval fish season was avoided. Removal of fish
from the river through impingement processes apparently did not affect catch
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rates. Potential effects of impingement losses on the abundance of fish in
the tailwaters of John Redmond Reservoir should not be evident until after
extended use of the makeup water pumphouse.
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8. VEGETATION MONITORING

8.1 METHODS

Construction phase monitoring of vegetation in September 1980 near Wolf Creek
Generating Station (WCGS), Burlington, Kansas, was conducted in three repre-
sentative plant community types (Figure 1-2):

1. Community 1--north floodplain woods (upper Wolf Creek)
2. Community 2--abandoned railroad right-of-way
3. Community 8--south floodplain woods (lower Wolf Creek)

Community composition and structure in the two floodplain woods and an
abandoned railroad right-of-way were determined; productivity was estimated
for the railroad right-of-way.

8.1.1 Field Procedures

All vegetational strata within the three plant communities were sampled by
the quadrat method (Oosting 1956; Wiegert 1962). Six permanent 400-m2

circular plots were systematically distributed in each floodplain woods
community to sample trees (stems >10 cm dbh) and saplings (stems 2.5-10.0 cm
dbh). Five circular plots, each 10 m2 , were nested within the circumference
of each 400-m 2 plot to sample the shrub stratum (Figure 8-1). Herbaceous
vegetation and woody seedlings less than 30-cm tall were sampled with 1-m2
plots centered within each 10-m 2 plot.

The ground layer in the abandoned railroad right-of-way was sampled using 25
0.1-im2 circular plots distributed at 10-m intervals along one transect.
The abandoned railroad right-of-way also was sampled using the point-quadrat
method; 200 point-quadrats were used to determine cover by species (Mueller-
Dombois and Ellenberg 1974). Productivity in the abandoned railroad right-of-
way was determined by the harvest method (Ovington et al. 1963).

Site land-use disturbances were mapped through onsite inspection, aerial

photo interpretation, and consultation with Kansas Gas and Electric personnel.

8.1.2 Analytical Procedures

Community composition and structure were quantified by community for each of
the three sampling locations. Absolute and relative values of frequency,
density, and dominance were computed for species in the overstory, understory,
and shrub strata. Importance values were determined as the sum of the rela-
tive values (Curtis and McIntosh 1951). Absolute and relative frequency,
and average community ground layer coverage were calculated for ground layer
vegetation in each community sampled. In addition, percent coverage by
species was calculated for the abandoned railroad right-of-way, based on
point-quadrat sampling (Mueller-Dombois and Ellenberg 1974). Densities of
trees and saplings were calculated for nine stem-diameter classes. All data
summaries were performed on a Data General NOVA computer using standard
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Figure 8-1 Schematic representation of nested quadrat layout for

sampling floodplain woods vegetation near Wolf CreekGenerating Station, Burlington, Kansas, 1980.

8-2



equations (Curtis and Cottam 1962). Tables were constructed from computer
printouts. Numerals in the bodies of tables are rounded values, whereas the
totals are sums of unrounded values.

Primary productivity of the abandoned railroad right-of-way was calculated
using equations of Kelly et al. (1974).

Plant voucher specimens of previously unrecorded species were collected,
dried, processed for permanent preservation, and deposited -in the EA herbarium
for future reference. Botanical nomenclature followed Gleason and Cronquist
(1963). A phylogenetic list of species sampled during 1980 was compiled
(Appendix G, Table G-1).

The coefficient of community was used to quantify similarity between 1980
community data and those of previous years. Because community change occurs
most rapidly in the lower strata, only data from the ground layer and shrub
stratum were used in computing coefficients. Values of absolute frequency
were used for ground-layer comparisons, and importance values were used for
shrub-stratum comparisons. The coefficient of community (Cox 1972) was
computed as

2W
a+b

where
W = the sum of the lower of the two values of a species

occurring in both years
a = the sum of species values for the 1980 sample
b = the sum of species values for the sample year compared

An index of shrub stratum flood susceptibility (Uhlemann 1979) was calculated
for each of the floodplain woods. The index is the weighted average type
(Whittaker 1973) and was calculated by multiplying species' importance values
by species' flood suceptibility weights, summing the weighted values, and
dividing the total weighted values by the sum of the importance values
considered; species with importance values of 5 or less, and species that
show no distributional affinities (e.g., Smilax hispida; Bell 1974a,b,
1975a,b) were not considered in the index calculation. Species weighting
values are the same as those prescribed in the 1978-1979 WCGS monitoring
report (Uhlemann 1979).

8.2 RESULTS AND DISCUSSION

8.2.1 North Floodplain Woods (Community 1)

8.2.1.1 Present Status

The north floodplain woods sampling area was located on the west bank of Wolf
Creek, just to the north of the projected upstream edge of the WCGS cooling
lake. A network of shallow ephemeral stream channels crossed the floodplain
creating a gently rolling topography which sloped slightly to the south.
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Rainfall was below normal during summer 1980 and drought conditions existed
in September (Section 2.2). Ground-layer vegetation-was very sparse, and Wolf
Creek was completely dry.

The north floodplain woods contained floristic elements of both the northern
floodplain forest and the oak-hickory forest of Kansas described by Kuchler
(1974). Hackberry (Celtis occidentalis) and bur oak (Quercus macrocarpa)
dominated the overstory (Table 8-1); both species occurred at 100 percent
frequency. High relative density and relative dominance of hackberry and bur
oak, respectively, accounted for their high community importance. Black
walnut (Juglans n ), bitternut hickory (Carya cordiformis), Shumard's oak
(Quercus shumardii), and green ash (Fraxinus penns lvanica were of inter-
mediate importance, and red bud (Cercis c-anadensis), Kentucky coffee tree
(Gymnocladus dioica), American elm (Ulmus americana), red mulberry (Morus
rubra), and osage orange (Maclura pomifera) were minor overstory components.

All overstory members, with the exception of black walnut, bur oak, and
Shumard's oak, were present as saplings in the understory (Table 8-2).
Slippery elm (Ulmus rubra) was the only species represented in the understory
but not in the overstory. Hackberry was by far the most important species of
the nine recorded with an importance value of 159.9. Red bud and green ash
were the next two most important species.

Six tree, two shrub, and two vine species were recorded in the shrub stratum
(Table 8-3). Coralberry (Symphoricarpos orbiculatus) was the obvious stratum
dominant (importance value of 155.0). Missouri gooseberry (Ribes missouriense)
was the only other shrub species recorded. Hackberry and green ash were the
most important tree species recorded from the shrub stratum. With the excep-
tion of box elder (Acer negundo), all tree species represented reproduction
of canopy species.

The ground layer in September was composed of 15 identifiable species
and 3 genera (Table 8-4). Wild rye (Elymus virginicus) and an unidentified
sedge (Carex sp.) were dominant species. Dead and dried mats of cleavers
(Galium aparine) covered much of the ground. Apparently this species had
been common earlier in the summer, but it was not alive in September and
therefore does not appear in Table 8-4. Average ground cover was 28 percent.

Total basal area of the north floodplain woods canopy was 27.8m2 /ha (Tables
8-1 and 8-2). Canopy density was 750.0 saplings/ha and 287.6 trees/ha (Table
8-5); all sapling and tree size classes were represented.

The shrub stratum, with a density of 10,233 stems/ha, provided 9.3 percent
ground cover (Table 8-3); coralberry provided the greatest density and cover.

Ground layer cover was 28 percent in September (Table 8-4).

8.2.1.2 Comparisons with Previous Studies

The north floodplain woods community has changed very little since 1975.
Canopy composition has varied only slightly in species importance ranking.
The shrub stratum in 1980 was very similar to previous years based on
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Table 8-1 Phytosociological data summary of trees in the north floodplain woods, Community 1, near
Wolf Creek Generating Station, Burlington, Kansas, September 1980.

Relative Relative Basal Area Relative Importance
Species Frequency Frequency Density (m2 /ha) Dominance Value

Celtis occidentalis 100.0 20.7 47.8 3.0 11.9 80.4
Quercus macrocarpa 100.0 20.7 10.2 12.1 47.5 78.4
Juglans nigra 66.7 13.8 13.0 3.7 14.5 41.3
Carya cordiformis 66.7 13.8 13.0 2.7 10.6 37.4
Quercus shumardii 16.7 3.4 1.4 1.7 6.7 11.5
Fraxinus pennsylvanica 33.3 6.9 4.3 1.2 4.7 15.9
Morus rubra 33.3 6.9 2.9 0.1 0.4 10.2
Cercis canadensis 16.7 3.4 2.9 0.0 0.3 6.6
Gymnocladus dioica 16.7 3.4 1.5 0.5 2.0 6.9
Ulmus americana 16.7 3.4 1.5 0.3 1.2 6.2
Maclura pomifera 16.7 3.4 1.5 0.0 0.2 5.1

Total 25.5
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Table 8-2 Phytosociological data summary
Wolf Creek Generating Station,

of saplings in the north floodplain
Burlington, Kansas, September 1980.

woods, Community 1, near

Relative Relative Basal Area Relative Importance
Species Frequency Frequency Density (m2 /ha) Dominance Value

Celtis occidentalis 100.0 20.7 67.2 1.6 72.0 159.9
Cercis canadensis 100.0 20.7 12.4 0.3 11.1 44.1
Fraxinus pennsylvanica 66.7 13.8 8.6 0.1 5.0 27.4
Ulmus americana 50.0 10.3 4.8 0.0 3.9 19.1
Carya cordiformis 50.0 10.3 2.7 0.0 4.0 17.1
Ulmus rubra 50.0 10.3 2.2 0.1 2.7 15.2
Morus rubra 33.3 6.9 1.1 0.0 0.6 8.5
Gymnocladus dioica 16.7 3.4 0.5 0.0 0.6 4.6
Maclura pomifera 16.7 3.4 0.5 0.0 0.1 4.1

Total 2.3



- - w w

w w

Table 8-3 Phytosociological data summary of species in the
Community 1, near Wolf Creek Generating Station,

shrub stratum of the north floodplain woods,
Burlington, Kansas, September 1980.

Relative Stems/ Relative Ground Relative Importance
Species Frequency Frequency Hectare Density Cover Dominance Value

Symphoricarpos orbiculatus 76.7 35.9 7267 71.0 4.5 48.1 155.0Celtis occidentalis 56.7 26.6 1000 9.7 3.2 34.2 70.5
Fraxinus pennsylvanica 26.7 12.5 600 5.9 0.7 8.4 26.8
Ulmus rubra 13.3 6.2 533 5.2 0.5 5.7 17.2
Ribes missouriense 20.0 9.3 467 4.6 0.2 2.5 16.4
Rhus radicans 6.6 3.1 233 2.3 0.1 0.6 6.0
Carya cordiformis 3.3 1.6 33 0.3 0.0 0.2 2.1
Vitis sp. 3.3 1.6 33 0.3 0.0 0.1 2.0Acer negundo 3.3 1.6 33 0.3 0.0 0.1 2.0Quercus sp. 3.3 1.6 33 0.3 0.0 0.0 1.9

Total 10233 9.3



Table 8-4 Frequency of species in the ground layer and average ground layer
cover in the north floodplain woods, Community 1, near Wolf Creek
Generating Station, Burlington, Kansas, September 1980.

-Relative

Species Frequency Frequency

Elymus virginicus 66.7 25.0
Carex sp. 56.7 21.2
Verbesina alternifolia 20.0 7.5
Parthenocissus quinquefolia 20.0 7.5
Sanicula gregaria 16.7 6.2
Phlox divaricata 16.7 6.2
Ribes missouriense 13.3 5.0
Laportea canadensis 10.0 3.8
Polygonum virginianum 6.6 2.5
Smilax hispida 6.6 2.5
Rhus radicans 6.6 2.5
Symphoricarpos orbiculatus 6.6 2.5
Ulmus rubra 3.3 1.2
Menispermum canadense 3.3 1.2
Ruellia strepens 3.3 1.2
Vitis sp. 3.3 1.2
Celtis occidentalis 3.3 1.2
Quercus sp. 3.3 1.2

Community Ground Layer Cover 28%
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Table 8-5 Density (stems/ha) of saplings and trees by diameter classes in the north floodplain woods
(Community 1) near Wolf Creek Generating Station, Burlington, Kansas, September 1980.

Diameter Classes (centimeters D.B.H.)
Sapling Class Tree Class

2.5- 6.3- Sub- 10.1- 17.6- 25.1- 32.6- 40.1- 47.6- Sub-
Species 6.2 10.0 total 17.5 25.0 32.5 40.0 47.5 55.0 >55.. total Totals

Celtis occidentalis 275.0 245.8 520.8 108.3 16.7 8.3 4.2 137.5 658.3
Cercis canadensis 66.7 29.2 95.8 8.3 8.3 104.2
Fraxinus pennsylvanica 58.3 8.3 66.7 4.2 4.2 4.2 12.5 79.2
Carya cordiformis 8.3 12.5 20.8 8.3 8.3 12.5 4.2 4.2 37.5 58.3
Ulmus amerrana 25.0 12.5 37.5 4.2 4.2 41.7
Juglans ngrLa 0.0 4.2 12.5 4.2 4.2 8.3 4.2 37.5 37.5
Quercus macrocarpa 0.0 4.2 4.2 20.8 29.2 29.2
Morus rubra 8.3 8.3 8.3 8.3 16.7
Ulmus rubra 8.3 8.3 16.7 0.0 16.7
Gymnocladus dioica 4.2 4.2 4.2 4.2 8.3
Maclura pomifera 4.2 4.2 4.2 4.2 8.3
Quercus shumardii 0.0 4.2 4.2 4.2

Total 454.2 320.8 775.0 145.8 45.8 29.2 12.5 16.7 8.3 29.2 287.6 1052.5



similarity indices that were remarkably high (Table 8-6). Sample similarity
for replicate samples in a plant community seldom exceed 85 percent (Cox
1972), and 60 percent is a more common value (Whittaker and Woodwell 1973).
High similarities indicate the shrub stratum has changed little over the
monitoring period, and that the flood of 1979 did not greatly affect the
shrub-stratum composition.

In 1980, ground-layer data was collected only in September, and therefore
comparisons were made with September data from previous years. Ground-layer
similarity indices for 1980 were slightly lower than in previous years. This
was caused by slight shifts in species composition and frequencies in 1980
which were attributed to the summer drought.

Moderate differences occurred between 1979 and 1980 structural data. The
basal area of the overstory decreased 2.7 m2 /ha. The majority of the
basal-area decrease was due to the death of a large-diameter (97.8-cm dbh)
Shumard's oak. Also, 1979 dbh measurements were immediately after the June
1979 flood, when tree trunks may have been swollen from prolonged immersion
in flood waters, whereas the 1980 measurements were taken in September after
a protracted dry spell.

Shrub-stratum ground coverage in 1980 was roughly half that of the previous
year, although stem density was relatively unchanged. Structural changes in
shrub-stratum were attributed to the severe flooding of the community during
1979.

8.2.2 Abandoned Railroad Right-of-Way (Community 2)

8.2.2.1 Present Status

The vegetation of the abandoned railroad right-of-way was similar to the
prairies of the Kansas Osage plains as described by Weaver (1968) and Kuchler
(1974). Community 2 has been protected from grazing, mowing, and fire since
1975; such protection is unusual for prairie communities in the area, and has
influenced community change.

Eleven identifiable species or genera were recorded during the September 1980
sampling (Table 8-7). Nonflowering or unidentifiable grasses were recorded
as Gramineae. Dominant grasses included big bluestem (Andropogon gerardi),
switchgrass (Panicum virgatum), Scribner's panicum (P. scribnerianum), and
Indian grass (Sorghastrum nutans). Average ground cover was 79 percent.

Community ground-layer cover, as determined by the point-quadrat method,
agreed closely with the ground-cover values estimated during plot sampling
(83 and 79 percent, respectively). Six of the eight taxa recorded were
grasses; big bluestem was the dominant species (Table 8-8). Litter was
the only ground cover recorded at 16.5 percent of the points, and bare ground
added 0.5 percent. Mean canopy height was 4.4 dm in September.

Productivity in the abandoned railroad right-of-way, as estimated by harvest
of peak standing crop, was 2,550 kg/ha/yr. This was roughly half the average
value (5,080 kg/ha/yr) reported by Koelling and Kucera (1965) for tall-grass
prairie in southwestern Missouri.
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Table 8-6 Year to year data comparisons expressed as percent similarity for
three plant communities near Wolf Creek Generating Station,
Burlington, Kansas.

Community/Stratum Years Compared Similarity (%)

North floodplain Woods

Shrub stratum

Ground layer

1980-1979
1980-1978
1980-1977
1980-1976
1980-1975

1980-1979
1980-1978
1980-1977
1980-1976
1980-1975

92
81
86
86
90

52
62
49
49
58

Abandoned railroad
right-of-way

Ground layer 1980-1979
1980-1978
1980-1977
1980-1976
1980-1975
1980-1974

67
50
59
39
26
20

South floodplain woods

Shrub stratum

Ground layer

1980-1979
1980-1978
1980-1977
1980-1976

1980-1979
1980-1978
1980-1977
1980-1976

84
83
86
84

67
71
54
58
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Table 8-7 Frequency of species in the ground layer and average ground layer
cover in the abandoned railroad right-of-way, Community 2, near
Wolf Creek Generating Station, Burlington, Kansas, September 1980.

Relative
Species Frequency Frequency

Andropogon gerardi 64.0 31.4
Panicum virgatum 32.0 15.7
Panicum scribnerianum 32.0 15.7
Sorghastrum nutans 20.0 9.8
Andropogon scoparius 16.0 7.8
Solidago graminifolia 12.0 5.9
Gramineae 8.0 3.9
Salvia reflexa 4.0 2.0
Solidago canadensis 4.0 2.0
Cornus sp. 4.0 2.0
Carex sp. 4.0 2.0
Poa pratensis 4.0 2.0

Community Ground Layer Cover 79%
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Table 8-8 Percent cover of species in the ground layer, community ground
layer cover, and mean canopy height in the abandoned railroad
right-of-way, Community 2, near Wolf Creek Generating Station,
Burlington, Kansas, September 1980.

Relative
Species % Cover Dominance

Andropogon gerardi 59.5 71.7
Panicum virgatum 11.5 13.9
Panicum scribnerianum 6.0 7.2
Sorghastrum nutans 2.5 3.0
Solidago graminifolia 1.0 1.2
Poa pratensis 0.5 0.6
Carex sp. 0.5 0.6

Community Ground Layer Cover 83.0

Mean Canopy Height 4.4 dm
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8.2.2.2 Comparison with Previous Studies

In 1980 data was collected only in September, and therefore comparisons were
made with September data from previous years. Diversity decreased markedly
from 1979 to 1980; 11 taxa were present in 1980 versus 16 in 1979. However,
similarity was greater between 1980 and 1979 than between 1980 and previous
years because the dominant species generally had similar frequencies (Table
8-6). In general, the percent similarity between 1980 and previous years
decreased with time, reflecting the gradual dominat-ion of the community
by prairie grasses. Prairie grasses were present i-n the community since
the study was initiated, but have increased in frequency as other pasture and
weed species have decreased.

Dense litter accumulation was evident in the ground layer and probably
negatively affected diversity and productivity. In prairie communities which
are not mowed, grazed, or burned, litter accumulation leads to delayed
growth, reduction of diversity through loss of the midlevel grasses, decreased
density, and the development of almost pure stands of taller grasses such as
big bluestem and switchgrass (Weaver and Rowland 1952).

Ground cover was lower than in previous years (79 vs. 97.8 percent six-year
average). Litter covered much of the remaining 21 percent of the ground
(16.5 percent as measured by the point-quadrat method). The sharp reduction
in ground cover probably resulted from the accumulation of litter and subse-
quent thinning of the community (Weaver and Rowland 1952) and low precipitation
during summer 1980.

The average canopy height of 4.4 dm was below the 5.0 dm average of the
previous five years. This low value was also probably a result of the summer
drought.

Productivity estimates from the previous six years have averaged 5,416
kg/ha/yr and have ranged from 2,990 in 1978 to 7,446 in 1975. The 1980
estimate (2,550 kg/ha/yr) was the lowest annual estimate and probably
reflects summer drought conditions and adverse effect of litter accumulation
(Weaver and Rowland 1952).

8.2.3 South Floodplain Woods (Community 8)

8.2.3.1 Present Status

The south floodplain woods sampling area was located approximately 4 km down-
stream from the Wolf Creek cooling lake dam. The floodplain and adjacent
terrace were dissected by several ephemeral stream channels and the resultant
topography was irregularly rolling. Sampling plots were located on higher
well-drained sites as well as the more frequently inundated depressions.
Drought conditions prevailed in September and much of the vegetation, including
hackberry trees, was wilted.

The community contained elements of both the northern floodplain forest and
the oak-hickory forest of Kansas (Kuchler 1974). The overstory was dominated
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by hackberry, American elm, silver maple (Acer saccharinum), Shumard's oak,
and pin oak (Quercus palustris). Shellbark hickory (Carya laciniosa), green
ash, and bur oak were frequent species, and red mulberry Morus rubra), black
walnut, honey locust (Gleditsia triacanthos), and Kentucky coffee tree
occurred infrequently (Table 8-9)' The distribution of these species in
relation to community topography was discussed in previous reports (Uhlemann
1979; Uhlemann et al. 1978).

Hackberry and American elm dominated the understory of Community 8. Green
ash and red bud were also important species (Table 8-10).

The shrub stratum was composed of 11 tree, 2 shrub, and 3 vine species (Table
8-11). Poison ivy (Rhus radicans), coralberry, and hackberry were the
dominant species. With the exception of slippery elm, all the tree species
in the shrub stratum represented reproduction of canopy species.

Sixteen species and two genera were present in the ground layer in September
1980 (Table 8-12). Virginia wild rye and sedge (Carex sp.) were dominant as
in Community 1. Dried mats of cleavers were also present in Community 8.

The combined basal area of the trees and saplings forming the canopy of
Community 8 was 29.0 m2 /ha (Tables 8-9 and 8-10); densities of trees and
saplings were 329.4 and 500.0 stems/ha, respectively (Table 8-13).

Ground cover of the shrub stratum was 20.3 percent, and total shrub density
was 15,667 stems/ha. Poison ivy and coralberry made up 69 percent of the
shrub density (Table 8-11). Ground layer cover in September was 16 percent
(Table 8-12).

8.2.3.2 Comparison with Previous Studies

Little compositional change has occurred in the south floodplain woods since
the initial vegetation survey in 1976. The 1980 overstory and understory
compositions were similar to those of previous surveys. Very high similarity
values (83-86 percent) were calculated for the 1976 through 1980 shrub
stratum data comparisons (Table 8-6). September ground layer data were
also similar (71-54 percent, Table 8-6).

The structure of Community 8 changed slightly since 1979. In the canopy,
total stem density increased slightly because of increases in tree and
sapling density by hackberry and increases in sapling density by American
elm. American elm tree density continued to decline because of Dutch
elm disease. Elm mortality and the death of several tree size Shumard's oak
and pin oak caused a 0.5 m'ý/ha decrease in the total overstory basal area.

In the shrub stratum, a decrease in total stem density and percentage ground
cover was largely due to the decreased frequency, density, and cover of
poison ivy and coralberry. Extensive poison ivy stands located in low areas
of the community were damaged by flooding in 1979.

Ground-layer coverage was less than in previous years, which was attributed
to summer drought conditions.
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Table 8-9 Phytosociological data summary of trees in the south floodplain woods, Community 8, nearWolf Creek Generating Station, Burlington, Kansas, September 1980.

Relative Relative Basal Area Relative Importance
Species Frequency Frequency Density (m2 /ha) Dominance Value

Celtis occidentalis 83.3 16.1 19.0 2.0 7.3 42.4Acer saccharinum 33.3 6.4 13.9 5.0 18.0 38.3Ulmus americana 100.0 19.4 15.2 1.0 3.4 38.0Quercus shumardii 33.3 6.4 12.7 5.0 18.1 37.2Quercus palustris 33.3 6.4 8.9 4.0 14.3 29.6Carya laciniosa 66.7 12.9 8.9 0.9 3.3 25.1Fraxinus pennsylvanica 50.0 9.6 7.6 1.6 5.6 22.8Quercus macrocarpa 33.3 6.4 7.6 2.3 8.1 22.1Platanus occidentalis 16.7 3.2 1.3 3.9 14.1 18.6Morus rubra 16.7 3.2 1.3 0.7 2.6 7.1Juglans nigra 16.7 3.2 1.3 0.6 2.0 6.5Gleditsia triacanthos 16.7 3.2 1.3 0.5 1.8 6.3Gymocladus dioica 16.7 3.2 1.3 0.4 1.3 5.8

Total 27.7
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Table 8-10 Phytosociological data summary of saplings in the south floodplain
Wolf Creek Generating Station, Burlington, Kansas, September 1980.

woods, Community 8, near

Relative Relative Basal Area Relative Importance
Species Frequency Frequency Density (m2 /ha) Dominance Value

Celtis occidentalis 100.0 21.4 40.8 0.5 41.6 103.8
Ulmus americana 100.0 21.4 29.2 0.4 32.2 82.8
Fraxinus pennsylvanica 66.7 14.3 12.5 0.1 8.8 35.6
Cercis canadensis 50.0 10.7 5.0 0.1 6.3 22.0
Carya laciniosa 33.3 7.1 2.5 0.1 4.0 13.6
Morus rubra 33.3 7.1 2.5 0.0 1.4 11.0
Acer saccharinum 16.7 3.6 1.7 0.0 2.3 7.6
Gymnocladus dioica 16.7 3.6 2.5 0.0 0.6 6.7
Ulmus rubra 16.7 3.6 0.8 0.0 1.9 6.3
Crataegus sp. 16.7 3.6 1.7 0.0 1.0 6.3
Quercus shumardii 16.7 3.6 0.8 0.0 0.2 4.6

Total 1.3
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Table 8-11 Phytosociological data summary of species in the
Community 8, near Wolf Creek Generating Station,

shrub stratum of the south floodplain woods,
Burlington, Kansas, September 1980.

Relative Stems/ Relative Ground Relative ImportanceSpecies Frequency Frequency Hectare Density Cover Dominance Value

Rhus radicans 46.7 15.4 5800 37.0 3.3 16.3 68.7Symphoricarpos orbiculatus 26.7 8.7 5033 32.1 3.2 15.8 56.7Celtis occidentalis 53.3 17.6 1500 9.5 5.6 27.6 54.7Fraxinus pennsylvanica 40.0 13.2 1100 7.0 2.1 10.4 30.6Ulmus americana 20.0 6.5 533 3.4 3.2 15.6 25.6Smilax hispida 36.7 12.1 567 3.6 0.4 2.1 17.9Euonymus atropurpureus 20.0 6.5 367 2.3 0.5 2.3 11.2Gymnocladus dioica 13.3 4.4 167 1.1 0.9 4.7 10.2
Carya laciniosa 13.3 4.4 200 1.3 0.6 2.8 8.5Ulmus rubra 6.6 2.2 67 0.4 0.2 0.9 3.6Morus rubra 6.6 2.2 67 0.4 0.0 0.4 3.0Gleditsia triacanthos 6.6 2.2 67 0.4 0.0 0.3 3.0Quercus shumardii 3.3 1.1 100 0.6 0.1 0.5 2.2Quercus macrocarpa 3.3 1.1 33 0.2 0.0 0.0 1.4
Quercus sp. 3.3 1.1 33 0.2 0.0 0.0 1.3
Menispermum canadense 3.3 1.1 33 0.2 0.0 0.0 1.3

Total 15667 20.3

coCPI
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Table 8-12 Frequency of species in the ground layer and average ground layer
cover in the south floodplain Woods, Community 8, near Wolf Creek
Generating Station, Burlington, Kansas, September 1980.

Relative
Species Frequency Frequency

Elymus virginicus 66.7 28.2
Carex sp. 33.3 14.1
Rhus radicans 30.0 12.7
Parthenocissus quinquefolia 23.3 9.8
Ruellia strepens 20.0 8.4
Geum canadense 10.0 4.2
Laportea canadensis 10.0 4.2
Celtis occidentalis 6.6 2.8
Smilax hispida 6.6 2.8
Quercus sp. 3.3 1.4
Euonymus atropurpureus 3.3 1.4
Muhlenbergia frondosa 3.3 1.4
Symphoricarpos orbiculatus 3.3 1.4
Festuca obtusa 3.3 1.4
Leersia virginica 3.3 1.4
Ambrosia trifida 3.3 1.4
Menispermum canadense 3.3 1.4
Gleditsia triacanthos 3.3 1.4

Community Ground Layer Cover 16%
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Table 8-13 Density (stems/ha) of saplinns and trees by diameter classes in the south floodplain woods(Community 8) near Wolf Creek Generating Station, Burlington, Kansas, September 1980.

Diameter Classes (centimeters D.B.H.)Saplinq Class Tree Class2.5- 6.3- Su - 10.1- 11.6- 25.1- 32.6- 40.1- 47.6- Sub-Species 6.2 10.0 total 17.5 25.0 32.5 40.0 47.5 55.0 >55.1 total Totals
Celtis occidentalis 129.2 75.0 204.2 41.7 8.3 8.3 4.2 62.5 266.7Ulmus americana 83.3 62.5 145.8 45.8 4.2 50.0 195.8Fraxinus pennsylvanica 45.8 16.7 62.5 8.3 8.3 4.2 4.2 25.0 87.5Acer saccharinum 4.2 4.2 8.3 8.3 4.2 4.2 29.2 45.8 54.2Quercus shumardii 4.2 4.2 4.2 12.5 4.2 12.5 8.3 41.7 45.8Carya laciniosa 4.2 8.3 12.5 16.7 8.3 4.2 29.2 41.7auercus Dalustris 0.0 12.5 8.3 4.2 4.2 29.2 29.2Quercus macrocarpa 0.0 4.2 8.3 8.3 4.2 25.0 25.0Cercis canadensls 16.7 8.3 25.0 0.0 .25.0Morus rubra 8.3 4.2 12.5 4.2 4.2 16.7Gynnocladus diolca 12.5 12.5 4.2 4.2 16.7Crataegus sp. 8.3 8.3 

0.0 8.3Platanus occidentalls 0.0 4.2 4.2 4.2Ulmus rubra 4.2 4.2 0.0 4.2Gleditsia triacanthos 0.0 4.2 4.2 4.2Juglans nlgra 0.0 4.2 4.2 4.2
Totals 320.8 183.3 500.0 120.8 33.3 45.8 50.2 54.3 16.7 8.3 329.4 829.4

c)



8.2.4 Flood Susceptibility Analysis

Flood susceptibility indices were calculated from the September 1980 shrub
stratum data. The flood susceptibility indices are based on phytosociology
of the shrub-stratum data and, as with the similarity indices, have changed
little over the monitoring period. For the north floodplain woods, values
ranged from 8.14 in 1975 to 8.84 in 1977 and averaged 8.51 (Table 8-14); the
1980 value was 8.48. South floodplain woods values have ranged from 6.19 in
1978 to 6.69 in 1980 and averaged 6.52. The high 1980 value is a result of
the 1979 flood damage to the extensive stands of poison ivy present in the
most heavily flooded locations of the community. Poison ivy has a low
species weighting value in the flood susceptibility index calculation, and
therefore, the decrease in density and cover of this species resulted in a
higher flood susceptibility index.

8.2.5 Land Use Disturbance

Construction-related land-use disturbance on the WCGS site in 1980 affected
approximately 160 acres. This was a sharp decrease from the 760 acres
disturbed in 1979 and reflected the near completion of the project. The
total disturbed acreage through 1980 was 2,330 acres or 24 percent of the
9,818-acre site.

The major land disturbance in 1980 was the clearing of approximately 110
acres of riparian woodland along Wolf Creek in the cooling lake basin.
Quarrying for fill and riprap disturbed three smaller parcels of land totaling
50 acres.

The closure of the cooling lake dam will have a long term impact on the WCGS
site and the downstream reach of Wolf Creek. The cooling lake will flood
approximately 5,000 acres of riparian woodland, upland woodland, pasture and
range, and abandoned agricultural land. The vegetation at the periphery of
the lake will shift in composition to more mesic and hydric species. Mudflats,
similar to those described for John Redmond Reservoir (Uhlemann et al. 1978)
and other wetlands will develop along much of the lake shore.

Dam closure will alter the downstream flow regime probably causing a shift in
species composition of the riparian woodlands. Wolf Creek is an intermittent
stream with little or no base flow. Release of water from the cooling lake
is expected to be minimal and consequently the lower reach of Wolf Creek
between the dam and the confluence with the Neosho River will receive much
less water and experience floods of much less magnitude than in the past.
Upland species will gradually dominate the floodplain woodlands, and vegetation
will probably invade much of the creek bed. In addition, farmers downstream
of the dam, anticipating less flooding, are beginning to clear the floodplain
in order to expand their fields. This trend could result in a substantial
loss of wooded habitat in an area where woodlands are scarce.

The removal of vegetation and the filling of the cooling lake will displace
numerous species of wildlife. Most bird species, deer, furbearers, and
other large mammals may relocate to adjacent and outlying areas, although the
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Table 8-14 Shrub stratum flood susceptibility index, for all years sampled,
of the north and south floodplain woods (Communities I and 8,
respectively), near Wolf Creek Generating Station, Burlington,
Kansas.

Location/Year Flood SusceDtibilitv

North floodplain woods

1975
1976
1977
1978
1979
1980

Average

South floodplain woods

1976
1977
1978
1979
1980

Average

8.14
8.46
8.84
8.71
8.42
8.48

8.51

6.54
6.60
6.19
6.60
6.69

6.52
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carrying capacity for these species will be reduced due to habitat loss.
Most of the small mammals and reptiles in or adjacent to the cooling lake
will probably be lost. However, amphibian populations should increase. Due
to the limited amount of new habitat disturbed, additional wildlife losses
during 1980 probably were not large.

8.3 SUMMARY AND CONCLUSIONS

Species representative of both the oak-hickory and northern floodplain forest
types were present in the northern floodplain woods. Hackberry and bur oak
were dominant in the tree strata which were only slightly changed from
previous years. Ground coverage of the shrub stratum in 1980 was sharply
reduced but stem density increased; these effects were attributed to the
severe flooding of the community in 1979. Ground-layer data were similar to
previous years.

Tall-grass prairie species dominated the abandoned railroad right-of-way,
which was compositionally similar to the previous years, although diversity
had declined. Prairie grasses have gradually attained complete dominance
during the study period as weeds and pasture plants have decreased in abun-
dance. Ground cover was lower than in 1979 and the productivity estimate was
lower than all previous estimates. Decreases in diversity, ground cover, and
productivity were attributed to a combination of litter accumulation in the
community and the summer drought of 1980.

The south floodplain woods contained species common to the oak-hickory and
northern floodplain forest types. The tree strata were virtually unchanged.
Silver maple, hackberry, American elm, Shumard's oak, and pin oak were
dominant species in the overstory, and hackberry and American elm dominated
the understory. The shrub stratum was dominated by poison ivy, coralberry,
and hackberry. Poison ivy stands had been severely damaged by flooding in
1979, and the stem density and percentage ground cover of this species were
lower than 1978 and 1979 values. Ground-layer coverage was slightly reduced;
this was attributed to the summer drought of 1980.

The 1980 shrub-stratum flood susceptibility indices changed little from those
calculated in previous years.

No adverse construction-related effects on vegetation were inferred from the
1980 data from Communities 1, 2, or 8.

Construction-related land-use disturbances affected roughly 160 acres. This
was the lowest annual disturbance observed during the monitoring period and
reflects near completion of the project. The major portion of disturbed land
was riparian woodland which is of limited extent in the area and important
wildlife habitat. Closure of the cooling lake dam will have a long-term
impact on the vegetation of the Wolf Creek drainage. Approximately 5000
acres of riparian woodland, upland woodland, pasture and range, and abandoned
agricultural land will be flooded by the cooling lake. Mesic and hydric
plant communities will develop at the periphery of the lake and wetlands will
develop along the lake shore. Downstream of the dam the plant communities
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will change in response to the cessation of flooding and the reduction of
flow. Upland species should gradually dominate the old floodplain woods
and vegetation will invade the creek bottom.
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9. WILDLIFE

9.1 FIELD AND ANALYTICAL PROCEDURES

Wildlife populations were censused in two communities during the WCGS 1980
monitoring study (Figure 1-2). The north floodplain woods, Community 1
(NE 1/4, NW 1/4, Section 25, T20S, R15E), has been sampled since 1973. This
wooded community, located along Wolf Creek has not been recently disturbed by
logging.

The abandoned railroad right-of-way, Community 2 (NE 1/4, NE 1/4, Section 6,
T21S, R16E), was selected for study in May 1974 and has been sampled during
all subsequent monitoring studies. The community is typical of abandoned
railroad rights-of-way habitat in that there are relatively low areas parallel
to the former trackbed that are scattered with debris, and beyond which
lies a generally flat sod of prairie grasses. The tenant of an adjacent farm
pastured cattle up to the perimeter of this community and during 1976 removed
a fence along one edge, thus reducing the extent of neighboring undisturbed
habitat. Both communities were selected for their accessibility and value in
monitoring potential biotic changes resulting from proposed construction,
lake-filling, and station-operation activities.

9.1.1 Mammals

Mammals were quantitatively studied by small mammal trapping during September
1980 in the north floodplain woods and abandoned railroad right-of-way
communities and qualitatively surveyed during May, June, and September 1980,
and January 1981 along the 20-mile wildlife survey route and during habitat
searches. Incidental mammal observations during 1980 terrestrial wildlife
studies near WCGS were also recorded.

9.1.1.1 Small-mammal Trapping

Grids of 50 Sherman live traps (8 x 9 x 23 cm) were established during
September in the abandoned railroad right-of-way and north floodplain
woods communities to determine small mammal species composition and abundance.
One trap was placed at each station, with stations spaced at 10-m intervals
along lines 10 meters apart (abandoned railroad right-of-way: two rows,
12 traps each, two rows, 13 traps each; north floodplain woods: five rows,
10 traps each). Traps were baited with a mixture of rolled oats and peanut
butter, set for four consecutive nights, and checked daily. Captured animals
were toe-clipped, sexed, aged, weighed, and their reproductive condition
recorded. In communities where sufficient capture data were available, the
modified Peterson index (Seber 1973) was used to calculate population estimates.
Density estimates were determined by dividing the population estimate by the
trapping grid's area of influence. This area equals the area of the trapping
grid, plus the area inside a line around the perimeter of the grid "n" meters
from the grid boundary (where "n" equals the radius of a species' mean home
range).
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9.1.1.2 20-Mile Wildlife Survey Route

A 32-km (20-mi) wildlife survey route was established on roads throughout the
monitoring area to study mammals, birds, reptiles, and amphibians (Figure 1-2).
During each sampling month, the route was surveyed twice in the morning and
once after sunset. Mammalian species observed were recorded by mile interval
and their numbers indicated. Observations of eastern cottontail (Sylvilagus
floridanus) during June and September were summarized and reported as the
number observed per 20 miles.

9.1.1.3 Habitat Searches

Habitat searches were conducted in the north floodplain woods and abandoned
railroad right-of-way communities during May, June, and September 1980 and
January 1981. Information collected was used to determine species distribu-
tion, habitat preferences, and community composition. All mammal sign
including sight and scent observations, dens, scats, tracks, and feeding
signs were noted and reported by species, habitat, date, type, and number of
observations.

9.1.1.4 Supplemental Data

In addition to species recorded during community and general area surveys,
significant wildlife observations made during terrestrial studies near WCGS
were noted, and these data contributed to completing the site species list.

9.1.1.5 Nomenclature

Field identification was aided by reference to Burt and Grossenheider (1964)
and Murie (1954). Nomenclature followed Jones et al. (1975).

9.1.2 Avifauna

Avian surveys were conducted in May, June, and September 1980 and January
1981, to ensure that both summer and winter resident populations, as well as
those using the area during migration were identified. Species lists and
estimates of relative densities of game and nongame species that occur near
WCGS were derived from the censuses. Seasons were represented by May (spring),
June (summer), September (fall), and January (winter).

9.1.2.1 Transect Counts

Avian transects using Kendeigh's (1944) census technique were conducted in
the north floodplain woods and abandoned railroad right-of-way to determine
avian population density, relative abundance, and species composition.
Transect widths and lengths were delineated in 1973 using aerial photographs
and ground inspection. Trained observers walked the transects in the morning
or evening on three days during each sampling month (May, June, and September
1980, and January 1981). All auditory and visual cues of avian species that
were actually using the habitat at the time of censusing were recorded and
the duration of the count noted; species flying overhead or outside the
transect boundaries were not used to determine avian community composition,
but were noted for inclusion on the site species list. Data were reported
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by community, day, species, and number of observations and converted to
number of birds per hour to provide a basis for direct comparison. Relative
frequencies were also calculated for each species.

The bird species diversity index (BSD), a derivative of information theory
(Shannon and Weaver 1949) and a measure of biotic diversity (MacArthur 1965),
was calculated for each community. The equation

s
BSD = 1/N (N loge N - S ni loge ni)

i =I

(Lloyd et al. 1968), where

N = total population
ni = number of species observations
s = total number of species in the aggregation

was used to calculate diversity.

9.1.2.2 20-Mile Wildlife Survey Route

The 20-mile wildlife survey route was driven between sunrise and 1200 hours
during two days within each sampling period. Species observed during May and
September 1980, and January 1981 surveys were counted and their numbers
recorded by mile interval as the observer drove along the route. Methodology
for collecting data along the route during the June 1980 survey differed from
other months and previous studies by including species observed at 3-minute
stopping/counting periods at 0.8-km (0.5-mi) intervals along the route.
Data collected at the stops was included in the survey and reported on a
per-mile basis. The difference in methodology does not compromise the data,
however, avian information collected during the June 1980 wildlife survey is
not numerically comparable to previous year's data.

Data on avian game species also were collected along the survey route.
Bobwhite (Colinus virginianus) call count surveys were conducted in May and
June. The number of bobwhite calls heard during a 2-minute counting period
at stops located at one-mile intervals along the route was recorded. Data
were summarized and reported by mile interval along the route. Mourning
dove (Zenaida macroura) observations along the 20-mile wildlife survey route
during May and June also were summarized and reported by mile interval.

9.1.2.3 John Redmond Reservoir and Dam

Birds were qualitatively assessed during May, June, and September 1980, and
January 1981 at John Redmond Reservoir and Dam. All avian observations
during two counting periods in each month were recorded and a separate
annotated species list was compiled for this area.
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9.1.2.4 Supplemental Data

In addition to species recorded during community and general area surveys,
significant avian observations made during terrestrial studies near WCGS were
noted and these data contributed to completing the site species list.

9.1.2.5 Nomenclature

Field identification was aided by reference to Peterson (1947) and Robbins et
al. (1966). Nomenclature followed the American Ornithologist's Union (1957,
1973, 1976).

9.1.3 Herpetofauna

Reptiles and amphibians were qualitatively surveyed in May, June, and September
1980, and January 1981. Data collected during habitat searches and along the
20-mile wildlife survey route provided information on herpetofauna community
composition, relative abundance, and distribution.

9.1.3.1 20-Mile Wildlife Survey Route

The 20-mile wildlife survey route was driven twice in the morning and once
after sunset during May, June, and September 1980. Reptile and amphibian
observations were recorded by mile interval and their numbers indicated.

9.1.3.2 Habitat Searches

Habitat searches were conducted in the north floodplain woods and abandoned
railroad right-of-way communities during all sampling months. Searches
included investigations of wet areas and dead tree stumps, turning over logs
and stones, raking through debris and leaf litter, and looking in other
likely places. Herpetofauna observations were recorded by species, habitat,
date, type, and number of observations.

9.1.3.3 Supplemental Data

In addition to species recorded during community and general area surveys,
significant herpetofauna observations made during terrestrial wildlife
studies near WCGS were noted and data contributed in completing the site
species list.

9.1.3.4 Nomenclature

Identification was aided by reference to Conant (1975). Nomenclature
followed Collins et al. (1978).

9.1.4 Endangered and Threatened Species

All species lists were checked against official lists of endangered and
threatened species (Kansas Fish and Game Commission 1978; United States
Department of the Interior (USDI) 1979).
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9.2 RESULTS AND DISCUSSION

9.2.1 Mammals

Twelve mammal species were observed in two sampling communities, along
the 20-mile wildlife survey route, and at John Redmond Reservoir during the
1980 monitoring program (Table 9-1). Four mammals, eastern woodrat (Neotoma
floridana), fox (Vulpes or Urocyon sp.), long-tailed weasel (Mustela frenata),
and muskrat (Ondatra zibethicus , were recorded for the first time near
WCGS. Since the monitoring program began in 1974, a total of 23 species has
been observed.

9.2.1.1 Small Mammals

Small mammal capture data from the 1973 baseline study are not directly
comparable to data collected during subsequent monitoring studies because of
changes in sampling technique and locations. There were additional alterations
in study sites and sampling schedules after the 1974 monitoring study that
made comparisons between portions of the 1974 and later monitoring studies
invalid. However, comparisons between subsequent studies are feasible.

White-footed mouse (Peromyscus leucopus) was the only mammal captured during
live-trapping studies in two communities during September 1980 (Table 9-2).
Eight individuals were captured in the north floodplain woods and one in the
abandoned railroad right-of-way. Density estimates were 8.0 and 0.9/ha in
the north floodplain woods and abandoned railroad right-of-way, respectively.

In contrast to previous years, white-footed mice were not abundant in the
north floodplain woods. The September 1980, white-footed mouse density was
53 percent lower than reported in 1979, 61 percent lower than the previous
five-year average (20.4/ha), and the lowest density since September 1975 when
7.0/ha were recorded (Table 9-3).

Density estimates of the white-footed mouse also were low in the abandoned
railroad right-of-way, however concentrations in this area have never been
high (Table 9-3). Although only one mouse was captured during September
1980, the September density estimate was equal to or was higher than all
previous September estimates except 1978 (1.8/ha). Data collected in this
community from 1975 to 1980 indicate that the population may be cyclic, with
lower densities during alternate years.

Cyclic population trends, typical of cricetid mice population fluctuations,
have been observed during the period 1975-1979 for other species captured
in both the north floodplain woods and abandoned railroad right-of-way.
Larger numbers of individuals and species were caught in 1976 and 1978,
whereas lower values were noted in 1975, 1977, and 1979. Following this
trend, relatively high densities would be expected in September 1980, however
this did not occur. A comparison of mammal densities in both communities
indicates lower populations in 1980 than 1979.

A flood that inundated the north floodplain woods during June 1979 is a
probable cause for low densities in this community during 1980. Small mammal
habitat was severely impacted during the flood and small mammal populations
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Table 971 Mammals observed near Wolf Creek Generating Station, Burlington, Kansas, 1974-1980.

Locationsa and Year
Ig7T- 75T- T/ -T 7-Common Name Scientific Name fIV/ 1VOU

Opossum
Short-tailed shrew
Least shrew
Eastern mole
Eastern cottontail
Fox squirrel
Beaver
Western harvest mouse
Deer mouse
White-footed mouse
llispid cotton rat

Eastern woodrat
Prairie vole
Woodland vole
Muskrat
louse mouse
Coyote
Fox
Raccoon
Long-tailed weasel
Striped skunk
Bobcat
White-tailed deer

Didelphis virginiana

Cryp•M-Is parva
Sa'-ýlp us a qu a-t-Vc u s
s• -yt -i -u -s ---n o--F ITan u s
ST1VFu ru -11 or gi TrSciurus niger

Ca-s to r can7rensIs
R"t t-Fodon tomys megalotis
Peromyscus manI TcU1Ms
P-eromyi scis leucopus
Sigmodon hi sp Fd-us-
eotoma Tflo-ridana

RTI--•-its ochrogaster
FiTc-rot-us pinetorum
-nd-at-ra- ze5thi1cu-s

FT6Sm-_i c UTh U s
a"nis--lTrans

V-u-pes--orUrocyon sp.
ProFy.on lotor-r
Mu-st-e T r -e--a-t a
M ephtF s smephitS

0-d-ocoiT•eu-svirginianus

3
2,la
5

la,5,6,3
la,6,3

2,5,6
la,6
2,5

5
la

la,3

5

1,2,6,3
1,6,3

7
8

1,6
2

1,3

I

1,2
1
1

2,3
1,3

2,8,9
1,2,8,9

2,9

2,8,9

8,9

1,2,3

1

- 1,4
- 1,2

1,2,3 2,3,
1,3 1,2,:

2 2
1,2 1,2

2

- 2
- 1

2,3,4 4

4
3

3
1,3

2
1

I
3

1,4,3

1,2

3

4

2,3
1

3

I

- 3I-

2

4 1,2I, 2,

3

1 1 1,2la,6 1,4 1

aLocations: I -
la-
2-
3-
4-
5-
6-
7-
8-
9-

North floodplain woods (Community 1) (1975 to present)
Floodplain woods (1974 only)
Abandoned railroad right-of-way (Community 2)
20-mile wildlife survey route
John Redmond Reservoir
Open pasture (Community 3) (1974 and 1975 only)
Mixed shrub-grass pasture (Community 4) (1974 and 1975 only)
Mouth of Wolf Creek (1975 only)
Wet mudflat (1976 only) (Community 9)
Dry mudflat (1976 only) (Community 10)
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Table 9-2 Small mammal capture data for two communities near

Burlington, Kansas, September 1980.
Wolf Creek Generating Station,

Density
Total Total Total Number of Percent Estimate

Location/Species Captured Marked Recaptured Individuals Composition (Number/ha)a

North Floodplain Woods
Peromyscus leucopus 10 8 2 8 100.0 8.0

Abandoned Railroad Right-of-Way
Peromyscus leucopus 1 1 0 1 100.0 0.9

bHome range after Fitch (1958).
Insufficient data; derived from the actual number of animals captured.
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Table 9-3 Summary of small mammal densities (no./ha) in two communities near Wolf Creek
Generating Station, Burlington, Kansas, 1974-1980.

-Location/Speci es
1914 19/5 19/6

--u-tin 1ii p J :un Sepk Jun Sep -Ju-in -S-e~
1979 19B0Jun 'e

North Floodplain Woods

Didelphis virginlana
Blarina brevicauda
Peromyscus leucopus
Microtus pinetorum

Abandoned Railroad Right-of-Way

Nsa
Ns
NS
us

NS
HS
NS
NS

b

23.0 7.0
1.5 14.6

34.0 25.0

- - o.o~c
- - 1.5

25.0 17.0 23.0

1.5 c

30.01.6 c
0.8c

22.0 15.0

NS
NS
NS
NS

NS
NS
NS
NS
NS

Blarina brevicauda
MTcr-ous ochrogaster
Peromyscus maniculatus
Peromyscus leucopus
Sigmodon hipidus

0 . 7c

13.0 2.0 0.5

0 .4 c
7.5
0.7

16.0

1.3
1 . 3c

2.9
0.9

23.0

2.9
0.9c

1.3C

0.7c 11.4

20.0

8.0

0 .9c

2.5
6.4
1.8

11.0

1.4

aNot sampled.
bNone captured.
Cinsufficient data; derived from the actual number of animals captured.



probably had not recovered by September 1980. Natural population variation
is another explanation for low 1980 densities in the north floodplain woods
and the probable cause for low densities in the abandoned railroad right-of-way.

Comparing the two communities shows that although small mammal species
richness was equal in both communities, densities were greater in the north
floodplain woods. In addition to small mammals captured during live-trapping,
several eastern mole (Scalopus aquaticus) tunnels were observed during
September in the north floodplain woods (Table 9-4).

Small-mammal trapping was not conducted during June as in previous years,
therefore, seasonal changes in small mammal populations could not be examined
during the 1980 monitoring program. Typically, seasonal variation does occur
in small mammal populations. The highest densities are expected in the fall
after the breeding season when young have been recruited into the population.
Mortality during winter usually reduces population densities and the lowest
population estimates are expected in the spring before the breeding season.

9.2.1.2 Eastern Cottontail Census

Habitat near WCGS supports low-to-moderate cottontail densities as indicated
by data collected along the wildlife survey route during the 1980 monitoring
program. The highest rabbit density index along the route was noted in June
(0.15/mi). This density is 100 percent higher than the June 1979 density and
about 25 percent higher than the five-year average for the period 1974-1979
(0.12/mi). During September and January, cottontail density was 0.04/mi;
cottontails were not sighted along the route in May.

Data collected during Rural Mail Carrier Surveys (RMCS) by the Kansas Game
and Fish Commission (1981, personal communication) did not show similar
increases. Although not directly comparable by month, cottontail densities
as calculated by RMCS for Coffey County during April, July, and October were
0.004, 0.02, and 0.01/mi respectively. The cottontail index for the southeast
region that includes Coffey County was down in April (-22 percent) and
July (-19 percent) and up in October (+10 percent) from last year's index.
These data reflect seasonal and yearly fluctuations typical of eastern
cottontail populations. No trend is indicated by these fluctuations.

9.2.1.3 Incidental Mammal Observations

Four large mammals were observed during terrestrial studies in the north
floodplain woods: fox squirrel (Sciurus niger), fox, raccoon (Procyon
lotor), and white-tailed deer (Odocoileus virginianus) (Table 9-4). Raccoon
and white-tailed deer tracks were noted in May, June, and September. In
addition, two deer were sighted in June. Squirrel activity and fox tracks
were observed during September.

A coyote (Canis latrans) scat, noted during January was the only large-
mammal observation in the abandoned railroad right-of-way during the 1980
monitoring program (Table 9-4).
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Table 9-4 Incidental wildlife observations near Wolf Creek Generating Station,
Burlington, Kansas, May 1980 - January 1931.

Type of
Location/Species Scientific Name Date Observation Number

North Floodplain Woods
Eastern mole

Fox squirrel

Fox sp.
Raccoon

White-tailed deer

Bul 1 frog

Abandoned Railroad Right-of-Way
p Coyote
Eastern yellowbelly racer
Western massasauga

Ornate box turtle

Box turtle

xhn Redmond Reservoir and Dam
RW'Fox squirrel

Muskrat
Prairie kingsnake

20-Mile Survey Route
Opossum
Eastern cottontail

Fox squirrel

Eastern woodrat
Coyote

Long-tailed weasel
Blanchard's cricket frog
American toad
Snapping turtle
Ornate box turtle

Box turtle

Scalopus aquaticus
Sc urus niger

Vulpes of Urocyon sp.
Trocyon lot-tor

Odocoileus virginianus

Rana catesbeiana

Canis latrans
CTluber constrictor
STs-trurus catenatus

Terrapene ornata

T. ornata or T. carolina

Sciurus niger
Unda-tra zibethicus
Lampropeltis calIligaster

Didelphis virginianus
Sylvilagus floridanus

Sciurus niger

Neotoma floridana
Ca-ns-Tatrans

Mustela frenata
Acr--1S crepian

Sfoamericanus
i-eiTydra serpentina

Terrapene ornata

T. ornata or T. carolina

3 September
3 September
5 September
5 September
5 May

17 June
5 September
5 May

16 June
17 June
5 September
5 September

1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980

22 January
6 May

17 June
5 September

18 June
5 September
4 September

1981
1980
1980
1980
1980
1980
1980

1981
1980
1980

22
16
3

January
June
September

Tunnels
Sight
Sight
Tracks
Tracks
Tracks
Tracks
Tracks
Sight
Tracks
Tracks
Sight

Scat
Sight
Sight
Sight
Sight
Sight
Dead

Sight
Sight
Dead

Sight
Sight
Sight
Sight
Dead
Sight
Dead
Sight
Sight
Sight
Dead
Chorus
Sight
Dead
Chorus
Chorus
Sight
Sight
Sight
Dead
Sight
Dead

Several
1
1

1 set
I set
I set
Many
1 set

2
1 set
Ma ny
Many

I
2
1
1
1
1
1

2
1
1

2 September 1981
16 June 1980
17 June 1980
18 June 1980
2 September 1980
4 September 1980

21 January 1981
6 May 1980

22 January 1981
3 September 1980
5 May 1980

17 June 1980
18 June 1980

5 May 1980
5 May 1980

17 June 1980
17 June 1980
18 June 1980

2 September 1980
3 September 1980
4 September 1980

1
1
5
6
1
1
1
3
1
1
1
1
1
1
1
5
1
1
i
1
1
1
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Two mammalian species were observed at John Redmond Reservoir during the 1980
monitoring program (Table 9-4). Two fox squirrel were noted in January and
one muskrat was sighted in June.

9.2.1.4 The 20-Mile Wildlife Survey Route

Six species were observed along the wildlife survey route (Table 9-4).
Eastern cottontail was the most abundant species observed during wildlife
surveys; 12 were noted in June, 3 during September and January, and no
cottontail were sighted in May. In addition to cottontail observations
during September surveys, single sightings of opossum (Didelphis virginianus)
and eastern woodrat were also recorded. Fox squirrel was observed in May and
January, coyote during May and June, and one long-tailed weasel in June.

9.2.1.5 Endangered and Threatened Species

No mammalian species listed as endangered or threatened (Kansas Fish and Game
Commission 1978, USDI 1979) were observed near WCGS during the monitoring
program.

9.2.2 Avifauna

Ninety-eight avian species were observed in the two sampling communities and
along the wildlife survey route during the 1980 monitoring program. This
total includes 39 summer, 33 permanent, 19 migrant, and 8 winter resident
species (Table 9-5). A total of 65 species was recorded at John Redmond
Reservoir (Table 9-6).

Johnston (1965) examined the distribution of birds in Kansas and reported
that 383 species occur in the state; 184 of these species are known to breed
in Kansas. The Flint Hills National Wildlife Refuge, which is several miles
west of WCGS, has compiled a list of 183 species (USDI 1970). Waterfowl and
waterbird populations at the refuge have been documented by the U.S. Fish and
Wildlife Service for the period between October 1979 and September 1980
(Appendix H). A total of 156 avian species has been documented at the WCGS
site since the monitoring program began in 1974 and 121 avian species have
been observed at John Redmond Reservoir since 1976 (Tables 9-7 and 9-8).
Wetland habitat, which attracts approximately 60 aquatic species at the Flint
Hills refuge, was not present near WCGS, accounting for the lower number of
observed species. Aquatic and wetland habitat will become available in 1981
when the WCGS cooling lake is complete, and utilization by species new to the
site is expected.

9.2.2.1 Community Surveys

9.2.2.1.1 North Floodplain Woods Transect

A total of 27 species was observed in the north floodplain woods during May,
June, September, and January surveys (Table 9-9). The largest number of
species was observed during the spring migration in May; the fewest were
sighted in winter during January (Table 9-10). Sixteen breeding species were
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Table 9-5 Species list, residency status, and community and monthly occurrence
of avifauna near Wolf Creek Generating Station, Burlinoton, Kansas,
nay 1930 through January 1981.

Residency Community 2u-mile
Statusa 1 2 Survey

mMy Jn a
May Jun SeD Jan

Common Name Scipntifirc Name
Scientific Name

Pied-billed Grebe
Double-crested Cormorant
Great Blue Heron
Green Heron
Mallard
Gadwall
Blue-winged Teal
Wood Duck
Duck sp.
Turkey Vulture
Black Vulture
Cooper's Hawk
Red-tailed Hawk
Rough-legged Hawk
Bald Eagle
Marsh Hawk
Osprey
American Kestrel

ohite
ican Coot
1 deer

Upland Sandpiper
Spotted Sandpiper
Greater Yellowlegs
Least Sandpiper
Ring-billed Gull
Forster's Tern
Tern sp.
Rock Dove
Mourning Dove
Yellow-billed Cuckoo
Black-billed Cuckoo
Great Horned Owl
Barred Owl
Common Nighthawk
Chimney Swift
Belted Kingfisher
Common Flicker
Red-bellied Woodpecker
Red-headed Woodpecker
Hairy Woodpecker
Downy Woodpecker
Eastern Kingbird
Western Kingbird
Scissor-tailed Flycatcher
Great Crested Flycatcher
Eastern Phoebe
Least Flycatcher
Eastern Wood Pewee
Horned Lark

O Swallow
-winged Swallow
Swallow

Podilymbus podiceps
Phalacrocorax auritus
Ardea herodias
Butorides striatus
Anas platyrhynchos
Anas strepera
Anas discors
Aix sponsa
Anas sp.
Carthartes aura
Coragyps atratus
Accipiter cooperi
Buteo jamaicensis
Buteo lagopus
Haliaeetus leucocephalus
Circus c
Pandion haliaetus
Falco sparverius
Colinus virginianus
Fulica americana
Charadrius vociferus
Bartramia longicauda
Actitis macularia
Tringa melanoleucus
Calidris minutilla
Larus delawarensis
Sterna forsteri
Sterna sp.
Columba livia
Zenaida macroura
Coccyzus americanus
Coccyzus erythropthalmus
Bubo virginianus
Strix varia
Chordeiles minor
Chaetura pelagica
Megaceryle alcyon
Colaptes auratus
Melanerpes carolinus
Melanerpes erythrocephalus
Picoides villosus
Picoides pubescens
Tyrannus tyrannus
Tyrannus verticalis
Muscivora forficata
Myiarchus crinitus
Sayornis phoebe
Empidonax minimus
Contopus virens
Eremophila alpestris
Iridoprocne bicolor
Stel gidopteryx ruficollis
Hirundo rustica

x
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Table 9-5 (continued)

Residency Community 20-mile Month
.Common Name Scientific Name Statusa 1 2 Survey May Jun Sep Jan

Cliff Swallow
Blue Jay
Common Crow
Black-capped Chickadee
Tufted Titmouse
White-breasted Nuthatch
House Wren
Mockingbird
Brown Thrasher
American Robin
Wood Thrush
Eastern Bluebird
Blue-gray Gnatcatcher
Loggerhead Shrike
Starling
Bell's Vireo
Red-eyed Vireo
Warbling Vireo

<k-and-white Warbler
Wille Warbler
hern Waterthrush

Common Yellowthroat
Wilson's Warbler
House Sparrow
Eastern Meadowlark
Western Meadowlark
Red-winged Blackbird
Orchard Oriole
Northern Oriole
Brewer's Blackbird
Common Grackle
Brown-headed Cowbird
Summer Tanager
Cardinal
Indigo Bunting
Dickcissel
American Goldfinch
Grasshopper Sparrow
Vesper Sparrow
Lark Sparrow
Dark-eyed Junco
Tree Sparrow
Field Sparrow
Harris' Sparrow
White-crowned Sparrow
Song Sparrow

Petrochelidon pyrrhonata
Cyanocitta cristata
Corvus brachyrhynchos
Parus atricapillus
Parus bicolor
Sitta carolinensis
Troglodytes aedon
Mimus polyglottos
Toxostoma rufum
Turdus migratorius
Catharus mustelina
Sialia sialis
Polioptila caerulea
Lanius ludovicianus
Sturnus vulgaris
Vireo bellii
Vireo olivaceus
Vireo gilvus
Mniotilta varia
Vermivora ruficapilla
Seiurus noveboracensis
Geothlypis trichas
Wilsonia pusilla
Passer domesticus
Sturnella magna
Sturnella neglecta
Agelaius phoeniceus
Icterus spurius
Icterus galbula
Euphagus cyanocephalus
Quiscalus quiscula
Molothrus ater
Piranga rubra
Cardinalis cardinalis
Passerina cyanea
Spiza americana
Carduelis tristis
Ammodramus savannarum
Pooecetes gramineus
Chondestes grammacus
Junco hyemalis
Spizella arborea
Spizella pusilla
Zonotrichia querula
Zonotrichia leucophrys
Melospiza melodia

x
x
x
x
x
x

x
x

x

x

x

x

x

x
x
x

x
x x
x x
x x
x x
x x
x x
x x
x x
x x

x
x x

x
x x
x x
x
x x
x x

x
x x
x x
x x

x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x

x

x x
x x

x
x x
x

x

x
x
x
x

x x
x

x
x x
x
x
x
x
x
x
x
x
x

X

x
x
x

x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x

x
x

x

x

x
x
x

x
x
x

x x
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x
x x
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x
x
x
x
x
x
x
x
x
x

x
x
x
K

x
K
K
K
K

x

x
x

X X

X

a ., = Migrant
P = Permanent resident
S = Summer resident

= Winter resident
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Table 9-6 Avian species observed near John Redmond Reservoir, Burlington, Kansas,
May 1980 through January 1981.

Common Name Scientific Name
Month

May June September January

Pied-billed Grehp
White Pelican
Bouble-crested Cormorant
Great Blue Heron
Green Heron
Little Blue Heron
Cattle Egret
Great Egret
Snow Goose
Mallard
Gadwal 1
Pintail
Blue-winged Teal
Wood Duck
Scaup sp.
Common Goldeneye
Duck sp.
Merganser sp.
Red-tailed HawkBaldEal

* * iarshaHawk
Osprey
American Kestrel
American Coot
Killdeer
Upland Sandpiper
Spotted Sandpiper
Greater Yellowlegs
Pectoral Sandpiper
Least Sandpiper
Sanderling
Shorebird sp.
Wilson's Phalarope
Herring Gull
Ring-billed Gull
Gull sp.
ForsLer's Tern
Least Tern
Tern sp.
Mourning Dove
Chimney Swift
Belted Kingfisher
Red-bellied Woodpecker
Downy Woodpecker
Eastern Kingbird
Western Kingbird
Scissor-tailed Flycatcher
Tree Swallow
Rough-winged Swallow
Barn Swallow
Cliff Swallow
Blue Jay

,, Common Crow
Mockingbird
Brown Thrasher
American Robin

Podilymbus podiceps
Pelecanus erythrorhynchos
Phalacorax auritus
Ardea herodias
Butorides striatus
Florida caerulea
Bubulcus ibis
Casmerodius albus
Chen caerulescens
Anas platyrhynchos
Anas strepera
Anas acuta
Anas discors
Aix sponsa
Aythya sp.
Bucephala clangula
Anas sp.
Mergus sp.
Buteo jamaicensis
Haliaeetus leucocephalus
Circus cyaneus
Pandion haliaetus
Falco sparveriuis
FuTica americana
Charadrius vociferus
Bartramia ion icauda
Actitis macu aria
Trina melanoleucus
Calidris melanotos
Calidris minutilla
Calidris alba
Charadriidae sp.
Steganopus tricolor
Larus argentatus

Larus delawarensis
Larus sp.
Sterna forsteri
Sterna albifrons
Sterna sp.
Zenaida macroura
Chaetura pelagica
Me-gaceryle alcyon
Melanerpes carolinus
Picoides pubescens
Tyrannus tyrannus
Tyrannus verticalis
Muscivora forficata
Iridoprocne bicolor
Stelgidopteryx ruficollis
Hirundo rustica
Petroche idon pvrrhonata
Cyanocitta cristata
Corvus brac_±rhynchos
Mimus polyglottos
Toxostoma rufum
Turdus migratorius

x

x x
x

x
x
x
x

x
x
x

x

x

x
x

x

x

x

x
x
x

x

x

x
x
x
x
x
x
x

x

x

x
x x

x
x
x

x

x

x
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x

x
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x
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x
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x
x
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x
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Table 9-6 (continued)

Month
Common Name Scientific Name May June September January

Loggerhead Shrike Lanius ludovicianus X X
Starling Sturnus vulgaris X x x
Warhling Vireo Vireo gilvus X
House Sparrow Passer domesticus X X X
Eastern Meadowlark Sturnella magna X X x x
Red-winged Blackbird Agelaius phoeniceus X X X X
Northern Oriole Icterus galbula X
Common Grackle Quiscalus quiscula X X
Brown-headed Cowbird Molothrus ater X X
Cardinal Cardinalis cardinalis X X
Dickcissel Spiza americana X
Dark-eyed Junco Junco hyemalis x
Tree Sparrow Spizella arborea x
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Table 9-7 Avian species observed near Wolf Creek Generating Station, Burlington,
Kansas, 1974 through 1980.

Year
1974 1975 1976 1977Common Name Scientific Name 1978 1979 1980

Pied-billed Grebe
[Jouble-crested Cormorant
Great Blue Heron
Green Heron
American Bittern
Canada Goose
White-fronted Goose
Snow Goose
Mallard
1adwal 1
lintail
flue-winged Teal
Green-winged Teal
American Wigeon
Wood Duck
Lesser Scaup
Common Merganser
Red-breasted Merganser
Turkey Vulture
Black Vulture
Sharp-shinned Hawk
Cooper's Hawk
Red-tailed Hawk
Broad-winged Hawk
Swainson's Hawk
Rough-legged Hawk
Bald Eagle
Marsh Hawk
Osprey
Prairie Falcon
Merlin
American Kestrel
ireater Prairie Chicken
•obwhite
American Coot
Killdeer
Common Snipe
Upland Sandpiper
Spotted Sandpiper
Greater Yellowlegs
Lesser Yellowlegs
Pectoral Sandp.iper
Least Sandpiper
Dowitcher sp.
Ring-billed Gull
Franklin's Gull
Forster's Tern
Rock Dove
Mourning Dove
Yellow-billed Cuckoo
Black-hilled Cuckoo
Great Horned Owl. Barred Owl
Long-eared Owl
Common Nighthawk
Chimney Swift

Podilymbus poieps
Phalacrocorax auritus
Ardea herodias
Butorides strTatus
Botarus lentiginosus
Branta canadensis
Anser albifrons
Chen caerulescens
Anas platyrhynchos
Anas strepera
Arnas acuta
Anas discors
Anas crecca
Anas americana
Aix sponsa
Aythya affinis
Mergus merganser
Mergus serrator
Carthartes aura
Coragyps atratus
Accip iter striatus
Accipiter EooFei
Buteo jamaicensis
Buteo platypterus
Buteo swainsoni
Buteo lagopus
Hal iaeetus leucocephalus
Circus cyaneus
Pandion haliaetus
Falco mexicanus
Falco columbarius
Falco sparverius
Tympanuchus cupido
Colinus virginianus
Fulica americana
Charadrius vociferus
CapeIla gallinago
Bartramia longicauda
Actitis macularia
Tringa melanoleucus
Tringa flavipes
Calidris melanotos
Calidris minutilla
Limnodromus sp.
Larus delawarensis
Larus pipixcan
Sterna forsteri
Columba livia
Zenaida macroura
Coccyzus americanus
Coccyzus erythropthalmus
Bubo virginianus
S-trTx varia
Asio otus
Ch-od-es minor
Chaetura pelagica

x
x

x

x
x

x

x

x
x
x
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x
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x
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x
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x
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x
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x
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Table 9-7 (continued)

p Year
1974 1975 1976 1977flnrmnon Name Scientific Name 1978 1979 1980

Common Name Scientific Name 1978 1979 1980

Ruby-throated Hummingbird
Belted Kingfisher
Common Flicker
Pileated Woodpecker

ORed-bellied Woodpecker
Red-headed Woodpecker
Hairy Woodpecker
Downy Woodpecker
Eastern Kingbird
Western Kingbird
Scissor-tailed Flycatcher
Great Crested Flycatcher
Eastern Phoebe
Least Flycatcher
Eastern Wood Pewee
Horned Lark
Tree Swallow
Rough-winged Swallow
Bar I1Swallow
CI6 Swallow

b P Martin
Blue Jay
Common Crow
Black-capped Chickadee
Carolina Chickadee
Tufted Titmouse
White-breasted Nuthatch

b Brown Creeper
House Wren
Winter Wren
Carolina Wren
Mockingbird
Gray Catbird
Brown Thrasher
American Robin
Wood Thrush
Veery
Eastern Bluebird
Blue-gray Gnatcatcher
Golden-crowned Kinglet
Ruby-crowned Kinglet
Water Pipit
Northern Shrike
Loggerhead Shrike
Starling
Bell's Vireo
Yellow-throated Vireo
Solitary Vireo
Red-eyed Vireo
Warbling Vireo
Black-and-white Warbler
Nelle Warbler
N rn Parula
Ye w Warbler
Yellow-rumped Warbler
Cerulean Warbler

Archilochus colubris
Megaceryle alcyon
Colaptes auratus
Dryocopus pileatus
Melanerpes carolinus
Melanerpes erythrocephalus
Picoides villosus
Picoides pubescens
Tyrannus tyrannus
Tyrannus verticalis
Muscivora forficata
Myiarchus crinitus
Sayornis phoebe
Empidonax minimus
Contopus virens
Eremophila alpestris
Iridoprocne bicolor
Stelgidopteryx ruficollis
Hirundo rustica
Petrochelidon pyrrhonata
Progne subis
Cyanocitta cristata
Corvus brachyrhynchos
Parus atricapillus
Parus carolinensis
Parus bicolor
Sitta carolinensis
Certhia familiaris
Troglodytes aedon
Troglodytes troglodytes
Thryothorus ludovicianus
Mimus polyglottos
Dumetella carolinensis
Toxostoma rufum
Turdus migratorius
Catharus mustelina
Catharus fuscescens
Sialia sialis
Polioptila caerulea
Regulus satrapa
Regulus calendula
Anthus spinoletta
Lanius excubitor
Lanius ludovicianus
Sturnus vulgaris
Vireo bellii
Vireo flavifrons
Vireo solitarius
Vireo olivaceus
Vireo gilvus
Mniotilta varia
Vermivora ruficapilla
Parula americana
Dendroica petechia
Dendroica coronata
Dendroica cerulea

x x
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x xx
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x
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x x
x x

x x
x x x
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Table 9-7 (continued)

Common Name
Blackburnian Warbler
Chestnut-sided Warbler
Bay-breasted Warbler
Ovenbird
Northern Waterthrush
Kentucky Warbler
Common Yellowthroat
Wilson's Warbler
American Redstart
House Sparrow
Bobolink
Eastern Meadowlark
Western Meadowlark
Yellow-headed Blackbird
Red-winged Blackbird
Orchard Oriole
Northern Oriole
Brewer's Blackbird
Common Grackle
Brown-headed Cowbird

Qeer Tanager
in nal

e_ breasted Grosbeak
Indigo Bunting
Dickcissel
Purple Finch
Pine Siskin
American Goldfinch
Rufous-sided Towhee
Savannah Sparrow
Grasshopper Sparrow
Vesper Sparrow
Lark Sparrow
Dark-eyed Junco
Tree Sparrow
Chipping Sparrow
Field Sparrow
Harris' Sparrow
White-crowned Sparrow
White-throated Sparrow
Fox Sparrow
Lincoln's Sparrow
Song Sparrow :
Lapland Longspur

Year
Scientific Name 1974 1975 1976 1977 1978 1979 1980

Dendroica fusca
Dendroica pensylvanica
Dendroica castanea
Seiurus aurocapillus
Seiurus noveboracensis
Oporornis formosus
Geothlypis trichas
Wilsonia pusilla
Setophaga ruticilla
Passer domesticus
Dolichonyx oryzivorous
Sturnella magna
Sturnella neglecta
Xanthocephalus xanthocephalus
Agelaius phoeniceus
Icterus spurius
Icterus galbula
Euphagus cyanocephalus
Quiscalus quiscula
Molothrus ater
Piranga rubra
Cardinalis cardinalis
Pheucticus ludovicianus
Passerina cyanea
Spiza americana
Carpodacus purpureus
Carduelis pinus
Carduelis tristis
Pipilo erythrophthalmus
Passerculus sandwichensis
Ammodramus savannarum
Pooecetes gramineus
Chondestes grammacus
Junco hyemalis
Spizella arborea
Spizella passerina
Spizella pusilla
Zonotrichia guerula
Zonotrichia leucophrys
Zonotrichia albicollus
Passerella iliaca
Melospiza lincolnii
Melospiza melodia
Calcarius lapponicus

X
X

X

X
X
X

X X

X

X

X
x

X
X
X
x

X X X
X

X X X
X X

X X X
X X X
X X X

X X X
X X X

X X
X X X

X
X X X
X X X

X
X X
X
X X
X X
X X
X X
X X
X X
X
X X
X X
X X

X
x X

X
X X

X

X

X

X
X
X
X
X
X
X
X
X
X

x

X X
X
X

x X
X X
X X
X
x x
X X
x
x x

X X
X X
X
X
x x
X
X
x x

x X
X X
X X
x X
X X
X X
X X
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x
X x
X

x

X
X

X
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X
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x
X
X

X
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X
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X
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X
Xx
X

Xx
x
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X X
X X

X x

X

X
Xx

X
X
X
X
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X
X
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X
X
X

x x

Total number of species
Total number of species (1974-1980)

83
156

90 99 97 88 87 98
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Table 9-8 Avian species observed near John Redmond Reservoir, Burlington,
Kansas, 1976 through 19 8 0 .a

Year
T176T977 1978_Common Name Scientific Name 1979 1980

Pied-billed Grebe
Ohlute Pelican
{)Iubhle-crested Cormorant
Great Blue Heron
Green Heron
Little Blue Heron
Cattle Egret
Great Egret
Canada Goose
Snow Goose
Ma 11 a rd
Gadwall
Pintail
Blue-winged Teal
Green-winged Teal
American Wigeon
Northern Shoveler
Wuod Huck.edhead
Canvasback
Scaup sp.
Common Goldeneye
Bufflehead
Red-breasted Merganser
Merganser sp.
Turkey Vulture
Red-tailed Hawk
Swainson's Hawk
Rough-legged Hawk
1ýald Eagle
Marsh hawk
Osprey
American Kestrel
I;obwhite
American Coot
Senipalmated Plover
Killdeer
Black-bellied Plover
Common Snipe
Upland Sandpiper
Spotted Sandpiper
Solitary Sandpiper
Greater Yellowlegs
Lesser Yellowlegs
Pectoral Sandpiper
Baird's Sandpiper
Least Sandpiper
Dunlin
Short-billed Dowitcher
Long-billed Dowitcher
Semipalmated Sandpiper
Buff-breasted Sandpiper

* Sanderling
American Avocet
Wilson's Phalarope
Herring Gull

Podilymbus podiceps
Pelecanus erythrorhynchos
Phalacrocorax auritus
Ardea herodias
Butorides striatus
Florida caerulea
Bubulcus ibis
Casmerodius albus
Branta canadensis
Chen caerulescens
Anas platyrhynchos
Anas strepera
Anas acuta
Anas discors
Anas crecca
Anas americana
Anas clypeata
Aix sponsa
Aythya americana
Aythya valisineria
Aythya sp.
Bucephala clanu.ula
Bucephala albeola
Mergus serrator
Mergus sp.
Carthartes aura
Buteo jamaicensis
Buteo swainsoni
Buteo lagopus
Tfaliaeetus leucocephalus
Circus cyaneus
Pandion haliaetus
Falco _parverius
Colinus virginianus
Fulica americana
Charadrius semipalmatus
Charadrius vociferus
Pluvialis squatarola
Capella gallinago
Bartramia longicauda
Actitis macularia
Tringa solitaria
Tringa melanoleucus
Tringa flavipes
Calidris melanotos
Calidris bairdii
Calidris minutilla
Calidris alpina
Limnodromus griseus
Limnodromus scolopaceus
Calidris pusillus
Tryngites subruficollis
Calidris aTba
Recurvirostra americana
Steganopus tricolor
Larus argentatus

x
x
x

x
x

x
x
x
x

x
x

x
x

x
x x x
x x
x x x
x x x

x
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x
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x
x

x x x x
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Table 9-8 (continued)

Year
1976 1977 1978 1979 1980rnmmnnn Name Scientific Name

Common Name Scientific Name

Ring-billed Gull
Franklin's Gull
Forster's Tern
Least Tern
Caspian Tern
Black Tern
Mourning Dove
Great Horned Owl
Common Nighthawk
Chimney Swift
Belted Kingfisher
Common Flicker
Red-bellied Woodpecker
Red-headed Woodpecker
Hairy Woodpecker
Downy Woodpecker
Eastern Kingbird
Western Kingbird
Scissor-tailed Flycatcher
Horned Lark
Tree Swallow
Rough-winged Swallow
Barn Swallow
Cliff Swallow
Blue Jay
Common Crow
Black-capped Chickadee
House Wren
Mockingbird
Gray Catbird
Brown Thrasher
American Robin
[astern Bluebird
Ruby-crowned Kinglet
Water Pipit
Loggerhead Shrike
Starling
Bell's Vireo
Warbling Vireo
Yellow Warbler
House Sparrow
Eastern Meadowlark
Meadowlark sp.
Red-winged Blackbird
Northern Oriole
Common Grackle
Brown-headed Cowbird
Cardinal
Dickcissel
American Goldfinch
Savannah Sparrow
Grasshopper Sparrow
Vesper Sparrow
Lark Sparrow
Dark-eyed Junco
Tree Sparrow

Larus delawarensis
Larus pipixcan
Sterna forsteri
Sterna albifrons
Sterna caspia
Chlidonias niger
Zenaida macroura
Bubo virginianus
Chordeiles minor
Chaetura pelagica
Megaceryle alcyon
Colaptes auratus
Melanerpes carolinus
Me anerpes erythrocephalus
Picoides villosus
Picoides pubescens
Tyrannus tyrannus
Tyjrannus verticalis

Muscivora forficata
Eremophila alpestris
Iridoprocne bicolor
Stelgidopteryx ruficollis
Hirundo rustica
Petrochelidon pyrrhonata
Cyanocitta cristata
Corvus brachyrhynchos
Parus atricapillus
Troglodytes aedon
Mimus polyglottos
Dumetella carolinensis
Toxost.oma rufum
Turdus miqratorius
Sialia sialis
Regulus calendula
Anthus 5pinoletta
Lanius ludovicianus
Sturnus vulgaris
Vireo bellii
Vireo gilvus
Dendroica petechia
Passer domesticus
Sturnella magna
Sturnella sp.
Agelaius phoeniceus
Icterus galbula
Quiscalus quiscula
Molothrus ater
Cardinalis cardinalis
Spiza americana
Carduelis tristis
Passerculus sandwichensis
Ammodramus savannarum
Pooecetes gramineus
Chondestes grammacus
Junco hyemalis
Spizella arborea

x
x
x
x

x

x

x
x
x
x
x
x

x x x

x
x

x
x
x
x
x

x
x

x x
x
x

x x
x
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Table 9-8 (continued)

Year
Common Name Scientific Name 1976 1977 1978 1979 1980

Chipping Sparrow Spizella passerina X
Field Sparrow Spizella pusilla X
Harris' Sparrow Zonotrichia querula X X
White-crowned Sparrow Zonotrichia leucophrys X
Song Sparrow Melospiza melodia X

Total number of species 70 74 46 49 65
Total number of species (1976-1980) 121

a Avifauna was not censused at this location during the 1974 and 1975 monitoring

programs.
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Table 9-9 The number of birds observed per hour in the north floodplain
woods, Community 1, near Wolf Creek Generating Station, Burlington,
Kansas, May 1980 - January 1981.

Number Observed/Hour
Species May June September January

Yellow-billed Cuckoo - 4.5 1.0
Barred Owl 0.5 - --

Common Flicker 0.5 - 1.0 3.2
Red-bellied Woodpecker 2.1 1.8 5.7 1.6
Red-headed Woodpecker 1.0 1.8 1.9 4.0
Hairy Woodpecker 0.5 0.9 - -
Downy Woodpecker 1.6 3.6 2.9 1.6
Great Crested Flycatcher 2.6 5.4 5.7 -
Eastern Phoebe 0.5 - -
Least Flycatcher 0.5 - -
Eastern Wood Pewee 0.5 5.4 5.7 -
Blue Jay 7.3 1.8 5.7 4.0
Common Crow 0.5 0.9 6.7 2.4
Black-capped Chickadee 4.7 - 10.5 9.6
Tufted Titmouse 3.7 1.8 4.8 4.0
White-breasted Nuthatch 0.5 2.7 7.6 4.0
House Wren 5.7 3.6 1.9 -
American Robin - - - 0.8
Wood Thrush 1.0 - --

Blue-gray Gnatcatcher 3.7 - -
Red-eyed Vireo 4.2 4.5 1.0
Black-and-white Warbler 2.6 - -
Common Grackle - 0.9 -

Summer Tanager 1.0 - --

Cardinal 2.6 1.8 - 1.6
Indigo Bunting 2.1 0.9 - -
American Goldfinch - - 2.9 -

Total 49.9 42.3 65.0 36.8
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Table 9-10 Number of species, birds per hour, and species diversity of
avifauna recorded in two communities near Wolf Creek Generating
Station, Burlington, Kansas, May 1974 - January 1980.

Month
Variable May Jun Sep Nov Jan

North Floodplain Woods

Number of Species

1974
1975
1976
1977
1978
1979
1980

Birds per Hour

1974
1975
1976
1977
1978
1979
1980

Species Diversity

1974
1975
1976
1977
1978
1979
1980

18
23
26
16
15
19
23

12
9

20
18
16
13
16

12
11
15
16
10
19
15

9
11
17
12
15
17

a

10
20
14
12
10
11
11

37.3
72.6
58.0
48.0
40.0
81.7
49.7

22.7
8.0

110.8
90.0
67.0
62.6
42.3

26.0
15.7
71.9
68.0
21.5
74.8
64.0

18.7
39.2

441.3
60.0
89.5
99.3

a

17.3
97.9

143.3
51.9
52.0
46.9
36.8

2.63
2.74
2.91
2.57
2.39
2.79
2.80

2.35
2.11
2.56
2.45
2.35
2.39
2.60

2.30
2.09
2.32
2.35
2.16
2.64
2.51

1.89
2.21
0.98
2.33
2.36
2.49
a

1.96
2.67
2.25
2.21
1.93
2.12
2.20

Abandoned Railroad Riqht-of-Way

Number of Species

1974
1975
1976
1977
1978
1979
1980

21
14
14
13
19
18
12

17
11
19
16
13
13
13

13
3

17
14
17
11
12

15
5

10
12
12
6
a

12
15
2

12
9
9
8
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Table 9-10 (continued)

Month
Variable May Jun Sep Nov Jan

Abandoned Railroad Right-of-Way
(continued)

Birds per Hour

1974 69.6 63.3 239.0 176.0 274.0
1975 68.7 29.6 11.4 82.4 157.8
1976 75.0 122.0 88.7 139.0 7.5
1977 82.8 76.3 84.8 56.5 141.0
1978 49.4 60.9 136.8 426.1 43.0
1979 72.8 22.7 38.1 35.7 98.4
1980 31.5 39.9 41.0 a 167.1

Species Diversity

1974 2.66 2.62 1.53 1.98 1.47
1975 2.13 2.14 1.01 0.85 1.81
1976 2.20 2.45 2.16 1.50 0.45
1977 2.20 2.22 1.65 2.04 1.82
1978 2.49 2.20 2.03 1.54 1.60
1979 2.53 2.32 1.83 1.35 1.61
1980 2.39 2.23 2.07 a 1.56

a Not censused.
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recorded in June and 15 species were noted in September. The largest bird
concentrations coincided with spring and fall migration periods. Avian
abundance was lowest during January.

Several species used this community continually throughout the monitoring
period. Permanent residents included red-bellied woodpecker (Melanerpes
carolinus), red-headed woodpecker (Melanerpes erythrocephalus), blue jay
(Cyanocitta cristata), common crow (Corvus brachyrhynchos), and tufted
titmouse (Parus bicolor) (Table 9-9).

Avian activity was lowest during winter as indicated by the number of species
and birds recorded in January; 11 species were recorded, and an average
of 36.8 birds/hour was observed (Table 9-9). Black-capped chickadee (Parus
atricapillus) was the most abundant species in January. Avian community
composition during winter was dominated by woodland residents, including four
species of woodpeckers, tufted titmouse, and white-breasted nuthatch (Sitta
carolinensis).

Sixteen species comprised the summer breeding avifauna in the north floodplain
woods (Table 9-9). Species associated with open woodland and stream bank
habitat primarily used this community at this time. An average of 42.3
birds/hour was observed in June, and the most abundant species were great
crested flycatcher (Myiarchus crinitus) and eastern wood pewee (Contopus
virens). Also abundant were yellow-billed cuckoo (Coccyzus americanus),
red-eyed vireo (Vireo olivaceus), downy woodpecker (Picoides pubescens), and
house wren (Troglodytes troglodytes).

The influx of spring and fall migrants was reflected in data collected in
the north floodplain woods. During May, the highest species richness and the
second largest avian abundance were reported (Table 9-9). Blue jay, house
wren, and black-capped chickadee were the most abundant species in May.
Although several species including barred owl (Strix varia), eastern phoebe
(Sayornis hoebe), least flycatcher (Empidonax minimus), and summer tanager
(Piranga rubra were only observed during this month, transient species
(i.e., species defined by Rapp et al. (1958) as passing through en route from
a summer and winter residence that are outside the concerned area) were not
observed in this community during May.

An average of 65.0 birds/hour, the highest average for this community during
the study period, was observed during the fall migration in September (Table
9-9). Species with woodland habitat affiliations were the only birds observed
during September; 15 species were noted. The black-capped chickadee was the
most abundant species. The only species observed exclusively in September
was American goldfinch (Carduelis tristis).

9.2.2.1.2 Abandoned Railroad Right-of-Way Transect

Twenty-eight species were observed in the abandoned railroad right-of-way
(Table 9-11). Species richness remained relatively constant during the four
sampling periods. The largest number of species was noted during the breeding
season in June (13), twelve species were recorded during migration periods in
May and September, and eight species were observed in January (Table 9-10).
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Table 9-11 The number of birds observed per hour in the abandoned railroad
right-of-way, Community 2, near Wolf Creek Generating Station,
Burlington, Kansas, May 1980 - January 1981.

Number Observed/Hour
Species May June September January

Bobwhite 1.1 -
Killdeer 1.1 - 1.2 -
Mourning Dove 5.4 1.3 8.1 7.1
Black-billed Cuckoo - 1.2 -
Common Flicker 2.1 1.2 2.4
Red-headed Woodpecker - - 1.2 -
Eastern Kingbird 1.3 - -
Barn Swallow - 6.9 -
Blue Jay 1.1 - 4.6 -
Black-capped Chickadee - 4.0 - -
Mockingbird - 1.3 1.2 -
Brown Thrasher - 1.3 2.3 -
American Robin - 2.7 - -
Eastern Meadowlark 1.1 - 1.2 12.9
Western Meadowlark - 1.3 - -

Red-winged Blackbird 2.1 12.0 -
Orchard Oriole - 1.3 1.2 -

Common Grackle - 6.7 - -

Brown-headed Cowbird 3.2 2.7 11.5 -
Cardinal - - - 8.2
Dickcissel 1.1 -
Grasshopper Sparrow 2.1 - -
Lark Sparrow - 1.3 - -
Dark-eyed Junco - - 10.6
Tree Sparrow - - - 105.9
Field Sparrow 3.2 2.7 - -
Harris' Sparrow 5.4 - - 27.1
White-crowned Sparrow - - 14.1
Sparrow sp. 2.1 - - -

Total 31.1 39.9 41.8 188.3
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Avian abundance was highest in January (183.3 birds/hour), because of large
flocks of wintering sparrows. A total of 41.8 birds/hour was recorded in
September, 39.9 in June, and 31.1 in May.

Mourning dove was the only species recorded during all sampling months.
Eleven additional species considered permanent residents of the area were
also observed. These include bobwhite, two species of woodpecker, blue jay,
black-capped chickadee, mockingbird (Mimus polyglottos), eastern and western
meadowlarks (Sturnella neglecta, S. magna), red-winged blackbird (Agelaius
phoeniceus), and two finch species (Table 9-11).

Winter visitors dominated the avifauna in January. Eight species were
observed, and large flocks of wintering sparrows, including tree sparrow
(Spizella arborea), Harris' sparrow (Zonotrichia querula), and white-crowned
sparrow (Zonotrichia leucophrys) were responsible for the large number of
birds recorded (188.3 birds/hour) (Table 9-11). Five additional species,
mourning dove, common flicker (Colaptes auratus), eastern meadowlark, cardinal
(Cardinalis cardinalis), and dark-eyed junco (Junco hyemalis) were also
observed.

The abandoned railroad right-of-way did not provide good nesting habitat, and
avian activity was low during the breeding season. Thirteen species and 39.9
birds/hour were recorded in June. The red-winged blackbird was the most
abundant summer resident, and common grackle (Quiscalus quiscula) and black-
capped chickadee were also common. Species composition was typical for this
habitat type; mourning dove, blackbirds, and sparrows were noted.

Birds were not abundant during the spring sampling period in May. Twelve
species were recorded and 31.1 birds/hour were observed (Table 9-11).
Mourning dove and Harris' sparrow were the most abundant species, however,
their densities were low. One upland gamebird, bobwhite, was noted in
May.

The brown-headed cowbird (Molothrus ater) was the most abundant species
during September (Table 9-11). A total of 12 species was observed in this
month, with mourning dove, a permanent resident, and barn swallow (Hirundo
rustica) noted in relatively high densities. Several species including
black-billed cuckoo (Coccyzus erythropthalmus), red-headed woodpecker, and
barn swallow were only sighted during September. Winter finches, the predom-
inant species group noted during January, were not observed in September, and
probably arrived after sampling. A total of 41.8 birds/hour was recorded in
September.

9.2.2.1.3 Bird Species Diversity

Bird species diversity (BSD) reflects the total number of species in an area
and the relative importance of species within an aggregation. Seasonal BSD
values usually peak in the fall and spring because of the presence of migrants;
lowest values usually occur in January when few species and individuals are
in the area. Values are also usually higher in more structurally complex
habitats.
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BSD values were calculated for the north floodplain woods and abandoned
railroad right-of-way sampling communities during May, June, September, and
January (Table 9-10). Monthly values for the north floodplain woods reflected
seasonal avian abundance and diversity patterns. The highest BSD value was
recorded in May (2.80) reflecting the spring influx of species, and the
lowest BSD was noted during January (2.20) when only permanent and winter
residents were present. BSD was 2.60 in June and 2.51 in September. Similar
BSD trends were observed in the abandoned railroad right-of-way community.
The highest BSD was noted in May (2.39), the lowest in January (1.56).
Values for June and September were 2.23 and 2.07, respectively.

BSD values were higher for all months in the north floodplain woods than in
the abandoned railroad right-of-way community. This was expected because
more structurally complex communities generally have higher species diversity
(Karr 1968). In comparison to forest, grasslands are structurally simple and
have low BSD (Shugart and James 1973).

9.2.2.1.4 Comparison With Previous Studies

Data collected prior to November 1974 in a floodplain woods community
represented a different location and direct comparisons are not valid.
Comparisons are possible for the north floodplain woods community studied
after November 1974 and for all data collected in the abandoned railroad
right-of-way community.

Data collected in the north floodplain woods in 1980 indicated that there
were no consistent changes in avian community components from the previous
years (Table 9-10). In the abandoned railroad right-of-way, the number of
birds per hour in May was the lowest recorded during monitoring studies.
However, other avian community characteristics showed no trends in changes
from the previous year or from the average values obtained from the previous
five years of monitoring. In general, the seven years' data from both
communities show large fluctuations when annual species numbers and popula-
tions are compared (Table 9-10). No trends are indicated by these fluctua-
tions.

9.2.2.2 20-Mile Wildlife Survey Route

9.2.2.2.1 Seasonal Analysis

The last four miles of the 20-mile wildlife survey route including miles 16
through 20 were rerouted during the 1980-81 monitoring program due to road
inundation caused by filling of the cooling lake. The inundated portion of
the route was replaced with a new section that was chosen because of similarity
in habitat types to miles 16 through 20. The rerouting does not compromise
the data, although data collected during this years' surveys are not numer-
ically comparable to previous years data.

A total of 82 avian species was recorded along the wildlife survey route
during 1980 monitoring surveys (Table 9-5). Avian species abundance and
distribution reflected seasonal patterns and the variety of habitat types
along the route. The influx of species into the area during migration periods
was reflected by species richness, which was highest along the route during
spring (61) and fall (53). The lowest number of species (33) was recorded
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Table 9-12 Number of avian species and individuals observed along the
20-mile wildlife survey route near Wolf Creek Generating
Station, Burlington, Kansas, May 1973 - January 1981.

Month
Variable May Jun Sep Nov Jan

Number of Species

1973 37 a 27 37 a
1974 42 45 43 35 31
1975 45 41 42 34 33
1976 55 55 46 40 26b
1977 50 53 34 52 35
1978 50 48 35 40 2 3 b
1979 51 48 43 33 33
1980 61 49C 53 a 33

Number of Individuals

1973 471 a 530 1806 a
1974 837 955 1288 2104 5218
1975 1452 1065 678 2568 2242
1976 1146 1198 768 1618 53 0 b
1977 931 788 388 2905 1712
1978 1792 2247 550 2692 10 6 3 b
1979 1382 1588 870 1714 2279
1980 1450 162 2 c 1991 a 2154

aNot censused.
Partial census, several miles not included.

cCensus performed using a different technique.
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during winter, and 49 species were recorded during the breeding season (Table
9-12).

Seasonal changes also occurred in the total number of individuals observed.
Surprisingly, the largest number of individuals (2,154) was recorded during
the wildlife survey in January. Large flocks of wintering house sparrows
(Passer domesticus) in residential areas and red-winged blackbirds along wet
and agricultural habitats caused the high winter count. During September,
1,991 individuals were observed, the highest value recorded during this month
since monitoring began in 1974. A total of 1,622 individuals was recorded in
June and the smallest number of birds was noted during May when 1,450 individ-
uals were observed (Table 9-12).

The house sparrow and red-winged blackbird were the most abundant species
observed during wildlife surveys in May, June, and January. Although they
were common in September, several other species were more abundant. Large
flocks of rough-winged swallow (Stelgidopteryx ruficollis), Brewer's blackbird
(Euphagus cyanocephalus), common grackle, and brown-headed cowbird were
observed during fall wildlife surveys, and these species were the most
abundant during September (Appendix I).

9.2.2.2.? Comparison With Previous Studies

Increases from 1979 in the number of species and individuals observed were
recorded for all months except January when values were equal to or below
1979 values (Tables 9-12). In addition, the total number of species observed
in May (61) and September (53) and the number of individuals recorded in
September (1991) were the highest yet reported. Although most values increased
over 1979 and several values were the highest since monitoring began in 1974,
all data were within normal ranges of variation, and no trends are indicated
by data collected along the wildlife survey route. Causes for fluctuations
may be weather conditions during censusing and natural population variation.

9.2.2.3. Game Species

9.2.2.3.1 Bobwhite

Bobwhite were observed in the abandoned railroad right-of-way community in
May and along the wildlife survey route during May and June (Tables 9-11 and
9-13). Bobwhite were not abundant in the abandoned railroad right-of-way
(1.1/hour), however, more suitable quail habitat is located in areas censused
by the wildlife survey route. An average of 1.35 calls/stop was heard along
the route in June. This represents a 540 percent increase over calls reported
in 1979 and equals quail call data reported along the route during June 1978.
Population fluctuations are probably a response to many ecological factors
including weather, habitat quality, parasites, and disease. Few bobwhite
were heard calling in May and only 0.08 calls/stop were reported along the
route.

Data collected by the Kansas Fish and Game Commission (1981, personal communi-
cation) indicate that statewide bobwhite populations are still recovering
from the severe winter of 1978-1979. Although the October 1980 statewide
index was 27 percent higher than that reported in 1979, it was still 26 and
39 percent below statewide 5- and 10-year averages, respectively. Data
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Table 9-13 Quail call counts along the 20-mile wildlife survey route near
Wolf Creek Generating Station, Burlington, Kansas, May and
June 1980.

Number of Bobwhite Calls/2 Minute Stop
May June

5 6 17 18Mile

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

1

1

1

5
2
1
3

I

2
4
1

1

2

1
2

3
4
2
4

3
2

1
2
1
1
2
1
2

Total Calls
No. Calls/stop

3
0.15

0
0.0

26
1.30

28
1.40

Avg. No. Calls/stop 0.08 1.35
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collected for the Southeast region, which includes Coffey County, indicate
that 1980 quail production was good. Two indicators of reproductive success,
the number of young observed per 100 miles and number of young seen per
adult, increased significantly compared to 1979 indicators.

9.2.2.3.2 Mourning Dove

Mourning dove were noted in the abandoned railroad right-of-way and along the
20-mile wildlife survey route in all four sampling months during the 1980
monitoring program (Tables 9-11 and 9-14). They were an important component
of the abandoned railroad right-of-way avian community and were one of the
most frequently recorded species in May (5.4/hour) and the second most
frequently sighted bird in September (8.1/hour). A permanent resident of the
area, mourning dove were noted during January (7.1/hour), and they are more
common in the breeding season than the June estimate (1.3/hour) indicated.
Mourning dove were not noted in the north floodplain woods during 1980.

The number observed in June along the wildlife survey route is probably more
representative of the breeding population in the area; 135 doves were observed
during two surveys in June for an average of 3.38 birds/mi. The June 1980
population index is about 17 percent higher than that recorded in 1979, and
the third highest reported. The May population index was 1.70/mi. Mourning
doves were also observed along the survey route during September and January
(Appendix I). Fluctuations in dove densities represent natural cycles in
dove population as influenced by various ecological factors, and reflect
variation due to the nature of the surveys.

9.2.2.4 Endangered and Threatened Species

Bald eagle (Haliaeetus leucocephalus) listed as federally and state endangered
in Kansas, was the only rare and endangered species observed during the 1980
monitoring program. During January, one bald eagle was observed along the
wildlife survey route and 32 eagles were noted near John Redmond Reservoir
during two observation periods. These eagles are part of the wintering
concentration that occur annually at the nearby Flint Hills National Wildlife
Refuge. Bald eagles are listed as abundant in this area from December
through February (USDI 1970). Filling of the WCGS cooling lake will create
additional habitat for wintering bald eagles, and eagle use of the site is
expected to increase.

9.2.3 Reptiles and Amphibians

A total of eight herptile species was observed during habitat searches,
along the 20-mile wildlife survey route, and at John Redmond Reservoir during
the 1980 monitoring program (Tables 9-4 and 9-15). Prairie kingsnake (Lampro-
peltis calligaster) was the only species recorded in 1980 that has not been
previously observed (Table 9-16). Since the monitoring program began in
1974, 11 frog and toad, 6 turtle, 2 lizard, and 6 snake species have been
recorded.

9.2.3.1 Community Distribution

Habitat searches were conducted in the north floodplain woods and abandoned
railroad right-of-way, and herptiles were noted during wildlife surveys to
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Table 9-14 Mourning Dove observations along the 20-mile wildlife survey
route near Wolf Creek Generating Station, Burlington, Kansas,
May and June 1980.

Number Observed/Mile
May June

Mile 5 6 17 18

1 1 4 1 4
2 10 3 - 6
3 - 1 2 12
4 1 6 19
5 - 10 11
6 1 1 4
7 1 4 - 4
8 4 1 - -

9 3
10 8 6 - 2
11 -3 -

12 3 3 1 1
1 3 ....
14 1 - 2 -
15 3 1 - 3
16 - - 7 4
17 4 2 4 6
18 - - 14 4
19 - - 1 2
20 2 1 1 -

Total No. Observed 41 27 53 82
No. Observed/20 mile 2.05 1.35 2.65 4.10

Avg. No. Observed/20 mile 1.70 3.38
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Table 9-15 Herpetofauna observed near Wolf Creek Generating Station, Burlington, Kansas,
May 1980 - January 1981.

Months Observed
Common Name Scientific Name May June September January

Blanchard's cricket frog Acris crepitans X - - -
American toad Bufo ameri canus X - - -
Bullfrog Rana catesbeiana - X -

Snapping turtle CIhTTydra serpenti na - X - -

Ornate box turtle Terrapene ornata - X X -

Eastern yellowbelly racer Coluber constrictor X - - -

Prairie kingsnake Lampropeltis calligaster - - X -
Western massasauga Sistrurus catenatus - X - -



0

Table 9-16 Hernetofauna observations near Wolf Creek Generatinn Station, Burlington, Kansas,
1974-1930.

U1

Locationsa and Year
Common Name Scientific Name 1974 1975 1976 1977 1978 1979 1980

Blanchard's cricket frog Acris crepitans - - - 4 4,7 4 4
American toad Bufo americanus - 1 1,4,7 1,4 - 4
Great Plains toad Bufo conatus I - - - - -

Woodhouse's toad Bufo woodhousei - - 4,7 4,7 4,7 -
Gray treefrog Hyla versicolor - - 4 - - -

Western chorus frog Pseudacris triseriata - 5 4,7 4,7 4 -
Crawfish frog Rana areolata - - 7 - --

Rio Grande leopard frog Rana berlandieri 1 - -.

Plains leopard frog Rana blairi - - - 2
Leopard frog Rana sp. - 5,6 1,7 - - --

Bullfrog Rana catesbeiana - 1 7 7 1,7 - 1
Snapping turtle Chelydra Itrpentina 4 - - 4 - 44
Western painted turtle Chrysemys picta - - 4,7 7 - -
Map turtle Graptemys geographica - 6 7 7 -
False map turtle Graptemys pseudogeographica - 6 - - - - -

Ornate box turtle Terrapene ornata 2,3,4 2,3,4 2,4 2,4 2,7 2,4 2,4
Western spiny softshell Trionyx spiniferus - 6 - - - - -

Six-lined racerunner Cnemidophorus sexlineatus -- - - 2
Eastern glass lizard Ophisaurus ventralis - - 2 - - -

Eastern yellowbelly racer Coluber constrictor 4 - 7 - -

Black rat snake Elaphe obsoleta 4 - 4 4 --

Prairie kingsnake Lampropeltis calligaster - - - - 7
Bullsnake Pituophis melanoleucus - - - 7- -

Western massasauga Sistrurus catenatus - - 2 - 2
Red-sided garter snake Thamnophis sirtalis - - - 1 -

aLocations:
1
2
3
4
5
6
7

North floodplain woods
Abandoned railroad right-of-way
Mixed shrub-grass pasture (discontinued after 1975)
20-mile wildlife survey route
Wolf Creek (1976 only)
Neosha River (1976 only)
John Redmond Reservoir (1976 - present)



qualitatively assess herpetofauna distribution, abundance, and community
composition.

Five species noted during 1980, American toad (Bufo americanus), bullfrog
(Rana catesbeiana), eastern yellowbelly racer (Coluber constrictor), prairie
kingsnake, and western massasauga (Sistrurus catanatus) were not noted during
the previous year. Only one species, plains leopard frog (Rana blairi), was
observed during the 1979 study but not during the 1980 monitoring program.

The bullfrog was the only species observed in the north floodplain woods;
many were noted during September. A higher species richness was observed in
the abandoned railroad right-of-way where three species were sighted. The
only species observed during May was eastern yellowbelly racer. Western
massasauga and ornate box turtle (Terrapene ornata) were sighted in June and
September.

A total of four herpetofaunal species was recorded along the wildlife survey
route during May, June, and September; typically, herptile species were not
noted in January (Table 9-4). Frog and toad activity was observed only
during May along the wildlife survey route; choruses of Blanchard's cricket
frog (Acris crepitans) and American toad were heard. Turtles were the only
reptiles noted during wildlife surveys; one snapping (Chelydra serpentina)
and two ornate box turtles were observed in June. Box turtle was also
recorded during September. Prairie kingsnake, observed in September, was the
only species noted at John Redmond Reservoir.

9.2.3.2 Endangered and Threatened Species

No herptile species listed as endangered or threatened (Kansas Fish and Game
Commission 1978; USDI 1979) were observed near WCGS during the 1980 monitoring
program.

9.2.4 Relationship Between Wildlife and the Environment

9.2.4.1 Mammals

Mammalian distribution is dependent upon a complex set of variables. Two of
these, habitat and food availability, are an expression of vegetation
structure determined by abiotic components. Mammals interact with their
environment in a complex manner and subtle changes can affect their populations.
Small mammal sampling in grassland habitats has indicated cyclic population
trends from 1974 through 1979; the trend did not continue in 1980. The
numbers of individuals and species captured have shown decreases and increases
in alternate years (Table 9-3). Possible factors influencing these fluctua-
tions include: (1) land-use changes affecting the sampling community, (2)
drought conditions in the summer of 1974, (3) return of more favorable
conditions in 1976 and 1978 compared to 1974, (4) weather conditions at the
time of trapping, (5) higher mortality rate as a result of severe winter
conditions in 1977 and 1978, and (6) naturally occurring population cycles.

Small mammal captures in woodland habitats also indicated cyclic patterns
although these were not as sharply defined as those noted in grasslands.
Similar variables probably affect both communities.
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Larger mammals observed near WCGS did not exhibit cyclic population trends.
Mammal populations (especially woodland species) probably have decreased
because of the large acreage of forested area that has been cut, although the
nature of our sampling cannot confirm this decrease. Generally, species were
observed in their preferred habitat types near WCGS. Deer, squirrels, and
woodrats were noted in wooded areas; muskrat in aquatic habitat; and the
opossum and raccoon in woodlands near water. Coyote and fox species associated
with open woodlands (i.e., tree islands surrounded by grassland, brushland,
agriculture, or early successional habitats) also were observed. Eastern
cottontail often were noted in brushy or edge areas, especially along the
wildlife survey route.

9.2.4.2 Avifauna

Avian relationships with the environment parallel those described for mammals;
vegetative cover and structure and food availability usually determine bird
distribution and abundance. Avifauna can be divided into four groups reflecting
their vegetative and habitat preference: woodland and forest, grassland,
xeric shrub, and limnic species (Johnston 1964). Representatives of three
groups can be found near WCGS, reflecting the variety of habitat types in the
area. Species with woodland habitat affiliations found near WCGS include
yellow-billed cuckoo, barred owl, common flicker, eastern kingbird, and wood
thrush. Grassland species near WCGS include bobwhite, horned lark, eastern
and western meadowlarks, dickcissel, and grasshopper sparrow. Species with
limnic habitat association are those that require aquatic areas. Limnic
species were noticed along Wolf Creek, John Redmond Reservoir, and Flint
Hills National Wildlife Refuge and include great blue heron, Canada goose,
mallard, blue-winged teal, spotted sandpiper, and red-winged blackbird.
Species with xeric shrub habitat affiliations were not observed during the
1980 program.

Data on bird abundance collected in 1980 indicate the variability in species
numbers and populations expected from seasonal influences. Annual variations
observed from 1974 through 1980 were probably caused by many factors including
weather, disease, land-use changes, and normal population fluctuations.

9.2.4.3 Herpetofauna

Reptiles and amphibians have more specific habitat requirements than mammals
and birds, and they are often more narrowly distributed. Being exotherms,
they can not internally regulate their body temperature and therefore are
more sensitive to weather variables.

Reptiles and amphibians use many aspects of their habitat. Snakes use rock
fissures, ant hills, and burrows for denning areas during winter. Snake
denning sites have been known to be used annually. During winter, turtles
usually hibernate in areas around springs and river inlets while frogs and
salamanders use places of continued water flow, usually behind logs and
rocks. Ponds provide essential aquatic areas for amphibians to breed, and
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aquatic turtles need suitable shoreline nesting habitat. Vegetation also is
important for herptiles because it shades the forest floor creating a favor-
able moisture regime that permits amphibians and reptiles to breed and forage
(Pentecost and Vogt 1976).

Although herptile species are not as easily observed nor as studied as
other taxa, sufficient life history information has been collected to deter-
mine their role in the biotic community and to assess environmental impacts
upon their populations. Herpetofaunal tolerances to environmental stress and
impacts are species specific and are a function of many factors including the
species' degree of specialization, niche requirements, and morphology.

Several species occurring in habitat near WCGS and relatively tolerant
to environmental disturbance (e.g., urbanization, pesticide use, forest
clearings, and water pollution) are American toad, garter snake, snapping
turtle, painted turtle, and chorus frog. Other species found near WCGS such
as cricket frog are raore sensitive and less tolerant of disturbance.

9.2.5 Construction Impacts

9.2.5.1 Sampling Communities

The sampling communities were not located within construction zones or
areas of land disturbance; therefore, no impact was observed on smaller,
short-ranging faunal species occurring in the north floodplain woods and
abandoned railroad right-of-way communities. Larger and more mobile species
may have altered their ranges or activities to avoid construction in the
vicinity of WCGS. Data collected during community surveys and along the
wildlife survey route indicated no meaningful changes in wildlife populations
compared to previous monitoring studies.

9.2.5.2 Site

Wildlife populations in the vicinity of WCGS were undoubtedly affected by
construction-related activities in 1980. Direct disturbance at the plant
site and dam construction area have either destroyed or displaced species
formerly inhabiting these areas. Because of their mobility, larger mammals
and birds probably were displaced and smaller mammals and herpetofauna
probably were destroyed. Temporarily disturbed habitats include gravel pits,
quarries, borrow excavations, roadsides, and spoil areas. Most of these
areas should eventually revegetate, or become aquatic habitat, and thus again
provide natural habitats for wildlife species.

The loss of approximately 110 acres of riparian woodland along Wolf Creek
during 1980 will probably have a greater relative effect on local wildlife
populations than the destruction of cropland, pasture, or rangeland. Forested
habitat is of limited extent on the site and generally supports a more
diverse fauna. Forest dwelling species such as deer, squirrel, opossum,
and white-footed mouse will be displaced or destroyed. Prior to inundation,
wildlife species will forage on readily accessible new plant growth in the
clear cut areas.
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The greatest impact on terrestrial wildlife will occur when the cooling lake
is completely filled. Inundated areas will be transformed to aquatic habitats
and a significant change in species composition will occur. Waterfowl,
waterbirds, aquatic mammals, and herptiles should become relatively more
common and the species composition will probably be similar to that found
near John Redmond Reservoir.

9.3 SUMMARY AND CONCLUSIONS

Habitat near WCGS supports low to moderate mammal densities. During live-
trapping in the north floodplain woods and abandoned railroad right-of-way
communities, only the white-footed mouse was captured. Density estimates for
this species were 8.0/ha in the north floodplain woods and only 0.9/ha in the
abandoned railroad right-of-way. Small mammal populations decreased from
1979 in the north floodplain woods and remained relatively unchanged in the
abandoned railroad right-of-way. Cyclic population trends have been observed
in both communities during the period 1975-1979. The cyclic trend did not
continue in 1980, probably because of severe weather conditions. Eastern
cottontails were not abundant near WCGS, however, cottontail densities along
the wildlife survey route during June 1980 were 100 percent higher than in
1979 and approximately 25 percent higher than the 1974-1979 average. Nine
large mammal species were observed during terrestrial wildlife studies. Fox
squirrel, fox, raccoon, and white-tailed deer were observed in the north
floodplain woods. Coyote was the only large mammal noted in the abandoned
railroad right-of-way. Six species including eastern cottontail, opossum,
eastern woodrat, fox squirrel, coyote, and long-tailed weasel were recorded
along the 20-mile wildlife survey route. Four mammals, eastern woodrat, fox,
long-tailed weasel, and muskrat were recorded for the first time dueing
monitoring studies near WCGS.

Habitat near WCGS supports moderate avian densities and diversity. A total
of 98 avian species was recorded during the 1980 monitoring study compared with
83 (1974) to 99 (1976) species reported in previous years. Sixty-five
species were recorded at John Redmond Reservoir. Twenty-seven avian species
were observed in the north floodplain woods and 28 in the abandoned railroad
right-of-way. Total number of avian species, number observed per hour, and
BSD were higher for all months in the north floodplain woods than in the
abandoned railroad right-of-way except for birds per hour in January.

Eighty-two avian species were observed along the wildlife survey route during
the 1980 monitoring study. The total number of avian species observed per
month along the route was higher than 1979 except in January when the same
number of species was recorded. Similarly, the total number of individuals
observed per month along the wildlife survey route was higher in 1980 than
1979 for all months except January.

Two important gamebird species, bobwhite and mourning dove, were quantitatively
censused during the 1980 monitoring program. Bobwhite populations increased
from 1979, and 1.35 calls/stop were recorded during June. Data collected by
the Kansas Game and Fish Commission also indicated that bobwhite populations
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have increased in the area and indicators of reproductive success increased
significantly from 1979 indicators. Mourning dove are abundant near WCGS and
the 1980 population levels have increased from 1979.

Herpetofana were qualitatively censused at WCGS. Eight species were observed
during the 1980 monitoring study; Blanchard's cricket frog, American toad,
bullfrog, snapping turtle, ornate box turtle, eastern yellowbelly racer,
prairie kingsnake, and western massasauga. One new species for the monitoring
study, prairie kingsnake, was observed.

Bald Eagle, listed as federally endangered, was the only endangered or
threatened species observed during the 1980 monitoring program. Eagle use
near the site is expected to increase as wintering habitat is created by the
WCGS cooling lake.

No construction-related effects on wildlife populations were discernible from
data collected to date and no meaningful changes in wildlife species compo-
sition or abundance have been observed. Undoubtedly, many large wildlife
species (especially woodland residents) were directly displaced from the
area, and small species destroyed when large acreages of forested habitat
were clear-cut for the cooling lake. Species that formerly inhabited the
cut-over region have probably moved into suitable habitat nearby and their
populations decreased as competition for limited resources intensified.
Eventually stable and probably reduced populations will occur as a new
equilibrium between wildlife and available habitat is reached.
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Table A-I Water chemistry and bacteriology methods.

Parameter

Alkalinity, total

Ammonia

Bacteria, fecal
coliform

Bacteria, fecal
streptococci

Biochemical
oxygen demand
(5-day)

Calcium

Chloride

Chemical
oxygen demand

Color, true

Conductance,
specific

Copper

Hardness

(EnTA)

Hexane soluble

Method

Method 102

Gas diffusion
electrode

Method 132C

Autoanalyzer
colorimetric phenate
method

Method 408B

Method 409B

Delayed incubation
method

Method 219

Atomic absorption
direct aspiration

Method 1128

Autoanalyzer

Low level method

Method 118

Method 154

Atomic absorption
direct aspiration

Atomic absorption
chelation

Atomic absorption
graphite atomizer

Method 309B

Soxhlet extraction

Preservation
Technique

Refrigeration

H SO
r~frigeration

H 50
r4frgeration

H SO,
r4frigeration

Na •S 0
stgrMl ' bottle,
refrigeration

Na S 0
st~r~l• bottle,
refrigeration

Na S 0
stgril 'bottle,
refrigeration

Refrigeration

HNO 3

None required

None required

Refrigeration

None required

None reauired

HNO 3

HNO 3

HNO 3

HNO 3

H SO
r4friaeration

Reference

A.P.H.A. et al. 1976

Thomas and Booth
1973; Howe and
Holley 1969

A.P.H.A. et al.
1976; Howe and
Holley 1969

U.S.E.P.A., 1979
Howe and Holley
1969

A.P.H.A. et al.
1976

A.P.H.A. et al.
1976

Millipore Corp.
1973

A.P.H.A. et al.
1976

Perkin-Elmer
Corp. 1968

A.P.H.A. et al.
1976

U.S.E.P.A. 1979

U.S.E.P.A. 1979

A.P.H.A. et al.
1976

A.P.H.A. et al.
1976

Perkin-Elmer
Corp. 1968

Fishman and
Midgett 1968

Perkin-Elmer
Corp. 1972a

A.P.H.A. et al.
1976

U.S.E.P.A. 1979

Detection
Limit

1 mg/l-CaCO 3

0.01 mg/1-N

0.01 mg/I-N

0.01 mg/l-N

0 organisms/
100 ml

0 oroanisms/
100 ml

0 organisms/
100 ml

0.5 mg/l

2ug/l

0.5 mg/l

0.1 mg/l

0.1 mg/l

I unit

I u mho/cm

0.01 mg/l

0.1 t g/l

0.2 -ig/l

I mq/l-CaCO3

0.1 mg/l



Table A-1 (continued)

Parameter Method

Iron

Lead

Atomic absorption
direct aspiration

Atomic absorption
chelation

Atomic absorption
graphite atomizer

Atomic absorption
direct aspiration

Atomic absorption
chelation

Atomic absorption
graphite atomizer

Atomic absorption
direct aspiration

Atomic absorption
direct aspiration

Flameless atomic
absorption

Method 213C

Autoanalyzer
cadmium reduction

Magnesium

Manganese

Mercury

Preservation
Technique

HNO 3

HNO 3

HNO 3

HNO 3

HNO 3

HNO 3

HNO 3

HN0 3

HNO 3

H SO
r~fri;geration

H SO
r~friýeration

H SO4
r4frigeration

HC1,
refrigeration

HCI,
refrigeration

H SO
rgfri;geration

Filtration,
refrigeration

Measured in
the field

Reference

Perkin-Elmer
Corp. 1968

Fishman and
Midqett 1968

Perkin-Elmer
Corp. 1972a

Perkin-Elmer
Corp. 1968

Fishman and
Midaett 1968

Perkin-Elmer
Corp. 1972a

Perkin-Elmer
Corp. 1972a

Perkin-Elmer
Corp. 1968

U.S.E.P.A.
1979

A.P.H.A. et al.
1976; Howe and
Holley 1969

U.S.E.P.A. 1979:
Howe and Holley
1969

Strickland and
Parsons 1972; Howe
and Holley 1969

A.P.H.A. et al.
1976; Ocean, Int.
Corp. (1974)a,b

Ocean. Inter.
Corp. (1974)b

A.P.H.A. et al.
1976; Howe and
Holley 1969

Strickland and
Parsons 1972;
Ryden et al. 1972

A.P.H.A. et al.
1976

Detection
Limit

0.03 ma/l

1 '_g/l

0.5 ý g/I

0.1 ! m/l

1 ug!l

1 g/l

1 9.u/l

0.01 ma/l

0.05 9g/1

0.01 mg/1-N

0.01 m/l1-N

Ni trate

Ni trite Method 11.6.

Method 138A

0.1 u/ll-N

Organic carbon,
total

1 mg/l

Ocean. Int. Analyzer
wet oxidation

Methods 135 then
132C

Organic
nitrogen,
total

Orthonphosphate,
soluble

Oxygen
dissolved

Oxygen,
saturation

Method 11.1.

Method 2188

0.2 mg/l

0.01 mg/l

1 ua/l-P

0.1 mo/l

Expressed
as percent

Calculated method
218B

A.P.H.A. et al.
1976



Table A-i (continued)

Parameter Method

pH Method 144A

Preservation
Technique

Measured in

the field

None required

Reference

A.P.H.A. et al.
1976

A.P.H.A. et al.
1976; Strickland
and Parsons 1972

Detection
Limit

0.1 pH

Phosphorus,
total

Potassium

Method 223C then
method II.1.

Atomic absorption
direct aspiration

Method 1488

Method 148C

1 Ug/l-P

5 ug/lHNO 3 Perki n-Elmer
Corp. 1968

Residue, filtrable
(total dissolved
solids)

Residue,
nonfiltrable
(total suspended
solids)

None required

None required

Sel eni um Atomic absorption
direct aspiration

Atomic absorption
H 2Se

Atomic absorption
graphite atomizer

HNO 3

HNO 3

HNO 3

A.P.H.A. et al.
1976

A.P.H.A. et al.
1976

Perk in-Elmer
Corp. 1968

Perki n-Elmer
Corp. 1972b

Perkin-Elmer
Corp. 1972a

A.P.H.A. et al.
1976

2 mg/l

1 mg/l

1 ma/l

1 ug/l

1 uq/1

Silica, soluble Method 151C Filtration

Filtration

0.01 mg/l-SiO2

0.01 mg/1-SiO2

Sodi um

Sulfate

Autoanalyzer
method 105-71W

Atomic absorption
direct aspiration

Method 156C

Autoanalyzer
method 118-71 W

Technicon Industrial
Systems 1974

HNO 3 Perkin-Elmer
Corp. 1968

None required

None required

A.P.H.A. et al.
1976

Technicon Industrial
System 1974

2 ua/l

5 mg/l

I mg/i

0.1 CTemperature

Turbidity

Whitney
Thermometer,
method 162

Measured
in situ

Zi nc

Hach Turbidimeter,
method 163A

Atomic absorption
direct aspiration

Atomic absorption
chelation

Atomic absorption
graphite atomizer

None required

A.P.H.A. et al.
1976

A.P.H.A. et al.

1976

Perkin-Elmer
Corp. 1968

Fishman and
Midgett 1968

HNO 
3

HNO 
3

0.1 N.T.U.

0.01 mg/1

I ug/l

0.1 uq/lHNO3 Perkin-ElmerCorp. 1972a



Table A-i (continued) REFERENCES

American Society for Testing and Materials. 1973. 1973 annual book of ASTM
standards. Part 23. Water: atmospheric analysis. Philadelphia, Pa.
1108 pp.

Fishman, M.J., and M.R. Midgett. 1968. Extraction techniques for the
determination of cobalt, nickel, and lead in freshwater by atomic absorp-
tion. Pages 230-235 in R.F. Gould, ed. Trace inorganics in water. Am.
Chem. Soc., Washington, D.C.

Howe, L.H., III, and C.W. Holley. 1969. Comparisons of mercury (II)
chloride and sulfuric acid as preservatives for nitrogen forms in water
samples. Environ. Sci. Technol. 3:478-481.

Millipore Corporation. 1973. Biological analysis of water and wastewater
LAM 3020/P. Bedford, Mass. 84 pp.

Oceanography International Corporation. 1974. The total carbon system
operating procedures. College Station, Texas. 42 pp.

Perkin-Elmer Corporation. 1968. Analytical methods for atomic absorption
spectrophotometry. Norwalk, Conn. n.p.

_ 1972a. Instructions for high sensitivity arsenic-selenium
sampling system No. 303-0849. Norwalk, Conn. n.p.

_ 1972b. Perkin-Elmer analytical methods for flameless atomic
absorption spectroscopy with the heated graphite atomizer HGA-72.
Bodenseewerk Perkin-Elmer and Co. GmbH, Uberlingen, Federal Republic of
Germany. 13 pp.

Strickland, J.D.H., and T.R. Parsons. 1968. A practical handbook of sea-
water analysis. Bull. Fish. Res. Board Canada. 167 pp.

Technicon Industrial Systems. 1974. Technicon auto analyzer II continuous-
flow analytical instrument manual. Technical Publication No. UA 4-0170C00
n.p.

Thomas, R.F., and R.L. Booth. 1973. Selective electrode measurement of
ammonia in water and wastes. Environ. Sci. Technol. 7:523-526.

U.S. Environmental Protection Agency. 1979. Methods for chemical analysis
of water and wastes. Office Technol. Transfer, Washington, D.C.



Table A-2 Meteorological data collected during field sampling near WCGS,
February to December 1980.

Wind Relative Cloud
Speed Dry Bulb Wet Bulb Humidity Cover

Date Time (mph) Direction (OF) (OF) (%) (%W

15 Apr 8:40 - 41 31 24 0

17 Jun 7:45 6-8 E 65 60 75 50

28 Oct 8:20 10-15 NW 30 29 89 80

16 Dec 8:00 3-5 NW 45 39 57 0



Table A-3 Summary of surface water quality data collected near Wolf Creek
Generating Station, April 1980 through December 1980.

Sampl ing
Parameter Date

Repl i-
cate

Location
4I 10 7 3

Alkalinity, total
(mg/l CaCO 3 )

Calcium, total
(mg/i)

Chloride
(mq/l)

14 Apr

17 Jun

28 Oct

16 Dec

15 Apr

17 Jun

28 Oct

16 Dec

127
128
183
183
140
145
150
150

51
51
60
54
60
61

102
109

12.0
9.3

18.0
19.0
30.0
30.0
32
32

130
130
185
186
145
145
149
147

52
51
56
55
57
57

112
112

7.7
7.5
18.0
19.0
26.0
27.0
34
30

128
128
185
183
143
145
150
148

55
54
69
59
59
59
80

104

7.7
7.7

19.0
19.0
27.0
28.0
30
30

148
148
215
216

82
85
90
92

68
69
75
73
26
25
42
53

6.4
6.6

16.0
10.0
3.5
3.0
5
5

121
121
204
207

60
58

125
122

54
54
64
61
58
58

112
125

25.0
5.0
8.8
7.7
4.5
4.0

17
17

14 ADr

17 Jun

28 Oct

16 Dec

Color, true
units) 15 Apr

17 Jun

28 Oct

16 Dec

Specific conductance

(vmhos/cm) 15 Apr

16 Jun

28 Oct

16 Dec

A
B
A
B
A
B
A
B

A
B
A
B
A
B
A
B

44
45
13
13
13
12

340
340
550
550
530
530

40
40
11
11
11

360
350
540
540
530
530

38
37
11

10
10

350
350
560
540
540
540

27
27
21
21
61
62

44
46
17
19
13
13

450
450
610
600
215
215

350
350
540
540
480
480



Table A-3 (continued)

Sampling Repli- Location
Parameter Date cate 1 10 4 7 3

Iron, soluble
ilig/1

Iron, total
(mg/l)

Magnesium, total
(mg/i)

15 Apr

17 Jun

28 Oct

16 Dec

15 Apr

17 Jun

28 Oct

16 Dec

15 Apr

17 Jun

28 Oct

16 Dec

65
68
51
35

100
<100
<200
<200

2.5
2.5
2.0
2.1
0.73
0.93
1.3
3.0

9.5
9.7

20.0
20.0
18.0
18.0
42.9
41.1

12.0
11.9

7.4
7.6

13.8
13.7
12.1
12.2

0.050
0.058
0.170
0.190
0.120
0.130
0.090
0.090

59
61
43
36

100
500
300
300

2.2
2.3
0.87
0.90
0.27
0.26
0.3
0.3

9.9
9.6

20.0
20.0
17.0
17.0
38.7
38.0

11.2
11.3

5.6
5.8

10.8
10.6
12.2
12.4

0.063
0.070
0.150
0.160
0.100
0.100
0.120
0.050

65
62
30
32

200
100

<200
900

2.3
2.4
0.92
0.86
0.37
0.31
0.3
0.3

9.9
10.0
20.0
20.0
17.0
18.0
37.2
40.5

12.1
11.9

5.3
10.6
10.5
12.3
12.3

0.073
0.066
0.150
0.150
0.100
0.100
0.080
0.080

35
30
48
39

600
700

1000
900

0.87
0.86
0.97
1.1
2.4
2.3
2.5
2.5

11.0
12.0
17.0
17.0

6.3
6.0

12.3
12.0

11.3
11.5

4.3
4.2
5.8
5.6
1.0
1.0

0.100
0.100
0.190
0.210
1.400
1.500
2.100
2.100

100
110

52
50

100
100
500
300

3.7
4.1
2.1
2.4
0.91
0.93
2.0
2.0

8.4
8.5

15.0
15.0
18.0
18.0
39.3
37.5

11.0
10.9

4.6
4.9

11.1
11.2

4.6
4.7

0.210
0.230
0.800
0.820
0.120
0.130
0.570
0.540

Dissolved oxygen
(mg/i)

Manganese, total
(mg/i)

15 Apr

17 Jun

28 Oct

16 Dec

A
B
A
B
A
B
A
B

A
B
A
B
A
B
A
B

15 Apr

17 Jun

28 Oct

16 Dec



Table A-3 (continued)

Sampling Repli- Location
Parameter Date cate 1 10 4 7 3

p (i
(units) 14 Apr

17 Jun

28 Oct

16 Dec

Potassium, total
(mg/l) 15 Apr

17 Jun

28 Oct

16 Dec

Residue filtrable

(mg/l) 14 Apr

17 Jun

27 Oct

16 Dec

Residue, nonfiltrable

(mg/l) 15 Apr

17 Jun

28 Oct

16 Dec

A
B
A
B
A
B
A
B

A
B
A
B
A
B
A
B

A
B
A
B
A
B
A
B

6.9
6.8
8.6
8.5
7.5
7.5
7.9
7.8

4.0
4.1
4.1
4.1
4.3
4.3

10.2
7.5

266
258
324
312
306
316
340
355

228
55
61
47
20
30
39
37

14
14
19
19
25.0
26.0
28.7
24.8

7.8
7.8
8.1
8.2
7.3
7.2
8.3
8.2

3.7
3.6
3.8
3.8
4.3
4.2
9.6
5.2

250
250
296
309
284
300
342
381

8.0
7.8
8.2
8.1
7.0
7.1
8.3
8.3

4.2
3.2
3.9
3.8
4.1
4.2
5.2
5.2

270
260
316
311
290
298
354
359

7.2
7.4
8.3
8.2
7.7
7.6
6.8
6.9

2.5
3.1
6.1
6.1
8.3
8.4
8.5
7.9

300
312
340
344
126
152
183
205

7.3
7.2
8.3
8.1
6.5
6.6
7.1
7.1

3.0
3.1
3.7
3.7
2.5
2.5
3.3
3.9

282
280
318
316
282
298
353
387

A
B
A
B
A
B
A
B

A
B
A
B
A
B
A
B

57
53
19
12
6

16
17
14

14
15
19
19
24.0
23.0
25.7
30.3

58
58
10
16
<1
14
19
17

15
15
19
19
24.0
24.0

3.0
7.0

21
23
5

21
28
42
40
41

20
19
21
21
5.7
5.7
1.3
3.9

90
91
53
42
20
24
30
29

16
16
19
19

9.4
9.4

19.6
19.4

Sodium, total
(mg/l) 15 Apr

17 Jun

28 Oct

16 Dec



Table A-3 (continued)

Sampling Repli- Location
Parameter Date cate 1 10 4 7 3

Sulfate
(mg/i) 14 Apr

17 Jun

28 Oct

16 Dec

Temperature (C)

A
B
A
B
A
B
A
B

A
B
A
B
A
B
A
B

38
42
80
80
75
87
86
71

9.4

23.0

8.0

4.5

39
28
60
62
91
99
88
83

9.4

23.5

8.0

4.6

53
39
68
68
97
98
82
75

9.4

23.0

8.0

4.5

75
78
62
61
32
32
20
21

9.4

19.5

8.0

4.5

41
45
72
73

185
177
107
104

9.4

20.0

8.0

4.5

14 Apr

17 Jun

28 Oct

16 Dec

Turbidity
(N.T.U.)

Ammoni a
(mg/l -N)

Nitrate
Cmg/I -N)

14 Apr

17 Jun

28 Oct

16 Dec

14 Apr

17 Jun

28 Oct

16 Dec

56
54
41
40
30
30
20
21

<0.01
<0.01
0.10
0.10
0.16
0.05
0.22
0.18

3.4
2.3
0.25
0.31
0.04
0.04

<0.005
0.085

52
54
21
16
10
10
15
16

0.12
<0.01
0.03
0.03
0.13
0.05
0.07
0.19

1.4
1.7
0.39
0.36
0.31
0.24
0.06
0.06

54
52
18
23
12
13
17
16

<0.01
0.06
0.02
0.02
0.15
0.03
0.20
0.19

1.8
1.5
0.28
0.34
0.42
0.24
0.08
0.59

19
19
20
27
32
31
20
20

<0.01
<0.01
0.15
0.15
0.02
0.10
0.09
0.10

0.26
0.39
0.23
0.20

<0.01
<0.01
0.01
0.14

88
92
50
52
34
34
33
35

<0.01
<0.01
0.08
0.08
0.02
0.02
0.10
0.14

16.0
4.0
0.24
0.16
0.35
0.36
0.64
0.10

14 Apr

17 Jun

28 Oct

16 Dec



Table A-3 (continued)

Sampling Repli- Location
Parameter Date cate 1 10 4 7 3

Nitrite
(mg/l-N) 14 Apr

17 Jun

28 Oct

16 Dec

Organic Nitrogen,
total (mg/i)

Orthophosphate,
soluble
(jIg/l-P)

14 Apr

17 Jun

28 Oct

16 Dec

15 Apr

17 Jun

28 Oct

16 Dec

0.032
0.031
0.088
0.085
0.007

<0.001
0.014
0.005

1.5
0.60
0.28
0.41
0.84
1.05
0.78
0.59

78
71
4

48
53
72

375
42

160
160
180
150
120
120

1576
401

3.8
3.9
0.62
0.74
0.52
0.30
0.58
0.42

0.027
0.028
0.021
0.022
0.017
0.007
0.003
0.003

0.28
0.30
0.31
0.27
0.70
0.63
0.44
0.53

92
78
28
35

100
110
358
180

0.028
0.030
0.019
0.018
0.007

<0.001
0.003
0.016

0.58
0.34
0.31
0.34
0.66
0.88
0.34
0.74

81
77

190
7

140
130
244
228

0.007
0.007
0.030
0.032

<0.001
<0.001
0.006
0.013

0.44
0.30
0.32
0.40
1.48
1.40
0.65
0.86

<1
12
13
35

120
96

212
228

0.030
0.030
0.012
0.010
0.007
0.007
0.018
0.005

0.37
0.40
0.36
0.36
0.35
0.65
0.79
0.62

13
28

7
6
3
2

260
244

Phosphorus, total
(Pg/l-P)

Silica, soluble
(mg/1-SiO2 )

15 Apr

17 Jun

28 Oct

16 Dec

A
B
A
B
A
B
A
B

A
B
A
B
A
B
A
B

160
87
95
97

170
150
243
437

3.6
3.5
1.3
1.1
0.41
0.44
0.23
0.17

150
74

100
100
200
190
437
511

3.6
3.6
1.7
0.78
0.39
0.34
0.25
0.14

39
44
66
73

350
350
245

1769

3.5
3.6
5.9
2.7
2.2
2.2
3.7
3.6

160
130
110
120

98
100
481
437

3.9
9.9
11

1.2
1.1
3.9
3.8

14 Apr

17 Jun

28 Oct

16 Dec



Table A-3 (continued)

Sampling Repli- Location
Parameter Date cate 1 10 4 7 3

Biochemical Oxygen
Demand (5-day) 14 Apr

17 Jun

28 Oct

16 Dec

Fecal Coliform
(No./lO0 ml0 ) 14 Apr

17 Jun

28 Oct

16 Dec

A
B
A
B
A
B
A
B

A
B
A
B
A
B
A
B

A
B
A
B
A
B
A
B

2.2
2.5
2.4
2.2
5.4
4.6
2.8
2.8

18
21

1

0
75
78

0
0

67
73
78
59
38
35
11
11

1.8
1.6
2.3
2.3
3.8
4.2
3.6
3.6

1.1
2.3
1.9
2.0
4.4
4.1
0.8
0.8

2.2
2.6
1.4
1.5
8.7
8.9
8.2
8.6

2.9
2.2
1.2
1.2
6.4
6.9
3.6
3.2

240
120

>1000
>1000

650
640

4
5

45
50

160
100
174
220

56
77

110
107
620
420
710
660

0
1

58
81
20
16

190
183

47
24

Fecal Streptococci
(No./lO0 ml) 14 Apr

17 Jun

28 Oct

16 Dec

Chemical Oxygen
Demand (mg/i)

Hexane Soluble
Materials
(mg/l)

18
18
54
45

310
>1000

0
0

48
42

250
260
700
440

35
44

17
19
23
32
62
44

120
112

BROKEN
<3

BROKEN
BROKEN

<3
<3

462
381

87
123

66
0

60
137

0
0

29
31

4800
3600

193
193

32
63

23
24
22
19
44

154
53
48

5
<3
<3
<3

101
60

4.5
<3

14 Apr

17 Jun

28 Oct

16 Dec

A
B
A
B
A
B
A
B

A
B
A
B
A
B
A
B

21
22
20
26
21
29
22
54

<3
BROKEN

<3
BROKEN

208
209

14
23

19
20
23
13

109
32
54
44

8
<3
<3
<3
<3
<3

407
310

20
19
14
15
10
15
46
17

5
<3
<3

BROKEN
<3
<3

4.9
<3

15 Apr

17 Jun

28 Oct

16 Dec



Table A-3 (continued)

Sampling Repli- Location
Parameter Date cate 1 10 4 7 3

Organic Carbon,
total (mg/i)

Copper, total
(11g/l)

Lead, total
(1g/l)

14 Apr

17 Jun

28 Oct

16 Dec

15 Apr

17 Jun

28 Oct

16 Dec

15 Apr

17 Jun

28 Oct

16 Dec

8.5
8.9
8.4
8.8
8.4
4.9
8.5
8.1

8.0
12.0
9.0

11.0
2.4
3.5

11.3
3.4

<1
<1
<1
<1

6.7
3.8

0.24
1.4

<O.20
<O.20

1.0
0.8

<0.1
<0.1

<2
<2
<2
<2

<1
<1

8.6
9.7
9.8
9.5
6.9
4.3
6.5
5.4

7.0
11.0

2.0
7.0
1.2
1.1
1.2
2.7

<1
<1
<1
<1

2.9
3.5

7.6
8.0
7.3
7.8

10.0
10.0
8.4
7.5

12.0
13.0

3.5
9.0
1.8
2.7
2.9
2.3

<1
<1
<1
<1

3.6
3.2

<0.20
<0.20
0.82
0.86

<0. I
<0.1

1.3
<0.1

<2
<2
<2
<2

<1
<1

5.5
5.7
8.0
8.5

21.0
22.0
17.5
11.3

6.0
1.0
2.0
2.0
6.1
3.1
7.0
7.4

<1
<1
<1
<1

4.6
11.8

<0.20
1.0
0.69
2.8

<0. I
<0.1
<0.1
<0.1

6
16
<2
<2

<1
<1

9.0
9.2
9.6
9.5
6.6
9.0
5.1
4.2

12.0
7.0

11.0
4.0
3.5
5.0
3.4
5.6

<1
<1
<1
<1

2.3
1.2

1.5
0.60
4.0
0.42

<0.1
<0.I
<0.1
<0.1

<2
<2
<2
<2

<1
<1

Mercury, total
(g/l )

Selenium, total
(Pg/l)

15 Apr

17 Jun

28 Oct

16 Dec

A
B
A
B
A
B
A
B

A
B
A
B
A
B
A
B

0.49
20
0.27
1.6

<0.1
<0.1

2.7
1.3

<2
<2
<2
<2

<1
<1

15 Apr

17 Jun

28 Oct

16 Dec



Table A-3 (continued)

Sampling Repli- Location
Parameter Date cate 1 10 4 7 3

Zinc, total
(Ug/l) 15 Apr A 21 9 49 10 66

B 50 25 18 15 18
17 Jun A 24 96 44 22 78

B 13 52 19 51 55
28 Oct A <50 <50 <50 <.50 <50

B <50 <50 <50 <50 <50
12 Dec A 70 50 180 60 60

B 50 50 80 50 40



APPENDIX B

PHYTOPLANKTON DATA
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Table B-I Analysis of phytoplankton samples collected near Wolf Creek Generating Station, Burlington,

Kansas, 15 April 1980.
Loccation I

REPLICATS8
UNITS P'H ML.

A K

MEAN (• EPL I1.PlCA'rf.s

UNITS oICCu-

PER ML. HENCE.

HIUVLbUMt.
NIC KU-
L ITI:HS/ I.CCUH-

LIT11R Hm'.NCLT A X A

BACILLARIOPHYTA
CENT AI,5S

STNPIIANOOISCUS ASTRAEA
CYCILUT.LLA AIOMUS

CICLOTELLA MLN.GHINJANA
M1*LOSIHA GHANPILAIA

ITOAL CENTHALES

1556.
200.

80.
0.

2h94.
319.
160.

20.

2125.
259.
12U.

10.

41.7b%

2.35%
0 *2U%

2.24U

0 . 041
0.UI2

HI,241

0 *74V
IT 50

* 4'%•

1936. 3193.

BACILLARIUPHITA
PENNALES

ASTEHIONELLA F1ORMOSA
SURIRELLA OVALIS

0.
20.

140.

2U.

2514. 49.40%

70. 1U.7%
2o'. U0.39%

9u. 1.76%

2604. 51.17%

2.314 83.91%

0.02b U.95%
O.028 1.03%

0.055 1.991

2.3bU 1).90t

IOTAL PENNALES 20. 0hU.

1856. 3352.TOTAL BACILLAHIOPHYTA

CHLOHO' IITA
NUN-F ILAMENTOUS

UNIDU:NTIFIEI CUCCOII GHEEN
ANrIIS1HUUESMIJS FALCAIUS
SELENASIHIIUM P.STI1
UICTYOSPitAURIUM PUICHELIUM

'ILINA61HUM S1AURUGLNIALFUkME
CHLAMYDOIIONAS SPP.
UOCYSTIS PUSIhLA
MlCRACTINIUm PU1T1ILUM

KIRCHNEHIELLA SUBSOLITAHIA

SCLNEDUSMUS UUAJIICAUUA
UUCYSTIS HUIHG.1I

304.
299.
2I9.

5u.
90.
80.
25.
20.
20.
10.

5.

1122.

1122.

224.
161'.

160f.

60,

1bUo

40,
4U,
15.

6U40.4U.

9iH.

914.

264.
229.

19U.
105.

15.
70.
32.
30.
17.

5.
2.

5.201
4.51%

3.72%
2 .Ob%
1 .4 Il
1 * .17

0 * 63%
0 t)59%U h3 4

U.09%
U . 051

t0. 02 1
U.OUb

0.017
0,006
0,02b
0.013

0,015

0.002
< 0.001

0.*0(13

U . 9b6%
0D*22%

0.24%

U.411

.55%
u.116%
U.I il
0.1 1%

TOTAL NON-FILAMENTUU5

TOTAL CHLIJHUPAII(TA

CYXN(JPtAYIA
NUN-VILAMENTOUS

APHANUCAPSA D1:I,ICATISSIMA
CHHOUOUCCUS UISPE:SUS
MERISMOPEDIA TFNUISSIMA

1020. 2u.0U5

1020. 20.u5%

555. 10.90%

4l1;1. I.47t
lo. U .3 1%I

10106. 4 . I %

0.122 4.42%

0.124 4.421

b)19 244.
40f (I .

U.U09 0. J4%

0 .00v6 0. 2 0
< 0 . o) I (. tio

TOTAL NUN-fI LAM:NTr(IU% 14hl.

14h?.

S4h. U.o,15 U.b5'J

OTLCAUHT11106. 19.11I. 0 .15 U.!5!%TOTAL CYANUPHYTA



Table B-i (continued)

Location 1

R:EPlICATLS
UNITS PERH ML.

A B

MEAN UF KEIPLICAILS
UNIT5 OCCUR-

PER~ ML. HENCE

hi 10 HILUM I

MICH U

LITp.HS/ OCCUm-
IIIJEL HLNt F.

EUGLLNUPKYTT

PIIACUS PYHLIM

TOTAL ELUGLENUPHYTA

CRY PTa I Y TA

RIIOLOMUNAS MINUTA
CRVPTOMONAS SPP.

TOTAL CRYPTOPHYTA

MICRUrLAGELLATES

20.

20.

0.

0.

10. 0.20%

1U. U.20%

0.04V 1.4b%

U.040 I .4hN%

14U.
100.

239.

319.
60.

319.

200.

200.

229.
80.

309.

4. 5 Il
1 .57%

U0U20
0.134

0. 154

0.7 4%

UNIDENTIFIED MICROFLAGV:LLATES

TOTAL MICHOIFLAGELLATES

TOT A L P H 10 P LA N K T N

0.

o0.

140. 2.74%

140. 2.74%

0.05! 2. kif

0.057 2.0H%

4784. 5jys , 5089. 10U.00% 2.751 I0'.uO%



Table B-I (continued)

Location 10
HpILICATLS

UNITS PEH ML,
A 0

MEAN OF REPLICATES
UNITS UCCUH-

PER ML. NENCIE

AI OVOLUME
MICRO-

LITERS/ (OCCUH-
LITER HLNCET A X A

BACILLARIOHPiYA
CENTRALeS

STE•HIANOOISCUS ASTHAIA
CYCLUTEILA ATOMUS
CYCLUT'LLA MENEGHINIANA
MbLOSIHA DISTANS

2235.
519.
16U.

HO.

1I fibh
2o10.
1 40.

Uo

194b.
159.
15(1.
40.

39.b3%
31 *1%

3 * 0l%0.u1%

2.051
0.U28
0,052
0.0U5

76b 1 Wk
I.O51

1.92%
U *19%

IOTAL CENTHALES 2993. 1995.

BACILLARIOPHYTA
PENNALES

ASTURIONELLA FONMOSA
NIIZSCHIA ACICULARIS
NAVICULA CHYPTOCEPHALA

Ho.
40.
20.

140.

4U.

0.

40.

2494. 5U.110%

60. 1,22%
24. U.41%
10. 0.20%

90. 1 .1Ni

2584. 52.b3%

2.136 79.J2%

0.023 o .w 3%
0.002 u.ubt

0.004 0.14%

0.02.b l.U4%

2.164 110.361

TOTAL PENNALES

TOTAL BACILLARIOPHYTA 3131. 2u35.

CHLOHOPHYTA
NUN-FILAMENTOUS

ANKISTRODESMUS FALCATUS
SELKNASTRUM wFSTII
UNIIENrIFIED COCCUID GREEN
CHLAMYOUOMUNAS SPP.
ITEHASTRUM SIAUROGENIAEFURME
UOUCYS5S PUSILLA
PICRACTINIUM PUISII,IJM

DICTVIVSPHAE.HIUM PULLHEI.LMLI
KIRCIINLRIELLA SUbSOLI'AHIA
CHUCIGLNIA 1JUADRATA
SCFNEOESMUS LUNGUS
SCLNEDESMUS A11UNDANS
GOLENKINIA HADIATA
LAGEI4HEIMIA UIOAI I SF:TA
DICTrY1SPHA:H IUM LIIHkNH.3GIANUM
SCENLDESMUS uUADIHICAUDA

TOTAL NON-FLAME.NTUOUS

299.
399.
324.

HO.
1010.
100.
315.
40.
45.

0.
40.

0.
20 .

0.
20.
10.

1591.

153• .

9bU.

140.
bU.

30.
40.

20.
40.

4).
0.
(I,

24.
U.

249.
247.

2 19.
110.

Hu0.
OU.
12.
40.
32.
20.

20.
1U.

10.

10.
o0.

b.

s. ON%
5.U31

4 . 8 B-4
2 . 24k
l.bj%.
I bA3

0.611
0.41%
0.41%

U.210\
u.20%

IL * 20%
u.221%

, I 30%

U.O~b
0.U24
0.041
u.O 7
0.033
O.OJb

U.006
O.Ou3

< OOUl
0.001
0 ° 002
(0 . U 4

< 0.003
(.UU5

C 0.001

0 . 25%
0.24%
U.bq%
I .52%
U.26%

1.22%

1 . 35%
U.241

U.olt

0.14%

0 . IUHI

0 * IN

1235. 25.15%

12J5. 25.15%

0.3IIH h,59%
0O 1tIN 1, bgl

T(ITAL CHLUHRPHY'I'A

CHHYSOPHYTA

CHRYSUCHNOMULINA SPti.

TOTAL CHRYSUPHYTA

211. II. I(). 1).1 Uk < 0.0)40I U1. W,%

10. 44 .211* <,% C . oIl I U . w 2%11.



0
Table B-1 (continued)

Location 10

REPLICAT ES
UNITS PEv Mh,.

MEAN tOF HRIELICATES
UNITS UCCUN-

PEU M, I'EAHCE

8 10 V ULUML
MICKU-
I,1T H'/ OCCUk°
III• ItkH RLNC E

CTAMUPHYTA
NUN-FILAMENTOUS

CHRUOC0CCUS DISPERSUS
APHANOCAPSA DELICATISSIMA
APHANOCAPSA EbACHISTA

TOTAL NUN-rIIAMENTOU3

CYANUPHYTA
FILAMENTOUS

ANAIBENA SPP.

TOTAL FILAMENTOUS

TUTAL CYANOPHYTA

EUGLLNUPHYTA

374.
212.

20.

606.

2Y4,
Yu4.
40,
4U.

424.

0. 45.

0. 35.

60h. 4V

334.
151.

JO.

515.

10.

17.

512.

20.

10.
10.

50.

6 . ki0%
3.07%
Q.bl%

1U. 49%

0.361

0.361

10 U . 4%

U.41%
U.2u%
U.20%
0.20%

1.02%

THACHELOMUNAS VULVUCINA
EULIhENA POLYMOMPHA
IHACUS SPP.

'HACUS LEMMERMANNII

T'OTAL EUGLENUPHYTA

CRYPTOPHITA

20.
20.
20.
20.

80.

RHOUUMONAS MINUTA
CRYPTUMONA5 SPP.
CHHUUMUNAS SPP.

TOTAL CRYPTUPHYTA

MICRUFLAGELLATES

J79.
60.
40.

479.

1 "0.

I"U.

20.
U
0.

U.

219.

2U.
0,

HI).

309. 6 . JU
40. (.us%
2o. 0.41L

jb9. 7.51%

IJU. 2.b4%

0jo. 2.b4%

0.004
O.OO0
0.005

0.011

0.017

0.017

0 , 028

0.032
OU,5
0.040
0.010

0.028
0. 001.

0.1U1

0.053

0,053

0.'09%
U.171

U.4J%

0.4.1%

0.62%
.us%~

I . 2v%
3.17%

1.49t

b. 25%

1.U2%
2.49%
U.23%

J.14%

1.9A1%I *98%
UNIDENTII'IED I4ICHOFLAGELLATES

TOTAL MICRUFLAFGLLATEs

T U T A L P H Y T U P L A N K T U N ho"H . 37.11 . 49 10. I0 0. U01 2.h92 IOU.U41%



0
Table B-1 (continued)

Location .4

H pL, I CAT E:S
UNITS PER ML.

A R

MEAN (3? REPLICATES
UNITS UCCUH-

PLP MI, Pt.NCE

H II IV U LU00
MICHR-
LITEHS/ ICCUk-

LIr't.H HLNCtT A X A

BACILLAHIUPHYTA

CLNI HALLS

STEII'ANOUISCUS ASTHAEA
CYCLUTELLA ATrMUS
MELtISIHA AMHIGUA

CYCIAIT.LLA MLEEGHINIANA

1UTAL CLNI'RALF:S

2614.
279.
200.
IHO.

1497.

279.

60.

2055.
219.
130.
120.

40.b9%

5.53%

2.b7%
2.31%

2.1bb
0.022
0.0b4
0.041

75.o9%

0.1 1%
2 . 2by
I .45%

3272. 189b.

BACILLAHIOPIIYTA
PENNALES

NITZSCHIA ACICULARIS
NITZSCHIIA SPP.
GUMPHONEMA PARVULUM

'IUAL PENNALES

(U.
20.
20.

20.

U.

2514. 51.16%

10. 0.20%
1O. 0.20%
10. 0.20%

Jo. 0.59%

2614. 51.151

2.2Y4 8(0.38%

< 0.001 0.03%
< 0.001 U.00%

0.004 U.Iit

0.005 0.16%

2.299 HU.541

40. 20.

3312. 191b.TUTAL BACILLARIUPHYTA

CHLOHOPHYTA

NUN-FILAMENT JUS

ANK IS rHUIILSAUS lALCA-rus

S;LENAsirHUM %;sTI I
UNIDENTIFILU CUCCUID GHREEN
'IETHASTHUM STAUHOGENIAEFORME

MICHACTINIUM PUSILIUM

KINCHNEHIELLA SUBSOLITAPIA
OUCYSTIS PUSILLA

CHLAMYUUMUNAS SPP.

CRUCIGENIA UUAUHATA
VICTYOSPHAERIUM PULCHELLUM

SCENEOESMUS UUAUHICAUUA
ACTINASTRUM HANrZSCHIl
CARTERIA COHDF'UHMIS
SCENEDESMUS LONGUS
5CENI)E14UUS ACUMINATUS

459.
205.
224.

80.
120.
65.
go.

O.
60.

0.
30.

20.
0.

20.

20.

25q.
324.
239.

75.

10.
HU.
AU.
40.
60.

0,

20.
) .

U.

359.
264.
2J2.
140.

97.
Hi.
b0.
60.
30.
30.
22.
t0,
10.
10.
I1).

1. 11%
b.23%
4.59%

1 1931
1.73%

O.bg%
0,59%

U.44%
0.20%
U.201
u,2u%
V.2o%

O.UO0
0.006

0.023
0.012
0.,049
O.UUs

0.033
0.022

< 0.001
0. Ou5
0.004
0.005

0 0.00t)< 0.001
-C OUU1

0.34%
0.24%
U.b2%

U.441
1.71%
0.30%

0.15%

0. Ou
0.111
0.12%
0.1U%
0.16%
0.02%

O . 02%

TOTAL N(4N-FILAMENI'UUS

TOTAL CHLUHUPHYTA

1462. 1422.

1462. 1422.

CHRIYSOPH YTA

1442. 2b.b4%

1442. 2a.!4%

30. 0.W9%

2. U.Li,%

I H b b.4b%

< .001 0 .20%

0.007 0.2h%

UCHHUMUNAS SPP.
MALLUMUNAS TUNSUJATA

SYNUR)PSIS GLUBUSA

0.

5.

60.
21.



0Table B-, (continued)

Location 4

TAXA

TUIAL CHHVSUPHYTA

CYANUPHYTA
NUN-VIILAMENTOIJS

APHANUCAPSA UELICATISSIMA

CHHOUCUCCUS DISPEHSUS
MLYISMUPEDIA TENUISSIMA
APHANOJCAPSA ELACHISTA

TOTAL NUN-VILAMEN TOUS

TOTAL CYANOPHYTA

£UGLLNUPHYTA

THACHELUMONAS CHLBEA
TNACHELOKUNAS VOLVOCINA

TUIAL 1:1IGLUNUPHYTA

CRYPTOPHYTA

RHODOMONAS MINUTA
CRYPTOMONAS SPP.
CHHOOMUNAS SPP.

TOTAL CRYPTOPHYTA

NICRUFLAGELLATUS

UNIDENTIFICD MICROFLAGELLATES

TOTAL mICRO(rLGELLATES

T O T A L P H Y T 0 P L A N K T O N

HE PLICAT ES
UNITS PEN ML.

A H

S. so.

MEAN LMF HEPLICATFS
UNITS UCCUH-

PER ML. HENCE

42. 0.84%

hLUVULUKL

LIIEHS/ OCCUJ°
LITER HENCE

O.UI4 U.441

219.
I1A0.

0.
20.

419.

419.

20,
20.

40.

140.
16U.
40.
to.

349.

349.

0.
0.

v0.

339.
60.
41).

439.

1 bO,.

2 U,

180.

170.
20.
15.

384.

J34.

3.Sb%

0.4U%

,bU%

7.60%

OUUU
0.002

< DOUI

0 . 0012
O.Ou0

.oO7

10, 0.20%
to. 0.20%

20. 0.40%

0.048

0.016

0.0b4

0.201

0.00b

0.2)2

0.11%

0.07%
U.UU%

0.08%

0,21%

0,21%

1.6.%
U.57%

2.2b%

7. 03%

8.11%

219.
180.

0.

399.

IOU.

too.

279.
120.
2u.

419.

5.53%
2.37%
U.40%

w .29%

13.U 2.57%

13U. 2.51A

U.053 IH 7

0.05 1 .87%

b737. 4 it, . b0I51. 1U.uu% 2.054 100.UU0



Table D-2 Analysis of phytoplankton samples collected near Wolf
Kansas, 17 June 1980.

Location 1

Creek Generating Station, Burlington,

HE PLICATE.s
UNITS PCH M,.

A K

ME'AN OF REPlICATES
UNITS OCCUR-

PCH mi.. HENCE

h I UVO(LUMI.
,MICROU-

LITERS/ (OCCUM-
hIlE I LncI:N

7 A X A

BACIL LANH IlHYTA
CENT HA I, ES

S•EPtIANODISCUS ASTRAEA
MEbOSIHA GHANULATA
CYCLOTLLA MENEG(;HINANA
UNIDLNT1'F I U CV:N]*HICS
CYCLTIELLA ATOMUS
MUbUSIHA UISTANS
SKLbLETUNEMA PDTAMOS

2275,
B0o.
210.
239.
120.
150.

0.

1646.
1018.
299.

239.
60,

1961,
913.
254.
19b.

IUO.
tus.

30.

18.25%
8 .501
2.37%

1 .67%
0.97%
0.28%

I . 93s
0, 1bb
0.0)3
0 . 004
0.017
0. 007
0.002

bb, I b
b.4b%
2.*14%
U. I)%
U.40%

0.221
0 . Ub%

TOTAL CENIRALES 3801. 3412.

BACILLAMIOPHYTA
PENNAL:S

NITZSCHIA KUTZINGIANA
NAVICU&A CHYPT(UCEPIIALA

I(ITA6 PLNNAbES

TOTAL BACILLARIOPHYTA

90.
(0,

150.

U.

U.

U.

3631. 33.8b%

45. 0.421
30. 0.2b%

75. U.69%

3111. 34.56%

2.22H b4,bbt

0.005 0.1b%
0.()IN O.!2%

0.023 U0b7%

2.251 65,34%3951. 3472,

CHNLOOPHYTA
NUN-FILAMENTOUU

CHUCIGENIA TETRAPEDIA
UNIDlENTIfIED 0C)CCOJIU GREEN
FEU I ASTRUM OUI'LVX
U(ICYStIbI PUSlI.LA
0ICTVOSP(IAF.HI11M PULCHELLUU
CkUCIGLNIA 4IENt.STRATA
CUELASTHUM MICHOt)IRJUM
CHUCJGLNIA UUADHAIA
CHLAMYDUMUNAS SPP.
TE1IHAS'rUM STAUHUGLNIAEFURME
ULCYSIIS hUM(;EI

SFLN4ASIRUM MINUITUM
ANhhdS7HR0)VP.SM FALCATUS
SPHAtH0}CV:;1.1 SCHROETEHI
SCENFUESMUS (JOiIAI)HICAUI)A
DICTYUSPHANHIUM EIIHENBI4HGIANUM
SELFNAS'IUM W4.STJ I
4INCHNERILL6A SUBSULI'rARIA
MI.HACTINIUM PUSIiLLUM

LAGEHHEIMIA WHATISLA I.ENSIS
LAGCFIHEIM IA uUADbI 1S44:TA
SCENLI)iSMUt LOINGI4S
SCLNEE)SMUS HII.,ILULARHIS
SCINEEISMUS 5PP.

1122.
644.

352,
314.
359.
105.
172.
120,
195.

75.
127.
60.

0.
Uo.

22.
is.

0,

04
(O,
14),

4(

441.
b91.
bob.
#30b.
3o1.
239.

0.
239.
142.
I H U.

H2.
I,.
1.

60.
12 u.
90.

0.
30.

7.1
3o4.

.1 U.
34.

I.

7j2.
b3b.
505.
329.
217.
I b(0.
172.
15?.
1 5U.
1-38.

75.
61.

4b.
30.

26.
26.
lb.
IS.,
lb.
15.

4.

5.92%
4.701
J.U1%

1l.b7%

i . 4b%
1 39%

1.29%

0 b 9%
0.b2%
0 . 5 t'%
0. 56%

u0. 421A
0.24%

V.24%
0.14%
U . 1 4%
0.14%,
0 14%1

0.01%

O4 *443

0.030
0.172
o0.(20
0.042

0,027

1) . U 19

o .4 ob N

U.145

0 . 004

0.024

0 . 008

0.04420 } OUl

0.002
1) . oU2

< 0.U00
0)o Ou I

.. 1) . oU I

(0 * 446%
S.* 0()'L
U. 59%

2.10%

0.17S

U.28t

I * 99VA

4, 23%

U 413

0).19%

0.05%t

0*U v 1104,V%



O
Table B-2 (continued)

Location I

O

1'AXA

TOTAL NON-FIhAMEN'rUUs

TOTAL CtILUOOPHNTA

CHKRSOPHY'KA

ARACHNOCHLOHIS MINOR

TOTAL CKHYSOPIIYTA

CYANUPIYTA
NUN-FILAMENTOUS

CHHUOCOCCUS DISPEIESUS
APHANOCAPSA ELACHISTA
mY.RIsmUFrEiIA TENUISSIMA
APHANOCAPSA DILICATISSIMA
MICROCYSTIS AERUGINOSA

APHANOTtECE NIDULANS
UNIDENTIFIED [iLUE-GHEEN COCCOID SP,

TOTAL NUN-FILAMINTOUS

TOTAL CYANUPHYTA

EUGLLNI)PHYTh

PHACUS SPP.
IRACIIELOMUNAS VULVUCINA

TUTAL EUGLENUI'HI1A

CRYPIOPHYTA

RIIUUMOUNAS MINUTA

TOTAL CRYPTOPHYIA

N 1CRUFLAGEGL1AT.S

UNIDENTjIf'ILLb M1('H(1FI,A 6L1,ATE.S

TOTAL MICHUfIi,AGJ.LLA rf.S

1 O T A L P H V 1U P L A N K T U N

REP LICAT ES
UNITS PEH ML.
A B1

4213. 3360.

4213. 3360.

0 . 30.

0. 30.

MEAN UO" REPLICATES
UNITS UCCUH-
P;H ML. HENCE:

3786. 35.25%

3786. J5.251k

15. 0.14%

15. 0.14%

HJOVULUML
MICNU-

LII'H•S/ oCCUk-
L1TER HENCE:

U.6171 19.4H%

0,671 19.4U%

U. UU 0.041

U.002 U.04%

1489.
814.

374.

242.
135.
135.

15.

3244.

3244.

0.

0.

0.

494.
934.

4h.
15.
30.

(1.

2433.

243 I.

3().

1 20.

12".

I '•.

991.
814.
614,

I 65.
105.

E12.
7.

2839.

2639.

9.231
8.13%
5.7 1
1.541
0.97%
0.76%
S*. uI%

26.43%

2b.4J%

0.041
0.219

0.004

O.O04

0.007

0.2uI

0.27H

.359.

359.

1 20.

Is. (.14%
15. 0.14%

10. Q0.2 b%

239. 2.23t

239. 2.2)%

12t'. 1.11%

lIb%

-. 12%
0.14%
U.21%
0. 00%

5.20%
0.b4%

6.U%

U.O2b 1.15%

0.412h 0.7h%

U0.019 oI2hw

(I * (('9 IP. * ?

u.179
(I0((29

0.2UN

1I046, 9S94. 10740. 100.00% 3.445 100u. u(%



0
Table B-2 (continued)

Location 10
REPI. CATE:5

UNIIS Pk8 14L.

A H

MEAN OF NEPLICATL$

UNITrS UCCUIt-

Pk.k ML. RLNC h.

BIUVOLtIME
MICRO-
I TEN:MS/ OCCUH-
hI r8.H MLI.L-LT A X A

BACI1LARIUPHYTA
CLOTRALES

CYCLOTELLA MF8Nf:;HINIANA
SfEPHANOUISCUS ASTHAEA
CVCLUrTEILA AIUMUS
UN IDINIIFdILu CENI•ICS
STEPIIANUUISCUS HANTZSCHII
SKI*I TUNE.MA PtTAMUS
MEIL.SINA (;HANULArA
MELOSIHA UISTANS

TUTAL CENTH ALFS

BACILLARIUPHYTA
PENNAtI.:S

NITZSCIIIA KUTZINGIANA
CUCCUNE:IS PLACENJ'IULA
NAVICULA CRYPTOC8.PHALA

IUTA6, PENNALES

"TITAL 6ACItLAPIOPvIyTA

CHLOWIPHYTA
NUN-F [L LAMVNTUI S

CHI,AMYDUUMUNA5 SPP.
UNIlDENTIFIED CUCCOID GREEN
CHUCI(;LNIA 1MITNAPEDIA
PLVIASTHUM DUPL0X
UICTYOSPHAE.RIUA PULCHELLUM
CRUCIG8NIA uUADRATA
SCU.N.DEUAUS U UAUH ICAUIDA
LUCYS1IS PUSILLA
CA'rLHIA CONUIIFURMIS
CUEILASTHUM MICHUIURUM
PF.OIASTRU-4 ILTHAS
UOCYSTIS .HUR(G'
SCENF*I)LSM U5 L014GUS
SCE NEDESMU.S ACUMJNATUS
A1NCHNR[I.LLA SUUSUILITAlIA
TETHASrxUM AUHU(I.NIAI-FURMIE
MICRACrINIUM PUSILIM
1CTHAF;UHUN MUJICUM
LAGERHEIMIA UIJAIJIHtrA
SCEN;:UESMUS SPP.

IUTAL NUN-F IAMEN'(1US

1167.
1497.

b2g.
509.
120.
90.

U.
60.

1287.
74H.

68o.
569,
239.
210.
269.
b0,

1227.
1122.

5J9.
180.

135.
6U.

12.721
11.64%

5.58%
1 *60%

1.401
0.h2%

0.35b

O.Obl

0.012

0 . ()(1

0.028
l0,04

7.71i
24.02%

1.331
0.27A
I . 19V

U . but
Q.0 9 1OU.09%•

4071. 4071.

60.

60.

30.

150.

12U,
3u.
3U.

1 80.

4071. 42.20%

90. ().93%
4b. 0.47t
30 . 0 .3I111

165. 1.71%

421b. 43.90%

1.634 35.441

0.011
0.036
o.U18

0.23%

0.39%

0,064 1.41%

1.699 36.b4%4220. 4250.

1107.
434.
494.

322.
12o.

112.
60.
90.

120.
m2.
60.
45.

to .

to.

lO.
0.
to,
0.

7.

b99.
b31 .
150.

52.
IHU.

180.
90.

52.
91).

q0.
52.
4h.

34).

w,.

853.
483.
.122.

187.

101.
97.
V4.
9U.
71.

60.
49.

45,
4b.
34.
22.
15.
15.
is.
4.

H.M4%

5. O00
3.34%

1.94%

1 .55P
1.05%
1.01%

U.97%

U.J

U . 23%0.50%

0. 4 to %

0.23%
0. 1b%

U'. I1h %
U0. U 4 1
0.14%

0.J9u
0.131

0 . 00*I
0.041

0.014
0.012
0 . ((8 30.0iul

0.094

0 * 0 U0.002OOU2
0 *.hU2

ii* )u I
0 * u0

0 *l00I

2 H 41%
0.211%
( .I I V%0. 1 hs

v0b 7%
0.14%

0 .3 1 %U.31t

I Is 8 i
0.17 %

U.OtH%

1) . I 3%
U . 0t
0. lT*1
0.04%

U . 0(1)%
U. t IV,

(

(

iUI,8 I. ,il 1.2. 2713o . Il 2.55U. .5 0 . H IV9 II. It)



0
Table B-2 (continued)

Location 10

TAKA

TUTAL CHLUHUPHYTA

CHHYSUPHYTA

ARACHNOCHLUHIS MINOR

TOTAL CHRYSUPHYTA

CTANUPHYTA
NON-FILAMENTOUS

M.RISNOPEDIA TENUISSIMA

CHRUUCUCCUS DISPERSUS
APHOCAV3&A A•CHI1T5A
APHANOCAPSA DELICATISSIMA

UNIDLNTIVIED 18UE-GHREN CUCCUID SP,

TOTAL NON-FILAMENTOUS

TOTAL CYANUPHYTA

EUGLENUPHYTA

REPLICATES

UNITS PER AL.

3068. 2412.

MEAN Ut HEPLICATES
UNITS UCCUR-

PER ML. HRNCý:

2750. 214.51%

HIUVOLUME
1 ICRU-

LITKNS/ OUCIJ R
1, 1T k RH.tcf:

0.1419 11.7s,%

SU..001 o.Ui%

( 0.001 ).0/WA

U.

U.

3.

3.

950.
554.
174.

57.
52.

1787.

1787.

74H,
54h.
I b2.

54.
15.

1525.

1525.

849.
550.
16U.

55.
34.

1b55 .

165b.

0.031

0. 03%

H .801
S. 70%
1.74%
0.57%

17.1'1%

17 .17%

0.31%

0. lb%

0.16%

0.lb%

U. 71%

EUGIXNA ACUS
PHACUS CAUDATUS

TRACHEL6lMUNAS VULVOCINA

PHACUS HELI2IJDIES

lOlAL, EUGLENUPHYTA

PY RHOPHYTA

30.
30.
3U.
30.

120.

30
U.
1)
II.

30.

JU.
15.

15.
15.

75.

U.003
().023
0.042

0 * 001IO.OUI

0. 069
O.O b9

1.290

0 * 056q0.029

0. 151

,542

0.015

0.015

0.407
0.034

U.449

OUb%
0.49%
0.91%
V.U3%

1.b2%

1 * 52%

28.14k
1. 22k
U. bly
3.44%

3 J. 43%

0).32%

0.32'

0.74%

U.)H*

.9. 4 %

GYMNODINIUM SPP.

TOTAL PYRRHOPHYTA

CRHPTOV2HYTA

CRYPTON(NAS SPP.
YHHI)ODMONAS MINUTA
CHwOI2MUNAS 5PP.

TOTAL CHYPTUPHYTA

0* 3(1,

11*tl

15. 0.Ib%

IS. U.It%

474.

Ill.

4 7 4.

329.
J14.

JU.

073.

3.41%
J.2t%

b. 31%



Table B-2 (continued)

Location 10

0

I4PicArLs MEAN Of RE:PLICATES
UNITS PER ML. U '1 Th UCCUK-

A H PER ML * HENCL

HIUVULUME

LITEHS/ IJCCUH-
LITKH RLENCET A X A

HICRUFLAGELbATES

UNIDENTIFIED HICROFLAGELLATES

TOTAL MICRUFLAGELLbATES

210.

210.

269. 239.

239. 2.4H%

0 u IH U .J9%

0.016 0.39t

4.612 1O(I.VU%T O T A I P H Y T U P 6 A N K T . N 10272. 9021. 9b47. iU0.0%



0 0
Table B-2 (continued)

Location 4

UNITS PEH Mb.
A It

UNITS UCCUR-
PER ML. HtNCK

.... ..............

N IUVOLUMt.

LI TFERS/ (ICCUM-
LITtk RLNO•KT A X A

BACILI, ANlJPIIY U 11 A

C L.N IR A 1E S

STEPHANUD2ISCUS ASTRAEA
CYCLUTELLA MENF:GIINIANA
UN81EN'IrIFI:0 CENTHICS
CVC.IUTELLA ATUMUS
SKF.LCTONEMA PUIAMOS
AL.LOI3SNA GRANULATA
MELUSIHA 2)ISTANS

1975.
Ib2b.
21170 .
898.
299.
224.
60.

2245.
1556.
Ib85.

g9.
0w

211U.
1541.
2J32.

958.
299.

30.

15.UN%
11,1111

1U0.12%
7.20%

2,25%

2.18%
01.23%

2.UJ
0.447
0.032

0.020
0.032
0 *02

47. 14%
tO.25%

U.'10%
2.04%
1.41%
V.74%
U.O 1

IUIAL CENTRALLS

BACILLAHIUOPHTA
PLNNALES

bob1. b794.

8lTZSCHIA KUIZINGIANA
NAVICULA CHYPTUCEPHALA
UNIDENTIFIED PFINNATES

NJTZSCHIA LONGISSMIA

150.
60.
bo.

0.

269.

911.
30.

20.

6428. 48.36%

120. 0.90%
45. 0.34%
JU. 0.23%

15. 0.111%

21u. 1.511%

6637. 49.95%

2.7U4 bl.91%

U.014

V.027
< 0.00U

UOU7

0.32%

u.1%k

IUTAL PENNALF:S 0.049 1.122

2.753 b3.11u%TOTAL HACILLARIUPHYTA 6330. 6944.

CHLOROPHYTA
NUN-FILAMENTOUS

UNIDEN11FILD ,CCCUIU GREEN
CH,•AMYOUMUNAS SPP.
ChUCIGENIA 1ETHAPEDIA

U1CTYOSI'HAEHJ UM 2'U2,CHELI.UM
AICHAC'IINIUM PIISILLUM
CRUCIGE~IJA QUADFJATA
CO.LASTUM mICRUPUIRUM
PEDIASTRUA DUPLEX
OUCYS1I5 PUSILLA
SELFNASTHUM KS111
ULICYSTIS HUH(;E:2
SCLNEULSMUS LUNGUS

IETHASTkUM S'IAUNUGENIAEFURME
SPI1Ak HUCYTI is SCHHOEVEHI
:CF.NEIDJSMIJS hIJU(.A
ANKI15THU1jfSMUS F ALCATIJS

KIHCIINER1ELI,A SU115ULIrAHIA
LAI..LR1IIMIA uUJA(HI2S TA

SCENEDESMUS OUAURICAUUA
UOLkNKINIA HADIIAA
SC:NLU':SMIIS AHUNDANS

CAHTERIA CURUIFIJHMIS
5CF.NEVESMUS 13ICH.L.U[LARIS

793.
b29.

157.
254.
53l.

4h4.

419.
211.

242.
2 HO .
5!2
61).
31.
611.

I 2o.
qu°

21
3u.
30.

(1
3(1.

25.

103.

088.

120.
92.

25.

1 .5.

' U.
hIl.

22.

2'.

1''

I U

748.

43U.
322.
299.
292.

243.
157.

97.
94.

bu.

611.

30.

31.311.
31)

"i.I .

5.63%
4 . h A

3.24%
2,42%

U. 7 3%

2.2011

0. 7 19%
0 * .561k0.73 %

U1.56%

U1.45%

U1.45%

U.23%

,11.2i11.3%

11,11%

S.Uh II %

U.20J

0.037

U.U2H

0.020

0 . U2 82

0 . () 1160,004

11,024

0 . 0 132

0 (. UU1 I

S. Ou 4

()(3*II 4
, U.1) U I

4.h5%

U.31%

0.221
0.46%

4.25%

0.1411

0.J/

0.31%

U. 11I11

40. I1!) %

U . 32%k

U1 . 3 1 %



0
Table B-2 (continued)

Location 4

T A X A

TOTAL NON-FILAMENTOUS

TOTAL CHLUHUPHYITA

CHHYSOPHYTA

HR:PL1CATES
UNITS PEH Mt,.

A H

4340. 375b.

4340. 3756.

MEAN OF NEPLICATLS
UN IT(S CCU14-

PEk ML. Hk.NCK

4U40. JU,471

4044. JU.47%

B IlUVULUMI
MI CRO-
LITVHS/ UOCCUR-

I, ITEk "LNLt.

0.9N4 22.b4t

0.9b4 22.54%

TRACHTCHLOHON DEPAUPERATUM
AHACHNUCHIOHIS MINOR
CHLUNALLAN'rHUS UOBLN(;US

IOTAL CHHYSI)PHYlA

CYANUPHYTA
NON-VILAMENTOUS

MEHISMUPEUIA TENUISS1MA

CHRUUCUCCUS UISPPLSUS
APHANUCAPSA ELACHISTA
APHANOCAPSA UELICATISSIMA

TOTAL NON-FILAMENTOUS

TOTAL CYANUPHYTA

EUGLLNUPHYTA

TIACHELOMONAS VOLVUCINA
PIIACUS CAUDATUS
PHACUS SPP.

UOIAt EUGLENUPHYTA

PYHRIIUPHYTA

0.
0.

30.

30.

703.

79.3.
251.
102.

1850.

1850.

30.
)U.

95)).

314,
4 t)

19 1 b

1416.

60.
3o0.

1 2o.

15.
15.
IS,

45.

831.
b96.
283,

73.

1813.

18u).

0.11%
0.11%
0,111h

U, J41

b. 25%
5.24%
2.13t
U.553.%

14.17%

14.17%

0. 34%

0.23%
0. 11 I

0.67%

< 0.001< O.UU !
0,002

0.002

0,004

0.002

0,029
0.071
0.002

0.104

0.104

U,*081

0.113
0. 179

0.J79

U.02U

U.09%

U.Ob%
O.bst
1, b3%

0.04%

2. JH%

2. 3m&

2 . 00%
2. bb
4.111

tU . h%

60.
U.
0.

bO.

45.
l0.
15.

90.

GLENUDINIUM SPP.

IOTA6 PYKHIUPHY1A

CRYPTUPHYTA

HHOUI)NONAS MINUTA
CHROUMUNAS4 SP.
CHYPTUMUNAS SPP.

10OTAL NYPtI)PPHY1A

0. 30.

U. 3U.

15. 0.11%

15. 0.111

0.022

0.022

O(,U2
((, 2

0.055

0. 09b

I H(I.
611.
ho(.

2,0'9.

I HiIm

2o.'
2,1.

I HO.
75.
45.

299.

I.Jbt
U 561
U 341L

2°2.3%

it. 4b%
0.44%

1 .2 itI . d/ V



0
Table B-2 (continued)

Location 4

1 A A A

MICRUFrAGELUATES

UNIDENTIFIED MICROFLAGELLATES

TOTAL MI4CHUFLA(ELLATS

T 0 T A L P H V T U P L A N K T 0 N

0

RE:PLICATES MEAN Ot REPLICATES
UNITrs PER Mi,. UNITS OCCUR-

A 1 PERH ml,. * UNC1

. BIUVOLUMV

MI CHLI
L I TfHS/ OlCCUR-

U.02U 0.47%

0.020 0.471

4,3b3 10U.00%

26Y~.

269.

131 79.

7b9.

269.

13 394.

269. 2.03,

269. 2.03A

13287. 100.0U%



0
Table B-3 Analysis of

Burlington,
phytoplankton samples collected near Wolf Creek Generating Station,
Kansas, 23 October 1980.

Location 1

R VPI, ICATES
UNITS PER ML.

b
.... .... .... ....T A X A

- -- -- ---- -----------------

SACILLAR•HrPVYTA

C N T A INFS

eKF1,:(T 1 I.MA t'f1TAUS

UN II 0 NT I I I iFD C'ENTR ICS

STI.PAN(INLI)ISCS MINUTUS

l4FSI.II I A IJISTANS

5TF.PHANfirI5CUS ASTrAt:A

CYCI(.1)Ei,A MFNF.I ,H N [ANA

MFAN UM HFIPL1(CATFIS
UNITS OCCUR-

PEP mi,. HENCE

t4 I nVOI,uvF.
Ml ('A ()-

I.1F.RS/f ((tCUR-
,,,ITEM PEINCE

6487.

4817.

2523.
459.

229.

2523.
2244.
183S.
1376.

918.
0.

5505.
J555.
2179.
918.
QI8.
!15.

4.771%

0 .O
0.7 9%
0 . OQ %

0. 308
0.224

0.67P
0.179
0.717
n.02q

4,6!%

10.121
2.b6I

10.71%
U. 441

TOTAL CFNTPAIE5

HACIILAH IfOPHYTA
PE•.hN MA ,F•S

NITZSCHIA THYMHLItN:LLA
h 11 7SCH I A KIITZIN(;IANA
NIIZSCIII A H I,;;A'rI CA

NIIZSCHIA ACICiI, AP IS
NAVICHILA CPYPTnCF.PHALA

P111 ZSCHI A IINF:ANIS
Nl .7,SCH IA (1('N (; 1 q ,MIA
Nil ZSCHI A APICIILATA

17433. 8946. 131119. 11.431 2.1.!5 31,149%

1376.

918,

(,

291.
0.

QIR.

910,
0,

459.
229.
229.
279.
229.

1147.

459.

229.
279.
115.

115,

(). q %

0.19%

0.40%

0 . 20%
0.20%

U (()4%
owkq

(1 14 (* I ) 4

o3 ((I 7
0.00h
0,2)3

0.n12
n.01 I
0.(1 1

II *. 9wk
2.001,•

I S41,I

0.16%

I . 11 7 I

(iOT1AL PENNAIFS ]441. M211.

20)874. 121s7.

1,4141 ?2. S0%

1.6,2A 54.221%T07 Al. ('AC I I,IJA1 IIJPHYTA

C14-IU11PHYTA
C N UiN 4 '( l, TA ..NT U,

NI(N-p I AMEFNTUUS

.9F114NASTRI14 MI NI(T(M
A'iK I STWI()ES,'jjIS F8AICATUS
I1 CTYItSI'II Aý:R I ((8 FHHEMRF41G I ANOIM
UNIOD..NTIF'IFI) COCCUIU GHKFEN
('IC• N • IA CRIC/ I 14HA
T1THA.THIINM STAIW((; ,.N 1 A..AF1FMIF
I),CYSTIS PUSItLA
CIILAMYII'JMf)NAS SPP.
bAGC.•HEIMIA (•I(AI)I'ISN:TA
SCENFVI)SMUS OtIAUR ICAUDA
IFIPA J;R(IN MUTICUm
mICHACTINIUM PUSILI,Um
AII4CIINERIFLLA SUBSULI.TAIA

PEDI)ASTYUM TETRAS

16515. 14.11%

7111.
527h,

459,
195n.
1I147.

51f),
459.

229.
0.

229.

115.

57.
0,

6824.
29P2.
415H.
2408

I) ,

279.
631.

229.
459,

344.

57.
51.

69b1.
41?9.
24014.
71Ily.

573.
573.
573.
344.

344.
1 72.
115.

57.
57.122.

6,,041

I ."rqj

3 . 51)1
0. 10%

0.30%
0.15%

U . 047A
((, ((9%•0.051k

0.oTk

. 2 3 7

1j (17(). 2o2)

0.1 IS

0.{)65

0 . ((H 4

0.0(is
0 .01In
0.02(1
0.016

O.Of,7

.(IH.0

o.02((H

S * 94%

I I v%

1. 6%

O.15%k
0,11%

U *.07%

u..11%

TOTAL NI.(N-FILAMVNTOUS

TOTAL CHL((140P11YTA

1465. 185"0, H1 522. 16.1)5% n.97h 14.54%

O. 1,4 14.59%10465. IsAO. IA5S22 16..0%



Table B-3 (continued)

Location 1

Ri:PLICATES
IJNITS P1:8 M1,.

A 1'

MN AN OF RF.PI, E(AIS
UNITS tCCUH-

PEN MI, o l4ENCE:

P• II 8 11,1 IN I.

L I L1' p,1'-------r-. / CC--- -
hiIN.P P[. N('lr A x A

CHNySIlPH4TA

CHwlYsrJCH IUM4II.INA SPP.
AI4A(INOC11IlR IS P41NO14

TIll Al diHlYSOI)PHYTA

CYANIIPlIYTA
NUN - I IA NtNTIIIJS

1 F1;I,'M0PF•t IA TINU ISS INA

APIAIdIICAP!1Ak Il IICAT ISSIMA
UNIDE:NTIP IEl H6E-GRC..F..N C1ICCU OU SP.
CHI4FI1UCOCCUS OISPF.PSUS
APHANOCAPSA N1,ACHISTA

101 At, NON-F I LAMPNTOUS

tIllAl, CYANOPHYTA

LIIGhI,.1 N PH Y TA

IRACIINIUMf]NAS VULVUCINA
EUGLN,.NA G14ACII.IS
PHACIIS PYRUM

1ii AL EIJGLENflPHYTA

CRYPIIJPHYIA

HHI)IHI)MONAS MI NII'TA
CRYPTOMONAS SPP.

1iITAI, CPYPTUPHYTA

1 O T A L P H Y T 0 P 1 A N K TUN

459.

0.

459.

61175.
2064.

1376.
229.

65545.

65545.

45q.
0.
0.

459.

5505.
229.

5735.

229.

229.

A22.!

1491.
1 491.

344.

85559.

229.
229.

229.

2064,
2 I6

2064,

229.
15.

144.

721154.
1771.

745.

297.

75552.

75552.

344.
115.
115.

57J.

3785.

115.

3Aqq.

0,*20%
0.04$

U.1) .3is

I .6 11

0.25%

6S.47%

()5. w1%

0.119'
0 . (1)Q%

3 . 28%
U . II 91

3 . 3 H

U.009
0 *01 3

(I * l 23
o.n23

0,14

II . to I !,

0.044

n.404

0.404

Q . 46h9
0, I511

0 . 250

U.621
0l . 1 7 2

n.79 y

(1,135%
0.,20%

(lj51k

* 2111

U.20%

is. 65%

b . 04YA

b.04%

2, 24%
3.74%

12.991%

4.27%
2. 5 11

II .14%l

111536. 119278. 115407. 1 0oo.,O A .694 1 ni. v0t



Table B-3 (continued)

Location 10

T A X A

REPLICATES
UNITS PIER ML,.

A R

MEAN OI REPLICATES
UNITS OCCUR-

PER MI. R ENNC E

MICRH-
1. 1TF'R OCCUR-

LITLE RENCE

H AC I LtAR IPHYTA
CENTRALES

UNII)ENTIFIED CENTRICS
S9EIETUNEMA POTAMOS
STEPIIANUDISCUS MINUTUS
SIEPHANODISCUS ASTHAEA

CYCLOTELLA ATOMUS

2064.
688.
459.
229.
229.

3670.
3670,
1 6bob
229.

o.

2867.
2179.
1032.
229.
115.

9.1b%
6.96%
3.311%
0 . 7 3%
0.37%

(),I e 1
0.122
0.321
0.179
0.022

6.75%
4 *5h%

12 , L0%
6.b9%
0. Hi%

1OTA!, CENTRALFS

BACILLARICIPHYTA
PENNALF S

NITZSCHIA KIJTZINGIAN1A
NITZSCHIA LONGISSMIA

3670. 9175.

0. 1147.
0. 229.

0. 137h.

3670. 10551.

6423. 20.53%

573. 1.83%
115. 0.37%

681. 2.210%

7111. 22.73%

0.H25 30.V5%

O,OH3 3.13%
0.017 0.b4%

0.101 3.78%

O.926 34.b3%

'T(]TAL PENNALES

TOTAL BACILLARIOPHYTA

CHLOHOPHYTA
NUN-FI LAMENTOU5

SE, ENASTRUM MINUTUM
UNIIDENTIFIED COCCOID GREEN

LAGERHEIMIA OUADRISETA
ANKISTRUODESUS FALCATUS
CHLAMYOOMP)NAS SPP.
UOCYSTIS PUSILLA

SCENF:DESMIS OUAI)RICAUDA
KINCHNERIEU,I,A SUBSOLITAWIA

SCENEDESMUS LONGUS
DICTYUSPHAERIUM EHRENHERGIANUM

1892.
918.

1147.
459.
459.
287.
115.
172.

0.
0.

3039.
2179.
1147.
1835.

459.
229.
344.

57.
229.
172.

2466.
1541.
1147.
1147.
459.
251.
229.
115.
115.
86.

4.95%
3 . 67%
3.67%
1.47%
0. 821
0.73%
0.37%
0.37%
0.27%

O.UHJ
() 096
0.033
0.022
0.1)00
0. 0on

0.027
0.015
0.003
0.007

J.13%
3.59%
1 .24%
0.81%
3. 7uh
1.42%
1.02%
0.56%
0. 11%
0.27%

TOTAL NUN-FILAMENTOUS

TOTAL CHLnRoPHYTA

5448. 9691.

5448. 9h91,

CHRYSOPHYTA

CRRYSIJCHRt)MULINA SPP.

TOIAL CHRYSOPHYTA

CYANUPHYTA
NUN-FI L,AME:NTOUS

MERISMOPEDIA TENUISSIMA

CHROOCOCCIIS DISPERSUS

459. 918.

9113.

7570. 24.20%

7570. 24.20%

NH . 2.20%

6bR, 2.212%

10551. 33.73%
631. 2.02%

0.426 15.92%

0.426 15.92%

0.030 1.11%

O.()30 1.11%

6 .,o38 1.42%
0.014 0(.52%

459.

b193. 14910.
918. 344.



0

Table B-3 (continued)

Location 10

TAX A

UNIDENTIFIr:n k4,UF:-GRf;EN COCCOID SP.
APIIANOCAPSA DELICATISSIMA

101 AL N(IN-FILAMFENTUS

IOTAL, CYANOIPHYTA

E G LNOPtlYTA

PEPL1CATIS
UNITS PER ML.

A B

S7. 1032.

344. 459.

7512. 16745.

7512. 16745.

MEAN (IF kEPLICATES
UNITS UCCUH-

PER MI,. k ENCF

S45. 1.74%
401. 1.28%

12128. 3H.77%

1212H. 08.771

B 10I v )L, 0 M t~
M I C R )

1, 1TEk R EN C F

o.0105 0. 17%

(1,1074 2.79%

o . 7 4 2 .79%

Q .156 5 . 15-

0.15f) 5.85%,

0.545 20.39%
o.516 19.31%

1.067 39.70%

rIACHELUMUNAS VUI,VUCINA

TOTAL, EUGLENUPHYTA

CRYPI0PHYTA

229.

229.

1376.
0.

1376.

0. 115. 0 3lk

0. 115. 0.37%

RHHODOMO1(NAS MINUTA
CRYPTIIMUNAS SPP.

70TAL, CRYPTOPIIYTA

5276.
688.

5964,

3326.
344.

3670.

10,b3%
1.10%

11.731

1 O T A L P H Y T O P 1 .A N K 2 6 N 18694. 438h9. 31282. 100-00% 2,675 100.001



C
Table B-3

Location 4

(continued)

REP1ICATES
UNITS PER ML.

A 1

MEAN OF' REPLICATES
UNITS OCC11R-

PER ML. HENCE

M ICRU-
LITERS/ oCCUR-

LITER RENCE
-------- -II~--- ---

T A X A

BACILLARIOPHYTA
CENTRALES

UNIDENTIFIED CENTRICS
SKEI,ETONEMA POTAMUS
STEPHANODISCUS MINUTUS
MELOSIRA DISTANS
STEPHANODISCUS ASTRAEA

1606.
1835.

229.
459.

0.

2064.
1147.
1376.

0.
229.

1835.
1491.
803.
229.
115.

3.88%
3.15%
1.70%
0.48%
U024%

0.11b
0.083
0,250
0.045
0.089

b.10%
4.40%

13 . 1b%
2.3b%
4.72%

IOTAL CENTRALES

HACI LLARIOPHYTA
PENNAL ES

NIrZSCHIA KUTZINGIANA

NITZSCHIA ACICULARIS
NITZSCHIA LONGISSMIA

4129. 4817.

459. 229.
229. 229.

0. 229.

618. 60H.

4817. 5505.

4473. 9.45%

344. 0.72%
229. 0,4R%
119. 0.24%

688. 1.45%

5161. 10.91%

0.5833 30.74%

0.051) 2.65%
0.006 0.34%
0.017 0.91%

0.074 3.90%

0.657 34.64%

TOTAL PENNALES

IOTAL BACILLARIOPHYTA

CHLOHOPHYTA
NUN-FILAMENTOLS

SF.1,.NASTRUM MINUTUM
UNIDENTIFIED COCCUOI GREEN
ANKISTHUOES4US FALCATUS

TETRASTHUM STAUROGENIAEFORME
LAGERHEIMIA OUADRISETA
UOCYSTIS PUSILLA
CHLAMYI)OMONAS SPP.
CRUCIGENIA TETRAPEDIA
SCFNEDESKUS UUADRICAUDA

UICTYIOSPHAERIUM EHRENBERGIANUM
ANKISrR(]IESMUS CONVOLUTUS

SCF.N.IESMUS HICELLULAHIS
KIRCHNERIFLLA SUBSOLITARIA

5964.
2064.
1376.

0,
459.
115.

0.
459.

0.
229.

0.
0.

57.

5677.
1720.
2294.
68HM.
279.
459.
459.

0.
229,

0.
229.
115.

57.

5821.
1892.
1835.
344.
344.
287.
229.
229.
115.
115.
115.

57.
57.

12.30%
4 .0 Wk
3.80%
0.72%
0 7 72%
0.61%
0.48%
0.48%
0.24%

0.24%
0.24%
0.12%
0.12%

0). 191"
0. 117
0.035
0.037
0.0 10

0.040
0 . 009

0,014
0.009
0,00h

0 *002.O * )0

10.43%
6.19%
1.H4%
1.94%

0.53%
2 . 22%
2.b5%
0.51%
0.72%

0.51%
0.30%
0.13%
0.40%

1OTAL NUN-FILAMENTOUS

TOTAL CIILOROPHYTA

CHRYSOPHYTA

ANACHNUCHLORIS MINOR
CHRYSOCHUIMULINA SPP.

10724. 12157.

10724. 12157.

11440. 24.18%

11440. 24.18%

459. 0.97%
229. 0.48%

0.538 2p.36%

0.538 28.36%

0.053 2.11%
0. Og 0.52%

0.0b3 3.33%

459.
0.

459.
459.

IOTAU CHRYSOPHYTA 459. 91 . 6R8. 1.45%



Table B-3

Location 4

(continued)

RUP 6 I CAT FA
UNITS PER MI..

A ý%

MI.AN l4l HR..PI.l(AT .S
OiN I 'I S 11C.C111.-

prpN mi.. +W vNcý,

I' I Ii VlI III 1

II1FiS/ (PtIC.C w
II'IFP ' Pl. h( I."I A r A

CYAP IIPIIy'fA
N UN-F II.M AF NT U US

'I.H I SM(1PFI( IA TFNIIISSIMA
APHANI)CAP.SA Il I,I(CAT I.SSIMA
t 4PI(1ICUCCIIS III SPEPSII,
APPIAN(ICAPSA FIACHI STA
UN1I,0NTIFIfI. MI,Uf.-G1EF:N COCCOIID SP.

745.

I).
Q I

11,4011

344.

344.

2f,?() .
1141.

172.

.1D5, 1l €• 1
21 4 ? V

0 3 1, l

0.* 94

().(1,44

v• h.,A
2 * 12%

I'

I * 311%
Ii * II) A

I I T Al, NI)N-F 1 1,AMNENT(<IJS

IOTAI, CYAN(JPIIYTA

CRYPIOPHYTA

3R134. 1823h.

3R134. 1R236.

45q. 2qH2.
0. 279.

459. 3211.

545q2. 400o29.

2$1 HS. 'g. 5II%

214lNS. S4,%H%

I 720. 3.,b4%
115. U.24%

1R15. ).AN%

0. 144 9. III

n.454 73.9S%

IHIIIIOMONAS MINUITA
€,YPTO)M1NAS SPP.

'1,11 AI, CHYPTOPHYTA

1 0 T A 1, P H Y T (I P L A N K T 1 N 47 ]111). 10 01%1,R-I I (P.II (I . ()' o v •+ ) '



Table B-4 Analysis of phytoplankton samples co ected near Wolf Creek Generating Station,
Burlington, Kansas 16 December 1980.

Location 1
HI UVI)i M•j

REPLICATES MEAN (iF REPLICATES MICRU-
UNITS PER ML. UNITS OCCUR- LITFRS/ (OCCUR-

T A X A A S PER MRL RENCE: LITER RENCE

8AC I ,hARIOPHYTA
CENT R A LES

tUl18ENTIF'FI) CENTRICS 19135. 12035, 15585. 25.44% 4.161 29.931
TIIALASSIOSIRA FUIiVIATILIS 3043. 2434. 2738. 4.47% 2.139 15.34%
MEunfsi1RA DISTANS 1555. 1826. 1690. 2.761k 0.487 3.50%
SKEILET(ONEMA PfOTAMOS 270. 744. 507. 0.82% 0.012 0.521
STEPHANODISCUS M7NUTUS 676. 203. 439. U.71% 0.141 1.01%
CYCLOTIFLLA MENEGHINIANA 135. 0. 68. 0.11% 0.043 0.311
STEPHANODISCUS ASTRAEA 0. 68. 34. 0.0h% 0.032 0.23%

101AL CENTRAbES 24814. 17309. 21062. 34.389k 7.074 50.88%

BACILhARIOPHYTA
PENNAbLS

NITZSCHIA ACICULARIS 3516. 2299. 2907. 4.75% 0.174 1.25%
SUHIRELLA OVATA 0. 270. 135. 0.22% 0.184 1.321
NIIZSCHLA PALEA 68. 135. 101. U0.17%1 0.022 0.15%
NITZSCHI A KUTZINGIANA 68, 68. 6B8. 0.11% 0.006 0.05%
NI1ZSCHIA hONCISSMIA 0. 68. 34. O.ob% 0.010 0.07%
NAVIC1IbA CRYPTOrCFPHALA 68. 0. 34. U.06% 0.027 0.19%

TOTAL PF:NNALES 3719. 2840. 3279. 5.3b% 0.424 3.051

TOTAL BACILLARIUPHYTA 28533. 20149. 24341. 39.73% 7.498 53.93%

CHLORUPHYTA
NUN-FILAMENTOUS

CRIICIGFNIA CRUCIFERA 2130. 3600, 28b5. 4.68% 0,751 .,40%
ANI(ISTRUDESMUS FALCATUS 3043. 2637. 2840. 4.64% 0.111 0.79%
CHLAMYDUMUNAS SPP. 2299. 3178. 2738. 4.47% 0.958 6.89t
UNIDENTIFIED COCCOID GREEN 2654. 2366. 2510. 4.10% 0.115 0.83%
UICTYUSPHAERIUM PULCHELLtM 1606. 2823. 2214. 3.61% 00197 1.42%
SELENASTRUM MINUTUM 1724. 1234. 1479. 2.41% 0.031 0.22%
U[CTYOSPHAERIUM FHRFHNBERGtANUM 693. 1407. 1090. 1.7%B 0.100 0.72%
UOCYSTIS PUSIULA 625. 913. 769. 1.2b% 0.105 0.75%
IETRASTRIIM STAURIGENIAEF'(RME 220. 270. 245. 0.40% 0.012 0.u08
SCENEO)ESMIJS 1UADRICAUDA 203. 152. 177. 0.29% 0.017 0.12%
FRANCEIA OVAL15 338. 0. 169. 0.28% 0.00(1 U.00%
SCFN.I)ENESMIJS AVIINDANS t8@ 10t. 85. 0.141 0.025 U.18%
rI"1kCHNER1ELLA SUBSUILITARIA 68. 101. 85. 0.14% 0.016 u.12%
MICRACTINIUM PUSILLUM R5. 51. 6H. 0.11% 0.00h6 0.04%
GOLNKINIA RADIATA 0. 135. 68. 0.11% 0.029 0.21%
ELAKATOTHRIX VIRIDIS 101. 34. 68. 0.11% 0.021 0.15%
CAPTERIA CURDIFORMIS O. 135. 6e. 0.11% 0.025 0.18%
OiCYSTIS HURGEI 17. 68. 42. 0.)•% 0.042 0.30%
PTEROMONAS SPP. O. 68, 34. 0.0b6% (.006 O.05%
SCENEI)ESMUS bONGUS 68. 0. 34. (o.Ob6 0.003 0.02%
SCFN EI)F'SMIIS BICELIULARIS . 34. 17. U.031 0.002 0.02%



Table B-4 (continued)

Location 1

T A X A

TI1TAI, HON-F I I.AMENTI)I41

"liIAI. Ctii.JHIppi-HrA

Cli H TS(I P11q 'A

HPE Pt, I CATUL
UNIITS PFR Mi,.

A A

15940. 1411R14.

15940. tI.9IR

mt AN Mit rEPLICA rtl..

IIN ITS IOCCI1H-

PF~p 1411. MENLCF

SI Viii U.l IIA..

~ I.'l -~• 'C . IH

7,514 1I4.M.

2.574 I71.51%

(CHllVl11CIHW m1iIIINA , 1PP.
AIJAi'lHPN CHIl)F I.. S I NORl

7"ITAI, CHHYS(OPHYTA

CYANi)DI)1YTA
NUN-i FimAFNT0IIS

4. 41 'MIltf't ) I A TF:p I SS I MA
A l'h A NiICA PSA [11.I, CAT I S I M1A
APHIANO)CAPSA EIACHISTA

CtPltOOCI)CCOiS lItSPt:RSUS

1 lIAI, NAON-FlI I,AMFNTOUS

VI1TAL CYANUIPHYTA

LUGI,I1.N()PIIY TA

U(GI,FNA IRACILIS
I NWAC1IIf1,MONAS VOLVOCI NA

THACH.41'.LOH)ONAS HISPIUA

0IiTbL EUCLN4IPHYT!

PYHIIHUIPHYTA

6694.

6761 .

2451.
676.
304.

li ,.

1-150.

3550.

93 it

40h.
575.
2013.

11444.

11444.

201.

6t•.
f.11.

134.

1 76(N4.

7945.

M4046..

.15. , .

541 .

161.

7497.

7497.

10 .

34 .

703.

101.
14.

'I 10i

Il.A

174S.

l J.1.11%

24 A .1%

Io. 31%
U. IIlk

0 . 2 1"

17.24%

12,24%

(1 I I I%

1 17%

0. *221

4. 111,

0.
61R,

0.

('54.

Ii). U I 30.0212

I) * 540

0.1hp
0.007;

0.171

0,712

11.o9SH

O. 2t4 3

I . 7 6

ki . 0•2 5
n . O) itS

0 . 0b4

0).7 137

I).*263

3.476
*. 1if

I1 11111

.I Itl

4.121

011%.Itl

4U 14%

1 1 1 ?k
11.115%

1.53%

0,14t

4.12%

Il* 2bi%
0i. 221

11.47%

I 2. 11
H *11%

I 2 * I

;YMNIII IINIUM SPP.
GUENOD~INIIJA SpP.

l1iTAL Py PlIHrlPH VTA

ttIIIIti00 )NAS M INiJTA

CRYPTHIIANAS S1lP.
Crr.lN Ct4V) iJ S 1PP,

11TOTAI, C ¥ PTrOPHYTA

611. O0.

'itt 203.

1751.
t'09.

7414.

417.

41151.



0
Table B-4 (continued)

Location 1

REPLICATES
UNITS PER ML.

A BT A X A

MICRAUFLAC.ELLATES

ONIIDENTIFIED MICHOVFLAGELIATES

iIOTAI, MICROFLAGELLArES

T1 T A L P H Y T O P L A N K T O N

MEAN UF REPLICATES
UNITS UCCUR-

PEH 6L. RENCE

135. U.22%

135. 0.22%

612bb. 100.UO%

810VOL11 ME
MICRO4-
lTERS/ rICCUH-
LITER HENCE

OOlU O.UO !k

01.01() 0.07%
0.010 0.UO%

13.903 100.UO%

135.

135.

57488.

135.

135.

65044.



Table B-4

Location 10

(continued)

REPLICATES

UNITS PER ML.

MEAN U" kEPLICATES
UNITS UCCLIU-

PER ML. RENC.
I I'EHS/ O(CCLCR-

LITER RENCe
T A X A

MA A IbLLAW IOPHYTA
CENTRAIES

NNIUFINrIF-IEU CENTkICS
MF.,I0SIA UISTANS
STEPHIANODISCU(S MINUTUS
S'IFPHANODISCUS ASTRAEA
CYCLOTELLA MENFGHINIANA
SK•8,ETONFMA POTAMOS

1623.
0.

270.
135.
68.

135.

1487.
o6,.
334.

270.
203.
68.

1555.
33H.
304,

203.
135.
101.

5, 93%
1 29%
I. Ib%

0.77%
U , 52%
0.39%

0.415
0.097
0.097
0).189

0.0Il85
o() (fb5

9,14%
2.Ih%
2.15%
4.11%
1.88%
0J.32%

1'07AL CENTRALGES 2231. 304). 2637. 20.bb% 0).899 19.112%

HACILbAMMPHYTA
PENNAI, ES

NITZSCHIA ACICULARIS
NAVICULA CRYPTOCEPHAI,A
NITZSCHIA LONGISSMIA
NITZSCHIA PALEA

406.
135.
203.

0.

744.

135.
b8.
0.

68.

270.

270.
10t .

101.
34.

I, (03%
0.39%
0.39%
0.13%

0.026
0,019

0,031
0.007

0, 3b%
1.7b%

0.67%
0.16%

IOTAL PENNALES 507. 1.93%

3144. 12.U0(1%

0.134 2.95%

1.033 22.76%
lIOrAL, ACILLAWIOPHYTA

CHL08CJPHYIA
NON-VILAMFNTOUS

ANXISTRODESMUS FALCATUS
CRU)CIrENIA CHUCIFFRA
CHLAMYDUMONAS SPP.
UNIDENTIFIED COCCOIU GREEN
UICTYUSPHAEHIUM PULCHELUUM
SFLFNASTRUIM MINUTUM
OOCYSTIS PUSILLA
UICTYOSPHAERIUM EHHENBERGIANUM
IRANCFIA UVAIIS
KIRCHNERIELLA SUBSOLITARIA
GIOEUCYSTIS GIGAS
LACEPHEIMIA UUADMISET4
SCENEDESMUS (JUADHICAUI(A
IETRASTRUM STAUROGENIAFFORME
COSMARJUM SPP.
SCENEDESMUS ABUNDANS
SCENEDESMUS BICELLULANIS
LAGERHEIMIA WPAIISLAWIINSIS
MICRACTINIU4 PUSILLI(M

TOTAL NON-FILAMENTOUS

2975. 3313.

22312
3516.
1014.
1623.
1555.
1099.
845.
693.
744.
106.
1)5.

0.
34.
0.

68.
0.

34.
68.
0.

3(f43.
947.

2975.
2231.
1369.

744.
b25.

186.
135.
101,

135.

('8.
0,

68.

34,
If.

34.

2637.
2231.
1995.
1927.
1462.
921.

735.
439,
439.
144.

68.

68.
68.
34.
34.

34.
34.
314.
17.

IU0 Ob%
8.51%
7.b1%

7, 35%
5.58%
3.51%
2.81%
1.68%2 68%1I

0,55%

0.26%U *26%

0() 26%
0.13%

0.13%
U.13%
0.13%

0.13%
0.,(h%

0.585

0.698
0.(188

0,200)0(.f140
0.*003
1).028
0(.029

0.006
0.*002
0,*((03

(1. ((09

(1*0 . 000.002
.O,103

0.002;U

2.27%
12.141%
15 . 38%
1.95%

0.43%

2.20%
0. f9%

() .t) 1 %

U * . 3%h
0.14%

0 .0 1k40 . 04%
0.07%

o .2 2%
0.09%

0.23%
0.03%

13H44. 1279h.

S11844. 1279,.

13320. 51).82% I.8t4 41Q07%

T3120, SO.82% 1.8h4 41.u7%TOTAL, CHIUkOg'Y TA



0
Table B-4 (continued)

Location 70

REPLICATES
UNITS PER ML.

A B

MEAN (IF REPL ICATES
UNITS ICCUR-

PER M,. RENCFD

RIUVOLUME
MICRO-
LITERS/ OCCUH-
I,ITKR PENCET A X A

CHNySUPHYTA

CHRYStICHHUMUUINA SPP.

ARACHNOCHLORIS MINOR

TOTAL CHRYSOPHYTA

CYANCIPHYTA
NON-FILAMENTOUS

MERISMOPEDIA TENUISSIMA

CHRUI{CUCCUS DISPERSUS
APHANOCAPSA DELICATISSIMA
UNIDENTIFIEO BLUE-GREEN COCCOID SP.
APHANOCAPSA ELACHISTA

tOTAL NON-FILAMFNTOUS

TOTAL CYANOPHYTA

EUGLEN{0PHYTA

1555.
68.

1623.

4151.
778.
642.
321.
304.

6897.

6897.

135.

135.

2502.
135.

2637.

1420.
135.

1555.

3611.
33H.
338.
it".

6H.

4479.

4479.

1487,
101 .

1589.

4234.
558.
490.
220.
186.

5688.

5688.

5.6b%
0.39%

b.0h%

16.16%
2.13%
1.87%
0.83%
0.70%

21.70%

21.70%

0.107
0.018

0.125

o.U 15
0.026
0.022

< 0.001
O0.bb

0.131

0.131

2. 36%
0.39%

2.75%

0.34%
O.b7%
0 . 49%
0.02%
1.47%

2.88%

2 . He%

EUGLENA GRACILIS

TOTAL EUGLENUPHYTA

CRYPIOPHYTA

RHODOMONAS MINUTA

CRYPT(IMONAS SPP.

TOTAL CRYPTOPHYTA

MICROFLAGELLATES

0.

O,

68. 0.26%

be. 1).26%

0.638 14.07%

0.638 14.07%

1623.
406.

2028.

20620
270.

2333.

7.86%
1.03%

8.90%

0.196
0.547

0.742

4.32%

12.04V

16.36%

UNIDENTIFIED MICROFLAGELI,ATES

1OTAI MICHUFLAGELLATES

T O T A L P H Y T O P L A N K T U N

135.

135.

0.

0,

68. 0.2b%

b8. 0.26%

O.UO5 0.11%

0.0)15 0.11%

29246. 24172. 26209. 1(00.00(% 4.538 100.00%



Table B-4 (continued)

Location I

T A X A

REPLICATES
ONITS PER Mb.

MEAN OF HIK'L1CATES
(IN I 'S (J .CI(I -

p IH MI. R F' C k.

H 1 UVULUME
M I Cp 1)-

, I 'W.S/ OCCUR-

I ITEII PENCE

BAC ILLIAWIOPHYTA
CLNTk ALES

(NI I)INrIlIPD CF.NTHiCS
1HAIASSIOSIRA FLUVIATILIS
STEPHANIIOISCUS MINUTUS
MFI,nLSJA DISTANS
CYCL'TELLA MENFGHINIANA
SKELETONEMA POTAMOS
STEPHANODISCUS ASTRAEA

CYCIOTELLA ATOMUS

2028.
203.

68.
0.

68.
611.
68.
0.

31 18.
473.
338.
270.
135.
135.

6H.
68.

2603.
318.
213.
135.
101.
101.

68.
34.

9.52%
1 .24%
0. 7 4%
0.49%

. 337%
0 . 3 1%
0.25%
0.12%

0' . b95
0.264
0.065

0.039
0.163
0.015

0.063
0.*003

14 , 241%
5.43%

1 . 34%
0,H0%
I .31%
U .30%
1.30%

0 . 1)6%

TOTAl, CENTRALES 2502. 4665. 3584. 13.11% 1.20H 24.82%

8ACILLARIOPHYTA
PENN ALES

NITZSCHIA ACICULARIS
NITZSCHIA L(iNGISSMIA
NAVICULA CRYPTOCEPHALA
SURINEILA OVATA

NITZSCHIA TRYBLIONELLA
HHOICOSPHENIA CUtVVATA
NITZSCHIA APICULATA

338.
68.
68.
68.
68.
68.
68.

744.

6R.
611.

0.
0.
0.
0.
U.

135.

203.
68.
34.
34.
34.
34.
34.

0. 7 4%
0.25%
0.12%
0.12%

0.12%
0.12%
0.12%

0.012
0.020
0.027
0,046

0.035
0.02b
0.034

0. 25%
U.42%
0.55%
0.94%
0.72%
0.57%
0.69%

TOTAL PENNALF.S 439. 1.61%

4023. 14.72%

0,202 4.15%

1,410 28.97%ITOTAL BACILI,ARIOPHYTA

CHLOHOPHYTA
NUN-Fl I,AMENT(]US

ANKISTRO()OSMUS FALCArUS
DICTY1ISPHAERIUM PUI.CHELLUM
C01I,AMY0(MONAS SPP.
UN ,I-1N'rIF'IF[ COCCOID GREEN
SFIFNASTHUM MINUTUM
CRUCI1;ENIA CRUCIFERA
UICTYUSPHAEHIUM EHRENHEHGIANIIM
TETRASTRUM STAURUCENIAEFORME

nCYSTrIS PUSILLA
COEIASTHUM MICRUPOHUM
LAGERHEIM IA OiIADIRISETA
SCENEDESMUS OUADRICAUDA
CARTERIA CORDIFORMIS
KAICIINERIELLA SUPSOLITARIA
MICRACTINIUM PUSILLUM

SCENF:I)ESMUS LUNGUS
SCENEDESMUS DIMURPHUS
ILAPKATOTHIX VIRIOIS
SC6;NEDESMUS BICFiWOLARlIS

3245. 4801.

17511.
1741.
1352.
1555.

811.
1014.

541 .
355.
524.

0.

101.
0.

68.

14,
68.

34.

4591.
4479.
3245.
189J3.

1623.
1133.
1521.

761.

524.
270.

203.
51.
135.

34.
R5.
6b.

0.

u.

3178.
3110.
2299.
1724.
1217.
1073.
1(3 1

55H.
524.
135.
101.

76.
bf1.
51.
42.
34,
34.
17.
17.

11 63%
II.*3(1%

hI 4 1
6.31%
4.45%
3.93%
3.77%
2.04%
1.92%
0.49%
0.37%
U.2P%
0.25%
().1%
0O. 1 S51
0 . 12%
0.12%
U .((0b%
U . oh%

0.124
0.277
0.805
0.07q
0.026
O.2 11
0.1094
0.027
0.071
0.012
0,004
0,007
0.025
0.(1((9
0.004
0. 0 03
0.025
0,O 5
0.002

2.55%

1b.53%
I.b3%
0.53%
5.78%
1.95%
0.56%
1 .46%
0.25%
0 . 09%
0 . 15%
0.52%
0.20%
0.07%
0.05%
0.50%
0.11%
). 4%



0
Table B-4 (continued)

Location 4

T A X A

TfiAf. N(tN-FA1,AMcNTJUs

T(TAL CHI1JH(WPHYTA

CHV YO(IPHY T A

R FPI, ICA IS
UNITS PFR Mb.

A H

9956. 20b22.

9956. 20622.

MEAN (ii REPLICAT'ES
UNITS I)CCUR-

PER MI,. RENCv

152R39. 55.95%

152H9. 55.95%

P I IIV I I. HM
MIC U(3(-
LITERS/ (OCC(I-
LITER RENCK

1,882 38.b7&

1.882 38.61%

CHWYSUCHWRMULINA SPP.
ARACHNUCHLORIS MINOR

If)TAL CHRYSIJPHYTA

CYANUI'HYTA
NUN-FILAMENTUUS

ME.RPISMOPFDI A TENUISSIMA

APHANOCAPSA DELICATISSIMA
CHROUCOCCUS DISPERSUS

VOITAL NUN-FILAMI.NT[US

TO0AL CYANUPHYTA

f'UGLENUPHYTA

1623.
270.

1893.

1014.
270.

0.

1285.

1275.

2569.
I).

2569.

3854.
473.

203.

4530.

4530.

2(096.
135.

2231.

2434.
372.
101.

2907.

29U7,

7 . 6I 1

U.49%

R * 90%
1 .36%
0.37%

10.64%

10.04%

0. 151
0.023

0.174

0 ,UO i

0.017

0,005

0,030

0.030

3,10%
U,4H%

3. 5H%

0 . H3%

0.34%
0.09%

0.62%

0,* 2%

EUGLENA GRACIIIS

TOTAi EUGLENOPHYTA

CRYPTOPHYTA

RHODUOMONAS MINUTA
CRYPTUMONAS SPP.

TIITAI, CRYPTOPHYTA

68.

68.

0.

0.

34. 0.12%

34. 0.12%

0.319 b. Sb%

0.319 b.56%

1758.
338.

2096.

3110.
473.

35S4.

2434.
406.

2840.

H890%

1.40%

10 . 39%

0.231
0.820

1.051

4.75%

16. 85%

21.60%

1I T A L P H Y T 0 P L A N K T 0 N 19543. 3610h). 27324. 100O. 00t 4. 866 100. 001



Table B-5 Mean total density (units/ml) of phytoplankton in samples collected
near Wolf Creek Generating Station, Burlington, Kansas, 1973-1979.

N4eosho- River Wolf CreekS7 2 3 5Date

27 March 197
12 June
11 September
12 December

I

27 March 1974
I1 June
10 September
10 December

16 April 197
10 June

9 September
3 December

I

25 February 1971
6 Apr"
3 May

15 June
12 July
10 Aueust
5 October

1 . December

22 Februarv 1971
5 Apri1
2 May
9 June
1 July
9 Auauss
u Oc ober

!3 December

February 1978
25 ADrl1
:2 a

2' June
19 luiy
:9 Aueust
10 October
12 December

X

:0 February 1979
1C ADr~I
21 "ay

12 .une
9 J l
7 Aue~ts

9 October
11 Decenber

7

3 309
3,893
1,761
1,434

1,849

4,401
1,183
1,555
9,879

4,255

5 16,627
1,946

12,604
7,827

9,751

6 31,437
5,655
8,137
8,721
6,537

3,549
8,360
3,076

9,434

7 8,534
8,325

14,474
2,455

962
14,189

2.514
1,885

6,667

6,793
1,319

10,214

9,954
12,089

9.733
13,150
5,720

8,622

2,174
5,952
5,132
2,086
1,168

3, 743
5,813

58,445

10,564

t0

4,694
431

2,498
7,490

3,778

14,126
1,270
9.486
4,638

7.380

42,501
7,636

7,440

10,138
3,398
1,588

12,117

9,426
11,240

873

11,053
2,395
1,595

6,097

10,051
1,240

7,148

9,885
6,104
1,974

6,067

591
6,073

2,520

3,621
4,96Q

55,039

12,136

4

364
3,279
3,611
1,133

2,097

3,674
362

1,937
8,521

3,624

17, 791
1,506

10,571
4,994

8.716

43,799
7,641

7,572

22,695
5,420

701

14,638

9,536

8,927

1,105

7,118
1,692
1,532

4,985

8,961
1,312

7,501

9,372
5,162
2,844

5,859

462
6,825

2,646

3,609
5,178

55,347

12,34.

337
3,586
2,686
1,284

1,973

4,256
659

1,997
8,630

3,886

16,181

1,574
10,887
5,820

8,616

39,246
6,977
8,137
7,911
6,537

12,127
5,726
1,788

12,063

9,165

9,497
14,474

1,478
962

10,787
2.200
1,671

5,991

8,602
1,290

10,214
8,201

12.089
9,663
8,139
3,513

6,849

1,076
6,283
5,132
2,417
1,168
3,658
5,320

56,277

11,570

2,193
1,203
2,871
3,669

2.484

173,954
5,136

1,364

2,778

2,941

37,235

2,613

698

307

2,367
1,570

349

1,317

2,202
1,841

2,168

-43,636
10,102

5.571

10,920

272
753

5,397
51

1,618

615
526

5,229
1,074

1,861

2,113
2,164
3,908

509

2,174

6,484
3,905

2,968

10,234
9,994

6,717

230
998

1,083
46

589

928
1,193
1,883
3.661

1,916

4.537
2,196

12,405

3,345

5,621

962
5,182

5,012

7,289

4,611

1,219
5,380

6,280

1,737
1,508
1,403

2,921

1,001
2,808

4,338

8,539
2.486

3,834

736
722

1,438
498

649

3,819
3,056

11,465
510

4,713

2,021
1,686

8,299

4,594

4,150

4,389

13,35-2
439
921

4.775

522
1,631

5,780

2,799

2,683

251
876

3,2-0
49

1,104

760
814

2,850
1,744

1, 5,43

3,166
2,155
7.662
2,008

3,748

45,855

3,977

4,411

6.224
6,468

14,156

1,916
3,039

3,659

5,819
1,172

891

2,783

1.242
2,093

4,095

43,636
9,327
3,619

5.81:

a Location 1 was in John Redmond Reservoir
b Samples not collected.

prior to 1976.



Table B-6 Mean total biovolume (ul/liter) of phytoplankton in samples collected

near Wolf Creek Generating Station, Burlington, Kansas, 1973-1979.

Neosho River Wolf Creek

Date ld 10 4 7 2 3 5

27

1211
12

27
:I

10
10

March 1973
June
September
December

x

March 197.
June
September
December

16 April 1975
10 June

9 September
3 December

25 February
6 April
3 May

15 June
12 July
10 August
5 October

14 December

22 February
5 Aoril
2 May
9 June

11 July
: August

October
-3 December

1976

0.26
2.72
1.04
1.20

1.30

1.1 4
0.96
0.46
2.08

1.16

6.55
0.67
4.14
3.24

3.65

16.55
3.97
1.28
1.80
1.52
1.43
1.48
1.38

3.68

8.68
4.28
2.05
1.08
0.88
8.62
1.36
1.36

3.54

0.89
1.03
3.66
2.38
2.46
0.69
1.12
1. 14

1.67

0.30
0.76
2.05
0.60
0.28
5.04
1.77
6.94

2.22

0.23
2.30
1.56
0.72

1.20

1977

1.36
0.52
0.53
1.67

1.02

5.73
0.63
2.05
1.31

2.43

13.31
4.54

1.68

5.72
4.16
0.63

5.01

5.83
4.88

0.59

7.12
1.50
0.89

3.47

1.64
0.61

1.78

0.78
0.81
0.22

0.9'

0.23
0.62

0.81

5.25
1.46
6. 36

2.46

1.13
0.34
0.41
1.50

0.84

7.87
0.66
2.47
1.28

3.07

14.82
4.70

2.26

10.31
9.97
0.29

7.06

7.71
4.38

1.02

4.92
1.12
1.05

3.37

1.34
0.71

1.6-•

0.75
0.60
0.23

0.88

0.16
0.77

0.78

4.99
1.41
6.2 4

2.39

0.24
2.51
1.30
0.96

1.25

1.21
0.61
0.47
1.75

1.01

6.72
0.65
2.89
1.94

3.05

14.89
4.40
1.28
1.91
1.52
5.82
5.20
0.77

5.09

7.41
4.51
2.05
0.90
0.88
6.89
1.33
1.10

3.47

1.29
0.78
3.66
1.93
2.46
0.74
0.84
0.53

1.50
0.55
0.58
2.06

1.17

30.00
3.50

0.26

12.38
1.35

9.50

3.65
0.91

0.40

5.14
2.93
0.4-6

2.25

1.34
0.53

1.07

54.66
3.31

14.02

0.28
0.34
1.13
0.70

0.61

0.78
0.42
4.82
0.25

1.57

2,09
0.85
1.37
0.18

1.12

3.11
2.18

1.35

2.56
2.02

2.24

0.24
0.43
0.83
0.09

0.40

1.29
1.13
1.94
0.79

1.29

2.99
0.93
2.58
2.00

2.12

0.69
33.72

2.31

7.64

11.09

0.66
5.16

9.67

2.06
1.87
1.21

3.44

0.91
0.73

0.87

4.86
1.42

1.76

1.11
0.79
1.31
0.27

0.87

2.81
1.26
7.26
0.77

3.02

0.91
2.72

2.12

2.09

1.96

10.13

4.55
0.42
0.65

3.94

0.77
0.49

1.04

1.94

1.06

0.26
0.38
0.98
0.-0

0.50

1.06
0.78
2.69

2.35
0.90
2.95
1.25

1.86

8.68
10.53

1.51

6.17
1.68

6_16

2.16
3.04

6.73

3.92

0.27

3.12

1.01
0.58

0.99

54.65
4-.0
5.74

5.86

31

"5

12
.7

'9

February
April
may

Jne
Jul-,

Aueus:
Oct . *r
December

1978

20 Fetruaar. 1979
:0 Apri!

May
.1 June

q Ju.y

August
9 October

11 December

T

1.22 12.49

0.25 -

0.72 -

2.05 -

0.73 -

0.28 -

5.09 -

1.55 -

6.51 -

2.34 -

a Location 1 was in John Redmond Reservoir prior to 1976.
b Samples not collected.



Table B-7 Mean diversitya of phytoplankton collected near Wolf Creek
Generating Station, Burlington, Kansas, 1974-1979.

?4eosho River Wolf Creek
Date Jb 10 4 1 7 2 3 5

27 March
II June
10 September
10 December

x

16 April
10 June

9 Sereoember
3 December

x

25 February
6 April
3 May

15 June
:2 July
10 August
5 October

:4 Deceober

x

22 February
5 April
2 May
9 June

11 .uIV
9 August
- October

13 December

1974 2.01
2.63
2.47
2.05

2.29

1975 1.78
2.56
2.67
2.32

2.33

1976

1977

x

22 February
35 April
22 May
27 June
19 JuLy
29 August
10 Octr ber
12 December

i

1.39
2.27
1.91
2.32
2.17
2.33
2.02
2.39

2.10

2.42
2.02
1.34
2.19
2.67
2.48
2.65
3.00

2.35

1.14

2.38
2.07
2.21
2.55
2.38
2.72
2.55

2.25

2.40
2.34
2.66
2.92
2.90
3. 15
3.13
1.12

2 58

0.91
2.31
2.20
2.04-

1.87

1.52
3.07
2.39
2.51

2.37

2.03
2.47

2.19

1.89
2.92
3.07

2.43

2.37
2.65

2.56

2.32
2.61
2.77

2.55

1.02
2.29

2.09

2.30
3.16
2.61

2.24

3.20
2.11

3.07

3.05
3.30
2.08

1.94
2.37
1.94
2.11

2.09

1.65
3.06
2.42
2.57

2.43

2.00
2.56

2.45

1.94
2.09
2.98

2.34

2.55
2.88

1.95

2.53
2.57
2.91

2.57

1.05
2.50

2.31

2.46
3.11
1.91

2.22

3.24
2.29

2.85

3.20
3. 34
1.08

1.62
2.44
2.20
2.07

2.08

1.65
2.90
2.49
2.47

2.38

1.81
2.43
1.91
2.32
2.17
2.05
2.34
2.81

2.27

2.45
2.52
1.34
2.23
2.67
2.44

2.61
2.89

2.48

1.07
2.39
2.07
2.20
2.55
2.38
3.00
2.36

2.24

2.95
2.25
2.66
2.95
2.90
3.13
3.26
1.09

2.62

.c

2.78
3.24
2.63
1.79

2.61

1.83
2.56

2.67

2.63
2.69

2.48

0.88
1.28

1.47

3.33
3.06
1.69

1.95

1.81
1.94

3.41

0.69
2.54
2.29

2.11

2.47
2. 13
1.36
0.81

1.69

2.78
3.37
2.68
2.33

2.79

2.47
2.01

3.20

2.17
2.61

2.49

2.31
1.98
2.16
0.55

1.75

1.88
3.24
2.56
2.00

2.42

2.43
1.39

2.66

2.72

2.30

0.41
1.92

1.85

2.55
2.37
2.45

1.93

1.45
1.68

3.17

0.52
1.68

2.20
1.85
2.38
1.96

2. 10

2. i9
2.9b
3.19
2.36

2.68

2.22
2.86

3.13

2.37

2.65

1.55

2.32
3.09
2.77

2.43

1.56
1.88

2.73

1.59

2.33
1.99
1.97
1l.l

1.85

2.-1
3.2:
2. "7
2.12

2.63

2.24
2.21

2.92

2.47
2.65

2.48

0.65
1.60

1.62

3.07
2.84
2.30

2.06

1.61
1.83

3.10

0.69
1.53
1.85

1978

1.70 i.94 1.92

20 February 1979
10 Apr i
21 MaY
12 June

9 Jujy
7 August
9 October
!1 December

2.64 2.67

a Based on Shannon (1948) using log base e.
b Location I was in John Redmond Reservoir prior to 1976.
c Samples not collected.



Table B-8 Mean chlorophyll a concentration
samples collected near Wolf Creek
Kansas, 1973-1979.

(mg chl a/m 3 ) in phytoplankton
Generating Station, Burlington,

Neosho River Wolf Creek
ae 10 4 X 7 2 3 5

12 April

12 June
II Sepce=ber
12 December

i

1973 1.58
8.13

13.41
3.57

b

27
II

to

16
10

9
3

Mar:h 1974
June
September
Dec embe r

i

April 1975
June
September
December

i

6.67

8.77
0.70
4.14

10.50

6.03

34.97
3.67

10.97
21.67

6.57
0.77
1.83
9.17

4.59

33.33
1.84

10.34
6.57

1.93
2.23

19.75
3.13

6.76

7.54
0.80
0.80
9.00

4.54

34.00
2.27
6.70
7.87

1.78
5.18

16.58
3.35

6.72

7.63
0.76
2.26
9.56

5.05

34.10
2.59
9.34

12.04

14.52

22.56
16.78
6.67

14.33
11.43

13.09
12.21

3.95

17.82 13.02 12.71

25 February 1976
6 April
3 Ka

15 June
12 July
10 August

5 October
14 December

x

22 February 1977
5 April
2 May
9 June

Il July
9 August
L October

13 Dece=ber

T

ZFebruary 1978
25 April
U• .av

i 9 U1- e

2Q AuRJst

O30ctooer
December

x

38.67
18.33
6.67

16.00
11.43
7.27
7.17
6.33

22.74

12.27
21.33
13.37

1.53
1. 77

35.90
8.54
8.20

11.67
15. 37

14.23

16.00
9.73
2.99

17.33
16.63

12.77

16.00
19.73
2.53

2.59
2. 00
3.57
9.27

4.36

51.67
7.57

2.37

13.57
7.90

4.63
1.01
5.75
0.28

2.92

5.40
0.74

10.63
2.07

4.71

6.30
2.07
6.17
1.75

4.07

4.63
3.30

7.93

12.10
5.37

6.67

2.49
1.44
4.67
0.39

2.25

9.00
2.14

3.54
3.17

4.46

14.20
2.43

10.07
10.50

9.30

1.46
5.80

10.90

14.67

9.04,

1.74
3.30
2.68

4.19

12.43
2.54

30.00
3.29

12.07

1.63
3.93

27.00

6.67

9.81

17.93

35.03
3.82
3.13

3.56
1.23
5.21
0.34

1-59

7.81
1.54

5. 8
2.64.L

4.45

8.88
2.26

12.45
6.20

7.45

14.85
5.15

12.05

11.75
6.64

10.11

10.84
15.34

10.48

19.:.5
8.0
4.80

11.67 14.17 16.85 16.62 6.57

12.43
14.53

1.47

28.54
6.32
7.61

12.86 11.82

11.60
14.33

1.53

43.25

5.26
7.96

13.99

28.98
9.54

23.42

27.98
14.56
2.15

12.10
16.73
13.37

1.51
1.77

35.90
6.71
7.92

12.89

31.29
10.62
38.62
24.94
41.97
24.43
22.28
8.39

16.37
13.67

0.68

28. It
12.65
4.79

12.72

5.94
4.40

II .20

34.98
47. 14
35. 28

5.30
17.00

12.83

12.30
7.73
6.49

9.89 14.98 12.22

35.04
12.00
38.62
30.11
41.97
24.63
37.41
20.07

29.98

3.38
6.40

11.:2
2.66
1.53

21.53
11 .52
46.06

13.29

29.85
10.33

21.29

20.68
14.86
2.95

2.70
8.66

24.94

42.88
8.56

17.55

4.36
6.49

31.63

9.05

4.33

6.52

22.59

34.98
45.01
17. ,3

16.66 17.78

20

12
9

Q

February 1979
ApriL
May

June
Julyv

AUcUSt

Octo be
December

2.50
5.61

5.61

17.07
10.21
50.96

15.33

1.42
5.41

4.64

16.62
11.11
50.64

14.97

21.47 23.16

2.43 -

5.81
11.22 -

4.30 -

1.53 -

18.41 -

10.95 -

49.89 -

14.40 -

12.88 17.86

a Location 1 was in John Redmond Reservoir prior to 1976.
b Samples not collected.



Table B-9 Mean carbon fixation rate (mg C/m3 per hr) in phytoplankton samples
collected near Wolf Creek Generating Station, Burlington, Kansas,
1973-1979.

Neosho River Wolf Creek
ate a 10 4 X2 3

12

!2

27

-J

April
June
Septen6ber
Dec embe r

March
June
Septenber
December

9

16 ApriI
1O Ju'e

9 September
3 December

25 February
6 April
3 May

:5 June
[2 July
10 Auzust

5 October
-ececber

973 3.51
29.61
28.00
5.45

16.64

974 18.29
15.57

7.30

24.83

16.50

1975 90.90
14.24
4'.26
32.18

45.40

976 21.66
58.82
21.11
45.79
71.12
26.23
41.58
21.39

38.46

1977 67.42
55.25
68.18

5.30
4.09

34.28
15.09
15.42

17.45
0.15
5.62

22.92

11.54

125.98
6.87

36.82
10.39

45.02

20.35
62.25

45.97

80.69
46.35

5.27

43.48

69.00
45.02

5.75

33.3-
13.30
14.47

3.96
22. 34
35.06

5.21

16.64

18.90
11.40
5.94

22.92

14.79

130.65
2.54

24.66
10.38

42.06

20.82

64.23
41.07

95.59
79.01
4.84

50.93

77.00
45.32

7.04

45.35
13.22
13.99

3.74
25,98
31.53
5.33

16.64

16.21
9.04
6.29

23.56

14.28

115.84
7.88

35.25
17.65

44.16

20.94
61 .77
21.1t
44. 28
71.12
67.50
55.65
10.50

43.71

71.14
48.53
68.18
6.03
4.09

37.66
13.87
14.63

32.39

7.12
5.72
0.74

26.95
100.67
41.69
19.25

9

February
Apr

Ma"
June
.uly

Auzu s:
Octo-er
December

11.03
5.15
9.23

25.49

12.73

36. 36
13.90

3.59

43.86
20.83

23.71

54.69
3.12

2.06

50.05
18.06
6.87

22.48

1.90

10.46

148.-,8
25. 11
16.89

40.60

6.57 2.99
8.33 22,11

45.39 51.71
0.39 0.25

15. 17 19.27

7.31 11.60
2.32 1.40

47.89 14.51
4.05 5.72

15,39 8.31

12.33 33.82
3.33 2.36

14.69 -

0.36 7.09

7.68 14.42

11.08 5.78
15.10 43.58

26.34 32.82

61.47 53.81
8.74 -

24.55 34.30

- 25.71
- 47.85

- 42.04

16.98
11 .6
9.91

25.66

0.54

-4.36

23.37

42.66

33.-8

20.88

14.85
2.10

10.16
2.55

7.42

27. 7:

1.6,
93.34

2.50

31.29

1.79
11.50

36.98

26.89

Fenruary 1978
ApLi
May
June

AUZUst
oc:ýDer

Decebe r

X

15.22
. .- a

0.22

17.-

10.37

21._23
2.1"

39. '39

8.66

.6.67

13.7"5
21.02

24.93

46. 51
14.7-

33.13

6.71
6.51
0.74

25.80
100.67

28. Z4
26.6'
12.19

25.94

3.35
12.00
33.60
11.1i

2.13
43.60
50.85
6.99

20.59

30.15 33.65

8.08
4.90

24. 54

45.14

13.45
1.55

6. ý6
5.76

30.52

51.68
17.66

2.58

19.29 25.25

- 4.0.20
- 25.;9

49.55 3[.•

.2.60 36 .
3.95 11. 6
3.16 6.65

0.91

4. 76

28.49 C:

9.0 . .

10.49 -- ..16.28 19.13 20.-5

'0 zeor'.ary. 1979

12 Ju~

9 J.ly
7 AU2ust

9 October
1I December

1.15
10.42

16.59

56. 46
46.04

6. 19

0.92
9.77

16.65

61.55
48. 32

6.72

1.81
10.73
33.60
14.81
3. 13

53.67
48.-0
6.63

22.81 23.99 22.27

a Location 1 was in John Redmond Reservoir prior to 1976.b Samples not collected.



APPENDIX C

PERIPHYTON DATA



Table C-1 Identification, abundance and biovolume of periphytic algae
collected from artificial substrates in the Neosho River
near Wolf Creek Generating Station, Burlington, Kansas,
17 June 1980.

Location t MEAN UNITS

i/SO.CM,

MEAN BIOVOLUME
MICRO

'4 /S0,DM.

TAXON

BACItLLAR[OPHYTA
COCCONEIS PLACENTULA
NITZSCHIA FRUSTULUM
NAVICUL4 CRYPTOCEPHALA

GOMPHONEMA PARVULUM
NITZSCHIA DISSIPATA

ACHNANTHES LINEAkIS
ACHNANTHES NINUTISSIMA
CYCLOTELLA ATOMUS
NAVICULA VAIJCHERIAE
STEPHANOOISCUS INVISITATUS
NITZSCHIA HANTZSCHIANA
STEPHANUDISCUS ASTFAEA
NITZSCHIA PALEA
NAVICUIA HEUFIERI
GOMPHONEMA TERGESTINUM
NITZSCHIA KUTZINGIANA
COCCONEIS PEDICULUS
RHOICOSPHENIA CUNVATA
ACHNANTHES LANCEOLATA
AMPHORA VENETA
CYMbELLA SINUATA
CYMBELLA LIJNATA
CYCLOTELLA PSEUDOSTELLIGERA
NAVICULA SCHONFELDII
CYMHELLA MINUTA
FRAGILARIA VAUCHEHIAE
NAVICULA NOTHA
MFbOSIRA DISTANS

MELOSIRA GRANULATA
NAVICULA RADIOSA
MELOSIRA VARIANS
NITZSCHIA AMPHIHIA
CYCLOTELLA MENECHINIANA
NAVICULA SYMMETRICA

462469.
250582.
226987.
17035e.
125527.
122223.
104763.
85415.
68426.
25011.
23594.
22179.
21707.
18404.
12741.
12269.
5662.

3775.
3303.
2831.
2831.
2359.
2359.
1887.
1887.
1087.

1415.
1415.

943.
943.
943.
943.
943.
471.

15.1
8.2
7.4
5.6
4.1
4.0
3.4
2.8
2.2
0.8
0.A
0.7
0.7
0.6
0.4
0.4
0.2
0.1
0.!
0.0
0.0
0.0
0.0
0.1
0.1
0.3
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

16.4
0.5
3.4
3.2
4.0
0.5
0.4
0.3
0.3
0.4
0.2
1,6
0.3
0.7
0.3
0.1
1.1
0.3
0.0
0.0
0.0
0,1
0.0
0.1
0.1
0.0
0.0
0.0
0.0
0.0
0.1
0.0
0.0
0.0

8.w
0.3
1.8
1.7
2.1
0.2
0.2
0.2
0.1
0.2
0.1
0.9
0.2
0.4
0.1
0.0
0.6
0.1
0.0
0.0
0.0
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.1
0.0
0.0
0.0

STAN. DEV.

54724.41
03422.31

667.51
35370.89
33368.37

44713.90
54724.41
20688.53

43379.59
667.51

17351.70
667.51

4004.35
14014.86
8676.20

9343.71
1334.31

0.00
2002.53
1335.02
1335.02
3336.84
667.51

2669,33
2669.33
2669.33

2001.82
2001.82
1334.31
1334.31
1334.31
1334.31

0.00

666.60

176186.90

128900.60
83021.37

2184.25
4369.21
2184.25
2194.25

48064.17

TOTAL AACILLARIOPHYTA 1789463. 50.6 34.7 18.6

CHLOROPHYTA
CLADOPHORA GLOMERATA
STIGEOCLONIUM TENUE
CHLAMYDOMONAS SPP.
PEDIASTRUM TETRAS
COSMARIUM SPP.
SCENEDESMIUS ABUNDANS

TOTAL CHLOROPHYTA

CHRYSOPHYTA

TOTAL CHRYSOPHYTA

CYANOPHETA
LYNGBYA EPIPHYTICA
LYNGHYA LINNETICA
PHORMIDIUM TENUE
CHHOOCOCCIIS SPP.
LYMGBVA NORDGAARDJI

TOTAL CYANOPHYTA

MISCELIANEOUS
CHYPTUMUNAS SPP.

TOTAL MISCELLANEOUS

91146.
96512.
10813.

30R9.
1544.
1544.

3.0
2.6
0.4
0.1
0.1
0.1

139.4
2.5
1.2
0.1
2.1
0.0

74.9
1.3
0.7
0.1
1.1
0.0

194650. 6.4 145.3 78.1

7724. 0.3

7724. 0.3

0.2 0.1 10923.39

0.2 0.1 10923.39

812597.
122043.
67973.
35531.
24717.

26.6
4.0
2.2
1.2
0.8

4.9
0.1
0,5
0.2
0.0

2.6
0.1
0.3
0.0
0.0

1062863. 34.8

1544. 0.1

1544. 0.1

3056249. 100.0

5.7 3.1

0.2 0.1

0,2 0.1

113608*00
24032.44

8739.13
2184.96

34955.82

96130.44

2184.25

2184.25

TOTAL PERIPHYTON 186.1 100.0 329120.70



Table C-I (continued)

Location 10

MEAN UNITS MEAN 8IOVO.UME
MICRn

L/SO.DM. %
TAXON

BACIUI, AHIOPHYTA

CUCCONEIS PLACENTUI,A
NITZSCHIA FRUSTULUM
NAVICIILA CRYPTOCEPHALA

ACHNANTHE3 MINUTISSIMA
NAVICULA VAUCHERIAE
NITZSCHIA KUTZINGIAMA

GOMPHONEMA PARVUbUM
ACHNANTHES I,INEAHIS
NITZSCHYA HANTZSCHIANA
NITZSCHIA DISSIPATA
CYCLOTEI,LA ATOMUS
FRAGI.ARIA VAUCHERIAE
GOMPHONEMA Oh.,IVACEUM
STEPHANODISCUIS INVISITATUS
STEPHANOUISCUS ASTRAEA
NITZSCHIA PALEA
NAVICULA HEUFLERI

CYMRELUA SINUATA
NAVICUGA TRIPUNCTATA
CYCLOTEbLA PSEUDOSTELLIGERA
NAVICULA GREGARIA
ACHNANTHES LEWISIANA
CYCUOTELLA MENEGHINIANA
COCCONEIS PEDICULUS

TOTAL BACILLARIOPHYTA

CHLWROPHYTA
sTIGEUCLONIUM TENUE
UNIDENTIFIED GREEN COCCOID
SEI,ENASrRUM WESTII

TOTAL CHLOROPHYTA

CYANOPHYTA
LYNGHVA EPIPHYTICA
LYNGBYA LIMNETICA
PHURMIDIUM TENUE
CHROOCOCCUS SPP.

TUTAL CYANOPHYTA

#I SCEbLANEOtJS

CRYPTOMONAS SPP.
TkACHELOMONAS SPP.

TOTAL MISCELLANEOUS

TOTAL PERIPHYTON

#/SO.CM.

375605.
54994.
45048.
33347.
23987.
23986.
21646.
14626.
8775.
8775.
8190.
8190.
7605.
7605.
5850.
5850.
2340.
1755.
1170.
1170.
585.
585.
585.
585.

28.9
4.2
3.5
2.6
1.8
1.0
1.7
1.1
0.7
0.7
0.6
0.6
0.6
0.6
0.4
0.4
0.2
0.1
0.0
0.0
0.0
0.0
0.0
0.0

13.3
0.1
0.7
0.1
0.1
0.3
o.4
0.0
0.0
0.3
0.0
0.2
o.2
0.1
0.4
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.1

49.5
0.4
2.5
0.5
0.4
1.1
1.5
0.0
0.3
1.0
0.1
0.6
0.9
0.5
1.6
0.3
0.3
0.2
0.1
0.0
0.0
0.0
0.1
0.4

STAN. DEV.

79429.31
38060.02
4137.28

10755.80
927.31

23994.25
9101.17
4136.57
248J.94
827.31

4964.60
11583.12

9101.17
A27.31

3309.26
4963.09
3309.26
2481,94

0.00
1654,63
827.31
827.31
927.31
827.31

91j39.00

251899.00
51463.23

2708,22

306070.40

135430,10
24377.51

8125,36
2708.22

662859. 51.0

178119. 13.7
36390. 2.8

1915. 0.1

216424. 16.6

16.8 62.5

5,1
2.6
0.0

18.6
9.6
0.0

7.7 28.4

233662.
135983.
28728.
17237.

18.0
10.5

2.2
1.3

1.4
0.1
0.2
0.0

5.2
0.4
0.8
0.3

415611. 32.0

3830. 0.3
1915. 0.1

5745. 0.4

1300641. 100.0

1.8 6.6 121896.10

0.5 1.,
0.2 0.7

0.7 2.5

5417,14
2708.22

2708.93

27.0 100.0 522504.50



Table C-2 Identification, abundance
collected from artificial
near Wolf Creek Generating
12 August 1980.

and biovolume of periphytic algae
substrates in the Neosho River
Station, Burlington, Kansas,

Location 4 MEAN UNITS

I/SO, CM

MEAN BIOVOLUME
MICRO

L/SU.DM.

TAXON

BACILLARIOPHYTA
NITZSCHIA FRUSTULUN

COCCONEIS P1,ACENTUbA

STEPHANODISCI'S INVISITATUS
NITZSCHIA PALEA
NITZSCHIA SUBACICULARIS

NAVICULA HEUFbERI

GOIDPHONEMA PARVULUM
ACHNANTHES LINEARIS

NAVICULA SYMMETRICA

CYCLOTELLA MENEGHINIANA

CYCLOTELLA ATOMUS
STEPHANODISCUS ASTHAEA

NITZSCHIA AMPHISIA

NAVICULA VAUICHERIAE
NITZSCHIA FILIFORMIS

NAVICULA RHYNCHOCEPHALA
NITZSCHIA IINEARIS

ACHNANTHES MINUTISSIIA
NAVICULA CRYPTOCEPHALA

MELOSIRA GRANULATA
NITZSCHIA ANGUSTATA

ACHNANTHES EXIGUA

NITZSCHIA DISSIPATA

NAVICULA ARVENSIS

ACHNANTHES LANCEOLATA
NAVICULA MENISCULUS

CYMBELL;A TUMIDA
RHOICUSPHENIA CURVATA

AMPHORA OVALIS

NAVICULA PYGMAEA

TOTAL RACIfLARIOPHYTA

CHLOROPHYTA
STIGEOCrUNIUM TENUE

CLADOPHORA GLOMERATA

MOUGEOTIA SPP.
UNIDENTIFIEn FILAMENTOUS GREEN

ANKISTRODESMUS FALCATUS

UNIDENTIFIED GREEN COCCOID

SELENASTRIIM MINUTUM
KIRCHNERIFLUA SUSSOLITARIA
SCENEDESMUS OUADRICAUDA

TOTAL CHLOROPHYTA

CHRYSOPHYTA
TRISONEMA RONRYCINUM

TOTAL, CHRYSOPHYTA

CYANOPHYTA
LYNGBYA LIMNETICA

UYNGUYA EPIPHYTICA
bYNGBYA AERUGINEO-CAERULEA
PHORMIDIUM TENUE

CHNOOCOCCUS SPP.

CAhOTHRIX EPIPHYTICA
CHROOCOCCUS LIMNETICUS

TOTAL CYANOPHYTA

TOTAL PERIPHYTON

432739.
235953.
126942.
82111.
79752.
62291.
54740.
47190.
28314.
24538.
21235.
17932.
15572.
13213.
11797.

9437.
4719.
3775.
3774.
3303.
2831.
2831.
2831.
1887.
1415.
1415.
943.
943.
943.
471.

19.9
10.9

5.8
3.8
3.7
2.9
2.5
2.2
1.3
1.I
1.0
0.8
0.7
0.6
0.5
0.4
0.2
0.2
0.2
0.2
0.1
0.1
0.1
0,0
0.0
0.0
0.0
0.0
0.0
0.0

1.2
8.4
1,6
0.6
0.2
1.5
1.5
0.2
1.4
1.4
0.0
0.7
0.0
0.0
0.8
0.6
0.4
0.0
0.0
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.5
0.0
0.0
0.0

1.6
11.6

2.2
0.9
0.3
2.1
2.1
0.3
2.0
1.9
0.1
1.0
0.0
0.1
1.1
0.8
0.5
0.0
0.1
0.0
0.1
0.0
0.1
0.0
0.0
0.0
0.7
0.0
0.0
0.0

STAN. DEV.

86091.69
12013.03
16684.19
6674.38
4671.15

17351.70

9343.00
28029.72

4003.64
2669.33
4671.86
1335.02
4671 .86
1335.02
3336.84
4004.35
6673.67

5338.66
2669.33

667.51
1335.02
4003.64
1335.02

0.00
2001.82
2001.82
1334.31
1334.31
1334.31

666.80

150829.401295847. 59.6 21.6 29.9

61794.
37076.
24717.
16993.
4634.
4634.
1544.
1544.
1544.

2.8
1.7
1.1
0.8
0.2
0.2
0.0
0.0
0.0

4.0
38.0

1.3
1.3
0.0
0.9
0.0
0.0
0,0

5.5
52.7

1.7
1.9
0.0
1.2
0.0
0.0
0.1

87389.94
52434 09
34955.82
24031.73

6554.17
2184.96
2184.25
2184.25
2184.25

39323.62154483. 7.1

21628. 1.0

21628. 1.0

45.4 63.1

1.7 2.4 30586.61

1.7 2.4 30586.61

364587.
291978.

23172.
15448.

3089.
1544.
1544.

16.8
13.4

1.1
0.7
0.1
0.0
0.0

0.9
1.8
0.5
0,0
0.0
0.0
0.1

1.2
2.4
0.6
0.1
0.0
0.0
0.2

349562.40
111423.10

32770.87
21847.48

4369.21
2184.25
2184.25

701364. 32.3

2173328. 100.0

3.4 4.7 458799.90

72.1 100.0 618366.30



Table C-2 (continued)

Location 10
MEAN UNITS MEAN BIOVObUME

MICRO STAN, DEV.
*/SOCM. L b'SODM, %

TAXON

BAClb[,ARIOPHYTA
COCCOIEIS PLACE:NTULA 976830. 35. 34.7 48.5 54484.70
NITZSCHIA FRUSTULUM 254771. 9,3 0.7 1.0 133575.30
STEPHANODISCUS INVISITATUS 184553. 6.8 2.3 3.3 2636,80
NAVICULA HEUF(,ERI 182689. 6.7 4.4 6.2 50969,67
NITZSCHIA SUHACICULAHIS 154726. 5.7 0.4 0.5 43060,68
NITZSCHIA PALEA 53439. 2.0 0,4 0.6 7030.76

ACHNANTHES 6INEAHIS 44740. 1.6 0.2 0.3 17575.84
NAVICULA VAUCHERIAE 35419. 1.3 0.2 0.3 878.23

NAVICULA SYMMETRICA 35418. 1.3 1.8 2.5 7908,99
NAVICULA RHYNCHOCEPHALA 31690. 1.2 1.9 2.7 11424.72

CYCLOTELLA MENEGHINIANA 26719. 1.0 1,5 2.1 7908.99
STEPHANODISCUS ASTRAEA 26098. 1.0 1.1 1.5 3515.73

CYCLOTELLA ATONIJS 13670. 0.5 0.1 0.0 .5272.89
NITZSCHIA ANGUSTATA 5592. 0.2 0.1 0.1 4393.96

NZTZSCH1A AMPHIBIA 5592. 0,2 0,0 0.0 6251,83

NAVICULA MENISCULUS 4970. 0.2 0,1 0.2 3515,03
COMPHONEMA PARVULUN 4970. 0.2 0.1 0.2 5272.89

ACHNANTHES EXIGUA 3728. 0.1 0.0 0.0 5272.19
N4VICULA CRYPTOCEPHALA 3727. 0.1 0.0 0.1 3515.03
MFLOSIRA GHANIILATA 3106. 0.1 0.0 0,1 878.93

GYkOSIGMA SPENCERIT 3106. 0.1 0,9 1.2 878,93
NAVICIJLA CINCTA 3106. 0.1 0.1 0.1 4393.25

NAVICULA CAPITATA 2485. 0.0 0.0 0.1 0.00
ACHNANTHES MINUTISSINA 1864. 0.0 0.0 0.0 2636.09

AMPHONA VENETA 1242. 0.0 0.0 0.0 1757,16

GOMPHONEMA TERGESTINUN 1242. 0.0 0.0 0.0 1757.16

NITZSCHIA KUTZINGIANA 1242. 0.0 0.0 0.0 1757.16
NITZSCHIA DISSIPATA 1242. 0.0 0.0 0.0 1757.16

NITZSCHIA ANGUSTATA 621. 0.0 0.0 0.0 R78.23

FRAGILARIA CAPUCINA 621. 0.0 0.0 0.0 878.23
NAVICIJLA ACCODM0A 621. 0.0 0.0 0.0 879.23
NAVICULA AHVENSIS 621. 0.0 0.0 0.0 878.23

TOTAL RACILLARIOPHYTA 2070474. 75.8 51.3 71.8 291755.10

CHLOROPHYTA
OEDOGONIUM SPP. 81369. 3.0 7.8 10.9 115073.10
STIGFOCLONIUM TENUE 40684. 1.5 2.6 3.6 57536,57

UNIDENTIFIED GREEN COCCOID 22376. 0.8 4.2 5.9 14383.96
SCENEOESMUS LONGUS 2034. 0.0 0.0 0.0 2876.51

SCENEDESNUS DIMORPHUS 2034. 0.0 0.1 0.1 2076.51

TOTAL CHLOROPHYTA 148497. 5.4 14.8 20.7 48905.63

CYANOPHYTA
LYNGBYA EPIPHYTICA 187148. 6.9 1.1 1.6 11506,75

LYNGRYA LINNETICA 176977. 6.5 0.4 0.6 31645.15
PHORMIDIUM TENUE 50855. 1.9 0.3 0.4 43152.61
LYNGBYA AERUGINEO-CAERULEA 34591. 1.3 0.7 1.0 2877,22
CHROOCOCCUS SPP. 34581. 1.3 0.4 0.5 14384.67

CHROOCOCCUS LIMNETICUS 28478. 1.0 2.5 3.5 5753.73

TOTAL CYANOPHYTA 512623. 18.8 5.4 7.6 63298.09

TOTAL PEkIPHYTON 273t598. 100.0 71.5 100.0 277371.80



Table C-3 Identification, abundance and biovolume of periphytic algae
collected from artificial substrates in the Neosho River
near Wolf Creek Generating Station, Burlington, Kansas,
27 October 1980.

Location 4 MEAN UNITS MEAN MIUVULU.E

MICHO STAN. ULV,

I/SQ.CM. L/SUON,

TA X ON

hACII'bAHIUPHYTA

(;tGpPHUNEMA PARVULUM b5010. 9.7 1.0 1.b 322bB.82

NAVICULA GRACIblUVES 4273b. b.4 1.2 2.2 40U33.89

t. TZSCHIA tU.U6IU UM 37!45* 5.6 0.3 0.5 3927.27

NITZSCHIA PAIAA 37ub2. 5.5 u.4 O.b Ib5o .15

rJ ITZSCCH I VHU'IULUM V. PLHAINUTA 24Y89. 3.7 0,0 0.U 20317.30

Ni'rzsCHiA oiUZINGIANA 1b297. 2.4 0.1- 0.3 b658.82

CUCCONEIS PLAC•mTULA 1 S94. 2.3 0.b 1.1 8829.24

NITZSCtII A SUbACICULAV15 14728. 2.2 0.0 0.0 14682.3b

SIPkIAUISCUS iNVISITATUS IU14U. 1.5 0.0 0.1 3414.b2

NICI bCtiIA U15I1PAIA 9537. 1.4 0.2 0.4 1195 .01

NAVICULA HH1NCHLJC-PHAiA 941b. 1.4 0.5 u. b487,70

ACIINANIHEIS MINUIISSIMA 172b. 1.2 0.0 0.U 3073.09

NAVI(:ULA •1•IMA b519. 1.0 0.0 0.0 6146.17

.. AVICULA HIttCHIJCtPHAALA V. G(LmAImI1 bO5l7. 0.8 0.2 0.3 1023.89

CYCIUI'EAbA A'UMUS 4949. u.7 0.0 U.u 511.95

NAVICUUA *IHIPUNCTATA V, SCHIZNrd.MUII)LS 4829. U.7 0,2 0.3 U.0U

NAVICULA SYMME'IRICA 434b. v.b 0.2 0,4 b146.11

CYCLUILL.LA MLNGIiINIANA 3863. 0.b 0.3 0.5 1366.13

NInsCHIA FILIFuRMIS 3500. 0.5 0.2 0.3 4268.80

ACHNAN'|HS LlfNEAHiS 297. U0.4 0,0 0.0 4096.96

wIT'' CHIA ACICIILAKIS 271b. U ." 0.U 0.0 3926.50

STEPHANIJOISCOIS ASIHIA*.A V. MINUTULA 2414. 0.4 0.0 0.0 340.83

NII'ZbCHIA CAPIT1LLLAIA '117J 0.3 0.1 0.2 3073.09

NAVICUbA CAPITA'IA V. HUN(;AHICA 2051. 0.3 U.0 0.1 1536,54

VEN'tTCtLA kLLGANS Ib1O. 0.3 0.0 U.0 1195.01

i.*I'ZSChIA 5Ut'CA IfkIrbLA*rA 1448. 0.2 U.I U.0 0.00

GUAPHUN.MA SUbCLAVATUM V, Ak.XICANUM 1327. 0.2 0.0 0.1 1195.72

NELUStHA UISTAN6 V. LIkA'IA 1327. U.2 0,0 U.U 853.48

SYNEDHA MINUSCULA 1327. 0.2 0.0 0.0 1877.37

NAVICUI,A SPP. 108o. U.2 0,0 0.0 119S.01

NITZSCHIA LUNGISSAMA Iotb. 0.2 0.0 0.0 171.12

NAVICULA CHYPTUCEPHAAA V. VLNTA IUbb. U.2 0,0 u.0 854,19

NAVICULA MIJHAbIS 844. 0.1 0.0 0.0 512.65

ACH4ANIHES LANCCUbATA 724. 0.1 0.0 0,U 1023.89

NIIZSCHIA SOP. 724. 0.1 0.0 0.0 1023.89

SUHIHLLLA SUECICA 723. U.1 0.0 u.0 341.53

NI'ZSCHEA MICR(JCEVI1ALA 482. 0.0 0.0 0,0 0.00

NI1ZSCHIA CLAUSIL 4U2. 0.0 0.0 0.0 0.00

CA|IINCIS bACILLUM 482. 0.0 U.0 U0U 0,00

ACIj,.A'THS E•XIGUA 482. 0.0 0.U 0.0 0,00

IqAVICULA CHYiTujChVHAbA 362. 0.1 0,U 0.0 511.95

PbILUHNISIGMA ELAICAlrULUM 362 U0.1 0.2 0.4 511.95

uAVICULA I)ECJSSIS 241. 0.0 0.0 0.u 340,b3

GltJMPHUNEMA GRACILL 241. 0.0 0,0 0.1 340.83

CYMIIELLA MEXICA14A 241, 0.0 0.2 0.3 340.83

NAVICULA AUHICULAI'A 241. u.0 0.0 0.0 340.83

NITZSCHLA 'I'M6ti4UaLLA V. VICIJMIAE 241. U.0 0.0 U.U 340.83

NITZSCHIA fHRYohUINKLLA V. DfvIlL1S 241. 0.0 0.U 0.0 340.83

NI£ZSCHIA HUNtAHICA 241. U.U 0.0 U.0 340.83

AMPII.JHA VENLTA 241. 0.0 0.0 U.U 340,83

MELUSIHA VAWIANS 120. u.0 0,oU U, 170.41

GYRUJSIGMA UbTOSATUM 120. 0.0 0.0 0.0 170.41

'10 C)lA I, b A C 1LI, A t, 10PH I C'A Jh4oo7. 54.9 o,•) II01 106293°90



Table C-3 (continued)

Location 4
MLAN UNITS MEAN BIUVULUML

MICHO STAN. UEV.

U/SU.CM. L/SLJ.UII.
fAX U

CHI.UHIJPH V T A
UE;VIGUNIUm SPP. lb903b. 2W.2 43.1 78.1 195831.I0
CHAtiACIUM AMH1GUU'4 14364. 2.1 0.4 0.8 8937.83

CisLAML)OMIJNAS SPP. 3447. 0,s O. 0.1 0.00

UrIDE.T I DII ) rkt., E C-CC IJI1 2U72. 0.4 4.1 7.4 40b2.33

5IIGEOCLUNIUM 'ILNuE 2298. 0.3 U.3 ( .b 3249.8b

ANKISIkUDE.USUS tALCAIUS 1723. 0.3 0.0 0,U 812.47

A-S1H0t•AJUS SPIHALIS $74. 0.0 0.0 U.U 812.47

5CtLhE:SMk1S UUADHICAUDA 574. U.0 0.0 U.U 912.47
T•rHASTRfjM STAUAUGENIA.UHME 574. 0.0 0.0 O.U b12.47
KJkCHNEHILLLA SUBSULITANIA 574. U.0 0.0 U.U 812.47

fU'AL CtlLIthUPm 'I'A 21b039. 32.2 4H.1 07.1 103643.40

CYANJPHY [A
LNG dA UIGULITiI 34474. b.1 0.2 0.4 13001.57

OSCILLArUHIA 1,IP'rTICA 2470b, 3.7 0. 0.0 20J14.47

a,•Y.0tA NUHOGAAHDII 17237. 2.b 0,1 0.1 2437b.60

ANAtIAEi,A SPP. 10342. 1.5 0.0 0.1 b126.07
U5CILbAtUNIA SPP. 5745. 0.9 0.0 0.0 3250.57
CHKUCjUCCuS SPP. 5171. 0U.8 0.1 0.1 5!87.97

"uVA6 CANOPHYTA 9167b. 14.b U.5 0.8 22752.57

CxYVTtJm,)mA5 SPP. 1723. 0.3 0.1 0.2 812.47

TOTAL MISCELbANLUUS 1723. 0.3 0.1 0.2 812.41

TO'tAb PERIPHYTUN 670107. 10U,0 55.2 IUU.U 40914.61



Table C-3 (continued)

Location 10
MKAN UNIT MEAN hIUVULUML

M1CHU STAN. VEV.

I A XU.4

hACi LAXIl('VHYTA

CUCCIJ*Llb PLACEI.IULA 71291. 13.5 2.9 23.4 119b1.52

NI'L"SCtHiA kkUS"|UIUM bulo0. 9.2 0.3 2.b 9731.1

NllZSCHIA eALLA 40925. 7.b U.4 3.1 13626.89

r.1fZý.CmIA 'hUSI'ULUM V. PEAI41NUTA 3t734, U. .0U .2 7u53.b4

iAVIC0UA UHACIULULS 22092. 4.1 0.0 b.U 15195.U2

6UMPHONEMA PARVULUM 208d5. 3.9 0.3 2.b 9731.20

iiAVICULA KHYhCHUCtPtAL.M 19315. J.b 0.9 7.b 54bJ.81

bJLPHANUUiSCUS 1ioVI11IALUZ. 172b3. 3.2 0.1 1.U 3244.21

NAViCULA MINIMA 1b67b. 3.1 0.1 0.8 b9Y9.b5

1I11ZSCHlA SUbACtCUbAH1i 12075. 2.3 U.0 0.2 b292.70

NAVICUbA IhfNChtJCr.(HALA V. GLkMAI"LI 12072. 2.2 0.5 3.7 853b.19

AC•I•AIINIHL MJNULISIMA 108b5. 2.U U.0 U.3 13bb.13

HAVICULA MLIV,1CULUS V. UPSALILN•SI 9899. 1.U 0.1 0.b 4780.04

,11iZSChiA eU'aZ1|G'AhA 9b4, 1.7 0J.0 0.b 3244.21

CYCuLJrELLA MENEUtHII, ANA 8450. 1.b U,6 5.3 3414.02

miILUSIRA UIS'TAi V. 6LIAkA 772b. 1.4 U.0 0.3 1U23.N9

CYCbUIaA.A AIUKUS 7243. 1.3 U.U o.3 2132.2o

SILVHANhIuUISCUS ASjKALA V. M1NUTULA b6bb. 1.I U.U U.U h53.4d

i,1I46C0iA ACICULAHIS o03b. 1.1 0,U u.4 J073j.9

N1ILZC1IA SUbCA(ItbLLAJA b432. 1.0 0.2 1.b 25bb.14

ACfl.Alt.I' b Lli.o AH6 !)ill. .0 U.0 U0.1 4u9I. b

NAvICLILA CHYP ILICt,&IALA Z190. 1.0 U03 2.b ;902.bI

wAVICULA %jMME'hIILA 4949, U.9 U.2 1.9 8bt3.4

iqZ.SCIHIA TRItjLiU,•LLA V. tiLbIl1 49ti9. 0.9 0.1 0.8 187d.0U

SdK1kVLLA SLUCICA 434b. U.. 0.1 1.1 u.UU

AIPIUNA PtNUS3lUA '634b. u.8 0.u 0.2 2731.55

NAVICIIULA CAPITATA V. HUNGARICA 39R3. 0.7 0.1 1.2 1195.12

NAVICUIJA CRYPTOCEPHALA V. VENETA 3983. 0.7 0.1 0.4 2902.61

DENTICUUA ELEGANS 3742. 0.7 0.0 0.1 1195.01

NTTZSCHIA DISSIPArA 3742. 0.7 0O 0.7 4610.34

N[IZSCHIA AmPHIIA 3621. 0.7 0.0 0.2 2390.02

NITZSCHIA SPP. 3500. 0.6 0.2 1.5 170.41

ACHNA4THES EXIGIIA 3500. 0.6 0.0 0.3 853.4H

NAVICIOLA MINUSCULA 3138. (O.h 0.0 0.1 443R.51

NAVICULA SPP. 3138. 0.6 0.0 0.2 0.00

ACHNANTHES LANCEULATA 2897. 0.5 0.0 0.1 1366.13

NITZSCHIA HUNGAHICA 2172. 0.4 0.0 0.b 2390 11

NITZSCHIA FONTICOL.A 1327. 0.2 0.0 0.0 170.41

CYMHF.•A SINUATA 1327. 0.2 0.0 o.3 512.65

NITZSCHIA IONGISSIMA 1086. U.2 0.0 0.1 511.95

AMPHORA VENETA 1086. 0.2 0.0 0.1 854.19

PI.EIIPUSIGMA UELICATULIIM 1086. 0.2 0.7 5.5 R54.19

COCCO'EIS PEOICULUS 965. 0.2 0.1 0.8 683.07

NITZSCH[A MICROCEPHALA A44. 0.2 0.0 0.0 453.4W

NAVICULA AURICULATA 044. 0.2 0.0 0.1 R53.49

NITZSCHIA ACCUMODATA 724. 0.1 0.0 0.1 1023.R9

NIT7SCHIA FILIFORMIS 724. 0.1 0o0 0.3 1023.$9

HAVICUA TRIPUNCTATA V. SCHIZONFMUIDES 7249 0.1 0.0 0.2 1023.89

C(0MPHONEMA SUSCLAVATUM V. MEXICANUM 723. 0.1 0. 0.3 341.53

NITZSCHIA APICULATA 482. 0.0 0.0 0.1 68?.36

MF.LIS[RA GRANULATA 402. 0.0 0.0 0.u 341.53

NITZSCHIA CLAUSIl 482. 0.0 0.0 0.1 N2. 36

NITZSCHIA CAPITELLATA 4R2. OU 0.0 0.2 6R2.31)

NAVICULA PUPULA 361. ().0 0.0 0.U 170.41



Table C-3 (continued)

Location 10

I'A X I)rJ

(Y k 5 1 (G.MIA OHTLISA TIltm
tJAV ICIILA G0O1I ,A NI, 1 CA

N I'T Z.SCH I A PEN'II'CA
MF.l)OSINA VAHIANS
SYN;IHRA MI NIISCULA
mF1,0S (I A GHANOLATA V. AN(G1.l1 ISSIMA
NAV ICUILA UCCUSS IS
NITZSCHIA AI)APTA

MEAN IINItFS MEAN HV(DVOLUME
MICRO

#/5UCM.

241,
241.
241.
241.
241.
120,
120.
120.

U. 4
O.f)U . Ii
U.0

0.0u

0.0

0.0
0.0

0,0

0.0
OU
0,0
0.0
0.0
0,0

0.6
0.1
0.1
0.2
0.0
0.0
0.0
0.0

STAN. DVV.

0.00
340,83
340.83
340.H3
340B3

170.41
170.41
170.41

106538330TOfAl HAC I I,hAkIIIPHYTA 473456. H7.4

C14(JHIJPH ¥r A

CHLAM YI)IM01IIJAS SPP.
ANI. IS'rIwm)1KSI4IIs FAICATUS
uNI I)IU..iTIl" VI GHLCk'N COCCI) Ii)

, lIPCHNER IFLA StRSI LITAH I 1

'IITAI, CHLONLUPHYTA

C Y AN(I P H YT A
LYNG6YA DIGUETIL
tjSC I LLATUmI A LIMNETICA
ANAHAKNA SPP.
CHkOIOCOCCIIS SPP.

1 1491.
459b.

574.
574.

2,1
0,8
0,1
0.1

17236. 3.2

10.1 82,1

0,3 2.0
0,0 0.1
0,8 6,6
0,0 0.0

I,1I .9

0.2 1.3

0.0 0,1
0.1 0.5
0,0 0.1

0.2 2.0

25855.
8618.
8043.
1723.

4.,
1.6

1.5
0.3

lb24.93
1624.93

812,47
812,47

4874.79

2437,40
5687.97
3250.57
2437,40

e938.54

812.47
1624.93
812.47

3249.86

I-oUrT, h CYAN1PWHYTA

M ISCE[,LANEIOUS

CRYPTIOJMNAS SPP.
UiG(;LENA PROXIP4A

PHACUS LEMMERMANNII

TOTAL MISCELLANEUIIS

44240. 8.2

5170. 1.0
1149. 0.2
574, 0.1

6894. 1.3

541826. 100.0

0,4
0.2
0,3

3.3
1.7
2.1

0,9 7.1

TOTAU PERIPHYTON 12,3 100.0 119146,P0



Table C-4 Identification, abundance and biovolume of periphytic algae
collected from artificial substrates in the Neosho River
near Wolf Creek Generating Station, Burlington, Kansas,
16 December 1980.

Location 4
MEAN UNITS MEAN BIOVULUML

MICRO STAN, DEV.

*/SO.CM. L/SU.fl#, '

TAX ION

IBAC I LhAP I PH Y TA
NITZSCHIA ACICILAHIS 1015139. 50.1 6,6 25.U 213224.50

SIiHIHELIA SIJE•C1CA 130191. 6.4 5.7 21.7 20880.15

NITZSCHIA PALEA 124822. 6.2 1,3 5.1 632.86

N[TZSCHIA ACICUILAHIS V. AIDEIOS 101111. 5.0 0.2 0.b 1265.72

NITZSCHIA KUTZIN(;IANA 70688. 3.5 0,3 1.1 10122.94

SIEPHANiJU)LSCUS INVISITATUS 67556. 3.3 0.7 2.5 9490.79

CYCLOIEhLA A7fIMUS 51003. 2.5 0.3 1.2 0.(0

STEPHAiIJDISCIIS ASTIkAk.A V. MINLTULA 46081. 2.3 0.8 2.9 1897.87

NAVLCDILA CHYPTOCEPHALA 31317. 1.5 1.8 6.8 7592.91

NITZSCHIA DISSIP&ATA 29080. 1.4 0,8 3,2 632.86

NAVICULA MINIMA 25501. 1.3 0,0 0.3 5695.04

NI1ZSCHIA AC1CI(LAIPOUIDES 21922. 1.1 0.3 1.1 1897.87

CYCLT0EI,LA MF:NE:(;H[NIANA 21027. 1.0 0,B 2.9 6959.34

NIIZSCHIA FRUSTULI[M V. PE.HMINUIA 17448. 0.9 0.0 0,O 1897.87

NITZSCHIA LU1NGISSIMA 14763. 0.7 0.1 0.2 4428.61

NITZSCHIA HUNGAYICA 11O32. 0.6 1.1 4.0 1265.72

MK:LOSIk(A OISTANS V. LIHATA 10737. 0.5 0.0 0.3 000

NITZSCHIA CAPIlk.I[,ATA 7b05, 0.4 0.2 0.9 8225.07

NITZSCHIA FHUSTIJLUi 7157, 0.4 0,0 0.2 2530.74

NITZSCHIA SPP. 6263. 0.3 0.2 0.9 1265.72

SIIHIRI:LLA OVA rA V. AIHICANA 5816. 0.3 0.2 U.7 3163.60

NAVICULA CHYPT1CEIPHAIA V. VENI:TA 5815. 0.3 0.2 0.b 632,R6

GIOMPHONEMA 1'AHVOI,(M 4920. 0.2 0.1 0.4 632.86

NAVICUIA HEIFIEHI V. I,EPIUCEPHA|,A 4473. 0.2 0.1 0.4 1265.01

NITZSCHIA LINKARIS 4473. 0.2 0,2 O.b 6326.48

FHA(EILA&IA VAiJCIER[IA. 4026. 0.2 0.1 0.4 632.15

NIT'ZSCHIA SUBCAPIi•ILAIA 357H. 0.2 0,1 0,4 2530.74

NITZSCHJA AMPHIBIA 2684. 0.1 0.0 0.0 1265.72

COCCOINEIS PLACENTIULA V, Hj(;IhYPTA 2684, 0.1 0,0 0,3 1265.72

NITZSCHIA SLJbLIri'ARIS 1789, 0.0 0,0 0.3 2530.74

NAVICULA ACCOM(IDA 1342, 0.0 0.0 0.0 1897.87

LiOMPHoNENA ULIVACEIUM 1341. 0.0 0,1 0.2 632.8b

SYNEDRA FASICICU[.A'TA V. IHUNCAIA 894, 0,0 0,0 0,0 1265.01

NAVICIJIA MENISCULLIS V. ILPSAt,1LNSIS 894. 0.0 0.0 0.0 1265.01

CIJCCU0EIS PFDICUUUS 894. 0.0 0,1 0.5 1265.01

NITZSCHIA APICULATA 894. 0.0 0.0 0,1 1265.01

THALASSIUSINA FLIOVIATrLIS 447. 0.0 0.0 0.0 632.15

NAVICULA SYMME1RICA 447. 0.0 0.0 0.0 632.15

SLIRHIHELLA OVATA 447. 0.0 0.0 0.1 632.15

'10TAL BACIILAk ILPHYTA 185H913. 91.8 22.8 86.3 187917.20

Ch[ ()RUPHYTA
ANKISTHIIDESMUS FAICATIiS 20225. 1.0 0,1 0,4 0,00

ULUCYSTIS PUSIlLA 14249. 0.7 0.8 3.1 13000.87

CHLAM,4Y0rMONAS SPP. 14019. 0.7 0.4 1.6 5525.33

UNIDE:NTIFIED) CHEEN CUCCIILI) 11950. 0.6 0.9 3,2 2600.03

KIHCHNRIEHLLA S(]bSIJLI'rAHIA 2757. U.1 00. 0.2 0.00

SCENEOESMIIS OIiAUHICAUDA 1838. 0.0 0.1 0.2 650.54

STI[GEOCLO)NIULP 1 ENIJE 1608. 0.0 0,0 0.0 975.10

010AUkHIr[UA LACOSTHIS 1148. 0,1 0.0 0.0 975,10

CHIiC1GIGNA CRIUCIF:hFA 919. 0.0 0.0 O.U 1299.66

SCENtA)ESMUIJ H 1.J1i(;A 918. 0.0 0.0 0.0 649.83



Table C-4 (continued)

Location 4
MEAN UNITS

I/sO.CM.

MEAN BIOV1)LUME
MICRO

L/SU.Um.
STAN. DEV.

TAXUN

(;[N IUM PAECT(3H AI.X
LAGE'RHE [M|A 01IAi)H SK-JIA

nCYSTIS I.ACUSTR IS
MICHATINIIIM PUSI|IIUM

TOT[ A l. CiL(•RUPHYTA

CYAN(OPHYTA
IYNGHYA EPIPHYjICA

CHNH[OCIICC{IS MINIMl-S
LYNG'YA N(OINOGAARO II
CHIloCUCCLIS SPP.
(ISCIILAT'PriIA ANGUSTA

LYN(;bYA DIGUETII
CHWUIICOCCUS MINIUTUS
SPIIMLINA LAXA

MI'HNISMI)LIA "rENII|SSIMA

TOTAL CYANfIPHYTA

P4ISCIKLLANEOUS

CHYPOrMONAS SPP.
EIIGLENA (GACI 115
K1lGIGLNA SPP.

:Ui;I,ENA Pk()X I M4A

TRACHELiOMUNAS VJIVIOCINA

bW9. 0.0
459. 0.0

229. 0.0
229. 0.0

71240. 3.5

O.U 0.00,U 0.U

0.1 O.2
0.() 0.0

974.39649.83
324.5b
324.56

2.4 9.2 20799.54

3263b.
16547.
12640.
11261.
505S.

919.
689.
be9.
229.

1.6
0.14
0.6

0.2

0.0
0.0
0.0
1J,0

0,00,0
0,0
0.2
0.0
0,0
0,0

O,0
0.0

0.10.1
0.1
0.8
0.0
0.0
0.0
0,0
0.0

80567. 4.0 0.3 1.1

9751.005200.77
10726.10
2925.30
5200.77
1299.66
325.27
974.39
324.56

8775.90

2925,30
0.00

649.83
324.5b
324.5b

4224.25

9882.
2757.

459.
229.
229.

0.50.1

0 . 0
0.0
u.0

0.10.b
0,1
0,0
0,0

0.52.3
0.2
0.3
0.0

TOTAl, M 1 SCF:,L, A N F:Oi1S 13558. U.7

2024379. 10U.0

0.9 3.3

TOTAL, PERIlPHYT(IN 26.4 100.0 154117.40



Table C-4 (continued)

Location 10
MEAN UNITS MEAN HIUVOLUME

MICRO STAN. DEV.
I/5U,CM, F L/50eDm, lk

TAXON

BACIIbAHIUPHYTA
NITZSCHIA ACICUbARIS 122138. 14.3 0.8 3,4 63904,07
NITZSCHIA PALEA 119901. 14.0 1.3 5.4 27839.50
NAVICiJLA CRYPTUCEPHALA 108269. 12.6 6.2 26.1 12654.38
SURIRELbA SI1ECICA 81873. 9.6 3.6 15.2 1897,87
NITZSCHIA DISSIPATA 45634. 5.3 1.3 5.6 11388.66
STEPHAN01)ISCUS INVISITATUS 30969. 3.6 0.3 1.3 5694.33
CYCLOTELLA ATUMUS 26396. 3.1 0.2 0.7 4429.32
NAVICtLA MINIMA 21474. 2.5 0.1 0.2 7592.21
CYCLOTELLA MENEGHINIANA 20580. 2.4 0.8 3.2 5061.47
NI1ZSCHIA HIUNGARICA 16553. 1.9 1.5 6.4 3163.60
NAVICULA CRYPTOICEPHAIA V. VENETA 15211. 1.8 0,4 1. 2531.44
STEPHANOI)]SCUS ASIWAk:A V. MINUTiLA 14316. 1.7 0,2 1.0 6327.19
NITZSCHIA FRus'rUI.uM V. PEWMINLJIA 12079, 1.4 0.0 0,0 5694.33
NITZSCHIA CAPIIELLATA 11184. 1.3 0.4 1.5 3163.60
ACHNANTHES MINUTISSIMA 8947. 1.0 0.0 0.2 1265.01
MELOSIRA DISIANS V. LIHATA 8947. 1.0 0.0 0.3 3796.46
NI1ZSCHIA ACICULARUOIDES 8947. 1.0 0,1 0.5 5062.18
NITZSCHIA KUTZINGIANJA 8947. 1.0 O0U 0.2 7592.21
NITZSCHIA ACICJLLAHIS V. AbJELOS 5816. 0.7 0,0 0.0 8225.07
NAVICUIA MENISCUI.US V. UIPSAIIENSIS 5815. 0.7 0.0 0.4 189H.58
NITZSCHIA SUHCAPITEI.1[ATA 5368. 0.6 0.1 0.b 0.00
GOMPHONEMA OLIVACEIIM 4921. 0.6 0.2 08 6959.34
NAVICUL4 SPP. 492U. 0.6 0.0 0.0 632.86
G(OMPHONEMA TENELLUJM 4473. 0U5 0.1 0.b 3796.46
NITZSCHIA SPP. 4026. 0.5 0,1 0.6 3163,60
FkAGILARIA CONSTRUENS V. VENTE H 2684. 0.3 0.0 0.0 3795,75
COCCONEIS PLACENIULA V. k.Ii(;I,YPTA 2684. 0.3 0.0 0,3 1265,72
GOMPHUNEMA PARVULUM 2684. 0.3 0.1 o.3 3795.75
NITZSCHIA FRHSrTOLUM 2684. 0.3 0.0 0.0 1265,72
NITZSCHIA APICU6AfA 2684. 0.3 0.0 0,3 3795,75
COCCONEIS PEI)ICULUS 2683. 0.3 0,4 1.8 2530,74
NITZSCHIA SURblINEAIS 1789. 0.2 0.0 0,4 2530,74
NAVICtJLA CAPITATA V. HUNGAkICA 1789. 0.2 0.0 0.1 2530.74
NAVICULA DEMISSA 1789. 0,2 0,0 0.0 2530.74
DIATUMA VULGARE 1789. 0.2 0,4 1.9 0.00
FRACIE.AWIA VAUCHkIIAE 894. 0.1 0.0 0.1 1265.01
SYNEDRA ACUS 894. 0.1 0.1 0.4 1265.01
MEbLUSIRA CRANUILATA 894. 0.1 0,0 0,1 1265.01
AMPHORA PERPUISILA 894. 0.1 0.0 0,0 1265,01
NAVICIJLA GRACIITl/IES 894. 0.1 0.0 0.1 1265.01
NITZSCHIA TRYHLbINEI.,A V. DEHILIS 894. 0.1 0.0 0.0 1265.01
NAVICULA HE11FLEHI V, .EPT'CEPHALA 894, 0.1 0.0 0.1 1265.01
SIIHIHELLA rOVATA V. AFRICANA 447, 0.1 0.0 0.1 632.15

TOTAL BACILLAHkI(IPHY'rA 747579. 87.3 19.4 82.0 105663.00

CHrIIHU PHYTA

STIGbioCr,ONIUm 1KNUE. 12870. 1.5 o,2 0.8 1299.66
ANKISfHUDFSRUS FAI.CAIUN 11031. 1.3 0.1 0.2 4550.23
O1NILENTIFIEV GRkEN CUCCUII' 8273. 1.0 0.6 2.5 4550.23
UIICYSrIs PUSILLA 5285. 0.6 0.3 1.3 2925,30
CHI,AMYDOMUNAS SPP. 4826. 0.6 0.1 0,6 2275.47
(JUAI)FIGULA LACUSTNIS 1838. 0.2 0.0 0,0 2600.03



Table C-4 (continued)

Location 10

MEAN UNITS MEAN bIOVUbUME
NICIO STAN, DEV.

*/SO.CM. I ,/SO0.D. %
TAXUN

$,1HCjNERH1V:,1A SJHbSOITAHI A 1148. 0.1 0.0 0.1 975.20
SCENEI)ESMUS UUADHRICAUDA 689. 0.0 0.0 0.0 325.27
SCK;NE')k"SMtUS HIJIUGA 459. 0.1 0.0 0.0 649.83
Tk-T'ASTRIJm STAUHOGEIAL'URME, 459. 0.1 0.0 0.0 0.00
MICRATINIUM PUS1LL, P 229. 0.0 0.0 0.0 324.56

TflTAL CHLORUPHYTA 47110. 5.5 1.4 5.7 16576.70

CYANnPHYTA
LYNGhYA NOHDGAAHI)11 13329. 1 .b 0.0 0.0 b500,43
LYN(GHA EPIPHYTICA 11261. 1.3 0.0 0.0 5525.33
CHROD]COCCUS SPP. 8503. 1.0 0.2 0.7 6175.87
CHRO(JCOCCIIS MINIMUS 2987. 0.3 0.0 0.0 975.10
CHFOIUCOCCUS MINUTUS 1838. 0.2 0,0 0.1 1299.66
I,YNGBYA DIGUKTII 459. 0.1 0,0 0.0 649.83
LYN(;GBA AE(IGINE1I-CALHRULA 459. 0.1 0.0 0.0 649.83

TOTAL CYANOPHYTA 38838. 4.5 0.2 0.9 6826.41

MISCELLANEOIUS

-JGL,.NA GRACILIS 10342. 1.2 2.3 9.b 3575.13
CRYPITIMIJNAS %PP. 10342. 1.2 0.1 0,6 325.27
EI'GEINA MINUTA 1378. 0.2 0.0 0.3 1949.49
PHACUJS PYkUM 459. 0.1 0.1 0.6 649.83
THACHELOMtiNAS VULVOCINA 459. 0.1 0.0 0.1 0,00
PHACUS ACtIMI NATUS 229. 0.0 0.0 0.1 324.56

TOTAL M1SCEL,LANFO11S 23210. 2.7 2.7 11.4 1625.64

TOTAL PERI PHYTON 856738. 100.0 23,7 100.0 113707.60



Table C-5 Mean density (units/cm2 x 1O4) of periphyton collected
from natural substrates near Wolf Creek Generating
Station, Burlington, Kansas, 1973-1979.

Neosho River
1 10

.0,I Cree

Date 4 x I 2 .3 t
Date
12 April 1973
11 June
10 September
10 December

27 March 1974
11 June
10 September
10 December

16 April 1975
10 June

9 September
2 December

25 February 1976
6 April

15 June
10 August

5 October
14 December

x

22 February 1977
5 April
9 June
9 August
3 October

13 December

22 February 1978
25 April
27 June
29 August
10 October
12 December

20 February 1979
9 April

13 June
7 August
8 October

11 December

7

<1 .a
4,877 -

452 -
0

1,332

10

209
0

73

<1
4,877

452
0

1,332

10

209
0

73

S - 231
132 122

- 304 55
- 0 -

- 145 136

1
669
182

5

54
923
154
296

<1 18
85 559
63 133

0 Iuo

214 357 37 203

654

<1
18

948

349
25

556 719

- 175
91 45

224 441 324 330

132
304

0

145

622
377

3,033
812
388
865

1,016

831
510
177
256

1,055
20

119
25
23
0

273
57
45
0

237 215
0 51
3 32
0 0

42 94 60 79

253 209 361
395 694 489

4 114 1,050
84 22 306

212 68 223
121 352 446

178 243 479

5

36
30
15

45
15

107
15
27

7
6

54
18

4
11
6
6

15
11

51
17
21

21 42 21 7 24

874 61 589 -
377 162 349 -
- - 177 7
638 9 301 2
- - 1,055 156
- 20 76

17
12
16

565

1 8
7

4 58
308 316

475 630 77 414 60 - 152 104 106

22
340
668

1,042
552

- - 22
167 16 174

29 107 268
154 223 473
941 1,551 1,014

80
149

19
20

67

80
149

19
20

67525 323 474 447

3,334

401
703

1,480

7,021 8,425 6,260

- - 401
653 229 529

3,837 4,327 2,967

a Samples not collected.



Table C-6 Mean biovolume (pl/dm2 ) of periphyton collected from
natural substrates near Wolf Creek Generating Station,
Burlington, Kansas, 1973-1979.

Neosho River Wolf Creek
Date I 10 4 2 3 5 1

12 April 1973
11 June
10 September
10 December

27 March 1974
11 June
10 September
10 December

16 April 1975
10 June

9 September
2 December

25 February 1976
6 April

15 June
10 August

5 October
14 December

22 February 1977
5 April
9 June
9 August
3 October

13 December

22 February 1978
25 April
27 June
29 August
10 October
12 December

20 February 1979
9 April

13 June
7 August
8 October

11 December

i

<0.1 a
382.3
60.3

0.0

110.6

0.4

0.9
0.0

0.4

-<0.1
382.3

- 60.3
- 0.0

- 110.6

- 0.4

0.9
0.0

0.4

<0.1 14.5
80.3 178.4
6.4 11.1
0.5 11.0

21.8 53.8

57.1 72.0

<0.1 2.0
0.7 0.7

<0.1 4.8
10.4 89.7
2.9 6.8
0.0 3.8

3.3 26.3

41.1 56.7

- 1.0
4.1 1.8

19.3 24.9 22.6 22.2

10085.9
148.1

0.0

3411.3

570.3
487.5

1175.1
932.9
521.4

2227.3

10085.9
148.1

0.0

121.0 33.0 92.0
212.5 3.5 10.3

14.4 7.0 16.8
- 0.0 0.0

86.2 83.0
0.0 56.6
0.7 9.7
0.0 0.0

3411.3 116.0 10.9 29.8 21.7 39.8

1273.0
5036.9

0.7
10.4
94.8

1729.6

247.2
10903.2

13.4
31.4
96.8

1853.7

696.8
5475.9
396.4
324.9
237.7

1936.9

1.4

5.7
5.4
1.5

11.6
3.9

25.0
1.7
3.3

1.1
1.5

582.6
8.9

1.4
2.8
2.7
0.7

3.9
2.7

154.0
4.2
2.4

985.8 1357.6 2191.0 1511.4 3.5 9.1 148.5 1.9 38.9

492.0
3159.2

51.4
64.8

278.6
9.9

340.3
523.0

238.4

41.8
864.9

1.5

291.4
1515.7

51.4
101.6
278.6

9.9

1.2
0.8

45.8
15.1

15.7

7.5
3.5
6.1

39.2

14.1

0.4

2.8
25.4

3.0
2.2

18.2
26.6

676.0 367.2 302.7 505.5 9.5 13.4

6.3
1635.5

593.4
476.8

3317.4

75.3
4.7

35.6
7436.2

4.7
731.8
114.1
609.6

6.3
571.8
443.3
208.8

3787.7

- 16.8
- 82.6
- 3.5
- 4.8

- 26.9

16.8
82.6

3.5
4.8

26.91205.9 1888.0 365.0 1157.0

726.5

105.1
286.1

1932.9

209.9

2432.5

96.4

1697.3

105.1
197.5

372.6 1071.4 1264.4 827.1

a Samples not collected.



Table C-7 Mean chlorophyll a standing crop (vjg/dm2 ) of periphyton
collected from natural substrates near Wolf Creek Generating
Station, Burlington, Kansas, 1973-1979.

Neosho River
Date 1 10 4

Wolf Creek
7 2 3 5

a
12 April 1973
11 June
10 September
10 December

27 March 1974
11 June
10 September
10 December

x

16 April 1975
10 June

9 September
2 December

x

25 February 1976
6 April

15 June
10 August

5 October
14 December

x

22 February 1977
5 April
9 June
9 August
3 October

13 December

x

22 February 1978
25 April
27 June
29 August
10 October
12 December

x

20 February 1979
9 April

13 June
7 August
8 October

11 December

x

64.6
289.1
562.5

7.1

230.8

36.4

214.7
2.2

64.6
289.1
562.5

7.1

74.8 567.7
114.0 415.2
172.9 81.5
265.0 592.8

8.9 217.2
33.9 187.7
66.8 107.1

7.7 288.5

- 230.8 156.7 414.3 29.3 20U.1

84.4

36.4

214.7
2.2

84.4

346.8
942.9

0.0

1781.1

134.1

1939.3

448.2
262.8

2144.5

396.0

1955.0

448.2
264.3

957.6 883.4 1270.3 1015.2

346.8 -

942.9 -

0.0 -

525.7 425.0 1925.9
704.6 160.8 309.2
157.7 65.5 148.4

- 0.0 0.0

1701.4
61.5
63.7

0.0

1144.5
309.0
108.8

0.0

429.9

594.7
6172.0
2451.9
1602.9
751.7
280.7

429.9 462.6 162.8 595.9 456.6 416.6

1123.1
148.8
679.5
318.1

1108.0

1082.1
71.3

360.0
197.8

1242.9

594.7
2792.4
890.7
880.8
422.5
877.2

20.1

201.5
41.0

7.0

18.7
16.5

174.9
38.0
26.3

8.9
14.3

142.1
130.5

7.6
20.5

67.3

13.8
17.1

172.8
69.2
16.6

1975.7 675.5 590.8 1136.6

531.0
526.6
627.5

1168.6
1578.0

117.6

2305.5
2159.8

1359.0

316.8
2388.1

139.4

1051.1
1691.5

627.5
889.0

1578.0
117.6

67.4 54.9

108.7 -

6.4 -
115.4 -

552.4 -

195.7 -

74.0 31.8 58.4

287.6
63.5

323.4
3064.2

65.0

74.8
1172.6

153.8
35.0

171.2
1596.4

758.2 1941.4 948.1 1101.5 934.7 437.5 530.4

130.5
1867.1

485.2
518.1

1294.6

680.7
116.3
338.6

1689.3

281.6
362.6
335.5

1283.0

130.5
943.1
321.4
397.4

1422.3

1025.1
159.9
453.5

70.4

1025.1
159.9
453.5

70.4

427.2859.1 706.2 565.7 721.8 - 427.2

1561.0

932.9
707.0

1067.0

1504.9

726.2

1115.6

2921.6

625.0

1995.8

932.9
686.1

1773.3 1282.7

a Samples not collected.



Table C-8 Mean biomass standing crop (mg/dm2 ) of periphyton collected
from natural substrates near Wolf Creek Generating Station,
Burlington, Kansas, 1973-1979.

Neosho River Wolf Creek
Date 10 4 I 7 3

12 April 1973
11 June
10 September
10 December

27 March 1974
11 June
10 September
10 December

-i

16 April 1975
10 June
9 September
2 December

25 February 1976
6 April

15 June
10 August

5 October
14 December

22 February 1977
5 April
9 June
9 August
3 October

13 December

22 February 1978
25 April
27 June
29 August
10 October
12 December

x

20 February 1979
9 April

13 June
7 August
8 October

11 December

x

210.6
87.0

212.3
23.2

133.3

126.5

152.9
17.0

98.8

455.4
317.5
170.4

314.4

606.5
3024.7

782.0
381.7
305.6
163.2

- 210.6
- 87.0
- 212.3
- 23.2

- 133.3

- 126.5

- 152.9
- 17.0

- 98.8

- 455.4
- 317.5
- 170.4

73.8
75.5

128.7
53.0

90.7
323.0
112.7
134.2

57.2
63.2

167.7
12.2

73.9
123.6
136.3
66.5

- 82.8 142.5 75.1 100.1

- 635,8 498.3 435.7 523.3

- 323.8 - 323.8
163.6 54.0 197.1 138.3

399.7 292.0 316.4 329.8

306.0 117.8
263.5 1001.9
121.3 217.6

- 28.8

554.8 619.0
773.5 680.7
82.1 182.3
72.0 89.0

399.4
679.9
150.8
63.3

314.4 230.3 341.5 370.6 392.8 340.7

528.2
628.7
181.7
643.7
981.7
576.5

862.7
48.0

459.3
464.2
311.8

567.4
1505.4

337.2
494.9
583.8
350.5

313.6

84.2
37.4
88.0

147.0
50.9

593.8
43.5

115.0

8.0
25.7
60.7

116.0

57.4
317.9

249.1

131.5
131.5
246.2
111.5
101.5

877.3 590.1 429.2 644.1 130.8 190.0 52.6 208.1 144.3

957.4
1445.3
139.8
127.2
349.4

77.8

431.3
932.1

345.7

285.5
854.0

319.5

558.1
1077.1
139.8
264.1
349.4

77.8

84.6
33.5

243.2
379.7

139.8
47.8

197.3
344.5

138.5

112.4
186.5

121.0
40.6

184.3
303.6

516.2 569.7 486.3 522.1 185.3 182.4 145.8 173.4

98.5
972.4
571.7

1167.5
736.5

314.0
199.2
365.2
592.0

134.9
218.2
362.5
643.4

98.5
473.8
329.7
631.7
657.3

364.5
314.9
124.0

92.8

224.0

364.5
- 314.9
- 124.0
- 92.8

- 224.0709.3 367.6 339.8 490.5

617.6

60.2
374.5

1087.8

752.5

1779.0

396.5

1161.5

60.2
507.8

350.8 920.2 1087.8 724.0

a Samples not collected.



Table C-9 Mean diversity (Shannon 1948, using base 2 logarithms) of
periphyton collected from natural substrates near Wolf Creek
Generating Station, Burlington, Kansas, 1973-1979.

Neosho River Wolf Creek

Date 1 10 4 x 7 2 3 5

12 April 1973
11 June
10 September
10 December

27 March 1974
11 June
10 September
10 December

16 April 1975
10 June

9 September
2 December

i

25 February 1976
6 April

15 June
10 August

5 October
14 December

22 February 1977
5 April
9 June
9 August
3 October

13 December

22 February 1978
25 April
27 June
29 August
10 October
12 December

x

20 February 1979
9 April

13 June
7 August
8 October

11 December

IDa
1.76
3.13
ID

2.44

2.07

0.62
10

1.34

ID
1.76
3.13
ID

2.44

2.07

0.62
ID

1.34

0.28
3.42
ID

1.85

2.27
1.42
1.29
2.31
2.22
2.02

- 1.10 3.33
- 3.05 3.44
- 2.08 2.99
- 1.31 2.97

- 1.88 3.18

- 3.95 3.52

- ID 0.94
2.82 2.13

- 3.38 2.20

1.65 2.20 3.07
3.36 3.34 2.54
2.68 2.81 2.87
- ID ID

2.56 2.78 2.83

ID 2.22
2.55 3.01
4.17 3.08
ID 2.14

3.36 2.70

3.41 3.63

- 0.94
2.94 2.63

3.18 2.82

2.99 2.48
ID 3.08
2.69 2.76
ID ID

2.84 2.75

0.28 -
3.42 -
ID -

1.85 -

1.59
0.98
1.44
1.57
2.51
0.89

3.10
1.50
1.11
2.66
2.28
2.54

2.13
1.78
1.31
2.71
1.87
2.63

2.13

1.96
2.47
3.18

2.71
2.34
2.28
2.14
2.36

0.80
0.97
1.17
0.43

1.59
1.09
2.18
1.45

1.81
1.47
1.90
1.62
2.77

1.50 2.20 2.07 1.92 2.44 2.37 0.84 1.58 1.84

2.29
2.47
2.19
2.11
2.13
2.43

2.38
2.89

2.07

2.77
3.09

1.61

2.48
2.82
2.19
1.93
2.13
2.43

1.69
1.57
1.95
2.64

1.962.27 2.45 2.49 2.37

2.54
3.01
2.52
0.70

2.19

0.44
0.70
0.60
0.84

0.64

1.59

2.18
1.08

1.62 1.95

1.94
2.29
2.22
1.47

2.22
2.58
2.78
2.64
1.96

2.44

3.29

2.76
4.57

0
1.39
2.29
2.87
1.87

0
1.43
2.02
1.37
2.90

2.22
1.80
2.36
2.29
2.24

0.44
0.70
0.6U
0.84

0.642.10 1.93 2.18

3.38

4.67

4.23

4.62

3.63

2.76
4.62

3.54 4.02 4.42 3.93

a Insufficient data to calculate diversity.
b Samples not collected.



APPENDIX D

ZOOPLANKTON DATA



Table D-1 Mean density and percent occurrence of zooplankton collected from
the Neosho River near Wolf Creek Generating Station, Burlington,
Kansas, 14 April 1980.

Location
1 10 4

Taxa No./m 3  % No./m3 No./m3

COPEPODA
Nauplii 13209 30.0 15226 33.1 16866 28.3
Calanoid copepodites 32 0.1 26 0.1 30 0.1
Cyclopoid copepodites 7428 16.9 7273 15.8 7212 12.1
Cyclops bicuspidatus thomasi 587 1.3 386 0.8 654 1.1
Cyclops vernalis 32 0.1 32 0.1 48 0.1
Diaptomus pallidus 0 2 <0.1 6 <0.1
Diaptomus siciloides 19 <0.1 26 0.1 34 0.1
Eucyclops agilis 0 10 <0.1 0
Harpacticoida 45 0.1 72 0.2 82 0.1

TOTAL COPEPODA 21352 48.5 23053 50.1 24932 41.9

CLADOCERA
Bosmina longirostris 440 1.0 866 1.9 908 1.5
Ceriodaphnia quadrangula 0 2 <0.1 0
Chydorus sphaericus 14 <0.1 18 <0.1 58 0.1
Daphnia spp. (immature) 16 <0.1 14 <0.1 34 0.1
Daphnia galeata mendotae 6 <0.1 0 0
Daphnia parvula 0 8 <0.1 10 <0.1
Daphnia pulex 16 <0.1 0 0

TOTAL CLADOCERA 492 1.1 908 2.0 1010 1.7

ROTIFERA
Asplanchna spp. 66 0.1 75 0.2 146 0.2
Bdelloid Rotifera 0 90 0.2 72 0.1
Brachionus spp. 2506 5.7 2651 5.8 2910 4.9
Conochiloides spp. 118 0.3 94 0.2 25 <0.1
Filinia spp. 2510 5.7 3073 6.7 2950 5.0
Kellicottia spp. 0 24 0.1 0
Keratella spp. 13110 29.8 13420 29.2 24592 41.3
Notholca spp. 141 0.3 235 0.5 290 0.5
Polyarthra spp. 2487 5.6 1548 3.4 1672 2.8
Synchaeta spp. 671 1.5 826 1.8 935 1.6
Unidentified Rotifera 610 1.4 19 <0.1 0

TOTAL ROTIFERA 22219 50.4 22055 47.9 33592 56.4

TOTAL ZOOPLANKTON 44063 46016 59534



Table D-2 Mean density and percent occurrence of zooplankton collected from
the Neosho River near Wolf Creek Generating Station, Burlington,
Kansas, 17 June 1980.

Location
1 10 4

Taxa No./mJ % No./ml % No./m 3  %

COPEPODA
Nauplii 48644 31.1 13364 11.4 -a _
Calanoid copepodites 5556 3.6 394 0.3 - -

Cyclopoid copepodites 3041 1.9 1154 1.0 - -

Cyclops vernalis 3942 2.5 45 <0.1 - -

Diaptomus clavipes 44 <0.1 0 - -

Diaptomus pallidus 988 0.6 199 0.2 - -

Diaptomus siciloides 9672 6.2 158 0.1 - -

TOTAL COPEPODA 71887 46.0 15314 13.0 - -

CLADOCERA
Alona pulchella 0 4 <0.1 - -

Bosmina longirostris 61 <0.1 12 <0.1 - -

Daphnia spp. (immature) 1560 1.0 20 <0.1 - -

Daphnia galeata mendotae 160 0.1 0 - -

Daphnia parvula 284 0.2 8 <0.1 - -

Daphnia pulex 12 <0.1 0 - -

Daphnia retrocurva 420 0.3 8 <0.1 - -

Diaphanosoma brachyurum 0 12 <0.1 -

Diaphanosoma leuchtenbergianum 56 <0.1 12 <0.1 - -

Leptodora kindtii 247 0.2 4 <0.1 - -

TOTAL CLADOCERA 2800 1.8 80 0.1 - -

ROTIFERA
Asplanchna spp. 0 75 0.1 - -

Bdelloid Rotifera 2384 1.5 375 0.3 - -

Brachionus spp. 61106 39.1 45496 38.8 - -

Cephalodella spp. 238 0.2 4 <0.1 - -

Conochiloides spp. 0 75 0.1 - -

Filinia spp. 144 0.1 75 0.1 - -

Hexarthra spp. 0 <0.1 <0.1 - -

Keratella spp. 12131 7.8 8859 7.6 - -

Monostyla spp. 0 75 0.1 - -

Notholca spp. 0 75 0.1 - -

Polyarthra spp. 5112 3.3 35586 30.4 - -

Synchaeta spp. 0 10661 9.1 - -

Trichocerca spp. 150 0.1 8 <0.1 - -

Unidentified Rotifera 382 0.2 450 0.4 - -

TOTAL ROTIFERA 81647 52.2 101814 86.9 - -

TOTAL ZOOPLANKTON 156334 117208

a Samples collected but not preserved.



Table D-3 Mean density and percent occurrence of zooplankton collected
from the Neosho River near Wolf Creek Generating Station,
Burlington, Kansas, 27 October 1980.

Location
- ~~~10. ___

Taxa No. _m3 __-_o./m____No._im_

COPEPODA
Nauplii 23716 14.9 276 6.7 1386 23.1
Calanoid copepodites 8088 5.1 0 0
Cyclopoid copepodites 3955 2.5 25 0.6 76 1.3
Cyclops bicuspidatus thomasi 98 0.1 2 0.1 0
Cyc-o-ps varicans rubeTlus 0 0 7 0.1
yc--lps vernal is 1225 0.8 0 0

M-T-ap toMus p alTT-iu s 280 0.2 0 0
D-1a-p tomus sý ic-i1-des 5557 3.5 9 0.2 0
F rga-s -uciautaucuaensis 403 0.3 0 0
Erg-as-si7-us megaceros 390 0.2 0 0
F'tcyclops agilis 0 0 13 0.2
fksojcyl6ps edax 111 0.1 0 0
la r-pac ti cda- 13 <0.1 0 0

TOTAL COPEPODA 43836 27.5 312 7.5 1482 24.7

CLADOCERA
Alona circumfimbriata 0 89 2.1 238 4.0
7•fona i, ýpp. 0 6 0.1 28 0.5
tUrhdaphnia quadranqula 0 2 0.1 9 0.2
Chydorus sphaericus 0 27 0.7 126 2.1
Daphnia spp. (immature) 640 0.4 2 0.1 0
DapFnia parvula 111 0.1 0 0
D isparalona rostrata 0 27 0.7 3 0.1
K u -rz iTat-tssima 0 2 0.1 21 0.4
MFac rFoth r i x-Tati co r n i s 0 3 0.1 2 <0.1
Pleuroxus hamul atus 0 47 1.1 321 5.4
SlPnocephal41-u et5-s 0 0 7 0.1

TOT-A-TL-CA-EWA 751 0.5 205 4.9 755 12.6

ROTIF[OA
,reJl !,id Rotifera 1425 0.9 Rio 19.5 357 6.0
firachionus ,pp. 1908 1.2 861 20.7 1158 19.3
-e-ph-a-To-de-l la spp. 115 0.1 342 8.2 629 10.5

CCTI-e--Ta e pp. 0 18 0.4 0
•i-(-r-•.in-onp-hor ., '. pp. 0 34 0.8 5 0.1

_- .0 72 .17 129 2.2
spp. 0 53 1.3 0

f e--Ti a spp. 1755 1.1 325 7.8 IOU 1.7
I- cia-n e sp. 0 8 0.2 0
Lepadella Spp. 0 78 1.9 91 1.5
To-no s0 tyl a ,pp. 0 67 1.6 105 1.8
Notommiatil Poti fera 0 161 3.9 148 2.5
Platyvas spp. 0 0 5 0.1
TF6T;aWrf3ra spp. 1513 1.0 47 1.1 10 0.2
Tt-•a -ri a spp. 0 34 0.8 29 0.5
S-c-a-a -dFTum spp. 0 23 0.6 43 0.7
Synchaeta SPp. 108088 67.8 515 12.4 863 14.4
Testudinella spp. 0 24 0.6 5 0.1
Trichocerca spp. 0 124 3.0 81 1.4
I-ri•c-htri-ia spp. 0 24 0.6 5 0.1
iJr;FdcTntiTTed Rotifera 0 15 0.4 U

TOIAL ROtIFEPA 114804 72.0 3635 87.6 063 62.7

r}ýTAL /OOPLANKTON 159391 4152 6000



Table D-4 Mean density and percent occurrence of zooplankton collected from
the Neosho River near Wolf Creek Generating Station, Burlington,
Kansas, 16 December 1980.

Location
1 49IO 4

Taxa No. m3 % No. T No./m3

COPEPODA
Nauplii 18748 16.2 5084 11.1 11229 11.8
Calanofd copepodites 778 0.7 103 0.2 151 0.2
Cyclopoid copepodites 2545 2.2 422 0.9 872 0.9
Cyclops bicuspidatus thomasi 25 <0.1 3 <0.1 11 <0.1
T-c-lops vernal1s 402 0.4 20 <0.1 30 <0.1
U1 aptomus pa-TI-Fdus 88 0.1 17 <0.1 21 <0.1
Diaptomus sicli-6-des 2869 2.5 517 1.1 323 0.3
E-rgasius spp. 25 <0.1 6 <0.1 14 <0.1
Ergasilus chautauquaensis 38 <0.1 9 <0.1 7 <0.1
Ergasilus megaceros 50 <0.1 6 <0.1 4 <0.1
EuIcyclops agilis 0 3 <0.1 0
Eu cyc-•-ops speratus 0 0 4 <0.1
Harpactico i-d a 0 3 <0.1 4 <0.1

TOTAL COPEPODA 25568 22.1 6193 13.5 12670 13.3

CLADOCERA
Alona circumfimbriata 0 18 <0.1 48 0.1
XToina spp. 0 0 4 <0.1
Toosmina lonqirostris 13 <0.1 0 0
hy(dorus sphaericus 0 6 <0.1 115 0.1

Daphnia spp. (immature) 326 0.3 14 <0.1 28 <0.1
DapHnia parvula 364 0.3 12 <0.1 4 <0.1
Disparalona rostrata 0 0 4 <0.1
Macrothrix l-YtTihris 0 3 <0.1 4 <0.1
Pleuroxus denticulatus 0 0 4 <0.1
Pleuroxus haimulatus 0 26 0.1 76 0.1
Simocephalus vetulus 0 3 <0.1 4 <0.1

TOTAL CLADOCERA 703 0.6 82 0.2 291 0.3

ROTIFERA
Asplanchna spp. 80 0.1 13 <0.1 0
Ode-loid Rotifera 556 0.5 262 0.6 444 0.5
Brachionus spp. 1271 1.1 1698 3.7 5773 6.0
Cephalodella spp. 159 0.1 241 0.5 323 0.3
Euchianis spp. 0 246 0.5 479 0.5
Fi1inia spp. 0 13 <0.1 0
K-er--Tla spp. 37496 32.4 11279 24.5 24312 25.5
Lepadella spp. 0 112 0.2 283 0.3
Lophocharis spp. 0 0 15 <0.1
Monostyla spp. 0 0 15 <0.1
Notommata spp. 0 13 <0.1 0
Notommatid Rotifera 159 0.1 0 0
Notholca spp. 0 0 18 <0.1
NolyarTra spp. 36702 31.7 19619 42.6 36017 37.7
Tynchaeta spp. 13028 11.3 6116 13.3 14725 15.4
Trichotria spp. 0 127 0.3 139 0.2

TOTAL ROTIFERA 89451 77.3 39739 86.4 82543 86.4

TOTAL ZOOPLANKTON 115722 46017 95504

TOTAL ZOOPLANKTON 115722 46017 95504



APPENDIX E

MACROINVERTEBRATE DATA



0
Table E-1. Summary of

occurrence
Generating

drifting macroinvertebrate composition, abundance (No./100 m 3), and percent
at Location I in the tailwaters of John Redmond Reservoir near Wolf Creek
Station, 18 April 1980.

PEPLTCATFA

-- - -R -(---- ------MORGANISM

ANNELTIA
IOLIGOCHAETA
PLESIOPORA
NATOTIDAE

nFPO DIGITATA

MFA N /
I0o CJ M SE CONE INT

20.7 262.6n0 "1.

APTHROPODA

INSFCTA
FPHFMEROPTEPA
HFPTAGFNI mAE

STENONEMA TRIPUINCTATIJ
TPICHOPTERA
HY nOPSYCHIDAF
UNIDENTIFtFO HYnPOPSYCHTnAE

rIPTERA
CHAORORI OAF

CHAOAOR'JS PUNCTIPENNIS
CHAOBORU PUNCTIPFNNIS PltPA

CHIRONOMIOAR
CHIRONOMINAF

CHIPnNnmUS SP.
CHIRONOMUS SP. PUIPA
GLYPTOTENOTPES (PHYTnTFKI)PES) RP.
POLYPEDOLIJM 8P. PUPA

XENnCHIRONOMUIJS SP.
TANYPnnINAE

ARLARESM-YTA SP. PIIPA
PR)CLAOTI.JS (PSILnTANYPIISI SP.

PROCLA)IS SP, PIIPA
rInTHOCLADIINAE

CRTOTOPIIS sp.
THIENEMANNTELLA SP.

TIJITFICIDAF

02 . l..
L11.3 0.7

4ql.1 n.7

a ill7- 9 71" A
pq t I a. 8

59.0 b66.7

1 .3 5W5.1

125.6 15q5.0
160.6 2010.0

I 3.
us.

707

PLA.

190,8

?,3

P13.7

3,5

n1,1

0.,,

2,41
IA

7.9
1.6

57.?
22.3
22.3

23.8
58.8
55.6

101.0
20.2

727.1282.8
2A2.Ai

303.0
7ia7.3
706.q

IAq. 01,
A9, 207,

17A. ?P9.

0. 1. 20.7 0.3
22.3 2R2.8
20.7 262.6



Table E-1. (continued)

nRC, A N I SM

CHTIR ONnMIM AF

IN SFCTA

TOTAL RENTHOS

NMARER U)F SPEC IFS FOUND It] F ACH PF PL I CAT F

PFPLICATFS

A R

Ago. 1079.

9920. 6406.

12~ 1tJ P

M FPN/
1no Cli ?A

q;pp 11

6tAp.q

.Q7

Ion. n

SF

q2.?

2~2.b

3.;?

g 5
CONE INT

1171.5

2927.8

3nq0.5



Table E-2. Summary of drifting macroinvertebrate composition, abundance (No./100 m 3), and percent
occurrence at Location I in the tailwaters of John Redmond Reservoir near Wolf Creek
Generating Station, 16 June 1980.

FPLT(TCATFR
(1n0 CI' M)

ORtAN TM A R

PLATYHEL'ATNTHES
TUPRELLARIA
TPICLADIDA
PLANARIIDAF

0I)(7ESTA SP. n. A '

P F-AN/
inn ril t

.q5
T SE CONF TNT

1 .7 o0.4

ENTOPROCTA
URNATELLI-TAE

LIRNATELLA GRACILIS 170. . P4.9 n.7

41.7 530.2

A4.8 1077.2

ARTHROPODA

CRUSTACEA
DECAPODA
ASTACIDAE

IINTDENTIFTEO ASTACIDAF
INSECT6
EPHEME PPTERPA
EPHEMERIAE

HEYAGENIA LIMBATA
CAENIDAF

CAENIS SP.
HFPTAGENI lOAF

INIOENTIFIED HEPTAGENTIPAF
STENO0JEMA INTFRPUNCTATIPM
STENONEMA TRIPUNCTATIIM
STENONEMA SP.

TRICHOPTERA
HYOnPOPSYCHI OAF

CHEUMAroPSYCHE SP.
POTAMYIA FLAVA

DTPTEPA
CHA~OwOIDAE

CHAOCHURUS PLINCTIPENNIS
CHAOR'•PU PUNCTIPFNNIS Pi"vA

K ~54.i 2.1 25413 3231.6

0.7 8.4

0.7 8.4

A.s Z PA4.1 0.7

A5. 83. 4.1 n0.7

A 5 -
AS,
0,.

170.

I A7. 125.P I.1

1.1

42.*4

41.7
43.1

538.6
521.8
530.2
547 . 0

3052, Lin0),
IF65. 0IA.

1261.1 10,6.
Q4I. 7 0). 11

74.2 qU2.6
I1.7 530.2

135P.q 29.7 476.9 6059.5
1391.6 11.7 4173.6 6017.1



S
Table E-2. (continued)

ORGANI SM

SIMUlLIOAE
UNIOENTIFTED SIMNiLIDAO

CH IQONfMIDAF
CHIRONOMINAF

CHIRONOIMIS SP.
CHTPONOMUS SP. PUPA
DICROTENOTPES SP. PUPA
GLYPTrTENDIPES (PHYTOTECrnTPFS) P'.
POLYPEDILUM SP. PUPA
PHEOTANYTAPSUS SP. P11PA

XENOCHIRI1NOMUS SP.
TANYPC)TNAF:

CnELOTANYPI18 SP.
PQfCLAOIUS (PSILTANypt1,) SP.
PRrCLAOIS SP. PUPA

TANYPIJS SP.
TANYPUS SP. PUPA

ORTHOCLADI INAE
CRICOTOPUS (SS) F.ISCUS r'lliP
CRTCOTOPIJS VIEPRIENSIS
CrTCOTOPlJS (SS) sP. PUjPA

NANOCLADIUS SP. PUPA

REPLICATFS
(1no C11 M)

A A

593. 11al

MEAN/I nA C11 .q5
SF CONF INT

A.9 129.8 1609.4

t70,

250,
170,

Op
170,

250.

161 1

0 f
I a a I p
1017.

Op

a17.
n,

167.

I OPS.

167,

0n.

501.

a1.7

335,8
pa'8
01,7

- 0 8
I F0.6

127,2

I q. ,7

127,.2
a1,7

971.0
'0A.7

0,7
2.8
0.7
0.4

11,

0,7

1,1

a .3

a1.7

81.5
84.8

'11.7

41.7
127.2
262.9

83.5
16q.6

127.2
41.7

170.3
508.7

930.2
1077.2
1035.1
1077.2
930.2

1077.2

955.0a

930.2
2625.8

3301.0
1060.0
2150 .0

1615.8
930.2

5q75.1

6U63.?

TDI9F IC OAFE

CHIRON9MJIAE
5q35~ ?671. U102.9 36.2 1632.0 20736.0

INSECTA 131111. 980 1100. A.9QL6.8

132. qqll. 11879.1 100.0

1606.5 209?0.8

lq43.9 2g699.4
TI)T4L RENTHnS

NUMRER OF SPECIES FOUND T1I FACH QFPL TCATF



Table E-3. Summary of drifting macroinvertebrate composition, abundance (No./100 m 3), and percent
composition at Location 1 in the tailwaters of John Redmond Reservoir near Wolf Creek
Generating Station, 27 October 1980.

REPLICATE
(100 CU M)

ORGANISM A 8

------------------

MEAN/
100 CU M

.95
% SE CONF INT

AN[HHUPUDA
INSECTA
EPHEMERUPfERA
CAENIUAE

CAENIS SP.
TNICHUPrERA
PSYCHUMYIIDAE

CYRNELLUS SP.
HYI)RUPSYCHIDAE

UNIDENTIFIED HYDRUPSYCHII)AE
CHEUMATUPSYCHE SP.
HYURUPSYCHE FRISUNI
PUIAMYIA FLAVA

0IPTERA
CHAUBURIVAE

CHAUBURUS PUNCTIPENNIS
CHAU8URU PUNCTIPENNIS PuPA

SIMULIUAE
UNIDENTIFIED SIMULIDAE

CHIRUNUMIDAE
CHIRONUMINAE

GLYPTUTENDIPES SP.
UNRHUCLAUIINAE

CRICUrUPUS TREMULUS
CRIUTUPUS SP,
CRICUTOPUS (SS) SP. PUPA

4. 0,.

*, 0,

1.8 2.q

1.8 2.9

1.8 22.9

1.8 22.9

11.

0.
0.

0.

7.7.

1.8
10.8

3.6
3.6

2.9
17.6

5,95.9

1.8
0.0
3.6
3.6

3.6
1.8

12.6

22.9
0.2

45.7
1J5,7

45.9
22.9

160o7

7. 0.
La, 0.

36. 11

0. L,

3.6 5.9
1.8 2.9

23.4 38.3

1.8 2.9

1.8 2.9
1.8 2.9
1.8 2.9

1.8 2209

0.
0.
0,

La.
is ,
LI.

1,8
1.8
1.8

22.9
22.9
22.q

MULLUSCA
PLLECYPUDA
HEIERUUUNATA
SPHAERIIDAE

SPHAERIUM TkANSVERSUM

TUHIFICIUAE

CHIRUNUMIUAE

0. La.

0. I4.

69, 50.

1.8 2.9

7.2 11.7

59,5 97.1

61.3 100.0

1.8

7,2

9.1

22.q

91.5

115.6INSEC TA

IUtAL BENrHOS 69, S4. 7.3 92.7

NUM1ER UF SPECIES FOUND IN EACH REPLICATE 7 9



Table E-4. Summary of drifting macroinvertebrate composition, abundance (No./100 m 3), and percent
occurrence at Location I in the tailwaters of John Redmond Reservoir near Wolf Creek
Generating Station, 15 December 1980.

REPLICATES
(100 CU M)

ORGANISM A B
MEAN/ .95

100 Cu F % SE CONF INT

AHTHRUPULA
INSECTA
TRICHUPIERA
HYDROPSYCHIUAE

CHEUMATUPSYCHE SP.

tUHIFICIDAE

CHIRuNuMIDAE

INSECTA

TUTAL BENTHOS

NUMBER UF SPECIES FOUND IN EACH REPLICATE

2. 0.

2. 0.

2. 0.

1 0

0.7 100.0

0.7 100.0

0.7 100.0

0,8 9.5

0

0.8

0.8

9,5

9.5



Table E-5. Summary of benthic macroinvertebrate composition, abundance (No./m 2) and percent
occurrence at Location 4 in the Neosho River near Wolf Creek Generating Station,
17 June 1980.

PEPL TCATFS
(53o 50 cm)

OPr&NISM A

ANNELIDA
HIMIlDINEA
PHYNCHO)RDELLIDA
GLnSSIPHONTIDAE

ACTINOOHELLA INFOLIIANNA ,

MFAN/

8n, VFTFP

.95

% SE CONF INT

9.4 n.7 9. 4 1 0.I

ARTHRnPnI)A
INSECTA
EPHEMERDPTERA
EPHFMERTAE

EPHORON LEUKnN
CAFNIDAE

CAENIS SP.
PLECOPTERA
PERLOOIDAF

NEOPERLA CLYMENE
tRTCHOPTEPA
HYnROPSYCHIDAE

IINTnENTIFlED HYI)RnPSYCHTnAE
POTAMYTA FLAVA

COLEOPTERA
EL kI I) A E

STFNELMIS SP.
DIPTEPA
CHAfBORIDAE

CHAnnORpIS PUNCTIPENNIS
CHIRONOMIi)AE
CH I RONOMINAE

CHIRONOMUS SP.

CLADOTANYTARSUS SP.
CRYPTOCHIPOMOMIiS qP.
POLYPEDILIJm (3.$.) CONVIrTtIM TYPF
PnLYPEDILIIM (S.S.) SIMHI hNq TYPF
PSELJ[OCHIRONOMUS SP.

' . ?26.A? 16.2
07.2 600.4

a'. i'.

1?. ?. 31 1 9 22,3

A...

Q tj 07

28.3 310.2

0*

(l* 1.

66.1 1300.5

q.5 In0.7

IR.9 ?40.I

q.a 120.1

op

0..

1.

3

£1,
0,

I 41.
I.

- q. 70_A9.0
56'.7
I•2Q

n ,, 7
Q.5o *. .7

9.4l
28.0
18.9
q9.41

132.3
9.4*

120.1
360.2
240.1
120.1

120.1



Table E-5. (continued)

ORGANIS~M

TAKNYTARSIUS SP.
TAMYPOI)TINIF

THTENEMANNTMYIA GROOP

ORTHOCL AOTNAF
NAwnCLAIUJS SP. PUPA

TOSTFIC~nAE

CHIRONOiIDAE

INSECTA

TOTAL 8ENTHnS

NUmRER OF SPECIES FOIINO p1 EACH PFPLICATF

REPLTCATES

A R..

16. in.

n I.

71. 76.

I1. 77.

0 1I.

MFAN/
ST, VFTFR

pq 1 '.7

17.6

0.7

37.2

I0 no 0

SF

0.0

56.7

a 7 . 1

56.7

.05
CONF INT

0.0

720.4l

120.1

I A 01 . 1

7?0.LS



S 0
Table E-6. Summary of benthic macroinvertebrate composition, abundance (No./m 2) and percent

occurrence at Location 10 in the Neosho River near Wolf Creek Generating Station,
17 June 1980.

FEPLTCATFS
P(53 N A M)

flPG A N I StA A n
I FAN/
Sn. J FFP

.95
SE CONF INT

.. . .. .. . ........

ARTHROPnfA
INSECTA
EPHFHEROPIERA
FPHEME4IAE

EPHORON LFUKnN
CAFNIOAE

CAFNIS SP.
TPICOPYTHnDFs 3P.

HFPTAGENI DAE
IJNIDENTIFIED HEPTAGENTInAF
wEPTAGENIA DIABASIA

PLFCOPTERA
PERLODr)IAF

NFOPERLA CLYMFNE
IPICHOPTERA
HYDROPSYCHIOAE

IINIDENTIFIFI) HYDRnPSYCHInAE
CHEUMATOPSYCHE SP.
HYOROPSYCHF ORPIS
PnTAMYTA FLAVA

CrILEOPTERA
FLMIDAE

STENELMIS SP.
DIPTERA
SIMIIL IOAE

UNIDENTIFTEn SIMIJLInAE
CHIRONnMroAE
CHIRONnMINAE

CHIRONOMOJS SP.
CRYPTOCHIPONOMIIS AP.
nICROTENnIPF5 SP.
PARALAUTERRnPNIELLA SP.

PNLYPEnTLUM (3.S.) CONVIPT(IM TYPF
POLYPEnILUM (S.S.) SMIJI ANS TYPF

tO. 16. 283.9 6.11

I.

I,

3-
1.

I.

i5,6 1,?
lft.q n a

9. a 0,2
q . a 0.2

18.9 P 0.I

18.9 PaO.l
0.0 0.0

9.4 120.1
9.4 O 12 .1

189.0 2*101.1*P1J* 11* 2ALJ.6 6.0

37,
9.
0*

31.

PP.

¶ 11*

3~,.

3~;.

tip?, 0
4106,3

IA.9
623.7

10.9

0.1*
111.1

217.3
236.3

t8.9
37.8

2761.6
3n1I.8

2Po0.I
a R0. 3

?A4 21.6 6.0 2614.6 3162. 0

I' .n 9., 120.1

0,
2,
1,
I,

'it,
11.

2,
2,
0,.
0,
0*

1~.

18,9I A. q

OI. Fq.711

2197

n a

0,2
n,2

I n. q

1,9.9
0.0)

9.4J
9.,

781.9
37 *

0 . I
0.0

120.1
120.1

61?3.7
1o .0 . 3



Table E-6. (continued)

ORGANTSM

PnLYPE..TLUM •P. PLIPA
PSEll1r)oCHTP0NnmiI. sp.
PHFOTANYTARSIIS SP.
RHEOT&NYTARS$.5 SP. PUPA
TANYTAR3IJS SP.

T ANYPoD 7 N AIAE
THIENEMANNTMYTA GRmjP

ORTHnCLADr)I INAE
CRICnTOPlIS RICINCTIIS
CPTOTOPIJS SP.
CPICOTWPUS SP. PUPA
HYnRORAFNIIS SP. PUPA
NANOCLADIUS SP. PUPA
THTENEMANNIELLA SP.

EmPIOIIAE
HFMEROr)ROMIA SP.

FFPLTrATF1
(530 sn CM)

A A
1, 0,

6.• 3.

. ?FAN/qnl, PoFTER

PA. aJ
113,. 1

9p

0.6

2.6

0,2
1.q

SE

28.0

A. LI

9.4
28.0

.q5
CONF TNT

360.2

1200.7

160.2

I1 . 3. 4.3 132.3 1S81.0

33,
0,

I,

2.
'p
0-p
Op

0,
1.

I R..9

9R11

7*.9
0,41

0,2

293.0
1 A .9
9.41q . aI

10.9
24~5.7

37?2.2

1?0.1

Pilo .1
3121.9

ao 0.3. .1 ~ i37.8

TI IR IC I )AE

CHIPONO•I) AE 171. 31. lqflA.q 113.3 1323.0 16810.0

3??2. 149. DO 13. 1 10n.0 1672.7 21252.7
INSECTA

TOTAL RENTHOS

26 1Q

11113.1 10.o 1672.7 21252.7

NIJMPER OF SPECTES FOIINO TI, FACH PFPLICATF



Table E-7. Summary of benthic macroinvertebrate composition, abundance (No./m 2) and percent
occurrence at Location 4 in the Neosho River near Wolf Creek Generating Station,
28 October 1980.

REPLICATES
(530 So CM)

A B
ORGANISM MEAN/

SO. WETER
.95

% SE CONF INT

-. . . . .. . . .

PLAJYHELMINTHES
TURdELLANIA
IRICLADIDA
PLANARIIAE

UUGESIA SP.
0, 3. 28.4 0.7 28.4 360.2

NEMATODA
UNIDENTIFIED NEMATUDA

I. 0. 9,. 0.2 9. 120.1
ANNELIiA
ULIGUCHAETA
PLESIUPURA
ENCHYTRAEIDAE

UNIDENTIFIED ENCHYTRAEIDAE
NAIOIDAE
NAIS SP.

TUHIFICIDAE
UNIDENTIFIED IMM. WITH CAPILLIFORMS
UNIDENTIFIED IMM WITHuOUT CAPILLIFORMS
8RANCHIURA SUWERBYI

HIIUUINEA
RHYNCHUBUELLIDA
GLUSSIPHUNIIDAE

PLACUBDELLA SP.

I1. 0.

0. 1 .

9.0 0.2

9.'J 0.2

9, 120.1

9.4 120.1

4.
4.
7.

2.
7.

25.

56.7

102.0302.LJ

1.4
2.5
7.4

18,9
28,3

170,1

240.1
360.2

2161.3

0. 2. 18.9 0.5 18.9 20.1

ARTHRUPUDA
INSECTA
LPHEMERUPtERA
EPHEMERIAE

PUTAMANTHUS SP.
CAENIUAE

CAENIS SP.
tRICURYTHDDES SP.

HEPTAGENI IDAE

UNIDENTIFIED HEPIAGENIIOAE
STENUNEMA INTERPUNCTATUM
SrENUNEMA TRIPUNCTATUM

UUUNATA
GUMPHIUAE

GOMPHUS SP,
CUENAGRIUNIOAE

ARGIA SP.

20. 21.

6. 7.
3. 5.

14. 1.
8. 0,
1. 2.

3e7.5 9,4

122.9 3.0
75.6 1.8

9.4 120.1

9.4 120.1
18.9 240.1

11.8
75.6
28.0

3.4
1.8
0.7

122.9
75.b
9.0

1560.9
9bOb
120.1

120.10. 1. . a 0.2

2. 4, S6.7 2,4 18.9 24001



Table E-7. (continued)

REPLICATES
(530 SO CM)

A 8ORGANISM

PLECUPrERA
PERLODIOAE

NEOPERLA CLYMENE
TNICHOP ERA
LEPIUCERIUAE

NECTUPSYCHE SP.
COLEUPTERA
LLMIDAE

S1ENELMIS SP,
UIPTERA
CHIRUNUMIDAE
CHIRONUMINAE

CHIRUNUMUS SP.
CRYPTOCHIRONOMUS SP.
DICRUTENUIPES SP.
GLYPIUTENDIPES SP.
PSEUDUCHIRONUMUS SP.
SrICTUCHIRONOMUS SP.
TANYtARSUS SP.
TANYTARSUS SP. PUPA

TANYPUUINAE
A6LAIJESMYIA SP.
LARSIA SP.
THIENEMANNIMYIA GROUP

URTHUCLADIINAE
CRICUTUPUS BICINCTUS
NANUCLAUIUS SP.

LERAIUPGUNUDAE
UNIDENTIFIED CERATOPOGONIDAE

MEAN/
SO. METER

5. 2. 66.2

0. 2. 18.9

26, 33, 557.5

.95
% SE CONF INT

1.6 28,3 360.2

0.5 18.9 240.1

13.6 66.2 840.5

2.
3.

41.
28.
29.

0.
3.
1.

1.
1.
9.

4o
0,

24.
15,
22.

1.
5.
2.

2.
2.
6.

56.7
28.4

614.3
406.4
'48I.q

9.4
75.6
28.4J

28.4
28.4

1L11.8

1 .'
0.7
14.9

9.9
11.7

0.2
1.8
0.7

0.7
0.7

3.J

18.9
28.4

160.6
122.9

66,2
9.4

18.9

9.4
9.4

28.4

2140. 1
360.2

2041.2
1560.9

840.5
120.1
240.1
120,1

120.1
120.1
360.2

0. 1 .
0. 1.

1. 0.

q.4 0.2
9.4 0.2

q9. 0.2

9.4 120.1
9,4 120.1

9 . i 120.1

MULLUSCA
GASTRUPUDA
BASUMAIUPHORA
ANCYLIDAE

FERRISSIA RIVULARIS
FERRISSIA SP,

0. 4. 37.8 0.9
0. 7. 66.2 1.6

37.8 4e0,3
66.2 8a0.5

IU8IFICIDAE

CHIRUNUMIUAE

15, 34.

118. 85.

463.0 11.3 179.S 2281.4

1918.3 46.7 311.9 3962.4

I NSEC I A 204. 163. 3468.1 84.4 387.4 4922.9

TUTAL UENTHOS 221, 214. o110.8 100.0

25 30

66.1 80.3

NUM6ER UF SPECIES FOUND IN EACH REPLICATE



Table E-8. Summary of benthic macroinvertebrate composition, abundance (No./m2 ) and percent
occurrence at Location 10 in the Neosho River near Wolf Creek Generating Station,
28 October 1980.

REPLICATES
(530 SO CM)

ORGANISM A 8
.... m ft - ----

MEAN/
So. METER x

,95
BE CONF INT

PLATYHELMINTHES
TURBELLARIA
IR|CLADIDA
PLANARILVAE

OUGESIA SP. 1. 0. 9.4 0.1 9.4 120.1

ANNELIUA
ULIGUCHAETA
PLESIOPURA
IUiBIFICIDAE
UNIDENTIFIED IMM. v4ITH CAPILLIFURMS
UNIDENTIFIED IMM. WITHOUT CAPILLIFORMS
BRANCHIURA SUNERBYI

LIMNUDHILUS CERVIX
HIRUUINEA
HHYNCHOBDELLIDA
GLUSSIPHUNIIDAE

PLACUBDELLA SP.

0.
4.
7.
0.

3.
0,

20.
1.

28.4
37.8

255.2

9.4

0.2
0.2
1.5
0.1

28.4
37.8

122.8
9.4

360.2
a80,3
1560,9
120.1

1. 00 9.4 0.1 9,4 120.1

Ak HHUPUDA
INSECTA
EP-EMERUPTERA
EPHEMEHIAE

POTAMANTHUS SP.
CAENIDAE

LAENIS SP.
TRICORYFHUDES SP.

HEPTAGE4I IDAE
UNIDENTIFIED HEPTAGENIIOAE
STENUNEMA INTERPUNCTATUM
stENUNEMA TRIPUNCTATUM

HAE I IUAE
UNIDENTIFIED BAETIDAE
HAEIIS SP.

182. 66. 2343.6 13.5 109b.2 13928.3

18. 5. 217.3 1.3 122.8 1560.9
133. 95. 215.6 12. 359.1 '562.7

86,
4.

26.

16.
0.
0.

963.9
37.8

245.7

5.6 661.5
0.2 37.8
1,4 245.7

8405,0a80,3
3121.9

0. 3. 28.4 0.2
4. 3. 66.2 0.4

28.0 360.2
9.4 120,1



0
Table E-8. (continued)

ORGANISM

ISUNYCHIA SP.
PARACLUEUDES MINUTUM
PSEUDOCLUEON SP.

U)U NATA
UUMPHIOAL

GOMPHUS SP.
CUENAGRIUNIDAE

ARGIA SP.
PLECUPTERA
PERLUDIUAE

NEUPERLA CLYMENE.
TRICHUPTERA
HYOROPSYCHIDAE

UNIDENTIFIED HYUROPSYCHIDAE
CHEUMATUPSYCHE SP.
HYOROPSYCHE FRISUNI
PUTAMYIA FLAVA

HYDROPTILIDAE
HYORUPTILA SP.

LEPTUCEHIUAE
UECEIIS SP.

CULEOPTERA
ELMIDAE

STENELMIS SP.
DIPTERA
SIMULIOAE

UNIDENTIFIED SIMULIDAE
CHIRONUMIOAE
CHIRONUMINAE

CHIRUNOMUS SP.
CRYPTUCHIRONOMUS SP.
UICHUTENI)IPES SP.
GLYPfOlENDIPES 3P.
PULYPEUILUM SP.
PSEUUUCHIRONUMUS SP.

REPLICATES
(530 so CM)

A 8

6. 56.
0. 8.
0. 48.

MEAN/
SO. METER

585.9
75.6

453.6

x

3.4
0.4
2.6

SE

472.5
75.6

453.6

9.4

.95
CONF INT

6003.6
9bO.6

5763.4

120.12. I. 28.4 0.2

10. 0. q4.5 0.5

q0. 3n. 120q.6 7.0

45. 150. 1802.8 10.6
36. 161. 1861.6 10.7
0. 1. 9.4 0.1

24. 112. 1285.2 7.4

5. 19. 226.8 1.3

5. 5. 94.5 0.5

94.5 1200.7

491.4 62a3.7

992.3
1181.3

9,4
831.6

12607.5
15009.0

120.1
10566,3

132.3 1681.0

0.0 0.0

41. 34. 708.8 4.1 66.1 8a0.5

28.4 360.20, 3. 28.4 0.2

3.
3.
8.

37.
1.
41.

I. 37.8
2. 47.3
0. 75.6
4. 387.4
1. 18.9
3. 66.2

0.2
0.3
0.4
2.2
0.)
0.4Q

18.9
9.4

75.6
311.9

0.0
9.4

240.1
120.1

960.6
3962.4

0.0
120.1



0
Table E-8. (continued)

REPLICATES
(530 So CM)

A BORGANISM

HHEOTANYIAHSUS SP.

rANYTARSUS SP.
TANYTARSUS SP: PUPA

IANYPOUINAE
LARSIA SP.
THIENEMANNIMYIA GROUP

URTHOCLAUIINAE
CRICUTOPUS 8ICINCTUS
CRICUTUPUS TREMULUS
CRICUTUPUS VIERRiENSIS
CRIOTUPUS SP.
CRICUTUPUS (SS) SP. PUPA
EUKIEFFERIELLA SP. PUPA
NANUCLADIUS SP.
IHIENEMANNIELLA SP.

LEPIOUPTERA
PYRALILAE

PARAGYRAETIS SP.

MULLUSCA

GASIRUPUDA
BASUMATOPHORA
AiNC YL I DAE

FERRISSIA RIVULARIS
PELECYPODA
HETERUDUNATA
SPHAERIIUAE

SPHAERIUM SP,

MEAN/
SO. METER

18.9

56.7
47.3

0.
5.
14.

2.
1.
1,

0.1

0. 3
0.3

SE

18.9
37.8
28.3

.95
CONF INT

2140.1
480,3
360.2

3, 0.
35. 14.

28.4 0.2
463.1 2.7

28.4 360.2
198.4 2521,5

1.
7.
0.

to.
10,
1.
0.
1.
1,

0.
8.
1.

9.

1.

2.
0,

9.4
141.8

9.1
179.6
47.3

9.4
28.4
9.4

0.1
0.8
0.1
1.0
0.3
0.1
0.2
0.1

9.14
9.5
9.4
9,4

28.3
9.4
9.4
9.,4

120.1
120.1
120.1
120.1
360.2
120,1
120.1
120.1

31. 45. 718.2 4.1 132.3 1681,0

0. 1. 9.4 0.1 9.4 120,1

37.8 480.314. 0. 37.8 0.2

IUBIFICIDAE

CHIRUNUMIUAE

II. 24. 330,8 1.9 122.9 1560.9

INSECTA

124. S4. 1682.1 9.7 661.5 8405.0

872. 923. 16962.8 97.7 481.9 6123.,

889. 948. 17359.7 100.0 557.5 7083,7IUTAL BENIHOS

NUMBER OF SPECIES FOUND IN EACH REPLICATE 39 39



0 0
Table E-9. Summary of benthic macroinvertebrate composition, abundance (No./m 2) and percent

occurrence at Location 4 in the Neosho River near Wolf Creek Generating Station,

16 December 1980.

REPLICATES
(530 SO CM)

A B
-' - -- -8ORGANISM

MEAN/
S0. PETER

.95
% SE CONF INT

PLAIYHELMINTHES
IUR4ELLARIA
IRICLAUDIA
PLANARIIDAE

UUGESIA SP,. 0. 9.Lj 1.7 q.4 120.1

ANNELIOA
ULIGUCHAErA
PLESIUPUHA
rUBIFICIUAE
UNIUENTIFIED IMM. W17H CAPILLUFORMS

UNIDENtIFIED IMM, WITHOUT CAPILLIFORMS

URANCHIURA SOhERBYI

H I HU DINEA
RHIYNCHOBDELLIDA
ULUSSIPHONIIDAE

ACIINUBUELLA SP.

AHIHRUPuDA
INSEC A
EPHEMERUPfERA
EPHEAERIAE

POTAMANTHUS SP.

CAENIDAE
CAENIS SP,

DIPrENA
CHIRUNUMIUAE
CHIRUNUMIN AE

CHIRUNUMUS SP.

CLADOTANYTARSUS SP.

PSEUUUCHIRUNOMUS SP.

SrICTOCHINUNUMUS SP.

UHIHOCLADIINAE
CRICUIOPUS VIERRIENSIS

I. 01

0* 1

9.4
56.7

330.8

9.tJ

1.7
10.0
58.3

9.J
18.9

122.9

120.1
240.1

1560.9

1.7 ,99,4 120.1

6.7 37,8 480.3

1.7 9.4 120.1

4. 0. 37.8

t. 0. 9.14

I.

0.
2.
2.

0.
1.
0.
0.

9.14
9.14

18.9

18.9

1.7
1.7
3.3
3.3

9.4

18.9
18.9

120.1
120.1
240,1
24001

Ie O 0 9.4 1.7 9.4 120.1



Table E-9. (continued)

ORGANISM

HYURUBAENUS SP.

MULLUSCA
GASIRUPUI)A
BASUMAfUPHORA
PHYSIDAE

PHYSA SP.

rUBIFICIDAE

CHIRUNUMIUAE

INSECTA

[UtAL BENTHOS

NUMBER OF SPECIES FOUND IN EACH REPLICATE

REPLICATES
(530 so CM)

A B

2. 1 .

I1. 0.

2. 13.

8. 2,

13. 2.

4 1, 16.

12 5

MEAN/
S3. YETER

396.9

567.0

', . 05.0

1.7

70.0

16.7

25.0

100.0

SE

9.14

9.4

151.2

56,7

103.9

2b4,6

,q5
CONF INT

120.1

120.1

1921 *

720,4

1320.8

3362.0



Table E-1O. Summary of benthic macroinvertebrate composition, abundance (No./m 2) and percent
occurrence at Location 10 in the Neosho River near Wolf Creek Generating Station,
16 December 1980.

REPLICATES
(530 SO CM)

A BURGANISM

ANNELIDA

ULIGUCHAEIA
FLESIOPURA
rUBIFICIAE

UNII)ENTIFIED IMM. i4ITH CAPILLIFORMS
UNIUENTIFIED IMM. 0ITHOUT CAPILLIFORMS
BRANCHIUHA SUnER13YI
LIMNUORILUS CERVIX

MEAN/
So. PETER

28.4
37.8

151.2
9.4

.95
2 SE CONF INT

-. . . . . . . . . .

3.
4.

15.
1.

0.
0.
1.
0.

6.5
8.7

3 *.8
2.2

28.4
37.8

132.3
9.4

3b0.2
480.3

1681.0
120.1

AMrHRUPUUA
INSECTA
LPHEMERUPTERA
EPHEMERIAE

PorAMANrHUS SP.
CAENIDAE

TRICURYTHODES SP.
PLECOPIERA
PEHLUUIUAE

NEUPERLA CLYMENE
IRICHOPTERA
HYDRUPSYCHIOAE

CHEUMArUPSYCHE SP.
CULEUPIENA
ELMIPAE

STENELMIS SP.
UIPTERA
SIMULIDAE

UNIUENTIFIED SIMULIDAE
CHIRUNUMIOAE
TANYPUUINAE

IHIENEMANNIMYIA GROUP
URrHUCLADIINAE

CHIUMUPUS SP.
IIPULIUAE

1. I. 18.9 4.3 0.0 0.0

0. 2. 18.9 '4.3

4. 1. ii7.3 10.9

1. 0. 9.4 2.2

2. 0. 18.9 4.3

18.9 24001

28.3 360.2

9.4 120,1

18.9 240.1

9.4 120.1

18.9 240.1

1. 0. 9.4 2.2

2. 0. 18.9 4.3

1. 0. 9.0 2.2 9., 120,1



Table E-1O. (continued)

oRGANISM

UNILENTIFIED IIPULIDAE

MULLUSCA
GASTRUPUUA
BASUMAIUPHURA
PHYSIDAE

PHYSA SP.

PELECYPUOA
EULAMELLIBRANHIA
UNIONIUAE

UNIUNIUAE IMMATURE

FUOIFICIVAE

LHIMUNUMIUAE

INSECTA

rUrAL BENTIHOS

NUMBER UF SPECIES FUUNI) IN EACH REPLICATE

REPLICATES
(530 so CM)

A B

LI. 0.

MEAN/
SO. PETER

37.8 8.7

.95
SE CONF INT

37.8 a80.3

9,4 120.1I. 0. 9., 2.2

0.

23.

3.

16.

il0

13

0.

4I.

6.

5

9.°

226.8

28.4

189.0

4314.7

2.2

52.2

6.5

'3.5

100.0

9,4

20709

28.4

13t.A

321.3

120.1

2b'l b

360.2

4o82.4



Table E-11. Summary of benthic macroinvertebrate composition, abundance (No./m 2) and percent
occurrence at Location 3 in Wolf Creek near the Wolf Creek Generating Station,
15 April 1980.

REPLTCATFS
(53l ST• CM)

O)PGANTI3M A
TFAN/ *N5

ýkn, ItTF 3 F CONF TNT

NF.MATOIA
UINMOENTIFTEn NEIAhTnOA n. p.

ANNELIDA
OL IGOCHAE TA
PLESIOP(IRA
TUH IFICTI)AE

IJNIjrENTIFTFr) IMA. WITHfbuT CAPILLTFOPMS
HRANCHIURA SnwFPHYI

ARTHROPODA

INSECTA
TRTCHOPTERA
HYnROPSYCHInAF

UNIDENTIFIEn HyDRPOPSYCHTPAF
C(I..F(0PTFRA
ELmIDAE

U1-NIOENTTFIED ELMIDAF
DIPTEPA
CHIRONnh4TAE
CHIPONnMINAE

CPYPTOCHIRONOMIJS SP.
DTCPOTENDTPF5 SP.

POLYPEOILIJM (S.S.) ST14111ANS TYPF
STTCT(1CH1PnNOMUq SP.

OPTHOCLADlINAE
CPICOTOPUS (SS) FU.9CUS rPIlOP
CRIOTOPIIS SP.
HYnQO9AENtj8 SP.

CERATOP O10NO OAF
UNIDENTIFIEF) CEPATOPOGOWIrAE

56.7 9.8

A .9 2?U0.1

9.5 120.1
18.9 2do.1

2, st'°

n'. I". 9.1a 1 .6

37.A 6.6

9.4 120.1

18.9 2t 0.I

6,
6,

A.

0.

5,
0,

1.

flu.

A.

18,.q
QT.I

qe

I ,. 0
9.8

3A3
A.?

56.7
0.0

9.1

a7.3

120.1
720.4

0.0
120. 1

120.1
211 .1

•0. 4

120.1P. . ?A. 1) .

MOLL SCA
SAST R[OPODA



Table E-11. (continued)

op r Ah) I sm

HASOMATOPHOPA
PH YS I OAE

PHYSA SP.
PELECYPO(OA
HE TEnoQONATA
S9PH&ER11fOAE
SPHAERIUIM SP.

TO I F I FiC I) DAF

C HI PONO0MI )A E

IN-REC T A

TDT4L RENTHns

NIJMAER OF SPECIES FOIINn TK EACH PFPLTCATF

PEPLICATFS
rs3ft 0C~

A R

n0,. I ,.

POF EN/
Sol METER

.q5
% SE CONF INT

----- -------- ........

q.LI 1.6 q .a 120.1

0.

In.

?O.

2'J.

q

I.

II.

I?.

?7.

I,

i9A.I

CI 7P 6

2 ..6

3"1.4'

4 S Iq

r, )

iOO .n

9.4

9.11

13.1

66.t

120.1

¶20. 1

I 1J10.9

11j,00.5



Table E-12. Summary of benthic macroinvertebrate composition, abundance (No./m 2) and percent
occurrence at Location 7 in Wolf Creek near the Wolf Creek Generating Station,
15 April 1980.

REPLTCATFS
(53n Sn (Tm)

A 0
...... ...... m

nRGANISM

ANNELIDA

OLIGOCHAETA
PLES IOPflRA

UNIDENtIFyFf IMM. (iqTH rAPILLIFprMA
INIDENTIFIFO IMM. WITHntTT CAPILI IFrPM5
ILYORIVLU3 TEPLETONI
LIMNODRILUS CERVIX
LIMNODRILI)S CLAPAREDFIA"11S

. 'fAN/
AOn. P'TER

PA.4l

.q5
SF CONF INT

-.... ........

I•q,

'I.

17
0.7
I .7
0.7

10,.6

ARTHROPPDA
[NSECTA
I) 1 P T E R A

CHIRON0MI) AF
CHIRONOMINAE

CRYPTOCHIRnNfmI)3 SP.
T A N Y POD IN A F

PRnCLADIUS (PSILOTANYPI;5- SP.
THIENEMANNIMYZA GROUP

207.9

66.1
9.11

q.4

0.0
q .

120.1
26411.6

120.*1

120.1

120.1

0.0
?0. I

i'. '. 9.0 07

p.
1t
I. •R./J

2.1

TURIIF IC IOAF

CH T RO NOf)A F

75. ~,t. 1205.2 05.P

11 . 56. 7
t'.2

132.3 t681.0

18.q 2a0.I

18 . ?'40.
INSECTA

TOTAL BENTHOS 7 q. 6 ';'. i 1111 '. q I nn-. n t 5 1 . P I q? I . I

NIJMRER OF SPECIES FOIIN) ,N FACH PFPLTCATF A



Table E-13. Summary of benthic macroinvertebrate composition, abundance (No./m 2 ) and percent
occurrence at Location 3 in Wolf Creek near the Wolf Creek Generating Station,
17 June 1980.

REPLTCATFS
^ o rMl

A AORGANISM
ýFAN/ .95

$0, VFTFP x 3F CONF INT
-.. . . . . . . . . . . . .

A NNEL ID A
t)LTGOCHAETA

PLFSIUP(IRa
NA In I DAE

NAIS PEHNINGI
NAIS nRETSCHFRI
NAYS 3P.

TIJRIFICIOAE
IN[fENrTIFIrE IMM. WITHOuIT CAPILI-TFORMS
LIMNOI)RILIJS CFRVIX

ARTHROPODA

INSECTA
FPHENEROPIFPA
FPHEMERIAE

EPHORoN LEUKON
COLFOPTERA

UNIDENTIFIED COLFOPTFRA
FLMIOAE

STENELMIS SP.
I)]0PTERA

CHAnBORInAE
r.HA(0HORU PUNCTIPFNNIS P1InA

CHTPONOMID&F
CHIRONOMINAE

CHIRONOMUS SP.
CHIRONOMU)S SP. PUIPA
CPYPTOCHIPONOMUS SP.
POLYPEDILUN (S.S.) qIMIU ANS TYPF
STICT/CHIPnNnMUS SP.

TANYPODINAF
PROCLA0It.IS (PSILflTANYPuIRl SP.
THTENEMANNIMYIA GROUP

CEPATOPG(INODAF

op
0.

0.
0.

1(. ) 1.,.6
11.,0(

31 .;.

18.9

369.6

'£1O. I
AOO0.11

4682.8

120.1
120.19. na.8

0* 1. 9'.t 0'.8

18R.9

9;,,

1.6

0•.8

q. a 1?0.1

18.9 2U10.1

9,4 120.1

9.11 120.1
q.4. 0"R

7.
3.

(I

1?.

I;.

7.

Aq•915.

75.6

1,6
12,0
6 . t

I 13.11

9.11
18.Q
9.9
18.9

I oO.9

1 0.1
p110.1I

17. 3.2
1 tj I P ;) .

37.8 a0.3
q.9 120.1



Table E-13. (continued)

flPnAN TSM

CER ATI TfPrONflO A

TiMI~vF IC I DAE

CHTPUN(OMIOAE

I NS~FC T A

TOTAL HENTHnS

N11MREP OF SPFCIES FmUND TM' FACH PFPLICATF

RPFP TrATFSq
(510 so CM)

A

-.-

?n. 17.

3A. a';.

A I I

sn. PVFTFP

I C; I P
US. 6

In.

Inn...0

SF

0.0

160.6

17q.5

614.2

CONFINT

0.0

2n a I .2

2291 .11

7 A0 IJ . 7



0
Table E-14. Summary of benthic macroinvertebrate composi tion, abundance (No./m 2) and percent

the Wolf Creek Generating Station,occurrence at Location
17 June 1980.

7 in Wolf Creek near

RFPLTCATF-
(q3n so CM)

ORCANISM A n
MFTN/

SO,* P.FTFP

.95

SF CONF INT
-------- --------

ANNFLIOA
nLIGOCHAETA
PLFSIOPOPA
NATDIDAE

NATS SP.
T RIFICIOAF

IINIDENTTFIEf 1MM. WITTHniT CAPILITFORMS
LTMNO)OPILIIS CFnvTX
LTMNODIRILUS HOFFMEISTERT

AR THRORno &
CRIISTACEA
AMPHIPOnA
TALITRIDAE

HYALELLA AZTECA
DECAPODA
ASTACIOAE
IINTOENTIFIED ASTACIOAE

INSECTA
TRICHOPTEPA
HYDPOPSYCHIDAF

UNI DENTjFlED HYOPnPSYCHInAF
COILErP)EPA
ELMIDAE

STENELMIS SP.
nTPtERA
CHIRONOMIDAE
CHTRONOMTNAF

CHTRONWMUJS SP.
nTCPOTENDIPES SP.

GLYPTnTENDTPES (PHYTnTF! nTPES) SP.
PnLYPEDILUM SP. PIJPA
9TICTnCHIRONnMUs SP.

TANYPOnINAF
PRICLADIUS (PSILOTANYPIS) SP.

36. 1,30,. Ii•
3n, 0

. n.

9.11 0.A

1a7.25

IR.7 .

111,3
33.q
0 .A

q9.4

207.9
179.5

S.*l

120.3

26d 1.6
2201.11
120. 1

1. 0.

1. 0.

0. I.

0*

q . a

9.0 n.A

q 91

9,11

9.11

q a.

28,l

9.11

120.1

120.1

1?0. I

600.11
6120.14
120.1

120.1
360.2

120.2

0,. 4.17.3
1 0,n 9,1

() '. it.1

7. 12.9q

11.1t

0.8
0 8

1.5
10.7

TIuRIFICIOAF

CHIRONM I DAF

67. ' P6q9t. 76.0 396.9 9o013.0

7 . 17 ý. )P,6'. A 19.8 94.5 t200.7

INSECTA 7'. in' •.Pa9.7 21 .5 1ll3.tj tzJ4O.9

TOTAL RENTHOS 77'. till. III .11 I on . 0 311.9 3962.4

NINFRER OF SPFr.IFS FOUNt) TH, EACH PFPLTCATF A Q



0
Table E-15. Summary of benthic macroinvertebrate composition, abundance (No./m 2) and percent

occurrence at Location 3 in Wolf Creek near the Wolf Creek Generating Station,
28 October 1980.

REPLICATES
(530 so CM)

A 8ORGANISM
MEAN/

SO. PETER % SE
-. . . . .

,95
CONF INT
- . . .***

NEMATOUA
UNIDENTIFIED NEMATO0A

ANNELIDA

ULIGUCHAETA
PLESIUPURA
ENCHYIRAEIDAE

UNIDENTIFIED ENCHYTRAEIDAE
NAIDIDAE

NAIS SP.
TUBIFICIUAE
UNIDENTIFIED IMM. WITH CAPILLIFORMS
UNIDENTIFIED IMM. WITHOUT CAPILLIFORMS
LIMNUDRILUS CERVIX
LIMNUURILUS HUFFMEISTERI

HIRUDINEA
PHARYNGU0DELLIDA
ERPUBDELLIDAE

DINA MICROSTUMA

ARTHRUPUDA

INSECtA
EPHEMERUPIERA
EPHEMERIAE

POTAMANTHUS SP.
CAENIOAE

TRICURYTHODES SP.
DIPTERA
CHIRUNUMIUAE
UNTHUCLADIINAE

NANUCLADIUS SP.
CERAIUPGONODAE

UNIDENTIFIED CERATOPOGONIDAE
TIPULIDAE
UNIDENTIFIED IIPULIDAE

TUBIFICIDAE

LMIRUNUMIUAE

INSECTA

TUTAL BENTHOS

NUMBER OF SPECIES FOUND IN EACH REPLICATE

1. 0. 9., 0.7 9.4 120.1

3.

6.

1.
5q.

2.
0.

2.

t .
11.

4.
42.
1.

47.3

66.2

07.3
954.5
56.7

9.11

3.6

5.0

3.6
72.7

4.3
o.7

9.4

47.3

28.3
160.7

18.9
9.4

120.1

600.4

360.2
2041.2

240.1
120.1

I1. 01 9, a 0.7

9.4 0.7

18.9 1.4

9,4 120.1

9,4 120.1

18.9 240.1

I .

2.

2.

1.

1,

62.

7.

0.

0,

3.

0.

2.

S1.

3.

5.

47.3

9.11

28.11

1067.8

£7.3

113.4

3.6

0.7

2.2

81.3

3.6

8.6

9q.4

9.4

9.4

103.9

9.4

18.9

120.1

120.1

120.1

1320.8

120.1

240.1

80. 59. 1313,6 100.0

12 8

198.4 2521.5



Table E-16. Summary of benthic macroinvertebrate composition, abundance (No./m 2) and percent
occurrence at Location 7 in Wolf Creek near the Wolf Creek Generating Station,
28 October 1980.

REPLICATES
(530 so CM)

A BORGANISM

ANNELIUA
ULIGUCHAEiA
PLESIOPUNA
TUBIFICIVAE
UNIDENTIFIED IMM. "ITH CAPILLIFORMS
UNIDENTIFIED IMM. WITHUTI CAPILLIFORMS
LIMNUDRILUS CERVIX

MEAN/
sO. PETER

9,a

9,'J

.95
X $E CONF INT

-- - . . . . . . . .

I,

0.
2.
0,

5.6
55.6

5.6

9.4
56.7

9q.4

120.1
720,4
120.1

ARTHROPUDA
INSECtA
VIPTERA
CHIRUNUHIUAE
CHIRONUMINAE
CHIRUNUMUS SP.

FANYPODINAE
PROCLAUIUS SP.

4, 0, 37.8 22.2 37,8 480.3

9.4 120,11. 0. q.4 5.6

MULLUSCA
GASTROPODA
8ASUMATOPHORA
PHYSIDAE

PHYSA SP. I. 0. q.4 5.6 120.1

TUBIFICIDAE

CmIRUNOMIDAE

10, 2. 113.11 66.7

5. 0. 47.3 27.8

5. 0. 117.3 27.8

16. 2. 170.1 100.0

75.6 960.6

47,3 600.4

47.3 600.4

132.3 1681,0

IiNSECTA

TOTAL BENTHOS

NUMBER OF SPECIES FOUND IN EACH REPLICATE 6 1



Table E-17. Summary of benthic macroinvertebrate composition, abundance (No./m 2) and percent
occurrence at Location 3 in Wolf Creek near the Wolf Creek Generating Station,
16 December 1980.

PEPLICATES
(530 so CM)

ORGANISM A B
IV EAN/

SO. METER x
... .. . .. .

.95
SE CONF INT

-.. . . . . . .

ANNELIDA
ULIGUCHAEtA

PLESIUPORA
TU61FICIDAE
UNIDENTIFIED IMM. WITHOUT CAPILLIFORMS
8RANCHIURA SOWERBYI
LIMNODRILUS HUFFMEISTERI

AHTHRUPUDA
INSECIA
EPHEMERUPIERA
CAENIDAE

TRICURYTHUDES SP.
8AETIDAE

UNIDENTIFIED BAETIDAE
PLECOPTERA
PERLUDIDAE

NEUPERLA CLYMENE
1HICHUPTERA
HYDRUP3YCHIDAE

CHEUMATUPSYCHE SP.

10.
'I.
7.

tO.
0.
0.

189.0
37.8
66.2

57.1
11 .
20i*

0.0
37.8
66.2

0.0
480.3
840.5

0, .

0. 1.

0. 1,

0. 1

9.4 2.9

9.4 120.1

9.,a 2.9

9.4 2.q

9.4

9.,4

120,1

120.1

TUBIFICIOAE

CHIRUNOMIUAE

21. to. 293.0 88.6 103.9 1320.8

INSECTA

MUTAL BENTHOS

0, 4. 37.8 11.4

21. 14. 330.8 100.0

3 5

37.8 480.3

66.2 8e0.5

NUMBER OF SPECIES FOUND IN EACH REPLICATE



Table E-18. Summary of benthic macroinvertebrate composition, abundance (No./m 2) and percent
occurrence at Location 7 in Wolf Creek near the Wolf Creek Generating Station,
16 December 1980.

REPLICATES
(530 80 CM)

URGANISM A B
-----------------

MEAN/
SO. PETER

.95
% SE CONF INT

ANNEL IUA
ULIGUCHAEIA
PLESIUPuRA
ru8IFICIDAE
LIMNUUHILUS CERVIX 1. 0.

AHNHRUPUDA
INSECTA
EPHEMERUPIERA
CAENIDAE

rRICURYTHODES SP.
HEPtAGENIIDAE

UNIDENTIFIED HEPIAGENI1DAE
PLECUPTERA
PERLUDIDAE

NEOPERLA CLYMENE
TRICHOPTERA
HYDRUPSYCHIDAE

CHEUMArUPSYCHE SP.
PUTAMYIA FLAVA

CULEUPTERA
ELMIDAE

STENELMIS SP.

9.4 12.5

9.4 12.5

9*,J 12.5

9.4 12.5

0. I

0 1.

0. 1.

9,. 120.1

9.4 120.1

9.4 120.1

9.4 120.1

9.4 120.1
18.9 240s1

0,
0.

1. 9.4 12.5
2. 18.9 25.0

1. 9.4 12.50, 9.4 120.1

120.ITUBIFICIDAE

CHIRUNUMLDAE

I. 0. 9.ti 12.5

INSECIA 0. 7. 66.2 87.5 66.2 840.5

TUTAL dENTHUS

6

75.6 100.0 56.7 720,4

NUMBER UF SPECIES FOUND IN EACH REPLICATE



APPENDIX F

FISHERIES DATA



Table F-I Summary of electroshocking catch data from the Neosho River
near Wolf Creek Generating Station, Burlington, Kansas, 19 80.a

Date/Sampling Total Lenoth l(yw,) Weioht (q)

Location Species Number CPE Average Ranae Averaoe Ranqe

14 April

10

4

28 May

Gizzard shad
Carp
River carpsucker
Bigmouth buffalo
Black buffalo
White bass
White crappie
Freshwater drum
Total

Longnose gar
Gizzard shad
Carp
Smallmouth buffalo
Total

Smallmouth buffalo
Freshwater drum
Total

Gizzard shad
Ca ro
River carpsucker
Smallmouth buffalo
Biomouth buffalo
Black buffalo
Channel catfish
Flathead catfish
White bass
White craopie
Walleye
Total

Carp
River carpsucker
Smallmouth buffalo
Bigmouth buffalo
Channel catfish
Flathead catfish
White bass
Green sunfish
Longear sunfish
White crappie
Walleye
Freshwater drum
Total

Longnose gar
Carp
River carpsucker
Quillback
Smallmouth buffalo
Blue sucker
Flathead catfish
Spotted bass
Freshwater drum
Total

6

9

2
1
3

6.0
1.0
1.0
1.0
9.0

2.5
1.2
3.7

3
7
2

7
2
3

26

3.0
7.0
2.0
1.0
1.0
7.0
2.0
3.0

26.0

17 June

I

24
1

26
5
6
1

12
5

7
2

90

3
39

3
1
7
6
3
6
1

8
2
7

86

1
1

6
1

10I10
10

3
34

24.0
1.0

26.0
5.0
6.0
1.0

12.0
5.0
1.0
7.0
2.0

90.0

3.0
39.0

3.0
1.0
7.0
6.0
3.0
6.0
1.0
8.0
2.0
7.0

86.0

1.0
1.0
6.0
1.0

10.0
1.0

10.0
1.0
3.0

34.0

325
454
292
628
382
132
318
210

651
296
422
662

398
398

206
473
242
430
475
293
182
203
137
129
354

476
268
341
481
212
301
108
89

117
142
292
233

600
583
361
396
365
668
238
271
208

293-368
423-483
160-424

113-158
294-343
172-268

524-770

397-400

122-333

160-328
374-509
266-651

107-263
90-286

102-231
271-437

426-545
195-369
210-442

141-267
169-464
51-146
83-95

117-183
285-300
149-443

313-417

236-481

147-377

199-216

270
1109
475

3660
960

24
600
103

675
220

1160
4400

950
840

124
1120

220
1224
2233

325
51

110
36
38

558

1223
303
752

1710
79

341
23
16
5o
39

190
324

420
2330

675
820
810

2480
174
350
140

160-400
880-1300

50-900

10-45
360-840
45-200

320-1100

940-960

22-390

60-475
840-1620
360-4060

12-138
12-246

18-142
176-940

970-1700
97-765

710-1400

24-150
44-1190

1-40
13-19

19-80
176-204
130-1310

420-980

205-1540

45-600

115-180

10

a Number of fish collected during 30 min. of effort.



Table F-I (continued)

Date/Sampling; Total Len th (nu) Weight (0)

Location Species Number CPE Averaqe Rane Averace Ranae

17 June (continued)

4 Gizzard shad 5 5.0 188 164-203 71 48-86
Carp 1 1.0 475 - 1370
River carpsucker 3 3.0 370 347-390 700 560-800
Blue sucker 1 1.0 556 - 1390
Flathead catfish 11 11.0 208 157-412 132 38-1390
Longear sunfish 1 1.0 127 - 60
Spotted bass 1 1.0 218 - 130
Freshwater drum 3 3.0 182 149-205 88 43-140
Total 26 26.0

24 July

I Carp 3 3.0 356 285-440 667 280-860
Red shiner 1 1.0 71 - -

Ghost shiner 1 1.0 48 - -
River carmsucker 15 15.0 263 133-327 252 41-430
Smallmouth buffalo 11 11.0 352 176-672 1108 80-5430
Channel catfish 11 11.0 200 108-248 61 10-110
Flathead catfish 10 10.0 202 110-330 128 14-370
Brook silverside 1 1.0 51 - -
White bass 1 1.0 156 - 48 -
Green sunfish 8 8.0 97 72-127 23 10-47
Longear sunfish 3 3.0 94 68-108 25 9-33
Largemouth bass 1 1.0 365 - 650
White crapnie 11 11.0 144 126-169 37 26-60
Freshwater drum 4 4.0 136 72-183 38 10-74
Total 81 81.0

28 October

Gizzard shad 1 1.0 335 - 420
Carp 17 17.0 474 340-580 1147 540-1680
River carosucker 12 12.0 318 208-429 497 120-1000
Smallmouth buffalo 1 1.0 494 - 1850
Shorthead redhorse 1 1.0 365 - 700
Blue sucker 1 1.0 650 - 2440
Channel catfish 1 1.0 232 - 60
Brook silverside 1 1.0 82 - -
White bass 2 2.0 105 100-111 16 14-18
Freshwater drum 7 7.0 215 112-383 196 16-660
Total 44 44.0

10 Gizzard shad 1 1.0 190 - 65
Carp 6 6.0 452 415-502 1165 880-1440
River carpsucker 6 6.0 436 286-424 870 290-980
Smalmouth buffalo 10 10.0 444 372-507 1334 850-1650
Shorthead redhorse 1 1.0 325 - 360
Blue sucker 2 2.0 604 556-652 1950 1390-2510
Channel catfish 3 3.0 198 156-251 59 27-100
Green sunfish 1 1.0 54 - 2
Spotted bass 1 1.0 127 - 26
Freshwater drum 31 31.0 143 96-324 51 10-360
Total 62 62.0

4 Gizzard shad 16 16.0 174 134-298 71 25-300
River carpsucker 1 1.0 366 - 660
Blue sucker 1 1.0 610 - 2080 -
Channel catfish 1 1.0 53S - 1710 -
White bass 1 1.0 276 - 300 -
Spotted bass 1 1.0 98 - 18 -
Freshwater drum 1 1.0 125 - 20
Total 22 22.0



Table F-I (continued)

Date/Sampling Total Lenqth (mrm) Weight fIg

Location Species Number CPE Average Range Average Ranqe

15 December

I Gizzard shad 4 4.0 297 88-372 457 R-620

Carp 2 2.0 470 453-486 1180 960-1400
River carpsucker 27 27.0 344 272-418 580 350-920
Total 33 33.0

10 Gizzard shad 1 1.0 272 - 170

Carp 1 1.0 - - -
River carpsucker 3 3.0 373 358-392 687 600-760

Blue sucker 1 1.0 639 - 2400

White crappie 2 2.0 175 4 45

Total a 8.0

4 Gizzard shad 6 6.0 94 90-98 11 8-15
River carpsucker 12 12.0 383 348-432 754 550-980
Smallmouth buffalo 3 3.0 425 415-437 1130 1020-1240

Spotted bass 1 1.0 112 - 22
Total 22 22.0



Table F-2 Summary of electrofishing catch data from the tailwaters of John

Redmond Reservoir (Location 1) near Wolf Creek Generating Station,

Burlington, Kansas, May through November 1980. Data collected

during radiation monitoring collections by Kansas Gas and Electric

personnel.
Date pecies Number Total Lenth( Weight (g)

_CPE Average Range AveraagAe Range

14 Mayb Gizzard shad 9 !8.0 176 118-345 99 15-420
Carp 1 2.0 597 - 2360 -

River carpsucker 4 8.0 290 246-342 364 200-500
Bigmouth buffalo 6 12.0 541 498-600 2715 2110-3710
Channel catfish 2 4.0 162 150-174 33 25-40
Flathead catfish 1 2.0 330 - 390 -
White bass 2 4.0 122 116-118 23 20-25
Orangespotted sunfish 1 2.0 75 - 10 -

White crappie 6 12.0 ill 98-130 13 5-20
Walleye 2 4.0 329 253-405 390 140-640
Freshwater drum 1 2.0 198 - 95 -

Total 35 70.0

11 hionc Carp 5 8.3 401 325-464 828 500-1240
River carpsucker 13 21.7 288 233-375 355 200-600
Smallmouth buffalo 1 1.7 390 - 915 -
Blue sucker 2 3.3 605 598-612 1650 1640-1660
Channel catfish 2 3.3 229 179-278 99 40-158
Flathead catfish 7 11.7 257 210-327 219 106-450
White bass l 1.7 136 - 34 -
Longear sunfish 2 3.3 122 121-122 45 44-46
White crappie 4 6.7 140 130-158 36 30-52
Walleye 1 1.7 297 - 265 -

Freshwater drum 3 5.0 416 382-436 1047 540-1340

Total 41 68.4

9 Jul Gizzard shad 2 2.0 147 77-216 46 2-90
Carp 1 1.0 .334 - 445 -
River carpsucker 18 18.0 274 151-368 314 130-600
Smallmouth buffalo 1 1.0 340 - 510 -

Golden redhorse 1 1.0 274 - 230 -

Blue sucker 2 2.0 629 626-632 2130 2060-2300
Channel catfish 13 13.0 213 155-341 88 35-320
Flathead catfish 11 11.0 196 105-280 91 5-230
Green sunfish 1 1.0 193 - 165 -
White crappie 2 2.0 217 201-233 122 105-140
Walleye 1 1.0 452 - 915 -

Freshwater drum 2 2.0 159 145-173 115 60-170

Total 55 55.0

?' Aug River carpsucker 4 4.0 282 227-307 287 154-380
Smallmouth buffalo 7 7.0 357 200-483 796 110-1680
Shorthead redhorse 5 5.0 362 305-427 608 340-940
Channel catfish 7 7.0 239 198-275 105 55-160
Flathead catfish 4 4.0 322 245-495 479 170-1240
White bass 2 2.0 162 155-170 53 42-64
Freshwater drum 1 1.0 165 58 -

Total 30 30.0



Table F-2 (continued)

Date Species
Total Length (mm)

Number CPEa Average Range
yej tJ(--_

Average Range

18 Sep

30 Sep

21 Octd

20 Nov

Carp
River carpsucker
Smallmouth buffalo
Channel catfish
Brook silversides
Green sunfish
White crappie
Freshwater drum
Total

Gizzard shad
Carp
River carpsucker
Smallmouth buffalo
Blue sucker
Channel catfish
White bass
Green sunfish
White crappie
Walleye
Freshwater drum
Total

Gizzard shad
Red shiner
River carpsucker
Smallmouth buffalo
Blue sucker
Channel catfish
White bass
Longear sunfish
Freshwater drum
Total

Carp
River carpsucker
Blue sucker
Brook silversides
Green sunfish
Ordaigespotted sunfish
Total

1
8
3
2

5
2

23

3
4
8
6
1
7
3

7
42

8
1

16
3
1
8
7
1

56

1
4
1

12

3
2

23

1.0
8.0
3.0
2.0
1.0
1.0
5.0
2.0

23.0

3.0
4.0
8.0
6.0
1.0
7.0
3.0
1.0
1.0
1.0
7.0

42.0

12.0
1.5

24.0
4.5
1.5

12.0
10.5
1.5

16.5
84.0

1.0
4.0
1.0

12.0
3.0
2.0

23.0

394
293
436
181
74

155
156
97

312
457
270
459
611
195
161
98

340
334
147

220
71

255
298
610
269
139
102
185

560
341
560

74
121

53

245-331
393-465
178-184

138-187
92-102

270-334
433-473
218-405
326-662

93-277
114-224

63-442

162-279

158-335
227-428

162-520
110-185

96-382

307-390

52-84
95-149
52-54

780
334

1307
44

2
80
49

5

318
1090

278
1847
2000

78
67
20

800
340
208

120
1

207
470

2100
303

38
26

115

1830
490

1830

41
4

190-500
880-1600

40-48

30-74

195-405
880-1290
125-820
490-5220

30-190
25-132

2-1380

42-238

52-500
150-1090

34-1290
13-80

10-690

365-720

18-68

a
b
C

d

Number of fish collected during 30 min. of effort.
Electroshocking conducted for 15 min.
Electroshocking conducted for 18 min.
Electroshocking conducted for 20 min.



Table F-3 Summary of seine data collected from the Neosho River and Wolf Creek
near Wolf Creek Generating Station, Burlington, Kansas, 1980.

Total Length (msm)

Sampling Date Location Species Number Average Range

15 April Neosho River High water conditions prevented sampling at Locations 1, 4, 10, and 11.

Wolf Creek

7 Golden shiner 19 89 60-117
Red shiner 2 38 35-42
Green sunfish 6 34 26-40
Orangespotted sunfish 2 49 42-56
Total 29

3 Stoneroller 1 52 -
Red shiner 14 37 22-62
Suckemouth minnow 6 83 70-92
Fathead minnow 1 45 -

Black bullhead 1 115
Orangespotted sunfish 1 52 -
Total 24

28 May Neosho River

1 Golden shiner 3 65 57-71
Ghost shiner 3 44 41-47
Red shiner 94 50 34-63
Sand shiner 1 44 -
Orangespotted sunfish 2 48 41-55
Total 103

17 June Neosho River

1 Gizzard shad 27 39 21-50
Golden shiner 2 60 59-61
Red shiner 6 56 42-65
Sand shiner 7 43 33-52
Ictiobus sp. 1 45 -
htI-te ass 10 46 41-52

Orangespotted sunfish 2 52 50-55
White crappie 5 36 30-43
Total 60

10 Longnose gar 1 47 -

Ghost shiner 2 39 38-41
Red shiner 70 43 29-58
Spotted bass 2 27 25-30
Total 75

11 Neosho madton 1 47 -
Total 1

4 Longnose gar 5 46 39-51
Gizzard shad 37 29 22-36
Red shiner 163 42 30-58
Suckermouth minnow 2 44 28-60
Carpoides sp. 18 19 18-24
3---•T iouh buffalo 17 38 -
Bigmouth buffalo 4 39 36-45
Shorthead redhorse 5 32 27-33
Spotted bass 21 28 20-34
Slenderhead darter 1 24 -

Total 273

Wolf Creek

7 Golden shiner 5 97 87-112
Black bullhead 1 59 -
Green sunfish 1 126 -
Orangespotted sunfish 2 58 36-81
Total 9



Table F-3 (continued)

Total Length (rr)

Sampling Date Location Species Number Averaqe Range

17 June (continued)
3 Golden shiner 15 77 58-106

Red shiner 144 50 32-70
Suckermouth minnow 1 34 -

Fathead minnow 3 56 42-66
Unidentified cyprlnid 3 23 23-24
Black bullhead 3 82 71-88
Green sunish 6 61 54-66
Orangespotted sunfish 2 66 64-69
Bluegill 2 46 46-77
Total 179

24 July Neosho River

Gizzard shad 2 41 38-44

Golden shiner 1 62 -
Red shiner 5 32 21-50

Bullhead minnow 5 25 22-31

Brook silverside 31 49 37-59
Orangespotted sunfish 11 31 21-46
Total 55

28 October Neosho River

1 Golden shiner 6 68 63-81
Ghost shiner 13 29 23-42
Red shiner 97 41 22-61
Bluntnose minnow 3 34 31-36
Bullhead minnow 12 42 36-56
Mosquitofish 4 31 29-36
Brook silverside 7 60 52-77

Orangespotted sunfish 3 43 38-51
Longear sunfish 1 61 -

Bluegill 2 57 51-63
Total 148

10 Red shiner 1228 34 19-49

Suckermouth minnow 1 94 -

Bullhead minnow 173 33 25-47
Channel catfish 1 81 -
Flathead catfish 1 71 -

Brook silverside 5 62 47-74
Slenderhead darter 9 61 48-72
Total 1418

11 Neosho madtom 1 52 -

Slenderhead darter 1 48 -

Total 2

4 Red shiner 427 29 22-42
Bullhead minnow 4 32 31-34
Brook silverside 1 57
Bluegill 1 32
Total 433

Wolf Creek

3 NO FISH TAKEN

7 NO FISH TAKEN



Table F-3 (continued)

Total Length (mm)

Sampling Date Location Species Number Average Range

15 December Neosho River

Ghost shiner 2 30 29-31
Red shiner 982 31 19-53

Total 990

10 Gravel chub 1 89

Ghost shiner 1 32 -

Red shiner 689 36 21-59

Suckermouth minnow 5 83 77-93
Slim minnow 5 31 25-41
Bullhead minnow 42 28 21-35
Neosho madtom 4 70 65-73

Freckled madtom 1 47
Oranaethroat darter 4 63 60-66

Slenderhead darter 4 54 52-56
Total 756

11 NO FISH TAKEN

4 Red shiner 47 21 13-42
Slim minnow I 2S

Orangespotted sunfish 1 43
Total 49

Wolf Creek

3 Orangespotted sunfish 1 35
Total

7 NO FISH TAKEN
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Table G-1 Phylogenetic list of species sampled in Communities 1, 2, and 8
near the WCGS Site, Burlington, Kansas, 1980.

ORDER FAMILY SCIENTIFIC NAME COMMON NAME

GRAMINALES
GRAMINEAE (GRASS FAMILY)

FESTUCA OBTUSA BIEHLER.
POA PRATENT L.
ELYMUS VIRGINICUS L.
MUHLENBERGIA FRONDOSA (POIR) FERN.
LEERSlIA VlRINICAWILL D.
PANICUM VIRGATUM L.

ANNTCU SCRIBNERIANUM NASH.
ANDROPOGON SCOPARIUS MICHX.
ANDROPOGON GERARDI VITM.
SORGHASTRUM NUTANS (L.) NASH

CYPERACEAE (SEDGE FAMILY)
CAREX SP. L.

LILIALES
LILIACEAE (LILY FAMILY)

SMILAX HISPIDA MUHL.
JUGLANDALES

JUGLANDACEAE (WALNUT FAMILY)
JUGLANS NIGRA L.
CARYA COR-DI-FORMIS (WANG.) K. KOCH.
NUT LACINIOSA (MICHX. F.) LOUD

FAGALES
FAGACEAE (BEECH FAMILY)

QUERCUS SP. L.
QUERCUS MACROCARPA MICHX.
QUERCUS PALUSTRIS MUENCHH.
QUERCUS SHUMARDII BUCKL.

URTICALES
ULMACEAE (ELM FAMILY)

ULMUS AMERICANA L.
U--R7 -RUBRA MUHL.
CELTIS OCCIDENTALIS L.

MORACEA]r-FTLBRRYAM- L)
MACLURA POMIFERA (RAF.) SCHNEID
MORUS RUBRA L.

URTICAC"A--(TE(N= FAMILY)
LAPORTEA CANADENSIS (L.) WEDD.

POLYGONALES
POLYGONACEAE (SMARTWEED FAMILY)

POLYGONUM VIRGINIANUM L.
RANALES

MENISPERMACEAE (MOONSEED FAMILY)
MENISPERMUM CANADENSE L.

FESCUE
KENTUCKY BLUEGRASS
VIRGINIA WILD RYE
MUHLY
WHITE GRASS
SWITCH GRASS
SCRIBNER PANICUM
LITTLE BLUESTEM
BIG BLUESTEM
INDIAN GRASS

SEDGE

GREENBRIER

BLACK WALNUT
BITTERNUT HICKORY
SHELLBARK HICKORY

OAK
BUR OAK
PIN OAK
SHUMARD'S OAK

AMERICAN ELM
SLIPPERY ELM
HACKBERRY

OSAGE-ORANGE
RED MULBERRY

WOOD-NETTLE

SMARTWEED

CANADA MOONSEED



Table G-1 (continued)

ORDER FAMILY SCIENTIFIC NAME COMMON NAME

ROSALES
SAXIFRAGACEAE (SAXIFRAGE FAMILY)

RIBES MISSOURIENSE NUTT.
PLATANACEAE (PLANE-TREE FAMILY)

PLATANUS OCCIDENTALIS L.
ROSACEAE (ROSE FAMILY)

GEUM CANADENSE JACQ.
CRATAEGUS SP. L.

CAESALPINIACEAE (CAESALPINIA FAIILY)
CERCIS CANADENSIS L.
L SDITS TRIACANTHOS L.

GYMNOCLADUS DIOICA (L.) K. KOCH
SAPINDALES

ANACARDIACEAE (CASHEW FAMILY)
RHUS RADICANS L.

CELASTRTnAA _-TS7FA-TREE FAMILY)
EUONYMUS ATROPURPUREUS JACQ.

ACERACEAE (MAPLE FAMILY)
ACER SACCHARINUM L.
A= EGUD IUWL.

RHAMNALES
VITACEAE (GRAPE FAMILY)

VITIS SP. L.
PARTHENOCISSUS QUINQUEFOLIA (L.) PLANCH.

UMBELLALES
UMBELLIFERAE (PARSLEY FAMILY)

SANICULA GREGARIA BICKN.
CORNACEAE (DOGWOOD FAMILY)

CORNUS SP. L.
GENTIANALES

OLEACEAE (OLIVE FAMILY)
FRAXINUS PENNSYLVANICA MARSH.

POLEMONIALES
POLEMONIACEAE (PHLOX FAMILY)

PHLOX DIVARICATA L.
LABIATAE TMINT FAMILY)

SALVIA REFLEXA HORNEM
ACANTHAZEACANTTUS FAMILY)

RUELLIA STREPENS L.
RUBIALES

CAPRIFOLIACEAE (HONEYSUCKLE FAMILY)
SYMPHORICARPOS ORBICULATUS MOENCH

ASTERALES
COMPOSITAE (COMPOSITE FAMILY)

VERBESINA ALTERNIFOLIA (L.) BRITT.
AMBROSIA TRIFIDA L.
SUEIAGO CANADENSIS L.
SOLIDAGO GRAMINIFOLIA (L.) SALISB.

MISSOURI GOOSEBERRY

SYCAMORE

WHITE AVENS
HAWTHORN

REDBUD
HONEY-LOCUST
KENTUCKY COFFEE-TREE

POISON IVY

WAHOO

SILVER MAPLE
BOXELDER

GRAPE
VIRGINIA CREEPER

BLACK SNAKEROOT

DOGWOOD

GREEN ASH

PHLOX

SAGE

RUELLIA

CORALBERRY

WINGSTEM
GIANT RAGWEED
CANADA GOLDENROD
NARROWLEAF GOLDENROD



APPENDIX H
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Table H-1 Average monthly waterfowl populations, Flint Hills National
Kansas, October 1979 through September 19 80 .a

Wildlife Refuge, Burlington,

Species Oct 79 Nov 79 Dec 79 Jan 80 Feb 80 Mar 80 Apr 80 May 80 Jun 80 Jul 80 Aug 80 Sep 80

Geese
Snow Goose 600 6000 8000 4000 5000 1000 150 0 0 0 0 0White-fronted Goose 400 1500 1200 800 4000 1200 75 0 0 0 0 0
Canada Goose 300 5000 4000 3500 3000 700 40 0 0 0 0 0

Ducks
Common Merganser 0 0 1000 800 50 500 0 0 0 0 0 0Mallard 800 15000 20000 15000 10000 1000 1500 80 80 80 60 20Black Duck 5 0 5 10 0 0 0 0 0 0 0 0Gadwall 80 100 20 0 0 20 50 0 .0 0 0 2American Wigeon 100 300 5 10 70 50 0 0 0 0 0 0Green-winged Teal 400 900 100 0 50 100 400 0 0 0 0 80Blue-winged Teal 40 0 0 0 30 20 600 40 40 25 250 50Northern Shoveler 5 5 0 0 0 500 350 0 0 0 0 0Pintail 200 200 5 50 700 1200 500 0 0 5 5 10Wood Duck 50 20 5 0 0 75 300 150 250 275 400 100Redhead 5 15 20 0 0 10 0 0 0 0 0 0Canvasback 5 15 20 0 0 10 0 0 0 0 0 0Lesser Scaup 5 50 50 0 0 20 0 0 0 0 0 0Ring-necked Duck 20 20 20 0 0 20 10 0 0 0 0 0Common Goldeneye 0 5 10 20 50 3 0 0 0 0 0 0Bufflehead 5 10 10 0 0 3 0 0 0 0 0 0Ruddy Duck 5 25 0 0 0 5 0 0 0 0 0 0

Marsh and Water Birds
American Coot 250 50 0 0 0 50 800 0 0 0 0 50

Total Geese 1300 12500 13200 8300 12000 2900 265 0 0 0 0 0
Total Ducks 1725 16665 21270 15890 10950 3536 3710 270 370 385 715 262

Total Waterfowl 3025. 29165 34470 24190 22950 6436 3975 270 370 385 715 262

a Source: USDI 1981.



0
Table 11-2 Waterfowl use days, Flint

through September 1 98 0 .a
Hills National Wildlife Refuge, Burlington, Kansas, October 1979

Oct-Dec Jan-Mar Apr-Jun Jul-Sep 12 Month
Species 1979 1980 1980 1980 Total

Geese
Snow Goose 438,000 300,000 4,500 0 742,500
White-fronted Goose 93,000 180,000 2,250 0 275,250
Canada Goose 279,000 216,000 1,200 0 496,200

Ducks
Common Merganser 30,000 40,500 0 0 70,500
Mallard 1,074,000 780,000 49,800 4,800 1,908,600
Black Duck 300 300 0 0 600
Gadwall 6,060 600 1,500 60 8,160
American Wigeon 12,150 3,900 0 0 16,050
Green-winged Teal 42,000 4,500 12,000 2,400 60,900
Blue-winged Teal 1,200 1,500 20,400 9,750 32,850
Northern Shoveler 300 15,000 10,500 0 25,800
Pintail 12,150 58,500 15,000 600 86,250
Wood Duck 2,250 2,250 21,000 23,250 48,750
Redhead 1,200 300 0 0 1,500
Canvasback 1,200 300 0 0 1,500
Lesser Scaup 3,150 600 0 0 3,750
Ring-necked Duck 1,800 600 300 0 2,700
Common Goldeneye 450 2,190 0 0 2,640
Bufflehead 750 90 0 0 840
Ruddy Duck 900 150 0 0 1,050

Marsh and Water Birds
American Coot 9,000 1,500 24,000 1,500 36,000

Total Geese 810,000 696,000 7,950 0 1,513,950
Total Ducks 1,230,660 911,280 130,500 40,860 2,272,440

Total Waterfowl 2,008,800 1,608,780 162,450 42,360 3,822,390

a Source: USDI 1981.



Table H-3 -Special recognition species use days, production, harvest, and peak
population, Flint Hills National Wildlife Refuge, Burlington, Kansas,
October 1979 through September 1 9 8 0 .a

Use Days
Oct-Dec Jan-Mar Apr-Jun Ju7-Sep

1979 1980 1980 1980.. . Species
Numher Number Peak

Total Produced Harvested Population

Mlamma I s
White-tailed deer

Total Mammals

-a- - 80000 50

S - - - 00000 50

:hreatened Species (Endangered)
Bald Eagle

Total Endangered

'Itatus-Undetermined
Nlorthern Greater Prairie Chicken

Total Status-Undetermnined

5
5

0
0

250

1000 2100
1000 2100

0 0 3100
0 0 3100

0
0

47

- 7000
- 7000

0 10
0 10

' 1arsh and Water Birds
Pied-billed Grebe
Double-crested Cormorant
White Pelican
Great Blue Heron
Great Egret
Snowy Egret
Green Heron. Sora

Total Marsh and Water Birds

Shorebirds, Gulls, Terns
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Rinq-billed Gull
Franklin's Gull
Bonaparte's Gull
Black Tern
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Long-billed Dowitcher
Stilt Sandpiper
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Semipalmated Sandpiper
Greater Yellowlegs
I.i.sser Yellowlegs
Upland Sandpiper
Spotted Sandpiper
Ki I deer
Semipalmated Plover

Total Shorebirds, Gulls,
Terns

Raptorial Birds
Turkey Vulture
Marsh Hawk
Sharp-shinned Hawk
Cooper's Hawk
Red-tailed Hawk
Rough-legged Hawk
American Kestrel
;•,rn Owl
Harred Owl.Screech Owl
Great Horned Owl

Total Raptorial Birds

Other Birds
Mourning Dove

Total Other Birds

10000
60000
70000
12000

0
500

0
1000
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0
100000
150000

70000
10000
8000

10000
0

5000
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7500

10000
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0

456500
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1800
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40
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1000

0
450

0
600

11140

0
0
0

300
0
0
0
0

300

200000
0
0
0
0
0
0
0
0
0
0

700
1000

0
0

15000
0

216700

0
450

0
0
0
0

900
0

900
0

1800
4050

20000
16000
30000
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900
900

6500
6000
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0
150000
160000

0
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0
0
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0
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0
0
0
0
0
0
0
0
0
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246100
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0 10000
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0 18000
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0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

0

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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0
0
0
0
0
0
0
0
0
0
0
0
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2000
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50000
30000

1000
750
550
500
750
800
575
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600

1000
2500

300

200
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60
12
80
10
10
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40

12000
1200
450
450

3000
0

4800
900
650

1350
3600

28400

0
0
0
0
0
0
0
0
0
0
0
0

12700
3450

500
490

8400
1100
6700
900

2000
1350
6000

43590

- 350000 2500
- 350000 2500

500
500

20000
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APPENDIX I

AVIAN COMMUNITY AND WILDLIFE SURVEY
ROUTE DATA, 1980-1981



Table I-1 The number observed, number per hour, and relative frequency
of avifauna in two communities near Wolf Creek Generating
Station, Burlington, Kansas, 5-7 May 1980.

Number Observed
May Relative

Species 5 6 7 Number/Hour Frequency

North Floodplain Woods

Barred Owl I - - 0.5 1.00
Common Flicker - - 1 0.5 1.00
Red-bellied Woodpecker 1 2 1 2.1 4.21
Red-headed Woodpecker 2 - - 1.0 2.00
Hairy Woodpecker - 1 - 0.5 1.00
Downy Woodpecker - 3 - 1.6 3.21
Great Crested Flycatcher - 3 2 2.6 5.21
Eastern Phoebe - 1 - 0.5 1.00
Least Flycatcher - - 1 0.5 1.00
Eastern Wood Pewee - - 1 0.5 1.00
Blue Jay 6 4 4 7.3 14.63
Common Crow - - 1 0.5 1.00
Black-capped Chickadee 3 2 4 4.7 9.42
Tufted Titmouse 3 2 2 3.7 7.41
White-breasted Nuthatch - - 1 0.5 1.00
House Wren 3 4 4 5.7 11.42
Wood Thrush - - 2 1.0 2.00
Blue-gray Gnatcatcher 2 2 3 3.7 7.41
Red-eyed Vireo 2 4 2 4.2 8.42
Black-and-white Warbler 2 1 2 2.6 5.21
Summer Tanager - - 2 1.0 2.00
Cardinal 1 1 3 2.6 5.21
Indigo Bunting 1 1 2 2.1 4.21

Total 27 31 38 49.9 99.97

Abandoned
Railroad Right-of-Way

Bobwhite - 1 - 1.1 3.54
Killdeer - 1 - 1.1 3.54
Mourning Dove 2 2 1 5.4 17.36
Common Flicker - 1 1 2.1 6.75
Blue Jay 1 - - 1.1 3.54
Eastern Meadowlark - 1 - 1.1 3.54
Red-winged Blackbird 1 - 1 2.1 6.75
Brown-headed Cowbird 3 - - 3.2 10.29
Dickcissel - 1 - 1.1 3.54
Grasshopper Sparrow - - 2 2.1 6.75



. Table I-i (continued)

Number Observed
May Relative

Species 5 6 7 Number/Hour Frequency

Abandoned
Railroad Right-of-Way

Field Sparrow - 3 - 3.2 10.29
Harris' Sparrow - - 5 5.4 17.36
Sparrow sp. 2 - - 2.1 6.75

Total 9 10 10 31.1 100.00



Table 1-2 The number observed, number per hour, and relative frequency
of avifauna in two communities near Wolf Creek Generating
Station, 16-18 June 1980.

Number Observed
June Relative

Species 16 17 18 Number/Hour Frequency

North Floodplain Woods

Yellow-billed Cuckoo 3 1 1 4.5 10.64
Red-bellied Woodpecker 1 1 0 1.8 4.26
Red-headed Woodpecker 0 0 2 1.8 4.26
Hairy Woodpecker 1 0 0 0.9 2.13
Downy Woodpecker 0 2 2 3.6 8.51
Great Crested Flycatcher 2 3 1 5.4 12.77
Eastern Wood Pewee 2 2 2 5.4 12.77
Blue Jay 0 1 1 1.8 4.26
Common Crow 1 0 0 0.9 2.13
Tufted Titmouse 0 1 1 1.8 4.26
White-breasted Nuthatch 2 1 0 2.7 6.38
House Wren 1 1 2 3.6 8.51
Red-eyed Vireo 1 2 2 4.5 10.64
Common Grackle 0 1 0 0.9 2.13
Cardinal 0 0 2 1.8 4.26
Indigo Bunting 0 1 0 0.9 2.13

Total 14 17 16 42.3 100.04

Abandoned
Railroad Right-of-Way

Mourning Dove 0 0 1 1.3 3.33
Eastern Kingbird 0 0 1 1.3 3.33
Black-capped Chickadee 1 0 2 4.0 10.00
Mockingbird 1 0 0 1.3 3.33
Brown Thrasher 0 0 1 1.3 3.33
American Robin 0 1 1 2.7 6.67
Western Meadowlark 1 0 0 1.3 3.33
Red-winged Blackbird 2 2 5 12.0 30.00
Orchard Oriole 0 0 1 1.3 3.33
Common Grackle 2 1 2 6.7 16.67
Brown-headed Cowbird 0 0 2 2.7 6.67
Lark Sparrow 1 0 0 1.3 3.33
Field Sparrow I 1 0 2.7 6.67

Total 9 5 16 39.9 99.99



Table 1-3 The number observed, number per hour, and relative frequencyof avifauna in two communities near Wolf Creek Generating
Station, Burlington, Kansas, 3-5 September 1980.

Number Observed
September Relative

Species 3 4 5 Number/Hour Frequency

North Floodplain Woods

Yellow-billed Cuckoo - - 1 1.0 1.54
Common Flicker - - 1 1.0 1.54
Red-bellied Woodpecker 3 3 - 5.7 8.77
Red-headed Woodpecker - - 2 1.9 2.92
Downy Woodpecker - 1 2 2.9 4.46
Great Crested Flycatcher 1 4 1 5.7 8.77
Eastern Wood Pewee 3 2 1 5.7 8.77
Blue Jay 3 1 2 5.7 8.77
Common Crow 2 - 5 6.7 10.31
Black-capped Chickadee 4 2 5 10.5 16.15
Tufted Titmouse - - 5 4.8 7.38
White-breasted Nuthatch 3 3 2 7.6 11.69
House Wren 2 - - 1.9 2.92
Red-eyed Vireo - - 1 1.0 1.54
American Goldfinch 1 1 1 2.9 4.46

Total 22 17 29 65.0 99.99

Abandoned
Railroad Right-of-Way

Killdeer - 1 - 1.2 2.87
Mourning Dove 2 3 2 8.1 19.38
Black-billed Cuckoo 1 - - 1.2 2.87
Common Flicker 1 - 1.2 2.87
Red-headed Woodpecker 1 - - 1.2 2.87
Barn Swallow 4 - 2 6.9 16.51
Blue Jay 1 1 2 4.6 11.00
Mockingbird 1 - - 1.2 2.87
Brown Thrasher 1 - 1 2.3 5.50
Eastern Meadowlark - I - 1.2 2.87
Orchard Oriole 1 - - 1.2 2.87
Brown-headed Cowbird 8 - 2 11.5 27.51

Total 21 6 9 41.8 .99.99



Table 1-4 The number observed, number per hour, and relative frequency
of avifauna in two communities near Wolf Creek Generating
Station, Burlington, Kansas, 21-23 January 1981.

Number Observed
January Relative

Species 21 22 23 Number/Hour Frequency

North Floodplain Woods

Common Flicker 2 1 1 3.2 8.70
Red-bellied Woodpecker 1 1 - 1.6 4.35
Red-headed Woodpecker 2 2 1 4.0 10.87
Downy Woodpecker 1 1 - 1.6 4.35
Blue Jay - 3 2 4.0 10.87
Common Crow - 2 1 2.4 6.52
Black-capped Chickadee 3 5 4 9.6 26.09
Tufted Titmouse 1 4 - 4.0 10.87
White-breasted Nuthatch 2 2 1 4.0 10.87
American Robin 1 - - 0.8 2.17
Cardinal - - 2 1.6 4.35

Total 13 21 12 36.8 100.01

Abandoned
Railroad Right-of-Way

Mourning Dove 6 - - 7.1 3.77
Common Flicker 1 - 1 2.4 1.27
Eastern Meadowl ark 10 1 - 12.9 6.85
Cardinal 1 - 6 8.2 4.35
Dark-eyed Junco - - 9 10.6 5.63
Tree Sparrow 21 30 39 105.9 56.24
Harris' Sparrow 2 2 19 27.1 14.39
White-crowned Sparrow 1 2 9 14.1 7.49

Total 42 35 83 188.3 99.99



0

Table 1-5 Avifauna observations along a 20-mile survey route near Wolf Creek
Generating Station, Burlington, Kansas, 5 May 1980.

Number of Birds Observed Per MileSpecies 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Total
Great Blue Heron - -

I-- ---Green Heron .- - -I ---Blue-winged Teal 10 - - -- - 10Cooper's Hawk ...- - -I---Red-tailed Hawk - - 1I......--
Bobwhite - 1 2 2 ----- 6Killdeer 2 1 1 1 2 - -- 9Rock Dove - - 2- - - - 2Mourning Dove 1 I0 - - 1 1 4 3 8 - 3 1 3 4 - 2 41Great Horned Owl - - -- -- -- -1 -- ------ - 1Chimney Swift - - -- - 2 -- -- 3Common Flicker - I - - 1- -- 5Red-bellied Woodpecker - - 3 1 2 2 1 1 2- - 12Red-headed Woodpecker----- - - - I 2 - 3Hairy Woodpecker . ...- ------ - --- 1 IEastern Kingbird - 2 1 - 2 1 --- - -- -1 7Western Kingbird------ - I ----------- - -I-Great Crested Flycatcher - - - - IEastern Phoebe--- - - - - -
Flycatcher sp. - - - ----- 1Hiorned Lark 1 3 2 -- i - ----- - 3 - - -- 3 - 13Barn Swallow-- - - 2 - 5 1 1 2 2 1 - - - 14Blue Jay 1 - - I - 2 1 1 - - 1 7Common Crow 1 1 - -1 -2--- 6Black-capped Chickadee 1 2- ---- 4Tufted Titmouse----1 - IIHouse Wren-- -- - - - I I - -- 4Mockingbird ... .----- 2 1 1 4Brown Thrasher - I - - - ] - - 1 5American Robin -- I- - - - - - 2 -- - 4Eastern Bluebird-- 2 - - 2Loggerhead Shrike------ - - - - IStarling 2 - 2 4 -1- - 3 1 13Red-eyed Vireo .....- - - - -Warbling Vireo, I1- -------



Table 1-5 (continued)

Number of Birds Observed Per Mile
Species 1 2 3 4 5 6 8 9 10 11 12 13 14 15 16 17 18 19 20 Total

Common Yellowthroat 3 - - I--I - ---- - I I - 1 I 1 10
House Sparrow I 1 1 8 21 2 5 1 30 1 5 5 1 1 - 20 103
Eastern Meadowlark 2 4 1 2 6 4 7 4 5 7 2 6 10 4 2 6 5 3 4 4 88
Red-winged Blackbird 12 8 It 9 6 55 20 7 16 1 1 13 4 1 8 7 3 4 4 4 194
Northern Oriole .. ...-------------- I - -- ---- - I
Common Grackle I - - - ---- 113 1 - - 8 1 - 7 I - 1 34
Brown-headed Cowbird 1 2 5 - 4 - 5 - 4 1 2 1 2 2 - I 1 1 32
Cardinal 2 1 2 2 5 2 5 1 6 4 1 2 - 2 1 1 - 2 39
Dickcissel 1 12 3 8 8 4 12 5 3 - 2 1 - I 1 - 2 2 65
American Goldfinch- -- - ------------ 33 - - 6 - ---------- 39
Grasshopper Sparrow---------- -- - I 1 - 2 1 1 6
Vesper Sparrow---------1-- -- - - - -- - - I
Field Sparrow---------- I - 2 - - 1 1 - I - 6
Harris' Sparrow I - 1 2 3 3 5 1 2 8 2 2 1 2 - 33
White-crowned Sparrow- -------- - - I ------- - -- -- --
Song Sparrow----------------------------- I - -- 1

Totals 34 42 30 29 41 75 66 76 49 74 21 80 31 25 35 34 22 16 20 41 841



Table '-6 Avifauna observations along a 20-mile survey route near
Generating Station, Burlington, Kansas, 6 May 1980.

Wolf Creek

Number of Birds Observed Per Mile
Species 1 2 3 4 5 6 1 8 9 I1 II 12 13 14 15 16 17 1B 19 20 Total

Double-crested Cormorant . ... ....----------- ------ IBlue-winged Teal 5 ... ....- 5Turkey Vulture -------- - 1Cooper's Hawk II- ----- -American Kestrel I . ....- IAmerican Coot . .-..-- - - 3 -- 3Killdeer 4- - - - 3 - 9Greater Yellowlegs I -- -. - - - - ---- 1Mourning Dove 4 3 1 1 - 1 4 1 6 - 3 2 1 2 1 1 31Chimney Swift-- ------- - - - - - - - 1Common Flicker 1 -- - - - - -I 1- -1 - 4Red-bellied Woodpecker I 1 - 1 - I -1 4Red-headed Woodpecker I - - - -- I -- 3Eastern Kingbird-- - - - - - 1 1 1 1 1 5Scissor-tailed Flycatcher - . .. - - - - - - - - I--
Great Crested Flycatcher - - -- -- - - 1 2Eastern Phoebe - I - .-. .. ILeast Flycatcher--- - - - - I1
Horned Lark - I - - - 3 - - -- 2 1 - 7Barn Swallow - 2 - 7 - 2 2 - 1 2 - I I 1 1 2 22Blue Jay 1 9 - I 1 - 2 1 - - 4 3 1 23Common Crow - -- 1 2 1 -- - 2--- -- - 1 - 3 11Black-capped Chickadee - - 1 - - --- -- ------ ---- ---- --
Tufted Titmouse - - - - - - 1 - - 3Hlouse Wren - - - 1 - - -- 3Mockingbird - - - - 1-- 3 1 1 1 8Brown Thrasher . ... ----- ---- ---- 1 3American Robin - - 1 1 1- -- 1 1 5Loggerhead Shrike ..- - - - - I
Starling- - - - - --- - - INashville Warbler .-. - - - - INorthern Waterthrush -- - -----



0 0

Table 1-6 (continued)

Number of Birds Observed Per Mile
Species 1 2 3 4 5 6 1 8 9 10 11 12 13 14 15 16 I1 18 19 20 Total

Commion Yellowthroat - I - - 1 - 1 -I -1- - 5
House Sparrow - 2 - - 2 20 15 - 5 30 5 7 7 10 - 5 1 109
Eastern Meadowlark I I - - 3 2 2 1 I - 1 5 - I - 3 3 3 3 30
Red-winged Blackbird 12 12 7 1 2 3 8 6 5 1 1 10 6 5 3 10 8 4 1 2 107
Northern Oriole - - - I ------ ---- --- - - - 1 1 - - 4
Common Grackle 2 - 2 - 5 - 6 1 - - 1 4 - 7 - 2 - 30
Brown-headed Cowbird 11 - 2 - 2 3 - 1 - 1 1 6 5 - 8 3 - 5 1 49
Cardinal I --- I l -- - - - -- - 1 1 2 1 - - - 9
Dickcissel 7 2 6 5 2 6 2 - 5 21--2 1-- - - - 1 39
Indigo Bunting - 2 - - 1- -- - --- - - - 3
American Goldfinch - I . ..-------- I ------ - 2 10 4 19
Lark Sparrow - 3 - -- ---- - - 1 1 4 1 - - I 1 - - 12
Field Sparrow------ ------- - 1 1 1 1- 5
Harris' Sparrow - - - - - - - 8 10 - 3 - - - - 23

Totals 44 41 17 15 33 16 54 28 15 21 31 66 33 26 24 42 31 23 26 23 609



Table 1-7 Avifauna observations along a 20-mile survey route near Wolf Creek
Generating Station, Burlington, Kansas, 17 June 19 8 0 a.

Number of Birds Observed Per MileSpecies I 2 3 4 5 6 1 8 9 10 11 12 13 14 15 16 I 18 19 20 Total
Great Blue Heron .-. . 1--------------- - --- 1Turkey Vulture .-. .. 1 1Red-tailed Hawk-- 2 ....------------ 2Bobwhite 1 5 2 3 3 - 1 2 4 1 1 - 2 - 3 2 - 30Killdeer - 2 -I-- - - ---- -1---- -- - - 1 5Upland Plover .--------------- - 1 2 2 - 5Rock Dove 3------------------- - - -.- 3Mourning Dove 1 2 6 10 1 - - 3 1 - 2 - 7 4 14 1 1 53Yellow-billed Cuckoo - - 1 - 2 - - 1 1 - I I 1 9Chimney Swift ..- --- - I---- - - ---- ICommon Flicker--- - - - - - - - 1Red-bellied Woodpecker---- --- - - - -I .-.. 2Red-headed Woodpecker - -1 1 I 1 1 -- -- - - 6Eastern Kingbird I - I1I - 1 - 2 1 1 - - 7Scissor-tailed Flycatcher-1 I - 1 - - 3Great Crested Flycatcher 1 - - -- 2 1 1 1----I- --- - - 6Eastern Wood Pewee - 1 1-- - I- ---- - - 3Horned Lark - -2 - - 1-- - - - 1 - - -1 5Barn Swallow 1- 2 - 1 - 4 - - 2 2 2 - 2 16Blue Jay 1 1 1 2 - 1 1 --------- - 9Common Crow -1 -- 1 2 - 2 - ----- 8Black-capped Chickadee 1 -- -- 2 4 - - - I - 9llouse Wren 1 I 1 - --------- - 4Mockingbird - 1 2 1 1 2 - 1 2 1 3 1 1 1 17Brown Thrasher -- I---- 1 1 1 - 2 - 6American Robin 1 -- 2 - 1 1 2 - 1 8Loggerhead Shrike - --- 3 -------- -- 4 - 7Starling---2-- ---- - - -- - 2Red-eyed Vireo-- - - 2- - ------ - - 2Warbling Vireo - l - -- - 2

a Wildlife survey route was performed using a different technique than In May.



Table 1-7 (continued)

Species 1 2 3 4
Number of Birds Ubserved Per Mile

5 6 1 8 9 10T Tf"12 13 14 15 16 11 18 19 20 Total
I 

2

Common Yellowthroat
House Sparrow
Eastern Meadowlark
Red-winged Blackbird
Northern Oriole
Common Grackle
Brown-headed Cowbird
Cardinal
Indigo Bunting
Dickcissel
American Goldfinch
Grasshopper Sparrow
Lark Sparrow
Field Sparrow

2

1
2

1 -

6 11
1 -

4 -

-11 -

12 6

15 -
8 .3

5 5 9

1 -2

1 1
1 2
-2-

4 2
- 2

5 15
8 -
7 4
-2

1 7
- 1
-1I
- I
5 3

1

5

1

1

3
5

2
2
1

2

1

10

I

3

3

15
8
7

2
1 2

10 - 20
3 3 2
4 12 2

4 5
1 3

- 4
-- 1

I - -

I - -
5 - 5
6 2 3
5 6 4
2 -

2 1 2
4 1

- 1 1
-1-

-- 1
--

1
102

54
103

9
29
20
17
9

50
13

1
I

4

-- 1 - -
2 2 1 1 1 1
-- 7 2

--- 1 - -
1

I

Totals 14 27 23 29 54 32 31 43 27 24 23 45 41 15 33 39 46 51 23 26 646



Table 1-8 Avifauna observations along a 20-mile survey route near Wolf Creek
Generating Station, Burlington, Kansas, 18 June 19g80 a.

Number of Birds Observed Per Mile
Species 1 2 3 4 5 6 1 8 9 10 1 12 13 14 15 16 17 18 19 20 Total

Great Blue lleron 1-I--- - - 1 -- --- - --- - - - 3
Red-tailed Hlawk - - I - 2 . ..------ - ---- - 3
Bobwhite - 3 4 2 4 - 3 2 - 1 2 1 1 2 1 2 - 28
Killdeer I I I I 1 1 - - - 7
Upland Plover - - - -- l 1 -- 3
Rock Dove-- - - - - - - - 1
Mourning Dove 4 6 12 19 11 4 4 - 2 - 1 3 4 6 4 2 - 82
Yellow-billed Cuckoo - I I I - 2 - I - I - 2 1 - 12
Chimney Swift 1- - ---- - I-- - - I
Belted Kingfisher---------- - -- -- I
Common Flicker - I - - - --- 1 I -1 -- 1 5
Red-headed Woodpecker - - 2 - 1 2 3 1 1 -- 11
Downy Woodpecker------ - - I - - - -
Eastern Kingbird I - I- --- - - I - - 2 - - 2 8
Scissor-tailed Flycatcher- - ------ -- --- 1 - - 1 - 2
Great Crested Flycatcher- ----- I - I- ---- - 2
Eastern Phoebe-- ----- - - - Ii------1
Eastern Wood Pewee - - - I - I 1 - 1 I -I 6
Flycatcher sp.----- - - - - - 1-1
Horned Lark I - 2 3 - - - 1 2 - - - - 2 12
Barn Swallow -- - I - 3 1 3 - 2 7 3 1 2 1- 2 27
Cliff Swallow - 2 ....------------- 2
Blue Jay---- ------------------------ - I 3
Common Crow 1- - -- 2 -1 1- - - 5
Black-capped Chickadee 1 2- - -- - - I - I I I - 7
Tufted Titmouse - - - 1 1 --I - - 4
Hlouse Wren - - 3 4 1 2 - I - 12
Mockingbird - - I - 2 - - 2 4 4 1 - 15
Brown Thrasher - - - 1- ----- --- - i 1-- -- - 3
American Robin - -1 - 5 - 2 ------ - -- - 2 3 - ---- 14
Loggerhead Shrike - - 4- - - - 4- I 3 - - 2 15
Starling - ------------ 3 - 4-- 7
Red-eyed Vireo --- --- - --- - - I
Warbling Vireo 1 -.. ..----- 2

a Wildlife survey route was performed using a different technique than in May.



0

Table 1-8 (continued)

Number of Birds Observed Per Mile
Species I 2 3 4 5 6 7 8 9 10 1I 12 13 14 15 16 17 18 19'20 Total

Comnon Yellowthroat I .-.. - -------------------------------- -
Hlouse Sparrow - - - -32 - 50 20 3 10 - 30 30 15 -20 -10 - 40 260
Eastern Meadowlark 2 2 - 2 1 1 3 - 2 1 2 - 6 2 1 2 2 2 2 2 35
Red-winged Blackbird 7 11 6 9 7 6 14 - 7 7 10 - 2 6 3 8 3 - 18 - 124
Northern Oriole I - - I - I 1 1 - - - 2- ---- - I - 8
Conmon Grackle I - - - 1 - 1 1 7 - 26 18 - I 1 1 3 21 5 87
Brown-headed Cowbird 1 4 2 3 - 5 - - 3 - 3 4 4 5 1 - 1 1 37
Cardinal 2 3 - 2 1 2 2 1 1 4 - 1 - -- I - 21
Indigo Bunting I I 2 1 - - 3 - 2 3 1 - 1 1 - - I 17
Dickcissel 1 8 4 6 11 - 11 3 3 3 2 1 1 2 1 I - 2 60
American Goldfinch------ - -- ---- - 2 2 - - 1 - 6
Grasshopper Sparrow------------- - - - -- --------
Lark Sparrow - - -2 - 1 1 -- i-------- - --- - --- - 6
Field Sparrow - - - I - I - - - 2 - 1 - - I----------6

Totals 25 42 28 61 86 35 94 40 42 54 32 81 79 30 31 49 28 32 52 55 976



Table 1-9 Avifauna observations along a 20-mile survey route near Wolf Creek Generating Station,
Burlington, Kansas, 3 September 1980.

Numher of Birds Observed Per MileSpecies 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Total

Duck sp.
Turkey Vulture
Black Vulture
Red-tailed Hawk
Marsh Hawk
Hawk sp.
American Kestrel
Killdeer
Upland Sandpiper
Sandpiper sp.
Rock Dove
Mourning Dove
Black-billed Cuckoo
Chimney Swift
Common Flicker
Red-bellied Woodpecker
Red-headed Woodpecker
Hairy Woodpecker
Downy Woodpecker
Eastern Kingbird
Scissor-tailed Flycatcher
Eastern Phoebe
Rough-winged Swallow
Barn Swallow
Cliff Swallow
Blue Jay
Common Crow
Black-capped Chickadee
Mockingbird
Brown Thrasher
Starling
House Sparrow
Eastern Meadowlark
Red-winged Blackbird
Orchard Oriole
Northern Oriole
Brown-headed Cowbird
Cardinal
Indigo Bunting
American Goldfinch
Sparrow sp.

12 -
3 2

1 - - -

- 105

2 -

- 2

150

-- 3

1 129 0 157

5
1

12

2

2

5

I
10

- 1
1 3
- 1

- 1

1 3

2

1 -

2

1 -

6 -

- 1

30

4
1 -

1
6

3

4

9

13
13
25

1

4
1
2

6
3
4

107
26
4

2
9
1
2
7

31
3

32
3
S

154
2
1
4
1

Total 32 19 39 7 10 6 4 16 44 1 2 16 11 8 1 4 507



Table I-10 Avifauna observations along a 20-mile survey route near Wolf Creek Generating Station,
Burlington, Kansas, 4 September 1980.

Number of Birds Observed Per Mile
Species v • .1 2 3 4 5 b 8 9 10 U 1i 12 123 14 15 16 I 18 19 2U Total

Red-tailed Hawk
Swainson's Hawk
Marsh Hawk
American Kestrel
Killdeer
Upland Sandpiper
Rock Dove
Mourning Dove
Yellow-billed Cuckoo
Common Nighthawk
Common Flicker
Red-headed Woodpecker
Hairy Woodpecker
Downy Woodpecker
Woodpecker sp.
Eastern Kingbird
Scissor-tailed Flycatcher
Great Crested Flycatcher
Eastern Phoebe
Eastern Wood Pewee
Rough-winged Swallow
Barn Swallow
Blue Jay
Common Crow
Black-capped Chickadee
Mockingbird
Gray Catbird
Brown Thrasher
Loggerhead Shrike
Starling
Bell's Vireo
Red-eyed Vireo
Wilson's Warbler
Warbler sp.
House Sparrow
Eastern Meadowlark
Red-winged Blackbird
Northern I•riole
Brewer's Blackbird
Common Grackle
Brown-headed Cowbird
Cardinal
Dickcissel
American Goldfinch
Lark Sparrow
Sparrow sp.

Total

1 - -

3
- 1 -

14 4 57

7 200 2

1 -

- - 11

5 -

- 3
- 250

1

-- 3

27 5
- 2
1 -

4

2

- 2

1 1
5
3

10

.100

12
21

3

6

5

2

50
5

30

14

2
1

2

2

4

5

16
3

1
3

2

2 - 2

- -

2 4 2

- 3
3

- 1
4

15
- 27

- 1
- 150
- 2
- 1
- 6
- 14
- l

- 3
- 1

10
- 1

3
2

209
25

7
8

1 22
3

- 1
2

- 30
- 1
- 1
- 1
- 2
- 135
- 920

7
250
400

87
7
1
2
4
1

1 31 205 327 52 419 135 23 2 23 55 7 32 26 25 2 102 9 8 1 1485



Table I-1l Avifauna observations along a 20-mile survey route near Wolf Creek Generating Station, Burlington,
Kansas, 22 January 1981.

Number of Birds Observed Per Mile
Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Total

Red-tailed Hawk
Bald Eagle - 1
Marsh Hawk - -
American Kestrel 1 -
Rock Dove - -
Common Flicker - -
Red-bellied Woodpecker - -
Red-headed Woodpecker - -
Downy Woodpecker - 1
Horned Lark - 3
Blue Jay - -
Common Crow - 1
Black-capped Chickadee 2 -
Tufted Titmouse - -

Mockingbird - -

American Robin - -

Loggerhead Shrike - -

Starling - -

House Sparrow - -

Eastern Meadowlark - -

Red-winged Blackbird - 138
Cardinal - 1
American Goldfinch - 1
Dark-eyed Junco - -
Tree Sparrow - -
Harris' Sparrow - -
White-crowned Sparrow - -
Sparrow sp. - -

1 - 1 -

-- 3

- 1 - 35

-- 5 4

-1 1

1 1 -

- 1 -

5- -

- - 10

- 9 300

- - 12

7 20 327

1

3
2

30
3
3

12
1

1

3
5

35
7

50

- 1

- 1
-6
- 1

-3

1 3
1 10

- 1

-7
- 20
- 10
6-
1 -

- 10
- 1

6 3 - -

20 - - 50

- 1 - 2

- 21 - 5
- 10 6 -0 - - 20

- - 15 5

1 -

- 1

3 2
-8
1 -

- 15

8

1

4
10
3
1
3
9

75
3

26
26
1
1
1
1

28
100
43

496
13
13
75
16
45
31
20

-9
- 5
- 15

- 30

Total s 3 146 1 1 69 39 157 9 74 28 36 22 83 2 0 4 26 1054



Table 1-12 Avifauna observations along a 20-mile survey route near Wolf Creek Generating Station,
Burlington, Kansas, 23 January 1981.

Number of Birds Observed Per Mile
Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Total

Red-tailed Hawk
Rough-legged Hawk -

American Kestrel
Rock Dove
Mourning Dove
Great Horned Owl 1
Belted Kingfisher 1
Common Flicker
Red-bellied Woodpecker -
Downy Woodpecker
Horned Lark
Blue Jay
Common Crow
Black-capped Chickadee -
White-breasted Nuthatch -
Mocki ngbi rd
American Robin
Eastern Bluebird -

Loggerhead Shrike -

Starl i ng
House Sparrow 1
Eastern Meadowlark -

Red-winged Blackbird -
Cardinal 3
American Goldfinch -

Dark-eyed Junco 2
Tree Sparrow 5
Harris' Sparrow 3
White-crowned Sparrow -

1

40

2-

31-1 - -

31 - -

- - 10

- 55 -

3--
5--

3--

1

3

2
15 1

- - 1

- 1 -

1 - -

1 3 15 4

1 - -

1 1 1

- - 1

23 15 4 -

2 - -

8 - -

- - 1
3 - 10
O - 35
- 2 50

8 - -

0 - 15
2 - 25
- 2 10

1 - -

1 - l

3-
-1 -l

-6-

- 3 25
- 10 30
- 7 7

25 - -
1 - 1

30 - -

- 15 -
50 - 25
15 - -

127 33 90

1
1

1

- 1

-2

1 -

4-
- 5
- 1

- 1

5 20

-2

7
2
2
1

2
1
5
3
5
6
6

54
19
2
1

48
6
3

63
116
67

400
18
60
20
47

118
27

1100

- 20 300
- 1 -

- - -1l

- - - l

Totals 16 7 2 41 22 95 13 2 31 321 83 15 151 4 2 11 34
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3. PHYTOPLANKTON

3.1 FIELD AND ANALYTICAL METHODS

Duplicate water samples for phytoplankton analyses were collected in April,
June, October, and December at Locations 1, 4, and 10 in the Neosho River and
at Locations 2 and 6 in the cooling lake for Wolf Creek Generating Station
(WCGS). The locations in the cooling lake were also sampled for phytoplankton
in February and August. Subsamples were stored in prelabeled, 8-oz bottles
containing five milliliters of M" preservative (Meyer 1971) for later algae
identification, enumeration, and biovolume determination. Carbon fixation
rate and chlorophyll a concentration were assessed from unpreserved portions
of the samples and were used as indices of primary productivity.

The inverted microscope method (Lund et al. 1958; Weber 1973) was used to
determine phytoplankton species composition and abundance. Identification and
enumeration of phytoplankton were performed under oil immersion at 1 ,O00X
magnification. Approximately 400 reporting units per duplicate sample were
identified to the lowest positive taxa and quantitatively reported using
various reporting units:

Algal form Reporting Units lunits/ml)

Diatoms Each frustule
Unicellular Each cell
Colonial 4 cells (50 cells for some

blue-green algae)
Filamentous 100-un lengths

Taxonomic keys used as identification aids included Hustedt (1930),
Huber-Pestalozzi (1941, 1961, 1968), Smith (1950), Cleve-Euler (1951), Tiffany
and Britton (1952), Drouet and Daily (1956), Edmondson (1959), Prescott (1962,
1964), Patrick and Reimer (1966, 1975), Drouet (1968), Stoermer and Yang
(1969), Taft and Taft (1971), and Whitford and Schumacher (1973). Additional
references were consulted as needed for specific taxa.

Density data were used to calculate diversity and evenness (Shannon 1948 using
natural logarithms; Pielou 1966; Zar 1968) at each location on each sampling
date. Biovolume determinations were made following the procedures described by
Cowell (1960) and Hohn (1969). Cell volumes were calculated using the
geometrical configuration that best suited each taxon and expressed as
microliters per liter (,I/liter).

The rate of carbon fixation was estimated with the light bottle/dark bottle
C-14 method (Wetzel 1964; Parkos et al. 1969; Strickland and Parsons 1972).
Six 50-mi light bottle subsamples (three per duplicate water sample) and one
50-ml dark bottle subsample per location were inoculated with 4-6 microcuries
of aqueous C-14 bicarbonate solution. Dark bottle subsamples were wrapped in
aluminum foil to exclude light, and all subsamples were incubated for 3 hours
at a constant temperature (near ambient) and light intensity in an
environmental chamber. Subsamples were filtered onto membrane filters
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(0.45-iun pore size), which then were air-dried under dark conditions. Upon
return to the laboratory, the filters were dried further in a desiccator,
fumed with concentrated HCI for 10 minutes (Wetzel 1965), and placed in low

6l potassium scintillation vials. After 17 milliliters of scintillation fluid
; were added to each vial, C-14 activity was measured with a refrigerated liquid a

scintillation counter. Primary productivity was expressed as carbon fixed per
cubic meter of water per hour (mg C/m /hr) at each location.

Six 50-ml subsamples per location (three per duplicate water sample) were
filtered through a thin layer of MgCO on glass-fiber filters for chlorophyll
a analysis. Filters were placed in cantrifuge tubes and stored on ice under
dark conditions, until further processing. The filters later were eluted in
10 milliliters of 90 percent aqueous acetone for 24 hours at 4 C under dark
conditions, then subjected to ultrasonic disruption. After samples were
clarified by centrifugation, their fluorescence was determined before and
after the addition of IN HC1 (Lorenzen 1966). Standard equations (Strickland
and Parsons 1972; APHA 1976) were used to calculate chlorophyll a
concentrations. These concentrations, corrected for phaeopigmenes, were
reported per cubic meter of water (mg Chl g/m ) at each location.

3.2 RESULTS AND DISCUSSION

Phytoplankton collected in the Neosho River and WCGS cooling lake during 1981 4
consisted of 149 taxa representing 73 genera and 7 algal divisions (Table
3-1). More taxa were observed in the cooling lake than in the river, probably
because two additional collections were made in the cooling lake and because
river populations were pumped to the cooling lake (near Location 2) as the
lake was filled. Of the 149 taxa identified, most (81) were common to both
the river and cooling lake. The Chlorophyta (green algae), Bacillariophyta 4
(diatoms), and Cyanophyta (blue-green algae) were well represented in
phytoplankton collections (51, 38, and 25 taxa, respectively). The total
number of taxa observed in the river was very similar in 1980 and 1981 (100
vs. 103). Density and biovolume for each taxon are presented by sampling date
and location in Appendix B, along with summaries of phytoplankton data for the
Neosho River from 1973 through 1980.

Phytoplankton standing crops, as estimated by total density, total biovolume,
and chlorophyll a concentrations, were generally similar in the Neosbo River
and cooling lake-(Table 3-2). An exception occurred In April when standing
crops were much higher in the river than in the cooling lake. Phytoplankton
productivity as estimated by carbon fixation rates exhibited spatial patterns
similar to those observed for standing crop. Differences between the river
and cooling lake diversity indices were generally less pronounced than those
for standing crop (Table 3-3).

3.2.1 Neosho River

During 1981, total phytoplankton densities In the Neosho River ranged from
3,244 to 73,714/ml; total biovolumes ranged from 0.76 to 8.78 pl/I (Table
3-2). Values for both standing crop parameters were within the respective
ranges observed for the river during previous studies (Tables B-1 and B-2),
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qi TABLE 3-1 ALGAE IDENTIFIED IN PHYTOPLANKTON SAMPLES FROM THE NEOSHO RIVER
AND THE COOLING LAKE OF WOLF CREEK GENERATING STATION, BURLINGTON,
KANSAS, 1981

Neosho Cooling
Taxa River Lake

BACILLARIOPHYTA (Diatoms)
Central es

Cyclotella atomus Hustedt X X
Cclotell a men gqiniana Kuetzing X X
C cl otel I a stel I era (Cl eve and -Grunow ex Cleve)

VanHeurck - X
Melosira ambigua (Grunow) 0. Mueller X X
Melosira distans {Ehrenberg) Kuetzlng K K
MeTlosira 9ranulata (Enrenberg) Ralfs. X X
MeloTsira varFans C.A. Agardh X -
Sk-eetonema potamos (Weber) Hasle - X
Stephanodiscus astraea (Ehrenberg) Grunow X X
Stephanodiscus hantzschii Grunow X X
StePhanodiscus invisitatus Hohn and Hellerman X X
Stephanodscus nagarae Ehrenberg X X
Stehanod scus spp. - X
Small unidentified centrics X X

Pennales
Achnanthes minutissima Kuetztng - X
Cocconeis placentula Ehrenberg x -
Frag1larla ca&pucna DesMazleres - X
Fragilaria construens (Ehrenberg) Grunow - X
Frail1arla vaucherlae (Kuetztng) Petersen - X
Gomphonema parvulun (Kuetzing) Kuetzing - X
Navicula capitata Ehrenberg X -
Navicula cryptocephala Kuetzing x X
Navicula rhynchocephala Kuetzing K
Navicula spp. X X
Nitzschia acicularis (Kuetzlng) W. Smith X X
Nitzschia captellata Hustedt X -
Nltzschia ,disspata (Kuetzlng) Grunow X X
Nitzschia fonticola Grunow X X
Nitzschla frustulum (Kuetzlng) Grunow X -
Nitzschia lonjgssima (Brebisson) Ralfs X X
Nltzschia palea (Kuetzing) W. Smith X X
Nltzschia subcapitellata Hustedt X X
Nitzschia trblionella Hantzsch X X
Nitzschia spp. X X
Rhoicosphenla curvata X X
Snedra rumen X X
Svnedra ulna K -
Synedra spp. - X
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TABLE 3-1 (CONT.)
,9

Neosho Cool ing
0 Taxa River Lake

CHLOROPHYTA (Green Algae)
Actinastrum hantzschll Lagerheim XK X
Ankistrodesmus convolutus Corda - X
Ankistrodesmus falcatus (Corda) Ralfs X X
Carterla cordiformls (Carter) Deising X X
Carteria spp. - K 4
Ch am domonas spp, X X
Chlorogonium elongatum Dangeard X -
Chlorogonium spp. X
Clostertopsis longissima Lemmermann X X
Coelastrin microporun Naegeli ex A. Braun K X
Cosmarlimn spp. X X
Crucigenia Quadrata Morren X. X
Crucigenla tetrapedia (Kirchner) West and G.S. West X X
Dtctyosphaertum ehrenbej anun Naegeli X X
Dctyos phaertum u hel]wnWod X X
Elakatothrix el at nosa Wille X K
Gloeocystts gas (Kuetzing) Lagerheim X X 4
Golenkiniara-ata (Chodat) Wille x x
Kirchneriella subsolitaria G.S. West X x
Lajgerhelma quadriseta (Lemermann) G.M. Smith X X
Mi cract Inum pusi 1 um Fresenius X K
Nephrocyttum agardhianun Naegeli - K
Oocysts og Snow X I
Oocst s9 oeocystiformis Borge K X
Oocystls pusilla Hansgirg X X
Pandorina morum (Mueller) Bory - X
Pediastrum" boaanum (Turpin) Meneghini K -
Pediastrum duplex Meyen X K
Pediastrum tetras (Ehrenberg) Ralfs X -
Quadrigula lacustris (chodat) G.M. Smith X -
Scenedesmus abundans (Kirschner) Chodat X X
Scenedesmus acnnlnatus (Lagerheim) Chodat -

Scenedesmus arcuatus Lemermann - X
Scenedesmus ijuqa (Turpin) Lagerhaitm X X
Scenedesmus dimorphus (Turpin) Kuetzing X X
Scenedesmus ]j7 Meyen - X
Scenedesmus quaudricauda (Turpin) Brebisson X X
Scenedesmus spp. K -
Schroederia setigera (Schroeder) Lemuemann X X
Selenastrum gfacile Reinsch - X
Selenastrum minutwm (Naegeli) Collins X X
Selenastrun westil G.M. Smith - X
Sphaerocystis schroeteri Chodat - X
Staurastrum spp. X X
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-2 TABLE 3-1 (CONT.)

0) Neosho Cooling
0 Taxa River Lake

Tetraedron A. Braun) Hansgirg -

Tetraedron mntmum (A. Braun) Hansgirg X X
Tetraedron regulare Kuetzlng x
Tetrastrun staurogeniaefonme (Schroeder) Lemmemann - X
Treubarla setigerum (Archer) G.M. Smith - X
Trochiscia zacharnastt Lemmermann X
Unidentified coccoid greens K x

CHRYSOPHYTA (Yellow-green Algae)
Arachnochloris minor Pascher x X
Chromulina spp. x x
Chrsochromultna spp. X X
CZhrsococcus punctifornns Pascher X X
Chry sococcus spp. - X
Dinobryon bavaricum Imhof - x
Di nobryon sertularia Ehrenbeg - X
Mallomonas akrokomas Ruttner - X
Mallomonas spp. - X
Ochnromonas spp. - X
Oph.octium capitatum Wolle X X
Pseudokepr on spp. X
Unidentifited crysophyte X X

CRYPTOPHYTA (Cryptomonads)
Chroomonas spp. - X
Crptomonas spp. X X
Rhodomonas minuta Skuja X K

CYANOPHYTA (Blue-green Algae)
Anabaena spp. - X
A hanoca sa delicatissima West and West x X
Aphanocapsa elachista West and West X x
Aphanocapsa spp-" X x
A hanothece nidulans P. Richter X x
Aphanothece spp. - X
Chroococcus dtspersus (Keissler) Lemmenmann X X
Chroococcus minor Kuetzing) Naegeli X XChroococcus prescottli Drouet and Daily ex Drouet - X
Chroococcus spp. - X
Coelosphaerium kuetzingianum Naegeli X X
Coelosphaerium pallidum Lenermann X X
'aoeocapsa punctata Naegeli - X
Gloeocapsa spp. x -
Gloeothece linearis Naegeli - X
G6loeothece ELea (Kuetzing) Rabenhorst K X
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TABLE 3-1 (CON4T.)

Taxa

Gomphosphaeria lacustris Chodat
Lyngbya diguetil Gomont ex Harlot
Lyngbya taviorli Drouet and Stuckland
Lynqbya spp.
Marssoniella elegans Lenmemann
Merismoveda tenuissima Lemenmann
Microcystls incerta Lemmermann
Unidentified blue-green coccoids
Unidentified blue-green filaments

EUGLENOPHYTA (Euglenolds)
Eulj deses Ehrenberg.
EgI~i gracTilis Klebs
Euqlena minuta Prescott
Euglena proxima Dangeard
E ena T-tris (DuJardin) Klebs
Lepocinclis acuta Prescott ex Prescott,
Phacus acuminatus Stokes
Phacus caudatus Huebner
Phacus spp.
Trachelomonas hispIda (Perty) Stein
Trachelomonas robusta Swirenko
Trachel omonas schaulnsl andi i Lenuuenmann
Trachelomonas volvocina Ehrenberg
Trachelomonas spp.

Neosho
River

X
X
X
X
X
x
X
x

Cooling
Lake

x

x
x
x

Silva, and Wade

x
x

K
K

K
K

K
x

K
K

x

x
x
K

x
K

x
K
x

K
K
K

d

.4

PYRRHOPHYTA (Dinofi age1 ates)
Cerattum hirundinella (O.F. Mueller) DuJardin
Glenodiniwn spp.
Gymnodinium spp.
Peridini um spp.

Unidentified Microflagel lates X

Total Taxa 103 127
149

I
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9i TABLE 3-2 STANDING CROP AND PRODUCTIVITY OF PHYTOPLANKTON IN THE NEOSHO
RIVER AND THE COOLING LAKE OF WOLF CREEK GENERATING STATION,
BURLINGTON, KANSAS, 1981

•) ~Samplitng Locations

Neosho River Cooling Lake
Parameter/Sampling Date 1 10 4 26

Total Density (units/mi) (a)24 FEB 81 - -627

28 APR 81 37,322 67,182 73,714 20,t35 3,170
23 JUN 81 5,394 4,579 3,244 8,506 6,895
25 AUG 81 - - - 22,356 25,133
20 OCT 81 12,706 9,873 10,645 18,887 16,073
15 DEC 81 7,469 6,625 9,792 30,908 13,997

Total Btovolume (ul/liter)
24 FEB 81 - - - 3.53 1.78
28 APR 81 4.91 8.78 7.79 2.60 0.85
23 JUN 81 1.36 1.29 0.76 2.14 0.52
25 AUG 81 - - - 2.22 0.99
20 OCT 81 3.68 2.73 2.85 1.85 1.93
15 DEC 81 2.74 2.42 4.42 5.26 2.64

Chlorophyll a Con~entration
i(m9 ChO a/m")

24 FEB 81 - - - 25.49 10.20
28 APR 81 30.57 44.28 33.74 11.50. 4.92
23 JUN 81 9.28 10.20 10.85 10.33 2.73
25 AUG 81 - - - 11.50 6.01
20 OCT 81 13.71 18.33 21.52 14.45 16.99,
15 DEC 81 17.28 14.30 15.87 16.50 11.15

Carbon FixaJion Rate
(mc C/m /hr)

24 FEB 81 ... 115.76 40.20
28 APR 81 18.39 30.42 22.39 4.07 2.83
23 JUN 81 22.58 21.64 23.15 24.50 5.18
25 AUG 81 - - - 2.80 2.39
20 OCT 81 13.81 14.34 13.80 14.76 7.05
15 DEC 81 48.90 40.09 43.35 32.33 23.87

(a) Sampling in the Neosho River was not scheduled for February and August.
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TABLE 3-3 DIVERSITY INDICES FOR PHYTOPLANKTON IN THE NEOSHO RIVER AND THE

COOLING LAKE OF WOLF CREEK GENERATING STATION, BURLINGTON,
KANSAS., 1981

Index (a)/sampl i Date
Species Diversity (b)

24 FEB 8i1

28 APR 81
23 JUN 81
25 AUG 81
20 OCT 81
15 DEC 81

Evenness Value(d)
24 FEB 81
28 APR 81
23 JUN 81
25 AUG 81
20 OCT 81
15 DEC 81

Sampling Locations
Neosho River Cooling Lake

1 ~~10426 4

-(c)

2.90
3.10

2.70
2.59

0.77
0.79

0.72
0.76

2.93
3.12

2.84
2.49

0.78
0.81

0.76
0.75

42
46

41
28

2.78
3.,02

2.86
2.31

0.75
0.81

0.77
0.69

2.46
2.77
3.08
2.48
2.91
1.98

0.f%6
0.67
0.80
0.165
0.79
0.160

2.07
1.42
2.43
2.15
2.87
2.46

0.60
0.44
0.70
0.58
0.73
0.73

I

4

I
Number of Taxa

24 FEB 81
28 APR 81
23 JUN 81
25 AUG 81
20 OCT 81
15 DEC 81

44
51

43
30

40
41

40
29

42
ra3
46
44
40
28

31
25
32
40
50
39

4

(a) Combined results of duplicate analyse
(b) Based on Shannon (1948) using natural

jcj Sampling in the Neosho River was notZar (1968).

logarithms.
scheduled for february and August. 4

I
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even though the method of analysis was changed from modified Lackey
microtransects (Lackey 1938; Mackenthun 1969) to the inverted microscope
beginning in 1980. Densities and blovolumes in 1981 were generally similar at
upstream (1) and downstream locations (4 and 10) except in April when
downstream values were approximately twice those observed upstream. Most of

E' the spatial and temporal differences In phytoplankton appeared related to the
flow regime in the Neosho River. Highest values and greatest spatial
differences occurred in April when flows were lowest; reduced values and
spatial differences in remaining collections corresponded to flows greater
than 1,000 cfs (Table 2-2).

No single algal group numerically dominated the river phytoplankton in 1981
although diatoms (primarily centrics) always composed at least 30 percent of
total numbers (Table 3-4). Green algae, cryptomonads, and blue-green algae
composed at least 20 percent of total density at various times during the
year, and these groups were considered seasonal codominants with diatoms.
Green and blue-green algae codominated (with diatoms) in April and June,
blue-green algae codominated in October, and cryptomonads codominated in
December. Biovolumes were more clearly dominated by diatoms, but green and
blue-green algae were relatively important in April, as were cryptomonads in
June and December. Yellow-green algae, euglenoids, and dinoflagellates were
minor components of the river phytoplankton, both in terms of density and
biovol ume.

Twenty phytoplankton taxa were considered important in the river because they
composed at least 5 percent of total density or blovolume during 1981 (Table
3-5). Important centric diatoms included species of Cyclotella, Melosira, and
Stephanodiscus, as well as .small forms (<5-um diameter) that could not be
positively identified by the analytical technique employed. Previous studies
have attributed importance of centric diatoms in this portion of the Neosho
River to water releases from John Redmond Reservoir because large populations
of these diatoms are generally characteristic of lentic (lake) habitats
(Repsys 1979a; Bockelman 1980a). Downstream declines in the abundance of
several taxa have often provided additional evidence of their origin in the
reservoir. However, of the five centric taxa important on 28 April 1981, only
Stephanodiscus astraea declined in abundance at the downstream locations. The
otherentris7 exhibited dramatic increases at Locations 4 and 10 that seemed
to indicate they either originated in the river (e.g., Stphanodiscus
hantzschii) or were well adapted to the lotic (flowing) habitat of the Neosho
River (e.g., Cyclotella atomus, C. meneghiniana and small unidentified
centrics). The low flow conditions in April may have contributed to
population increases of some taxa by creating more lentic (pool) habitats
within the river.

Many important nondiatoms also exhibited downstream increases in April. These
taxa included Chlamydomonas spp. (Chlorophyta), Chrysochromulina spp.
(Chrysophyta), Cryptomonas spp. and Rhodomonas minuta (both Cryptophyta), and
Chroococcus dlspersus (Cyanophyta). The larger downstream populations of the
relatively fragi I efagelIates Chlaamydomonas, Chrysochromulina, and Rhodomonas
provided additional evidence that quiet, pool-like areas existed near
Locations 4 and 10 in April because these taxa typically exhibited downstream
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TABLE 3-4 MEAN DENSITY AND BIOVOLUME OF MAJOR ALGAL GROUPS IN PHYTOPLANKTON OF THE NEOSHO RIVER NEAR WOLF
CREEK GENERATING STATION, BURLINGTON, KANSAS, 1981

Density at Sampling Locations Bovolume at Samplino Locations
1 10 4 - 10 4

Date _ Taxa units/mi I_. uni l S-u-- -nlsml _1 . 7 _er I _HI11ter % U111.ter I

28 APR Bacillarlophyta 14,307 38.34 30,069 44.76 31,174 42.29 2.42 49.32 3.78 43.03 3.93 50.44
(Centrales) (13,3191 (35.691 (29,0221 (43.20)(30,767) (41.74) j 2.281 (46.48) ( 3.62) (41.24) 9 3.87) (49.63)
(Pennales) 1 989) (2.65) (1,047) (1.56) ( 407) (0.55) 0.14) ( 2.84) 0.16) (.79) 0.06) 0.80)
Chlorophyta 11,472 30.74 17,463 25.99 14,787 20.06 1.28 26.08 1.71 19.49 1.54 19.81
Chrysophyta 1.047 2.81 2,792 4.16 4,420 6.00 0.06 1.22 0.14 1.59 0.24 3.14
Cryptophyta 1.047 2.81 4,188 6.23 4,188 5.68 0.37 7.57 2.25 25.69 1.58 20.24
Cyanophyta 9,274 24.85 12,381 18.43 19,145 25.97 0.50 10.18 0.28 3.18 0.50 6.37
Euglenophyta 174 0.47 291 0.43 0 0.00 0.28 5.63 0.62 7.02 0.00 0.00
Pyrrhophyta 0 0.00 0 0.00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00

23 JUN BaclllartoeVta 1,774 32.89 1,910 41.70 989 30.48 0.74 54.68 0.67 52.82 0.49 64.49
(Centrales) 1,5901 (29.47) 1,658) (36.20) (8821 127.191 0.70) (51.621 (0.591 (46.49) 0.461 161.39)
(Pennales) 184) (3.41) ( 252) (5.50) 107 (3.29) 0.04) (3.06) 0.08) (6.33) 0.02) (3.10)
Chlorophyta 1,328 24.62 964 21.06 960 29.58 0.19 14.12 0.18 14.35 0.11 14.31
Chrysophyta 58 1.08 39 0.85 48 1.49 (0.01 0.36 (0.01 0.28 (0.01 0.59
Cryptophyta 795 14.74 553 12.07 388 11.95 0.27 20.02 0.28 22.02 0.14 19.04

-' Cyanophyta 1,400 25.96 1,075 23.48 860 26.49 0.03 2.39 0.02 1.69 0.01 1.58
0 Euglenohyta 29 0.54 39 0.85 0 0.00 0.07 4.96 0.11 8.84 0.00 0.00

Pyrrhophyta 10 0.18 0 0.00 0 0.00 0.05 3.47 0.00 0.00 0.00 0.00

20 OCT Bac1llariopta 4.829 38.01 3,513 35.58 3;795 36.65 3.24 87.93 2.27 83.11 2.40 84.15
(Centrales) 4,524) (35.601 1 3,149) (31.89) j 3,5011 (32.89) ( 3.20) (86.88) j 2.19) (79.961 j 2.33) (81.621
(Pennales) ( 305) (2.40) 364) (3.69) 294) (2.76) 0.04) (1.05) 0.09) (3.16) (0.07) (2.53)
Chlorophyta 1,751 13.78 1,733 17.55 .1,815 17.05 0.16 4.41 0.20 7.47 0.16 5.76
Chrysophyta *23 0.18 47 0.48 153 1.43 (0.01 0.05 (0.01 0.15 0.01 0.41
Cryptophyta 1,433 11.28 1,621 16.42 1,786 16.78 0.19 5.04 0.21 7.66 0.23 8.08
Cyanophyta 4,657 36.66 2,959 29.97 3,096 29.08 0.66 1.75 0.04 1.61 0.05 1.60
Euglenophyta 12 0.09 0 0.00 0 0.00 0.03 0.81 0.00 0.00 0.00 0.00
Pyrrhopfhyta 0 0.00 0 0.00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00

15 DEC Bacillarlophyta 2,736 36.64 2,802 42.30 4,256 43.47 1.37 50.06 1.41 58.07 2.45 55.35
(Centrales) (2,6831 (35.93)1 2.7361 (41.30) ( 4.2171 (43.06) (1.31) (47.97) (1.41) (58.0441 (2.45) (55.34)
(Pennales) 53) (0.71) 66) (1.00) 40) (0.40) 0.06 (2.09) ((0.01) 004 ((0.01) (0.01)
Chlorophyta 783 10.49 691 10.43 1.001 10.23 0.13 4.78 0.11 4.54 0.15 3.33
Chrysophyta 767 10.26 542 8.18 357 3.64 0.05 1.94 0.04 1.60 0.02 0.52
Cryptophyta 1,983 26.55 1,599 24.14 2,697 27.54 1.11 40.46 0.84 34.76 1.74 39.24
Cyanophyta 1,147 15.36 977 14.75 1,454 14.85 0.02 0.76 0.02 0.67 0.02 0.51
Euglenophyta 13 0.18 0 0.00 13 0.13 0.03 1.05 0.00 0.00 0.04 0.86
Pyrrhophyta 0 0.00. 13 0.20 13 0.13 0.00 0.00 (0.01 0.36 (0.01 0.20

Note: Values for centric and pennate diatoms are presented separately in parentheses because of their
relative importance in phytoplankton.
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TABLE 3-5 MEAN ErTry (wilts/mi) OF ffmTANI" TAXA IN F 1a0mI(m AT LOATI(IS 1, 10, AND 4 IN 1BE NME(g RIMR
EAR WOLF Otk (MlERATIM STATION, BUIFmMt KMNAS, 1981

-id

Taxa

Bacill ariopkyta
Central es

Cycl otel.I a atmus
y tl iýFInlaha

Melosira distans
Mel osira qranulata
Pei osira vari ansSte-an• iscus asraea
Ste•,d =scs hamh i3~__LaaeaSte nodiscus nl-ac

5ma11 unidentified centrlcs

ChloroptiytaChl amq spp.
jC'tyosptqeI'uAl puldcjel Iure

Kircuhnerlalla stusolitarlaoo5F-ti s bouWe
CWrysorhyta

Chrys~och .~mlif spp.

CrMdiM •Pd
Cytoi ta t

ýhpc. oc dis g~us
"rtMOM!a tend. ssiffs

W~defitfled blue-9M coocoids

28 1PRI' It 4 23JUN1 10 20 OCT

1 SD3
640

0
0

05,176

174
2,574
3,417

131

5,52555,•55,(D2
0
0
0

2,9083,02
0

12,272

3,664
2,559
2,414

73

6,107

0
0
0

3,141

0
12,388

2,734
1,817
3,039

44

39
136

271
0

W82
0

19
213

10
6B

0

58
165
252
417

0
572

19
44

189
7

0
19

165
223
19

397
0
0

58

10
155

10

576
364
94
59
0

2,315
0
0

928

12
502

9

435

94
82
0

1,598
0

.0
5B7

23

214
0

352
317

0
82
0

1,704
0
0

1s,016

35
488

6

93
317
172

0
0

1,044
0
0

912

264
225
43
0

172
251

0
0
0

0
0

1,018

198
188
.50
0

13
330
66
0
0

2,075
0
0

1,454

159

76
3

15 DEIj1 __0_o

872 2,2M 3,548

349 2,3A 1,512
698 1,803 2,675

10 0 0

194 233 107
601 3202

0 0 23 687 463 357

576 764 881 1,42B 1,057 2,366
58 858 905 555 542 330

4,057
0

257
3,417

7,619
6

372
3,737

14,424
0

470
2,835

0
480
35

32b
17

0
1,618

585
2,271

41
887
488

1.436

117
1,075

591
1,09

430
0

24
677

380
26
10

539

479
6

21
952

ftte: Taxa cuIwpslng at least 5 potent of total iytoplaicton density or blovolutme at a1 y location di any date were
canslderil Uptant.
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reductions during periods of high river flow. Other important nondlatoms had

9 inconsistent spatial distribution (e.g., the blue-green alga Merismopedta
tenuissima) or had higher densities at Location 1 (e.g., the green alga
Kirchnerlella subsolitarla).

0 Annual maximum phytoplankton abundance has occurred in a different month
during almost every year since 1973. The effects of physital factors such as
water temperature, light intensity, and day length that normally-control
seasonal algal cycles were modified by seasonal differences in discharge
regimes from John Redmond Reservoir (Bockelman 1980a). Annual climatic
differences in length and severity of winters, and the pattern and amount of
yearly rainfall were factors that Indirectly affected phytoplankton densities I
in the Neosho River because they Influence turbidity, retention time, and
algal standing crops In the reservoir. Wilde and Reetz (1976) and Farrell
(1978) associated increases In phytoplankton densities and chlorophyll a
concentrations with concurrent declines in annual precipitation within the
John Redmond Reservoir watershed from 1973 -to 1976.

d
During 1981, chlorophyll a concentrations ranged from 9.28 to 44.8 mg Chl
a/m , and carbon fixation-rates ranged from 13.80 to 48.90 mg C/m /hr (lable
7-2). Previous ranges in the Neosho River were 0.70 - 50.96 mg Chl a/m and
0.15 - 130.65 mg C/m /hr (Tables B-4 and B-5). In the present study,
chlorophyll a concentrations were highest in April, whereas -carbon fixation
rates were greatest in December. The chlorophyll peak corresponded to large .4
phytoplankton densities and biovolumes in April. There was no apparent reason
for the December peak in carbon fixation rates. All standing crop estimates
at that time were well below the yearly peak values, and water temperatures
were seasonally low (approximately 3.0 C). Spatial and temporal differences
in diversity indices were minor in the river (Table 3-3), and all values for
Shannon's Diversity Index were within the previously reported range 40.19 -
3.34) for phytoplankton in the Neosho River (Table 8-3).

As In previous years, no adverse effects of WCGS construction on phytoplankton
composition, abundance, diversity, biovolume, chlorophyll a standing crop, or
carbon fixation rate were evident in the Neosho River. Values for these
parameters have generally been similar at all three river locations and
especially at Locations 10 (upstream from Wolf Creek) and 4 (downstream from
Wolf Creek). Wolf Creek, the drainage system through which most runoff from
construction-related activities is carried to the Neosho River, has exhibited
Intermittent flow throughout the monitoring studies and has had only minor
effects on flow regimes and phytoplankton in the river. Closure of the WCGS
cooling lake main dam was completed in September 1980, and no flow was
observed in Wolf Creek during 1981. As previously stated, phytoplankton
communities in this portion of the Neosho River have been influenced most
directly by water releases from John Redmond Reservoir.

3.2.2 Cooling Lake

Total phytoplankton densities in the cooling lake ranged from 3,170 to
38,449/ml in 1981; total blovolumes ranged from 0.52 to 5.26 pl/1 (Table 3-2).
Values for both parameters were generally greater at Location 2 than at

3-12
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Location 6. Densities at Location 2 exceeded 30,000/ml In february and
. December, whereas densities at Location 6 were greater than 20,000/ml in

February agd August. Chlorophyll a concentrations ranged from 2.73 to .25.49
0i mg Chl a//m and were always greate7r at Location 2. Carbon fixation rates were
0 alsl consistently greater at Location 2 and ranged from 2.39 to 115.76 mg
E C/m /hr (Table 3-2). On most sampling dates, phytoplankton communities in the

cooling lake were moderately diverse. However, diversity values were less
than 2.00 in April (1.42 at Location 6) and in December (1.98 at Location 6,
Table 3-3).

Numerical dominance of cooling lake phytoplankton by major algal groups varied
both temporally and spatially in 1981. Diatoms (primarily centrics), green
algae, and blue-green algae codominated at both locations in February (Table
3-6). Blue-green algae codominated with four other groups at Location 2 in
April, whereas cryptomonads clearly dominated total phytoplankton numbers at
Location 6. In June, diatoms ,green algae, cryptomonads, and blue-green algae
were present at approximately equal densities at Location 2, but blue-green
algae alone dominated the phytoplankton at Location 6. Blue-green algae were
most important in terms of relative abundance at both locations in August, and
their numerical dominance, although somewhat reduced, continued in `October
when diatoms and green algae again became relatively important. The cooling
lake in December was composed primarily of yellow-green algae with diatoms and
green algae continuing to be relatively important at Location 16. Similar
temporal and spatial variations in the relative contribution of these five
algal groups were evident for phytoplankton biovolumes, but for this standing
crop parameter, the relative importance of diatoms and cryptomonads generally
increased while that of yellow-green algae and blue-green algae was often
reduced (Table 3-6).

During the present study, 28 taxa were considered important constituents of
the cooling lake phytoplankton because they composed at least 5 percent of
total density or biovolume (Table 3-7). For some taxa (e.g., Ankistrodesmus
falcatus and Rhodomonas minuta), density differences between the two locations
were less pronounced than was expected from the differences observed in major
group densities. However, several taxa (e.g., Melosira distans,
Stephanodiscus astraea, Dictyosphaerium ,pulchellum, Chysochromulina spp., and
unidentified coccoid blue-greens) were restricted to ocation 2 or were much
more abundant there, especially during the first half of the study. This
spatial trend disappeared or was reversed for some of these taxa in the second
half of 1981. Blue-green algae (e.g., Chroococcus dtspersus, Marssoniella
elegans, and Merismopedia tenuissima) attained maxiimuimiiabundance at Location
6.

Distinct phytoplankton communities were initially apparent at Location 2 and 6
in the cooling lake. In April and June, not only were standing crops reduced
at Location 6, but diversity values were also lower. There was little
evidence that these differences resulted from spatial. variations in water
quality (Tables 2-3 through 2-7). Instead, most of the variation in
phytoplankton probably resulted from the combined effects of differences in
water depth (shallow at Location 2 vs. relatively deep at Location 6) and
introductions of river (Location 1) populations near Location 2 through the
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TABLE 3-6 MEAN DENSITY AND BIOVOLUME OF MAJOR ALGAL GROUPS IN PHYTOPLANKTON
OF THE COOLING LAKE OF WOLF CREEK GENERATING STATION, BURLINGTON,
KANSAS, 1981 4

Density at Sampllng Locations .iovolt.ne at Samolin Locations

Date Taxa

24 FEB Baciilariophyta
(Centrales)
(Pennales)
Chlorophyta
Chrysophyta
Cryptophyta
Cyanophyta
Eug 1 enophyta
Pyrrhophyta

28 APR Bactllarioqhyta
(Centrales)
(Pennales)
Chlorophyta
Chrysophyta
Cryptophyta
Cyanoflta
Euglenophyta
Pyrrhophyta

23 JUN Bacillartophyta
(Centrales)
(Pennales)
Chl oro•,yta
Chrysophyta
Cryptophyta
Cyanophyta
Eug lenolhyta
Pyrrhophyta

25 AUG Bacillariophyta
ýCentrales)Pennales)

Chlorophyta
Chrysophyta
Cryptophyta
Cyanophyta
Eug1eno•hyta
Pyrrhophyta

20 OCT Bacillario yta
(Centrales)
(Pennales)
Chl oro phyta
Chryso hlyta
Cryptophyta
Cyanolhyta
Eugl enophyta
Pyrrhophyta

15 DEC Bacillarlophyta
(Centrales)
(Pennal es)
Chlorophyta
Chrysopyta
Cryptophyta
Cyanophyta
Eug I eno phyta
Pyrrhophyta

Note: Values for
parenthese,

2 -ý a ml %i-% t
&i/LI ter

13,243
(11,423)

1,819)
16,613

477
477

7,549
0
0

3,203
3,164)

2,871
3,051
3,238
8,144

81
31

(
2,147
1,853)

294)
2,036

128
1,994
2,099

102
0

34.44
S29.71)

4.73)
43.21

1.24
1.24

19.63
0.00
0.00

15.52
i 5.33)
0.19)

13.91
14.79
15.69
39.47
0.39
0.15

25.25
21.79)
3.46)

23.93
1.S0

23.44
24.68

1.20
0.00

1S.05
(12452)(2.03)
5.06

20.95
9.42

49.23
0.14
0.14

22.33
(21.22)(1.21)
21.01

1.54
11.44
43.58
0.11
0.00

14.27
(13.80)

0.47)
15.96
50.49
15.99
2.97
0.31
0.00

4,683
4,504)

179)
9,253

895
209

9,259
30
0

7468

206
237

2,582
44

0
0

318
(277)
( 41)

798
128

1,008
4,643

0
0

1,084

79)
2,002
1,269

846
19,912

0
0

2,986
(2,772|(213)
3,577

271
1,435
7,707

58
19

3,490
(3,362)

127)
3,312
4,398
1,618
1,034

36
109

19.01
S18.29)

0.73)
37.57
3.63
0.85

37.60
0.12
0.00

2.32I1"9)
0. 37)
6.51
7.46

81.47
1.38
0.00
0.00

4.61
(4.02)

0.59)
11.57
1.86

14.61
67.34
0.00
0.00

4.31S4.00)
0.32)8
8.05
5.05
3.37

79.23
0.00
0.00

18.58
417.25j(1.33)
22.25
1.69
8.93

47.95
0.36
0.12

24.93
(24.02)

0.91)
23.66
31.42
11.56
7.39
0.26
0.78

1.76
1 1.55)

0.22)
1.38
0.11
0.06
0.21
0.00
0.00

0.53
0:531

<0.01
0.310.31
1.05
0.23
0.10
0.08

1.00
0.94)
0o.06
0.26

<0.01
0.62
0.03
0.23
0.00

1.091 .03)
0.06)
0.17
0.10
0.96
0.07
0.04
0.18

0.82

: 0:82ý
0.34
0.02
0.58
0.06
0.04
0.00

0.92
0.90)0.02)

0.35
1.12
2.70
0.01
0.14
0.00

49.86
43.76)
6.11)

39.16
3.13
1.72
5.93
0.00
0.00

.20455
(20.37)( 0.18)

11.74
40.43

8.16S
3.76
2.97

46.S2
43.93
S2.69)
12.01
0.43

29.12
1.30

10.42
0.00

49.15

.7.86
4.14

25.01
3.13
2.01
8.20

44.47

18.-25
0.84

31.43
3.06
1.95
0.00

174.9
(17.16)
0.43)
6.74

21.37
51.34
0.28
2.68
0.00

0.74
I 0,73)
0:01)0.72

0.02
0.03
0.23
0.01
0.00
(0.01
<0.01)

(0.01)
0.03
0.01
0.78
0.02
0.00
0.00

0.09
S0.7)
0.02)
0.06

<0.01
0.27
0.09
0.00
0.00

0.44
0 0.42)0:01)
0.21
0.03
0.17
0.14
0.00
0.00

0.60

: 0:591
0.48
0.01
0.33
0.06
0.07
0.38

0.87
(0.86

0.29
0.31
0.90
0.02
0.06
0.18

41.77
41.14)
0.62)

40.32
1.40
1.82

12.73
0.64
0.00

1.16
0 082j0.34

3.28
1.50

91.24
2.16
0.00
-0.00

16.61
13:30j

12.08
0.99

52.57
17.76
0.00
0.00

43.901•42 0
1.451

21.60
2.75

17.43
14.32
0.00
0.00

31.01
(30.62)
(0.39)
24.70

0.71
16.89
3.06
3.77

19.84

32.99
(32.63)
(0.36)
10.86
11.61
34.23
0.94
2.41
6.96

4

I

3,3642,798)566)

1,132
4,684
2,106

11,007
31
31

(
4,217
3.988)

3,967
291

2,160
8.231

21
0

4,410
4,265)

145)
4,931

15,606
4,944

919
97
0

centric and pennate diatoms are presented separately in
s because of their relative importance in phytoplankton.
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TABLE 3-7 MEAN DENSITY (units/ml) OF IMPORTANT TAXA IN PHYTOPLANKTON AT LOCATIONS 2 AND 6 IN THE
COOLING LAKE OF WOLF CREEK GENERATING STATION. BURLINGTON, KANSAS, 1981

24 FEB 24 APR 23 JUN 25 AUG. 20 OCT 15 DEC
Taxa z 2'z aT.. 6

Bacill arlophyta
Centrales

Cyclotella atomus 60 30 648 0 0 14 157 26. 2,389 1,632 824 418
WE ella htntana 0 0 295 0 243 68 314 53 166 116 679 545
We1ostra d stans 239 0 0 0 435 0 1.446 582 104 78 97 200
Melosira giaiuhta 0 0 0 0 268 14 252 264 0 19 97 0
SteDhanod scus e 1,163 298 1,136 8 626 54 189 0 665 485 485 327
Stephanodis(cus n 0 0 0 0 38 0 0 0 0 0 0 0
Stephanodisi~us spp. 9,186 0 0 0 0 0 0 0 0 0 0 0
Sma11"identtfled centrtcs 328 3,937 1,027 54 179 128 314 26 623 543 2,036 1,563

Chloi-ophyta
hloropesmus felcotus 7,814 6,055 407 31 89 81 189 53 561 485 1,890 382

edgnaa t 149 239 477 15 16 83 94 53 327 228 606 900
--tm-er e e anum 1,864 60 16 20 0 0 0 0 436 300 170 704

u t h iU U jelum 3,713 753 318 39 278 139 63 1,216 706 911 1,575 700
irc.e a subsol tarwfa 336 306 567 0 604 132 86 139 769 533 109 186

-d1 aii "i 485 537 100 0 131 12 63 112 166 39 145 105
Mraolederta-e' r 0 0 12 23 0 304 0 53 0 0 0 0
TUiidTntifiedcocco- d greens 261 104 70 5 185 19 118 172 31 199 145 73

Chrysophyta
CyrjyScLriultoa spp. 149 775 2,260 19 51 128 4,684 1.190 145 136 15,315 4,217
%akrokoos 0 0 23 190 0 0 0 0 0 0 0 0

Cryptophyta
Cr ptomenas spp. 209 60 954 682 422 169 503 106 291 136 3,441 1,163
RCody onas mtnuta 209 149 2,284 1,900 1.572 839 1.603 740 1,869 1,299 1,502 454

Croocaccus dispersus 4,951 8,411 5,471 5 200 1,266 126 258 846 1,081 339 336
Goocapsa n 0 0 0 0 0 439 0 0 0 0 0 0

s4resaneeegans 0 0 97 0 179 1,506 0 192 717 78 0 0
Herts edlatnsma 0 0 0 0 955 108 2,853 6,992 2,654 1,565 0 55
Unidentified blue-green coccolds 1,737 693 1,284 0 518 1,033 6,052 8,869 2,576 3,742 557 427

Euglenophyta
Trajchsoeonas hisida 0 0 0 0 51 0 0 0 0 0 0 0Pyrol'h~lyta

- hirunnella 0 0 0 0 0 0 0 0 0 19 0 0
Glenodinmllu spp- 0 0 31 0 0 0 31 0 0 0 0 .109

Note: Taxa composing at least 5 percent of total phytoplankton density or biovolume at either
location on any date were considered important.
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makeup water pumphouse. Taxa, such as S. astraea. that have historically been
important at Location 1 in the river (eJg., Table 3-5) and probably originate
in John Redmond Reservoir were much more abundant early in 1981 at Location 2
than at Location 6 in the cooling lake. As the year progressed, phytoplankton
differences at the two locations became less distinctive because, as the
cooling lake filled, makeup water from the river -composed a lower proportion
of the total lake volume and because introduced river taxa had become
established in the cooling lake. Additionally, Location 2 was in the old Wolf
Creek channel that was not completely inundated until October. for these
reasons, the data from Location 6 probably more accurately represented typical
phytoplankton of the cooling lake.

3.3 SUMMARY AND CONCLUSIONS

During 1981, 149 taxa representing 73 genera and 7 algal divisions were
identified in phytoplankton samples from the Neosho River and WCGS cooling
lake. The Chlorophyta (green algae), Bacillariophyta (diatoms), and
Cyanophyta (blue-green algae) were well represented in the collections (51,
38, and 25 taxa, respectively).

Total densities and biovoluiies in the river were within the respective ranges
observed for the river during previous studies. Highest values and greatest
differences between river locations occurred in April when flows were lowest;
reduced val ues and spatial differences in June, October, and December
corresponded to flows greater than 1,.000 cfs. Diatoms, green algae,
cryptomonads, and blue-green algae were numerically important at various times
during the year, but no single algal group clearly dominated the phytoplankton
on any sampling date.

G4

Most of the twenty taxa considered important in the river have historically
been important and probably originated in John Redmond Reservoir. This was
especially true at Location 1. Many taxa exhibited a downstream increase 'in
abundance during the low flow conditions of April, which seemed to indicate
that quiet, pool-like areas existed near Locations 4 and 10. In other months,
densities of important taxa generally declined at the downstream locations, as
has often been observed in previous studies.

Chlorophyll a concentrations, carbon fixation rates, and diversity values In
1981 were aligo within previously reported ranges for river phytopl ankton.
There was no apparent explanation for the unusual December peak in carbon
fixation rates. No major differences in any parameter existed between
Location 10 (upstream of Wolf Creek) and Location 4 (downstream of Wolf
Creek). As in previous years, no adverse effects of.WCGS construction were
evident in phytoplankton composition, abundance, diversity, biovolume,
chlorophyll a standing crop, or carbon fixation rate in the Neosho River.
Construction effects were not expected in 1981 because most construction had
been completed and because there was essentially no discharge from Wolf Creek
into the river during the year.

Phytoplankton populations in the-cooling lake exhibited 4onsiderabl-e spatial
and temporal variability, especially during the first half of 1981. Values
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9 for most parameters (including diversity) were generally greater at Location 2
than at Location 6. Most of the observed spatial variation in phytoplankton
probably resulted from the combined effects of differences in water depth and
introductions of river populations near Location 2. As the cooling lake
filled during the year, spatial differences became less pronounced. for
;several reasons, the data from Location 6 was considered a more accurate
representation of cooling lake phytoplankton in 1981.
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4. PER IPHYTON

. 4.1 FIELD AND ANALYTICAL PROCEDURES

Periphyton was scheduled to be sampled from plexiglass artificial substrates 4in the Neosho River in April, June, October, and December 1981. Fluctuating
river flows caused siltation and immersion problems and loss of platforms.
Periphyton was sampled at Locations 10 and 4 In, the Neosho River on 27 April
1981. Only Location 4 was sampled on 29 June because of siltation problems
with the substrates at Location 10. No August collections were made because a
sharp drop in river flow resulted in improper immersion of the substrates at
both sites. On the remaining two sampling dates, 29 September and 19 October,
only Location 10 was sampled due to the loss of the substrate platform at
Location 4 during September.

Periphytic algae were allowed to colonize and grow on the artificial
substrates for 27 days prior to collection for the first three collections and 4
20 days for the October collection. On each sampling date, duplicate samples
were collected for ientification, enumeration, and biovolzume determination
and preserved with M (Meyer 1971). Four replicate samples were taken for
biomass and chlorophyll a measurements. These were stored on ice under dark
conditions until further processing.

Periphytic algae were identified to the lowest positive taxon and enumerated.
Diatoms were cleaned chemically (Hohn and Hellerman 1963) and analyzed from
Hyrax mounts under oil immersion at 125OX magnification. Nondiatoms were
analyzed from wet mounts at 500X magnification. Taxonomic references used for
identifications were similar to those used for the phytoplankton (Section
3.1). Algal abundjnce was expressed as the number of units per square
millimeter (No./mm ) using reporting units similar to those used for
phytoplankton except for filamentous algae which were reported In l0-um
lengths. Biovolume was determined by methods descrled for phytoplankton and
expressed as microliters per square decimeter (jl/ldi). Shannon's (1948)
diversity index and evenness indices (Zar 1968) were calculated using base 2
logarithms.

Biomass was used at each location as an index of the organic content of the
periphyton community, and chlorophyll a concentrations provided an index of
the algal component. Biomass (ash-free dry weight, gravimetric method) and
chlorophyll a (corrected for pheophytin, spectrophotometric method) were
measured in accordance with Standard Methods for the Examination of Water
and Wastewater (APHA 1976). Pr2ductlon rates were reported as milligrams per
square decimeter per day (rng/dfr /day) and micrograms per square decimeter per
day (ug/dmc /day) for biomass and chlorophyll a, respectively.

4.2 RESULTS AND DISCUSSION

During 1981 one hundred sixteen taxa were identified from periphyton samples
collected in the Neosho River near WCGS (Table 4-1). Diatoms
(Bacillariophyta) were the most abundant algal group, making up more than 80
percent of the total density and biovolume of the algal assemblages on all
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TABLE 4-1 PERIPHYTIC ALGAE IDENTIFIED IN THE NEOSHO RIVER NEAR WOLF CREEK
GENERATING STATION, BURLINGTON, KANSAS, 1981

BACILLARIOPHYTA
Centrales

.Cecyoel1a atomus Hustedt
C~lotella kutzir, iana Thwaltes

Cyclotel1a meneq n htanna Kuetzing
Melostra ambiqua (Grunow) 0. Mueller
Melosira distan (Ehrenberg) Kuetzlng
1lo-s"Tra dstans var. lirata (Ehrenberg) Bethge
WeoTra 9rajata (Ehre7berg) Ralfs
Meosra vairans C.A. Agardh
Sk7eton mos (Weber) Hasle
Steihanodiscus astraea var. minutula Grunow
Stephanodt scus Tnv•ratus Ho~n--a-n'•-Rellerman

Stete sppnod. scus
Pennales

Achnanthes exiqua Grunow
Achnanthes Ta-lncata (Brebisson) Grunow
Achnanthes lanceolata var. dubla Grunow
Achnanthes linearis (W. Smi-tHT~runow
Achnanthes minutissima Kuetzlng
A phoajerpusil1la Gruncw

K euetzl1ng
ones bacillum (Grunow) Cleve

Cocconesedtus Ehrenberg
Coccone1sma Ehrenberg

ocljmiiie'1"" IsM e VA Rabenhorst
~ymbell prost:.ta var. auerswaldil (Rabenharst) Reim

belola slnuyata_ regory
nicua-ei arnrs Kuetzlng

ijpones-- a nn humann) Cleve
ra'ria vauc'erae (Kuetzing) Petersen

omphonem0 olivaceum (Lyngbye) Kuotzing
_ ( (Kuetzing) Kuetzing

Gomphonema subclavatum var. mexicanum (Grunow) Patric
Rxobtmau-u t- s-atum stullivan and Wormley) Boyer
NxicEIirArvensis Hustedt
avrcula auri--1Tata Hustedt
Navcu a captata var. hungarlca (Grunow) Ross
Nav cryoce ala Kuetzi ng
Navicula ryoceaa var.veneta (Kuetzing) Rabenhor
avicula gractloides A. Mayer
Navicula flerT-var. leptocephala (Brebisson ge

Grunow) Patrick
Navicula menisculus var. upsallensis (Grunow) Grunow
WavTicua mnima Grunow
Navcul-a -n-uscula Grunor
Naviula minusculiodes Hustedt
avicula pelliculosa (Brebisson ex Kuetzlng) Hilse
Navicula Kuetzing
a rvTicua -rnchocephala Kuetzlng
avicula nchocehala var. germnaintt (Wallace) Patr

Navicula synmetrica Patrick
Yv=ua te-ne-r-a fu-s t ed t

Nvc nmannt Hustedt
Navicula trlsJnctata var. schizonemoides (Van Heurck)
Patrick

Navicula utermoehll Hustedt
Navicula vaucheriae Petersen
Navicua vitabunda Hustedt
Nav-icula spp.
Nit a acicularis (Kuetztng) W. Smith
Nitzschia acitculars var. adelos Hohn and Hellerman
Nitzschta amR arunow
Ntzscha apu ata (Gregory) Grunow
Nltzschla caltdaGrunow

BACILLARIOPHYTA (continued)
Nttzschta dtssmat (Kuetzing) Crunow
Nttzschla fTltIformis (W. Smith) Schutt
XFtts-chta fonticol a Grunow
Nitzschia frustulum var. perminuta Hustedt
Nttzschla hung arica Grunow
Wtltzschta kutztngtana Hilse
NitzschiTai 1 TnartsAgardh) W. Smith
Nitzschia Ucrocephala Grunow
Nitzschta R ý uetzlng) W. Smith
Nitzschta romana GrunowNt tzschia' -IL tatell1ata Mustedt

NXtzschta tryb1lonella var. debutls (Arnott) A. Mayer
Nltzschla spp.
Pleurost~ma delicatulum W. Smith
Rhotcos•eni a curvata lguetzlng) 4runow ex RabenhorstSurlria angusta Kutzing
Surtrela -sue-ctca Grunow

CHLOROPHYTA
Ankistrodesmus falcatus (Corda) Ralfs
Chl aldn oas spp.
Chl on u; Dangeard
rosmarium spp.
D i 11a suchelalum Wood
__________________tarr G.S.est

er Micractinum &jju fresenius
Oocystis boget Snow
00cyst s a Hansgirg

Pediastrui duplex Mayen
Pedlastrum tetras (Ehrenberg) Ralfs
gu-adrtc ua lacustris (Chodat) G.M. Smith
Scenedesmus btluga •Turpin) Lagerheim

k Scenedesmus dmo s (Turpin) Kuetzing
Scenedesmus auadrjcauda (Turpin) Brebisson
Schroederia jra Schroeder) L.emu•ruma
Selenastrum m .Li( Naegell) Collins

ttqeOcionj tenue C.A. Agardh) Kuetzing
Ulothrix suhbtiti3tma Rabenhorst

rst Unidentified green coccoid

CRYPTDPHYTA
Cryptomonas spp.

Rhodomonas spp.

CYANOPHYTA
Anabaena spp.
Chroococcus disj~ersus (teissler) Lemmrmann
Chroococcus spp.
Lynbya 9 Gomont in Hariot

rick Lynqbys 1imnetica Lemmermann
I7 v verstcolor (Wartmann) o&mntnba s nf.

e pedta tenuissima Lemmermann
Microclstis- ncerta Lemmermann

stltora 1imnetica Lemuermann
Oscillatorla spp.
Phormidlum tenue (Meneghini) Gomont
Unidentified ble-green coccold

EUGLENOPHYTA
Eu3jens qracils Klebs

Phacus acum natus Stokes
Pa-cus spp.
Tracgelomonas spp.
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four sampling dates (Table 4-2). Blue-green algae (Cyanophyta) and green
algae (Chiorophyta) were always present in low numnbers, while euglenoids
(Euglenophyta) and cryptophytes (Cryptophyta) occurred sporadically and always

O in very low numbers. Detailed information on periphyton densities,
O ~blovolunes, and relative abundance is presented in Appendix C.

6

Periphyton densities and biovoiwnes were highest In.April at both L ocatIons 4
and 10. Tolal density at Location 10 was l0,694/nmi2 while total blovolume was
18.79 ual/chn . Locatio2 4 had a higher total density (11 .437/mi ) but a lower
biovoiwne (13.61 lal/chm ). This resulted from differences in the major taxa
(those composing at least five percent of the total density or blovolwue;
Table 4-3). Small taxa, such as Achnanthes lanceolata, Achnanthes
minutissima, and Skeletonema potamos, were more abundant at Loation 4, while
somewhat larger forms, such as Cocconeis piclus and Navicula 'ryPteha,
were more cominon at Location 10. BThe-areen uagaeCndance of small geentic
diatoms at both locations resulted in part from upstream water releases from
John Redmond Reservoir. Several of the taxa at both locations were pcal of
those found in rivers and streams (Lowe 1974; Patrick 1948; Round 1973
particularly alkaline streams (Table 2-3; Hynes 1972).

Chlorophyll a concentration, an index of algal production on the artificial
substrates, w0as lower at Location 4 than at Location 10 in April (Table 44)
because the former had more small taxa which ycontuin lower amounts of
chlorophyll a. Biomass production, however, was higher at Location 4 than 10.
Greater production apparently was due to the nonalgal component o e.g.,
bacteria, protozoa, and other microorganisms) of periphyton at Location 4, as
shown by differences in the AutotrophicsIndex at Location 4 J51) and at
Location 10 (233). Considerable nonalgal production was actually occurring at
both locations because values greater than 100 generally indicate that
periphyton is dominated by heterotrophic non photosynthetlc) forms JWeber
1973).

Only Location 4 was sampled in June. Total density was 36 percent of that in
April, and blovolwee was lest than half (Table 4-2). Pennate diatoms were the
dominant group (Appendix C), and species of Navicula and Nltzschla were common
(Table 4-3). Biomass and chlorophyll a concentrations also were much lower. 4
as was the Autotrophic Index (Table 4a) which indicated that considerable
nonalgal production was still occurring. Lower densities and production in
June probably resulted from greatly increased flow in the river (Table 2-2), a
seven-fold increase in turbidity (Table 2-3), and increased shading-caused by
seasonal canopy development.

Only Location 10 was sampled in September because of the loss of the
artificial substrates at Location 4. Small Achnanthes species (A. exlgua, A
lanceolata, and A. minutissima) were the most important taxa numerically,
while Cocconeis placentula was the most important taxon in terms of biovolune,
making up 28.5 percent of the total (Table 4-3). Biomass production was
approximately half that of April, while the mean chlorophyll a concentration
was more than twice as high (Table 4-4). The Autotrophic Index was quite low
(39) indicating that most of the production occurring on the artificial
substrates was algal.

4-3



I

G

E)
1

,('

TABLE 4-2 MfEAN DENSITY, BIO1L0WU .AND PERCENT C04MITION OF Mk( TAtIC G4(1FS IN PERIPHYTON SMS
COLLECTED FROI ARTIFICIAL SLBSITATES IN THE NEOSHO RIER NEAR WOLF OMEEK GUERTING STATION,
BURLINGMN, KANSAS, 198

Density at Sarplilm Locations Blovolune at Sampling Locations
1U 4 1 4

Exposure Period

1 AP - V7 APR

26 MAY - 22 JUN

3 SEP - 29 SEP

30 SEP - 19 OCr

Taxon

Bacillarioityta
Chlorrta

Cyanohyta
Eugl enoplyta
Total Periphyton

Bacill arloolvytaChlorophyU
Chypooiyta
Cyano~vta
EuglenoVta
Total Per1ptIyton

Baclllarlojyta
ChlortotUa
Cr~pto~va
CyanoolytaEugienop yta
Total Peri Otom

BacllariopiytaChlompfvta

CT1ptoo•ta
CyanofytU
Emg1 eioo~ita
Total Periftiton

8,677
712
48

310,6A•

-(a)

8,2'/

0
315

3
8,711

208
7
0

31
1

247

81.1
6.7
0.4

11.743.1
100.0

10,154
817
19358
0

11,347

3,436
77
0

58D
0

4,09

89.15
7.2
0.2
3.2
0

100.0

84.0
1.9
0

14.2
0

100.0

15.59
2.12
0.M
0.49
1.3818.79

83.0
11.3
1.12.16
.2.0

100.0

ll.S41.80
0.08

0.19
0

13.M1

84.8
13.20.'6
1.4
0100.10

93.0
2.7
0
4.4
0

100.0

5.17
0.15
0
0.,
0
5.57

94.9
1.4
0
3.6

<D.1
100.0

84.2
2.8
0

12.7
0.3

100.0

12.64a.38
0
0.110A0

13.17

0.93
0.02
0
0.(2
0.990.99

96.0
2.9
0
0.8
0.3100.0

93.5
2.0
0
2.4
2.1

100.0

(a) Not Sa~pled.
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TABLE 4-3 ALGAL TAXM CDIO4IINE AT LEAS 5 PERCENT OF TOTAL DENSITY ORi BIOVL1tf OF PiIRIY1UN CMIECIM
9 ~FR(14 ARTIFICIAL SIBSIATES IN THE N(DS1 RIVER NEAR WCLF CREEK ERATUNG2STATIG4, BURUNMU,

KANSAS, 1981

Location 10 Locatio~n 4
wmD~st~y Biovoluiwe Density Bi ovol Un.

Exposure Period and Taxa j/d 2  i1i)

01 APRI - 27 APRi
kbt~mnte 1anceoI ata 0 0 989 0.81*
Adma~nthe Wutlssins 247 0.08' 19l 0.22
Coccornels paellculus 190 3.40* 32 0.57

rAP

C ,.lotella atanus Ig32* 0.59 1,914*. 0.61
e~ tl qaa119*0.48 590.24

yci 1telTl fferiehinianar 1 ,2* 3.23* 1,794* 4.61*
We015* 0.32 1GO 0.06

___l c____________ 437 2.19* m1.11* 4
Ske(etorapat 342 0.10 1 Lt9* o .47
stpioisu astraea var. niirujtul a 767* 1 .()I 634* 0.86'
StigeocicDnstn term 329 0.78 326 0.77*

1 M A Y - 2 2 Ja1

m-ut's 4 O.- "61" 0.70* 6

Caloi•ts bacillun - 76 3.38f0

Navcula 7raciodes - 18D 0.73*
Navicula nwiscurus var. upsal1ensis - 0 45* 0.65
Navicla jia ýWpF! - zw .07
Nitzsdla dissipata -,091* 0.36'
Nitzaeis frustulun var. penni1,A" - ,2* 0.1m

03 SEP - 29 SEP
.19m 76* 0.55 -

1.11" 25* 1 . -

Se let ranutissine 563* 0.36 - - 4

Stoel isc s asetraavu .miua 727" 1.05* •3- 0.-

__ _u 872* 1.31* -a
al iupsalensis bac* - -

Navicul a r miia 654* 0.25 - -
Navicula menisculus var. sdizonl rides 213 -0.43* - -

30 SEP - 19 OCT
Adnmanthes lanceolata 2,O 0.(2 - -
Cocconeis plaoentula 134* 0.63* - -
Ln i spa l 26* 1.01 - -

nicu asta var. ii54tula 10 0.09* - -

Nte: Asterilsk (*) designates a value that des at least 5 pe1m3t of the total.
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TABLE 4-4 MEAN BIOMASS AND CHLOROPHYLL a PRODUCTION, AUTOTROPHIC INDEX,
NUMBER OF TAXA, AND DIVERSITY-AND EVENNESS MEASURES FOR
PERIPHYTON COLLECTED FROM ARTIFICIAL SUBSTRATES IN THE NEOSHO
RIVER NEAR WOLF CREEK GENERATING STATION, BURLINGTON, KANSAS,
1981 -.

Parameter

Biomass 2production(a)
(mg/dmc per day)

Chloroph1ll a production(c)
(pg/dm pe7r day)

Exposure Period

Autotrophlc Index(d)

01
26
03
30

01
26
03
30

01
26
03
30

01
26
03
30

01
26
03
30

01
26
03
30

Number of Taxa(e)

APR
MAY
SEP
SEP

APR -
MAY -
SEP -
SEP -

APR -
MAY -
SEP -
SEP -

APR -
MAY -
SEP -
SEP -

APR -
MAY -
SEP -
SEP -

APR -
MAY -
SEP
SEP -

27
22
29
19

27
22
.29
19

27
22
29
19

27
22
29
19

27
22
29
19

27
22
29
19

APR
JUN
SEP
OCT

APR
JUN
SEP
OCT

APR
JUN
SEP
OCT

APR
JUN
SEP
OCT

APR
JUN
SEP
OCT

APR
JUN
SEP
OCT

8.16

19.20
1.70

Sampltngj Location

IJO) 1.45
0.116

0.68 -

0.14

233

39
91

'64

44
S2

3.55
0.75

451
331

55
53

Diversity(f) 4.43

3.77
12.99

0.74

0 .69
0.53

4.13
4.64

0.71
0.81

Evenness(g)

(a)
(b)
(c)
(d)

(g)

Ash-free dry weight.
Not sampled.
Corrected for pheophytin.
Weber 1973.
Total taxa of two replicates.
Shannon 1948, using base two logarithms.
Zar 1968.
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In October, total density and biovolume at Location lO.were only a fraction of
that occurring during previously sampled months. Blomass and chlorophyll a

oi levels were also lower. This resulted in part from a seven-day shorter
exposure time for the artificial substrates. Also, some nutrients such as
phosphorus and silica, were present in lower concentrations (Table 2-5). Most
of the production in October was algal, based on the Autotrophic Index (91).

Diversity values at Location 10 decreased through the 1981 sampling period
(Table 4-4). Diversity in April was 4.43 and then dropped gradually to 2.99
in October. Location 4, which was sampled only twice, had diversities of 4.13
in April and 4.64 in June. Evenness values followed a pattern similar to -that d
for the diversity. All diversity and evenness values reported during 1981
were within the range of values reported in 1980 for periphyton communities on
artificial substrates with the exception of the low October values (Ecological
Analysts 1981).

Many of the same periphytic taxa were observed during 1981 and 1980 4
(Ecological Analysts 1981), and diatoms were always the most abundant algal
group during both years. However, fewer taxa were identified in 1981. 'Green
algae and blue-green algae were less numerous in 1981, and chrysophytes, which
were present in low numbers in June and August 1980, were not observed in
1981. Differences in major taxa were also noted between the two years.

I
4.3 SUMMARY AND CONCLUSIONS

Many of the periphytic taxa observed during 1981 in the Neosho River near the
Wolf Creek Generating Station were typical of those found in alkaline rivers
and streams. John Redmond Reservoir, which is upstream from the sampling
locations, also influenced the periphyton composition by contributing some of
the small centric diatoms which were observed. Many of these taxa were
observed during past studies (Hazleton Environmental Sciences 1980; -EcologIcal
Analysts 1981), but densities, biovolumes, and composition of the major taxa
differed. Problems with the artificial substrates precluded most comparisons
between the sampling locations and conclusions about seasonality of the
peri phyton.

Hydrological conditions in the Neosho River related to variable water releases
from John Redmond Reservoir has hampered the collection of periphyton samples
from both natural (1973-1979) and artificial substrates (1980-1981) during
environmental studies for WCGS. Periphyton has been eliminated through
scouring, siltation, or desiccation depending on the flow conditions which
preceded scheduled collections. Retrieved samples have provided an extensive
qualitative data base for periphyton community composition and productivity
but quantitative temporal and spatial information has been limited because of
missed samples. Further attempts to provide-this data are not felt to be
warranted at this time.

4-7



"5. ZOOPLANKTON

5.1 FIELD AND ANALYTICAL PROCEDURES

Duplicate zooplankton samples were collected quarterly from the Neosho River
0) at Locations 1, 10, and 4 (Figure 1-1). Each replicate consisted of a
6 stationary horizontal surface sample of 0.5 to 3.0 minutes duralion with a

metered No. 25 mesh (64-um aperture) plankton net with a 437-cm' aperture.
When flow was minimal or absent, the net was towed at a speed sufficient to
provide reliable flowmeter readings. The zooplankton community in the
cooling lake was sampled bimonthly with bottom to surface tows utilizing a
30-cm diameter No. 25 (65-um) mesh conical plankton net. Each sample was
placed in an appropriately labeled glass jar containing menthol crystals to
relax the body structure of rotifers which facilitated identification.
Within one hour of collection, samples were preserved with 5 percent formalin,
then transported to the laboratory for analysis.

Samples were concentrated or diluted in the laboratory to a workable density
of organisms (-lO0-200/ml), and thoroughly mixed to obtain a representative
subsample, which was withdrawn and placed in a Bogorov counting chamber.
Stratified counts of zooplankton in the subsample were made using a binocular
dissecting microscope at lO-70X magnification. Difficult specimens were
identified at 100-IOOOX with a compound microscope. All organisms were
counted in the first two subsamples. As progressively larger aliquots were
withdrawn, abundant taxa were eliminated from consideration. Subsampling was
continued until a sufficient number of organisms was enumerated to estimate
population densities, usually after counting at least 6 percent of the total
sample. Subsequent to quantitative analysis of cooling lake zooplankton
samples, additional aliquots were examined qualitatively to identify addi-
tional taxa. Microcrustacea were identified to species with the exception of
taxonomically indistinct immature copepods and cladocerans which were identi-
fied to the lowest positive taxon. Rotifers were identified to genus, except
certain littoral benthic genera in the order Bdelloidea. Identifications
were made using appropriate taxonomic keys, including Brooks (1957, 1959),
Wilson and Yeatman (1959), Ruttner-Kolisko (1972), Smirnov t1974), and Pennak
(1978).

To determine wet, dry, and ash-free zooplankton biomass standing crop esti-
mates in the cooling lake, four bottom to surface tows were collected at each
location and placed on ice for transport to the laboratory. Each replicate
was filtered by suction and blotted on paper towelling. Samples were then
weighed to the nearest 0.1 milligram on a Mettler H1OT balance to obtain wet
weight estimates. Samples were then washed into a crucible and dried at 60 C
for 24 hours to obtain dry weight values (Lovegrove 1962). Ash-free weights
were determined by incinerating the sample In a muffle furnace at 500 C for 1
hour. Each parameter was expressed as mg/n 3 of water sampled.

5.2 RESULTS AND DISCUSSION

5.2.1 Neosho River

Zooplankton populations in the Neosho River were dominated by rotifers,
primarily by the rotifer genera Brachionus, Keratella, Polyarthra, and
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Synchaeta (Table 5-1). These taxa have been dominant groups in the river N
", since studies began in 1973 and are among the most frequently encountered

rotifers in other midwestern rivers as well as throughout the United States
(Williams 1966). Copepods, primarily immature forms, were numerically

2 " important throughout the year. Cyclops vernalis and Dtaptomus siciloldes
O were the most common adult copepods identifiqd; however, both exhibited low

mean densities (generally <2,500 organisms/rnP). D. siciloides has been the a
most common adult copepod in the river since 1973-while densities of C.
vernalis have varied annually. Cladocerans, basically immature daphnTds,
were insignificant contributors to the mean total river population and never
comprised more than 1.6 percent of the mean total zooplankton (Table 5-2).
The remaining 48 taxa identified from the Neosho River (Table 5-3) generally
comprised 01.0 percent of the total zooplankton standing crop (Appendix D).

Mean total zooplankton density in the tailwaters of John Redmond Reservoir
(Location 1) ranged from 42,018 organisms/m0 in April to 234,312 organ-,
isms/nr in October (Table 5-1). The zooplankton community In April, June,
and October was dominated primarily by copepod nauplit and Keratella which,
when combined, represented 81.6, 71.6, and 87.8 percent of the total zoo-
plankton, respectively. Populations of copepod nauplit peaked at 2,208
organisms/m' in June while Keratella peaked at 177,308 organisms/wn" in /
October. Maximum densities of the rotifers Synchaeta (49,966 organisms/mn)
and Polyarthra (11,408 organisms/nr3 ) at Location 1 occurred in December and
when combined with copepod nauplil and Keratella accounted for 96.9 percent
of the mean total zooplankton.

Annual microcrustacean density at Location 1 declined 35 percent from 1980 to
1981 (Table 5-4). This decline, which began in 1980, affected most micro-
crustacean taxa. The reasons for reduced microcrustacean -density are obscure,
but complex biotic and abiotic factors influencing John Redmond Reservoir may
result in changes in zooplankton abundance. Year to year differences in
reservoir water exchange rates (Brook and Woodward 1956, Tonolli 1961), 4
predator-prey relationships between zooplankton and young of the year and
juvenile fish (Johnson 1964, Thayer et al. 1974) as well as the influence of
zooplankton recruitment from the discharges of upstream reservoirs (Tonolli
1955, Cowell 1970, Martin and Novotny 1977) may create annual variation in
zooplankton standing crops. Dominant fish species in John Redmond Reservoir
are known to feed selectively on Cyclops, Bosmina, and Daphnia in other 4
midwest waters (Kutkuhn 1957, Cramer and Marzolf 1970) and the feeding
preference for these dominant microcrustacean groups in John Redmond may
partially account for the reduced microcrustacean densities observed at
Location I during the past two years.

Zooplankton density and composition at downstream Locations 10 and 4 generally
reflected the seasonal zooplankton trends at Location 1. During April,
zooplankton populations at Locations 10 and 4 were dominated primarily by
the rotifers Keratella, Brachionus, Synchaeta, and Polyarthra (Table 5-1).
These four taxa accounted for 91.2 and 93.7 percent of the total zooplankton
at Locations 10 and 4, respectively (Table 5-2). The relationship of Neosho
River flows to the contribution and movement of reservoir zooplankton to the
downstream locations was apparent. Low river flow in April (29 cfs) resulted
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TABLE 5-1 MEAN DENSITY (No./tn3)(a)OFCODOMINANTZOOPLANKTON
NEOSHO RIVER NEAR WOLF CREEK GENERATING STATION,

IDENTIFIED FROM SAMPLES COLLECTED IN THE
APRIL THROUGH DECEMBER 1981

Taxi

Copepoda
Naupli1
Calanold copepodites
Cyclopold copepodites
C vernalls
DtiuiiTE1i des

Cladocera
Daphnla spp.(immature)

Rotifera
8dellold rotifers
Brachionus spp.
Keratella spp.
Polyarthra spp.
S__nchaeta spp.

Total Zooplankton

17,951 284 1,210
12,065 195 980

438 0 3
1,708 72 206
2.286 8 13
1,403 4 6

546 99 489
286 0 0

23,521 29,589 40,028
32 1,093 1,336

946 7,067 11,384
23,352 12,532 11,512

165 1,982 6,665
0 5,745 7,962

42.018 29.972 41.727

22 JUN
1 T0 4

20 OCT
1 10 4

15 DEC
1 10 4

44,700
32,208
4,636
3,709
1,378
2,501

1,428
696

41,479
49

6,295
30,500
1,318

98

20,528
16,261
1,732
1,250

206
1,021

554
195

25,104
160

4,416
17,866

906
276

17,832
14,098
1,244
1,168

244
1,065

434
166

18,640
231

4,939
11,404

590
193

36,125
28,337

1,114
4,026

806
1,478

2,350
1,834

195,837
0

3,096
177,308

1,238
12,764

11,278
8,274

332
1,458

442
662

1,047
807

64,425
0

596
58,289

530
3,728

12.959
9,977

342
1,562

344
488

640
521

77.460
344

1,617
66,462

570
7,076

12.111
8,944

54
2.865

182
26

408
274

112,174
0

80
50.442
11,408
49,966

11,163
8,840

114
2,011

112
40

396
250

102,544
0

34
46,036

9,010
47,396

13,343
10,860

111
2,140

137
43

484
282

125,202
152
51

57,855
9,846

56,992

C,, 87,607 46.186 36,906 234,312 76.750 91.059 124.693 114.10A 139.029

(a) Mean of two replicates.



TABLE 5-2 PERCENT COMPOSITION OF DOMINANT ZOOPLANKTON IDENTIFIED FROM SAMPLES COLLECTED IN THE NEOSHO
RIVER NEAR WOLF CREEK GENERATING STATION, APRIL THROUGH DECEMBER 1981

Taxa

Copepoda
Nauplii
Calanold copepodites
Cyclopoid copepodites
Cyclops vernalis
Diapomus siciloldes

Cladocera
Daphnia spp.(Imvature)

a Rotifera
Bdellold rotifers
Brachionus spp.KerFatel-a spp.

Py1yartbra spp.
Syrchaeta spp.

27 APR
1 10 4

22 JUN
1 10 4

20 OCT
110 4

42.7
28.7

1.0
4.0
5.4
3.3

0.9
0.6
0
0.2

<0.1
(0.1

2.9
2.4

<0.1
0.5

<0.1
<0.1

51.0
36.8
5.3
4.2
1.6
2.9

44.4
35.2

3.8
2.7
0.4
2.2

48.3
38.2
3.4
3.2
0.7
2.9

15.4
12.1

0.5
1.7
0.3
0.6

14.7
10.8

0.4
1.9
0.6
0.9

14.2
11.0

0.4
1.7
0.4
0.5

15 DEC
1 10 4

9.7 9.8 9.6
7.2 7.7 7.8

<0.1 0.1 0.1
2.3 1.8 1.5
0.1 0.1 0.1

<0.1 <0.1 <0.1

1.3 0.3 1.2 1.6 1.2 1.2 1.0 1.4 0.7 0.3 0.3 0.3
0.7 0 0 0.8 0.4 0.4 0.8 1.1 0.6 0.2 0.2 0.2

56.00.1
2.2

53.2
0.4
0

98.7
3.6

23.6
41.8
6.6

19.2

95.9
3.3

28.4
28.8
16.6
19.9

47.3
0.1
7.2

34.8
1.5
0.1

54.4
0.3
9.6

38.7
2.0
0.6

50.5
0.6

13.4
30.9
1.6
0.5

83.6
0
1.3

75.7
0.5
5.4

83.9
0
0.8

75.9
0.7
4.9

85.1
0.4
1.8

72.9
0.6
7.8

90.0
0
0.1

40.5
9.1

40.1

89.9
0

<0.1
40.3

7.9
41.5

90.1
0.1

<0.1
41.6
7.1

41.0

A A, a
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TABLE 5-3 QUALITATIVE DISTRIBUTION OF ZOOPLANKTON TAXA IN THE NEOSHO RIVER
C] AND COOLING LAKE (LOCATIONS 2, 6) NEAR WOLF CREEK GENERATING

STATION, KANSAS, FEBRUARY THROUGH DECEMBER 1981

P Neosho River Cooltn9 Lake

6 COPEPODA -

Naupl ii x X X
Calanold copepodites X X X
Cyclopoid copepodites X Xý X
Cyclops bicuspidatus thomasi Forbes X X X
Cyclops varicans rubellus Lilljeborg X X X
Cyclops vernalls Fischer X X X
Diaptomus clavipes Schacht X X X
Diaptomus pallidus Herrick X X X
aous siciloides Lilljeborg X X X

SagLIs (Koch) X X -
Ergasiiu sp. Nordmann X -x
Ergasilus chautauquaensis Fellows X X X
Harpacticoid copepods X X
Mesocyclops edax (Forbes) X X X
Tropocyclops Drasinus (Fischer) X X

CLADOCERA
Alona spp. Baird X

_Toi circumfimbriata Megard X X X
Bosmina iongirostris (O.F. Muller) X X XCeriodaphnia spp. (immature) X X
Ceriodaphnia guadrangula (O.F. Muller) X X
Ceriodavhnia rigaudi Richard x
Ceriodaphnia retilcuata (Jurine) X X
Chydorus sThaericus (O.F. Muller) X X
DaPhnia-spp. (immature) X X X
Daphnia ambiqua Scourfield X X

aphnia aleat-a mendotae Birge X
aphnia Parvula Fordyce X X X

Daphnia pulex Leydig X X
Dania retrocurva Forbes X X X
Diaphanosoma brachyurum (Lieven) X
Diaphanosoma leuchtenbergianum Fischer X X K
Disparalona rostrata (Koch) x
Ilyocryptus sordidus (Lieven) X
Kurzia latissima (Kurz) X
Lptodora kindtil (Focke) X X X
Leydigla acanthocercoides (Fischer) X
Leydigia leydigi (Schoedler) X X
Macrothrix laticornis (Jurine) X X
Moina micrura Kurz X X
Moina minuta Hansen X
MoR nia w-Vi-ej'z-skiI Richard X
Pleuroxus denticulatus Birge X
Pleuroxus hamulatus Birge X X
Sinocehalus sp. Schodler X
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TABLE 5-3 -CONT.)

Neosho River CoolinqLake

0) CLADOCERA (CONT..)
;Smocephalus expinosus (Koch) x
Simocephalus serrulatus (Koch) X
Simocephalus vetulus (O.F. Muller) X

ROTIFERA
Anuraeopsls sp. Lauterborn X
Asplanchna spp. Gosse X X X
Bdelloid rotifers X X
Brachionus spp. Pallas X X X
Cephalodella spp. Bory St. Vincent X X
Chromogaster sp. Lauterborn X
Collotheca sp. Harring X x X
Colurella sp. Bory St. Vincent X
Conochiloides sp. Hlava X X
Conochilus sp. Hlava X X
Filinla spp. Bory St. Vincent x X X
Hexarthra spp. Schmarda X X X
Kellicottia spp. Ahlstrom X X
Keratella spp. Bory St. Vincent X X X
Lepadella spp. Bory St. Vincent X X x
Lophocharls sp. Ehrenberg X
Monostyla spp. Ehrenberg X X
Mt11na sp. Bory St. Vincent X X

atylas sp. Harring X
Ploesoma sp. Herrick X
Polfyarthra spp. Ehrenberg X K X
Pompholyx sp. Gosse X X
Rotaria sp. Scopoll X
Synchaeta spp. Ehrenberg X x X
TestudineIla sp. Bory St. Vincent X
Trichocerca spp. Lamarck X X X
Trichotria sp. Bory St. Vincent X
Tripleuchlanls sp. Myers X

I
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In statistically different microcrustacean densities among locations <F2 3
<9 = 22.82; P < 0.05) and a mean 48-fold decrease in density from Location I to

Location 10. The decrease in abundance was evidenced by the apparent loss of
• limnetic reservoir taxa present at Location 1 such as Bosmina longirostris-

immature daphnids, Daphnia parvula, Diaptomus siciloides, and Cyclops vernalis
(Table 5-1). Low river flow apparently prevents effective downstream movement
of reservoir zooplankton taxa and downstream populations may be characterized
as remnant reservoir populations augmented with taxa resulting from autoch-
thonous production. Autochthonous production has been noted at Locations 4
and 10 in previous studies of the Neosho River (Repsys 1978, 1979b, Rogers
1980, Ecological Analysts 1981). There was a subsequent 4-fold increase in
microcrustacean density between Locations 10 and 4 in April, which was due to
apparent production of littoral cladoceran taxa such as the Alonids and
Chydorus sphaericus and the rotifers Brachionus, Polyarthra, Synchaeta and
Bdelloid rotifers. Microcrustacean production between the downstream Loca-
tions 10 and 4 has been most apparent during low river flow and has been
related to habitat differences among locations.

During each sampling period dominant taxa were simil'ar between locations
although zooplankton abundance generally decreased downstream (Table S-1).
The most dramatic reduction usually occurred during periods of low water
releases from John Redmond Reservoir. These downstream decreases have
been observed during past Neosho River studies and have been documented by
Ward (1975) and Armitage and Capper (1976) for river-reservoir systems in
Colorado and Wales. Reservoir discharge (cfs) and annual microcrustacean
density was significantly correlated at Locations 10 (r = +.9330; P < 0.05)
and 4 (r = +.9328; P ( 0.05) suggesting that as flow increased more organisms
were transported down'stream. Conversely, when a low flow regime exists,
reservoir zooplankton decrease in abundance downstream and apparent autoch-
thonous zooplankton production increases.

During June, immature copepods and the rotifers Keratella and Brachionus
together composed 83.5 and 82.5 percent of the total zooplankton at Locations
10 and 4, respectively. High river flow (2,367 .cfs) resulted in no signifi-
cant differences in total microcrustacean density among locations (F 2 . 3 = 7.08;
P > 0.05); however, all major taxa decreased in abundance at the downsiream
locations.

Mean total zooplankton at downstream locations increased 10-fold from June to
October and reached maximum annual densities in December (Table 5-1).
Immature copepods and Keratella comprised the majority of .zooplankton in
October while Synchaeta combined with the former two groups to represent 98
percent of totalzoVopTankton in December (Table 5-2). There was no signifi-
cant difference in total microcrustacean density among locations in December
(F2 = 1.46; P > 0.05) which corresponded to relatively high river flow
(1,620 cfs).

Construction of the Wolf Creek Generating Station has had no apparent effect
on the zooplankton community in the Neosho River. Zooplankton species
composition closely resembled that present during previous years. Although
mean annual microcrustacean densities declined during the past two years, the
reductions were related to factors independent of construction activities.
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TABLE 5-4 ANNUAL MEAN DENSITIES (No./Ir 3 ) OF SELECltD MAJOR
RESERVOIR (LOCATION 1). 1973 THROUGH 1981

MICROCRUSTACEAN TAXA FROM JOHN REDMOND

SmLeear

Taxa

Copepoda
Calanoid (Diaptomus) copepodites
Cyclopoid copepodites
Cyclops vernalis
Diaptomus pallidus
Diaptotmus siciloides
All adult Diaptomus spp.
Erqasilus chauta~uuaensls
Total Copepoda(b)

, Cladocera
co Bosmina long rostris

Ceriodaphnia spp.(c)
Daphnia parvula
All D s p p.(d)

(juveniles and adults)
Dia phanosotna leuchtenberg Ianum
Moina spp.(e) I

Total Cladocera(b)

Total mi crocrustaceans(b)

1973 1974

2,635 6,948
2,546 6,558

284 597
17(a 1,006

1,418(aJl,171
2,591 2,177

133 39
8,188 16,319

4,509 4,247
.1,022 2,483
1,271 2,095

14,413 5,089

1975 1976

8,963
9,006

443
48

3,458
3,508

756
22,676

10,580
130

2,870
3,994

8,418
7,484

30,943

1,698
13,182

976
316

1,014
1,330

282
17,468

20,980
11

3,547
3,579

3,344
259

28,173

1977

4,903
16,978
1,106

266
2,502
2,810

217
26,014

14,923
28

3,333
3,343

4,877
1,102

24,273

5,447
21,601
1,432

390
5,110
5,501

154
34,135

30,484
17

1,134
1,857

1,391
1,921

35,670

6,376
23,220

1,750
878

6,772
7,650

97
39,093

7,584
53

3,889
7,955

3,952
649

24,082

3,614
4,242
1,400

339
4,529
4,879

110
14,245

129
0

190
979

14
0

1,312

191B 1919 19aU 19UI1

1,560
3,077
1,163

90
1,352
1,499

16
8,757

90
2

113
928

50
8

1,191

9,948

3,032
163

23,139

2,759
205

14,783

31,327 31,102 53,619 45,641 50,287 69,805 63,175 15,367

a Males only. Females not identified to species in 1973.
b Includes the above selected taxa only.
(W) Mainly C. lagstrils.
(d Mainly juveniles and adults of 0. parvula.
(ej Mainly .. Mincrura.

A A a a A



5.2.2 Cooling Lake

Sixty taxa representing 41 genera were identified from the cooling lake
during 1981 (Table 5-3). All taxa with the exception of Ceriodaphnia rigaudi

EO and Daphnla retrocurva have been recently identified from John Redmond
O Reservoir and the Neosho River. C. rigaudi has been reported in Kansas
6 (Prophet and Waite 1974) althoughtits distribution has generally been

restricted to the southern United States (Brooks 1957; Pennak 1978). 0.
retrocurva has been identified in Kansas (C. Prophet, personal communication,
Emporia State University, Emporia, Kansas) although it occurs seasonally
and is never abundant. Dominant taxa were similar between Locations 2 and 6;
however, diversity was slightly greater at Location 2 (52 taxa) when compared
to Location 6 (45 taxa). Location 2 represented a littoral habitat (=3
meters depth) conducive to zooplankton production and greater diversity
(Hutchinson 1967). whereas Location 6 affords a limnetic habitat (=10-is.
meters depth) less desirable for establishment of a diverse zooplankton
assemblage.

Mean annual zooplankton density in t)e cooling lake was 401,49g organisms/m3
with a range from 72,160 organisms/nD to 1,134,196 organisms/om at
Location 6 in August and February, respectively (Table 5-5). Rotifers,
primarily Keratella and Polyarthra and copepod nauplil combined to represent
89.3 percent of the annual zooplankton standing crop (Table 5-6). -Excluding
the February collection,"annual total zooplankton density was almost 2-fold
higher at Location 2 than at Location 6 due to apparent higher littoral
zooplankton production.

Zooplankton population densities are usually high during initial impoundment
and filling of new reservoirs. Recently inundated areas favor the transport
of suspended and dissolved materials into the reservoir ecosystem which
promotes primary and secondary (zooplankton) production (Rodhe 1264, Applegate
and Mullen, 1967). The mean nnual copepod (148,526 organisms/mr') and
cladoceran (7,026 organisms/mn) densities in the cooling lake fall within
the range of densities reported for these groups in other midwestern reser-
voirs. Mean annual rotifer densities in the cooling lake (annual mean of
245,946 organisms/m3 ) appeared similar to or slightly lower than in other
reservoirs.

The mean annual dry-weight biomass in the cooling lake was 115.8 mg/m 3 and
ranged from 29.2 to 337.8 mg/m 3 at Location 6 in October and February,
respectively (Table 5-7). Th• mean biomass a• Locations 2 and 6 on comparable
sampling dates was 156.6 mg/mD and 110.7 mg/mo, respectively. The
difference in biomass between locations was reflected by the almost 2-fold
higher zooplankton density at Location 2 than at Location .6. A correlation
between total zooplankton abundance and dry weight blomass was evident
(Figure 5-1) although the relationship was not stati-tically significant
(r = +.754; P > 0.05). Biomass normally increases when zooplankton density
increases (Cowell 1967). However, this trend was not consistently observed
in the cooling lake. Disparity in the relationship between density and
biomass indicates that the biomass estimates may be biased due to -substantial
amounts of phytoplankton that were encountered seasonally and retained with
the No. 25 netting. The weight bias may be negated by use of a No. 10
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TABLE 5-5 DENSITY (No./m 3 ) OF DOMINANT ZOOPLANKTON IDENTIFIED FROM SAMPLES COLLECTED IN THE COOLING LAKE
NEAR WOLF CREEK GENERATING STATION, FEBRUARY THROUGH DECEMBER 1981

Taxa

Copepoda
Nauplil
Calanoid copepodites
Cyclopold copepodites
Dfaptomus siciloldes

Cladocera

Bosmina lonifrstrjs
Dahnaspp.(inmmture)

Dia-nanosoma spp.

Rotifera
§rarionlis spp.
gona-h oides spp.
Keratella spp.
Polyar-thra spp.
Po2!olyx& spp.

Synchaeta spp.

Total Zooplankton

q 23 FEB
2() 6

- 214.420
- 163,488
- 3.301
- 22,794
- 15,248

- 943
- 629
- 0
- 0

- 918,833
- 8,803
- 91,176
- 144,624
- 669,672
- 0
- 629

, 28 APR 23 JUN 25 AUG 19 OCT . 16 DEC
2 6 2 6 2 6 2 6 2 6

Mean Total
2 6

132,989
84,888

1,792
22,636
6,885

1,509
1,132

283
0

233,159
943

0
226,368

2,830
0

2,358

85,376
66,560

2,880
11,008
3,328

6,976
192

3,712
0

960
0
0

896
0
0

64

508,013
386,630
28,917
67,896
19,487

8,110
1,132
4,149

472

104,984
25.145

1,259
35,202
8,803

10,689
627

85,529
60.352

4.715
11,316
4,526

34,609
15,371
11,882

472

28,291
472

15,842
4,244
3,583

0
0

49,785
36,000
6,650
4,655
1,700

6.180
60

240
5.080

57,902
7,182
1,330
4,655

18,800
0

11,039

59,720
42,400
12,000

1,080
2,480

5,520
0

2,080
.2,400

6,920
560

0
2,040
2,800

440
160

124,537
84.044

4,081
17,264
11,928

6,593
0

3,767
942

408,918
4,944
1,412

275,438
29.662

9,888
81,925

51,509
38,784

269
6,128
2,626

3,232
0

741
741

290,476
0
0

149,480
46,460
11.312
81,608

160.710
142,727

1,072
12,624

476

3,334
834

1,310
0

375,554
0
0

146,776
153.862

74.906

114,510 195,207
95,982 146,858

786 8,502
11,651 25,015

1,867 8,095

2,162 5,145
344 632
393 1,950

0 1,299

289,248 236,103
0 7,643
0 800

144,624 137,688
102,966 42,791

0. 4,115
40,872 34,171

101,844
77,928

3,992
10,663
5,012

8,907
2,756
3,135

614

255,788
1,639

17,836
74,318

137,580
1,959

25,556
C)'

- 1,134,196 367,657 93,296 621,107 146,429 113,867 72,160 540.048 345,217 539,588 405,920 436,453 366,536

Note: Densities based on a single monthly sample from each location.
(a) Not collected.
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TABLE 5-6 PERCENT COMPOSITION OF DOMINANT ZOOPLANKTON IDENTIFIED FROM SAMPLES COLLECTtD IN THE COOLING
LAKE NEAR WOLF CREEK GENERATING STATION, FEBRUARY THROUGH DECEMBER 1981

23 FEB 28 APR 23 JUN 25 AUG 19 OCT 16 DEC Mean
Taxa 2(a) 6 2 6 2 6 2 6 2 6 2 6 2 6

Copepoda - 18.9 36.2 91.5 81.8 57.6 43.7 82.8 23.1 14.9 29.8 28.2 44.7 27.8
Naupli - 14.4 23.1 71.3 62.2 40.7 31.6 58.8 15.6 11.2 26.4 23.6 33.6 21.3
Calanoid copepodites - 0.3 0.5 3.1 4.7 3.2 5.8 16.6 0.8 0.1 0.2 0.2 1.9 1.1
Cyclopold copepodites - 2.0 6.2 11.8 10.9 7.6 4.1 1.5 3.2 1.8 2.3 2.9 5.7 2.9
Diaptomus siciloldes - 1.3 1.9 3.6 3.1 3.0 1.5 3.4 2.2 0.8 <0.1 0.5 1.9 1.4

Cladocera - 0.1 0.4 7.5 1.3 23.3 5.4 7.6 1.2 0.9 0.6 0.5 1.2 2.4
Bosmina longirostris - <0.1 0.3 0.2 0.2 10.4 0.1 0 0 0 0.2 0.1 0.1 0.8
Daphnia spp.(immature) - 0 0.1 4.0 0.7 8.0 0.2 2.9 0.7 0.2 0.2 0.1 0.4 0.9
Diaphanosoma spp. - 0 0 0 0.1 0.3 4.5 3.3 0.2 0.2 0 0 0.3 0.2

Rotifera - 81.0 63.4 1.0 16.9 19.1 50.8 9.6 75.7 84.1 69.6 71.3 54.1 69.8
BrachiQnus spp. - 0.8 0.3 0 4.0 0.3 6.3 0.8 0.9 0 0 0 1.8 0.4
Conochiloides spp. - 8.0 0 0 0.2 10.7 1.2 0 0.3 0 0 0 0.2 4.9
Keratella spp. - 12.7 .61.6 1.0 5.7 2.9 4.1 2.8 51.0 43.3 27.2 35.6 31.5 20.4
Polyarthra spp. - 59.0 0.8 0 1.4 2.4 16.5 3.9 5.5 13.4 28.5 25.4 9.8 37.5
Pompbolyx spp. - 0 0 0 1.7 0 0 0.6 1.8 3.3 0 0 0.9 0.5
Synchaeta spp. - <0.1 0.6 0.1 0.1 0 9.7 0.2 15.2 23.6 13.9 10.1 7.8 7.0

(a) Not collected.
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TABLE 5-7 MEAN BIOMASS ESTIMATES(a)
COOLING LAKE (LOCATIONS 2
STATION. FEBRUARY THROUGH

FOR ZOOPLANKTON COLLECTED IN THE
AND 6) NEAR WOLF CREEK iGENERATING
DECEMBER. 1981

I

Date/Location Wet Weight

23 FEB

28 APR

23 JUN

25 AUG

19 OCT

16 DEC

2 (b)
6 1,859.8

1,476.3
888.7

2
6

61cc 593.7
794.8

Dry Weight

337.8

227.6
142.8

92.4
100.5

205.2
153.1

86.4
29.2

171.4
127.9

Ash-free Weight

337.7

195.2
127.1

$6.2
61.6

169.0
108W2

55.4

26.3

112.8
99.4

l

4

I
2
6

2
6

1,497.2
953.4

2(C)
6

426.0
176.3

754.6
558.0

791.3
871.8
835.2

I

Mean Annual
2
6

Mean

4156.6
155.2
155.8

117.7
126.7
122.6

(a) Each parameter expressed in mg/m 3 .
(b) Not collected, location not inundated.
(c) Data based on three replicates.
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(164-jrm) net which should exclude most phytoplankton taxa from biomass
samples. Utilization of the No. 10 net would also eliminate most rotifers
from biomass estimates; however, rotifers often comprise a small portion of
the total zooplankton biomass (Kasymov et al. 1972; Pederson et al. 1976).
The resulting relationship between microcrustacean density and biomass is

O) usually well-defined (Cowell 1967) and may provide more reliable biomass
O) estimates for comparison with other reservoirs.
6

5.3 SUMMARY AND CONCLUSIONS

Zooplanklon densities in the tajlwaters of John Redmond Reservoir ranged from
42,018/nt3 in April to 234,312/mr in October. The community was dominated
by rotifers, primarily the genera Brachionus, Keratella, Polarthra, and
Synchaeta. These taxa have been important components in the river zooplankton •
community during past studies. Immature copepods were seasonally important
comprising 42.7 percent and 51.0 percent in April and June, respectively.
Principal adult copepods included Cyclops vernalis and Diaptomus siciloides
although both generally comprised less than five percent of the mean total
zooplankton standing crop. Cladocerans were unimportant -contributors to the
total zooplankton assemblage in the tailwaters never comprising more than 1.6
percent of the total zooplankton. Immature daphnids accounted for the
majority of cladocerans identified. Mean microcrustacean densities in the
tailwaters continued to decline during the current study. The reduced
densities are probably not related to construction activities at WCGS, but to
several biotic and abiotic factors including water exchange rates, food
supply, fish predation and the influence of zooplankton recruitment from
upstream reservoirs which result in year-to-year variations in zooplankton
abundance.

Zooplankton densities generally decreased at downstream Locations 10 and 4
which followed trends established during past studies. A relationship
between reservoir water discharge and mean total zooplankton density at
the downstream locations was evident although it was not statistically
significant (P > 0.05). As river flows were increased, reservoir zooplankton
were transported downstream resulting in similar zooplankton densities among
locations. Decreases in zooplankton abundance were most apparent during
periods of low reservoir discharge. Apparent autochthonous zooplankton
production occurred between downstream locations when river flows were low
since pools conducive to zooplankton production were formed. This resulted
in the appearance of several littoral taxa not present in the tailwaters of
John Redmond Reservoir.

Mean total annual zooplankton density in the cooling lake was 401,494/m3.
The zooplankton community followed normal seasonal variations in abundance l
with highest densities observed in early spring and lowest densities occurring
in the summer. Rotifers, primarily Keratella and Polarthra and immature
copepods combined to account for over 89 percent of the mean yearly zoo-
plankton standing crop. Sixty-five taxa including 6 copepod, 12 cladoceran,
and 23 rotifer genera were identified. Zooplankton abundance and taxa
diversity were higher at Location 2 than at Location 6 due primarily to the
littoral habitat at Location 2 when compared to the limnetic habitat at
Location 6. The mean annual zooplankton d y-weight biomass was 155.8 mg/m3
with a range from 29.2 mg/lm to 337.8 mg/mt at Location 6 in October and
February, respectively.
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PREFACE

This second preconstruction environmental monitoring program for the
proposed Wolf Creek Generating Station was conducted from March 1975 through
February 1976. The study followed recommendations for the Preconstruction
Monitoring Phase presented in subsection 6.1.1.2.2.1 of the Wolf Creek
Generating Station Environmental Report. Federal and State comments on the
Wolf Creek Environmental Report were reviewed and design changes were

incorporated to make improvements over the initial preconstruction program.

The staff of Nalco Environmental Sciences comprised the study group
for data acquisition and preparation of this report. The study was directed by
D. L. Andersen, Associate Biologist, Aquatic Ecology. H. S. Lewis, Manager,

Lincoln, Nebraska Laboratory served as senior advisor for the study program and
he and Dr. G. W. Wadley provided the critical review of this manuscript.
Dr. G. W. Wadley, Technical Manager, Northbrook, Illinois, was responsible
for overall coordination of the program.

ii
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I. The site of the proposed Wolf Creek Generating Station is located near
the center of Coffey County, Kansas, approximately 3.5 miles northeast of
Burlington, the county seat. The nuclear station is scheduled for completion
in 1981 and will produce 1150 megawatts (net output) of electrical power with
its pressurized water reactor. The recirculating type cooling system will

use the surface of a proposed cooling lake to dissipate the rejected heat.

The site boundary encompasses approximately 10500 acres. Acreages
considered irretrievable for the life of the station include about 5960 acres
for the cooling lake, 135 acres for the station, and 60 acres for the dam
structures. The land use in the site area is typical of rural agriculture in
eastern Kansas and consists primarily of range and cropland. Present land
usage is expected to continue in undisturbed areas and consideration is being
given to implementation of resource management programs to mitigate unavoidable
habitat losses.

The proposed cooling lake will have a surface elevation of 1087 ft above
sea level and an average depth of 18.2 ft. The main earth rolled dam on Wolf

Creek, 5.5 miles upstream from its confluence with the Neosho River, and six
perimeter dikes will create the lake basin. Water for the lake will be
provided by precipitation and runoff in the Wolf Creek watershed and a makeup

line from the Neosho River immediately below John Redmond Dam. Overflow
downstream into the Neosho River along Wolf Creek will maintain the lake level

during periods of excess water influx.

Biological, chemical, and/or biological studies on surface and subsurface
waters as well as the terrestrial habitats in the vicinity of the proposed
Wolf Creek Generating Station site were initiated in March 1973. The Wolf
Creek Generating Station Environmental Report (Kansas Gas and Electric Company

1974) and the 1974-75 Preconstruction Environmental Monitoring Report (Industfial
BIO-TEST Laboratories, Inc. 1975) discuss the information previously gathered.

The primary purpose of the monitoring program discussed herein was to assess

the aquatic and terrestrial environments as they existed in the area which will,
or can, be influenced by construction and operation of the proposed Wolf Creek
Generating Station.
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VEGETATION MONITORING

By

Warren J. Buchanan, Jr.

4



NALCO ENVIRONMENTAL SCIENCES

I. Introduction

Preconstruction monitoring of vegetation in the vicinity of the proposed
Wolf Creek Generating Station, Burlington, Kansas, was conducted in June and
September 1975. Community structure, composition, productivity, and biomass
were quantified in a floodplain woods, an abandoned railroad right-of-way, an
open pasture, and a mixed shrub-grass pasture (Figure 2.1). The objectives
of the preconstruction monitoring program were to:

1. Evaluate vegetational changes since the baseline study;

2. Supplement baseline data by further documenting community trends;

3. Provide a more accurate basis for comparison with subsequent
monitoring surveys; and

4. Provide information pertinent to assessment of environmental effects
which might result from construction and operation of the proposed
Wolf Creek Generating Station.

Representative community types were selected for baseline and monitoring

studies (Figure 2.1); however, sampling locations of the floodplain woods,
abandoned railroad right-of-way., open pasture, and mixed shrub-grass pasture
were changed since the 1973 baseline survey due to cooling lake design changes,
rescinded access to private land, or inaccurate representation of respective
community types. The present monitoring locations should remain accessible
and thus provide meaningful data for comparison with subsequent monitoring
results.

II. Field and Analytical Procedures

A. Study Area

Data have been gathered during baseline and preconstruction moni-
toring studies from 11 separate vegetation stands, representing floodplain
woods, open pastures, mixed shrub-grass pastures, and an abandoned railroad
right-of-way. Locations of the four communities sampled in 1975 are shown
in Figure 2.1. These data provided considerable information on the floristics
and ecology of the site and vicinity; however,, monitoring data were sometimes
not directly comparable to baseline data even though both represented the

same ecosystem.

The problems of comparability have been partially solved because

the permanent transects established in September 1974 were intact in 1975.
The 1975 sampling provided better continuity than previous studies, and future

surveys will more accurately monitor changes.

B. Field Procedures

All vegetational strata within the four plant communities (Figure 2.1)
were sampled by the quadrat method (Oosting 1956; Wiegert 1962). Six permanent

400 m2 circular plots were systematically distributed in the floodplain woods
to sample trees (stems greater than 10 cm dbh) and saplings (stems 2.5-10.0 cm dbh).
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Five circular plots, each 10 m2 , were nested (Figure 2.2) at the center and
tangent to the four cardinal compass points within the circumference of each
400 m2 plot, to sample the shrub stratum. Herbaceous vegetation and woody
seedlings less than 30 cm tall were sampled with I m2 plots centered within
each 10 m2 plot.

The ground layers within the mixed shrub-grass pasture and open
pasture were sampled using thirty 0.1 m2 circular plots distributed at 10 m
intervals along three parallel transects. The woody vegetation in the mixed
shrub-grass pasture was sampled with ten 10 m2 circular plots distributed at
20 m intervals along two transects. The abandoned railroad right-of-way was
sampled with twenty-five 0.1 m2 plots distributed at 10 m intervals along one
transect.

C. Analytical Procedures

The community structure, composition, and productivity were quantified
for each of the four sampling locations. Both absolute and relative values
of frequency, density, and dominance were computed for species in the overstory,
understory, and shrub strata. Importance values (Curtis and McIntosh 1951)
were determined as the sum of the relative indices. Absolute and relative
frequency and percent ground layer coverage were calculated for ground layer
vegetation. Densities of trees and saplings were calculated for nine stem
size classes. All data summaries were performed on a Data General NOVA computer
using standard formulas (Curtis and Cottam 1962). Community biomass, litter
turnover rate, and primary productivity were determined by the harvest method
(Whittaker 1961; Ovington et al. 1963).

Plant voucher specimens were collected, dried, and processed for
permanent preservation. Botanical nomenclature followed Gleason and Cronquist
(1963).

The coefficient of community (2a/b) was used to quantify similarity
between 1974 and 1975 community data; "a" is the number of recorded species
common to both years of sampling and "b" is the collective sum of species found
each year. Cox (1972) indicated that the maximum expected coefficient of
community for replicate samples in a plant community is 0.85. When comparing
yearly data from the communities near Wolf Creek, a coefficient greater than
0.75 was considered very similar, a coefficient greater than 0.60 was considered
moderately similar, and dissimilarity was indicated by coefficients less than
0.60.

III. Results and Discussion

Land use within the project boundary of the proposed Wolf Creek Generating
Station was classified into several types (Kansas Gas and Electric Company 1974).
Rangeland, including open and mixed shrub-grass pastures (represented by
Communities 3 and 4), comprised 46% of the land within the project boundary.
The other major land-use types were cropland (41%) and woodland (11% of the land
and represented by Community 1). Abandoned railroad rights-of-way (sampled in
Community 2) occupied less than 1% of the land within the project boundary;
however, as undisturbed prairie it represented the potential vegetation of

6
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grasslands in the region, and was therefore important to sample.

Although similar community types were sampled in 1973, 1974, and 1975,
direct comparisons to the original 1973 baseline survey were limited because
of changes in sampling plot locations. The following discussion will largely
deal with the present status of each community type and comparisons to previous
studies where the sampling locations were not relocated for at least two years.

A. Floodplain Woods (Community 1)

1. Present Status

The floodplain woods along Wolf Creek range from mesic, seldom
flooded, well-drained soil on moderate slopes to wet, often inundated alluvium
near the creek banks. Most woodlands along Wolf Creek are subjected to
periodic flooding; nearly all land that does not flood is now farmed.
Community 1 was located within the influence of periodic flooding.

a. Composition

The overstory was composed of 13 species of which bur oak
(Quercus macrocarpa), hackberry (Celtis occidentalis), and black walnut
(Juglans nigra) were codominant (importance values of 70.4, 55.3, and 46.3,
respectively; Table 2.1). The importance of bur oak was based mainly on the
occurrence of a few very large individuals (relative dominance of 41.1%),
whereas hackberry were generally small-sized but numerous (relative density
of 30.3%). Bur oak and hackberry were the only trees with 100% frequency.
Species of intermediate importance (importance values ranging from 23.3 to
31.0) included bitternut hickory (Carya cordiformis), redbud (Cercis
canadensis), and Shumard's oak (Quercus shumardii). The latter species was
mistakenly recorded as pin oak (q. palustris) in June 1975. Minor constituents
were green ash (Fraxinus pennsylvanica), Kentucky coffee-tree (Gymnocladus
dioica), American and slippery elm (Ulmus americana and U. rubra), osage orange
(Maclura pomifera), red mulberry (Morus rubra), and white ash (Fraxinus
americana). These seven minor species had importance values ranging from 4.8
to 12.5%.

The understory reflected the successful reproduction of most
major overstory species with the exception of bur oak and Shumard's oak
(Table 2.2). Of the nine sapling species, hackberry was most abundant (importance
value of 155). Redbud (importance value of 47.1) had secondary status. Green
ash, bitternut hickory, red mulberry, American elm, osage orange, slippery
elm, and black walnut were lesser components.

The shrub stratum contained a mixture of shrub species and

tree seedlings (Table 2.3). Coralberry (Symphoricarpos orbiculatus) was
widespread (importance value of 137.4); hackberry and green ash seedlings were
also prominent. Missouri gooseberry (Ribes missouriense), slippery elm, white
ash, poison ivy (Rhus radicans), grape (Vitis sp.), American elm, eastern wahoo
(Euonymus atropurpureus), Kentucky coffee-tree, and greenbrier (Smilax
hispida) were the minor components of the shrub stratum.

7.
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The ground layer composition (Table 2.4) included 21

identifiable species in June and 22 species in September; 13 were common to
both surveys. The more common species, such as Virginia wild rye (Elymus
virginicus), black snakeroot (Sanicula marilandica), Virginia creeper
(Parthenocissus quinquefolia), wood nettle (Laportea canadensis), wingstem
(Verbesina alternifolia), and sedge (Carex laxiflora), had high frequencies

during both June and September. Seasonal variation was demonstrated by fescue
(Festuca obtusa) and violet (Viola sp.) which were recorded in June only.
Ruellia (Ruellia strepens), smartweed (Polygonum virginianum and P. punctatum)
and white grass (Leersia virginica) were among the species recorded in September
only.

b. Structure

Overstory and understory structure (Table 2.5) indicated

an eventual increase of typical floodplain species such as hackberry, redbud,
and green ash; these three species had a cumulative density of 870 stems/ha,
representing nearly 90% of the saplings. Most bur oak and Shumard's oak were
large trees over 55 cm dbh. The largest bur oak were approximatley 100 years
old. These large oaks appeared to be relicts, possibly established during a
past drought. Oaks were reproducing insufficiently to play a role in the
eventual floodplain climax association. Hackberry will eventually dominate.

The shrub stratum covered 31.7% of the ground and comprised

9041 stems/ha (Table 2.3). Coralberry had the highest density (nearly 6000
stems/ha) but hackberry and green ash seedlings were also numerous (1000 and
700 stems/ha, respectively).

Ground layer coverage decreased from 65% in June to 40%
in September; flooding was the evident cause of this reduction. Large areas
of herbaceous vegetation had been matted down and defoliated by flooding
between June and September.

c. Productivity and Biomass

Primary productivity in 1975 for the floodplain woods was

estimated at 8763 kg/ha per yr and community biomass was 189,116 kg/ha
(Table 2.6). This biomass estimate correlates fairly well with other estimates

of midwestern woodland biomass. Ovington et al. (1963) estimated above-ground
biomass for a Minnesota woods to be 165,798 kg/ha, whereas Buchanan (1975a)
estimated a biomass of 139,510 kg/ha for a lowland woods in central Illinois.
The rate of litter decomposition in Community 1 was 53.1% a year, indicating
that less than two years are required for a complete turnover of litter.

2. Baseline Comparisons

The 1975 data for the floodplain woods have limited comparability

to previous data from other floodplain woods near Wolf Creek because of changes
in sampling locations. The composition of all strata in the floodplain woods
correlated closely to that reported by Barker (1969) and Bellah and Hulbert

(1974) for other floodplain forests in Kansas.
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a. Composition

Data have been gathered from the upper strata of a different
stand of floodplain woods during each of the three years of baseline (1973)
and monitoring (1974 and 1975) studies. Although differences in structure

existed, largely because of human intervention and topographic variance, the

composition of the three floodplain stands was similar. The coefficient of
community calculated from the 1974 and 1975 data was 0.63 (Figure 2.3) showing
moderate similarity. Major tree components common to all three woods included
hackberry, black walnut, red mulberry, and American elm. Other species
prominent in at least two of the stands included green ash, Kentucky coffee-tree,

bitternut hickory, and bur oak. Coralberry shrubs and hackberry seedlings
were the primary components of the shrub stratum in the three floodplain woods.

The ground layers in four stands of woods were surveyed in the three years of
sampling. Virginia wild rye was prominent in all stands along with Virginia
creeper, sedges, wingstem, and nettles.

b. Structure

The structure of upper strata in the three stands of
floodplain woods varied considerably (Table 2.7). The baseline woods sampled

in 1973 had 320 trees/ha and 411 saplings/ha. Densities of 592 trees/ha and

700 saplings/ha were recorded in the second stand of woods which was sampled
during the first monitoring year (1974). The 1975 data for the third stand

of floodplain woods showed 275 trees/ha and 842 saplings/ha (Table 2.7). The
dimensional distribution of the trees and saplings reflected some general

trends for the three woods. Hackberry, a predicted dominant for floodplain
woods in this region (Kuchler 1974; Bellah and Hulbert 1974), was well repre-

sented in the smaller size classes; other typical floodplain species were also

represented. Oak species, with the occasional exception of bur oak, were

seldom found as saplings. Therefore, the oak components of the floodplain

woods along Wolf Creek often appeared as relicts, unlikely to remain.

The shrub stratum and ground layer cover differed between

stands and was related to disturbance and topographic variance. Shrub stratum
cover was 59.0% in the 1973 stand, 14.1% in the 1974 stand, and 31.7% in the

1975 stand (Table 2.7). The ground layer cover ranged from 30% to 65% in all

stands.

c. Productivity and Biomass

Primary productivity in the 1974 stand of floodplain woods

was estimated at 8995 kg/ha per yr (Table 2.7); in the 1975 stand, the estimate
was 8763 kg/ha per yr, a decrease of 2.5%. Community biomass in the 1975 stand

(189,116 kg/ha) was greater by 12% than in the 1974 stand (168,455 kg/ha).

These values are quite similar considering that they were estimatd from two
different stands of floodplain woods.

B. Abandoned Railroad Right-of-Way (Community 2)

1. Present Status

The abandoned railroad right-of-way represented native bluestem

9
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prairie. Undisturbed prairie remnants are few and scattered throughout the

Osage Plains (Barker 1969); most grasslands in this region are degraded prairie.
Community 1 represented the potential vegetation of these grasslands. This
stand had a thick sod and a flora characteristic of the prairies described by
Weaver (1968) and Kuchler (1974). The bisecting railroad ballast promoted the
development of plants atypical of native prairie in the center of the right-of-way.

a. Composition

The prairie flora included 26 identifiable species in

June and an additional 14 species in September (Table 2.8). Only eight species

were common to both sampling periods and reflects seasonal variation. Except for
the immature grasses (Gramineae) and composites (Compositae), panic grasses
(Panicum scribnerianum and P. lanuginosum) were the most abundant species in

June. By September, the immature species that had been collectively placed
into family classifications in June, matured and were identifiable. Little

bluestem (Andropogon scoparius), switch grass (Panicum virgatum), Indian grass
(Sorghastrum nutans), Virginia wild rye, and purple lovegrass (Eragrostis
spectabilis) were among the more common grasses. Three-seeded mercury
(Acalypha gracilens), heath aster (Aster ericoides), yarrow (Achillea millefolium),

wooly croton (Croton capitatus), ironweed (Vernonia baldwini), and sunflowers
(Helianthus maximiliana and H. laetiflorus) were among the forbs recorded.

b. Structure

The average community ground layer cover was extensive in
June and September (96 and 100%, respectively; Table 2.8). The graminoid

population was very dense and generally grew to about 7 dm in height. Occa-

sional tall forbs such as sunflowers, and grasses such as big bluestem (Andro-
pogon gerardi), reached a height of 2 m. Albertson (1937) documented little
bluestem prairie with a similar structure.

c. Productivity

The standing crop of the abandoned railroad right-of-way
was large in 1975 (7446 kg/ha per yr; Table 2.6). Prairies studied by Koelling

and Kucera (1965) and Smeins and Olsen (1970) had standing crops that averaged
nearly 35% less than this Kansas prairie. Climatic variance probably accounted
for the differences.

2. Baseline Comparisons

The same stand of prairie has been sampled during two years of
preoperational monitoring. Although summer drought hindered the compositional
and structural development in 1974, favorable climatic conditions in 1975
resulted in good growth.

a. Composition

The coefficient of community was 0.56 (Figure 2.3) between

1974 and 1975 data for the abandoned railroad right-of-way. Most of the
prairie grasses that dominated in 1975 (Table 2.8) were poorly developed in
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1974. The changes in composition demonstrate the dynamic nature of the prairie.
Sampling variability had a minor influence on data.

Although a different stand of prairie was surveyed in 1973
(Kansas Gas and Electric Company 1974), the nine most common fall species
reported in that survey were also recorded in the monitoring stand in September
1975. This demonstrates the floristically homogeneous nature of prairies in
this area.

b. Structure

As described by Buchanan (1975b), the canopy was generally
less than half as tall in 1974 as in 1975. Ground cover was essentially complete
both years.

c. Productivity

The effects of drought in 1974 were most evident when
comparing the standing crop in 1974 (3811 kg/ha per yr) to that of 1975
(7446 kg/ha per yr); the standing crop increased 95% from 1974 to 1975 (Table
2.7).

C. Open Pasture (Community 3)

1. Present Status

Grazing is the most common land use near Wolf Creek. Most
pastures are essentially native prairie maintained in various stages of
disclimax.

a. Composition

Depending on the severity of degradation, varying proportions
of native prairie species will occur in mixture with noxious weeds (Kucera 1956).
Climatic factors also influence the importance of weed species that establish
on degraded prairie. Drought favors the establishment of weeds.

Species atypical of original prairie were most prominent
in June 1975 (Table 2.9); these included mouse-ear chickweed (Cerastium
vulgatum), Canada bluegrass (Poa compressa), ragweeds (Ambrosia psilostachya
and A. artemisiifolia), and Japanese brome (Bromus japonicus). As serotinous
prairie species developed, the abundance of many weed species declined. Prairie
grasses such as little bluestem, big bluestem, and Indian grass, had increased
considerably by September.

b. Structure

Community ground layer cover increased from 89% in June to
97% in September. The taller forbs attained heights of 1.5 m, whereas most
of the vegetation was about 1 m in height. Many small patches were grazed to
the ground.
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c. Productivity

Primary productivity of the open pasture was estimated at

4162 kg/ha per yr (Table 2.6). Grazing that occurred during the year reduced
the accuracy of the estimate.

2. Baseline Comparisons

a. Composition

The coefficient of community was 0.73 between 1974 and 1975

data (Figure 2.3). The 15 most common species in 1974 were also recorded in

1975. Most of the compositional changes resulted from the more favorable

growing conditions in 1975. Most changes involved minor components of the
ground layer. Although 1973 baseline studies (Kansas Gas and Electric Company
1974) were in a different pasture, the composition, particularly of major
species, was similar.

b. Structure

The September 1974 ground layer cover (Table 2.7) was 87%

and was less than that recorded in 1975 (97%). Climatic factors and grazing
were the main influences. Herbaceous vegetation was better developed in 1975
due to more favorable growing conditions.

c. Productivity

Primary productivity in 1975 was 80% greater than in 1974

(Table 2.6) and was the result of favorable growing conditions following a year

of drought. Grazing also influenced the estimates.

D. Mixed Shrub-Grass Pasture (Community 4)

1. Present Status

The stand of mixed shrub-grass pasture was extensively grazed.

Large patches of weeds occurred among the clumps of trees and shrubs.

a. Composition

The woody invaders constituting the shrub stratum included

mainly coralberry, elm, and smooth sumac (Rhus glabra) with importance values
of 112.1, 82.8, and 52.1, respectively (Table 2.10). Other recorded woody
species were rose, redcedar (Juniper virginiana), green ash, and honey locust
(Gleditsia triancanthos). A few large osage orange trees were scattered in
the community but outside the sampling plots.

The ground layer (Table 2.11) was composed of a mixture of

weeds, prairie forbs, and grasses. Korean lespedeza (Lespedeza Stipulacea),

Virginia strawberry (Fragaria virginiana), and common ragweed had the highest

frequencies in the spring and summer. Japanese brome and white dwarf plantain
(Plantago virginica) were common in June only, whereas broomweed (Gutierrezia
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dracunculoides), ironweed, paspalum (Paspalum ciliatifolium), and aster were
present in September only. Prairie grasses such as little bluestem, big bluestem,
and side-oats grama (Bouteloua curtipendula) were infrequent. The abundance of
weeds and scarcity of prairie grasses reflected the severity of grazing.

b. Structure

The structure of the mixed shrub-grass pasture was charac-
terized by patches of closely grazed weeds, extensive shrub clones, and
scattered trees. Density of woody stems was 9500 stems/ha and shrub cover was
19% (Table 2.10). The ground layer cover, 78% in June and 65% in September,
was largely controlled by grazing.

c. Productivity

The herbaceous standing crop of the mixed shrub-grass

pasture was 2055 kg/ha per yr (Table 2.6). The low productivity was largely
the result of grazing influences and the shading by woody vegetation that
reduced herbaceous growth.

2. Baseline Comparisons

a. Composition

The coefficient of community for 1974 and 1975 data from the

mixed shrub-grass pasture was 0.70 (Figure 2.3). This indicates few significant
compositional changes since 1974. Those changes that did occur involved minor
constituents of the vegetation.

b. Structure

Ingrowth of woody species was ongoing. As trees and shrubs

developed, the vertical stratification increased along with crown cover. This

in turn reduced the herbaceous ground layer because of shading; however, grazing
and climatic factors more immediately affected the ground layer. In September
1974, the ground layer cover was 57% (Table 2.7), whereas in September 1975 it
was 65%. Favorable climatic conditions were probably the main cause of the
increase.

c. Productivity

The standing crop of the mixed shrub-grass pasture was 13%

greater in 1975 than 1974 (Table 2.7). The increase in primary productivity
reflected better growing conditions in 1975 compared to 1974.

E. Relationship of Plant Communities to the Environment

The sensitivity of terrestrial communities to alterations of environment

will be discussed to provide information pertinent to the assessment of eventual
construction and operation impacts of the proposed Wolf Creek Generating Station.

1. Floodplain Woods (Community 1)

The floodplain woods will be more affected by construction and
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operation than other terrestrial communities because of its close association
with Wolf Creek. Most woods are presently within the influence of periodic
floods; however, the elevation of the woods above the normal creek level provides
fairly well drained conditions between floods. The character of the floodplain
woods is largely controlled by the fluctuations between flooded and drained
conditions.

The monitoring plots in the floodplain woods are located just above
the proposed northern perimeter of the cooling lake. Conversion of Wolf Creek
below Community 1 to a cooling lake will probably moderate flood periodicity
and change the local moisture regime. Changes in the moisture regime (raising
or lowering the water table) can interfere with reproductive strategies or edaphic
requirements of present plant species (Johnson and Bell 1975). Some changes in
community composition may occur along with physiological changes in remaining
species. The same general influences will affect floodplain woods below the main
dam on Wolf Creek.

2. Abandoned Railroad Right-of-Way (Community 2)

The abandoned railroad right-of-way represents native bluestem
prairie of the region. A moisture gradient will be created along this right-
of-way ranging from inundated conditions to normal dry conditions beyond the
influence of the proposed lake level. In segments of the abandoned railroad
right-of-way nearer the lake edge, marsh vegetation may develop. Intermediate
moisture levels may promote the increase of slough grass (Spartina pectinata)
or perhaps encroachment by woody species.

The abandoned railroad right-of-way sampling plots are elevated
about 8 m above the proposed level of the cooling lake. Root systems of
prairie species seldom exceed 8 m depths (Weaver 1968); however, capillary action
could make available additional soil moisture. Species requiring more moisture
than is presently available in Community 2, such as big bluestem, could be
locally favored by creation of the cooling lake.

3. Open Pasture (Community 3)

Most of the open pasture ecosystem is located on rolling uplands
too dry or hilly for cultivation of crops. Most pasture and range land in the
vicinity of the proposed Wolf Creek Generating Station is above the influence
of the proposed lake (Kansas Gas and Electric Company 1974). Pasture that lies
within the possible influence of the lake may be more susceptible to woody
invasion. Grazing will remain a greater influence on the vegetation of the open
pastures than changes in the moisture gradient. The monitoring plots for
Community 3 are above probable lake influence.

4. Mixed Shrub-grass Pasture (Community 4)

Most of the information presented above for open pastures also
applies to mixed shrub-grass pastures. The wooded pastures are often more
closely associated with drainageways since woody invasion of pastures is usually
promoted by greater available water. Mixed shrub-grass pastures subjected to
increases in moisture level, other than complete inundation, should show an
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acceleration of woody invasion. As with open pastures, grazing will still be
the greatest immediate influence.

The monitoring plots in Community 4 are near the cooling lake

level, but are separated from the proposed lake by low hills up to 10 m above
the proposed lake level. A small ditch that meanders southwestward to
the Neosho River provides some moisture to Community 4; however, construction
of dikes along the cooling lake may restrict the flow of this ditch. Thus, it
is particularly difficult to predict environmental changes at Community 4 without
more specific knowledge of changes that will occur in the moisture regime.

IV. Summary and Conclusions

1. The floodplain woods (Community 1) was dominated by bur oak and
hackberry. Oak species were reproducing poorly, whereas typical floodplain
species were thriving.

2. The floodplain woods sampled in 1975 represented the third stand

of woods near Wolf Creek in which all strata were sampled. Differences
among stands relate to past human intervention and topographic variation.
Despite differences in moisture regimes, all stands were within the influence
of periodic floods. The composition and structure of the floodplain stands
were moderately similar.

3.- The abandoned railroad right-of-way (Community 2) was composed
largely of priarie grasses and forbs. The thick growth of little bluestem
reached a height of 7 dm. Tall grasses and sunflowers reached a height of 2 m,
and productivity was high.

4. The drought in 1974 and favorable growing conditions in 1975 accounted
for the differences between years for data from the abandoned railroad right-of-
way. Grasses were better developed in 1975 and canopy height and productivity
were nearly twice that recorded in 1974.

5. The open pasture (Community 3) was native prairie altered by grazing.
Pasture weeds were prominent in June, whereas prairie species increased con-
siderably by September.

6. The composition and structure recorded in the open pasture for 1974
and 1975 were quite similar. Grazing and climatic conditions effected minor
changes.

7. A mixture of noxious weeds and prairie species characterized the

mixed shrub-grass pasture (Community 4). Several species of trees and shrubs
were invading.

8. The ground layer of the mixed shrub-grass pasture had a very similar
composition in September of 1974 and 1975. Changes involved only minor
constituents.

9. Primary productivity in 1975 was greater in all communities than in
1974 because of the improved growing conditions in 1975.
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Figure 2.1. Vegetation sampling locations in the vicinity of the Wolf
Creek Generating Station, Burlington, Kansas, 1975.
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Figure 2.Z Schematic representation of nested quadrat layout for sampling
vegetation in a floodplain woods in the vicinity of the proposed
Wolf Creek Generating Station, Burlington, Kansas.



=IVb~.. VI"S* iIMSINMINII g-L. Cx 1=V =x

z

D

0

0

z
LJ

W

0
0)

1.00

090

080

0.70

0.60

0.50

0.40

0.30

0.20

0.10

0.00

EID
0l

OVERALL

Ground layer

Shrub stratum

.73
.70

.65

LL.

0

0
* cr

-J
<

VEGTAIO

w

I--

a-

W
0.
0

a..
U,

C,

a,

0

x

COMMUNITIES

Figure 2.3. Similarity between 1974 and 1975 preoperational monitoring data
based on coefficients of community for each plant community
sampled in the vicinity of the Wolf Creek Generating Station,
Burlington, Kansas.



" -" m = -= " " m - "0"m =

Table 2. 1. Phytosociological data summary of trees in a floodplain woods, Community l,in
of Wolf Creek Generating Station, Burlington, Kansas, June 1975.

the vicinity

Relative Trees/ Relative Basal Area Relative Importance
Species Frequency Frequency Hectare Density (m2 /ha) Dominance Value

Quercus ,macrocarpa 100.0 18.7 29.2 10.6 11.6 41.1 70.4
Celtis Eccidentalis 100.0 18.7 83.3 30.3 1.8 6.2 55.3
JuTgjansTngra 66.7 12.5 50.0 18.2 4.4 15.6 46.3
Carya cordif-ormis 66.7 12.5 33.3 12.1 1.8 6.4 31.0
Ce rc is -E-anae-n-si s 66.7 12.5 29.2 10.6 0.6 2.1 25.2
Quercus shumardiT 16.7 3.1 8.3 3.0 4.9 17.2 23.3
Fraxi.nus pernsylvanica 16.7 3.1 12.5 4.5 1.4 4.8 12.5
Gymuocladus dioica 16.7 3.1 8.3 3.0 0.5 1.8 8.0
Ulmus americana 16.7 3.1 4.2 1.5 0.9 3.0 7.7
Ulmus rubra 16.7 3.1 4.2 1.5 0.4 1.4 6.0
Mac5ura pomifera 16.7 3.1 4.2 1.5 0.0 0.1 4.8
Momus rubra 16.7 3.1 4.2 1.5 0.0 0.1 4.8
Fraxinius americana 16.7 3.1 4.2 1.5 0.0 0.1 4.8

Totals 275.0 28.3
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Table 2.2. Phytosociological data summary of saplings in a floodplain woods, Community 1, in
of the Wolf Creek Generating Station, Burlington, Kansas, June 1975.

the vicinity

Relative
Freauencv Freauencv

Saplings/ Relative
Hectare DensitySpecies

Basal Area Relative
(m2 /ha) Dominance

Celtis occidentalis
ercis canadensis

Fraxinus pennsylvanica
Carya cordiformis

r Mcrus rubra
U]mus americana
naclura poThifera
inlmus rubra
Jujlans nigra

Totals

100.0
83.3
66.7
66.7
66.7
50.0
50.0
16.7
16.7

19.4
16.1
12.9
12.9
12.9

9.7
9.7
3.2
3.2

550.0
137.5

58.3
25.0
20.8
25.0
12.5

8.3
4.2

841.7

65.3
16.3

6.9
3.0
2.5
3.0
1.5
1.0
0.5

1.5
0.3
0.1
0.1
0.0
0.0
0.0
0.0
0.0

2.1

70.3
14.6

4.3
4.0
2.2
1.3
0.4
1.6
1.3

Importance
Value

155.0
47.1
24.1
19.9
17.6
14.0
11.5

5.8
5.0
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Table 2.3. Phytosociological data summary of species in the shrub stratum of a floodplain woods,
Community 1, in the vicinity of the Wolf Creek Generating Station, Burlington, Kansas,June 1975.

I\)

Relative Stems/ Relative % Ground Relative ImportanceSpecies Frequency Frequency Hectare Density Cover Dominance Value
Symphoricarpos orbiculatus 79.2 35.2 5958 65.9 11.5 36.3 137.4Celtis occidentalis 54.2 24.1 1000 11.1 11.3 35.7 70.8Fraxinus pennsylvanica 25.0 11.1 708 7.8 5.5 17.5 36.4KTbes missouriense 12.5 5.6 541 6.0 1.5 4.6 16.1UOmITus rubra 12.5 5.6 250 2.8 0.6 1.9 10.2FrTaxinus americana 8.3 3.7 208 2.3 0.3 1.0 7.0Rhus radicans 8.3 3.7 125 1.4 0.1 0.3 5.4Vitis sp. 8.3 3.7 83 0.9 0.1 0.2 4.8Ulmus americana 4.2 1.9 41 0.5 0.6 1.8 4.1EuonTmus atropurpureus 4.2 1.9 41 0.5 0.1 0.4 2.7GýyciT--YIidd---du oica 4.2 1.9 41 0.5 0.1 0.4 2.7Srnilax•s[ i da - 4.2 1.9 41 0.5 0.0 0.1 2.4

Totals 9041 31.7
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Table 2.4. Frequency of species in the ground layer and average ground layer
cover in a floodplain woods, Community 1, in the vicinity of the
Wolf Creek Generating Station, Burlington, Kansas, June and
September 1975.

June September
Relative Relative

Species Frequency Frequency Frequency Frequency

Elymus virginicus 73.3 13.7 56.7 13.6
Sanicula gregaria 66.7 12.4 60.0 14.4
Parthenocissus quinguefolia 46.7 8.7 23.3 5.6
Urtica dioica 40.0 7.5 10.0 2.4
Laportea canadensis 40.0 7.5 63.3 15.2
Verbesina alternifolia 36.7 6.8 33.3 8.0
Carex laxiflora 36.7 6.8 46.7 11.2
Festuca obtusa 33.3 6.2
Viola sp. 33.3 6.2
Symphoricarpos orbiculatus 26.7 5.0 20.0 4.8
Polygonum sp. 20.0 3.7
Geum canadense 16.7 3.1
Galium aparine 16.7 3.1
Compositae 13.3 2.5 3.3 0.8
Menispermum canadense 6.7 1.2 3.3 0.8
Rhus radicans 6.7 1.2 10.0 2.4
Pilea pumila 6.7 1.2
Ambrosia trifida 3.3 0.6
Celtis occidentalis 3.3 0.6 3.3 0.8
Vitis sp. 3.3 0.6 10.0 2.4
Acer negundo- 3.3 0.6
Ribes missouriense 3.3 0.6 6.7 1.6
Ruellia strepens 13.3 3.2
Polygonum virginianum 13.3 3.2
Leersia virainica 10.0 2.4
Carya cordiformis 6.7 1.6
Po!ygonum punctatum 6.7 1.6
Cinna arundinacea 3.3 0.8
Gramineae 3.3 0.8
Quercus niacrocarpa 3.3 0.8
Smilax hispida 3.3 0.8
Aster sp. 3.3 0.8

Average Community Ground Layer Cover

65% 40%
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t
Density (stems per hectare) of saplings and trees by diameter classes in a floodplain woods,
Community 1, in the vicinity of Wolf Creek Generating Station, Burlington, Kansas, June 1975. [

Table 2.5.

"-p-nu Claass Tree Class
1.5- " .-- L-§--U'&= 1-0u-b Tz--1 -7 6----4.06--47--.6- > su

Species 6.2 10.0 Total 17.5 25.0 32.5 40.0 47.5 55.0 55.1 Total Totals

u,

Celtis occidenta-li~s
Cerri.s canadensis
F~ra>zinus PLn n sylvanca
Cara co•rd! formis
.jucglans nigra
Ulmus americana
Quercus -macrocarpa
Morus rubra
Maclura pomifera
Ulmus rubra
Gymnoc adus dioica
Quercus shumardii
Fraxinus americana

Tut.l Is

370.8
95.8
50.0
12.5

25.0

179.2
41.7

8.3
12.5

4.2

550.0
137.5

58.3
25.0

4.2
25.0

0.0
10. 8
12.5

8.3
0.0
0.0
0.0

62.5
20.8

12.5
8.3

4.2

4.2

4.2

12.5
8.3
4.2
4.2
8.3

4.2

4.2
12.5

4.2

4.2
4.2

20.8 4.2 4.2
4.2

4.2

4.2 4.2 83.3
29.2
12.5
33.*
55.0

4.2
20.3 24.2

4.2
4.2
1.2
3.3

8.3 3.3
1.2

633.3
166.7

70.8
58 .3
54.2
23.2
29. 2
25.0
]l,.7
12.5

1.38.3

4.2

4

16.7 4.2
12.5

8.3 4.2
4.2

4.2

583.3 258.3 841.7 120.8 41.7 25.0 37.5 8.3 12.5 29.2 271.0 3116.7
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Table 2.6. Primary productivity and biomass of representative plant communities
in the vicinity of Wolf Creek Generating Station, Burlington, Kansas,
June and November 1975.

Primary Litter
Productivity Biomass Turnover

Plant Community (kg/ha per yr) (kg/ha) (%/yr)

Floodplain woods (Community 1) 8763 189,116 53.1

Abandoned railroad right-of-way 7446 -

(Community 2)

Open pasture (Community 3) 4162

Mixed shrub-grass pasture 2055
(Community 4)
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Table 2.7. Comparisons of vegetation data from four representative plant communities in the vicinity

of Wolf Creek Generating Station, Burlington, Kansas, 1973a, 1 9 7 4 b, and 1975.

tN.

Density (stems/ha) % Cover Primary Litter
No. Shrub Basal Area (m2 /ha) Shrub Ground Productivity Biomass Turnover

Location Year Species Overstory Understory Stratum Overstory Understory Stratum Layerc (kg/ha/yt) (kg/ha) (%/yr)

Floodplain 1 9 7 3 d 57 320 411 19.0 59.0
Woods 1 9 7 4 d 45 593 700 1836 18.6 2.1 14.1 33 8995 168,455 49.9

1975 42 275 842 9041 28.3 2.1 31.7 40 8763 189,116 53.1

Ahandoned 1 9 7 3 d So
RIi.L,.ad 1974 30 100 3811
Rjiht-of-Way 1975 40 100 7446

1 9 7 3 d 52
1974 46 87 2323

Pasture 1975 48 97 4162

mixed Shrub 1973) 37 30.1
Grass Pasture 1974 31 57 1810

1975 53 9500 19.0 65 2055

a Kansas Gas and Electric Company (1974)
b Buchanan (1975b)
c Ground cover values for September only.
d Cotraunity locations different from present monitoring location.
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Table 2.8. Frequency of species in the ground layer and average ground layer
cover in an abandoned railroad right-of-way, Community 2, in the
vicinity of Wolf Creek Generating Station, Burlington, Kansas,
June and September 1975.

June September
Relative Relative

Species Frequency Frequency Frequency Frequency

Gramineae 96.0 16.3 4.0 0.8
Panicum scribnerianum 88.0 15.0
Compositae 44.0 7.5
Panicum lanuginosum 40.0 6.8
Oxalis sp. 40.0 6.8 4.0 0.8
El-ymus virginicus 36.0 6.1 44.0 9.3
Ach-ilea millefolium 32.0 5.4 16.0 3.4
Agrostis hyemalis 28.0 4.8
Erigeron strigosus 24.0 4.1
Poa pratensis 20.0 3.4
Bromus japonicus 20.0 3.4
Euphorbia corollata 20.0 3.4 8.0 1.7
Viola pedatifida 12.0 2.0 4.0 0.8
Koeleria cristata 12.0 2.0 4.0 0.8
Physalis sp. 8.0 1.4
Juncus sp. 8.0 1.4
Tr-odnis perfoliata 8.0 1.4
Plantago virginica 8.0 1.4
Petalostemum sp. 8.0 1.4 8.0 1.7
Lactuca serriola 4.0 0.7
Scutellaria sp. 4.0 0.7
Galium aparine 4.0 0.7
Phalaris caroliniana 4.0 0.7
Lobelia spicata 4.0 0.7
Geranium carolinianum 4.0 0.7
Myosotis verna 4.0 0.7
Carex sp. 4.0 0.7
Vitis sp. 4.0 0.7 4.0 0.8
Panicum sp. 88.0 18.6
Andropogon scoparius 80.0 16.9
Panicum virgatum 72.0 15.3
Sorghastrum nutans 40.0 8.5
Acalypha gracilens 36.0 7.6
Eragrostis spectabilis 24.0 5.1
Aster ericoides 8.0 1.7
Croton capitatus 4.0 0.8
Vernonia baldwini 4.0 0.8
Sporobolus asper 4.0 0.8
Elymus canadensis 4.0 0.8
Heiianthus maximiliani 4.0 0.8
Helianthus laetiflorus 4.0 0.8
Andropogon gerardi 4.0 0.8

Average Community Ground Layer Cover
96% 100%
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Table 2.9. Frequency of species in the ground layer and average ground layer
cover in an open pasture, Community 3, in the vicinity of Wolf Creek

Generating Station, Burlington, Kansas, June and September 1975.

June September
Relative Relative

Species Frequency Frequency Frequency Frequency

Cerastium vulgatum 76.7 10.0
Poa compressa 63.3 8.3 6.7 1.1
Gramineae 60.0 7.8 36.7 5.9
Ambrosia psilostachya 60.0 7.8 56.7 9.1
Bromus japonicus 60.0 7.8
Pycnanthemum sp. 53.3 7.0
Ambrosia artemisiifolia 46.7 6.1 36.7 5.9
Hordeum pusillum 33.3 4.3
Solidago graminifolia 33.3 4.3 46.7 7.5
Panicun scribnerianum 30.0 3.9
Eupatorium serotinum 30.0 3.9 26.7 4.3
Symphoricarpos orbiculatus 26.7 3.5 20.0 3.2
Plantago virginica 26.7 3.5
Compositae 23.3 3.0
Panicum lanuginosum 16.7 2.2
Poa pratensis 13.3 1.7
Carex sp. 13.3 1.7
Lespedeza stipulacea 13.3 1.7 30.0 4.8
Juncus interior 13.3 1.7
Agrostis hyemalis 10.0 1.3
Myosotis verna 6.7 0.9
Eleocharis sp. 6.7 0.9
Solanum carolinense 6.7 0.9 13.3 2.2
Cirsium sp. 6.7 0.9
Gleditsia triacanthos 6.7 0.9 3.3 0.5
Fragaria virginiana 6.7 0.9 3.3 0.5
Oxalis sp. 6.7 0.9
Achillea millefolium 3.3 0.4
Ambrosia bidentata 3.3 0.4 6.7 1.1
Ag-rimonia sp. 3.3 0.4
Carex festucacea 3.3 0.4
Rumex crispus 3.3 0.4
Andropogon scoparius 60.0 9.7
Setaria geniculata 43.3 7.0
Panicum sp. 36.7 5.9
Acalypha gracilens 30.0 4.8
Andropogon gerardi 26.7 4.3
Sorghastrum nutans 26.7 4.3
Pycnanthemum flexuosum 23.3 3.8
Panicum virgatum 23.3 3.8
Paspalum ciliatifolium 23.3 3.8
Triodia flava 10.0 1.6
Sporobolus asper 6.7 1.1
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Table 2.9. (continued)

June September
Relative Relative

Species Frequency Frequency Frequency Frequency

Vernonia baldwini 3.3 0.5
Erigeron strigosus 3.3 0.5
Muhlenbergia sp. 3.3 0.5
Aster ericoides 3.3 0.5
BTai'sia leucophaea 3.3 0.5
Solidago sp. 3.3 0.5
Geum canadense 3.3 0.5

Average Community Ground Layer Cover

89% 97%
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Table 2.10. Phytosociological data summary of species in the shrub stratum of a mixed shrub-grass pasture,
Community 4, in the vicinity of Wolf Creek Generating Station, Burlington, Kansas, June 1975.

I-.

Relative Stems/ Relative % Ground Relative ImportanceSpecies Frequency Frequency Hectare Density Cover Dominance Value

Symphoricarpos orbiculatus 80.0 33.3 5700 60.0 3.6 18.7 112.1U mus sp. 70.0 29.2 1400 14.7 7.4 38.9 82.8Rhus glabra 20.0 8.3 1500 15.8 5.3 28.0 52.1
Rosa sp. 30.0 12.5 300 3.2 1.9 10.0 25.7jT-uripcrus virginiana 20.0 8.3 200 2.1 0.3 1.7 12.1Fra1nus pennsylvanica 10.0 4.2 100 1.1 0.5 2.4 7.6Gledit--ta triacanthos 1.0.0 4.2 300 3.2 0.0 0.3 7.6

Totals 9500 19.0
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Table 2.11. Frequency of species in the ground layer and average ground layer
cover in a mixed shrub-grass Pasture. Community 4, in the vicinity
of Wolf Creek Generating Station, Burlington, Kansas, June and

September 1975.
June September

Relative 
Relative

Species Frequency Frequency Frequency Frequency

Lespedeza stipulacea 93.3 12.3 90.0 14.8
Fragaria virginiana 86.7 11.4 63.3 10.4
Gramineae 83.3 11.0 73.3 12.1
Bromus japonicus 76.7 10.i
Ambrosia artemisii-folia 66.7 8.8 50.0 8.2
Plantago virginica 46.7 6.1
Compositae 40.0 5.3
Ambrosia bidentata 36.7 4.8 46.7 7.7
Solidago graminifolia 36.7 4.8 26.7 4.4
Panicum lanuginosum 23.3 3.1
Cerastium vulgatum 20.0 2.6
Trifolium repens 16.7 2.2
Achillea millefolium 13.3 1.8 6.7 1.1
Symphoricarpos orbiculatus 13.3 1.8 3.3 0.5
Poa compressa 13.3 1.8
Juncus interior 13.3 1.8
Desmodium sp. 13.3 1.8
Erigeron strigosus 10.0 1.3
Antennaria neglecta 10.0 1.3 3.3 0.5
Artemisia ludoviciana 3.3 0.4 3.3 0.5
Rhus glabra 3.3 0.4
Taraxacum officinale 3.3 0.4 3.3 1.5
Panicum sp. 3.3 0.4 46.7 7.7
Apocynum sp. 3.3 0.4
Panicum scribnerianum 3.3 0.4
Eupatorium sp. 3.3 0.4
Ruellia humilis 3.3 0.4 3.3 0.5
Baptisia leucophaea 3.3 0.4
Cornus racemosa 3.3 0.4
Ulmus Sp. 3.3 0.4
Gl-ditsia triacanthos 3.3 0.4 10.0 1.6
Plantago rugelii 3.3 0.4
Poa pratensis 3.3 0.4
Gutierrezia dracunculoides 23.3 3.8
Vernonia baidwini 16.7 2.7
Paspalum ciliatifolium 16.7 2.7
Aster sp. 16.7 2.7
Setaria glauca 13.3 2.2
Acalypha gracilens 13.3 2.2
Trifoiium sp. 10.0 1.6
Oxalis sp. 10.0 1.6
Andropogon scoparius 10.0 1.6
Croton capitatus 6.7 1.1



NALCO ENVIRONMENTAL SCIENCES

Table 2.11. (continued)

June September
Relative" Relative

Species Frequency Frequency Frequency Frequency

Solanum carolinense 6.7 1.1
Ranunculus sp. 3.3 0.5
Carex sp. 3.3 0.5
Muhlenberqia schreberi 3.3 0.5
Eupatorium rugosum 3.3 0.5
Triodia flava 3.3 0.5
Andropogon gerard 3.3 0.5
Digitaria sanquinalis 3.3 0.5
Bouteloua curtipendula 3.3 0.5
Labiatae 3.3 0.5
Juniperus virpiniana 3.3 0.5

Average Community Ground Layer Cover

78% 65%
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I
Chapter 3

WILDLIFE MONITORING

By

Joseph Suchecki
and

Mel L. Schamberger
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I. Introduction

Preconstruction monitoring of terrestrial wildlife occurred in the
vicinity of the proposed Wolf Creek Generating Station on 7-9 May, 7-12 June,
15-19 July, 8-10 September, and 24-26 November 1975, and 20-22 January 1976.
Avifauna, medium and large-sized mammals, and herpetofauna were observed along
a 20-mile survey route and within four communities (floodplain woods, abandoned
railroad right-of-way, open pasture, and mixed shrub-grass pasture, Figure 3.1).
Small mammals were censused in four communities.

Studies were designed to provide:

1. Baseline data for communities studied for the first time;

2. Continuity between baseline studies (Kansas Gas and Electric Company
1974), preconstruction monitoring studies (Schamberger et al. 1975)
and projected monitoring studies that will occur during the con-
struction phase of the project;

3. Data for comparisons with baseline and preconstruction monitoring
studies; and

4. Information pertinent to the assessment of potential impacts resulting
from the construction and/or operation of Wolf Creek Generating
Station.

II. Field and Analytical Procedures

A. Study Areas

Wildlife populations were censused in four communities, a 20-mile
survey route, and four wooded areas during the 1975-76 monitoring study (Figure
3.1). The 20-mile survey route was identical to the one censused in the 1973
baseline study and 1974 monitoring study. Time-area counts for squirrels were
also conducted in the areas censused during the baseline and 1974 monitoring
studies (Figure 3.1). However, community locations have changed several times
since the initiation of the baseline study. All communities censused during
1975-76 were identical to those used subsequent to September 1974. The four
communities censused were representative of natural habitats in the project area.

The floodplain woods (Community 1) was initially sampled during the
baseline study but was not used for monitoring until the November 1974 sampling
period. This wooded community was located along Wolf Creek and had not been
recently logged.

The abandoned railroad right-of-way (Community 2) was selected in
May 1974 and has been used during the 1974 and 1975 monitoring studies. It is
typical of railroad ri ahts-of-way in that relatively low areas parallel each
side of the former track bed. Since abandonment, the tracks have been removed
and railroad ties and debris have accumulated in the low areas providing good
cover for small mammals. Beyond the low areas, the right-of-way was generally
flat and supported a sod of prairie grasses. The tenant of the adjacent farm
fenced the community in 1974 and pastured cattle to the perimeter; thus, the
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extent of undisturbed area was reduced and limited to the immediate study
area.

The open pasture (Community 3) was originally selected in May 1974
but was classified as a shrub-pasture community at that time. Subsequent
sampling revealed that this area was more representative of open pastures near
the project area; hence, the community was reclassified and sampled as open
pasture in July 1974. This community was bordered by hedgerows and contained
a few small scattered shrubs.

The shrub-grass pasture (Community 4) sampled during the 1975
monitoring program was established in July 1974 and has been used since that
time. This community contained an intermittent stream bordered by sparse
woods. It was pastured, but considerable shrub and woody growth was present..

B. Mammals

1. Small Mammal Trapping

A grid of 50 Sherman live-traps was established in each of four
terrestrial communities (Figure 3.1) to determine species composition and
abundance of small mammal populations during June and September 1975. Each
trapping grid consisted of five parallel lines of traps, designated A, B, C,
D and E, spaced at 10 m intervals. One Sherman live-trap was placed at each
of 10 stations located at 10 m intervals along each line. Traps were baited
with a mixture of peanut butter and rolled oats, operated for three conse-
cutive nights in June and four consecutive nights in September, and checked
daily during the early morning hours. Captured animals were toeclipped for
identification. The sex, reproductive condition, weight, and standard body
measurements of each individual were recorded. Capture data were converted
to captures per 100 trapnights (TN) to facilitate comparisons. In communities
where sufficient recapture data were available, the Lincoln Index (Lincoln
1930) was used to estimate population densities. An area equal to one-half
the home range of the animal was added to the periphery of the trapping grid
to determine the area of influence of the traps (Fitch 1958).

2. Squirrel and Rabbit Censuses

Rabbits were censused in June and July 1975 by standard roadside
counts along the 20-mile survey route (Figure 3.1). Estimates of squirrel
abundance were derived from 20-minute time-area counts (Preno and Labisky 1971)
in four wooded areas (Figure 3.1) in January 1976. Squirrel counts were made
on two consecutive days between mid-morning and mid-afternoon during periods of
moderate weather.

3. Supplemental Data

In addition to the described surveys, records were kept of all
observations of mammals and/or their signs during each field trip. These
observations provided information on species composition and relative abundance
of larger mammals in the site area.
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4. Nomenclature

Identification and/or nomenclature followed Cockrum (1952),

Murie (1954), and Blair et al. (1957).

C. Avifauna

Avifauna censuses were conducted seasonally to derive species lists
and estimates of relative densities of game and nongame species that occur
near Wolf Creek. Seasons, for the purpose of this study, were defined as

follows: spring-March, April and May; summer-June, July and August; fall-
September, October and November; and winter-December, January and February.

1. Transect Counts

Relative population densities of birds in four communities
(Figure 3.1) were derived from transect counts (Kendeigh 1944); three censuses
were conducted in each community during each survey period. Both sight obser-
vations.and songs were used for species identification. The species, numbers
observed, and duration of each census period were recorded. Raw data were

converted to number of birds per hour to provide a basis for direct comparisons.
Relative frequencies were calculated for each species.

2. 20-mile Wildlife Survey Route

A 20-mile wildlife survey route, established along roads near

the site area (Figure 3.1), was driven twice during each survey period. All
species of wildlife were recorded with observations listed by mile segment

along the route.

Bobwhite quail (Colinus Virginianus) were censused on two

successive days in June and July at one-mile intervals along the 20-mile
wildlife survey route. During each survey, quail calls were counted for 2-minute
intervals at each stop during the early morning hours (Preno and Labisky 1971).

3. Bird Species Diversity

The bird species diversity index (BSD), a derivation of the
information theory (Shannon and Weaver 1949) and a measure of biotic diversity
(MacArthur 1965), was calculated for avian species recorded within each community.
The equation:

s

BSD = 1/N (N loge N - Z ni loge ni)i=l

(Lloyd et al. 1968), where N = total population, ni = number of species
observations, and s = total number of species in the aggregation, was used to

calculate diversity. Bird species diversity was programmed on a WANG calculator
and determined for each census period.

4. Supplemental Data

Observational data were provided by personnel from the Flint
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Hills National Wildlife Refuge and the U. S. Fish and Wildlife Service concerning

avifauna observations near John Redmond Reservoir.

5. Nomenclature

Nomenclature followed the American Ornithologists' Union checklist
(1957, 1973). Identification was confirmed by reference to Robbins et al. (1966).

D. Reptiles and Amphibians

1. General Observations

Surveys to determine species composition, relative abundance,

and distribution of reptiles and amphibians were conducted in a variety of

habitats during May, June, July, and September. A species list of reptiles

and amphibians observed during the study was compiled.

2. Supplemental Data

Additional herptile observations were obtained during aquatic
sampling along Wolf Creek and the Neosho River and are included in this report.

3. Nomenclature

Nomenclature followed Conant (1958).

E. Rare and Endangered Species

All species lists were checked against published lists of rare and

endangered species of the United States (U. S. Dep. Interior 1973).

III. Results and Discussion

A. Mammals

1. Small Mammals

Two species of small mammals were captured during the 1975
preconstruction monitoring study in a 1400 trapnight (TN) effort in four

communities. Trap success averaged 4.6 captures per 100 TN and included 38

original captures and 26 recaptures of marked individuals (Table 3.1). The

number of captures was greatest in the floodplain woods (16.6/100 TN) and

represented 90.7% of all small mammal captures. The white-footed mouse

(Peromyscus leucopus) was captured in the floodplain woods and mixed shrub-

grass pasture and represented 94.7% of all small mammal captures (Table 3.2).

The cotton rat (Sigmodon hispidus) was captured only in the abandoned railroad
right-of-way. No species were captured in the open pasture community.

a. Species Accounts

White-footed Mouse: The white-footed mouse is primarily a
woodland species (Burt and Grossenheider 1964: Cockrum 1952) and in Kansas is
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usually restricted to bottomlands along rivers and streams (Cockrum 1952). This
species was captured in the mixed shrub-grass pasture community, although the
majority of individuals were recorded in the floodplain woods community (Table
3.2).

Cotton Rat: Two cotton rats were captured during the 1975
monitoring study in the abandoned railroad right-of-way; S. hispidus was the
only species captured in this community. This species accounted for 5.3% of all
original captures in 1975. Habitat preference for the cotton rat is more
dependent upon cover density than plant species composition (Fleharty and Mares
1973). Continued cattle grazing at the perimeter of the trapping grid has
reduced available cover, and trapping data from 1975 indicated that a continued
decline in the numbers of cotton rats occurred in this community over the
three-year study period.

b. Community Analyses

Floodplain Woods (Community 1): The number of small mammal
captures was greatest in this community, representing 90.6% of all captures.
The white-footed mouse was the only species recorded; the 58 captures included 33
original captures and 25 recaptures for a trap success of 16.6/100 TN (Table 3.1).

Five species of larger mammals were observed in the floodplain
woods. The eastern cottontail (Sylvilagus floridanus) and eastern fox squirrel
(Sciurus niger) were observed during May and July, and the raccoon (Procyon
lotor) and white-tailed deer (Odocoileus virgineanus) were recorded in June
and July (Table 3.3). Coyotes (Canis latrans) were heard calling in May. The
floodplain woods provided favorable habitat for game and nongame animals. More
mammalian species and individuals were recorded in this community than in any
other community studied near the proposed Wolf Creek Generating Station in 1975.

Abandoned Railroad Right-of-Way (Community 2): Two captures
were recorded within this community for a trap success of 0.6/100 TN (Table 3.1);
the cotton rat was the only species captured. Small mammal captures in this
community accounted for 3.1% of all captures in the 1975 study. The eastern
cottontail was observed in this community in November and January (Table 3.3).

Open Pasture (Community 3): No small mammal species were
captured in this community during the 1975 monitoring study. No larger
mammals were noted.

Mixed Shrub-Grass Pasture (Community 4): Four white-footed
mice were captured in this community for a trap success of 1.1/100 TN (Table 3.1).
Captures in the mixed shrub-grass pasture accounted for 6.3% of all small
mammals captured during the study (Table 3.2). The eastern cottontail was
recorded on numerous occasions and the eastern fox squirrel was observed
during May (Table 3.3).

c. Seasonal Abundance

White-footed mice were much more abundant during June in the
floodplain woods than during September. However, in the mixed shrub-grass
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pasture more captures were recorded in September. Cotton rats were only captured
in the abandoned railroad right-of-way during September (Table 3.4).

d. Density Estimates

The white-footed mouse was the only species recaptured in
sufficient numbers to permit density estimates (Table 3.5). Density estimates
for the floodplain woods were 31/ha in June and 12/ha in September with an average
of 21.5/ha.

e. Comparisons with Baseline and 1974 Monitoring Studies

Direct comparisons between the baseline study and the 1975
monitoring study were not feasible. Community locations were changed from the
baseline study, and during the 1974 monitoring program additional changes

occurred. Further, the baseline snap-trapping study was designed to determine
relative abundance and species composition, whereas live-trapping in the 1975-76
monitoring study was designed to provide density estimates. Although species
composition can be determined by live-trapping, many small mammal species
respond differently to trap types, and results from different methods are not
directly comparable.

Because of changes in sampling communities, absence of a

November sampling period, and a difference in the number of trapnights, direct
comparisons between portions of the 1974 and 1975 monitoring studies are not
valid. However, several items can be noted. A comparison of the number of
captures in each community type shows that fewer species and individuals were
captured during the 1975 study than in 1974 (Table 3.6). Five species were
captured in 1974 that were not recorded in 1975. Two of these species,
Cryptotis parva and Pitmys pinetorum, were recorded only once during the 1974
study and the absence of these species in 1975 is likely due to the small
sample size. Three species, Blarina brevicauda, Peromyscus maniculatus, and
Microtus ochrogaster, were captured in larger numbers during 1974, and the
reason for their absence is unclear. The following items may partially explain
the reduced number of species captured in 1975: (1) populations may have been
reduced as a result of dry weather conditions and winter mortality in 1974,
(2) increased food availability in 1975 may have resulted in decreased

attractability of the bait in 1975, (3) variation in weather conditions at the
time of trapping may have affected capture success, and (4) this may be a normal
low of a natural population cycle. The two species captured in 1975, P.
leucopus and S. hispidus, were far less abundant than in previous years; P.
leucopus declined from 97 captures in 1974 to 62 captures in 1975. However,

the floodplain woods community was relocated during 1974, and these data may
reflect differences in habitat rather than in populations. Since no disturbance
attributable to construction of the station or associated facilities has taken

place, the above differences must be due to natural population changes, sampling
errors caused by variations in community type, or local changes in land use
practices by residents (i.e., abandoned railroad right-of-way).

2. Game Censuses

a. Squirrel Census

Time area counts for fox squirrels conducted at four locations
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in January produced a mean of 1.0 observations per site per day (Table 3.7).
These results were the same as those reported in the baseline study (Kansas
Gas and Electric Company 1974) and 50% lower than those reported in the 1974
monitoring study (Schamberger et al. 1975). The numbers recorded during the
baseline and monitoring studies were higher than those reported by Preno and
Labisky (1971) for wooded regions in east-central Illinois (0.83/count).

b. Eastern Cottontail Census

Results of the eastern cottontail censuses conducted in
June and July 1975 showed only 0.05 rabbits per mile during each month
(Table 3.3). These results are lower than those recorded in the baseline
study (0.35 and 0.40/mile) and the 1974 monitoring study (0.20 and 0.13/mile).
Preno and Labisky (1971) recorded a mean of 0.46/mile in Illinois. The decline
in the 1975 rabbit census results paralleled the decline in squirrel and small
mammal populations noted above.

3. Rare and Endangered Species

No rare or endangered species of mammals were observed during
this study.

B. Avifauna

In Kansas, 383 species have been recorded, but only 184 species
are known to breed in the state (Johnston 1965). A list of 183 avian species
has been compiled within the Flint Hills National Wildlife Refuge (U. S. Dep.
Interior 1970) which is located about 7 miles west of the study area. Bird
species and numbers utilizing habitat in the Flint Hills National Wildlife
Refuge between July 1974 and June 1975 have been documented by the U. S. Fish
and Wildlife Service (Appendix B). Wetland habitats are abundant in the refuge
and support approximately 63 aquatic or semi-aquatic avian species; these
habitat types are not presently found near the Wolf Creek Generating Station
site. Future development of the cooling lake will result in an increase in
aquatic habitat with a corresponding increase of aquatic habitat with a cor-
responding increase of aquatic and semi-aquatic avian species. Ninety avian
species were recorded near the Wolf Creek Generating Station site in 1975,
including 29 permanent resident, 35 summer resident, 10 winter resident, and
16 migrant species (Table 3.8).

1. Transects

a. Community Analyses

Floodplain Woods (Community 1): Thirty-nine species of birds
were recorded in the floodplain woods during the 1975 monitoring study. Of
the permanent residents, the black-capped chickadee (Parus atricapillus), red-
headed woodpecker (Melanerpes erythrocephalus), and cardinal (Cardinalis
cardinalis) were most abundant. Many woodland species such as the brown
creeper (Certhia familiaris) and ovenbird (Siurus aurocapillus) were recorded
only in this community (Table 3.8). The number of observations was greatest
in the winter (97.9/hr) and spring (72.6/hr) and lowest during June (8.0/hr;
Table 3.9).
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Abandoned Railroad Right-of-Way (Community 2): Thirty
avian species were recorded in this community (Table 3.8). Meadowlarks
(Sturnella spp.), mourning doves (Zenaida macroura), and mockingbirds (Mimus
polyglottos) were the most common residents (Table 3.9). The large numbers
of winter sparrows and meadowlarks accounted for the high number of birds
(157.8/hr) recorded in January. The fewest birds were recorded in September
(ll.4/hr; Table 3.9).

Open Pasture (Community 3): The fewest number of species
were recorded in this community (20 species; Table 3.8). Meadowlarks,
mourning doves, and bobwhite (Colinus virginianus) were the most abundant
permanent resident species. The greatest number of birds were present in
summer when the dickcissel (Spiza americana), grasshopper sparrow (Ammodramus
savannarum), and barn swallow (Hirundo rustica) were using the area (83.4/hr;
Table 3.9). Numbers of observations were lowest in the fall and winter.

Mixed Shrub-grass Pasture (Community 4): The greatest number
of species (42) was recorded in the mixed shrub-grass pasture. Bobwhite,
cardinals and goldfinches (Spinus tristis) were the most common permanent
residents (Table 3.8). The greatest number of birds (404.1/hr) was recorded
in January when the dark-eyed junco (Junco hyemalis), tree sparrow (Spizella
arborea), and Harris' sparrow (Zonotrichia querula) were abundant; relatively
few birds were recorded in September (Table 3.9).

The total number of species observed in all communities
was highest in May (55) and remained fairly stable at other times of the year
(Table 3.8). Since pronounced spring and fall peaks were absent in the
current study, it is likely that sampling periods did not correspond with peak
migratory periods. In all communities sampled, greater numbers of birds were
observed in the spring, fall, and winter sampling periods than during the
summer censuses (Table 3.10).

b. Birds Species Diversity

Bird species diversity (BSD) was calculated for each community
and sampling period. BSD values ranged from 0.69 to 2.96 (Figure 3.2).
Seasonal patterns were similar for the open pasture, abandoned railroad right-
of-way, and mixed shrub-grass pasture. BSD values in these communities were
high in spring and generally decreased through fall, but increased dramatically
in winter (Figure 3.2). The floodplain woods BSD was also high in spring,
but fluctuated through the summer and then increased in September (Figure 3.2).
Seasonal BSD values should peak in the fall and spring because of the influx
of migrants, and should be lower in summer and winter. BSD values calculated
for communities near the Wolf Creek Generating Station did not conform to
this pattern. This discrepancy may have been caused by (1) sampling at times
that did not correspond to peak migratory periods, and (2) a large influx of
wintering sparrows in January.

BSD was generally higher in the floodplain woods and mixed

shrub-grass pasture than in the open pasture or abandoned railroad right-of-way
(Table 3.10). More complex physiognomic communities have greater BSD values
(Karr 1968), and grasslands are known for low BSD values (Shugart and James 1973).
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BSD values calculated for the communities in this study showed similar trends
(Figure 3.2). The wooded communities had a greater structural and vegetational
complexity than did the two grassland communities and calculated BSD values
followed this complexity gradient.

c. Comparison with Baseline and 1974 Monitoring Studies

Data collected during the 1973 baseline study were not
comparable to those collected during the 1975 monitoring study due to community
location and sampling differences. Similarly, except for the abandoned
railroad right-of-way, direct comparisons between the 1974 and 1975 monitoring
data were not possible due to community changes in 1974. However, some general
observations concerning the avifauna data are appropriate if one considers
that the communities sampled are representative of habitat types, rather than
specific sampling areas. The number of species observed in the open pasture
and abandoned railroad right-of-way was lower in 1975 than 1974, whereas the
floodplain woods and mixed shrub-grass pasture showed an increase in the
number of species in 1975 over 1974 (Tables 3.11-3.14). In a like manner, the
total individuals per hour was lower in the grassland communities and higher
in the woodland communities in 1975 than in previous studies. It appears that
avian populations have declined in the less stable grassland communities but
increased in the wooded communities during 1975. A decline in the abundance
of small mammals was also noted in the grassland communities. Woodland com-
munities are generally more complex and less dependent on surface water than
grasslands and respond less quickly to moisture stress. It is possible that
declines in animal populations in grassland communities were related to summer
drought in 1974 that may have reduced food supplies in the grasslands.
Increased grazing pressure, weather conditions, and/or naturally occurring
population cycles may also be partially responsible for the lower numbers in
1975.

2. 20-Mile Wildlife Survey Route

a. Seasonal Analysis

Eighty-one species were observed along the 20-mile survey
route during the 1975 monitoring study (Table 3.8). The number of observed

species remained fairly constant throughout the year, but was lower in November
and January (Table 3.15). The numbers of birds recorded along the route were
lower in the summer months and higher in November and January.

Species observed along the route reflected the diversity of
habitats and seasonal changes in avifaunal composition. Many aquatic species
such as the Canada goose (Branta canadensis), great blue heron (Ardea herodias),
and mallard (Anas platyrhynchos) were recorded on ponds or feeding in grain
fields near the route.

b. Comparison with Baseline and 1974 Monitoring Studies

The 81 species recorded along the 20-mile survey route during
the 1975 monitoring study was higher than the 64 species observed during the
1973 baseline and the 1974 monitoring studies. The number of species noted per
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month was approximately the same in 1974 and 1975 (Table 3.15). The number of
observations was greater during 1974, largely due to a high count in January
(Table 3.15). Yearly variations can be attributed to natural variability,
weather conditions, and/or sampling bias.

3. Selected Game Species

a. Bobwhite

During the 1975 monitoring study, bobwhite were commonly
observed in the railroad right-of-way, open pasture, and mixed shrub-grass
pasture (Table 3.9). These communities are representative of the mixture
of wooded, edge, and open field habitats that provide favorable habitat for
bobwhite (Edminister 1954).

Bobwhite normally begin whistling in early April and reach
peak activity between mid-June and mid-July in Kansas (Robel et al. 1969).
Call counts made in June and July to estimate bobwhite populations resulted
in an average of 20 and 16 calls/census route, respectively (Table 3.16).
These results were lower than those reported by Preno and Labisky (1971)
in Illinois counties where bobwhite maintain relatively high populations.

The average number of call counts recorded in 1975 (18)
was lower than those of the 1974 monitoring study (39 calls/census route;
Schamberger et al. 1975) and those of the 1973 baseline study (57 calls/
census route; Kansas Gas and Electric Company 1974). Bobwhite have continued
to decline in the area since 1973, and this may be correlated with environmental
factors such as drought or severe winter weather.

b. Mourning Doves

Mean numbers of mourning doves along the 20-mile route were
33.0, 37.5, and 22.0 for May, June, and July 1975, respectively (Table 3.16).
These values were within the mean of dove counts reported for the years 1962-
1972 in Illinois (Preno and Labisky 1971). Comparable June and July counts
made during the 1974 monitoring study were 29.5 and 36.0, respectively,
indicating similar population levels between years.

4. Rare and Endangered Species

No rare or endangered avian species were observed during the
1975 monitoring study.

C. Reptiles and Amphibians

Seven species of herpetofauna were observed during the 1975
monitoring study (Table 3.17). The ornate box turtle (Terrapene ornata)
was observed in several locations. Other reptiles and amphibians observed
were the bullfrog (Rana catesbeiana), leopard frog (R. pipiens), western
chorus frog (Pseudacris triseriata), map turtle (Graetemvs geographica), false
map turtle (Graetemys pseudogeographica), and western spiny softshell turtle
(Trionyx spinifer). Discussion of Wolf Creek herpetofauna is not justified due
to insufficient data.
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D. Relationships Between Wildlife and the Environment

1. Mammals

Mammalian distribution near the proposed Wolf Creek Generating
Station site was generally governed by vegetative cover and food availability,
which in turn were governed by precipitation and land use practices. Larger
species such as the white-tailed deer and raccoon were generally distributed
throughout the area, but were only observed in wooded areas along Wolf Creek.
Smaller species such as mice were more restricted to specific habitat types
within the site.

Small mammal captures declined in 1975 from the 1974 levels,
particularly in grassland habitats. Although captures were lower in woodlands
as well, the decline was less in woodland than grassland communiities. This
may be related to a greater susceptability of grasslands to drought conditions.
Dry conditions in the summer of 1974 may have reduced food availability during
the fall and winter of 1974-75, increasing winter mortality and decreasing
the 1975 population. Other factors that may have influenced the lower 1975
capture rate could include weather conditions at the time of trapping,
increased grazing in the pastures, increased predation, and naturally
occurring population cycles.

Changing land use practices also affected mammalian populations
as evidenced in data from the abandoned railroad right-of-way where the recorded
numbers of species and individuals declined from 1974. Increased grazing near
the community decreased adjacent cover and food; consequently, population
declines were noted.

Mammal populations near the proposed Wolf Creek Generating Station
site have therefore been influenced by the two variables described above;
construction activities will soon become a third factor influencing local

populations.

2. Avifauna

Avifaunal relationships with the environment were similar to
those described for mammals; cover and food usually determined avain distribution
and abundance. Data from 1975 also showed a decrease in avian species in grass-
land communities and an increase in species in woodland habitats. It is
possible that the decrease in grasslands species was related to precipitation,
and the increase in woodland species further reflected the greater stability
of woodland communities to short-term stress.

3. Anticipated Construction Impacts

a. Sampling Communities

The sampling communities are not located within anticipated
construction areas; therefore, little or no impact is expected on smaller
species existing within these areas. Larger, more mobile species are expected
to alter their home ranges to avoid construction areas.
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b. Site

Small species residing within construction areas will probably
be destroyed. Larger species will move out of the construction areas to avoid
noise and vehicular traffic. Sensitive species will decline in numbers, and the
more adaptable species will continue to use nearby areas. In areas where
habitat quality is improved, carrying capacity will be increased and total
populations will increase in such areas. Species that require a constant water
source will increase; these will include aquatic, semi-aquatic, and riparian
species. Amphibians and aquatic reptiles will increase, as will shorebirds,
waterfowl, and marsh birds. In all probability, areas adjacent to the lake
will have an elevated water table, and better vegetational growth will occur in
areas where the roots can reach the water table; this increased vegetational
growth will provide better habitat for wildlife populations, particularly small
mammals. In other areas removed from the lake, land use will be the most
significant factor influencing wildlife.

IV. Summary and Conclusions

1. The white-footed mouse and cotton rat were captured during live-
trapping studies; the white-footed mouse represented 94% of all captures.

2. The greatest number of animals was captured in the floodplain woods
where 90.6% of the animals were recorded. Captures in other communities, listed
in order of decreasing abundance were: mixed shrub-grass pasture, abandoned
railroad right-of-way, and open pasture.

3. Density estimates for the white-footed mouse in the floodplain
woods averaged 21.5/ha.

4. Comparison of small mammal capture data with that of the 1974
monitoring study showed that fewer species and individuals were captured in 1975.
Reduced captures could be related to: (1) residual impacts of the dry weather
conditions of 1974, (2) weather conditions at the time of trapping, (3) decreased
bait attractability in 1975 resulting from increased food availability, or
(4) a low point in natural population cycles.

5. Squirrel populations, as indicated by time area counts, were 50%
lower than similar counts conducted during the 1974 monitoring study and
identical to those reported in the baseline study.

6. Results of the eastern cottontail censuses along the 20-mile route
indicated a continued decline in rabbit populations in the area.

7. Ninety avian species were recorded during the 1975 monitoring study
compared to 83 during the 1974 monitoring study and 78 during the baseline
study.

8. The greatest number of avian species was recorded in the mixed shrub-
grass pasture, followed by the floodplain woods, abandoned railroad right-of-way,
and open pasture.
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9. Bird species diversity values were generally higher in wooded com-
munities than in grassland communities because of greater vegetational strati-
fication and complexity in woodlands.

10. Eighty-one avian species were recorded along the 20-mile wildlife
survey route.

11. An average of 18 bobwhite calls per census was recorded during
the 1975 monitoring study. This was much lower than either the 1974 monitoring
or baseline studies. Lower bobwhite numbers may be related to high winter
mortality, poor nesting success, or increased predation.

12. Dove population data along the 20-mile wildlife survey route in 1975
were similar to the 1974 data.

13. Seven species of reptiles and amphibians were-recorded.

14. No rare or endangered species were observed during this survey.
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Table 3.1 Number of trapnights, captures, species and small mammal individuals
in four communities in the vicinity of Wolf Creek Generating Station,
Burlington, Kansas, 1975.

Captures
Number of Original Total Number of Number "er

Site Trapnights Captures Captures Species 100 TNa

Floodplain woods 350 33 58 1 16.6

Abandoned railroad
right-of-way 350 2 2 1 0.6

Open pasture 350 ........

Mixed shrub-grass
pasture 350 3 4 1 1.1

Totals 1400 38 64 -- 4.6

alncludes recaptures.
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Table 3.2 Species list and number of small mammal captures in four communities in the vicinity of

Wolf Creek Generating Station, Burlington, Kansas, June, September, 1975.

Community
Abandoned Mixed

Floodplain Railroad Open Shrub-grass Species Species
Scientific Name Common Name Woods Right-of-way Pasture Pasture Totals %a

Peromyscus leucopus White-footed mouse 3 3 ( 2 5 )b .... 3(1) 36(26) 94.7
Sigmodon hispidus Cotton rat -- 2 .... 2 5.3

Community totals 33(25) 2 3(1) 38(26) 100.0

% Habitat utilization 90.6 3.1 0.0 6.3 100

aBased upon original captures only.
bNumbers in parentheses represent recaptures.
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Table 3.3 Incidental mammal observations in the vicinity
Generating Station, Burlington, Kansas, 1975.

of Wolf Creek

Type of
Location/Species Date Observation Number

Floodplain woods
Eastern cottontail (Sylvilagus floridanus)

Eastern fox squirrel (Sciurus niger)

Raccoon (Procyon lotor)
Coyote (Canis latrans)
White-tailed deer (Odocoileus virginianus)

Abandoned railroad right-of-way
Eastern cottontail (Sylvilagus floridanus)

Mixed shrub-grass pasture
Eastern cottontail (Sylvilagus floridanus)

Eastern fox squirrel (Sciurus niger)

20-mile route
Eastern cottontail (Sylvilagus floridanus)

Eastern fox squirrel (Sciurus niger)

Striped skunk (Mephitis mephitis)
Coyote (Canis latrans)

8
16
8
9

18
12

7
10
11
17

25
20
22

9
17
11
22

9

8
11
16

7
17
10
25
22

8
10
25
26

May
July
May
May
July
June
May
June
June
July

Nov.
Jan.
Jan.

May
July
Sept.
Jan.
May

May
June
July
May
July
Sept.
Nov.
Jan.
May
June
Nov.
Nov.

Sight
Sight
Sight
Sight
Sight
Tracks
Calls
Tracks
Sight
Tracks

Sight
Sight
Sight

Sight
Sight
Sight
Sight
Sight

Sight
Sight
Sight
Sight
Sight
Sight
Sight
Sight
Odor
Sight
Sight
Sight

1

1
2
1

2
2

4

1
2

1-2

2
1
1

1

1

1

1

1

1
1

1

1
1

1

1
4
1
1
1

1

Mouth of Wolf Creek
Beaver (Castor canadensis) 8 Sept. Cuttings Several
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Table 3.4 Monthly summary of number of original captures for small mammal
species and each community in the vicinity of Wolf Creek Generating
Station, Burlington, Kansas, 1975.

Month
Species/Community June September Totals

Species
Peromyscus leucopus 27 9 36
Sigmodon hispidus -- 2 2

Monthly totals 27 11 38

Community
Floodplain woods 26 7 33
Abandoned railroad right-of-way -- 2 2
Open pasture
Mixed shrub-grass pasture 1 2 3
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Table 3.5 Density calculations for Peromyscus leucopus using mark-recapture
data from a floodplain woods in the vicinity of Wolf Creek
Generating Station, Burlington, Kansas, 1975.

Day 1 Day 2 Day 3 Day 4 Density

Month Cap. Recap. Cap. Recap. Cap. Recap. Cap. Recap. (No./ha)

June 11 -- 8 7 5 12 31

September 3 -- 1 2 2 1 1 1 12

Mean 21.5
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Table 3.6 Comparison of small mammal capture data from four communities in
the vicinity of Wolf Creek Generating Station, Burlington, Kansas,

1974-1975.

Community
Abandoned Mixed

Floodplain Railroad Open Shrub-Grass
Woods Right-of-way Pasture Pasture

Species 1974 1975 1974 1975 1974 1975 1974 1975

Blarina brevicauda 8 -- 2 -- 1 - . .. ..
Cryptotis parva ........ 1 ......
Peromyscus leucopus 94 58 .. .. .. .. 3 4

P. maniculatus .. .. 3 -- 12 -- 2 --

Sigmodon hispidus .. .. 28 2 1 - . .. ..
Microtus ochrogaster --...... 6 ......
Pitymys pinetorum 1 ..............

Total 103 58 33 2 21 -- 5 4
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Table 3. 7. Number of squirrels sighted during 20-minute observation
periods at four sites in the vicinity of Wolf Creek

Generating Station, Burlington, Kansas, 20-21 January
1976.

Site Daily
Date 1A 5 6 7 Mean/Site

20 January 1 1 0 0 0.5

21 January 1 0 1 4 1.5

Site mean 1.0 0.5 0.5 2.0

Mean/site/day 1.0
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Table 3.8 Species list, residency status, and community and monthly occurrence of avifauna
in the vicinity of Wolf Creek Generating Station, Burlington, Kansas, 1975-1976.

U,t•n

20-
Residencya Community Mile MonthScientific Name Conmon Name Status 1 2 3 4 Survey May Jun Jul Sep Nov Jan

Phalacrocorax auritus Double-crested cormorant H K X

Ar'de herodlas Great blue heron S x x x x

Butorides vIrescene Green heron S X X X

Branta canadensis Canada goose W X x

Chen caerulescena Snow goose M X K

At aa platyrhynchos Mallard p X X X x

Carthartes aura Turkey vulture S X X

Buteo Jamaicensis Red-tailed hawk P X K X K K x K x K X

Blteo swainsoni Swainson's hawk S X x

Circus cyancus Marsh hawk W X x X x x x

Falco sparverius American kestrel P X X X X x x X

Colinus virginianue Bobwhite P X x X X X X X X X X

Lharadrius vociferus Killdeer S x X X X X X

Tringa flavipes Lesser yellowlegs M X X

Columba livia Rock dove P X X X X X X x

Zenalda macroura Mourning dove P X x X X X K X K X

Coccyzus amerlcsnus Yellow-billed cuckoo S X x

Bubs virginianus Great horned owl P X X x x

Chaetura pelagica Chimney swift S X X X X X

Archilochus colubris Ruby-throated hummingbird S X x

Colaptes auratus Common flicker P x X x X X x x X X X x

Centurus carolinus Red-bellied woodpecker P X X X x X X

Melanerpes erythrocephalus Red-headed woodpecker P X X X X x X x x X

C,

2

M

r

n

0
M

cc

m
2

C,
'I



Table 3.8 (continued)

20-
Residencya Community Mile Month

Scientific Name Comon Name Status 1 2 3 4 Survey May Jun Jul Sep Nov Jan

Dendrocopos villosus Hairy woodpecker P X x x X X x

Dendrpe o• 2 f.pnescens Downy woodpecker P x X x X X x x X

Tyrannus tyrannus Eastern kingbird S X X X X x x X X X

yrannus verticalis Western kingbird S X X

Musivora forticata Sciesor-talled flycatcher S X X x

ayiarLchus crinitus Great-crested flycatcher S x X

S•,wrnis phoebe Eastern phoebe S X X X

EmTidunax sp. Flycatcher X X x X X

Cuntepus virens Eastern wood pewee S X X X X X X

Eremophila alpeatris Horned lark P x X x X x X X x

Stelgidopteryx ruficollis Rough-winged swallow S x X

Hirundo rustics Barn swallow S X x x x X x x X

Petruchelidon pyrrhonota Cliff swallow S X X

Progne subia Purple martin S X x X

L'yanocitta cristata Blue Jay P X X X X X X X X X x

Corvus brachyrhynchos Coimon crow P X X X X X X X X X X

Parus atricapillus Black-capped chickadee P X X X X X X X X X X

Parus b~color Tufted titmouse P X X K c X x

Sitta carelinensis White-breasted nuthatch P X x x X x X

Certhia familiaris Brown creeper W X X

Troglodvtes sedan House wren S X x X x X X X

Troglodytes troglodytes Winter wren W X x

Thryothorus ludovici•nus Carolina wren P X x

2
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0
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0

2
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Table 3.8 (continued)

Scientific Name

Mimus polygluttos

Dumetella carolinensis

Toxostoma rufum

Turdus migratorius

Cztharus fuscescens

Siallia sialls

Regulus satrapa

Lanius ludovicianus

Sturnus vulgaris

I-i Vireo bellil

Vireo olivaceus

Vermivora ruficapilla

Dendroica petechia

Dendroica coronata

Dendroica fusca

Seiurus aurocapillus

Geothlypis trichas

•llsonia pusilla

Passer domesticus

Sturnella ap.

Sturnella magna

Srurnella neglecta

Agelalus phoeniceus

Common Name

Mockingbird

Gray catbird

Brown thrasher

American robin

Veery

Residencya
Status

P

M

Community
1 2 3 4

X x x

x x

x x x x

x X

x x

20-
Mile

Survey

x

x

x

x

x

x

Ma

x

x

x

x

Jun

K

x

X

Ju

X

x

I

Month
1 Sep

x

i

Nov Jan-

X

x

Eastern bluebird

Golden-crowned kinglet

Loggerhead shrike

Starling

Bell's vireo

Red-eyed vireo

Nashville warbler

Yellow warbler

Yellow-rumped warbler

Blackburnian warbler

Ovenbird

Common yellowthroat

Wilson's warbler

House sparrow

Meadowlark

Eastern meadowlark

Western meadowlark

Red-winged blackbird

x

x

x

x x X

x

I

x

x

X x

K

x

x

x

x

K

x

x

x

x

K

x

x

2

0

0
2

r

2
C,M
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x x

x

x

x

x

K

x

x

K

x

x

x

x

x

x

x

x

x

X
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K X x

K

K

x

x
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x K x x X X



=-m m m I = m - m e-

Table 3.8 (continued)

0N
t\)

20-
Residencya Community mile Month

Scienctific Name Common Name Status 1 2 3 4 Survey May Jun Jul Sep Nov Jan

Icterus spurius Orchard oriole S X X X

Icterus galbula Northern oriole S X X X X X X

Quiscalus quiscula Common grackle S X X X X X X X

_othru___ re_ Brown-headed cowbird P X X X X X X X X X

Pirarza rubra Sumner tanager S X X X

Cardinalls zardinalle Cardinal P X IX X X X X X X X

asserine cyanca Indigu bunting S X X X X X

SpIa americana Dickcissel S X X X X X X X

!Lnus pIuS Pine biskin W X X X I

Sinus tristis American goldfinch P X X X X X X X X X X

Passerculus sandwichensis Savannah sparrow H X X X X

Amrodramus savannarum Grasshopper sparrow S X I X X •

Pooecetcs gramineus Vesper sparrow M X X

Chond.2ste3 graimmacus Lark sparrow S X XX X X X

Junco hvemali___ Dark-eyed junco M X X X X I

Spizella arborea Tree sparrow W IX X X I

SpizellFa pusill Field sparrow P X X X X X X X X

Zonotrichia guerula Harris' sparrow W X X X X X X

Zonotrichia leucophrys White-crowned sparrow W X X X

Zonotrichia albicollis White-throated sparrow W X X

Passerella Miiaca Fox sparrow M X X

1 lospiza llncolnii Lincoln's sparrow M X X

Melospiza melodia Song sparrow W X X X X X

Total 90 39 30 20 42 81 55 44 42 46 36 42

a S - summer resident; W - winter resident; P - permanent resident; and M - migrant.
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Table 3.9 Number per hour and relative abundance of avifauna observed in four

communities in the vicinity of Wolf Creek Generating Station,

Burlington, Kansas, 1975-1976.

Re lative

Species May Jun Jul Sep Nov Jan Abundance

Floodplain Woods (Community 1)

Red-tailed hawk ..- -, 0.7 0.3

Mourning dove 4.0 ..- - 14

Great horned owl - - - 0.7 1.4 0.8

Common flicker 1.3 0.9 0.8 0.5 6.3 0.7 4.4

Red-bellied woodpecker 2.0 - - 0.9 - 11.3 5.8
Red-headed woodpecker 3.3 - 2.3 5.6 13.4 10.2
fairy woodpecker 0.7 - - - - 0.7 0.5

Downy woodpecker - - 0.8 1.8 - 4.9 3.3

Eastern kingbird 6.0 - - - - 2.5

Great-crested flycatcher 3.3 - .- - 14

Flycatcher 7.3 - - - 3.0

Eastern wood pewee - 0.4 1.6 0.5 - 1.1
Blue Jay 1.3 0.4 2.4 2.8 - 10.6 6.6
Common crow 11.3 1.3 1.6 - 4.2 - 7.7
Black-capped chickadee 1.3 - 1.6 4.2 6.3 13.4 11.3
Tufted titmouse - - 1.4 1.4 7.0 1.7
Nuthatch 0.7 - - - 0.3

White-breasted nuthatch -- - 0.5 0.7 4.2 2.2
Brown creeper - - - - - 2.8 1.1

House wren 6.0 1.3 3.2 0.5 - 4.7
Winter wren - - - 1.4 0.5

Carolina wren - - - - 1.4 0.5
Mockingbird 0.7 .- - 0.3
Cray catbird 0.7 - - -0.

Brown thrasher - - 3.2 - - 1.1
Veery 0.7 - - - - 0.3

Eastern bluebird - - 0.8 - - 2.1 1.1
Golden-crowned kinglet - - - - 2.8 - 1.1

Starling 2.7 - - - 5.6 2.8 4.4

Red-eyed vireo - 1.3 0.8 - - - 1.1
Yellow warbler 2.0 - - - - - 0.8

Yellow-rumped warbler 2.0 - - - 0.8

Ovenbird - - 0.5 - - 0.3

Summer tanager 0.7 0.9 - - - - 0.8

Cardinal 7.3 0.9 0.8 - 3.5 4.9 7.2

Indigo bunting 3.3 0.4 - - - 1.7

Pine siskin - - - 5.6 2.2

American goldfinch .... 2.1 2.8 1.9

Dark-eyed junco ..- - 5.6 2.2

Song sparrow 2.7 - - - - - 1.1

Total 73.3 8.0 18.4 15.7 39.2 97.9 100.0

Abandoned Railroad Right-of-way (Community 2)

Marsh hawk - - 3.8 0.7

Bobwhite 2.7 - - - 0.9

Kil'Ideer 7.3 0.8 3.7 - - 3.8

MourninF dove 10.0 5.6 2.8 5.7 2.1 - 8.8

Common fiizkcr - - 0.9 - - 2.6 0.7

Downy wocdpecker - - - - 1.3 0.5

Eastern kingbird 1.3 0.8 0.9 - - - 0.7

Horned lark - - - - 4.9 2.6 2.1

Barn swallow 10.0 4.0 1.8 3.8 - 6.7
Blue Jay - - - - 3.8 0.7

Common cr.w - - 6.4 1.2

Black--capped chickadee - - - - - 1.3 0.2

Mockingbird 3.7 4.8 4.6 - - 1.3 3.1
Brown thratnher 1.3 1.6 - - 0.9

American robin 0.7 0.8 - - 0.5

Loggerheed shrike 0.7 - 0.7 1.3 0.7

Rousv sparrow 2.0 - - 0.7

Meadowlark 8.0 - - 55.1 13.1

Eastern meadowlark - 3.2 - 1.9 - 1.7

Western mcadlowl rk - - 4.6 - - 1.2

Red-wingid blackbird - 1.6 - 15.4 3.3

Northern oriole - 0.8 - 0.2

Common grackLe 20.0 5.6 - 8.8
Brown-h ,adlr- l uowbird 2 . 7 - - 0.9

Cardioal - - 1.3 0.2
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Table 3.9 (continued)

Relative

Species May Jun Jul Sep Nov Jan Abundance

Abandoned Railroad Right-of-Way (Community 2)(continued)

Dickcissel 1.3 .- 0.5
Pine siskin - .... 2.6 0.5
American goldfinch - - - 7.7 1.4
Tree sparrow -- - 59.2 51.3 29.6
Harris' sparrow . - - 15.5 - 5.3

Total 68.7 29.6 19.3 11.4 82.4 157.8 100.0

Open Pasture (Community 3)

Red-tailed hawk 0.7 - - - 1.9 1.4
Marsh hawk - - 0.7 - 0.5
American kestrel - - - 0.7 - - 0.5
Bobwhite 6.7 1.1 0.8 - - 6.0
Mourning dove 1.3 0.6 3.2 2.1 - - 4.6
Chimney swift 4.0 - - - - - 2.8
Common flicker - - - 0.8 3.9 2.3
Eastern kingbird 1.3 0.6 0.8 - - 1.9
Horned lark - 2.2 - - 1.9
Barn swallow 10.0 3.3 12.0 4.9 - 20.0
Brown thrasher 1.3 - -- - 0.9
Meadowlark 14.0 - - - 0.8 3.9 12.0
Eastern meadowlark - 3.8 4.0 1.4 - - 6.5
Western meadowlark - - 0.8 -- - 0.5
Brown-headed cowbird 4.7 - .- 3.2
Dickcissel 22.0 2.2 6.4 0.7 - - 21.3
American goldfinch - - - - 1.0 0.5
Savannah sparrow - - - 1.0 0.5
Grasshopper sparrow 16.7 0.6 - - 12.0
Field sparrow 0.7 - 0.8 - - 0.9

Total 83.4 14.2 28.8 10.6 1.6 11.7 100.0

Mixed Shrub-Grass Pasture (Community 4)

Red-tailed hawk -- - 0.7 1.8 0.4
American kestrel 0.7 - - - - 0.1Bobwhite 4.7 6.8 3.8 - - 51.8 10.8

Mourning dove 9.3 5.3 3.0 1.2 - - 3.9
Great horned owl - - - - - 4.5 0.7
Chimney swift - 0.8 - - - - 0.1
Common flicker - - 0.8 0.4 1.4 3.6 1.1
Red-bellied woodpecker 0.7 - - 0.8 - 1.8 0.7
Red-headee woodpecker 6.7 0.8 - - 0.9 1.6
Hairy woodpecker - - - 0.9 0.1
Downy woodpecker - - - 0.9 0.1
Eastern kingbird 2.7 -- 0.5
Flycatcher 2.7 - - - 0.5
Eastern wood pewee - - - 0.8 - 0.3
Barn swallaw 0.7 0.8 0.8 - - - 0.4
Blue Jay 3.3 0.8 0.8 0.4 1.4 2.7 1.8
Common crow - - - - 4.2 2.7 1.2

Black-capped chickadee - 0.8 - 0.4 0.7 4.5 1.1
Tufted titmouse - - - - 1.8 0.3

House wren 2.7 - - - 0.5
Mockingbird 2.7 0.8 0.8 - - 0.9 0.9
Gray catbird 1.3 - - - - 0.3

Brown thrasher 8.7 0.8 0.8 - - 2.2
American robin 1.3 1.5 - - 20.9 3.7
Veery 2.7 . .. 0.5
Loggerhead shrike 0.7 .... 0.1
Starling 1.3 .- 0.3
Meadowlark 4.0 -- - 7.2 1.9
Eastern meadowlark - 3.0 - - 0.5

Western meadowlark - - 1.5 - 0.3
Orchard oriole 0.7 - - - - - 0.1
Common grackle 3.3 -- - 0.7
Brown-headed cowbird 5.3 -- - - 1.1
Cardinal 7.3 0.8 3.8 1.4 9.1 4.0

Pine siskin - - - - 21.8 3.3
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Table 3.9. (continued)

Relatlve
Species Nay Jun Jul Sep Nov Jan Abundance

Mixed Shrub-Crass Pasture (Community 4)(continued)

American goldfinch - 0.8 4.5 1.2 43.6 8.0
Grasshopper sparrow 1.3 - 0.3

Dark-eyed Junco - 100.0 15.2

Tree sparrow - - - 28.9, 43.6 12.3

Field sparrow 1.3 3.0 1.5 0.4 - - 1.2
Harris' sparrow 4.7 - - - 16.9 79.1 16.3
Song sparrow 0.7 - - - - - 0.1

Total 81.5 26.3 21.3 6.6 55.6 404.1 100.C
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Table 3 .10 Number of species, birds per hour, and species diversity of
avifauna recorded by month in four communities in the vicinity
of Wolf Creek Generating Station, Burlington, Kansas, 1975-1976.

Location/Type of Data May Jun Jul Sep Nov Jan

Floodplain woods
Number of species 23 9 11 11 11 20
Birds per hour 72.6 8.0 18.4 15.7 39.2 97.9
Species diversity 2.74 2.11 2.25 2.09 2.21 2.67

Abandoned railroad
righli-of-way

Number of species 14 11 7 3 5 15
Birds per hour 68.7 29.6 19.3 11.4 82.4 157.8
Species diversity 2.13 2.14 1.79 1.01 0.85 1.81

Open pasture
Number of species 12 8 8 6 2 5
Birds per hour 83.4 14.2 28.8 10.6 1.6 11.7
Species diversity 2.01 1.84 1.62 1.49 0.69 1.44

Mixed shrub-grass pasture
Number of species 26 14 10 9 8 21
Birds per hour 81.3 26.3 21.3 6.6 55.6 404.1
Species diversity 2.96 2.24 2.07 2.10 1.29 2.21
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Table 3.11 Comparison of the numbers of species, birds per hour, and species
diversity of the avifauna recorded on a floodplain woods community
in the vicinity of Wolf Creek Generating Station, Burlington,
Kansas, 1974-1975.

Number of Species Birds Per Hour Species Diversity
Month 1974 1975 1974 1975 1974 1975

Maya 18 23 37.3 72.6 2.63 2.74

Junea 12 9 22.7 8.0 2.35 2.11

Julya 12 11 22.0 18.4 2.24 2.25

Septembera 12 11 26.0 15.7 2.30 2.09

November 9 11 18.7 39.2 1.89 2.21

Januaryb 10 20 17.3 97.9 1.96 2.67

Total 35 39 144.0 251.8

aRepresent different communities.
b1975-1976.
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Table 3.12 Comparison of the number of species, birds per hour, and species
diversity of the avifauna recorded on the abandoned railroad right-
of-way community in the vicinity of Wolf Creek Generating Station,
Burlington, Kansas, 1974-1975.

Number of Species Birds Per Hour Species Diversity

Month 1974 1975 1974 1975 1974 1975

May 21 14 69.6 68.7 2.66 2.13

June 17 11 63.3 29.6 2.62 2.14

July 18 7 79.3 19.3 2.42 1.79

September 13 3 239.0 11.4 1.53 1.01

November 15 5 176.0 82.4 1.98 0.85

Januarya 12 15 274.0 157.8 1.47 1.81

Total 37 30 901.2 369.2
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Table 3.13 Comparison of the number of species, birds per hour, and species
diversity of the avifauna recorded on an open pasture community
in the vicinity of Wolf Creek Generating Station, Burlington,
Kansas, 1974-1975.

Number of Species Birds Per Hour Species Diversity
Month 1974 1975 1974 1975 1974 1975

Maya 17 12 79.4 83.4 2.36 2.01

Junea 15 8 51.3 14.2 2.26 1.84

July 8 8 50.7 28.8 1.69 1.62

September 7 6 54.0 10.6 1.44 1.49

November 9 2 64.0 1.6 1.37 0.69

Januaryb 3 5 4.1 11.7 0.87 1.44

Total 25 20 303.5 150.3 -- --

aRepresent different
b1975-1976.

communities.
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Table 3.14 Comparison of the number of species, birds per hour, and species

diversity of the avifauna recorded on the mixed shrub-grass pas-

ture community in the vicinity of Wolf Creek Generating Station,
Burlington, Kansas, 1974-1975.

Number of Species Birds Per Hour Species Diversity

Month 1974 1975 1974 1975 1974 1975

May __b 26 -- 8 1 . 3 c -+ 2.96

June -- 14 -- 2 6 . 3 c -- 2.24

July 21 10 54.7 21.3 2.77 2.07

September 13 9 25.0 6.6 2.43 2.10

November 13 8 82.7. 55.6 1.93 1.29

Januarya 8 21 54.0 404.1 1.72 2.21

Total 41 42 216.4 487.6

a 1 9 7 5 - 1 9 7 6 .
bNot sampled.
cNot included in total.
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Table 3.15 Comparison of the number of species and individuals observed
along a 20-mile survey route in the vicinity of Wolf Creek
Generating Station, Burlington, Kansas, 1973, 1974, 1975.

Month

May

June

July

September

November

January

Number of Species
1973 1974 1975

37 42 45

_-a 45 41

Number of Individuals
1973 1974 1975

471 837 1452

-- 955 1065

-- 1630 791

530 1288 678

1806 2104 2568

-- 5218 2242

27

37

40

43

35

31

64

41

42

34

33

81I

I.
i
I
I
I

Total 64 2807 12032 8796

a Not censused.
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Table 3.16 Quail call counts and dove observations along a 20-mile
census route in the vicinity of Wolf Creek Generating
Station, Burlington, Kansas, 1975.

No. Quail Call/2Min. Dove Observations
May Jun Jul May Jun Jul

Mile 8 9 10 11 16 17 8 9 10 11 16 17

1 1 . . . . 4 - - 1 - - 3
2 1 . . . . . 3 1 - 1 - -
3 - - 2 - - - 1 - 1 1 2 -

4 1 -i-. . . . . 1 1 - 2
5 1 - 1 3 2 - 6 1 4 2 - 3
6 - - 2 - 2 1 5 3 2 - 3 2
7 1 - 1 - - - 1 3 2 2 - -

8 - - 1 - - 2 2 1 - 2 - 2
9 . . . . . 2 2 2 3 2 - -

10 2 1 - - - 1 2 2 3 5 3 3
11 - 1 - 2 - - 2 2 2 - 2 1
12 - - 1 1 - 1 1 1 2 2 2 4
13 - 1 - 1 - - 1 1 1 5 1 1
14 - - 3 3 - 2 1 2 - - - 1
15 1 - 1 2 5 - - 3 1 1 - -

16 1 2 4 3 1 - 3 3 2 2 3
17 - - - - - - 1 - -

18 - - 1 - - 2 - 1 5 3 -

19 1 - 2 1 - 1 2 2 6 8 - -

20 1 1 2 3 2 2 3 2 2 - 3 3

Total 10 6 22 19 12 18 36 30 38 37 19 25

Mean 0.50 0.30 1.10 0.95 0.60 0.90 33.0 37.5 22.0
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Table 3.17 Reptile and amphibian observations in the vicinity of Wolf Creek Generating Station,
Burlington, Kansas, 1975.

Type of
Location/Species Date Observation Number

Floodplain woods
Bullfrog (Rana catesbelana) 12 Jun Sight 2

2
Abandoned railroad right-of-way >

Ornate box turtle (Terrapene ornata) 9 May Sight 1 (
0
m

Mixed shrub-rass pasture 2
Ornate box turtle (Terrapene ornata) 10 Jun Trap 1 <

12 Jun Trap i
0

Twenty-mile route z
-j Ornate box turtle (Terrapene ornata) 8 May Sight 1 mm

9 Sep- Sight 1 z

Wolf Creek, 1/2 mile S of proposed dam
Western chorus frog (Pseudacris triseriata) 16 Apr Sight 1 r

8 Sep Sight I
Leopard frog (Rana jipiens) 8 Sep Sight 2 n

Neosha River, 1/2 mile SE of mouth of Wolf Creek n
Map turtle (Gratemys _geohra-ica) 17 Apr Hoop net 4 M
False map turtle (G. pseudogeographica) 17 Apr Hoop net 8
Western spiny softshell turtle (Trionyj spinifer) 17 Apr Hoop net 1

Neosha River, 1 mile NW of mouth of Wolf Creek
Leopard frog (Rana pipiens) 8 Sep Sight 1

Neosha River, 1 mile E of mouth of Wolf Creek
False map turtle (Graptemys pseudo e apica) 8 Sep Sight 1
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Chapter 4

WATER QUALITY STUDY

By

David J. Byrnes
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I. Introduction

Water quality monitoring of surface and groundwater in the vicinity of
the proposed Wolf Creek Generating Station has been conducted since 1973
(Kansas Gas and Electric Company 1974; Bowling and Ellis 1975) to establish
baseline data on the concentrations of selected water quality parameters.

The objectives of the 1975 study were:

1. To provide additional baseline data on the water quality of the
aquatic environments in the vicinity of the proposed nuclear facility;

2. To document the concentrations of aquatic nutrients, organically-
derived materials and certain trace metals; and

3. To document any naturally occurring spatial or temporal variability
in water quality.

II. Field and Analytical Procedures

A. Sampling Frequency, Locations and Parameters

1. Surface Water

Water samples for chemical and bacteriological analyses were
collected quarterly, once during each season of 1975, in conjunction with
aquatic biology sampling. They were collected at the seven locations identified
in Figure 4.1 in the vicinity of the proposed nuclear facility:

a. Location 1: in John Redmond Reservoir, immediately above the
reservoir outlet;

b. Location 2: in Wolf Creek, near the northernmost extent of
the proposed cooling lake;

c. Location 3: in Wolf Creek, immediately downstream of the
cooling lake dam site;

d. Location 4: in the Neosho River, approximately one mile
downstream from its confluence with Wolf Creek;

e. Location 5: in Wolf Creek approximately one mile upstream
from its confluence with the Neosho River;

f. Location 7: in Wolf Creek, upstream from the area to be
inundated by the proposed cooling lake; and

g. Location 10: in the Neosho River, upstream from the
confluence with Wolf Creek.

The meteorological and hydrological measurements made at each location are
presented in Table 4.1 and the water quality parameters measured are listed
in Table 4.2.
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2. Groundwater

Groundwater samples were also collected quarterly from eight wells
designated as B-12, C-6, C-20, C-50, D-28, D-42, D-55, and D-65, respectively.

-- fhe location of these wells is also identified in Figure 4.1, and the water
quality parameters measured are listed in Table 4.3.

B. Sampling Procedures

1. Surface Water

Duplicate water samples were collected at a depth of one meter,
whenever possible, using a 6-liter, polyvinyl chloride sampler of the Van Dorn
design. Immediately after collection, samples were preserved, placed in
insulated containers, packed in ice, and shipped to the laboratory for analysis.
The instrumentation, methodology, and precision of measurement for meteorological
parameters and current velocity are presented in Table 4.1.

2. Groundwater

Single groundwater samples were obtained from 5 to 10 ft below
the water level whenever possible, using a weighted sample bottle. When the
well opening was too small to allow entry. of the sample bottle, samples were
obtained from a hand pump or tap source serving the well. The water level in
each well was measured using a Soil-Test M-Probe and an engineer's rule.

Groundwater samples were preserved at the time of collection,
placed in insulated containers, packed in ice, and shipped to the laboratory
for analysis.

C. Analytical Procedures

The instrumentation, methodology and precision of measurement for
meteorological parameters and current velocity are presented in Table 4.1.
Water analyses were performed according to Standard Methods for the Examination
of Water and Wastewater (APHA et al. 1975) and procedures accepted or developed
by the Environmental Protection Agency. Water temperature, dissolved oxygen,
pH, total alkalinity, and turbidity were measured in the field. References,
preservation techniques, and analytical detection limits for the various water
quality parameters are presented in Table 4.4.

Strict quality assurance procedures were followed in accordance with
recommendations of the U. S. Environmental Protection Agency (1972). These
procedures applied to field sampling, accuracy and precision of analytical
methods, the calibration of laboratory instruments, and data reduction and
analysis; they have been previously summarized by Bowling and Ellis (1975).

III. Results and Discussion

Water quality data will be discussed with respect to hydrology, seasonal
fluctuations, variations among sampling locations, and previously reported data.
Concentrations of the various water quality parameters will also be compared to
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the Kansas State Board of Health Water Quality Standards (1973) (Table 4.5).

A. Surface Water Hydrology

The study area is geographically and hydrologically divided into
three water systems, John Redmond Reservor, the Neosho River, and Wolf Creek
(Figure 4.1).

Rainfall plays an important role in influencing both the hydrology
and water quality of the three water systems. The most rain in 1975 occurred
in June and the least in July (Figure 4.2). Precipitation was above normal in
January, February, March, June, and November, and below during the rest of
the year.

John Redmond Reservoir has a conservation pool elevation of 315.77 m
(1036 msl) with a capacity of 69.7 x 106 m3 (56450 acre-ft) (U. S. Army Corps
of Engineers 1975). The maximum storage volume recorded during 1975 was
181,321 acre-ft on 25 June and the minimum was 56568 acre-ft on 30 December
1975 (U. S. Army Corps of Engineers 1975) (Figure 4.3). During 1975 the
maximum storage volume as well as the highest inflow and outflow recordings at
the reservoir occurred during June (Figure 4.3). This was a result of above-
normal precipitation in the John Redmond Reservoir-Neosho River drainage basin
during this period.

Flow in the reach of the Neosho River studied is regulated by discharge
from John Redmond Reservoir. During 1975, flow was greater in April and June
and lower in September and December. This is similar to the pattern observed
in 1974 (Bowling and Ellis 1975).

Rainfall and snowmelt runoff are the main water sources for Wolf
Creek, and in 1975 flow in the creek was intermittent. There was sufficient
precipitation during April and June to maintain flow in the creek, but in
September and December the creek was reduced to a series of isolated pools due
to lack of adequate precipitation. This caused marked changes in the physical,
chemical, and biological characteristics of the creek.

In general, the water quality of the Neosho River and John Redmond
Reservoir was similar. However, in April, and particularly in June, the water
quality of the Neosho River was significantly affected by water from Wolf Creek.

Rainfall had a greater impact on the water quality of the Neosho
River and Wolf Creek than on John Redmond Reservoir. This was also observed
in 1974 (Bowling and Ellis 1975). Precipitation, drought, and changes in
stream flow had major impacts on water quality during 1975.

B. Surface Water Quality Characteristics

Results of water analyses and physical and meteorological measurements
made in April, June, September, and December 1975 are tabulated in Appendix C.
The minimum, maximum, and mean concentrations for each parameter on each
sampling date of the 1975 surface water study are listed in Table 4.6. Comparisons
of data from 1973 (Kansas Gas and Electric Company 1974), 1974 (Bowling and Ellis
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1975), and 1975 for John Redmond Reservoir, the Neosho River, and Wolf Creek
are presented in Tables 4.7, 4.8, and 4.9, respectively.

1. General Water Quality Parameters

The ranges of concentration measured for most of the general
water quality parameters in John Redmond Reservoir and the Neosho River were
similar to previous studies (Tables 4.7 and 4.8), although slightly wider
ranges of filtrable residue, specific conductance, and sulfate were recorded
in both water systems during 1975. However, in Wolf Creek during 1975 the
ranges of concentration for most general water quality parameters showed much
more variability than in previous studies (Table 4.9). When the creek was
flowing, the concentrations of the general water quality parameters were
similar to previous years. However, when the creek was reduced to a series
of isolated pools, major changes in the concentration of most parameters
occurred. This change in hydrology resulted in lower concentrations of
dissolved oxygen, pH, total alkalinity, filtrable residue, specific conductance,
and sulfate. It also resulted in higher concentrations of nonfiltrable residue,
turbidity, and true color.

Water temperatures ranged from 0.OC (32.OF) to 24.1C (75.4F)
and followed a normal seasonal trend being highest in summer and lowest in
winter (Figure 4.4). Water temperatures were generally similar in the reservoir,
the Neosho River, and Wolf Creek on all sampling dates.

Dissolved oxygen concentrations ranged from 5.9 to 13.5 mg/i in
the reservoir, 5.6 to 13.6 mg/l in the Neosho River, and 0.2 to 9.6 mg/i in
Wolf Creek (Figure 4.4). Dissolved oxygen in the reservoir and Neosho River
was highest during the winter and lowest in summer, reflecting the increase in
oxygen solubility with decreasing water temperatures (Reid 1961). The ranges
of dissolved oxygen concentrations in John Redmond Reservoir and the Neosho
River were similar in 1975 and were comparable to those observed in previous
studies (Tables 4.7 and 4.8).

Dissolved oxygen concentrations in Wolf Creek were similar to
concentrations measured in the reservoir and river only during April and June
when water was flowing in the creek. Dissolved oxygen in the pools of Wolf
Creek ranged from 4.3 to 5.8 mg/i in September and from 0.2 to 5.2 mg/i in
December (Table 4.6). Although the concentrations observed in September were
low, they were adequate to support aquatic life (McKee and Wolf 1963). In
December, dissolved oxygen at Locations 5 and 7 in Wolf Creek was slightly
lower than in September at these locations (Figure 4.4), but was also adequate
to support aquatic life. The lower oxygen was due in part to a slight ice
cover preventing reaeration from the atmosphere and increased oxygen demand
due to bacterial decomposition and oxidation of organic material (Reid 1961;
Hynes 1966; Slack and Feltz 1968).

The concentrations recorded at Locations 2 and 3 in the creek
in December were not adequate to support most aquatic life (McKee and Wolf
1963). Dissolved oxygen in the pool at Location 2 ranged from 1.4 to 4.0 mg/l.
A large accumulation of decomposing leaves and rat-tailed maggots, Tubifera
(formerly Eristalis), were present in this pool (Chapter 8). This benthic
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organism is generally indicative of poor water quality (Hynes 1966). Near anoxic
conditions (0.2 mg/i) were recorded at Location 3. This pool was very shallow,
and thick ice cover prevented reaeration. It had the largest accumulation of
decomposing leaves, putrefaction was advanced, and rat-tailed maggots were
again present (Chapter 8). Similar conditions of near anoxia resulting from
ice cover, large amounts of decomposing leaves, and the presence of Tubifera
in isolated pools of an intermittent stream were recorded by Larrimore et al.

(1959).

Oxygen saturation ranged from 59 to 106% in the reservoir and
river; the highest levels in the reservoir and river were recorded in April and
December, respectively (Table 4.6). Saturations were lowest in both the
reservoir and river in June. Saturation levels ranged from 2 to 93% in Wolf
Creek. They were highest when water was flowing in the creek and lowest when
pools existed.

The pH was usually similar in the reservoir and the Neosho River
(Figure 4.5) ranging from 7.1 to 8.2; however, on 9 June lower pH values were
recorded at the river locations. The pH of Wolf Creek ranged from 6.0 to 7.7
and in April and June was lower than in the reservoir, but similar to the river
(Figure 4.5). The lowest pH's were recorded in December when values ranged
from 6.0 to 6.4. The decrease in pH may have been caused by increased
bacterial decomposition in the shallow pools which increased carbon dioxide
concentrations and ultimately reduced the buffering capacity of the pools
(Welch 1952; Slack and Feltz 1968). The pH was generally similar at all of
the creek locations over the study period with the exception of 8 September
when significant differences were observed between all creek locations (Figure
4.5).

Total alkalinity was similar in the reservoir and Neosho River
on all sampling dates with the exception of 10 June when lower alkalinities
were recorded at the river locations (Figure 4.5). Concentrations ranged

from 139 to 201 mg/l-CaCO3 with the highest concentrations observed in
December and the lowest in June.

In Wolf Creek, alkalinities ranged from 52 to 198 mg/l-CaCO3

(Table 4.6), with the values being higher in April and lower in June and
December. The lower concentrations in June resulted from dilution after
periods of heavy rainfall (Figure 4.2) and at this time also caused a decrease
in the alkalinity of the Neosho River below its confluence with Wolf Creek
(Figure 4.5).

The low alkalinities measured in December in the isolated pools
may have been due to the reduced volume of the pools, the accumulation of
organic matter, and the release of carbon dioxide from bacterial decomposition
(Hynes 1966). Although the creek is in a limestone-rich area, the deposition
of organic matter along the bottom of the pools may have reduced the buffering
capacity by preventing the water from coming into contact with the limestone
(Neel 1951). Increases in free carbon dioxide and carbonic acid may have
occurred and resulted in lower pH and alkalinity.

Filtrable residue (total dissolved solids) concentrations were
similar in the reservoir and river and ranged from 262 to 420 mg/l, while
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concentrations in Wolf Creek ranged from 181 to 440 mg/l (Table 4.6). Significant
differences between the Neosho River locations upstream (10) and downstream (4)
of Wolf Creek were observed in April and June (Figure 4.6). In April, the con-
centrations at the downstream location (4) were much higher than upstream because
water from Wolf Creek contained higher amounts of filtrable residue. In June
concentrations at Location 4 were lower as a result of dilution by water from
the creek which contained less filtrable residue.

Filtrable residue was directly related to specific conductance
(Figure 4.7) which ranged from 273 to 662 pmhos/cm (25C) in the reservoir and
river and from 160 to 651 pmhos/cm (25C) in the creek. Conductance was generally
similar in the reservoir and river and lower in Wolf Creek (Figure 4.6). Con-
ductance at the downstream location (4) in the-river was significantly lower
than upstream in June, due to dilution by water from Wolf Creek. Conductance
values in Wolf Creek were highest *in April and decreased thereafter. There
was wide variability among all sampling locations in Wolf Creek on each
sampling date.

Relative to the other water bodies, nonfiltrable residue (total
suspended solids) and turbidity were always low in the reservoir ranging from
4 to 59 mg/l and 14 to 45 NTU, respectively (Figure 4.8). Nonfiltrable residue
and turbidity ranged from 2 to 350 mg/l and 8 to 190 NTU in the Neosho River,
with higher concentrations recorded in April and June. With the exception of
April. turbidity and nonfiltrable residue were always higher in Wolf Creek than
in the reservoir or river. Turbidity ranged from 12 to 250 NTU and nonfiltrable
residue ranged from 6 to 548 mg/l in the creek (Table 4.9). Turbidity and
nonfiltrable residue concentrations were directly related in all three aquatic
ecosystems (Figure 4.9).

High nonfiltrable residue and turbidity were measured in the
Neosho River and Wolf Creek in April and June, because surface runoff transported
soil particles into the water systems. Turbidity and nonfiltrable residue
concentrations during September and December in the Wolf Creek pools were
primarily a result of leaf litter and decaying organic matter which accumulated
in the pools.

True color values were generally similar in the reservoir and
river ranging from 8 to 38 color units (Table 4.6). Color was normally much
higher in Wolf Creek than in either the reservoir or river and ranged from
13 to 104 color units. In all three water systems, color was directly related
to nonfiltrable residue (Figure 4.9). A similar relationship was observed in
1974 (Bowling and Ellis 1975).

Color at the downstream location (4) in the Neosho River was
significantly higher than at the upstream location (10) in June because highly
turbid and colored water from Wolf Creek emptied into the river. The highest
color values were recorded in Wolf Creek in December, as a result of leaching
of organic matter which accumulated in the isolated pools (Larrimore et al.
1959; Hem 1970).

Sulfate concentrations in the reservoir and river were similar,
ranging from 29 to 99 mg/l (Table 4.6). Slightly lower concentrations in the
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river in June resulted from dilution following periods of heavy rainfall
(Figure 4.2). Sulfate concentrations in Wolf Creek were much more variable than
in the reservoir or river and ranged from 7.0 to 148 mg/l, with the highest
concentration measured in April and the lowest in December (Table 4.6).
Reduction of sulfate to hydrogen sulfide as the oxygen levels became depressed
probably contributed to the low sulfate concentrations in the pools in December
(Welch 1952; Hynes 1966). This reduction was particularly evident at Location 3
where only 0.2 mg/l of dissolved oxygen were measured in December and sulfate
levels had decreased to 7.0 mg/l.

2. Aquatic Nutrients

The range of concentration observed for ammonia, nitrate, total
organic nitrogen, orthophosphate, and total phosphorus in John Redmond
Reservoir and the Neosho River were similar and were within ranges observed
in previous studies (Tables 4.7 and 4.8). Silica and nitrate concentrations
in the reservoir and river were generally lower than in previous studies.
The range of concentration for all aquatic nutrients showed more variability
in Wolf Creek in 1975 than in previous years (Table 4.9) due to the change in
hydrology from a lotic or flowing environment to a series of isolated pools.

Ammonia concentrations ranged from 0.01 to 0.09 mg/i-N in the
reservoir, <0.01 to 0.20 mg/i-N in the river, and <0.01 to 0.11 mg/i-N in Wolf
Creek (Figure 4.10). Concentrations in the reservoir and river were high in
April and June and low in September and December. The higher ammonia concen-
trations occurred when surface runoff from pasturelands and drainage from
fertilized croplands in the study area were high. Ammonia was also increased
at all Wolf Creek locations in April and June by the surface runoff. In
September, concentrations in the creek were much higher at the northernmost
location (7) than elsewhere because this pool was being used by domestic
livestock as a watering hole. The decomposition of wastes from these animals
may have caused higher ammonia levels in this pool. In December, ammonia
was higher in the creek at Locations 2 and 3 because of the decomposition
of organic matter which had accumulated in these two pools.

Nitrate concentrations were similar in the reservoir and river,
ranging from 0.50 to 1.4 mg/i-N with higher concentrations measured in April
and June (Figure 4.10). Nitrate ranged from 0.04 to 1.1 mg/i-N in Wolf Creek
with higher concentrations also recorded in April. The higher concentrations
in all three aquatic systems resulted from surface runoff and the oxidation
of ammonia to nitrate. Concentrations were substantially lower in June at
Location 4 in the Neosho River downstream from the confluence with Wolf Creek
due to dilution by water from the creek.

Nitrite concentrations ranged from 0.019 to 0.065 mg/I-N in the
reservoir, 0.013 to 0.033 mg/i-N in the river, and 0.0007 to 0.13 mg/i-N in
the creek. Concentrations were higher in the reservoir in June and September,
highest in the river in September, and highest in the creek in December
(Table 4.6).
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Total organic nitrogen concentrations were generally similar in

the reservoir and river, with the exception of June when slightly higher
concentrations were measured in Neosho River (Figure 4.11). The ranges of
concentrations measured were 0.55 to 0.90 mg/l and 0.42 to 1.4 mg/l in the
reservoir and river, respectively. Total organic nitrogen in Wolf Creek
ranged from 0.50 to 2.1 mg/l with higher concentrations in June. Concentrations
were generally higher in-Wolf Creek than in either the reservoir or river with
the exception of April. The high concentrations in both the river and creek
in June resulted from increased surface runoff at this time.

Total organic nitrogen was significantly higher at the downstream
location (4) in the Neosho River than at the upstream location (10) in June
(Figure 4.11) due to influence from Wolf Creek. In September and December,

wide, random differences were observed between the creek locations. This

probably resulted from differences in the relative amounts of organic matter
decomposing in each pool.

Soluble orthophosphate concentrations followed the same pattern
in both the reservoir and river; higher concentrations were measured in June
and lower concentrations were measured in April (Table 4.6). Concentrations
ranged from 0.002 to 0.048 mg/l-P in the reservoir and 0.015 to 0.099 mg/l-P
in the river. Higher concentrations in both the river and reservoir in June
can be attributed to increased surface runoff. Concentrations in the reservoir-

river system declined after June, probably a result of uptake by phytoplankton
populations in summer and fall (Chapter 5).

Soluble orthophosphate concentrations in Wolf Creek ranged from
<0.001 to 0.35 mg/l-P, with lower concentrations measured in April and higher

concentrations in December. The high concentrations in the pools in December
resulted from the conversion of organic phosphorus to orthophosphate. The
rate of this conversion increases as the pH is decreased (Sawyer and McCarty
1967).

Total phosphorus concentrations followed a pattern similar to
that of orthophosphate in all three aquatic environments. Concentrations
ranged from 0.044 to 0.14 mg/l-P in the reservoir, and from 0.034 to 0.36
mg/l-P in the river (Table 4.6). Total phosphorus concentrations in the
creek ranged from 0.005 to 0.62 mg/l and were highest in December.

Silica concentrations were similar in the reservoir and river
ranging from 0.34 to 8.5 mg/l-Si0 2 . Concentrations were highest during June
and decreased thereafter, probably as a result of depletion by diatom popu-
lations. Silica ranged from 0.26 to 11.3 mg/1-Si0 2 in Wolf Creek in 1975
and in June concentrations were similar to the reservoir and river. In
September and December silica concentrations were much greater in the isolated
pools of Wolf Creek than in either the reservoir or river (Table 4.6).

3. Industrial and Municipal Contaminants

The range of counts observed for fecal coliform and bacteria
in the reservoir-river system was within ranges previously reported.
The ranges observed for biochemical oxygen demand, chemical oxygen demand,

82



NALCO ENVIRONMENTAL SCIENCES

and hexane solubles in John Redmond Reservoir and the Neosho River
were slightly higher in 1975 than in previous years (Tables 4.7 and 4.8). In
Wolf Creek, the ranges of concentrations observed for all parameters indicative
of industrial and municipal discharges, with the exception of fecal coliform
counts, were much greater in 1975 than in previous years (Table 4.9).

Fecal coliform bacteria densities in the reservoir ranged from
0 to 2 organisms per 100 ml with the exception of April when densities ranging
from 170 to 380 organisms per 100 ml were recorded. Fecal coliforms ranged

from 10 to 290 organisms per 100 ml in the Neosho River, with the higher counts
recorded in April and June. The higher counts in these months were due to
increased surface runoff. Bacteria densities were generally greater at the
downstream location in the Neosho River (4) than at the upstream location (10),

especially when Wolf Creek was emptying into it (Table 4.6).

Fecal coliform densities in Wolf Creek ranged from 67 to 750

organisms/100 ml (Table 4.6). There was little temporal variation in the
counts, although slightly lower counts were recorded in June; there was
usually wide variation among locations on each sampling date (Table 4.6).
Localized runoff of animal wastes was the probable origin of fecal coliform
bacteria in all three aquatic environments (Bowling and Ellis 1975).

Biochemical oxygen demand (B.O.D.) ranged from 0.4 to 4.1 mg/l
in the reservoir and river and followed the same pattern in both, being
highest in April and lowest in September (Figure 4.12). The B.O.D. in Wolf

Creek ranged from 1.3 to 5.2 mg/l and was greatest in December. With the
exception of April, B.O.D. was usually higher in Wolf Creek than in either
the reservoir or river. The higher B.O.D. in the creek in December reflected
the environmental stress occurring in the isolated pools (Larrimore et al.
1959).

Chemical oxygen demand (C.O.D.) ranged from 13 to 27 mg/i in
the reservoir, and was highest in April and lowest in June (Figure 4.12).
Chemical oxygen demand ranged from 13 to 37 mg/l in the river and from 18 to
50 mg/l in Wolf Creek; concentrations were highest in spring and summer and
decreased thereafter. The high C.O.D. concentrations in April and June were
a result of surface runoff which increased the amount of suspended solids and

their associated constituents in the water systems (Delfino and Byrnes 1975).
Chemical oxygen demand was generally higher in Wolf Creek than in the reservoir
or river. Biochemical oxygen demand and C.O.D. appeared to be directly related
in all three aquatic environments. Chemical oxygen demand was significantly
higher at the downstream location (4) in the Neosho River than at the upstream
location (10) in June because water emptying into the river from Wolf Creek

contained a higher C.O.D.

Total organic carbon (T.O.C.) ranged from 8.6 to 25 mg/l in the

reservoir with the highest concentrations measured in June and the lowest in
December (Figure 4.11). Total organic carbon in the Neosho River ranged from
13 to 37 mg/l and was highest in the spring and summer as a result of surface
runoff and lowest in the winter. Total organic carbon ranged from 8 to 37 mg/l
in Wolf Creek with a mean concentration of 26 mg/l. Higher T.O.C. concentrations
in April and June probably resulted from surface runoff; however, the high
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concentrations in December resulted from the accumulation of organic matter in
the pools. The relationship between T.O.C. and C.O.D. was somewhat obscure,
but C.O.D. was generally highest when T.O.C. was greatest (Figure 4.13).

Hexane soluble materials ranged from 0.8 to 2.0 mg/I in the
reservoir with the highest concentrations measured in September. Concentrations
ranged from 0.5 to 2.3 mg/l in the river and 0.2 to 4.1 mg/l in the creek. Con-
centrations in both the river and creek were highest in June, probably a result
of surface runoff.

4. Trace Metals

The ranges of trace metal concentrations in the reservoir-river
system in 1975 were similar to previous years (Table 4.7 and 4.8). The ranges
of trace metal concentrations observed in Wolf Creek in April and June of
1975 were similar to previous years. However, in September and December 1975
copper, iron, manganese, and zinc concentrations were much higher than in
1974 (Table 4.9).

Total copper concentrations in John Redmond Reservoir ranged
from 1.8 to 5.3 .ig/l and varied little from the yearly mean of 3.1 pg/l.
Copper concentrations in the Neosho River ranged from 1.5 to 10 Wg/l and were
highest in June as a result of surface runoff. Concentrations in Wolf Creek
ranged from 1.2 to 19 pg/l and were also highest in June. High copper concen-
trations were also measured in December in Wolf Creek and probably were
partially due to bacterial decomposition of organic matter in the isolated
pools (Hutchinson 1967).

Total iron and total manganese concentrations followed essentially
the same trends in all three aquatic environments during 1975. Iron concen-
trations ranged from 0.32 to 2.5 mg/i and manganese ranged from 0.025 to 0.10
mg/l in the reservoir (Figure 4.14). Iron concentrations were highest in the
reservoir in June, whereas manganese was highest in September. Iron concen-
trations ranged from 0.19 to 11.0 mg/l in the river and from 0.58 to 17.9 mg/l
in the creek; manganese ranged from 0.030 to 0.22 mg/l in the river and 0.10
to 1.1 mg/l in the creek (Table 4.6). Concentrations of both were highest in
June in the river and creek, and were directly related to turbidity and suspended
solids increases at this time. Similar relationships have been found in
previous studies (Bowling and Ellis 1975).

Iron and manganese concentrations at the downstream location (4)
in the Neosho River were significantly increased in June as a result of loading
from Wolf Creek. Iron and manganese concentrations also were high in Wolf
Creek in September and December because of decomposition of leaf litter in the
isolated pools. Decomposition of leaf material is known to increase total iron
and manganese concentrations (Larrimore et al. 1959; Slack and Feltz 1968).

Total lead, total mercury, and total zinc concentrations varied
randomly during the study period. Lead concentrations ranged from <1 ug/l to
2 jg/l in the reservoir, from <1 to 9 pg/l in Neosho-River, and from <1 wg/l to
30 wg/i in Wolf Creek (Table 4.6). Concentrations were always lowest in the
reservoir and generally highest in Wolf Creek. Mercury ranged from 0.76 to
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9.2 ýig/l in the reservoir, from 0.45 to 6.7 jig/l in the river, and from 0.18
to 6.4 pg/l in Wolf Creek. Mercury concentrations were greatest in all three
aquatic environments in April probably as a result of surface runoff. Zinc
concentrations ranged from 4.6 to 8.3 pg/l in John Redmond Reservoir and were
highest in April. Concentrations of zinc in the Neosho River and Wolf Creek
ranged from 1.6 to 52 pg/l and 2.0 to 80 pg/l, respectively, and were highest
in June because of increased surface runoff.

C. Comparisons to Water Quality Criteria

The results of the comparisons of observed water quality in the
reservoir, river, and creek with the Kansas State Board of Health regulations
(1973) are summarized in Table 4.5. All water temperatures and fecal coliform
bacteria counts complied with the regulations.

Dissolved oxygen concentrations were always above the recommended
minimum level of 5.0 mg/l in John Redmond Reservoir and the Neosho River.
Concentrations were below 5.0 mg/l in Wolf Creek at Locations 2 and 3 in
September and at all locations in December. The change in creek hydrology
from a flowing stream to a series of isolated pools during these months
promoted physical and chemical changes in the creek environment which ultimately
caused the depressed oxygen levels.

The pH at all Wolf Creek sampling locations was below the minimum
criterion of 6.5 in December. This was also a result of chemical changes
induced by the change in the hydrology of Wolf Creek.

Ammonia concentrations complied with state standards because they
were always below the maximum limit of 0.15 mg/i-N in John Redmond Reservoir
and Wolf Creek. Concentrations exceeded 0.15 m/gl at both locations in the
Neosho River in April due to increased surface runoff.

There was no evidence of increases in turbidity, solids, color,
taste, and odor producing substances or toxic substances resulting from any
sources other than natural origins. There was also no evidence of oil or
grease at any of the sampling locations.

D. Groundwater

1. Hydrology

The groundwater province in which the eight wells are located
is known as the South Central Paleozoic. The aquifers in this area are
classified as alluvial, soil and weathered bedrock, and consolidated bedrock.
The regional alluvial aquifer is comprised of silts, sands, and gravels. The
soil and weathered bedrock aquifer is comprised of shale, siltstone, sandstone,
and limestone and the soils derived from them. The overlying alluvial aquifer
is hydraulically connected to the lower weathered bedrock aquifer. Recharge
to both is from local precipitation percolating through the soil. Thus, the
water table elevation is responsive to local precipitation-drought conditions
(Kansas Gas and Electric Company 1974).
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2. Water Quality Characteristics

In general, there was little temporal variation in the water
quality of any of the wells sampled (Appendix C, Table C.3); however, there
was some wide spatial variation among the wells.

Water temperature was generally similar in all the wells ranging
from 11.2 to 23.5C. The pH values were also similar in the wells ranging
from 6.6 to 7.6. Slightly lower pH levels were measured at most of the wells
in September and December. This was similar to the trend observed in surface
waters.

Alkalinity ranged from 135 at well D-65 to 462 mg/l-CaCO3 (well
B-12), with lower alkalinities consistently measured at D-65 and higher concen-
trations at wells B-12 and C-50 (Figure 4.1). Alkalinity was generally much
higher in the groundwater than in surface waters, due to the limestone-rich
nature of the geological strata.

Filtrable residue and specific conductance were very high in
most groundwater samples ranging from 302 to 3580 mg/1 and 740 to 4795 Wmhos/cm
(25C), respectively. All of the wells with the exception of D-55 exceeded the

U. S. Public Health Service drinking water standard of 500 mg/i nonfiltrable
residue. The highest nonfiltrable residue concentrations and specific con-
ductance were consistently measured in well D-65.

Calcium and magnesium ranged from 71 to 166 mg/l and 10.0 to
83.8 mg/l, respectively, and were consistently higher in wells C-20, C-50, and
D-28.

Sodium concentrations ranged from 6.2 to 259 mg/l while chloride
concentrations ranged from <0.5 to 385 mg/l; both were always highest in well
D-65. Potassium ranged from 0.83 to 6.5 mg/l and was highest in well D-28 and
lowest in D-42.

Sulfate concentrations ranged from 9 to 300 mg/l. Sulfate showed
larger temporal variability than many of the other parameters measured, with
concentrations being higher in spring and summer and lowest in winter. Sulfate
was generally highest in well D-28 and lowest in D-65. Sulfate exceeded the
U. S. Public Health Service drinking water standard of 250 mg/l in April at
wells D-28 and D-42, in June at C-50 and D-42, and in September at D-42.

Nitrate concentrations ranged from 0.05 to 120 mg/i-N with the
exception of well D-65 where nitrate ranged from 420 to 550 mg/i-N. Concen-
trations were highest in the spring at all wells and may have been due to
percolation of fertilizer into the groundwater (Hem 1970). Total phosphorus
concentrations were lower in groundwater than in surface water, ranging from
0.012 to 0.73 mg/l. Silica concentrations ranged from 3.2 to 25.3 mg/i-Si0 2
and were generally higher in groundwaters than in surface water.

Total iron and total manganese concentrations in the groundwater
ranged from 0.027 to 23.0 mg/l and 0.027 to 1.8 mg/l, respectively, and were
generally lower than in surface waters. Soluble iron and soluble manganese
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concentrations ranged from 0.015 to 2.7 mg/l and 0.0020 to 1.7 mg/l, respectively.
In most aquifers, iron is present as soluble ferrous hydroxide or bicarbonate
due to the reducing environment (Ruttner 1963; Hem 1971). When groundwaters
are brought to the surface and come into contact with oxygen, the iron is
quickly oxidized into insoluble ferric hydroxide; this was observed in the well
water collected in the study area. Shortly after the water was collected, it
became clouded from the brown precipitate, ferric hydroxide. This reduced the
measured soluble iron concentration in the sample to less than it actually
was in the aquifer.

The ranges observed for total alkalinity, filtrable residue,
specific conductance, calcium, sodium, silica, and total iron were greater
than those observed in groundwater during previous studies. Sulfate and
nitrate concentrations in 1975 had smaller ranges than in previous studies
(Kansas Gas and Electric Company 1974; Bowling and Ellis 1975).

E. Summary and Conclusions

1. John Redmond Reservoir and the Neosho River were chemically
similar but were different from Wolf Creek.

2. John Redmond Reservoir complied with all of the water quality
criteria established by the Kansas State Board of Health. Ammonia concentrations
in the Neosho River exceeded the criteria (0.15 mg/l-N maximum) in April.
Dissolved oxygen concentrations were below the minimum standard of 5.0 mg/l
at two Wolf Creek locations in September and at all locations in the creek in
December. Hydrogen ion (pH) values were below the recommended minimum of
6.5 at all Wolf Creek locations in December. The low oxygen levels and pH
were indicative of the severe environmental conditions in the isolated pools
of Wolf Creek in December.

3. The flow in Wolf Creek in 1975 was intermittent. The change in
hydrology from a flowing creek in April and June to a series of isolated pools
in September and December induced physical, chemical, and biological changes
causing severe environmental stresses.

4. Precipitation and associated runoff resulted in higher concen-
trations of ammonia, nitrate, total organic nitrogen, soluble orthophosphate,
total phosphorus, turbidity, nonfiltrable residue, total organic carbon,
chemical oxygen demand, total iron, and total manganese in both the Neosho
River and Wolf Creek during the spring and summer. Increased runoff also
resulted in lower filtrable residue, specific conductance and total alkalinity.

5. Wolf Creek affected the water quality of the Neosho River in
June, when concentrations of turbidity, nonfiltrable residue, total organic
nitrogen, chemical oxygen demand, total iron, and total manganese were higher
in the Neosho River below its confluence with Wolf Creek. Concentrations
of total alkalinity, filtrable residue, specific conductance, ammonia, and
nitrate were lower in the river downstream of the confluence in June.

6. Aquatic nutrient levels were at all times sufficient to support
aquatic life.
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7. Groundwater characteristics varied widely among wells. The
ranges of concentrations observed for total alkalinity, filtrable residue,
specific conductance, calcium, silica, and total iron were greater in 1975
than in previous years.

8. The quality of surface water, with the exception of Wolf Creek
in September and December 1975, has not changed greatly on an annual basis.
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Table 4.1 Physical measurements and instrumentation used in this study.

Measurement

Air temperature
wet and dry bulb

Cloud cover

Relative humidity

Wind velocity

Current velocity

Instrument

Bendix Psychrometer
Model 566 or
Taylor Sling Psychrometer

Field Observer

Psychrometric Slide Rule

Field Observer
Dwyer Wind Meter

General Oceanics Digital
Flowmeter Model 2031-
2035

Precision of
Measurement

± 0.5 C

+

+

+

+

5%

1%

I mph

I m/sec
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Table 4.2 Water quality parameters measured in surface water samples.

General Water Quality Parameters

1. Alkalinity, total
2. Color, true
3. Conductance, specific
4. Oxygen, dissolved
5. Oxygen, saturation
6. pH
7. Residue, filtrable

(total dissolved solids)
8. Residue, nonfiltrable

(total suspended solids)
9. Sulfate

10. Temperature, water
11. Turbidity

19.
20.
21.
22.
23.

Indicators of Industrial and
Municipal Contaminants

Bacteria, fecal coliform
Biochemical oxygen demand (5 day)
Chemical oxygen demand
Organic carbon, total
Hexane soluble materials

Trace Metals

24.
25.
26.
27.
28.
29.

Copper
Iron
Lead
Manganese
Mercury
ZincAquatic Nutrients

12.
13.
14.
15.
16.
17.
18.

Ammonia
Nitrate
Nitrite
Organic nitrogen, total
Orthophosphate, soluble
Phosphorus, total
Silica, soluble
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Table 4.3 Water quality parameters measured in groundwater samples in the
vicinity of the Wolf Creek Generating Station, Burlington,
Kansas.

General Water Quality Parameters Aquatic Nutrients

1. Alkalinity, total
2. Calcium
3. Chloride
4. Conductance, specific
5. Magnesium
6. pH
7. Potassium
8. Residue, filtrable

(total dissolved solids)
9. Sodium

10. Sulfate
11. Temperature, water

11. Nitrate
12. Phosphorus, total
13. Silica, soluble

Trace Metals

14.
15.
16.
17.

Iron, soluble
Iron, total
Manganese, soluble
Manganese, total
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Table 4.4. Methods for analyses of water quality parameters.

Parameter

** Alkalinity, total

* Ammonia

* Bacteria, fecal
colif orrm

* Biochemical
oxtygen demand
(5-day)

*** Calcium

* Chloride

* Chemical
oxygen demand

* Color, true

** Conductance,

specific

* Copper

Method

Method 102

Gas diffusion
electrode

Method 132C

Autoanalyzer
colorimetric phenate
method

Method 408B

Method 219

Atomic absorption
direct aspiration

Method 112B

Autoanalyzer

Low level mehhod

Method 118

Method 154

Atomic absorption
direct aspiration

Atomic absorption
chelation

Atomic absorption
graphite atomizer

Soxhlet extraction

Atomic absorption
direct aspiration

Atcmic abscrption
chelation

Atomic absorption
graphite atomizer

Atomic absorption
direc: aspiration

Preservation

Techniaue

Refrigeration

HgC1 2 ,
refrigeration

HgC12,
refrigeration

HgC'1-
refrigeration

NaZS20 3 ,
sterile bottle,
refrigeration

Refrigeration

HNO3

None
required

None
required

Refrigeration

None
required

None
required

HNO 3

HNO3

HNO 3

H2 SO,
refrigeration

A0 3

HWO3

HNO 3

tNo 3

Reference

A.P.H.A. et al.
1971

Thomas and Booth
1973; Howe and
Holley 1969

A.P.H.A. et al.
1971; Howe and
Holley 1969

U.S.E.P.A. 1974
Howe and Holley
1969

A.P.H.A. et al.
1971

A.?.H.A. et al.
1971

Perkin-Elmer
Corp. 1968

A.P.H.A. et al.
1971

U.S.E.P.A. 1974

U.S.E.P.A.
1974

A.P.H.A. et al.
1971

A.P.H.A. et al.
1971

Perkin-Elmer
Corp. 1968

Fishman and
Midgett 1968

Perkin-Elmer
Corp. 1972a

U.S.E.P.A.
1974

Perkin-Elmer
Corp. 1968

Fishman and
Midgect 1968

Perkin-Elmer
Corp. 1972a

Perkin-Elmer
Corp. 1968

Detection
Limit

1 mg/I-CaCO
3

0.01 mg/I-N

0.01 mg/l-N

0.01 rag/1-N

0 organisms/
100 ml

0.5 mg/l

2 ug/l

0.5 mg/I

0.1 mg/l

0.1 mg/l

1 unit

I umho/cm

0.01 mg/l

0.1 Ug/l

0.2 ug/l

0.1 mg/i

0.03 mg/i

I ug/l

0.5 ug/1

0.1 u m/I

* Hexane soluble

I* irona

* Lead
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. Table 4.4.
Continued.

I Preservation Detection
Parameter Method Techniaue Reference Limit

*** Magnesium

** Manganeseb

Atomic absorption
chelation

Atomic absorption
graphite atomizer

Atomic absorption
direct aspiration

Atomic absorption
direct aspiration

Flameless atomic
absorption

KNO 
3

HNO 
3

HT03

HN0
3

Fishman and
Midgett 1968

Perkin-Elmer
Corp. 1972a

Perkin-Elmer
Corp. 1968

Perkin-Elmer
Corp. 1968

I jg/l

1 ug/h

I ug/h

0.01 mg/i

0.05 ug/l* Mercury

** Nitrate

U.S.E.P.A.
1974

Method 213C

Auzoanalyzer
cadmium reduction

Method 11.S.* Nitrite

* Organic carbon,
total

Method 138A

HgCl 2 ,
refrigeration

lgCl 2 ,
refrigeration

HgCl,,
refrigeration

HC1,
refrigeration

HCI,
refrigeration

HgCI,
refrlgeration

Filtration,
refrigeration

Measured in
the field

* Organic
nitrogen,
total

* Orthophosphate,

soluble

* Oxygen,

dissolved

A.?.H.A. et al.
1971; Howe and
Hoiley 1969

Ocean. Int. Analyzer
wet oxidation

Methods 135 then
132C

Method Il.1.

Method 218B

Calculated method
218B

U.S.E.P.A. 1974;
Howe and Holley
1969

Strickland and
Parsons 1972; Howe
and Holley 1969

A.P.H.A. et al.
1971; Ocean. Int.
Corp. (197!)a,b

Ocean. Inter.
Corp. (1974)b.

A..-H.A. et al.
197:.: Howe and
Holley 1969

Strickland and
Parsons 1972:
Ryden et al. 1972

A.P.H.A. et al.
1971

A.P.H.A. et al.
1971

A.P.H.A. et al.
1971

A.P.H.A. et al.
1971; Strickland
and Parsons 1972

Perkin-Elmer
Corp. 1968

A.P.H.A. et al.
1971

A.P.H.A. qt al.
1971

0.01 mg/l-N

0.01 mg/I-N

0.1 ug/l-N

1 mg/l

0.2 mg/I

0.01 mg/i

I ug/l-P

0.1 mg/l

Expressed
as percent

0.1 pH

I ug/1-P

5 ug/l

2 mg/il

1 mg/I

* Oxygen,

saturation

* pH Method 144A

** Phosphorus,
total

*** Potassium

** Residue, filtrable

(total dissolved
solids)

* Residue,

nonfiltrable
(total suspended
solids)

Method 222C then
method 1I.I.

Atjmic absorption
direct aspiration

Method 148B

Method 148C

Measured in
the field

None
required

HNOJ

None
required

None
rec ii red
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Table 4.4. Continued.

Parameter

** Silica, soluble

* Sodium

** Sulfate

** Temperature

Method

Method 151C

Autoanalyzer
method 105-71W

Atomic absorption
direct aspiration

Method 156C

Autoanalyzer
method 118-71 W

Whitney
Thermometer,
method L62

Hach Turbidimeter,
method 163A

Atomic absorption
direct aspiration

Atomic absorption
chelation

Atomic abosrption
graphite atomizer

Preseriation
Technique

Filtration

Filtration

HNO 3

'lone
required

None
required

Measured
in situ

None
required

HNO 3

HNO 3

HNO 3

Reference

A.P.H.A. et al.
1971

Technicon Industrial
Systems 1974

Perkin-Elmer
Corp. 1968

A.P.H.A. et al.
1971

Technicon Industrial
System 1974

A.P.H.A. et al.
1971

A.P.R.A. et al.
1971

Perkin-Elmer
Corp. 1968

Fishman and
Midgett 1968

Perkin-Elmer
Corp. 1972a

Detection
Limit

0.01 mg/l-SiO2

0.01 mg/1-Si0 2

2 ug/l

5 mg/l

1 mg/l

0.1 C

0.1 N.T.U.

0.01 mg/l

1 ug/l

0.1 ug/l

*

*

Turbidity

Zinc

Measured in surface water samples only.

* Measured in surface water and groundwater samples.

Measured in groundwater samples only.

a Soluble iron in groundwater samples determined by same method with prior

filtration of sample.

b Soluble manganese in groundwater samples determined by same method with prior

filtration of sanple.

111



NALCO ENVIRLUNIVEN-TAL 35CIF~rYL-

Table 4.5 Numerical water quality criteria for Kansas surface waters.

Locations and Months in which
Parameter Criterion the Standards were Exceeded

Temperature, water

Oxygen, dissolved

32.2 C (90 F) None

Not less than 5 mg/i Locations 2, 3 (Wolf Creek) in
September

Locations 2, 3, 5, 7 (Wolf
Creek) in December

pH 6.5 to 8.5 Locations 2,
Creek) were
December

3, 5, 7 (Wolf
below 6.5 in

Ammonia

Bacteria,
fecal coliform

Oil and grease

Turbidity and
total suspended
solids

Color

0.15 mg/i-N maximum

Not to exceed 2000 per
100 ml sample (all
locations except John
Redmond Reservoir)

Not to exceed 400 per
100 ml sample in more
than 10% of total samples
in any 30 day period
(John Redmond Reservoir)

No evidence of visible
oil or grease

No increases from other
than natural origin

No man-made point source
discharges of color
producing substances

No increases from man-
made point discharges

Man-made point discharges
limited to concentra-
tions in receiving water
that will not harm human
or aquatic life

None

None

Locations 4, 10 (Neosho River)
in April

None

None

None

Taste and odor
producing
substances

Toxic substances

None

None
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Table 4.6. Summary of minimum, maximum and mean values for water quality data in the vicinity of the

Wolf Creek Generating, Burlington, Kansas, 1975.
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Table 4.6. Continued.
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NALCO ENVIRONMENTAL SCIENCES

Table 4.7. Mean water quality data from John Redmond Reservoir, 1 9 7 3 - 7 5 .a

Location 1
Parameter Year Mar-hb June Sepcember December

General 2,ater Oualitv
Parameters

Temperature, water
(
0 c)

Oxygen, dissolved(mg/i)

Oxygen, saturation

pH

Alkalinity, total
(mg/1-CaCO3 )

Sulfate
(Mg/i)

Filtrable residue
(mg/!)

Conductance, specific
(.2mhos/cm at 25 C)

Nonfiltrar-!a residue
(mg/l)

Turbidity c
(N.7.'.)

Color, true
(un i ts)

Aquatic -Nutrients

Ammonia
(Mgo/i-N)

Nitrate
(gag/i-N)

(mg/' -N)

Organic ti.-.rogen, total
(mg/i-N)

1973
1974
1975

1973
1974
1975

1973
1974
7975

1973
1974
1975

1973
1974
1975

1973
1974
1975

1973
1974
1975

1973
1974
1975

1973
1974
1975

1973
197!A
1975

1973
1974
1975

1973
1974
1975

1973
1974
1975

1973
1974
1975

9.2
6.0

12.3

10.4
12.2
11.6

90
98

106

8.2
7.9
8.2

116
205
161

27
66
41

209
338
266

24.5
19.9
23.3

7.0
8.4
6.0

83
92
64

S.2
7.9
7.9

172
256
158

50
60
48

317
303
284

23.0
18.7
23.9

8.0
6.9
6.4

92
75
68

8.1
7.8
7.6

193
128
166

60
30
72

327
234
312

2.2
0.8
0

12.5
12.9
13.4

91

90
92

7.4
8.2
7.8

128
177
193

37
41
89

220
252
410

288
536
428

53
23
59

58
14
43

•6
16
i9

506
486
437

39
-3

41
32
28

14

' 3

495
365
521

20
16
40

15
2

23

9
21
ii

356
460
636

49
33

5

35
38
14

25
15
3

0.13
0.19
0.04

0.93
1.2

0.017
3.024
0.020

0.61
0.56
0.89

0.05
.. 05

0.09

i.2
0.9

0.042
0.063

3.70
0. 77
0.57

0.02
0.03
0.03

0.70
0.20
0.55

0.0019
0.036
0.262

0.75
0.36
0.77

0.17
0.23
0.01

0.67
0.37
0.51

0.00i7
0.011
0.3031

0.75
0.61
0.55

1973
1971.
1973
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Table 4.7. Continued.

Location 1
Parameter Year Marchb June Seotember December

Orthophosphate, soluble
(mg/i-F)

Phosphorus, total
(mg/I-P)

Silica, soluble
(mg/I-SiC2)

Industrial and Municipal
Contaminants

Bacteria, fecal coliform
(No. /!00 ml)

Biochemical oxygen demand
(5-day) (mg/i)

Chemical oxygen demand
(mg/l)

Organic ,carbon, total
(mg/i)

Hexane soluble materials
(mg/i)

Trace metals

Copper
(ug/!1'

Iron, total
(mg;,1)

Lead
(, I g/II

Manganese
(mg/i)

Mercury
(ug<-)

Zinc
(..;g,!

1973
1974
1975

1973
1974
1975

1973
1974
1975

1973
1974
1975

1973
1974
1975

1973
1974
1975

1973
1974
1975

1973
1974
1975

1973
1974
1975

1973
197,
1975

1973
1974
1975

1973
1974
1975

197.
!97
1975

1973
197%
1975

0.12
0.068
0.007

0.20
0.12
0,13

10.4
9.2
5,3

0.15
0.081
0.037

0.15
0.14
0.071

8.4
10.7
6.8

25
60

230

1.8
5.1
3.9

19
16
27

7
24
13

0.1
0.1
0.9

3.0
4.5
3.5

3.4
0.74
2.5

<1.0
1.0
2.0

.0A
0.066
0.085

0.09
0.07
9.2

1.0
40.0
9.0

35
-20

0

2.3
2.6

1.8

21
16
14

19
7

23

0.3

1.8
1.4

8.0
4.5
2.5

2.7
1.4
1.i

12.0
<1.0

0.21

0.053
0.055

0.64
0.07
1 .5

12.0
11.0
3.7

0.046
0.055
0.0is

0.078
0.090
0. 11

4.6
3.7
3.7

7
0
1

1.4
1.2
1.4

15
21
16

13
9

16

<0. 1
0.1
1.9

2.9
3.6
4.0

0.30
1.5
1.5

1.0
3.0
1.0

0.038
0.039
0.10

0.06
<0.05

4.0

<1.0
17.0
-45.

0.076
0.092
0.017

0.16
0.16
0. 046

8.1
10.3

0.8

635
67

i

1.3
1.2
1.9

21

11
14

9.3

i.8
0.4
1.2

5.0
2.1

3.0
1.8
0.32

3.3
3.?

<1.0

0. 11
0.057
0.02!

0.18
0.36
4.3

13.0

0.0

a All values are means of duplicate samples.
b Water quality data collected in March during 1973-74 and in
c Turbidity previous to April 1975 reported in JTU.

April of 1975.
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Re 4.8. Mean water quality data from the Neosho :r upstream and downstream of the confluence

with Wolf Creek, 1973-75.'
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538
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0.9
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6
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c
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me 4.8. Continued.

JJ It+. Ieu ci L, Io _ 10 Downstream +Local Ion 4
.... ._ . . ' i , .u ,- iuub, ci , .... _ ,-r - b . . ..... .. S.j>.1 eub, r Ike o;,U, rusu t ima r

AmtcNuat-u-cuts
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Ni t ratU
(uiigf 1-N)

N i t r I 1i-
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Organl Ic 11 rlui
lot :Ii (III+:I/ I )

:,I l, ),.. (,,g/-P')

1973
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1973
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-c

0.11
0.21

-U

8.8
'j. I

0.12
0.1)
0.18

0.77
1.4
1.3

0.015
0.023
0.0122

0.62
0.56
0.96

0.11
0.066
0.01.8

0.23
0. 12
0.18

10.3
8.9
5.2

67
81

170

2.6
5.1
3. 3

22
16
28

8
21
30

0.03
0.05
O. 06

1.2
2.2
0.67

0.12
0.044
0.014

0.57
0.83
1.4

0.16
0.079
0.(061

0.15
0.21
0.35

7. 3
8.4
8.5

0.01
0.012

<0.01

0.710
0.28
0.60

0.0018
0.1032
0.028

0.86
0.60
0.60

0.066
0.057
0.037

(.12
(). I1
0.088

5.5
5.9
3. 8

0.18
0.21
0.104

0.79
0.89
0.52

o.0t12
0.011
0. 0045

0.73
0. 6 1
0.51

0. 073
0.091
0.026

0.21
0. It,
0. )34

8.9
10.7

(). 34

1973 -'

1974 81
19/5 215

-c

41
170

1.7
2.3

1913
1974
1915

1973
1974
1975

-c

4.8
2.7

-c

170
38

-c

1.1
2.0

16
17

14
9. 1

43

52
230

2.4
2.1
2.3

20
21
37

6
9

24

4b
3701
1.35

1.5
0.7
1.1

16
17
15

20
9

13

680
190

45

1.3
1.2
1.. 7

21
17
21

13
14

7.6

1c

15
32

1c

17
23

-c

9
21

-C

15
14

-c

10
II

1973 c

1974 18
19Ph 28

1911
1974
1975

12

1.1
0. 7

-c

1.7
2.2

1.

<03 1
1.4

1.

0.2
1.7

<0. 1
0.5
(0.5

0.2
1.2
1.5

1.7
'01. 1

1.7

I .6
(). 2
0.9



Table 4.8. Continued.

h I acraMv I s

I ' l I to ' t it I

(,,ll . U I iI

Lead, total
( pl/ I )

(1logankl s , t ot a I

( ,,gI L )

M /rci)ry, tol
(Pgl I )

.. . . . .. . _r

19 13
1974
1971i

1973
19/4
1975

19713

1974
1915

1973
1974
1975

1973
1974
1915

_(2

1_.5
3.8

(.85
3.0

U

2.0

0. 06b
0. 10

-C.

0.08
6.5

JistL-. .. .. iit L o .II10

(2

4.9
6.5

2.1

6.1

13.0
5.0

-c

0.068
0.15

-C

0.07
1.0

- I .

5.7

2.3

(2

2. 1,
0.92

C

4.0
<1 .0

-C

0.071
0.056

-C

<0.05
0.76

(2

5.7
1.6

2.1
0.22

2.0
"1.0

_C

0.074
0. 030

-C

0.61
0.54

Downtstrca) - i[.uJo Iol 4

Ma ...... .1 ... Sept e-b- r Dce b-• r

3.0
i . 6
5.3

3. 8
0.88
3.9

1. ()
<.10

3.0

0.057
0.068
0. 13

0.14
0.05
8.7

4.1
8.5
9.9

2.9
3. 1

11 . 0

2.0
30.0

9.0

(. 18
0.13
0.22

0.07
0.05
1.7

8.0
26.0
46.0

1.8
5. 0
1.6

1.I
2.2
I. I

1.0
2.0
1.0

0.090
0. 072
0.075

0.106
<0.05
0.92

2.2
5.3
2.6

2.4

2. 1
1I. 2 J

1.0
2. (0
I. . 0

). II
0.082
0.012

0.11.
0.32
1. 2

2

rn

2
0

2
m
M
2

r
n

m
20
In

PQNJ

Zinc, Lotal
(OtO; 1)

19773 -c
1974 15.0
1975 17.0

-c
60.0
28.0

_C

39.0
5.8

-C

12.0
1.8

<1 .0
18.01
13.0

<1.0
47.0

o.4

<1. 0
Ll .0

3.3

a All values are means of duplicate samples.
b Water quality data collected in March during 1973-74 and in April of 1975.

c Location 10 not included in 1973 study.

d Not determined.
e rurbidity previous to April 1975 reported in JTU.



"b M M M M M"ekg7 -" M M M M M e Me 4.9. Mean water quality data from Wolf
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I. Introduction

The phytoplankton community is an essential component of the aquatic
environment. These organisms represent the initial link in the food chain
from which other biological communities, either directly or indirectly, derive
their nutrient requirements. While adequate phytoplankton quantities are
required for aquatic food chains, large populations of some taxa can impair
water quality.

Baseline data describing the phytoplankton community of the Neosho River
basin near the proposed Wolf Creek Generating Station (WCGS) were obtained in
1973 and 1974 (Kansas Gas and Electric Company 1974; Wilde et al. 1975). The
present report discusses results of continuing investigations conducted during
1975 to provide additional preconstruction data on the area which may be
affected by construction and operation of WCGS.

Specific objectives of the study were:

1. To provide additional baseline data on the phytoplankton of the site
and its environs; and

2. To document seasonal and year-to-year variations in phytoplankton
composition, abundance, biomass (biovolume and chlorophyll a
concentrations), and primary productivity (carbon fixation rate)
for inclusion in the future evaluation of environmental impacts
from construction or operation of the proposed Wolf Creek Generating
Station.

II. Field and Analytical Procedures

Duplicate composite water samples for phytoplankton analyses were collected
quarterly at six locations (Figure 5.1). All samples were collected within one
meter of the surface with a nonmetallic water sampler. Subsamples were immediately
placed in appropriately labeled 1.9 1 polyethelene bottles containing 60 ml
of "M 3 '' preservative (Meyer 1971) for later algal identification, enumeration,
and biovolume determinations. Carbon fixation rate and chlorophyll a concen-
tration were assessed from the remaining portion of the duplicate samples.

Two separate procedures were used to analyze the preserved samples. A
subsample volume of 10 to 100 ml was used for diatom analyses. Diatoms were
cleaned with a concentrated nitric acid/potassium dichromate solution and
collected on a 0.45 p pore size membrane filter. The filter was air-dried
and a portion was placed on a glass slide, cleared with immersion oil, and
covered with a coverslip. The slide was then examined at 1250 X magnification
with a microscope equipped with phase contrast. A modification of Lackey's
(1938) microtransect method was used to analyze the non-diatom phytoplankton.
An 875 ml subsample volume from each sample was placed in a 1000 ml beaker.
Liquid detergent was added to break the surface tension (Mackenthun 1969), and
the organisms were allowed to settle overnight. The supernatant was removed
with a suction pump, and the organisms were further concentrated in successively
smaller containers until a density suitable for counting was attained. A 0.1 ml
aliquot of the concentrate was placed in a slide and examined at 500 X

magnification with a microscope equipped with phase contrast.
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An area of the coverslip large enough to permit the accurate estimation

of the density and diversity of phytoplankton populations was examined for
each preparation. All undamaged organisms were identified to the lowest
positive taxonomic level using keys by Hustedt (1930), Huber-Pestalozzi (1941,
1968), Smith (1950), Hortobagyi (1960), Prescott (1962, 1964), Patrick and
Reimer (1966), Cocke (1967), Stoermer and Yang (1969), Taft and Taft (1971),
Weber (1971), and Whitford and Schumacher (1973). Densities were reported as
the number of units per milliliter of water (units/ml). A reporting unit
consisted of a single frustule for diatoms. For algae other than diatoms,
a reporting unit consisted of a single cell for unicellular forms, a 100,

.length for filamentous forms and four cells for all colonial forms other than
species of Aphanocapsa, Aphanothece, and Microcystis in which 50 cells
comprised a reporting unit.

Biovolume (cell volume) determinations were made using methods described
by Cowell (1960) and Hohn (1969). Biovolume was computed for each taxon using
the formula for the geometric configuration that most resembled the shape of
the organism.. The average biovolume of at least 10 randomly selected individuals
was used for abundant forms, and the average biovolume of all individuals
examined was used for those observed less than 10 times. All biovolumes were
expressed as microliters per liter (4i/1).

Species diversity index values were calculated with data from each
sampling location on each sampling date using the Shannon (1948) formula and
log base e. The data were statistically analyzed each sampling period using
a one-way analysis of variance (ANOVA) to determine if significant differences
existed in phytoplankton densities among sampling locations. Tukey's multiple
comparison procedure was employed following the ANOVA whenever significant
differences were detected.

The non-preserved portion of the composite samples were analyzed for
carbon fixation rate and chlorophyll a concentration. Carbon fixation rate
was estimated by the light-dark bottle 1 4 C method (Wetzel 1964; Parkos et al.
1969; Strickland and Parsons 1972). Three 50 ml subsamples were taken from
each composite, inoculated with 4-5 microcuries of aqueous 1 4 C bicarbonate
solution, and incubated for 3 hr in a constant light (=1000 ft-c) and tem-
perature (adjusted to near ambient) chamber. The subsamples were then filtered
through 0.45 p porosity filters. The filters were returned to the laboratory,
dried, fumed with concentrated HCl for 10 min (Wetzel 1965), and placed in low
potassium scintillation vials. Seventeen milliliters of scintillation fluid
(12 g/l Butyl PBD, 0.4 g/l PBBO, and 180 ml/l Scintisol-GB in spectrophotometric
grade toluene) were added to each vial and the activity was measured with a

refrigerated liquid scintillation counter. Carbon fixation rate was expressed
as milligrams of carbon fixed per cubic meter per hour (mg C/m 3 per hr).

Chlorophyll a concentration was determined by flouorometric techniques
of Lorenzen (1966) and Strickland and Parsons (1972). Three 50 ml subsamples
from each composite sample were filtered through glassfiber filter papers on
a thin layer of MgCO 3 . The filters were eluted with 90% acetone for at least

24 hr, ultrasonically disrupted, and centrifuged. The fluorescence was
measured before and after the addition of 1 N HCl. Chlorophyll a concentration
was expressed as milligrams per cubic meter of water (mg Chl a/m3).
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III. Results and Discussion

A. Phytoplankton Composition, Abundance, and Distribution

The phytoplankton collected in April, June, September, and December
1975 from John Redmond Reservoir, the Neosho River, and Wolf Creek consisted
of 226 taxa which represented 91 genera and eight algal divisions. Diatoms
(Bacillariophyta) and green algae (Chlorophyta) were the most diverse groups
with 108 and 70 taxa, respectively. A comprehensive species list and a
tabulation of density and biovolume for each taxon are presented by sampling
date and location in Appendix D.

Total phytoplankton densities and biovolumes ranged from 509 units/ml
and 0.185 Il/l at Location 2 in December to 17791 units/ml and 7.866 1i/1 at
Location 4 in April (Tables 5.1 and 5.2). The reservoir (Location 1) and
river (Locations 4 and 10) communities were similar on all four sampling dates,
while the assemblages collected from Wolf Creek (Locations 2, 3, 5, and 7)

were substantially different from those of the reservoir and river and were
generally different among locations. Centric diatoms were generally the
dominant algal group in the reservoir and river, whereas pennate diatoms and
cryptomonads were the major components of the creek community. Densities
and biovolumes were highest in the reservoir and river in April and at most
creek locations in September. No consistent seasonal or year-to-year patterns
of abundance were observed in the three systems during the 1973 through 1975
period (Figures 5.2, 5.3, and 5.4).

Diatoms constituted a major portion of the phytoplankton in all
samples. Centric diatoms were more abundant than pennate diatoms in the
reservoir and river on all sampling dates, except June, and comprised 17.7 to
91.6% of the total phytoplankton density and biovolume (Tables 5.1 and 5.2).
Pennate diatoms were abundant in the creek where they accounted for 10.5 to
95.5% of the total density. The most frequently observed centric diatoms in

the reservoir and river were Stephanodiscus astraea, S. minutus, Stephanodiscus
sp., and Cyclotella meneghiniana v. plana (Table 5.3). These taxa were also
dominant in the reservoir and river in 1973 and 1974 (Kansas Gas and Electric
Company 1974; Wilde et al. 1975). Centric diatoms are typically abundant
members of the potamoplankton (true river plankton) (Hynes 1970). Stephanodiscus
astraea, S. minutus, and C. meneghiniana v. plana have been associated with
eutrophic conditions (Stoermer and Yang 1969; Hynes 1970); however, Williams
(1972) has shown that little evidence exists to support the pollution-indicator
concept among the dominant phytoplankters of major rivers. He believes
that the dominant diatoms in most rivers are related more to edaphic factors of
the watershed than to the degree of pollution. The most abundant diatoms in
Wolf Creek were species of the pennate genera Navicula and Nitzschia. These
taxa are primarily littoral organisms of benthic origin (Patrick and Reimer 1966;
Hutchinson 1967).

The spring and fall pulses of diatoms observed in the reservoir and
river during 1975 were typical for this group (Patrick and Reimer 1966;
Hutchinson 1967). These normal seasonal patterns of distribution were not
detected in 1973 and 1974 (Figures 5.2 and 5.3). A fall pulse of diatoms
occurred in Wolf Creek, and the group was least abundant there in December.
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Minimal diatom densities were also observed in the creek during December of
1973 and 1974 (Figure 5.4).

Densities and biovolume of green algae (Chlorophyta) ranged from 17
units/ml and 0.005 il/l at Location 5 in June to 3263 units/ml and 0.920 Li/1 at
Location 3 in September, accounting for 0.4 to 46.4% of the total phytoplankton

(Tables 5.1 and 5.2). This group displayed considerable temporal and spatial
variability, and there was no striking distinction among populations of the
reservoir, river, or creek. The major taxa were Dictyosphaerium pulchellum,
Chlamydomonas sp., Oocystis pusilla, 0. borgei, and Ankistrodesmus spiralis
(Table 5.3). Populations were largest in the creek and reservoir in September,

and in the river in December (Figures 5.2, 5.3, and 5.4). Greatest abundances
of this group typically occur in late spring or early fall (Hutchinson 1967).
Quantities of green algae were larger at most sampling locations in 1975 than

during the previous two years (Figures 5.2, 5.3, and 5.4).

Blue-green algae (Cyanophyta) were more abundant in the reservoir and

river than in the creek. They were observed in all samples from the reservoir
and river, but were absent from several creek samples. The largest populations
occurred in the Neosho River in September (Table 5.1). This pulse was primarily
comprised of Merismopedia tenuissima, a very small colonial taxon, and con-

sequently, biovolumes were low (Table 5.2). Spatial and seasonal distribution
patterns were similar during all three years. In 1973 and 1974, blue-green
populations were negligible except in September when pulses of M. tenuissima

occurred in the reservoir and river. Blue-greens usually occur in abundance
only during the warm months of the year (Smith 1950).

Cryptomonads (Cryptophyta) were observed in all samples except those
from Location 2 in December. The highest density (4744 units/ml) occurred at

Location 3 in September; however, this group accounted for the largest
percentage (68.5%) of the total density at Location 3 in April (Tables 5.1).

Densities and biovolumes were largest in September at most sampling locations,

and the group was generally more abundant in 1975 than 1973 or 1974 (Figures
5.2, 5.3, and 5.4). Rhodomonas rninuta v. nannoplanctica and Cryptomonas sp.
were the only cryptomonads observed in the study. Both were abundant in the

reservoir, river, and creek (Table 5.3). This group is widely distributed

in the U. S. (Smith 1950) and generally occurs throughout the year (Hutchinson
1967). They apparently have no typical seasonal distribution pattern, and

maxima have reportedly occurred in spring (Birge and Juday 1922), summer
(Wilde and Paulishen 1974), and winter (Staker 1974).

Euglenoids (Euglenophyta) were more abundant in the creek than in the

reservoir or river. They were observed in all samples, except those from the

reservoir in June. Largest quantities (1200 units/ml and 4.021 Pl/l) occurred

at Location 5 in September, comprising 10.5 and 55.4% of the total density and
biovolume, respectively (Tables 5.1 and 5.2). Although less abundant (295
units/ml and 0.718 i-l/l) at Location 5 in December, they accounted for 57.8%
of the total density and 93.3% of the total biovolume, due to a scarcity of

other algae. Major euglenoid taxa were Euglena acus, E. gracilis, E. polymorpha,
Euglena sp., Lepocinclis sp., Trachelomonas sp., and Phacus longicauda (Table
5.3). These organisms often become abundant in small pools rich in organic

matter (Hutchinson 1967). Their abundance in Wolf Creek during September and
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December may have been prompted by the low water level which resulted in the
formation of temporary pools. A similar phenomenon was reported in 1973
(Kansas Gas and Electric Company 1974). Euglenoids were of little quantitative
importance in 1974 (Wilde et al. 1975).

Yellow-brown algae (Chrysophyta) were abundant in Wolf Creek in April
and September but were never quantitatively important in the reservoir and river
(Tables 5.1 and 5.2). The group was virtually absent from all locations in
June and December. The largest quantity (2575 units/ml and 0.243 ýil/i)
occurred at Location 3 in September and accounted for 20.8 and 9.4% of the
total density and biovolume, respectively. Mallomonas sp. and Ochromonas sp.
were the most abundant members of the group. The seasonal distribution pattern
observed was typical, since these organisms are most abundant during spring
and fall (Smith 1950). Yellow-brown algae were an insignificant component of
the phytoplankton on all sampling dates of the 1973 and 1974 studies.

Other algal groups observed in the study included dinoflagellates
(Pyrrhophyta) and chloromonads (Chloromonadophyta). These algae were of little
quantitative importance during all three years.

Species diversity indices (mathematical expressions of community
structure based on the density of organisms, number of species, and relative
abundance of each component) have been used as indicators of environmental
conditions (Warren 1971). The diversity values computed for the reservoir,
river, and creek during 1975 ranged from 1.52 at Location 10 in April to
3.37 at Location 2 in June (Table 5.4). The relatively low values (1.52 to
1.78) at reservoir and river locations in April were primarily due to large
populations of centric diatoms (mostly Stephanodiscus spp.).

Few significant differences in phytoplankton density were detected
among sampling locations in the reservoir and river (Tables 5.5 to 5.8).
Significant differences were common among creek locations, but no consistent
pattern was noted. The large number of differences in densities observed
among all locations in the area was due to the variety of habitats sampled.

B. Carbon Fixation Rate and Chlorophyll a Concentration

1. John Redmond Reservoir and the Neosho River

Carbon fixation rate and chlorophyll a concentration were highest
in April and lowest in June at Locations 1, 10, and 4 (Table 5.9). Values
were generally similar among locations during each sampling period, which
corresponds with the similarity in species composition and total phytoplankton
abundance. Highest carbon fixation (130.65 mg C/m 3 per hr) and chlorophyll a
concentration (34.97 mg Chl a/m 3 ) coincided with peak total phytoplankton and
centric diatom abundance in April. A positive relationship between centric
diatom abundance and carbon fixation rate and chlorophyll a concentration for
John Redmond Reservoir and Neosho River locations was also reported in 1973
(Kansas Gas and Electric Company 1974) and 1974 (Wilde et al. 1975). No
seasonal patterns have been evident during the three-year study period. This
indicates that factors other than temperature and light, including retention time
in John Redmond Reservoir and turbidity, have been more important in determining
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the extent of phytoplankton development.

With the exception of the June collection, Wolf Creek had
no discernible effect on carbon fixation rate or chlorophyll a concentration
in the Neosho River. During June, relatively high flow in Wolf Creek was
accompanied by low flow in the Neosho River, and, as a result, values
obtained at Location 4 were more similar to those obtained at Wolf Creek
locations than to Locations 1 and 10.

2. Wolf Creek

Carbon fixation rate and chlorophyll a concentration in Wolf
Creek varied among locations and sampling periods (Table 5.9-). Carbon fixation
rate and chlorophyll a concentration showed a progressive downstream increase
in April and a slight downstream decrease in June. Values were variable and
no trends were evident in September and December when low water levels
necessitated the collection of samples from isolated pools. The downstream
increase in April corresponded to an increase in abundance of cryptomonads
(Table 5.1). The lowest carbon fixation rate (0.36 mg C/m 3 per hr),
chlorophyll a concentration (1.75 mg Chl a/m 3 ), and total phytoplankton
abundance (509 units/ml) were recorded from samples collected in a pool at
Location 2 in December. Highest carbon fixation rate (93.34 mg C/mr per hr)
and chlorophyll a concentration (30.00 mg Chl a/m 3 ) were'recorded at Location 5
in September when phytoplankton were abundant (11465 units/ml).

Wide variation in carbon fixation rates and chlorophyll a concen-
trations among samples from Wolf Creek was also reported in 1973 (Kansas Gas
and Electric Company 1974) and 1974 (Wilde et al. 1975). Values have generally
been low during high flow periods and high when flow was reduced. As flow
decreases, turbidity is reduced and phytoplankton development reaches its
maximum (Hynes 1970).

C. Relationships between Phytoplankton and the Environment

Environmental factors affecting seasonal and year-to-year phytoplankton
development patterns include: flow rate, turbidity, temperature, light,
nutrients, and predation. It is difficult to correlate these factors with
phytoplankton dynamics because there are usually several interacting factors
involved, and no two phytoplankton species react in exactly the same way to a
given set of environmental conditions (Fogg 1965). Rate of flow is generally
considered the most important factor influencing phytoplankton periodicity in
lotic (running water) systems (Blum 1956; Whitford and Schumacher 1963;
Williams 1964).

Reinhardt (1931), Blum (1956), and Whitford and Schumacher (1963)
have stressed that the development of potamoplankton (the major component of the
reservoir and river phytoplankton) is primarily dependent upon "age" (retention
time) of the water. Many rivers have drastically smaller phytoplankton popu-
lations which include a higher percentage of bottom (benthic) dwelling forms
during periods of high flow (Williams 1964; Hynes 1970). It has also been
demonstrated that rivers such as the Illinois, Ohio, and upper Mississippi
generally exhibit their highest phytoplankton densities during periods of lowest
flow, regardless of the season of the year (Williams 1964).
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Phytoplankton densities in the reservoir and river have generally been
inversely proportional to the amount of rainfall occurring in the 30-day period
prior to each sampling in 1973, 1974, and 1975 (Figure 5.5). An exception to
this typical relationship between phytoplankton and rainfall was reported in
the fall (September) of 1975 when densities were high although heavy rainfall
had occurred during the preceding 30 days. However, the August rainfall
followed a July drought and did not significantly increase the storage volume
of or outflow from the reservoir. Thus, retention time was not greatly affected.
The unusually large phytoplankton quantities in the spring of 1975 can be
attributed to low flow and a later spring sampling date (April instead of March),
characterized by considerably higher water temperatures that were more favorable
for diatom growth. Small populations of centric diatoms and green algae, and
increases in the percentages of pennate diatoms (primarily of benthic origin)
occurred in June. This was due to the heavy rainfall which increased flow and
decreased retention time.

Rainfall was well below average during the second half of 1975
(Chapter 4) which increased retention time and resulted in relatively large
quantities of diatoms and green algae in the reservoir and river on the
September and December sampling dates (Figures 5.2 and 5.3). Wolf Creek was
reduced to a series of small pools during September and December because of
the lack of rainfall. This resulted in a great deal of variation in the phyto-
plankton populations from location to location since each pool represented a
specific habitat.

Variations in nutrient concentrations (Chapter 4) showed no distinct
relationship with the seasonal or year-to-year variations of phytoplankton in
the reservoir, river, or creek.

IV. Summary and Conclusions

Phytoplankton communities of the John Redmond Reservoir, Neosho River,
and Wolf Creek were analyzed qualitatively and quantitatively in April, June,
September, and December 1975. Key findings from the study are summarized below:

1. Two hundred twenty-six taxa which represented 91 genera and eight algal
divisions were collected. Diatoms and green algae were the most diverse groups.

2. The communities of the reservoir and river were similar and were
dominated by centric diatoms. Assemblages in the creek were substantially
different from those of the reservoir and river and were usually dominated by
pennate diatoms and cryptomonads.

3. The only consistent seasonal pattern of abundance was a pulse of the
blue-green alga Merismopedia tenuissima which occurred in the reservoir and
river during each September of the 1973 to 1975 period.

4. Amount of rainfall was the major factor influencing the abundance and
composition of phytoplankton in the reservoir and river.

5. The creek was reduced to a series of isolated pools during September
and December because of a lack of rainfall. This resulted in considerable
variation in phytoplankton among locations since each pool represented a specific
habitat.
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6. Carbon fixation rate and chlorophyll a concentration were generally
similar between John Redmond Reservoir and Neosho River locations. Variation
among sampling periods and years was attributed to variation in total phyto-
plankton and centric diatom abundance.

7. Considerable variation in carbon fixation rate and chlorophyll a
concentration corresponding to differences in the phytoplankton populations
usually occurred among Wolf Creek locations. Variation among locations increased
as flow decreased and was most apparent in September and December.
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of Wolf Creek Generating Station, Burlington, Kansas,
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ity of Wolf Creek Generating Station, Burlington, Kansas,
spring, summer, fall and winter 1973, 1974 and 1975.
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Table 5.1. Phytoplankton density and percent composition of major algal groups in the vicinity of
Wolf Creek Generating Station, Burlington, Kansas, April, June, September and December
1975.

Date And Total
Sampling Phytoplankton Centric Diatoms Pennate Diatoms Green Algae u Cryae oa _ Euglenoids Ye low-brosm AlgaeLocations Units/mt Unitq/ml Percent UnIts/ml Percent Units/miPercentUnits /llPercent Units/miPercent Unte/.i Pe rcent Unite/el Percent

1 16627 15212 91.5 743 4.5 449 2.7 16 <0.1 142 0.9 16 <0.1 4 <0.1 r-10 141.26 12942 91.6 508 3.6 375 2.7 6 <0.1 243 1.8 31 0.2 5 <0.1 r)4 17791 16120 90.6 574 3.2 555 3.1 27 0.2 404 2.3 53 0.3 42 0.2 0
7 2193 423 19.3 335 15.3 447 20.4 11 0.5 584 26.7 55 2.5 321 14.6 m2 2113 116 5.5 510 24.2 318 15.1 6 0.26 952 45.0 82 3.9 128 5.7 23 4537 191 4.2 810 17.9 315 7.0 1 0.03 3106 68.5 71 1.6 4 '0.115 3819 232 6.1 803 21.0 452 11.8 0 0 2186 57.2 93 2.4 35 1.0

10 June
1 1946 345 17.7 439 22.6 653 33.6 49 2.5 802 41.2 0 0 0 0

10 1270 384 30.2 344 27.1 233 18.3 24 1.8 271 21.4 14 1.1 0 0 "4 1506 257 17.1 1122 74.5 52 3.4 5 0.3 61 4.1 8 0.5 1 '0.1
7 1203 39 3.2 605 50.3 175 14.6 44 3.6 319 26.5 20 1.7 1 0.1
2 2164 97 4.5 1623 75.0 205 9.5 30 1.4 205 9.5 5 0.3 0 03 2196 70 3.2 1870 85.2 105 4.8 26 1,2 102 4.7 22 1.0 1 <0.15 3056 107 3.5 2918 95.5 17 0.6 4 0.1 9 0.3 1 <0.1 0 0 r

mF9 Sept a1 12604 7567 60.0 361 2.9 1613 12.8 751 6.0 2045 16.2 153 1.2 104 0.8

10 9486 3876 40.9 387 4.1 674 7.1 1456 15.4 2962 31.2 71 0.7 60 0.6 m4 10571 4167 39.4 481 4.6 545 5.2 1429 13.5 3655 34.6 76 0.7 213 2.0 z
7 2871 48 1.7 1750 60.9 140 4.9 0 0 709 24.7 11 0.4 213 7.4 n2 3908 104 2.7 938 24.0 451 11.6 4 0.1 1904 48.7 49 1.3 458 11.7 M3 12405 881 7.1 1878 15.1 3263 26.3 151 1.2 4244 34.2 262 2.1 2575 20.8 U)5 11465 1672 14.6 2580 22.5 1234 10.8 0 0 4216 36.8 1200 10.5 524 4.6

3 Dec
1 7827 3854 49.2 40 0.5 1366 17.5 325 4.2 2209 28.2 33 0.4 0 0

10 4638 1587 34.2 166 3.6 1096 23.6 229 4.9 1516 32.7 38 0.8 0 04 4994 1477 29.6 235 4.7 1117 22.4 295 5.9 1833 36.7 38 0.8 0 0

7 3669 43 1.2 524 14.3 1703 46.4 18 0.5 1031 28.1 349 9.5 0 02 509 60 11.8 381 74.7 60 11.8 3 0.6 0 0 5 1.1 0 03 3345 53 1.6 391 11.7 1222 36.5 21 0.6 1265 37.8 393 11.7 0 05 510 33 6.6 53 10.5 95 18.7 0 0 33 6.4 295 57.8 0 0
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Table 5.2. Phytoplankton biovolume and percent composition of major algal groups in the vicinity of
Wolf Creek Generating Station, Burlington, Kansas, April, June, September and December 1975.

Date and Total
Sampling Phytoplankton _Centric Diatoms Pennate Diatoms Green Algae Blue-
Location t1/1 11/1 2 "l/1 % '71/1 . "1 U1

Cryptomonada
zll

Euglenoids Yellow-brown Alsae
l/I Ul/1 %

Iha

16 April

10
4

7
2
3
5

10 June
I

10
4

7
2
3
5

9S~

10
4

7
2
3
5

3 Dec
I

10
4

7
2
3
5

6.554

5.726
7.866

1.500
2.094
2.990
2.810

0.672

0.634
0.663

0.551
0.854
0.931
1.263

4.142

2.053
2.474

0.576
1.373
2.575
7.258

3.235

1.309
1.281

2.065
0.185
1.999
0.770

0.053
0.038
0.107
0.142

3.5
1.8
3.6
5.1

0.205 13.7
0.643 30.7
0.741 24.8
0.893 31.8

0.217 14.4
0.219 10.5
0.847 28.3
0.360 12.8

0.002 <0.1
0.002 <0.1
0.003 0.1

0 0

0.715 47.7
0.929 44.4
0.675 56.0
1.286 45.8

0.107 7.1
0.156 7.4
0.155 5.2
0.178 6.3

0.169 11.3
0.076 3.7
0.004 0.2
0.025 0.9

0.137 20.5 0.026 3.9 0.217 32.3 0.001 0.1 0.274 40.8 0 0 0 0

0.220 34.6 0.160 25.3 0.058 9.1 0.002 0.1 0.163 25.7 0.025 4.0 0 00.159 24.0 0.434 65.6 0.016 2.4 0.002 0.2 0.032 4.9 0.019 2.9 <0.001 <0.1

5.818 88.8 0.335 5.1 0.128 2.0 0.014 0.2 0.146 2.2 0.035 0.5 <0.001 <0.1

4.975 86.9 0.187 3.3 0.112 2.0 0.005 <0.1 0.364 6.4 0.064 1.1 <0.001 <0.16.854 87.1 0.272 3.5 0.171 2.2 0.006 <0.1 0.426 5.4 0.108 1.4 0.004 <0.1

r
20

2

0
2

nm2

0.010
0.050
0.009
0. I08

1.8
5.8
1.0
8.6

0.198 36.0
0.568 66.5
0.715 76.8
1.136 89.9

0.047 8.5
0.053 6.2
0.032 3.4
0.005 0.4

0.005 0.7
0.008 0.9
0.008 0.9
0.002 0.1

0.264 48.0
0.160 18.7
0.128 13.7
0.009 0.7

0.027 4.9
0.016 1.9
0.039 4.2
0.004 0.3

<0.001 <0.1
0 0

<0.001 <0.1
0 0

2.371 57.2 0.059 1.4

1.087 53.0 1.149 56.0
1.162 47.0 0.076 3.1

0.531 12.8 0.003 '0.1 0.565 13.6 0.465 11.2 0.084 2.1

0.168 8.2 0.002 <0.1 0.617 30.1 0.111 5.4 0.005 0.2
0.164 6.6 0.003 0.1 0.843 34.1 0.154 6.2 0.055 2.2

0.006 1.1
0.011 0.8
0.115 4.5
02.12 2.9

0.345 59.9
0.324 23.6
0.178 6.9
0.565 7.8

0.023 4.0
0.090 6.6
0.920 35.7
0.259 3.6

0 0
0.003 0.2
0.001 <0.1

0 0

0.154 26.7
0.827 60.2
0.801 31.1
2.022 27.9

0.004 0.8
0.054 4.0
0.296 11.5
4.021 55.4

0.044 7.6
0.064 4.7
0.243 9.4
0.141 2.0

0 0

0 0
0 0

2.310 71.4 0.009 0.3 0.328 10.1 <O.001 <0. I 0.548 16.9 0.039 1.2

0.698 53.3 0.048 3.7 0.206 15.7 <0.001 <0.1 0.313 23.9 0.042 3.2
0.542 42.3 0.082 6.4 0.251 19.6 <0.001 <0.1 0.357 27.9 0.047 3.7

0.015
0.046
0.029
0.008

0.7
24.7

1.5
1.1

0.185 9.0
0.153 82.9
0.126 6.3
0.011 1.4

0.321 15.6
0.011 6.2
0.200 10.0
0.015 2.0

0.003 0.2
0.005 2.7
0.004 0.2

0 *0

0.723 35.0
0 0

0.905 45.3
0.017 2.2

0.817 39.6
0.015 8.3
0.736 36.8
0.718 93.3T

0
0
0
0

0
0
0
0



Table 5.3. Taxa which comprised 5% or more of the total phytoplankton density or biovolume of sampling
locations near the Wolf Creek Generating Station, Burlington, Kansas, April, June, September
and December 1975.

I-i
4~.
t.~)

John Redmond Reservoir Neosho River Wolf Creek
Taxon (Location 1) (Locations 4 & 10) (Locations 2,3,5 & 7)

Apr Jun Sep Dec Apr Jun Sep Dec Apr Jun Sep Dec

BACILLARIOPHYTA (Diatoms)
Amphora ovalls v. pediculus _a -.. . .. . Xb
Cyclotella meneghinfana v. plans - - X X - - X X - - -
Cvm b .I la v en trr co s a . .. . .. X
vynlwhlla Sp. - - X - - -
Diplonvis oblong•.lla - - - -.. . - X
Sipluaeigs sp S .. .. -

G0 1,omhonema 1 ,drvulum - x 1 - -- 2.huJosira va-rtis . .. . .. X
Navicula nal. inarum . .. . .. X
Na' icil a t rfi actata . . .. . .. X
Naytiula sp- .. - - - 2 x X
Nit.:schia li nearls - - - 2 - X - -
Nit'!;, hia palea- - - - - - - 2 X
-it i t s'.- p .. .. - .- X x x
Stp.-Inmdi scus astraea X X X X X X 2 - - x
St,-phs'md i ;cus hantzschii X X .
Src'ih:modl scus minutus 21 X x X - x x x
S t., ph:nd i s•cu _ sp. x x x x x - -
uritlla V oat_ .... - - - x

S.vtL d r II MI a --- x - - X -

CIILORUPIIYIA (Green Algae)
Ankistrodesmus spiralis - X
Corteria sp.- X - - X
Chlamydomonas sp. - x x - x x
lDictyosphaerium pulchellum -- - _ X X - _
()o'c yos t is borgeT X . .. .. . .
qoýXLkPuýsllln - - -- - - X- --

CHRYSOIHYTA (Yellow-Brown Algae)
IOhi omonas sp. - _ , - - - . 2 --

n-•.i ojtified chrysophyte . . . .. - - x - -

CRYPTOPHYTA (Cryptomonads)
Cryptomonas sp. - x K x x x x x x x
Rhodomonas minuta v. nannoplanctica - X K X x X X . -

CYANOPHYTA (Blue-Green Algae)
Aphanocapsa elachista . . . ..- - - - x
Meriamnopedia tenuissima ..- - -. .. . .

EUGLENOPHYTA (Euglenoids)
Euglena acus - - - - XE.u•1.e~n a &racilis . .. . .. .- X
E u • _ _n ýpo m o rp h a . .. .X
L:_epuci£ne11 s sp. - - X . . . .. .- - -

Phiacus longicauda . . .. . .. . '
Trachelemouas sp. - . .. . . .. . x

a <5%.
b 5% or more.

2
0
0
M

0

M
2

r

2

In
2
to



Table 5.4. Shannon's species diversity indicesa for phytoplankton collected in the vicinity of the Wolf

Creek Generating Station, Burlington, Kansas, April, June, September and December 1975.

Sampling Locations
John Redmond

Sampling Reservoir Neosho River Wolf Creek
Date 1 4 10 2 3 5 7

16 April 1 . 7 8 b 1.65 1.52 2.78 1.88 2.19 2.78

10 June 2.56 3.06 3.07 3.37 3.24 2.96 3.24

9 September 2.67 2.42 2.39 2.68 2.56 3.19 2.63

3 December 2.32 2.57 2.51 2.33 2.00 2.36 1.79

H- a H values calculated to the base e.

b Mean of two replicates.
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n

0

2

r
U)
0

in
U)



- "m """ - " "- "---- -"-"MS

Table 5.5. Summary of one-way ANOVA with Tukey's multiple comparisons showing significant differences
among phytoplankton populations at sampling locations in the vicinity of Wolf Creek
Generating Station, Burlington, Kansas, 16 April 1975.

U1

One-way ANOVA
F Significant differences by Tukey's comparisons

Among pa Reservoir and River Locations Creek Locations All Locations
Taxon Locations (1, 10 & 4) (7, 2, 3, & 5) (1,2,3,4, 5,7 & 10)

Total Phytoplankton 135.4 <0. 001 None 3 > 2,7 1,4, 10 > 2, 3, 5, 7
3 > 2, 7

Bacillariophyta 411.6 <0. 001 None None 1,4,10 > 2,3,5,7

Chlorophyta 1.6 0.273 None None None

Cryptophyta 53.9 <0. 001 None 3,5 >2,7 3,5 > 1,2,4,7,10
2 > 1, 10

Chrysophyta 53.4 <0. 001 None 2,7 > 3,5 7 > 1,2,3,4, 5, 10
7 > 2 2 > 1,3,5,10

4>3

Cyanophyta 5. 1 0.026 None None 4 > 5

Euglenophyta 2.8 0. 102 None None None

Pyrrhophyta 1.7 0.243 None None None

a Probability at 0.05 significance level.



- "M" " M M M " M

Table 5.6. Summary of one-way ANOVA with Tukey's multiple comparisons showing significant differences
among phytoplankton populations at sampling locations in the vicinity of Wolf Creek
Generating Station, Burlington, Kansas, 10 June 1975.

4H
ON'

One-way ANOVA
F Significant differences by Tukey's comparisons

Taxon Among pa Reservoir and River Locations Greek Locations All Locations
Locations (1, 10 & 4) (7, 2, 3 & 5) (1,2,3,4,5,7 & 10)

Total Phytoplankton 6.4 0.014 None 5 > 7 5 > 4,7, 10

Bacillariophyta 17.5 <0. 001 None 2, 3, 5 > 7 5 > 1,4, 7, 10
2 3,> 1,7

Chlorophyta 41.8 <0.001 1 > 4, 10 2,7 >4,5 1 > 2,3,4,5,7, 10
10 > 4 3 > 5 2,7, 10 > 4,5

3>5

Cryptophyta 39.8 <0.001 1 >4,10 7 >4,5 1 >2,3,4,5,7,10
10 > 4 2 > 5 7 > 3,4,5

10 > 4,5
2>5

Cyanophyta 1.5 0.317 None None None

Euglenophyta 11.7 0.002 10 > 1 3,7 > 5 3, 7 > 1, 5
10 > I

a Probability at 0.05 significance level.
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Table 5.7.Summary of one-way ANOVA with Tukey's multiple comparisons showing significant differences
among phytoplankton populations at sampling locations in the vicinity of Wolf Creek
Generating Station, Burlington, Kansas, 9 September 1975.

One-way ANOVA
F Significant differences by Tukey's comparisons

laxon Among pa Reservoir and River Locations Creek Locations All Locations
Locations (1, 10 & 4) (7, Z, 3 & 5) (1,2,3,4,5,7 & 10)

Total 1Phytoplankton

Daci Ila riophyta

ChlorophytaI-".

38. 3 <0. 001

18.6 -0.001

61.8 <0.001

35. 6 <0. 001

46. 1 <0. 001

32. 3 <0. 00 1

28.9 <0. 001

None

None 5>2 I > 2, 3,7
4 > 2, 7
5, 10 > 2

3,5 >2,7 1,3,4,5, 10 > 2,7

C ryptophyta

Ch rysophyta

Cyanophyta

Euglenophyta

1 > 4, 10

4>1

None

None

3 > ,5,7 3 > 1,2,4,5,7, 10
5 > 2,7 1 > 2, 4,7, 10

5 > 2,4,7
4, 10 > 7

3,5 > 2,7 3,4,5 > 1,2,7
2 > 7 1,2, 10 > 7

3 > 2,5,7 3 > 1,2,4,5,7,10
5 > 1, 10
2 > 10

2
r
0
0
N'z
0
2!
0

2

r
to
(n
N'
2
n
N'
to

None 4,10 > 2, 3, 5,7
1 > 2, 5, 7

None 5 > Z,3,7 5 > 1,2,3,4,7, 10
3>7 3>7

a Probability at 0.05 significance level.
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Table 5.8. Summary of one-way ANOVA with Tukey's multiple comparisons showing significant differences

among phytoplankton populations at sampling locations in the vicinity of the Wolf Creek
Generating Station, Burlington, Kansas, 3 December 1975.

One-way ANOVA
F Significant differences by Tukey's comparisons

Taxon Among pa Reservoir and River Locations Creek Locations All Locations
Locations (1, 10 & 4) (7, 2, 3 & 5) (1,2,3)4,5,7 & 10)

Total. Phytoplankton 29.7 <0.001 None 3,7>2,5 1>2,3,5,7
4,10>2,5

Bacillariophyta 36.8 <0.001. 1>4,1.0 None 1>2,3,4,5,7,10
4,10>2,3,5,7

Chlorophyta 13.3 0.002 None 3,7>2,5 1,3,4,10>2,5

Cryptophiyta 6.6 0.013 None None 1>2,5

Cyanophyta 25.2 <0.001 None None 1,4,10>2,3,5,7

Euglenophyta 37.1 <0.001 None 3,5,7>2 3,5,7>1,2,4,10

00

z
r
nla
m
z

0

z
z
r
U)
n1
Az
nlm
M)

a Probability at 0.05 significance level..
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Table 5.9. Mean carbon fixation rate and chlorophyll a concentration for phytoplankton samples
collected in the vicinity of the Wolf Creek Generating Station, Burlington, Kansas, 1975.

Sampling
Location 16 April 10 June 9 September 3 December

Carbon fixation rate
(mg C/ms per hr)

John Redmond Reservoir 1 90.90 14.24 44.26 32.18

Neosho River 10 125.98 6.87 36.82 10.39
4 130.65 2.54 24.66 10.38

Wolf Creek 7 11.03 5.15 9.2.3 25.49
2 12.33 3.33 14.69 0.36
3 33.82 2.36 -a 7.09
5 27.72 1.61 93.34 2.50

Chlorophyll a concentration
(rag Chl a/mj)

John Redmond Reservoir 1 34.97 3.67 10.97 21.67

Neosho River 10 33.33 1.84 10.34 6.57
4 34.00 2.27 6.70 7.87

Wolf Creek 7 2.59 2.00 3.57 9.27
2 6.30 2.07 6.1.7 1.75
3 14.20 2.43 10.07 10.50
5 12.43 2.54 30.00 3.29

a Contaminated samples.
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I. Introduction

Periphyton are generally referred to as the algal component of the
aufwuchs community that are attached to, or live on, a substrate. Thus,
periphyton may encompass epiphytic, epilithic, epipelic and epipsammic forms.
Periphyton are important primary producers in lentic and lotic waters (Weber
1973a; Wetzel 1964) and are excellent indicators of water quality because of their
sessile nature and quick response to environmental change (Weber 19 7 3a; Lowe 1974).
Thus, these algae have been used to assess the thermal effects of power plants
on aquatic communities (Trembly 1960; Markowski 1960; Hickman 1974; Hickman
and Klarer 1974, 1975).

The periphytic algae in the vicinity of the proposed Wolf Creek Generating
Station have been monitored quarterly since 1973 (Kansas Gas and Electric
Company 1974; Farrell 1975a). Past studies have revealed considerable temporal
variation in dominant species composition at all sampled locations although
diatoms (Bacillariophyta) were the dominant group of algae on most occasions.
The intermittent flow of Wolf Creek in addition to other seasonal factors such
as light and temperature contributed to the temporal variation of periphyton
community structure in 1973 and 1974. In the past, water releases from John
Redmond Reservoir usually prevented periphyton sampling in the Neosho River
by submerging and scouring suitable substrate.

Objectives of this preconstruction study of the periphyton community in
the vicinity of the proposed Wolf Creek Generating Station (WCGS) were:

1. To gather additional baseline information on the abundance, structure,
and seasonal variability of the periphyton at locations below the
John Redmond Reservoir Dam, in the Neosho River, and Wolf Creek; and

2. To use this information in the assessment and minimization of any
potential effects of construction or operation of WCGS on the
environment.

II. Field and Analytical Procedures

Sampling locations for periphyton are shown in Figure 6.1. Samples were
collected on 16 April, 10 June, 9 September, and 2 December 1975. Eighteen
samples delineated by a 0.1 dm2 template were scraped from suitable natural
substrates at Location 1P below John Redmond Dam and Locations 2, 3, 5, and 7
in Wolf Creek. Samples were not collected at Location 10 in the Neosho River
because of lack of natural substrates suitable for quantitative sampling. Six
samples from each location were placed in "M3 '' preservative (Meyer 1971) for
later identification and enumeration of diatom (3 samples) and non-diatom (3
samples) algal forms. Six more samples were kept on ice in the dark for
chlorophyll analysis and the remaining six samples were placed in crucibles
for biomass determinations in the laboratory.

Diatom samples were cleaned using a boiling concentrated nitric acid/
potassium dichromate treatment (Hohn and Hellerman 1963). The samples were
allowed to settle and the supernatant decanted and replaced at 24 hr intervals
until a pH > 6 was reached. After the concentration of the sample was adjusted
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to a suitable volume, a subsample was mounted in Hyrax mounting medium. All
volumes were kept consistent within each sampling period. A predetermined area
(16.2 mm 2 per sample) of each mount was examined under phase contrast at 1250 X
magnification. Each diatom frustule was counted as one unit.

Samples for non-diatom analysis were blended to insure uniformity and wet
mounts were prepared with 0.1 ml subsamples. An area equal to that used for
diatom analysis was examined under light field illumination at 500 X magnification.
Filamentous algae were reported in units of 10 ýjm length and each cell of
nonfilamentous algae was counted as one unit.

Algal abundance was expressed as number of units per square centimeter
(no./cm2 ). Biovolume of each algal taxon enumerated was determined using the
methods of Cowelý (1960) and Hohn (1969) and reported as microliters per square
decimeter (pl/dm ). Shannon's (1948) diversity index with log base 2 and
evenness (Zar 1968) were calculated based on abundance data for each sampling
period.

Taxonomic keys used for identification included Hustedt (1930), Smith
(1950), Cleve-Euler (1951, 1952, 1953a, b, 1955), Tiffany and Britton (1952),
Palmer (1962), Prescott (1962, 1970), Patrick and Reimer (1966), Drouet (1968),
Weber (1971), and Whitford and Schumacher (1973).

Periphyton biomass and chlorophyll a samples were processed according to

accepted methods (A.P.H.A. et al. 1971). Biomass standing crop was reported as
milligrams of ash-free dry weight per square decimeter (mg/dm2 ) and chlorophyll
a standing crop was expressed as micrograms per square decimeter (Og/dm2 ). A
one-way analysis of variance (Steel and Torrie 1960) was performed on data from
each sampling period to identify statistically significant differences (p < 0.05)
in biomass or chlorophyll a standing crops among locations.

III. Results and Discussion

A composite list of all periphytic algae identified at locations in Wolf
Creek and the Neosho River and quarterly data on species and biovolume composition
are presented in Appendix E, Tables E.I-E.14.

A. Species Composition

Eighty-four periphytic algal taxa were identified from locations at
John Redmond Dam and Wolf Creek in 1975 compared to 93 taxa in 1974 (Farrell
19 7 5 a and 113 taxa in 1973 (Kansas Gas and Electric Company 1974). Diatoms
(Bacillariophyta) continued to dominate most locations on all collection dates
averaging 65.1% of the density and 64.9% of the biovolume of periphyton sampled
(Table 6.1). Diatoms averaged 66.5% of the density and 71.5% of the biovolume

in 1974 and 58.6 and 56.9%, respectively, in 1973.

Dominant taxa (contributing 10% or more of density or biovolume)
at Location 1P in the Neosho River below John Redmond Dam were different from
those in Wolf Creek (Locations 7, 2, 3, and 5). Locations in Wolf Creek usually
had similar species compositions on any sampling date (Table 6.2). Algal
associations are usually variable (Blum 1956, 1960; Whitford 1960a; Patrick
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1963, 1969, 1971a, b, 1973, 1974; Hynes 1970) even along the same reach of
stream although Patrick (1968) found similar algal species compositions under
comparable ecological conditions.

In September the periphyton at all sampling locations was dominated
by various green or blue-green algae and diatoms (Table 6.2). Blue-green algae,
particularly Oscillatoria sp., contributed from 31 to 39% of the density and
from 16 to 36% of the biovolume of periphyton at Locations 7, 3, and 5 in Wolf
Creek, while at Locations 2 (Wolf Creek) and iP (Neosho River), only =10% of the
density and <5% of the biovolume was contributed by blue-green algae (Table 6.1).
The reason for the lower relative abundance of blue-green algae at Locations 1P
and 2 is not clear. Intense shading at Location 2 may limit growth of all
algae at this location, whereas the flow from John Redmond Dam may favor the
growth of Cladophora glomerata at Location 1P and serve as a source of
Stephanodiscus from the reservoir. High densities of these two algae would
limit the relative importance of any blue-green algae. Diatoms comprised
from 60 to 89% of the density and from 63 to 100% of the biovolume at all
locations in September 1975. Species of Navicula were dominant at all locations.
Species of Nitzschia, Gyrosigma, Pleurosigma, and Cymbella were also dominant
at locations in Wolf Creek; however, Gomphonema parvulum and the planktonic alga
Stephanodiscus sp. (Hustedt 1930; Stoermer and Yang 1970) were dominant only
at Location 1P in the Neosho River. The abundance of Stephanodiscus at
Location 1P was probably a result of discharge from John Redmond Reservoir.
A similar occurrence of the planktonic alga Stephanodiscus contributing to the
periphyton has been reported at a sampling location immediately downstream from
Sutherland Reservoir, Nebraska (Farrell 1975b; Nalco Environmental Sciences
1976).

No taxa were observed in any of the samples collected for periphyton
in December 1975. Ice covered pools existed at most creek sampling locations
and flow in the river was low. Many periphytic algae have a definite flow
requirement (Whitford 1960b; Whitford and Schumacher 1964; Mclntire 1966;
Hynes 1970; Reisen and Spencer 1970; Patrick 1971a) and the combination of
unfavorable temperature, low light, and lack of flow prevented development
of the periphyton in December.

B. Community Structure

Density, number of taxa, diversity, and evenness for each location
and sampling date are presented in Table 6.3. Density decreased with each
successive quarter at locations in Wolf Creek and was probably related to
flow conditions. In April, current velocity in Wolf Creek ranged from 0.3 to
0.8 m/sec (Appendix E, Table E.1). In June, velocity ranged from 0.6 to 1.2
m/sec but this was accompanied by increased turbidities (Appendix E, Table E.2)
from runoff which scoured and limited light available to the periphyton (Mclntire
1973). Pools existed in Wolf Creek in September and December; however, in
September they had not stagnated and were not ice-covered as in December.
Downstream trends in density along Wolf Creek were not apparent except that
density at Location 2 was approximately one-half that of Locations 7 (upstream)
or 3 (downstream) on all sampling dates in 1975. Chlorophyll a and biovolume
data also reflected this difference (Table 6.4). Periphyton densities and
chlorophyll a standing crop were typically lower at Location 2 than at
Location 3 in previous studies (Kansas Gas and Electric Company 1974; Farrell
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1975a. Location 7 was not sampled until 1975. The dense canopy at Location 2,
when compared to the other Wolf Creek locations, may be partially responsible
for this pattern (Hansmann and Phinney 1972; Mclntire 1973; Lyford and Gregory
1975; Naiman and Gerking 1975).

The number of taxa observed at each location in Wolf Creek also
declined from April to December. No particular trend or pattern was evident
in diversity or evenness data for Wolf Creek (Table 6.3). Density, number of
taxa, diversity and evenness at Location 1P in previous years were generally
higher in the warmer months of June or September than in March or December
(Kansas Gas and Electric Company 1974; Farrell 19 7 5 a).

Species diversity is responsive to environmental changes within a
given area; high diversity reflecting community, or more basically, environmental
stability (Odum 1971; Pielou 1975). In 1975, diversity ranged from 0.00 to
3.36 at locations in Wolf Creek and from 0.00 to 3.42 at Location IP in the
Neosho River. Similar ranges were reported in 1973 and 1974 (Kansas Gas and
Electric Company 1974; Farrell 1975a). Diversity of periphyton communities
near Sutherland Reservoir, Nebraska, averaged 3.0-3.5 (Farrell 1975b). Patrick
(1968) reported periphyton diversities between 2.29 and 3.45 in Darby Creek,
Pennsylvania. Kehde and Wilhm (1972) reported diversity values between 1.0
and 1.5 for periphyton grown in laboratory streams and Cooper and Wilhm (1975)
did not find diversities >2.0 at locations along Skeleton Creek, Oklahoma, a
stream receiving domestic and oil refining effluents. All of these diversities
were calculated by Shannon's (1948) formula with log base 2. The range of
diversity reported by each of these investigators is considerably smaller than that
observed in Wolf Creek or the Neosho River and may be related to the environ-
mental instability during each study.

C. Standing Crop

Biomass and chlorophyll a standing crops, the autotrophic index, and
biovolume are listed in Table 6.4. Mean differences between locations for
biomass and chlorophyll a standing crop are presented in Table 6.6.

Maximum biomass standing crop at Locations 1P, 2, 3, and 5 occurred
in June 1975 then declined in September and October. Biomass standing crop
at Location 7 was highest in April and lower on each successive sampling date.
However, chlorophyll a standing crop peaked in June at Location 7 and was
highest in April at Locations 2, 3, and 5 (Table 6.4). Biovolume generally
followed the same pattern as chlorophyll a. Biomass and chlorophyll a
standing crops at locations in Wolf Creek during 1974 declined after the April
collections; however, standing crops had increased on successive sampling
dates during 1973. Spring floods and continued flow in the winter may have
affected standing crop patterns in 1973.

In April 1975, biomass and chlorophyll a standing crops in Wolf Creek
were significantly higher (p < 0.05) at Location 7 than the other locations in
Wolf Creek. In June, biomass standing crop was significantly lower while
chlorophyll a standing crop was significantly higher at Location 7 when compared
to Locations 2, 3, and 5 for biomass and Locations 2 and 5 for chlorophyll a
(Tables 6.4 and 6.5). In September, differences in standing crops occurred
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between Location IP in the Neosho River and Locations 7, 2, 3, and 5 in Wolf

Creek and probably reflected the effect of pooling (no flow) on the periphyton
in Wolf Creek. No significant differences were detected in December.

The autotrophic index was higher at most locations in June 1975
(Table 6.4). Location related trends in Wolf Creek were not noted in 1975 as
in 1974 when the index decreased at successive downstream locations (Farrell
1975a.

IV. Summary and Conclusions

1. The species composition, density, biomass standing crop and
chlorophyll a standing crop of periphyton varied temporally in the Neosho River
and Wolf Creek in 1975.

2. Although measures of productivity at locations in Wolf Creek and the
Neosho River were comparable, species compositions were different between the
two water systems. However, species compositions among Wolf Creek locations
were generally similar on a seasonal basis.

3. Diatoms were the dominant group of periphytic algae at most locations
in 1975, e.g. in 1973 and 1974. Green and blue-green algae were more abundant
in June and September than in April or December.

4. Lower density, biovolume, and chlorophyll a standing crop at Location 2
compared to the other locations in Wolf Creek may reflect greater shading at
this location.

5. Periphyton communities in the Neosho River immediately below John
Redmond Dam and at locations in Wolf Creek were highly variable between years.
A major contributor to this variability, particularly in Wolf Creek, is
intermittent flow. Periphyton in the Neosho River are influenced by the pattern
of water releases from John Redmond Reservoir.
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Figure 6.1. Sampling locations in the vicinity of Wolf Creek Generating
Station, Burlington, Kansas, 1975.
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Table 6.1. Percent composition by algal division of

substrates in the vicinity of Wolf Creek
Kansas, 1975.

periphyton collected from natural
Generating Station, Burlington,

Collectlon Sampi Ing . Percutnt of Total Abundance
DaLe Iocat Imn Bacl Ilariupityta Chloufoihyt .Cynphyta

Percent of Total Biovolume
Bactillarlophyta Chlorophyta Cyanophyta

16 April 1975

10 June 1975

9 Septenmher L975

2 December 1975

Mean

11I'

2
3
5b

1P
7
2
3
51

IP
7
2
3
5

7
2
:3
5b

-a

100.0
100.0

79.1
77.3

2.6
68.5

100.0
27.2

0.0

73.7
60.7
89.2
69.0
64.3

0.0
0.0
0.0
0.0
0.0

0.0
0.0

0.0

97.0
30.2

0.0
0.0
0.0

16.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0

11..1

0.0
0.0

9.1
22.7

0.4
1.2
0.0

72.8
0. 0

10.2
39.3
10.8
31.0
35.7

0.0
0.0
0.0
0.0
0.0

16.7

100.0
loto.0
77.9
82.3

<I1

14.4
100.0

48.6
0.0

67.7
70.3
99.7
83.6
63.8

0.0
0.0
0.0
0.0
0.0

64.9

0.0
0.0

14.4
0.0

100.0
85.6

0.0
0.0
0.0

27.8
0.0
0. 0
0.0
0.0

0.0
0.0
0.0
0.0
0.0

16, 3

0.0
0.0
7.7

17.7

0.1
0.0

51.4
0. 0

4.6
29.7

0.3
16.4
36.2

0.0
0.0
0.0
0.0
0.0

11.7

2
F
n

2

3

ii
z

065.1

a Sample not collected because of high water releases from
b Designated as "Location 4P" in the 1973 study.

John Redmond Reservoir.
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Table 6.2 Periphytic algal taxa comprising 10% or more of the total density or biovolume
of periphyton collected from natural substrates in the vicinity of Wolf Creek
Generating'Station, Kansas, 1975.

Sampling
Luocat ton 16 April 10 June

Cladophora glomerata

Q r-P nk 2 D~ecemrber
2 December- - - =M ý&

IP _a

7 Gomphoneota angustatum

Sur rella ovata

Surirellia ovata
NItzschia dissipata
Navicula ciyp~toc:ephala
Cladophora sp.

Surirella ovata

Nitzschuia dtssipata

Navicula cryptotueIhala
Nitzschia sp.
Oscillatorta sp.

Spirogyra sp.
Navicula symnletrica
Nitzschia dissipata

Nitzschia frustulum var.
e rp orus I Lla

Achnaut hes sp.
Navicula ý!ymmet rica
lurlrella ovats

Navicula symmet rica
Phormnidium sp.
Oscillatorta sp.

No taxa observed

Cladopiora sp.

Navicu].a Ileukliri

Gomnphomuema parvluumn
Stephaoi scus sp.

Oscillatoria sp.
Naviculta sp.
Nitzschia sp.
Naviculia symmetrtca

NitzBChlia sp.

( gmna tip.
Pleuurosima ~s p.

Navicula sp.
Cyrosigkma sp.

0sciillatorla sp.

Osclllatoria. sp.
AclunanLhes Isuiceolata
Nltzscliia sp.
Nttzschta loo1gissims
I(ymbella ventricosa

Navicula hetifleri

No taxa observed

No taxa observed

No taxa observed

No taxa observed

No taxa observed

z
)0
F

z
F

M
z
n
U
to

3

b
5

a Sample not collected because of high water releases
b Designated as "Location 4P" in the 1973 study.

from John Redmond Reservoir.
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Table 6.3. Density (no./cm2 ), number of taxa, diversity a, and evennessb of
periphytic algae.collected from natural substrates in the
vicinity of Wolf Creek Generating Station, Burlington, Kansas,
1975.

Location
Date IP 7 2 3 5c

Density (no./cm2 )

16 April _d 2306165 1187647 2725915 2370361
10 June 1323452 1224687 251850 572837 0
9 September 3037025 553081 229626 454315 34566
2 December 0 0 0 0 0

Number of Eaxa

16 April _d 27 31 31 28
10 June 11 30 16 21 0
9 September 23 15 14 17 8
2 December 0 0 0 0 0

Diversity

16 April _d 1.65 2.20 3.07 2.99
10 June 0.28 3.36 3.34 2.54 0.00
9 September 3.42 2.68 2.81 2.87 2.69
2 December 0.00 0.00 0.00 0.00 0.00

Evenness

16 April _d 0.35 0.45 0.62 0.62
10 June 0.08 0.68 0.84 0.58 0.00
9 September 0.76 0.69 0.74 0.70 0.90
2 December 0.00 0.00 0.00 0.00 0.00

a
b
c
d

Shannon (1948).
Zar (1968).
Designated as "Location 4P" in the 1973 study.
Sample not collected because of high water releases from John Redmond Reservoir.
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Table 6.4. Biomass standing crop (mg/dm2 ), chlorophyll a standing crop

(Gg/dm2 ), autotrophic indexa, and biovolume (Il/dm2 ) of

periphytic algae collected from natural substrates in the
vicinity of Wolf Creek Generating Station, Burlington,

Kansas,. 1975.

U

Location

Date IP 7 2 3 5b

Biomass standing crop (mg/dm2 )

16 April _c 305.99 117.82 554.83 618.97
10 June 455.35 263.52 1001.87 773.49 680.67
9 September 317.46 121.34 217.64 82.09 182.32
2 December 170.44 _d 28.78 71.97 89.04

Autotrophic index

16 April _c 582 277 288 364
10 June 1313 374 6229 2502 11071
9 September 336 769 3323 553 2862
2 December _e _ _e _e _e

Chlorophyll a standing crop (jig/dm2 )

16 April _c 525.69 425.01 1925.89 1701.38
10 June 346.82 704.56 160.83 309.18 61.48
9 September 942.90 157.71 65.49 148.35 63.71
2 December 0.00 -d 0.00 0.00 0.00

Biovolume (wl/dm2 )

16 April _c 121.0 33.0 92.0 86.2
10 June 10085.9 212.5 3.5 10.3 0.0
9 September 148.1 14.4 7.0 16.8 0.7
2 December 0.0 0.0 0.0 0.0 0.0

a Weber (1973).
b Designated as "Location 4P" in the 1973 study.
c Sample not collected because of high water releases from John Redmond Reservoir.
d Sample not collected because of no visible growth.

e Infinity.
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Table 6.5. Mean differences between locations for biomass and chlorophyll a
standing crops from periphytic algae collected from natural
substrates near the Wolf Creek Generating Station, Burlington
Kansas, 1975.

Biomass
lP 7 2 3 5 a

16 April 1975 lP

7

2

3

188.2 248.8b

437.0 b

Chlorophyll a
100.7

1 4 0 0 . 2 b 1 5 0 0 . 9 b 64.1

5 a

IP

1 1 7 5 . 7 b 1 2 7 6 . 4 b 224.5

10 June 1975 191.8 318.1 225.3

7 357.7 738. 3b

2 186.0 543.7b 228.4

417.1b

321.2

92.8
Chlorophyll a

3 37.6 395.4 148.4

5 a 285.3 99.3 247.7

9 September lp

7 785.2b

2 877.4 b

3 794.5b

99.9 135.1b

96.3

Chlorophyll a
92.2

9.4

94.0

1

39.2 61.0

35.5 35.3

100.282.9

5 a 879.2 b 1.8 84.6

2 December

Chlorophyll a

iP 141.7 98.5 81.4

7

2

3

0.0

0.0 0.0 43.2 60.3

0.0 0.0 0.0

0.0 0.0

17.1

5 a 0.0 0.0

a Designated as "Location 4P"
b Significant difference at p

in 1973 study.
< 0.05.
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Chapter 7

ZOOPLANKTON STUDY

By

Andrew J. Repsys
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I. Introduction

Zooplankton are generally considered the second link in aquatic food
chains (primary consumers). Planktonic fauna feeds on phytoplankton, bacteria,
and organic detritus and in turn is utilized by other aquatic invertebrates
and fish (secondary consumers). Zooplankton production is particularly important
for young-of-the-year game fish which rely heavily on planktonic invertebrates
for growth and survival and for small forage species (minrnows, gizzard shad), the
primary prey of piscivorous game fish (Russell-Hunter 1970).

Objectives of the present study were:

1. To gather further baseline data to determine natural seasonal and
year-to-year variability in the zooplankton populations of John
Redmond Reservoir, the Neosho River, and Wolf Creek; and

2. To provide a basis for the assessment of potential effects of
construction and operation of the proposed Wolf Creek Generating
Station upon the zooplankton of the area.

II. Field and Analytical Procedures

Sampling locations for zooplankton are indicated on Figure 7.1. Duplicate
bottom to surface vertical tows were made at Location 1 (John Redmond Reservoir)
with a no. 25 mesh (64 ti,), 30 cm diameter, conical plankton net. Duplicate
horizontal drift samples were collected at two locations (Locations 10 and 4)
on the Neosho River downstream from John Redmond Reservoir and at four locations
(Locations 7, 2, 3, and 5) on Wolf Creek using a no. 25 mesh plankton net
with a 428 cm 2 aperature. Current velocity was measured with a General Oceanics
flowmeter (Model 2031) to determine water volume sampled. When flow was absent
in Wolf Creek during September and December 1975, the net was towed through a
measured horizontal distance of 6 to 10 m. All samples were preserved at the
time of collection in 5% formalin and stored in labeled containers.

In the laboratory, samples were concentrated or diluted to a workable
density of organisms and then thoroughly mixed to obtain a representative
subsample which was withdrawn and placed in a Bogorov counting chamber. Strati-
fied counts of zooplankton in the subsample were obtained using a binocular
dissection microscope at 50 X magnification. Subsampling was continued until a
sufficient number of organisms was enumerated to estimate population densities,
usually after counting at least 5% of the total sample. Microcrustacea were iden-
tified to species with the exception of taxonomically indistinct immature copepods
and cladocerans which were identified to the lowest positive taxa. Rotifers were
identified to genus, except certain littoral-benthic genera in the order
Bdelloidea. Identifications were made with taxonomic keys by Pennak (1953),
Brooks (1957, 1959), Edmondson (1959), Wilson and Yeatman (1959),Goulden (1968),
Roberts (1970), and Ruttner-Kolisko (1974).
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III. Results and Discussion

A. Current Study

Zooplankton taxa collected in the vicinity of the proposed Wolf
Creek Generating Station during 1975 are listed in Table 7.1.

1. John Redmond Reservoir

Total zooplankton density at Location 1 (John Redmond Reservoir)

in April was 419,475 organisms/m3 . Rotifers were the most abundant organisms
collected in the reservoir and comprised 95% of the total zooplankton.
Brachionus, Keratella, and Polyarthra were the dominant genera collected
(Table 7.2). Microcrustacean populations in April were low and consisted
primarily of copepod nauplii and cyclopoid copepodites which made up 4.5% of
the total zooplankton. Adult limnetic copepods were present in densities of
<50 organisms/m3 , whereas benthic harpacticoid copepods (juveniles and adults)
were relatively abundant in April (825 organisms/m 3 ). Reservoir cladoceran
populations were sparse, with the exception of Bosmina longirostris which
occurred in moderate densities of 1066/m 3 .

Total zooplankton declined 10% to 375,119 organisms/m 3 in June
1975 primarily due to sharp decreases in densities of the rotifer genera
Brachionus and Keratella which constituted 60% of reservoir zooplankton in
April. Brachionus and Keratella were replaced by the rotifer genera Polyarthra
and Hexarthra as the most abundant zooplankton collected in June; the latter
genera comprised 40% of the total zooplankton and were present as 100,209 and
65666/m 3 , respectively. Reservoir zooplankton in June consisted of 18%
copepods, 6% cladocerans and 76% rotifers (Table 7.3). Copepod densities
increased 3-fold over April levels from 20003 to 65687 organisms/m 3 principally
due to increases in numbers of copepod nauplii and copepodites. Densities of
most adult copepods remained low, not exceeding 100 organisms/m 3 , while those
of Diaptomus siciloides increased from 38/m 3 in April to 1356/m 3 in June.
Harpacticoid copepods were not collected in June and were absent from reservoir
samples for the remainder of 1975. Cladocerans increased 17-fold over April
densities primarily due tQ sharp increases in Bosmina longirostris (15090/m 3 ),

Daphnia spp. (5010/m 3 ) and Diaphanosoma leuchtenbergianum (2830/m 3 ). Diaphanosoma
was not present in April samples.

In September, zooplankton increased 31% over June levels to 490,590

organisms/m . This increase was due almost entirely to greater numbers of
copepods and cladocerans present at Location 1 (Table 7.4). Rotifer densities
increased only 1.5% during the same period. Zooplankton composition in
September was 25% copepods, 16% cladocerans, and 59% rotifers. An increase of
copepod nauplii densities from 37019 organisms/m3 in June to 83892 organisms/m
combined with high densities of Diaphanosoma leuchtenbergianum (30841/m 3 ) and
Moina micrura (22211/m 3 ) contributed to the microcrustacean increases in
September. Other important cladocerans in September included Bosmina longirostris
and Daphnia parvula. Hexarthra (123,740/m3 ) and Conochiloides (60550/mr) were
the most abundant rotifer genera collected and together comprised 38% of total
zooplankton.
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Reservoir zooplankton declined 75% to 120,758 organisms/m3 in
December due to reduced densities of copepods, cladocerans, and particularly
rotifers (Table 7.5). Rotifers decreased nearly 7-fold from September levels
due primarily to the collapse of Hexarthra and Conochiloides populations.
December samples were also characterized by the disappearance of the cladocerans
Diaphanosoma leuchtenbergianum and Moina spp. which dominated in September.
Bosmina longirostris and Diaptomus siciloides increased to densities of 16920
and 9563/mr, respectively, in December which represented maximum densities for
these microcrustacean species during 1975. Copepods were the most abundant
reservoir zooplankton in December comprising 46% of the total population while
rotifers and cladocerans represented 36 and 18%, respectively. Diaptomus
siciloides was the only abundant adult copepod species, while Bosmina
longirostris and Daphnia parvula comprised nearly 100% of the cladoceran
community. Dominant rotifer genera included Keratella, Polyarthra, and
Synchaeta in order of decreasing abundance.

2. Neosho River

Zooplankton abundance and species composition in the Neosho River
should generally reflect populations present in John Redmond Reservoir since
most of the river zooplankton collected at Locations 10 and 4 originate in
reservoir discharges about 9 miles upstream. Zooplankton production between
the dam and the river locations, particularly of microcrustaceans, appeared
to be low due to currents which carried planktonic organisms downstream faster
than they could complete their life cycles. Limited production of planktonic
rotifers with shorter generation times may be possible in the Neosho River
upstream of Location 10 during periods of low flow but no conclusive evidence
for this has been obtained to date. Much of the pertinent literature indicates,
moreover, that reservoir zooplankton discharged into rivers often show pro-
nounced decreases due to river turbulence and turbidity (Chandler 1937;.Rief
1939; Williams 1971). Particles of sand carried by currents exert a grinding
action which destroys much zooplankton in turbid rivers while smaller particles
of clay and silt may interfere with feeding and respiration.

The foregoing information suggests that any pronounced increases
at LocationslO and 4 (Neosho River) over reservoir Location 1 may be due to
an underestimation of zooplankton actually being discharged from the reservoir.
Zooplankton populations may show pronounced increases at the head of reservoir
dams where outlets are located as compared to sampling sites further upstream
(Hudson and Cowell 1966; Cowell 1967). As anticipated, dominant zooplankton
species at Neosho River Locations 10 and 4 were the same as those collected at
reservoir Location 1 for each sampling date during the current study. Total
zooplankton densities (mean of Locations 10 and 4) ranged from 2939 organisms/m3

in September 1975 to 216,692 organisms/m 3 in April 1975. Total zooplankton
densities in the Neosho River ranged from 48 to 99% less than those collected
at reservoir Location 1 from April to September 1975. In December 1975,
zooplankton densities in the Neosho River were 9% higher than those at Location 1.
This was due to higher numbers of rotifers collected at river locations on this
sampling date, whereas microcrustacean densities were 38% less than reservoir
populations following the trend of previous months (Table 7.6). The low
zooplankton numbers present in river samples in June and September 1975 (38390
and 2939 organisms/mn, respectively) relative to reservoir populations may have
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been the result of low densities of plankton being actually discharged from
the reservoir and/or be indicative of large losses of zooplankton that may
have occurred between Location 1 and Locations 10 and 4. The magnitude of
these decreases may in turn be related to season (temperature) and to volume
of river flow. Sampling of reservoir discharges initiated in the 1976 study
may help to clarify this problem in the future.

3. Wolf Creek

Total zooplankton standing crops in Wolf Creek during April
ranged from 21324 organisms/i 3 at upstream Location 7 to 1417 organisms/m3

at downstream Location 5 (Table 7.2). Mean total zooplankton for all four
stations amounted to 9033 organisms/m 3 . Rotifers formed 61% of total zooplankton
with Synchaeta, Nothoica, and Keratella being the. dominant genera. Immature
copepods were the next most common group collected and were most abundant at
Location 7. Populations of adult copepods and cladocerans were low, averaging
<100 organisms/m 3 . Tropocyclops prasinus mexicanus, Chydorus sphaericus and
Bosmina longirostris were representative species in April.

Mean zooplankton densities in Wolf Creek increased to 62650
organisms/m 3 in June 1975. The pattern of downstream decrease in zooplankton
observed in April was also evident in June with maximum densities occurring
at Location 7 (110,411 organisms//m3 ) and minimum populations present at Location
5 (28221 organisms/m3 ) (Table 7.3). Dominant taxa collected in June included
immature copepods, Bosmina longirostris, Ceriodaphnia lacustris, and rotifers
Polyarthra, Keratella, and Brachionus.

Flow was absent in Wolf Creek during September arid the creek
was reduced to a series of isolated pools. Zooplankton densities were high
in pools at all creek locations. Porulations ranged from 294,774 organisms/m3

at Location 3 to 691,111 organisms/mr at Location 2 (Table 7.4).3 Mean
zooplankton density for all creek locations (461,109 organisms/m ) was comparable
to the density present in John Redmond Reservoir (490,590 organisms/m 3 ) during
September. Both microcrustaceans and rotifers showed a positive response to
the cessation of flow. Pool zooplankton consisted of 37% copepods, 5%
cladocerans, and 57% rotifers. Upstream pools (Locations 7 and 2) contained
densities of copepods and rotifers similar to those in downstream pools
(Locations 3 and 5), whereas cladocerans were nine times more abundant in
upstream pools (Table 7.4). Tropocyclops prasinus mexicanus, Diaphanosoma
leuchtenbergianum, and Daphnia parvula were the most frequently collected
microcrustaceans and Keratella, Conochiloides, and Polyarthra represented
dominant rotifer taxa in Wolf Creek during September.

Stagnant, isolated pools similar to those sampled in September
were also present during December. Evidently little or no flow had occurred
between sampling dates. Zooplankton was reduced to low densities at Locations 7,
3, and 5 (Table 7.5), but populations at Location 2 remained high (142,231
organisms/m 3 ). Cladocerans comprised 62% of total zooplankton at Location 2
with Chydorus sphaericus and Daphnia ambigua representing the most abundant
zooplankters collected (38163 and 22876/mr, respectively).
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3 -B. Comparison with Previous Studies

Comparisons of mean zooplankton densities collected in 1974 and 1975
are presented in Table 7.6. Considerable variation in microcrustacean and rotifer
densities was observed between studies at all sampling locations. Early spring
samples were collected on 26 March in 1974, whereas in 1975, samples were taken
on 17 April. Spring is frequently a period of rapid population increase for
zooplankton (Pennak 1953) and sampling in 1974 may have preceded the spring
zooplankton pulse that was evident in April 1975 samples. Variations in
zooplankton densities at reservoir Location I between years may be attributed
to natural year-to-year variability reported for many lakes that are influenced
by a complex of environmental factors difficult to isolate (Welch 1952;
Hutchinson 1967). Moreover, estimates of reservoir population densities on the
basis of one sampling location can be considered, at best, as only rough-appro~im~ . given the great variability in temporal and spatial distributions
of zooplankton in lakes of any size.

Seasonal and yearly variations of zooplankton densities at Neosho
River Locations 10 and 4 in 1974 and 1975 may have been more closely related to
densities of zooplankton actually being discharged from the reservoir (not
sampled in studies to date) than to populations sampled at Location I and to
volume of river flow (reservoir water releases). Total zooplankton populations
in the Neosho River were considerably higher relative to those in John Redmond5Reservoir in spring and winter than in summer and fall during both 1974 and
1975 (Table 7.6).

Higher mean zooplankton populations in Wolf Creek in 1975 during
April and June compared to previous studies were primarily due to the inclusion
of upstream Location 7 which contained higher zooplankton densities than any
of the previously sampled downstream locations (Tables 7.2 and 7.3). The higher
densities observed in Wolf Creek in September and December 1975 compared to the
same months in 1974, was the result of cessation of flow which was not observed
during 1974 (Table 7.5). Flow was also absent in September 1973 and similarly
high densities of zooplankton were collected in standing pools at Locations 2
and 3 (Kansas Gas and Electric Company 1974).

Comparisons of major microcrustacean taxa collected at Location 1
during 1973, 1974 and 1975 indicate that mean yearly densities of nine categories
of zooplankton were highest during 1975 (Table 7.7). The greatest increases
were observed for Moina spp. which increased from 205/im3 in 1974 to 7848/m 3 in
1975. Diaphanosoma leuchtenbergianum increased over 3-fold from 2795/m 3 to
8418/m 3 during the same period. Three taxa were found at lower densities in
1975 than in previous studies. Yearly densities of Ceriodaphnia spp. (mainly

C. lacustris) declined from 2483/m 3 in 1974 to 103/mi in 1975 and those of Daphnia
(juveniles and adults) decreased over 3-fold from 1973 densities (Table 7.7).
Diaptomus pallidus populations declined from 1006/m 3 in 1974 to 48/m 3 in 1975.
The above changes may represent long term trends or short term fluctuations.

IDuring periods of measurable flow, adult microcrustacean densities
in Wolf Creek were usually too low to effectively establish significant changes
in community structure between years. Flow within the creek tends to obscure
seasonal and other environmental effects by differentially reducing zooplankton
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populations available for analysis. The magnitude of zooplankton depletion in
flowing water is related in a complex way to velocity of flow, variation of
velocity characteristics with time, turbidity, turbulance, and creek bed
morphology.

No major changes were observed in Wolf Creek zooplankton populations
between years that could be termed lasting during periods of flow (March and
June). Cessation of flow in September 1973 and in September and December 1975
produced spectacular increases in densities of major zooplankton taxa (Table
7.6). The most abundant microcrustacean species collected in Wolf Creek from
1973 to 1975 were Bosmina longirostris (4644/m 3 ) and Tropocyclops prasinus
mexicanus (4107/m 3 ). Less abundant were Daphnia spp. (D. parvula and D. ambigua),
Chydorus sphaericus and Ceriodaphnia lacustris. Keratella, Polyarthra,
Synchaeta, Brachionus, and Conochiloides generally were dominant rotifer
genera collected in Wolf Creek in 1974 and 1975 (Repsys 1975).

C. Relationship of Zooplankton to Environment

1. John Redmond Reservoir and the Neosho River

John Redmond Reservoir is a very shallow, hard water, eutrophic
body of water characterized by high turbidity, widely fluctuating water levels
and high summer water temperatures which may exceed 31 C (Prophet 1966). These
conditions can be expected to influence community structure in determining
which zooplankton species become dominant. Copepod species collected in John
Redmond Reservoir were predominantly warm-water forms (e.g. Diaptomus
siciloides, Cyclops vernalis) which appeared to reach maximum densities (mainly
in the form of nauplii and copepodites) in late summer (Tables 7.5 and 7.6).
Relatively large populations of adult Diaptomus siciloides then persisted
through early December 1975 while immature copepod densities declined (Table 7.5)
which suggests decreased reproduction of warm-water copepods in late fall.
Only two taxa that could be termed "cold-water" organisms, Cyclops bicuspidatus
thomasi and benthic harpacticoid copepods, were present in the reservoir in
measurable numbers, but they formed only a small part of total annual microcrus-
tacean populations. Those organisms appeared in low densities primarily in March
and April.

The foregoing also applies to the cladoceran community in John
Redmond Reservoir. Brooks (1956) found that the optimum temperature range for
cladocerans in Kansas was from 22 C to 32 C. This may apply to reservoir popu-
lations of Bosmina longirostris and Daphnia parvula that build up relatively large
populations from June through September that may persist until early December.

Two major reservoir taxa, Diaphanosoma leuchtenbergianum and Moina
spp., prefer high temperatures (Ruttner 1953; Hutchinson 1967) and a third major
taxon, Ceriodaphnia lacustris, may have similar temperature requirements. The
high maximum densities attained by Ceriodaphnia in September 1974 relative to
more eurythermic species (e.g. Bosmina, Daphnia parvula) suggested that population
structure in John Redmond Reservoir may be shifted toward strictly thermophilic
organisms which are indicative of shallow, warm temperate environments.

Dominant rotifers in John Redmond Reservoir, Keratella, Polyarthra,
Synchaeta, and Brachionus, are cosmopolitan genera widely distributed throughout
North America (Williams 1966) and therefore apparently are adapted to a wide
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range of environmental conditions. In addition, a warm-water form, Hexarthra,
was abundant in the reservoir in June and September. The nature of the
zooplankton in the Neosho River and its dependence upon the reservoir have been
discussed previously.

2. Wolf Creek

Microcrustacean zooplankton species composition in Wolf Creek
was generally similar to that in John Redmond Reservoir although lower densities
occurred in the creek during normal flow. Moreover, a greater variety of
littoral microcrustaceans and benthic-littoral rotifers was often collected in
Wolf Creek. The relatively shallow depth of the creek, close proximity of
bottom substrates, and penetration of light to the bottom of shallow areas,
simulate littoral zones of lakes that provide suitable habitat for a variety
of littoral crustaceans and rotifers. One copepod species Tropocyclops prasinus
mexicanus and one cladoceran Chydorus sphaericus were generally more abundant
in Wolf Creek than in John Redmond Reservoir or the Neosho River from 1973 to
1975. Most of the zooplankton collected in Wolf Creek probably was produced
in relativel7 static backwaters and small pools of the creek itself; there
being no lentic source of zooplankton apparent. Upstream Locations 7 and 2
usually contained larger standing crops of zooplankton than downstream locations.
The downstream locations may be less productive or currents may be stronger
causing more rapid depletion of zooplankton. Chandler (1937) demonstrated that
zooplankton normally do not accumulate downstream as currents sweep organisms
out of successive pools and backwaters and transport them downstream. Chandler
reported downstream zooplankton losses ranging from 40 to 99% in a five-mile
stretch of the Huron River, a small stream in Michigan.

Cessation of flow in Wolf Creek during September and December 1975
produced dramatic increases in zooplankton densities (Table 7.5). Zooplankton
numbers at all Wolf Creek locations in September and at Location 2 in December
1975 were comparable or exceeded zooplankton densities in John Redmond Reservoir.
These results suggest that zooplankton can flourish only in standing water.

IV. Summary

1. Total zooplankton densities in John Redmond Reservoir were highest in
September (490,590 organisms/m 3 ) and lowest during December (120,758 organisms/m 3 ).
Maximum and minimum densities in the Neosho River were observed in April and
September, respectively. Total mean zooplankton density in Wolf Creek was
highest in September (461,109 organisms/m3 ) and lowest in April (9283 organisms/m 3 ).
High densities in September 1975 were attributed to cessation of flow in Wolf
Creek.

2. Downstream decreases in total zooplankton densities were observed in
Wolf Creek between upstream Locations 7 and 2 and downstream Locations 3 and 5
during April and June. Zooplankton decreases were attributed to current and
turbidity.

3. The influence of Wolf Creek on Neosho River zooplankton was minor in
April due to the small water volume of the creek and generally sparse zooplankton
densities at downstream locations.
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4. Dominant microcrustacean taxa in John Redmond Reservoir during 1975
were Bosmina longirostris, Diaphanosoma leuchtenbergianum, Daphnia parvula,
Moina micrura, and Diaptomus siciloides. Abundant rotifer general were Polyarthra,
Keratella, Synchaeta, Brachionus, and Hexarthra.

5. Wolf Creek zooplankton were primarily composed of Tropocyclops
prasinus mexicanus, Daphnia parvula, Daphnia ambigua, Chydorus sphaericus, and
Bosmina longirostris during the present study. Most frequently collected rotifer
genera were Keratella, Polyarthra, Conochiloides, and Filinia.

6. Population densities in the Neosho River (Locations 10 and 4) appear
to be related to volume of reservoir water releases in addition to seasonal
factors.

7. Population densities in Wolf Creek are primarily governed by creek
flow characteristics and season.

8. No major trends were discerned in total zooplankton populations
between years due tonatural year-to-year variability in zooplankton, change in
sampling techniques and equipment, and infrequency of sampling. However,
nine major zooplankton taxa were found at greater densities in John Redmond
Reservoir in 1975 than in previous studies.
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Figure 7.1. Sampling locations in the vicinity of Wolf Creek Generating
Station, Burlington, Kansas, 1975.
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Table 7.1. Zooplankton taxa collected in the vicinity of Wolf Creek Generating
Station, Burlington, Kansas, 1975.

COPEPODA

Cyclops bicuspidatus thomasi S. A. Forbes
Cyclops varicans rubellus Lilljeborg
Cyclops vernalis Fischer
Diaptomus clavipes Schaeht
Diaptomus pallidus Herrick
Diaptomus siciloides Lilljeborg
Ergasilus chautauquaensis Fellows
Ergasilus megaceros Wilson
Ergasilus versicolor Wilson
Eucyclops agilis (Koch)
Eucyclops agilis montanus (Brady)
Eucyclops prionophorus Kiefer
Eucyclops speratus (Lilljeborg)
Macrocyclops albidus (Turine)
Mesocyclops edax (S. A. Forbes)
Orthocyclops modestus (Herrick)
Paracyclops fimbriatus poppei (Rehberg)
Tropocyclops prasinus mexicanus Kiefer
Harpacticoida

CLADOCERA

Alona circumfimbriata (Meegard)
Alona gutatta Sars
Alona pulchella King
Bosmina longirostris (0. F. Muller)
Camptocercus rectirostris (Schodler)
Ceriodaphnia lacustris Birge
Ceriodaphnia quadrangula (0. F. Muller)
Chydorus globosus Baird
Chydorus sphaericus (0. F. Muller)
Daphnia ambigua Scourfield
Daphnia catawba Coker
Daphnia galeata mendotae Birge
Daphnia parvula Fordyce
Diaphanosoma leuchtenbergianum Fischer
Ilyocryptus sordidus (Lieven)
Kurzia latissima (Kurz)
Leydigia acanthocercoides (Fisher)
Leydigia leydigi (Schoedler)
Macrothrix laticornis (Jurine)
Moina affinis Birge
Moina micrura Kurz
Pleuroxus denticulatus Birge
Pleuroxus hamulatus Birge
Scapholeberis kingi Sars
Simocephalus serrulatus (Koch)
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Table 7.1. Continued.

ROTIFERA

Anuraeopsis sp. Lauterborn
Asplanchna sp. Gosse
Bdelloid rotifers
Brachionus spp. Pallas
Cephalodella spp. Bory St. Vincent
Collotheca sp. Harring
Colurella sp. Bory St. Vincent
Conochiloides sp. Hlava
Dicranophorus spp. Nitzsch
Eosphora spp. Ehrenberg
Euchlanis spp. Ehrenberg
Filinia spp. Bory St. Vincent
Hexarthra spp. Schmarda
Horaella spp. Donner
Kellicottia sp. Ahlstrom
Keratella spp. Bory St. Vincent
Lecane spp. Nitzsch
Lepadella spp. Bory St. Vincent
Lophocharis sp. Ehrenberg
Monostyla'sp. Ehrenberg
Mytilina sp. Bory St. Vincent
Notholca spp. Gosse
Notommata sp. Ehrenberg
Notommatid rotifers
Platyias sp. Harring
Pleurotrocha spp. Ehrenberg
Ploesoma sp. Herrick
Polyarthra spp. Ehrenberg
Pompholyx sp. Gosse
Rotaria sp. Scopoli
Synchaeta spp. Ehrenberg
Testudinella sp. Bory St. Vincent
Trichocerca spp. Lamarck
Trichotria sp. Bory St. Vincent
Wolga sp. Skorikov
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Table 7.2. Zooplankton collected in the vicinity of Wolf Creek Generating Station, Burlington,
Kansas, 17 April 1975.

-- - - Samp~1n~L~cat omB_______-
John Redmond
Reservoir

Tell ___ No.f/m n

Neosho River
10 ________T4_No./m3

• % ldo./m--3
Wolf Creek

Y2 _3 No. ........--- -N.'7 ,o./in3 ,o.n Y %• m,. • m
Sam•_lingLoca 

t ions

COPEIOD.A

Naupl Il 
1 5 0 9 0 a 3.60

Calnold copepodltes 94 0.02
Cyclopold cotepodttes 3838 0.91
CYclops hicupidiLtS thomasi 47 0.011

ycLop~s vjiraiLs rLtelLlus 0
i;., l ps: r_!J.Js 28 0.01

I). ,ti-se; . iqlis_ 5 0.00
_Di "L',i s p1 _ ids 9 0.00
Di:: -5,,I s I I loid,,s 38 0.O1
E ";i Lu. C !ieit a iil(Iaenls 1_ 0.00

'p! _opsi•i a.!-lis 24 0. 1
LEcy-Y ,s 0iiophorue 0
Su y "2; . iperatus 0

Pjara E.cp _ s fibriatus poppe. 0
LTrýi.ocyc lp rastnus mexicanue 0
Haipacticoida 825 0.20

5760 3.17
83 0.04

1978 1.09
42 0.02

0
17 0.01

2 0.00
2 0.00
7 0.00
0
7 0.00
0
3 0.00
2 0.00
2 0.00
3 0.00

239 0.13

5898
96

2002
62

0
16
0
5

18
0

13
0
5

16
2
2

467

2.34
0.04
(1.80
0.02

0.01

0.00
0.01

0.01

0.00
0.01
0.00
0.00
0.18

15440 72.41
3 0.01

428 2.01
0
1 0.00
3 0.01
0
0
1 0.00
0

19 0.09
0
2 0.01
0
3 0.01
3 0. 01

65 0.30

2552
6

35
0
0
1
0
0
0
0
I
0
1
0
2
2
8

40.53
0.10
0.56

0.02

0.02

0.02

0.03
0.03
0.13

822
4

61
<3
<I

0

2

0
0
5
3

11.58
0.06
o.86
0.0o
0.00

0.0o
0.00
0.0l

0.03
0. 00
0.01

0.07
0.04

195
3

39

0
0
0

00
2
0

<1

2

13. 76
0.21
2.79

0.0'7

0. 14

0.(0

0. 1,3
0.07
0.1!,

H
H0H•

TOTAL COPEPODA 20003 4.77 8147 4.48 8622 3.42 15968 74.88 2608 41.42 899 12.67 245 17. :9

CI DOC RA

Al o:a circumf ImbrinLa
A. ca Pu ,n eItz IIaa

XAI on,ý spip.
Bfosmlna nongirstrls
67.,',( 2,,:trcu!; rec t Irostria

Ic•r Iii 2L1!I spp. ( Imma Lure)
Chlvdupr3L .j[)hlertJc._u s
ILo.)Io.ia. gweata mcnjotae

._j, ia, ,pp. (Inmmature)
!vucp o nridu~s

_,'-.r .u_ spp. (Ir mature)
Kin milli'ia
LeydiNt Ia aLtdadgU larile
Pletiroxus drnticulatus

TOTAL CLADOCERA

9
0
0
0

1066
0
5
0

198
5

38
28

0.
0
0
0
0

0.00

0.25

0.00

0.05
0.00
0.01
0.01

.3 0.00
2 0.00
0
0

291 0.16
0
2 0.00
0

123 0.07
2 0.00

14 0.01
28

2 0.00
10 0.01
0
2 0.00
0

10
2
0
2

312
0
0
0

176
0
10
21

2
13
0
2
0

0.00
0.00

0.00
0.12

0.07

0.00
0.01
0.00
0.01

0.00

2 0.01
0
1 0.00
0

14 0.06
0
0
0

103 0.48
0
0
0
0
0
1 0.00
0
1 0.00

1 0.02
0
0
0

21 0.33
0
0
0

52 0.82
0
0
1 0.02
0
0
0
0
0

1 0.)01
<1 0.00
" 1 0.00

1 0.01
23 0.35

<1 0.00
0
1 0.01

81 1.14
0
4 0.06
10 0.14
0
0
<1 0.00

0
<1 0.00

"1

0
26

74
0

2
0

0

0

0

0.07

0. 6

(J. C 7
0. 0 j

5.22

0.07
0.14

1349 0.32 479 0.26 550 0.22 122 0.57 75 1.19 121 1.70 107 7.55
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Table 7.2. Continued

Samlilne Locations
John Redmond

Reservoir

Ta xa No. j3 %

ROT I FERA

Neosho River
16 4

No.lmrl I No.im3 2

Wolf Creek

No./m3 x
2No./IM3 x 3 5__

No./m 3
. N io.I,- .

I-'

.A s la•-ind a spp.
Idellold rotifers
Ora.L,11, J. sv

-C 1% OfhI-h -.-- S PP

Cot or' lii -pp.
-(:inchl In 1/de0 s app.
Euch lanis rpp.
_LerLte 1a spp.
le-rarell4 app.
I.cane f;pp.

L'!j~iodri. spp.
p.0 t y ,_1 •Spp.

,.ot ti, 7w t td i onifers

Pleu•r.roch. spp.
P1• Ya0L4h. Spp.

v'. ,,arla , s pp.
. S.' e; t -,,_.. ne_ I I spp.

Trlchororca spp.
1rJhtrlj Gpp.
H!Aga app.
UnidentIfled rotifers

TOIAL ROTIFERA

TOTAL ZOOPLANKTON

354
589

160216
0
0

589
n

19099
93017

0
0
0
0

2476
0
0
0

73683
0

47982
118

0
0
0
0

0.08
0.14

38.19

0.14

4.55
22.17

0.59

17.56

11.44
0.03

173
433

78834
0
0

173
0

1.0298
38585

0
0
0
0

1211
0
0
0

25787
0

17480
0
0
0
0
0

0.10
0.24

43.41

0.10

5.67
21.25

0.67

14.20

9.62

260 0.10
908 0.36

107996 42.89
0
0

260 0.10
0

9086 3.61
53349 21.19

0
0
0
0

1168. 0.46
0
0
0

40239 15.98
0

29335 11.65
0
0
0
0
0

0
22
56
28
0
0
5

434
807
0

22
11

0
913
0
0
0

317
5

2470
0
0

83
0

61

0.10
0.26
0.13

0.02
2.04
3.78

0.10
0.05

4.28

1.49
0.02

11.58

0.39

0.29

0
7
0

49
0
0
0

90
222

7
14

7
0

1376
0

932
7

41
7

688
0

14
7
7

138

0.11

0.78

1.43
3.53
0.11
0.22
0.11

21.86

14.80
0.11
0.65
0.11

10.93

0.22
0.11
0.11
2.19

12
ill
161

86
6
0
3

34
1860

12
124

16
6

606
6

148
3
6
6

2769
12
12
9
6

62

0.17
1.56
2.27
1.21
0. 0O

0.U4
0.48

26.21
0.17
1.75
0.22
0.08
8.54
0.08
2.08
0.04
0.08
0.08

39.02
0.17
0.17
0.13
0.08
0.87

45
80
2'
0
0

14
208

7
11
0
3

149
0

97
0
(1

31,
37,

3

35

3.18
5.64
1.69

0.99
14.68
0.49
0.78

0.21
10.52

6.84

0.99
26.25
0.21

0.21

2.47

398123 94.91 172984 95.25 242601 96.36 5234 24.54 3613 57.38 7076 85.62 1065 75.16

419475 181610 251773 21324 6296 7096 141/

a Mean of two replicates;
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Table 7.3. Zooplankton collected in the vicinity of Wolf Creek Generating Station, Burlington, Kansas,

10 June 1975.

1--

Sampling Locations
John Redmond
Reservoir Neosho River Wolf Creek

- 10 4 7 2 3 5
Taxa No./m 3  

N No./m3 % No./w 3  
% 3  

2 No./m 3  
No./M 3

COPEPODA

Nauplil 3 70 19 a 9.87 8126 16.42 4843 17.75 29556 26.77 16394 21.27 7204 20.66 5812 20.59
Calanold copepodites 14265 3.80 1166 2.36 444 1.63 762 0.69 414 0.54 143 0.41 114 0.40
Cyclopoid copepodites 12850 3.43 6809 13.76 1707 6.26 2278 2.06 1558 2.02 696 2.00 649 2.30
Cyc~lgp vernalls 99 0.03 1212 2.45 705 2.58 6 0.00 3 0.00 0 6 0.02
D•Lptumus pjll dut 0 0 11 0.04 39 0.03 6 0.00 39 0.11 3 0.01
OLLtomu s stiiloldes 1356 0.35 736 1.49 455 1.67 228 0.21 33 0.04 43 0.12 25 0.09
EfrLsilus chauriuquaensis 0 0 11 0.04 49 0.04 6 0.00 0 0
Eucvycop._sa;ilIs 0 66 0.12 0 17 0.01 29 0.04 42 0.12 36 0.12
Eu c v,:Ih ajIs montanus 0 33 0.06 0 84 0.08 26 0.03 0 0
Fucyclp . ratus 0 11 0.02 0 20 0.01 29 0.04 6 0.02 6 0.02
Mscyclop. edax 0 0 11 0.04 36 0.03 36 0.05 13 0.04 6 0.02
Paracvalops fimbriatus poppei 0 0 0 35 0.03 0 3 0.00 8 0.03
T ..poclopi rasinus 98 0.03 98 0.20 55 0.20 244 0.22 61 0.08 71 0.20 198 0.70

mexicarus
Harpacticoida 0 0 0 3 0.00 3 0.00 0 0

TOTAL COPEPODA 65687 17.51 18257 36.88 8242 30.21 33357 30.21 18598 24.13 8260 23.68 6863 24.32

CI.ADOCERA

Alona circumfimbriata 0 0 0 10 0.00 23 0.03 7 0.02 0
Alona guttata 0 0 0 3 0.00 0 9 3 0.01
Alona spp. 0 0 11 0.04 0 6 0.00 0 3 0.01
Bnsmina ]ongirostris 15090 4.02 844 1.71 920 3.37 3661 3.32 4089 5.30 812 2.33 589 2.09
Ceriodapthnla lacustris 59 0.02 0 43 0.16 4595 4.16 1255 1.63 143 0.41 84 0.30.
Ceriodaphnia quadrangula 0 33 0.06 22 0.08 16 0.01 68 0.08 7 0.02 3 0.01
Chydorus sphaericus 0 87 0.18 76 0.28 307 0.28 579 0.75 146 0.42 90 0.32
DaLhmia spp. (Immature) 4460 1.19 768 1.55 368 1.35 78 0.07 85 0.11 98 0.28 30 0.11
P tna uar- bi 0 11 0.02 596 2.18 0 10 0.01 101 0.29 33 0.12
P.)hnla catawba 0 0 0 0 0 3 0.00 0
Dapia parvula 550 0.15 87 0.17 227 0.83 52 0.05 10 0.01 10 0.03 8 0.03
Diaphanosoma leuchtenbergianum 2830 0.75 76 0.15 44 0.16 501 0.45 192 0.25 26 0.07 8 0.03
Kuirzia latisstma 0 0 0 0 10 0.01 0 0
Leydlia qualrangularis 0 0 0 10 0.00 42 0.05 0 3 0.01
Noina afflnis 0 0 0 3 0.00 3 0.00 3 0.00 3 0.01
Hoina SLcrura 0 0 0 7 0.00 7 0.01 0 0
Hoina spp. 315 0.08 33 0.06 33 0.12 7 0.00 26 0.03 16 0.05 17 0.06
Pleuroxus denticulatus 0 11 0.02 11 0.04 0 39 0.05 32 0.10 14 0.05
Pleuruxus hamulatus 0 0 11 0.04 7 0.00 10 0.01 0 3 0.01
ScapholebeLis king! 0 0 0 3 0.00 0 36 0.10 22 0.07
Stmocephalus serrulatus 0 0 33 0.12 0 10 0.01 6 0.02 3 0.01

TOTAL CLADOCERA 23304 6.21 1950 3.94 2395 8.78 9260 8.39 6464 8.39 1446 4.15 916 3.25
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Table 7.3. Continued.

Sampling Locations
John Redmond
Reservoir Neosho River Wolf Creek

1 10 4 7 2 3 5
Taxa No./'m

3  
% No./m3 % No./m3 % No./m

3  
% No./m 3  % No./m 3  

2 No./m3

ROTIFERA

Asplanchna app. 5541 1.48 37 0.07 186 0.68 73 0.06 117 0.15 128 0.37 14 0.05
Bdelloid Rotifera 0 334 0.67 538 1.97 467 0.42 234 0.30 573 1.64 390 1.38
Brach onus app. 6013 1.60 1225 2.47 482 1.77 8314 7.53 4946 6.42 2551 7.31 2192 7.77
Cephalodella app. 0 37 0.07 19 0.07 50 0.05 17 0.02 17 0.05 37 0.13
Colurella spp.. 0 0 0 11 0.01 6 0.00 22 0.06 14 0.05
ConouhillOdes spp. 48690 12.98 483 0.98 279 1.02 1299 1.18 1324 1.72 2726 7.82 218 0.77
CLlloutheca spp. 118 0.03 0 0 0 0 6 0.02 0
Eoi ra app. 0 0 0 11 0.01 6 0.00 45 0.13 23 0.08
F-,E!Ican!s spp. 0 19 0.04 37 0.14 140 0.13 62 0.08 50 0.14 28 0.09
Flli,-l spp. 2004 0.53 1169 2.36 650 2.38 2123 1.92 1869 2.42 273 0.78 241 0.85
Ih~xarthraapp. 65666 17.51 3117 6.30 1076 3.94 882 0.80 1052 1.36 312 0.89 306 1.08
Kell•cottia spp. 0 19 0.04 0 0 6 0.00 50 0.14 5 0.02
Ketatella spp. 2712 0.72 2746 5.55 3581 13.13 15129 13.70 16920 21.95 6425 18.42 6266 22.20
!Lea•e spp. 0 19 0.04 167 0.61 134 0.12 206 0.27 184 0.53 79 0.28

deslla spp. 0 93 0.19 130 0.48 262 0.24 351 0.46 217 0.62 130 0.46
l•j!2hocJ 1r spp. 0 0 56 0.21 39 0.04 45 0.06 50 0.14 42 0.15
monos• y a spp. 0 19 0.04 0 234 0.21 151 0.20 89 0.26 112 0.40
MLtlina spp. 0 0 0 17 0.02 0 0 0
N•t otminata spp. 0 0 19 0.07 29 0.03 28 0.04 45 0.13 19 0.06
PI•tyLiýs spp. 0 0 56 0.21 6 0.01 51 0.06 17 0.05 10 0.04
Pleorutrocha spp. 0 0 0 0 0 0 5 0.02
Ploesorna spp. 0 0 0 0 6 0.00 6 0.02 0
Polarthra app. 100209 26.71 17208 34.77 7551 27.68 36916 33.44 21009 27.25 9385 26.91 8929 31.64
POmpholyx spe. 2005 0.53 167 0.34 74 0.27 545 0.49 2356 3.06 345 0.99 204 0.72
Rotaria spp. 0 0 130 0.48 11 0.01 173 0.22 774 2.22 680 2.41
Syoch-eta spp. 52698 14.05 2468 4.99 1188 4.35 484 0.44 273 0.35 240 0.69 139 0.49
•e•tudln-lla app. 0 19 0.04 130 0.48 156 0.14 545 0.71 367 1.05 186 0.66
tr•chOer ca spp. 472 0.13 74 0.15 74 0.27 256 0.23 195 0.25 56 0.16 33 0.12

Trichotria spp. 0 19 0.04 0 0 0 11 0.03 0
solga app. 0 19 0.04 37 0.14 106 0.09 45 0.06 101 0.29 65 0.23

Unidentified Rotifera 0 0 186 0.68 100 0.09 34 0.04 106 0.30 75 0.27

TOTAL ROTIFERA 286128 76.28 29291 59.18 16646 61.01 67794 61.40 52027 67.49 25171 72.17 20442 72.44

TOTAL ZOOPLANKTON 375119 49498 27283 110411 77089 34877 28221

0-A0o

a Mean of two replicates.



Table 7.4. Zooplankton collected in the vicinity of Wolf Creek Generating Station, Burlington, Kansas,
9 September 1975.

Y-- -KI-Sanp It ng
Joill 4Rý0dn14n
Re~servoir NeusIo- Rive~r

1 1~0. -i-.-

L.o aat I. oi.s

Wolf Creek
7 2 3 5

N -.)_ - .... No. /il,- No. /1113 % No./Im" %Taxa No. / m % No. /in' % No. /ni' %

Naupl 11
(:alatould copLepo(Ittes
Cyc Iopo Id copepod I Ls
1:ycl.ojoi vernial is

p ) .. imits Lc!lidy .

III . 6i 11mU s Chal ilkI -I~I dIS
Va sirtI tus ve r si oldeo

h, ~ji,:c1 Unsý vlLra Io s

(A j k1' a II moo tanus

Ni, rocyclops a1Ilhdui

ILopocyclops caxLE~L~2

I Iar-p J ct Ict ida

a
83892
17306
14242

12182
0

47
2876
3(18

19
0
0

0

0
75

0
38

17. 10
3.53
2.90
0.26

0.01
0.59
0.62
0.01

0.02

0.01

946
151
174

27
0
0

61
107

2
0
0
0
0
0
(0
0
0

18. 75
2.99
3.45
0.54

1.21
2. 12
O.1O4

191
51
90

2
0
0

16
19
0
0
0
0
0
0
0
0
2

2

1

2.96 80997
6.13 17952
0.82 19509
0.24 47

0
7905

1.92 1308
2.28 86

0
0
8
0

272
0

257
0

0.24 1.3747

27.12
6.01
6. 53
0. 02

2.65
0.44

0.03

0.00

0.09

0.09

4.51

0.02

91277
30685
58684

62
8

7788
93
16
16

218
16

0
62

0
1830

8
28115

0I
54

13.21
4.44
8.49
0.01
0.00
1.13

0.01
0.00
0.00
0.03
0.00

0.01

0.26
0.00
4.07

(0.01

94860
8645

18614
39

0
8528

218
156

31
4,

8
8

249
8

16
0

20911

32.18
2.93
6.31
0.01

2.89
0.07
0.05
0.01
0.02
0.00
0.000
0.08
0.00
0.10)

7.09

75234
1121

19782
8
0

2235
78

779
0

54
lb

0
140

0
54

0
6192

13.44
0.20
3.54
0.00

0.40
0.01
0. 1.4

0.01
0.00

0.02

0. 01

1. 11

r
C
C

C

3
C

4

r

i
r
(I

(
r

0
0

i
0

0.02 (1
(1

0
54

0
0

0
0

TOTAL. C()PPTOIDA 122795 25.03 1469 29.11 371 44.59 141869 47.50 218932 31.68 152338 51.68 105693 18.89

Alon., circuimflinbriata

liosiid na liijru stis

Curt oda&p(,,,1a 1actis tr is

Dihtonis .mbphaorci

D Lp'Ilaosujma

I eticht iie brJMILitwin

I! 1y~~11~ ord]us

0
0

9243
349

0
0

5800
301141

1.88
0.07

1.18
6.29

0
0
53
6
0
0

21
18

1.05
0.12

0. 42
0.36

0
4

35
2
0
0
4
2

0
0.48 0
4.21 3427
0.24 16 74

0
3053

0.48 10125
0.24 20716

0
23

1.15 1752
0.50 11332

62
1.02 164
3.39 17017
6.94 5646

0.00
0.25
1.64
0.01
0.02
2.46
0.82

23
23

650
202
109

0
218

3544

0.01
0.01
0.22
0.07
0.04

0.07
1.20

0
16

265
171.

39
8

397
1402

g

(0.00r
0.05 C
0.03
0.01
0.00
0.07
0.25

0 1 0.02 4 0.48 0 47 0.01 460 0.16 86 0.02
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Table 7 .4.Continued.

SankhLoa I.nLs
John Redooud

Rese rvoir
1

No./1 3
%

Neosho River
10 L 4

No./ia
3 % No. /In

3
7

No.m/
3

%

Wolf Creek
2

N(,. / 3 % No.i /
3 5

N - /m 3 %Taxa

Kurzl a 1at lsslia
I.dL I 8.L ac an tl ocercldes

t ih Lh'Ix I _iL i cornis

!oLui app. (htu'iature)
Mamtla aft in is
OiL( | I di e *plciur i

P Iuaruxis dentlea latus
P1 unraxus hIiamti laltus

bcaZh~J~ja i "crs- i-• r -a•l
,5 Jltlt)C.t.:phii.lii S SI'1 II ILl LO

0
0
0
0

4527
4338

22211
0
0
0
0

0.92
0.88
4.53

0
0
0
0
1
0
4
0
0
0
0

0.02

0.08

0
0
6
8
0
0
2
0
2
0
0

0.72
0.96

0.24

0.24

62
54

350

1)
0
0

23
0
0
16

0.02
0.02
0.12

0.01

0.01

23
0

413
16

0
0

226
70
16
23

0

0.00

0.06
0.00

0.03
0.01
0.00
0.00

54
16

148
54

0
0

31
8

125
8
0

0.02
0.00
0.05
0.02

0.01
0.00
0.04
0.00

31
1.6
47

125
0
0

125
0

31
0
0

0.00
0.00
0.01
0.02

0.02

0.00

TOIT'AL CLADOCERA 77309 15.76 105 2.08 69 8.29 39500 13.22 36861 5.33 5673 1.92 2759 0.49

ROTIF ERA
Anuracupsl spp.

a" A.•pi anchna spp.
Bdelloid Ratifers

talha thilla spp.

(:,iiL]+oa.:h Ia L_2 sjpp..5-L hI h.•riel. 't SPP.

Coiachailods spp.

F11 Ina sppi.
Ilhxari h ra spp.

II ex, 17,~ I a spp.

K_"raella spp.

Lccalla spp.

IJ _e_]_a spp.

Mons•_ -.tt _ a spi.
M.Tilyha spp.

PNA01yilta Spp~.

Rp ,hlaq!, sppi.Rol lrt a spp.

0
17070

0
4612U

2499
60550

0
613

123740
0
0

236
0
0
0
0
0
0
0

26360
0
0

3. 48

9.40

0.51
12.34

0.12
25.22

0.05

5.37

0
100

22
345

22
89

256
0
0

1024

0
0

11
0
0
0
0
0
0
0

434
0
0

1.98
0.44
6.84
0.44
1.76
5.07

20.29

0.22

5.07

0
16
8

74
4

12
45

0
2

97
0
0
4
0
2
0
0
0
0
0

31
0
0

1.92
0.96
8.89
0.48
1.44
5.41

0.24
11.66

0.48

0.24

3.72

0
0

584
2687

234
0

23598
0

28076
0
0
0

53505
195
623
195

39
0
0
0

2882
896

3660

0

0.20 2375
0.90 2687
0.08 506

0
7.90 395327

78
9.40 3582

545
0

156
17.92 7360
0.06 506
0.21 818
0.06 428
0.01 5062

195
0

350
0.96 41.28
0.30 428
1.22 10047

0.34
0.39
0.07

57.20
0.01
0.52
0.08

0.02
1.06
0 .07
0.12
0.06
0.73
0.03

0.05
0.60
0/06
1.45

0
312

1713
1558

156
0

16433
0

662
1480

0
0

96495
312
312
156
312

0
78
0

11098
117

2570

272
(.11 1402
0.58 350
0.53 10981
0.05 0

272
5.57 3154

39
0.22 39681
0.50 4322

2103
0

32.74 185981
(). 1 0
0.11 818
0.05 78
0.11 234

0
0.03 0

0
3.76 187383
0.04 467
0.87 1324

0.05
0.19
0.Ob
1.96

0.05
0.56
0.01
7.09
0.77
0.38

33.24

0.15
0.01
0.04

33.49
0.08
0.24



m -I IIIIII• n -m - m n

Table 7.4. Continued.

..... .. . .. . .. .. . .............. .. .. ... .... .... ...... .SaI~pi.1_h d w ., ati n ___oi_ _-s

Johui Redmond
Reservoir Neoshu River Wolf Creek

S10 4 7 2 3 5
WO.. /m % No./,v No.// 3 No. /-Jm7Z No. No./ %o. _ %

SSlhta ipp. 6790 1.38 312 6.18 31 3.72 0 0 0 5880 1.05
Testidlnel 1a spp. 0 0 0 78 0.03 78 0.01 78 0.03 78 0.01
Trl~cjhIcerca spp. 6366 1.30 768 15.22 56 6.73 39 0.01 0 1986 0.67 3271 0.58
Trichlotri- ýpp. 0 0 U 0 39 0.00 78 0.03 0
WnO]"a spp. 0 0 2 0.24 0 0 39 (.01 117 0.02
I)i_ via_!•hiortis spp. 0 0 0 0 0 0 L324 0.24
IJnldent I f e Hot| Iu [eta 142 0.03 89 1.76 8 0.96 0 623 0.09 818 0.28 1908 0.34

TOTAL. RO'rIFERA 290486 59.21 3472 68.81 392 47.12 117291 39.27 435318 62.99 136763 46.40 451439 80.62

TOTAL. ZOOPLANKTON 490590 5046 832 298660 691111 294774 559891

a Mean of two replicates.
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Table 7.5. Zooplankton collected in the vicinity of the Wolf Creek
Burlington, Kansas, 3-4 December 1975.

Generating Station,

Sa~p1i~_Locations
John Redmond
Rese, vo J t

Tax, To. i _o __

Neosho River
4

% No. /m. 1
7

NO. [ M-T

Wol F
2

No. T-- %

Creek
3 5

%o/" /

No - TM-T--7
COPEPODA

NaupI i|
"nlanold copepodites

(Cycl.opold copepodittes
_Cy1or•___ b__cusp1da tus,

ycj•)s vernalIs
DlqpItomus clav Ii pes
1)_ aptdrnii paqiidus
!)Lajiot_,,q sicil, des
Ergs iI us chati ta9,,uaensis
Era-_s-lin megaceros

Eu-cy-ý1.92-8 2ý tlf !I.:]~ tn~~
Lkfly.i!:r.i ist Ifs IlootH-u
E~uc yj.ops j peratus

tinc r.cyc lops a.b idus

Orthw•_clops modestus
ParaccloLp- fimbriatus

Tropoc-yc 1o prasinus

mexicanus
tlarpact I.colda
'tOTAL COI'WPODA

CLADOCERA
Alona circumlimbriata
Atonm ptjtc1jella
Alona spp. (r,,.)
8o54rmhn longirostris
Cer todaphnta lacustris

C/ d_2ua s obosus

C(•hydort.s .phaericus

Ilp•h 0Ita p~aIrytil

1.t1ypcrptus sordidus
Kurzia lat lsima
I,eyd.gj 1:t eyd__!S

Macrt'thrix l atliornns
leuqroxus enti tculatus

I' Leu roxuts haml t a i ti ls

Simucephalus serrolatius
TOTAl. CIADOCERA

3 5 8 2 0 a

4188
5093

11

362
0

136
9563

0
45
0
0
0
0
0
0
0

29.66
3.47
4.22
0.01

0.30

0.11
7.92

0.04

26376
2674
3141

10

358
0

483
6360

21
42
0
0
5
0
0
0
0

1.6.61
1.68
1.98
0.01

0.22

0.30
4.00
0.01
0.03

0.00

17290
2005
2044

8

117
4

171
2998

8
23
4
0
0
0
0
0
0

16.60
1.92
1.96
0.01

0.11
0.00
0.16
2.88
0.01
0.02
0.00

6859
0

900
0

103
0
0
0
0
0
0
0

43
0
0
0
8

65.59

8.60

0.98

0.41

0.08

26108
8

3104

480
0

94
26
0
0

266
77

874
154

0
26
26

18.36
0.00
2.18

0. 14

0.07
0.02

0.19
0.05
0.61
0.11

0.02
0.02

317
0

77
0

0
0
0
0
0

0
0

17
0

17
0
8

34.42

8.36

1.84

1. 84

0.87

729
0

120
0

0
0
0
0
0
0
0
0
0
0
0
0

17'

25.54

4.20

2
F
0
(1a

m

2

0
2

m

M

r
2
!I

m2
M

0.60

0 5 0.00 0 129 1.23 4681 3.29

1766 16.89 480 0.34
9808 73.78 36404 25.59

0

8 0.87
444 48.21

0

0
55218

0
0
0

16920
0
0
0
0

5093
0
0
0
0

11
0
0

22024

45.73

14.01

4.22

0.01

18.24

0
39472

5
0
5

16381
0
0
0
0

592
0
0
0
5
0
0
0

16988

24.86

0.00

0.00
10.32

0.37

0.00

10.70

0
24672

4
0
0

1.1371
0
0
8
0

420
4
0
0
8
0
0

8
1.1823

77 2.70
943 33.0423.69

0.00

10.92

0.01

0.40
0.00

0.01

0.01
11 .15

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0

0

6276
8

1440
10418

163
266

38163
22876

0
0

6748
1440

51
257

4)

88235

4.41
.o00

1.01
1.32
0.11
0.19

26.83
16.08

4.74
1.01
0.04
0.18
0.03
0.O6

62.04

0

68
34
0

26
77
8
0
0

26
34
0
0
0
0

273

7.38
3.69

2.82
8.36
0.87

2.82
3.69

0
0
0
0
0
0
0
0
0
0
0
0
8
0
0
0
8

0.28

0.2829.64



Table 7.5. Continued.

_ _Samp 1ipn• Locatfons
John Redmond

Reservoir Neosho River Wolf Creek
I 10 4 7 2 3 5

_Txa .• - o7 I. ..... No-.[T 1. o. No./m 3  % No.i T- * .No. •,-m: -.
ROTIIFERA 2

A;p.Ianchnn spp. 102 0.08 62 0.04 31 0.03 0 0 0 0
Bdellold Rotifera app. 0 150 0.09 66 0.06 60 0.57 3044 2.14 103 11.18 68 2.38 r
Blrachionus app. 6338 5.25 4906 3.09 4634 4.45 26 0.25 369 0.26 0 1398 48.98 (
(eph.a/oela_ app. 11 0.01 42 0.03 8 0.01. 17 0.16 60 0.04 0 103 3.61 0
ConochiLo ides 0 5 0.00 0 0 0 0 0
Eu chkl. anI spp. 0 5 0.00 8 0.01 0 94 0.07 0 0 MI
Fli.ta ••ip. 0 5 0.00 4 0.00 0 0 0 0
Keratella spp. 18278 15.14 41044 25.85 25000 24.01 0 8 0.00 8 0.87 0

aecane app. 0 0 0 0 17 0.01 0 0
!,_ŽlJa app. 0 21 0.01 0 60 0.57 1355 0.95 8 0.87 26 0.91 3

F I"phoch~rss spp. 0 0 0 34 0.32 8994 6.32 0 0 0
0 mootltv app. 0 5 0.00 4 0.00 0 26 0.02 0 0

, Nothac•a spp. 0 0 4 0.00 0 0 0 0
P latyl.1s spp. 0 0 4 0.00 0 223 0.16 0 0 M
Puilya_ýrthra spp. 10469 8.67 45768 28.82 30530 29.32 0 0 0 0 2
Rotarla app. 0 0 0 111 1.06 77 0.05 34 3.69 223 7.81
Synchaeta app. 8318 6.89 1.0280 6.47 7321 7.03 317 3.03 8 0.00 0 34 1.19 >
Testudinella spp. 0 0 0 8 0.08 660 0.46 8 0.87 8 0.28 r
Trlcho.cerxcja Spp. 0 5 0.00 4 0.00 17 0.16 2426 1.70 43 4.67 17 0.60
Trtchotria spp. 0 0 4 0.00 0 60 0.04 0 0
Wo11g8. spp. 0 0 0 0 103 0.07 0 0 0
Unidentified Rotifera 0 36 0.02 16 0.02 0 68 0.05 0 26 0.91
TOTAL ROTIFERA 43516 36.04 102334 64.44 67638 64.95 650 6.22 17592 12.37 204 22.15 1903 66.68 z

TOTAL ZOOPLANKTON 120758 158797 104133 10458 142231 921 2854 11

a0
a Mean of two replicates.
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Table 7.6. Mean density of major zooplankton groups collected in the vicinity of
Generating Station, Burlinagtoi, Kansas, March 1974 to Decemb~er 1975.

Wolf Creek

March April June September December

No./m 3  No./m 3  No./m 3  No./m 3  No./m 3  No./m 3  No./m 3  No./m 3

Taxa and Location (1974) (1975) (1974) (1975) (1974) (1975) (1974) (1975)

COPEPODA

John Redmond Reservoir 8809 20003 38649 65687 111975 122795 23673 55218
Neosho River 25366 8384 20414 13250 35524 920 26410 32072
Wolf Creek 991 4930 17003 16770 11562 154708 101 11900

CLADOCERA

John Redmond Reservoir 307 1349 26690 23304 27333 77309 2065 22024
Neosho River 1059 514 14926 2127 17777 87 1657 14406
Wolf Creek 222 106 3299 4522 393 21198 25 22129

ROTIFERA

John Redmond Reservoir 43038 398123 264471 286128 45158 290486 11091 43516
Neosho River 165245 207792 110076 22968 13496 1932 35605 84986
Wolf Creek 1120 4247 16587 41358 11243 285203 27 5087

TOTAL ZOOPLANKTON

John Redmond Reservoir 52154 419475 329810 375119 184466 490590 36829 120758
Neosho River 191670 216692 145416 38390 66797 2939 63672 131465
Wolf Creek 2333 9283 36889 62650 23198 461109 153 39116

'.0
C

2
r

2

0
2
m
2

r
5)
C)

m
2
0
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Table 7.7. Yearly mean densities (No./m 3 ) of selected
taxa from John Redmond Reservoir (Location
December 1975.

major microcrustacean
1) March 1973 to

1973 1974 1975

COPEPODA

Calanoid (Diaptomus) copepodites 2634 6948 8963
Cyclopoid copepodites 2546 6558 9006
Cyclops vernalis 284 597 443
Diaptomus pallidus 17a 1006 48
Diaptomus siciloides 1418a 1171 3458
All adult Diaptomus spp. 2591 2177 3508
Ergasilus chautauguaensis 133 39 756

CLADOCERA

Bosmina longirostris 4509 4247 10580
Ceriodaphnia spp.b 1022 2483 103
Daphnia parvula 1271 2095 2870
All Daphnia spp.c 14413 5089 3994

(juveniles and adults)
Diaphanosoma leuchtenbergianum 3032 2759 8418
Moina spp.d 163 205 7848

a
b
c
d

Males only. Females
Mainly C. lacustris
Mainly juveniles and
Mainly M. micrura

not identified to species in 1973.

adults of D. parvula

191
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1 Chapter 8

rBENTHOS STUDY

By
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I. Introduction

Benthic macroinvertebrates occupy important positions in aquatic food webs
and many have displayed sensitivity to various environmental perturbations
(Weber 1973). The accumulation of background information to be used for the
assessment and minimization of construction and operational effects near the
proposed Wolf Creek Generating Station (WCGS) has therefore included monitoring
the benthic macroinvertebrate communities of the site and immediate environs.
Species composition and relative abundance data on the benthic fauna from John
Redmond Reservoir, the Neosho River, and Wolf Creek have been collected quarterly
since March 1973 (Kansas Gas and Electric Company 1974; Nulty 1975). Objectives
of the study discussed herein were:

1. To provide additional baseline data on the benthic macroinvertebrate
fauna of the proposed WCGS site and immediate environs; and

2. To document the naturally occurring temporal and spatial variability of
benthic populations for assessing potential environmental impacts from
construction and operation of WCGS.

II. Field and Analytical Procedures

Duplicate Ponar dredge samples were collected on 17 April, 10 June,
9 September, and 3 December 1975 from John Redmond Reservoir (Location 1), the
Neosho River (Locations 10 and 4), and Wolf Creek (Locations 7, 2, 3, and 5)
(Figure 8.1). Single qualitative samples were also collected at these locations
on the same dates. The collection of each qualitative sample involved one-half
man hour of effort in hand-picking, dip netting, or seining.

All samples were sieved in the field using U. S. Standard no. 30 mesh
(0.595 mm) screen. The retained material was transferred to appropriately
labeled containers and fixed with a rose bengal staining solution of 10% formalin
(Mason and Yevich 1967). After exposure to the staining solution for a minimum
of 24 hr, samples were rewashed at the laboratory in a no. 60 mesh (0.250 mm)
sieve and preserved in 70% ethanol. Organisms were hand-picked from debris
with the aid of a stereozoom microscope, identified to the lowest positive
taxonomic level, and enumerated. Taxonomic keys used in identifications
included Andersen (1973), Beck and Beck (1966), Beck and Beck (1969), Borror
and DeLong (1964), Brinkhurst (1964, 1968), Burch (1972), Burks (1953), Cook
(1956), Edmondson (1959), Flint (1964), Hamilton and Saether (1970), Harden and
Michel (1952), Hilsenhoff (1970), Hiltunen (1973), Hobbs (1972), Holsinger (1972),
Klemm (1972), Leonard and Leonard (1962), Lewis (1969, 1974), Needham et al.
(1935), Needham and Westfall (1955), Pennak (1953), Roback (1957, 1962, 1969,
1971, 1974), Ross (1944), Sperber (1950), Usinger (1971), and Williams (1972).

Diversity indices for all quantitative samples were calculated using
the log base 2 in Shannon's (1948) equation as discussed by Wilhm and Dorris
(1968). A one-way analysis of variance was used to test for differences in
diversity values among sampling dates and locations (Steel and Torrie 1960).
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III. Results and Discussion

A. Habitat Characterization

This study was concerned with the macrobenthic fauna of three
distinctly different aquatic environments typical of east central Kansas. John

Redmond Reservoir was built by the U. S. Army Corps of Engineers in 1965 to

provide flood control and steamflow regulation for the upper Neosho (Grand)
River. At conservation level (elevation 1036 msl) the impoundment has a

surface area ?f 3157 hectares (about 7800 acres) and gross storage capacity

of 69.70 x 10 m3 (about 56500 acre ft) with approximately 75% of the basin
being less than 3 m deep (Prophet 1966; Funk 1973). Because of its shallow
depth and exposure to winds, summer thermal stratification seldom occurs and
turbidity usually remains high (Funk 1973).

The Neosho River is a relatively sluggish meandering stream which
rarely exceeds a 1 m/km gradient (Prophet 1966). River flow in the study area

depends primarily upon discharge from John Redmond Dam and is therefore subject
to extreme fluctuations according to flood control priorities of the U. S.
Army Corps of Engineers, Tulsa District. The substrates at the study locations

varied from a mixture of sand, clay, and organic debris in deeper pools to

gravel and rubble in shallower riffle areas.

Wolf Creek is a small intermittent tributary to the Neosho River.

The creek is subject to brief periods of high flow from snow melt and rainfall

runoff as well as extended periods of pooling without flow during drought.

Substrates sampled along the creek were generally gravel bottoms of riffles or

pools at Locations 7, 2, and 3 and hard clay at Location 5 (Figure 8.1).

B. Benthic Macroinvertebrate Communities

1. John Redmond Reservoir

Benthic samples collected from John Redmond Reservoir (Location 1)

during 1975 contained a total of 26 taxa of which 8 were oligochaetes and 11

were chironomids (Table 8.1). Taxa consistently common during all sampling
periods included only immature tubificids without capilliform chaetae (probably

Limnodrilus) and the midge genus Coelotanypus. However, periodically abundant

taxa (representing >10% of total benthic abundance) included Chironomus and

Procladius (Psilotanypus) in April, Tanypus stellatus in June and September,
and Hexagenia limbata and Chironomus in December (Tables 8.2-8.5). This
macroinvertebrate assemblage is similar to those previously reported from John

Redmond and is typical of reservoirs with ooze substrates receiving substantial

organic enrichment (Reid 1961; Funk 1973; Neel 1963; Kansas Gas and Electric
Company 1974; Nulty 1975).

A total of 13 taxa was collected in the reservoir benthos samples

during April (Table 8.2). Six worm taxa (62.2%), five midge taxa (31.1%), and
the phantom midge, Chaoborus punctigennis, (6.7%) contributed to the mean total

benthic density of 1276 organisms/m' (Table 8.2). The most abundant genera
present were Limnodrilus, Chironomus, and Procladius (Psilotanypus).
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Totals of 15 taxa were present in both the June and September
benthos collections with mean densities of 1488 and 1181 organisms/m2 ,
respectively (Tables 8.3 and 8.4). Chironomidae numerically dominated the
community comprising 75.4 and 68.8% of the total collections in June and September.
Tanypus stellatus, a species which prefers ooze substrates (Roback 1969), repre-
sented about 61% of the total benthos in collections from both sampling periods.
The worm family Tubificidae accounted for 21.5 and 19.2% of the benthic population
in June and September, respectively.

Benthic samples collected from the reservoir in December yielded
12 taxa with a mean total density of 992 organisms/m 2 (Table 8.5).
Chironomidae, as a whole, represented 60.0% of the total benthic population with
the genus Chironomus comprising 71.4% of that family total. Tubificidae
accounted for only 10.5% of total benthic population sampled. Branchiura sowerbyi
was the only worm identified to species, but immature specimens of other t-axa were
present in low densities (Table 8.5). The fossorial mayfly Hexagenia limbata
comprised 19.0% of the mean total benthic population and was the second most
abundant taxa collected in December. Hunt (1953), Fremling (1970), and Hudson
and Swanson (1972) have reported migration of these nymphs in rivers, lakes, and
reservoirs. However, the presence of this population does indicate that favorable
substrates and dissolved oxygen concentrations were available within the
reservoir throughout the year.

Qualitative samples collected from the riprap along the shoreline
of the reservoir near the launching ramp during 1975 yielded nine additional
taxa (Table 8.1). These included bryozoan, scud, crayfish, mayfly, damselfly,
water boatman, and midge taxa. Although these data are not sufficient to warrant
detailed discussion, they do indicate that the shoreline areas provide habitats
suitable for populations which are not otherwise supported by the open reservoir
habitats.

Diversity indices ranged from 1.33 to 2.95 among individual samples
and averaged 2.12 for the year (Table 8.6). No statistical differences (p Ž 0.05)
in diversity were found among sampling periods.

2. Neosho River

Ponar grab samples collected upstream (Location 10) and downstream
(Location 4) of the confluence of Wolf Creek and the Neosho River yielded a total
of 72 taxa during 1975 (Table 8.1). Individual samples contained from 2 to 31
taxa (Tables 8.2-8.5). Total densities ranged from 319 to 2438 organisms/m2

during 1975 and no taxon or group of taxa were consistently present in abundance.
Such variation of composition and abundance in assemblages between locations and
among sampling periods exemplifies the dynamic nature of benthic communities
typical to lotic environments where fluctuating flow rates and varied substrates
provide a variety of habitats.

2 Samples collected in April contained a mean density of 319
organisms/mr and a total of 10 taxa at Location 10, while a mean of 402
organisms/m 2 , representing 14 taxa, was found at Location 4 (Table 8.2).
Tubificidae (67.7%) and Chironomidae (26.3%) numerically dominated the fauna
found in the mud and leaf litter at Location 10 where Limnodrilus udekemianus
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and Chironomus were the most abundant taxa. The muddy gravel collected at
Location 4 supported a fauna containing 28.1% Rhyocophila lobifera, 25.6%
Chironomidae, and 23.4% Enchytraeidae.

The reduction of outflow from John Redmond Dam on 8 and 9 June
decreased flow in the river and exposed much of the previously available
habitat (Figure 8.2). Activemigration of organisms with the receding water was
observed during collection of samples on 10 June. Samples were collected from
gravel substrstes in riffles and the circumstances are apparent in the data (Table
8.3). The unusually low density and diversity in the B replicate at Location 10
could not bg explained (Tables 8.3 and 8.6). Mean densities exceeded 2000
organisms/m at Locations 10 and 4. Hydropsychidae, rheophilic net-spinning
caddis larvae (Dodds and Hisaw 1925; Ross 1944), comprised about half of the
benthic population. Abundant taxa included the mayflies, Ephoron album and
Caenis; the caddisflies, Cheumatopsyche and Potamyia flava; and several lotic
midges (Table 8.3).

River flow was low during the September sampling period which
permitted collection from riffle habitats at Locations 10 and 4. Hydropsychidae,
primarily Potamyia flava, comprised 84.5% of the 973 organisms/m 2 collected at
Location 10 (Table 8.4). Hydropsychids made up 41.3% of the 1257 organisms/m2
collected from Location 4 and the stonefly Neoperla clymene comprised 36.1%
of that density (Table 8.4).

Water level in the river was lowest during December and the
riffle fauna at Location 10 had begun to show signs of stress. Benthic density
at this location dropped to 567 organisms/m 2 and was composed of 43.3%
Chironomidae and 21.7% Sphaeriidae (Table 8.5). Location 4, a gravel bar,
supported populations totaling 2438 organisms/m 2 but was primarily Chironomidae
(68.2%) (Table 8.5).

Qualitative samples collected at the Neosho River locations
yielded a total of 65 taxa, 38 of which were not collected in the quantitative
Ponar samples (Table 8.1). Receding water during June sampling allowed
collection of many mollusc specimens (Table 8.7) which had previously been
unreported in studies of the river (Kansas Gas and Electric Company 1974;
Nulty 1975).

Diversity indices calculated from the 1975 river benthos data
varied from 0.50 to 3.75 and averaged 2.08 at Location 10 and 2.70 at Location 4
(Table 8.6). Fluctuations in diversity were greater at Location 10, because
the substrate is more variable than at. Location 4, where a uniform gravel bar
was sampled each time. The annual average values approximated the summer mean
diversity (2.64) determined for a riffle in the upper reaches of the Neosho
River near Emporia, Kansas, by Nulty (1974). No statistical differences
(p > 0.05) were found in benthic diversities between Locations 10 and 4 or
among samples collected over the four sampling periods.

Table 8.6 shows that the numbers of taxa collected from the
Neosho River during 1975 were generally larger than those of previous studies
(Kansas Gas and Electric Company 1974; Nulty 1975). This increase was primarily
due to the lower river levels which allowed better sampling of the more productive
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riffle habitats. These habitats had been obscured by high water during previous
investigations. Thus, any further interpretation of this apparent change. in
fauna should acknowledge the improved sampling conditions and not assume major
changes in the quality of the Neosho River water.

3. Wolf Creek

It is pertinent to point out that the creek was flowing only during
the April and June collections and that the September and December samples were
taken from isolated pools or puddles in the creek bed. The intermittent flow
of the creek during the two latter sampling periods limits discussion of temporal
and spatial variability.

Samples collected with a Ponar dredge from Wolf Creek (Locations
7, 2, 3, 5) during 1975 yielded a total of 84 macroinvertebrate taxa which
included 34 chironomid and eight tubificid taxa (Table 8.1). Chironomidae and
Tubificidae consistently were the most abundant families found, and comprised
more than 10% of the total benthic population in over two-thirds of the Ponar
samples collected from the creek. Other families which sporadically represented
major portions of the benthic fauna included Naididae, Caenidae, Hydropsychidae,
Simuliidae, Physidae, and Sphaeriidae. The mean density of benthos collected
at creek losations under flowing conditions (April and June) was about 1600
organisms/m (Tables 8.2 and 8.3) and the mean from the isolated pools sampled
during September and December was about 900 organisms/m 2 (Tables 8.4 and 8.5).
However, the minimum and maximum values recorded were from samples collected
while the creek was flowing: 18 organisms/m2 at Location 5 in June (Table 8.3)
and 6488 organisms/m2 at Location 3 in April (Table 8.2).

Creek samples collected in April contained a low of 4 taxa at
Location 5 and a high of 18 taxa at Location 3 (Table 8.2). Densities ranged
from 227 organisms/m2 at Location 5 to 6766 organisms/m 2 at Location 3 (Table
8.2). The macroinvertebrate communities sampled along the creek were numerically
dominated by Chironomidae, especially Orthocladius (ss), except at Location 5
where Simuliidae represented 84.0% of the population (Table 8.2).

During the June sampling, the creek was carrying runoff water
and the increased current and turbidity had apparently caused some scouring
at downstream Locations 3 and 5. The number of taxa reported per location
ranged from 2 at Location 5 to 25 at Location 2 (Table 8.8). The density of
benthos ranged from 19 organisms/mr2 at Location 5 to 3062 organisms/m2 at
Location 2 (Table 8.3). Midges of the genus Stictochironomus predominated at
Locations 7 and 2, tubificids and hydropsychids were prevalent at Location 3,
and only two organisms were found in the scoured clay at Location 5 (Table 8.3).

Although heavy rains occurred during the second and fourth weeks
of August (Figure 8.3), water in the creek bed during the September sampling
was restricted to pools and puddles. The pools sampled at Locations 2 and 3
were larger and deeper than those at Locations 7 and 5. The numbers of. taxa
collected and the density of the benthos populations were also larger at
Locations 2 and 3 (23 taxa and 1200 organi nms/m 2 ) than at Locations 7 and 5
(11 and 6 taxa, and 123 and 217 organisms/m , respectively) (Table 8.4). The
percentage of total benthos represented by tubificids ranged from 23.1% at
Location 7 to 87.0% at Location 5 (Table 8.4). This relative increase in the
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percentage of worms was probably promoted by summer emergences of insects and
the resultant reduction of total benthic densities.

December collections also were made in isolated pools and puddles
and precipitation records indicate that water flow between locations had probably
not occurred since September. Substantial amounts of leaf litter had accumulated
in the water resulting in an increased oxygen demand at all locations. When
accumulations of organic matter reduce oxygen concentrations, changes in the
resident fauna occur (Hynes 1966). Locations 2 and 3 were sampled through the
ice on 3 December and such reduced oxygen levels were evident (Chapter 4).
The presence of Tubifera at Locations 2, 3, and 5 suggests that low oxygen
concentrations had probably existed previously (Tables 8.5 and 8.7). However,
the continued existence of other macroinvertebrate populations at these locations
indicates that the oxygen stress had not persisted for extended periods of time.
Under prolonged oxygen stress conditions, Tubifera would have dominated the
fauna (Larimore et al. 1959; Hynes 1966). The favorable effect of the larger
water bodies at Locations 2 and 3 was reflected by the larger density of benthos.
These findings were similar to those of September. Sphaeriidae were found in
appreciable numbers at Locations 3 and 5 (Table 8.5). Baker (1928) and Ingram
(1940) have reported sphaeriids surviving in temporarily dry habitats but
neither offered explanations of this behavior. Snails (Physa) were numerous
in one sample from Location 7 (Table 8.5). Ingram (1940) also discussed this
genus in his paper on survival during drought. Stehr and Branson (1938) also
reported Physa as being fairly abundant and widespread in their study of an
intermittent Ohio stream. Other major populations (Table 8.5) indicative of
the degraded conditions found in the puddles along Wolf Creek's streambed
included tubificids, Limnodrilus hoffmeisteri and Branchiuria sowerbyi, and
Procladius (Psilotanypus) midges (Kennedy 1965; Schaefer et al. 1965; Roback
1971). Qualitative samples collected from the creek during December contained
26 taxa but Physa was the only taxa found at all locations (Table 8.7).

Diversity indices were calculated for all benthic samples collected
in Wolf Creek and ranged from 0.61 to 3.79 (Table 8.6). However, the data were
subjected to a one-way analysis of variance to test for differences among
locations during April and June and no significant (p > 0.05) differences in
diversity values were found. The apparent reduction of diversity at Location 5
was promoted by the hard clay substrate not offering as many microhabitats as
the gravel bottoms of other locations (Table 8.6).

C. Relationships to the Environment

The benthic fauna in John Redmond Reservoir during 1975 was similar
to assemblages found during previous studies (Funk 1973; Kansas Gas and Electric
Company 1974; Nulty 1975). The data showing numerical dominance of Tubificidae
and Chironomidae approximated that reported from other reservoirs in the Dakotas,
Nebraska, and Oklahoma (Peterka 1972; Ransom and Dorris 1972; Andersen 1975;
Benson and Hudson 1975). Although the major midge genera in John Redmond,
Coelotanypus and Tanypus, do not develop large populations in the investigations
cited above, Roback (1969, 1974) and Sublette (1955, 1957) report their cohabi-
tation of ooze substrates in Lake Texoma, Oklahoma-Texas.

The presence of Hexagenia limbata indicated that favorable dissolved
oxygen concentrations existed throughout the year in the reservoir and the
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increased abundance of this insect larvae at Location 1 during December was
probably due to a winter migration into shallower areas as reported by Hudson
and Swanson (1972). Diversity indices determined from 1975 benthic data at
Location 1 approximated those reported earlier by Funk (1973) and those found
at similar depths in Keystone Reservoir, Oklahoma (Ransom and Dorris 1972)
and Sutherland Reservoir, Nebraska (Andersen 1975). The benthic community of
John Redmond Reservoir continues to be determined primarilyby the shallow
depth of much of the basin, the fluctuating quantity and quality of the
incoming water, and the exposure to persistent winds which promotes its
generally turbid condition (Prophet et al. 1970; Funk 1973).

The temporal and spatial variability in the benthos data from the
Neosho River is primarily due to the fluctuations in the water levels over
past years. These fluctuations are caused by natural runoff and drought
complicated by the artificial manipulations created at the John Redmond Dam.
Tubificids and chironomids have generally been the most numerous organisms
collected, but caddisflies, mayflies, and fingernail clams have occasionally
been abundant (Kansas Gas and Electric Company 1974; Nulty 1975). During
extended periods of low water, the study areas of the river closely resemble
upstream riffle areas near Emporia, Kansas (Nulty 1974) and allow sampling
of more productive habitats which may be easily overlooked during periods
of high water. The increased sampling efficiency afforded by lower water
levels was reflected by an increase in the number of taxa reported during
1975 over previous years (Kansas Gas and Electric Company 1974; Nulty 1975).

The characteristics of the benthic community of Wolf Creek varied
considerably during 1975. Flow was sporadically increased by heavy rains in
June and August but was reduced to zero during dryer periods when only isolated
pools could be found in the creek bed. This intermittent character is
common to many creeks in the central United States (Carlander et al. 1966).
Many of the major taxa inhabiting Wolf Creek have short life cycles (midges
and blackflies) or are tolerant of crowding and low dissolved oxygen concen-
trations (worms, snails, and fingernail clams). These adaptations are charac-
teristic of intermittent stream faunas (Stehr and Branson 1938; Starrett 1950;
Larimore et al. 1959). Repopulation by insects after extended periods of
drought is usually accomplished rapidly by ovaposition of aerial adults which
fly in from nearby bodies of water but active migration upstream may contribute
near the confluence with more permanent streams (Stehr and Branson 1938;
Larimore et al. 1959). In spite of the precarious nature of the fauna in
intermittent streams they continue to make an important contribution to the
aquatic ecology of the mid-continent states.

IV. Summary and Conclusions

1. Benthic samples from John Redmond Reservoir, the Neosho River, and
Wolf Creek by both qualitative and quantitative means yielded 75, 110, and 115
macroinvertebrate taxa, respectively, during 1975.

2. Although the species composition found in 1975 was similar to that
of previous years, low water in the river and creek did allow collection of
several previously unreported taxa.
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3. Similar to the findings of previous studies, the benthic fauna in
Wolf Creek was the most diverse with that of John Redmond Reservoir being the
least diverse.

4.
all three
mayflies,

Tubificidae and Chironomidae were the most numerous groups present in
systems. Other groups that were occasionally abundant included
caddisflies, blackflies, and fingernail clams.

5. The benthic fauna in Wolf Creek, John Redmond Reservoir, and the
Neosho River is characteristic of that reported from similar habitats
throughout the mid-continent states.

6. Temporal fluctuation in fauna is large and due primarily to natural
and artificial changes in water level.
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Table 3. 1. Occurrence of macroinvertebrates collected in the
vicinity of Wolf Creek Generating Station, Burlington,
Kansas, 1975.

John Redmond
Reservoir Neosho River 'Wolf Creek

Taxa Ponar Qual. Ponar Qual. Ponar Qual.

Cnidaria
Pydrozoa
Hydroidea
Hvdridae
Hydra sp.

Platyhelminthes
Turbellaria
Tricladida
Planaridae
Dugesia sp.

Nematoda
Unidentified Nematoda

Ectoprocta
Phylactolaemata
Plumatellina
Plumatellidae
Fredericella sultana

Annelida
Oligochaeta

Plesiopora
Enchytraeidae
Unidentified Enchytraeidae

Naididae
Dero di?,itata

Nais bretscneri
N. elinguis

Tubificidae
Branchiura sowerbvi
Ilvodrilus temnletani
Limnodrilus cervix
L. claparedianus

.- hoffmeisteri
L. spiralis
L. udekemianus
Immature w/cap. chaetae
Immature w/o cap. chaetae

Prosopora
Branchiobdellidae
Branchiobdella americana
Cambarincola macrodonta

Hirudinea
Pharyngobdellida
Erpobdellidae

Dina sp.
D. microstoma

Arthropoda
Crustacea
Amphipoda
Talitridae
Hyaiella azoeca

Decapoda
Astacidae
Unidentified Asracidae
Orconecres s?.
0. nais

Arachnida
Araneae

Unidentified Araneae
Acarina

Unidentified Hydracarina
Insecta
Ephemeroptera

Epher~eridae
-phoron album
Hexaceni__s sp.
H. i -Dbsta
Pýentaeenua sp.
Potaianrhus en.

Caenidae
Caenis sp.
iricorvthodes sp.

1* +

4.

+ +

4- +

+

+-

+

+

+

4.

+

4.

4.

4.

4.
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4.

+
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4.
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4. 4.
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4.
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4. 4.

4. 4.

4.

4.

4.

4.

4.

+

4. -
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Table 8. 1. Continued.

John Redmond
Reservoir Neosho River Wolf Creek

Taxa Ponar Qual. Ponar Qual. Ponar Qual.

Heptageniidae
Stenonema sp.
S. bipunctatum
S. femoratum
S. heterotarsale
S. intarnunctatum
S. scitulum
S. tripunctatL=

Baetidae
Unidentified Baetidae
Baetis sp.
Isonvchia sp.

Odonata
Coenagrionidae
Argia sp.

Gomphidae
GomDhus sp.

Libeilulidae
Macromia sp.

Plecoptera
Nemcuridae
Brachvptera fasciaca

Perlodidae
Isooerla sp.

Periidae
Unidentified Perlidae
Neonerla clymene
Perlesta placida

Hemiptera
Corixidae
Unidentified Corixldae

Gerridae
,erris remigis
Rheumatobaies so.
Treoobates sp.

Belostomatidae
Belostoma sp.

Megalopcera
Sialidae
Sialis sp.

Trichoptera
Rhyacophilidae
Rhvacophila lobifera

Psychomviidae
Cyrnellus sp.

Hydropsycnidae
Unidentified Hydropsychidae
Cheumatonsvche sp.
Hvdropsvche sp.
H. frisoni
H. orris
H. simulans
Pocamvia flava

Hydroptilidae
Aravlea so.

Leptoceridae
Leptocella sp.
Qecetis so.
0. avara

Coleoptera
Dytiscidae
Unidentified Dyttscidae

Noteridae
Unidentified Noterilae

Hydrophilidae
.accobius sp.

Cyrinidae
Dineutus SD.
Gvrinus sp.

Elmldae
Dubiraphia sp.

+

+
+

+

+

+

4.
+

+
4. +4.

+.

4. 4. 4.
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4. 4. 4.

4.
+.

÷ ÷ 4.

4.
4.
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4.
+
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4.
4.
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Table 2.1. Continued.

John Redmond
Reservoir Neosho River Wolf Creek

Taxa Ponar Qual. Ponar Qual. Ponar Qual.

Stenelmis sp. + + + +
Diptera
Psychodidae"
Psychoda • op. +

Chaoboridae
Chaoborus punctipennis + + +

Simuliidae
Unidentified Simuliidae + + +

Chironomidae
Ablabesmvia (A.) janta +
A. (A.) mallochi +
A. (A.) monilis +
Cardiocladius sp. +
Chironomus sp. + + + +

C. (ss). £. var. ferrnigneovittatus +
C. (ss) tentans +
Cladotanvtarsus sp. +
Clinotanyous (ss) pinguis
Coelotanvpul concinnus type +
C. scapularis type +
C. tricolr type +
Cricotoous sp. +
Crvptochironomus blarina +
C. digicatus + + + +

C. fulvus +
C. ponderosus +
Dicrocendioes sp. + ++ +
near Demici-vptochironomus monstrosus +
Endochironomus so. + +
Eukiefferieiia so. +

E. clarioennis +
Glvptotendipes sp. +
g. (Phvtotendipes) sp. + +
Kiefferulus dux +
Larsia sp. + +
Leptochironomus sp. +
Microcricotoous sp. + +
Micropsectra sp. + + +
Microtendioes sp. + +

N. pedellus type +
orthocladius (ss) so. + + + +
Parakiefferiella sp. + + +
Parametriocnemus lundbecki +
Paratanytarsus sp. + +
Paratendipes sop. +
P. albimanus type +
Polypedilum (ss) convictum type 4 + +4+ +
P. (ss) fallax grcup +
P, (so) illinoense type +
P. (ss) scalaenum type +
P. (ss) simulans type + + + +
Procladius iss) sp. +
P. (Psilotanvpus) sp. + +
Psectroc-adius sp. + +
Pseudochironomus sp. + + +
Rheotanvtarsus so. + + + +

Stenochironomus so. +
Stictochirononus sp. + + + +

Tanvpus stellatus + + +
Tanytarsus so. + + +
Thienemanniella sp. +
Thienemanninv ia Croup + + + +

Trissocladius sp. +
Xenochironomus (A.) taenionotus +

Ceratopogonidae
Unidentified Ceratopogonidae + +

Syrphidae
Tubifera so. +

Eapididae
Unidentified Ewnrididae + +
Hemerodrcmia sop. +
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Table 8. 1. Continued.

John Redmond
Reservoir Neosho River Wolf Creek

Taxa Ponar Qual. Ponar Qual. Ponar Qual.

Tipulidae
Unidentified Tipulidae + +
Tipula sp. + +

Mollusca
Gastropoda
Pulmonata
Physidae
Physa sp. + + +

Planorbidae
Gyraulus Darvus +
Heliosoma trivolvis + +
H. truncata + +

Ancylidae
Ferrissia fragilis +
F. rivularis + + +

Pelecypoda
Heterodonta
Spaeriidae
Sphaerium sp. +
S. striatinum +
S. transversum + + +

Eulamellibranchia
Unionidae
Unidentified Unionidae +
Actinonais carinata +
Amblema oeruviana *

Anodonta grandis + +
Elliptio dilatatus *
Fusconaia flava +
Lampsilis anodontoides *

L. ovata *

Lep-todea fragilis +
Obliqueria reflexa +
Pleurobema cordatum tatillus *

P. c. pyramidatum *
Proprera alata *

P. nurpurata *

&uadrula metanerva +
_. pustulosa +
_. quadrula +

Total number of taxa 26 9 72 65 84 68

* Nonliving specimens collected.
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Table 8.2. Benthic macroinvertebrate densities (no./m 2 ) in Ponar grab samples collected in the
vicinity of Wolf Creek Generating Station, Burlington, Kansas, 17 April 1975.

Sampling Locations

John Redmond
Reservoir Neosho River Wolf Creek

Taxa 1A 11B 1OA 1OB 4A 4B 7A 7B 2A 2B 3A 3B 5A 5B_

Nematoda
Unidentified Nematoda 38 38 38

Platyhielmintihea
Turbe laria
Tricladida

'lanarl I due
.L igdsi Up. 19

Annelida
Oligochaeta

Plesiopura
Enchy t rie Idae
Unidentified Enchytraeldae "38 38 151 19 19 94 132

Naididau
NalJ elinglua_ 19 19 19 38

Tubificldae
braichiura sowerbyl 76 19
I1yodrilus Lempletoni 19 113
Limnodrlius cervix 76 76 19 19 57"
L. ctaparedianus 19
I. hoffmeisterl 170 38 38 94 19 38 397 680 19 38
L. spiral Is 19
L. udekemlanus 170 57 19
Iinzature w/o cap. chaetae 321 718 113 76 19 38 19 76 151 775 38
Inumatura wicap. chactae 38 57 19 19

Arthropoda
InsectiA
Ephtemeroptera
Caunidae

Caunis ap. 57
Iteptageni Idae
Stenonema femoratum 38

Plecoptera
Parlidai.
Ilntdentlfied Perltdae 38 19

TrIchoptera
Rhyacophilidae

Rhyacuphila lobifera 227
Coleoptura

Elmidae
Dubiraphia ap. 19
SteimIhns sp. 19

Diptera
Chauborldae
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Table 8.2. Continued.

Sampling Locatious
John Redmond

Reservoir
Taxa 1A IB

Neosho River
IOA 1OB 4A 4B

Wolf Creek
7A 7B 2A 28 3A 38 SA 5B

r.,3

Chauborus puncrlpennis 113 57
Simaul ildae
Unidentified Simmullidae

Chirouomldae
Ablabemny Ia malloch.
Chironuous .sp. 113 189
Coelotanypu8 concinnus 94 19
C. scapularls 38 1.9
C. irteoLu r 19 19
CricutopLIa lp.
Cryptocliirouomnus digi tatus
Dicrotendipus sp.
Eukiefferlella clarlponnis
Ljarata tp.
It.Ic roj3ectra sp.

Orthocladlus (ss) sp.
Parakiefferiella sp.
Paratendipes sp.
Paratendipes atbimanis
Polypudilum (sa) "convlcttun" gr.
Prucladlus (PsIlotanypus) sp. 113 170
Pseudochlronumus sp.
hieotaýIy tarsus sp.

Stictochtroslomuw sp.
Tanytarsua tp.
ThienemannJimyia group
TrtIISoCtdl us Sp.

Ceratolpoganidae
Unidentified Ceratopogonidae

Mollusca
Gast rupoda

Pulmonata
Phyaldae

hlkysd sp.
Pelecypoda
Ileterodonta

19

19
76 19 19

19 38
1.9 19 1.9

38 94

38 76
19 113 57

1976

57 94

19
38 38

19
38 19 265 94 340 718 3402 4630

19 38 19
19

38 1588 132 2230

19 57 19
19

19
19 19

76 284

2
r
n
0
U
z

z
I
0z
i2
r
n

M
U

2m
N
U'
nt

19

19

3838
19

19

19 19 38
19 19 19

76 170 94 19 19

19 94 76

19

Sphaerlidae
Sphaerium strlatinum 38 19 76 19 19

Total number/m2 964 1682 529 151 699 76 643 246 756 1436 4593 6766 227 302

Trotal number of taxa to 11 9 4 14 4 12 8 10 13 18 18 8 8
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Table 8.3. Benthic macroinvertebrate densities (no./m 2 ) in Ponar grab samples collected
in the vicinity of Wolf Creek Generating Station, Burlington, Kansas, 10 June 1975.

Sampling Locations
John Redmond

Reservoir Neosho River Wolf Creek
Taxa _A lB iOA 10B 4A 4B 7A 7B .2A 2B 3A 3B 5A 5B

U,

Cnidaria
Hydrozoa
Ilydroidea

Ilydrida.
HYdra op.

Nematoda
Unidentified Nematoda

Annelida
Oligochaeta
Pleslopora

Enchytraeldae
Unidentified Enchyrraeidae

Naididae
Dero dtgitata
Nala elinguis

Tubiftcidae
Limnodrllua cervix
L. clajaredianus
L. hoffmcisteri
T. udekemianus
Immature w/cap. chaetae
Immature w/o cap. chaeLae

Ilirudinca
Pharyugudellida

Erpobdeliidae

DlnL sp.
Arthropoda

Crustacea
Amapi poda
Tall tridae
Ilyalella azteca

Decapoda
Astacldae
Unidentified Astacidae

Insecta
Lphem•er optera

Ephumuridae
Epphoron album
lexagenia limbata
II. rlgida

19

38

57

19

19

19

19

z

n0

0
2

r

0

n

'U

i

z

n
M
0

38 189 19 38
19

19 1919

151

19
132
19

76 284
1.9

227
19 19

19 340 643 302

19

19

19

170 321 605
38
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Table 8.3. Continued.

Sampling Locations
John Redmond

hReservoir Neosho River Wolf Creek
Taxa IA IB 1OA 10B 4A 4B 7A 7B 2A 2B 3A 38 5A 5B

0'

Caenidae
Caenis op.
Trfc:orythodos op.

Heptagenlidae
S(:enonuma up.

Plcoptera
Perlodidae
Isoperia op.

Trichoptora
Ilydropsychidae
Unidentified Hydropsychidae
Chetnmatopsychie sp.
IIydrojpnyIie orris
H. frisont
If. slmtaulans
Potatmyla flava

Coleoptera
EI•midac
Stenelmts sp.

Diptera
Simultidae
Unidentified Simulfidae

Chironomidae
Ablabesmyia mallochi
Chironomus sp.
C. (so) p. vat. ferruglneovittatus
C. (9s) tentans
Coelotanypus concinnus 94
C. scapularis 57
C. tricolor 151
Cricotopkis lp.
Cryptochtronomus digitatus
Dicrotendipes op.
Glyptotendlpes (Phytotendipes) op.
Larsia op.
Microcricotopus op.
MIcropsectra op.
ticrotendlpes ap.
H. pedellus
Parametrlocnumus lundbecki

189
19

151 19 132
57

38 19

132
454

57
57
19

1682

397 227
57 38

813 794

189 38
19

94
19

76

19

19 2
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Table 8.3. Continued.

SamoplinR Locations
John Redmond

Reservoir
IA LB

Neosho River
IOA 10B 4A 4B

Wolf Creek
7A 7B 2A 2B 3A 3B 5A 5BTaxa

r'J

Paratanytarsus sp.
ParatendIpes nr. albimanus
Polypedilum (s8) convictum type

P.' '-a) ,L-acaleaum type
P.(as) uintlaiis type

Proc:1aditis Q!'i pusi~o) sp.
I'seudochlroinomus up.
Rhoeota!!ytailsus up.
Staoiockhrlomus up.
Stictocilrommmrus sp.
Tanlypl~s stellatus

rTuenemani~nmyla group
(:eratopugonidae

JUl hienti fled Ceratopogonidae
Empipdidae
Uniduntif1ed Empididae

Ti puli dae
Unidentified Tipuiidae

Mo 1los ca
Gastropods

Pu Imoziata
Physidae

Pliysa up.
IPlaiiorbidae
lkeltsuma truncata

Pelecypoda
lie to tdonta
Sphaer~idae
Spliaerlum transverstim

19
19

151

699
1.9
57

227
284
284

38
113

321
19

94
19
19

19 19 38 19 38 19

19
19

19 94

19
38 19

94 2230
19

1833 1984 38
1002 813

19

38 19 19

1919

132

19

19

38

113

19

2

na
'U
2

3a
2

-4
F
won
z
2m
'U

38

57 19

19 132 189 208 19 19

Total number/m
2

1625 1361 5122 170 2174 2174 1191 3005 3062 2457 265 605 19 19

Total nuwaber of taxa 9 11 29 2 14 17 20 10 20 9 7 8 1 1
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Table 8.4. Benthic macroinvertebrate densities (no./m 2 ) in Ponar grab samples collected in
the vicinity of Wolf Creek Generating Station, Burlington, Kansas, 9 September 1975.

Sampling Locations

John Redmond
Reservoir Neosho River Wolf Creek

'Taxa IA 1 ICOA lOB. 4A 4B 7A 78 2A 2H 3A 3B 5A 5B

N.um tuda
Unidentified Nematoda 19

Anae lida
Oligochaeta

PtL[siuopora r
Naididae
hero _I itara 38 38 0

Tubificidae M
Branchlura 8owebyl 19 38 38 38 265 2
Ilyodrilus templetoni 38 38
IIUmnodr.tiu cervix 38 19 19 19 170

L. hoffmeisterl 38 38
L. udekt•,nianua 38 19 76 19 19 0
Irmmature w/cap. chaetae 38 38 19 38 19 76 529 19 19 2

00 Immatirts w/o cap. chaetae 94 113 19 19 794 794 38 170 208 94

Prosopora N
Branchlobdelldae 2
Cambartncola mac rudouta 19 A

Hit rudinea >

Pharyngodel 1lda 
r

Erpubdl l.1dau (a

DJ] iLLntcromtoma 19 n
Arthropoda i
CrUaLacea 2

Amphipoda n
Talitrtdae MI

Ilyale lla azteca 19 It
Dbecapoda
Astacidae
Unidentified Astacidae 19

Arachlida
Araneaoe

Unidentified Araneae 19

Acat'ina
UnidentLified Ilydracarina 38



- 1l l l l ~ -m -

Table 8.4. Continued.

Sampling Locations
John Redmond

Reservoir NeosLo River Wolf Creek
'axa IA IB IOA IOB 4A 4B 7A 7B 2A 2B 3A 3B 5A 5B

Insecta
Upltumoro p tar

Ephemcrida e
Ilexagenita tp.
H. limbata
Putomanthus op.

Caenidae
Laenhi op.
Tricorvihodes sp.

Ileptagonitdue
Steoloneua tip.
5. tripuntetaum

PIecoptera
Perlodidae
Isoperla op.

Per]idae
Nooparla clymene

Ilemiptera
Corixldae
Uniduntified Corixidae

Trilchoptera
liydropsychidae
Unidentified Hydropoychidae
Cheunwtopsyche ap.
HyrpopAche orriki
H. frIsoni
Potya flava

Leptoceridae
Oecetis tip.
Q. avara

Coleoptera
Elmidae
Dubiraphia op.
Stenelmia op.

Diptera
Chaoboridae
Chaoborua punctipenuia

Chironomidae
Cardlocladius ap.
Coolotanypus scapularia.
C. tricolor
Cryptochlronomus digitatus

38

57

19 19
19 19 19

19

19 38 38 265
19

19 19
19

38 38 19

113 227 680

zr
)0F
U
z

2
I
I"m

m
2a
mI
0

19 19

19 19
19 57 94

19
19

1077 529 321 510 38

19

57 57 170

19 19

19 94

113 94 19

19
94
19

19 19 94
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Table 8.4. Continued.

0o

Sampling Locations
John Redmond

Reservoir Neosho River Wolf Creek
Taxa 1A 1B IOA lOB 4A 4B 7A 7B 2A 2B 3A 3B 5A 5B

Glyptotandipes (Phytotendipeo) op. 57
Larsia op. 19
Leptochironomus op. 151
Micropsectra up. 19 19
Orthocladtua (as) op. 19
PolypL.dtlum (as) convictum type 19
P. (as) scalaenum type 19
P. (as) aimulans type 19
ProcladiuS (as sp. 19
P. (Psilotanypus) ap. 19 76
Pseudochironomus ap. 57
Rheoutanytaraus ap. 19 19
Stictochironomuts p. 19 19 19
Tanypus stellatus 359 1096 38
Tanytarsus op. 57 19

Ceratopogonidae
Unidentified Ceratopogonidae 57 38 113

Mollusca
Gastropoda

Pulmonata
Physidae

Physa op. 94 113
Ancylidae
Ferrisla fragllIs 38 113 38

Pelecypoda
HeterodonLa

SphaerLidae
Sphaeriura transveraum 57 1.9 76 94

Eulamellibranchia
Unionidae
Unidentified Unionidae 19
Anodonta grandls 19

Total number/m 2  
813 1550 1304 643 756 1758 151 94 1436 1.153 472 2325 265 170

Total number of taxa 10 10 7 5 9 15 7 4 18 12 11 21 4 5

2
rh
a

M
z

z

3
0
2

m
M
n4
r
z
n1
'I
0
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Table 8.5. Benthic macroinvertebrate densities (no./m 2 ) in Ponar grab samples collected in
the vicinity of Wolf Creek Generating Station, Burlington, Kansas, 3 December 1975.

Sampling Location
John Redmond

Reservoir
IA III

Neoaho River
1OA lOB 4A 4B

Wolf Creek
7A 7B 2A 2B 3A 3B SA SB

HO

Taxa

Coidaria
Hydrozoa

tlydroldea
llydridau
!HydrIa op.

Platyhelmintheas
Turbel [aria

Tr Icladida
Plalnar Idae
DL'goA" op.

Nematoda
Unidentified Nematoda

Ectuprocta
Phylectolaemata
PlumatallIna
Plumatellidae
Fredericelta sultana

Annelida
Oligochaeta
Plasiopora
Naldidae
Dero digitata
Naia elingula

Tubificidae
Branchiura sowerbyi
Tljodrlius templetoni
Llmnodrilus cervix
L. claparudianus
L. hoffmeiatert
L. udekemtanus
Immature w/ cap. chaetae
Immature w/o cap. chaectae

Prosopora
Branchiobdellidae

Cambarincola macrodonta
llirudinea
Pharyngodellida

Erpobdellidae
Dina op.

D. itacrustoma
Arthropoda
Crustacea

38 76

19 19

94 57

F
n
z

0
2

z

2
.4
r
0

19

38

19

19

19
38 57

19 19
19

76
19

340 548

5./
38 57

19
19 94 19

132 57 19
19 57 19 19 680 38

76 151 76 19
76 76 38 38 246 227 19
38 38 38 170 284 926 227 113

19 38
19 113

19 38

38 284

19

19
38 38 19
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Table 8.5. Continued.

Sampling Location
John Redmond

Rese rvo i r
IA 18

Neosho River
10A lOB 4A 48

Wolf Creek
7A 7B 2A 2B 3A 3B 5A 5HTaxa

Samp1 Ins Location

Decapoda
Astacidae

Orconectes op.
Insects

Ephaiieroptera
Ephemeridae
flexagenta limbata
Pentagenia ap.
Potamanthus op.

Caenidatt
Caenls sp.
TrIcorythodes sp.

Ileptagenlidae
Stenonema sp.
S. bipunctatum

Piecoptera
PerlodIdae
Isoperla ap.

Hemiptera
Corixidae
Uniduntifted Corixidae

Trichoptcra
Ilydropsychidae
Ilydrojpyche ap.
11. orris

Leptoceridae
Oecetts sp.

Coleoptera
Elmidae
Stenelmia op.

Diptera
Paychodidae
Pychoda ap.

Chaoborldae
Chaoborus puuctipennis

Chironomidae
Ablabesmyta monlits
Chiroiiomus op.
CiatotalyLtarsus op.
CIILIi naaypus (es) pjnguls
Coulotanypus concinnns
C. scapularis
C. tricolor

19

189 189 19
19

94

19

38
19

19
38 19

38 246

19 113 57

19

19 19

z
r
0
0
U

2

r

0
2

z2

n
m0I

19

19
19 19 57

19 19

57 76 208 38

76 57

38 151

94 19

19

38

19

19

76 38
38

378 472

57 38
76 57
38 38

38 57 397 284
19

38
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* Table 8.5. Continued.

Sampling Location
John Redmond

Reservoir Neosho River Wolf Creek
Taxa IA 1B 1OA 1OB 4A 4B 7A 7B 2A 2B 3A 3B 5A 5B

Cryptochironomua blarina
C. fulvus
C. onerou
Dicrotendipes op.
near Demicryptochironomus monstrosuB
G llptotendipea qp.
Kiefferulus dux
Larsia op.
Orthocladius (so) op.
Parakiefferlella op.
Polypedilum (as) slimulans type
Procladlus (as) op.
P. (PoL1otanTusYp) op.
Pseudochironomus op.
Stictochironomus sp.
T'anytyrsus sp.
Xenochironomus (Anceus) taenionotua

Ceratopogonidae
Unidenttfied Ceratopogonidae

Syrphidae
Tublfera up.

Tipulidae
Unidentified Tipulidae
Tipula op. 38

Mollusca
Gaatropoda

Pulmonata
Phyaldae
!PIya op.

Planorbidae
GCyraulus parvus
Helisoma trivolvIa

Ancyltdae
Ferrastia rivularia

Pelecypoda
IHeterodonta
Sphaerlidae

Sphaerlum tranaveraum 38

38
19 19

38
57

76 132 19. 38

19

19
19

19

57
57

38

19
57
19

19

132

19
19 227151 19

57
19

113

472 624
302 605

19 19

Or

n

0a

m

z

0

2

m
z

2
(1
NI
M

19 151 11.3 38

19

19
38

19
38

208

19
1.9

57 132 189 38

57 76 1.70 1.9 38 19 1.51 397 94

Total number/m2 983 1002

12 3

548 586 2003 2873 1.89 737 1361 3024 1323 1323 284 321

Total number of taxa 15 11. 22 31 8 9 16 20 12 12 9 2

a Present as colonies.



Table 8.6. Diversity indices calculated from Ponar dredge samples collected in the vicinity of
Wolf Creek Generating Station, Burlington, Kansas, 1975.

Sampling Locations
John Redmond
Reservoir Neosho River Wolf Creek

Sampling Date Replicate 1 10 4 7 2 3 5

17 April A 2.87 2.30 3.05 2.66 2.43 1.57 2.35
B 2.95 1.50 1.42 2.47 2.27 1.84 0.70
Mean 2.91 1.90 2.23 2.56 2.35 1.71 1.52

10 June A 1.45 3.60 2.60 3.83 1.60 2.16
B 1.74 0.50 2.75 1.03 0.61 2.15 *

Mean 1.60 2.05 2.67 2.43 1.11 2.15 *

9 September A 2.12 1.04 2.27 2.25 3.79 2.80 *
B 1.33 0.99 2.54 1.92 2.97 3.73 1.58
Mean 1.72 1.01 2.41 2.09 3.38 3.27 1.58

3 December A 2.64 3.75 3.28 2.58 3.44 2.80 2.65
B 1.87 2.96 3.66 2.23 3.27 2.19 *
Mean 2.26 3.36 3.47 2.41 3.36 2.50 2.65

1975 Mean 2.12 2.08 2.70 2.37 2.55 2.40 1.82

.Is

2
rn

2

0
z
m
2

n
m
2)

* Insufficient data.
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Table 8.7. Macroinvertebrates collected qualitatively in the vicinity of Wolf Creek Generating

Station, Burlington, Kansas, 1975.

S. 0 7 2Aprt 3_Taxa 1 10 4 7 •2 3 5
Julie

1 10 4 7 2 3 5
September

110 4 7 2 3 5
December

1 10 4 7 2 3 5
a

Cyndarla
Ilydrozoa
Ilydroidea
ilydridae

!!ydra ap.
Platyhlziinth~es

Iurbe llar id
Tricladida
Planaridae,
lhiugtiaa ap.

Nomatuda
Unidentified Neinatoda

Ec toproeta
Pliyilict~oiaemata
Plitmatlllna
IiturnatLuIldae
Frudurlccjla sultana

Anneii1 da
O1igoelkaeta
Plesiopora
Naldidae
!!cro digitata
NaIij breiaclieri

Nq. elinguis
frubificidae
Branchiura suwerbyl
Limnodrilus cervix
L. hoffmeitsert
Iminriture w/o cap. clicetae

Prosocpure
liranchitubdellIidae
BranchiubduAlah americana

Ifirudinea
Pbs ryiigubdel Iida
Erpobdu Ilidae
Dinia (M.) inicrustoma

Ar tlropo-da
Crust acea

Amnphipoda
Talitridde
11yalthela azteca

Dec apoda

Asaciidae
IUiil..IciLl fled Astacidae

-Orconectos ap.
0. nais

a
0

0 R

bR

0 R

R

R

2

2

0

2

in

2

in
m
m

R

R
R R

R
R
R
R

R

R R R

R R

R RC ~co 0 0 R R
R

R R

R K
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___ Apr i I
1 10 4 7 2 3 5

June
1 10 4 7 2 3 5

September
1 10 4 7 2 3 5

D)cembe r
1 10 4 7 2 3 5Taxa

ma8ceta

Ephemeroptera
Ephemeridae
Ephoron album
Ilexagenia limbata

_LI. rigida
Putainanthud op.

Caenldae
Cacni a ap.
TrIcoryt hadeB sp.

flep tageni idae
Unidentified leptagenitdae
Stenoneina tp.
S. funoratum
S. heterotarsale
S. interpunctatum
S. acItululn
Sq tr I punetatuma

BatLidaU
Unidentified Baetidae
Baettis sp.
Isonychla sp.

Odonata
be Cuenagrtonldae

Argla oip.
Gutaphidae
GOMPhus tp.

Libllulidae
Macro(uta op.

P l.ecotaera
Neumoir idae

brachyptera fasciata
Perlidae
Neopertaý clymene
Perleata placida

Hemiptera
CorIxidae
Unidentified Corixldae

Gerridau
Gerris reialgis
1heumatobates tp.
Treebates ap.

bloustomatldae
BeJusoatoa sip.

Megaloptera
Sialidae
Sialls tip.

Trichoptera
Rhyacophl lidae
Rltyacuphila lobifera

C
R
R
0

R
0
R

R R R R

R

R
R

R
R

cdC A
R A

R R
R R R

R
It

R R,

RR R 0 R R R R

R
R

0

2
r

in
2

a
2

r
In
n
in
2
0
in
M'

R R R O R

R R

R R

R

0

0
O)

R C

0 R R K
R
0

R R

R

R

0 0
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GTable 8.7. Continued. .

'rxa 1 10 4 7 2 3 5
June

1 10 4 7 2 35
September

1 10 4 7 2 3 5
December

1 10 4. 7 2 3 5

Psychomyl idae
Cyrnelius sp.

IlyJr upsy ch idae
Uniidenti fied flydropsychidae
Lhtium~atuj)uyche up.
i~ydcopaycllc frisuni

Potamyia flulva
llydropci tidac

Agtayiua 81).
ILeptocer~ldae

Cul.±optera
IDytLlsic [dae
Unidentified Dy tiarldae

No ter idae
Unidentified Noteridae

Ilydrophilidac
Laccoblus sp.

Gyrinidae
D)intUtuLU Up.

GyrlInus sp.
Elialdite

N') stenelisi up.
Diptera

Chaub r [dae

Chljuorus punctipennis
Simullidee
liraldeuifitjed Simu].iidae

Ch i runoiuidae
Ablaibestnyta (A.) janta
Chilronomuu ap.
Lryptuchironomus digitatus
Dicrotendipes 8p.
Endoedroinomus zip.

EukieffeaduI1a sp.
Glyptotendfpcs (1Ihytotendipea) sp.
Mfc~rocrf!oLopj!S Sp.

Mlcrutendipau sp.
OrtL iuc lad Ius ( ss) up.
Pa-raki-efforiulta,1 sp.
tolypedlurn (ss) convicturn type

P. (ba) fal1ax. group
P.(ss) lllitiouene type

P. (6u) lImIilanII type-
TsectrOCla.IHUS Up.
Pseudoch Irunolmus up.
Rhieo tany ar sits sp.
Stenucliruninaus up.

Stletoelljronousiu sp.

R

0
A
A
0
A
R
A

0
0
R
A R

R

R
0
A

0

ft

Rt

Rt

R

R fR

R
R R R C

F

0

0
2

9
m
2

r
ID
n
N,

2
n
N'
m'

R R 0 R

R

O0AC 0 0 1 0

Rt

Rt

ft
ft

R

R

R R

R

R

R R
R

ft

Rt
0 0 0

R
R

R
ii

R 0 R 0R

ft
R

RC
Rt

U
R R

It

0
R
0
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Table 8.7. Continued.

April
1 10 4 7 2 15

June
1 10 4 7 2 3 5

September
1 10 4 7 2 3 5Taxa

December
1 10 4 7 2 3 5

'ranypus %LelIHLaUS

1,iiytarsus sip.
'Ihientemaniwaiiyla group
Syrphidac
Tubj!.!ýi op.

Emap ididae
Iheje rod routla tip.

Tiptil 1dae
hiold..i~t iticd Tipulidae

Mo1Iu~ita
Gastirupuda

PuIlflOnln tal

Phiysidae
Physa tip.

I'lanorbidae

Ilellsomna trivolvis
11. trvuicata

Ancylidae

[eurissita rivularis
Pelveypoda

Ileteroduitta
SpLiaecildae

N) ýLphlaLvrilu oip.

CI S. tranoversuni
EtalamellI branchila
Diiiotildati

Actinonalati carinata
Am blewa IL4ruviana

Altouiita qaidtis
Elliptio dilatatus
Fusconala fHavai
amp MI)Is allindu-ntoideo

-At oat
Leptodea fratgtisd
Obliqiieria reflexa
Pleurohemia curdatiam catillus
1ý. S. pyraukidat~im
Proptera alata
P. liurpurata
Quadrula nietanerva
~.pustulo.sa

Aj.~iadr~ula

R
R

R R
R

R R

K R R R

R

R 0 0 R

0

R R

R

R 0 0R

0OR

R

2

0
0

0

2

r
MA
n
m
2
n
in
M

R
0 0

R+e

R

R

R+
+

+
+

+

+
+

R+
+ i

H

R

a 0 = Occasional (5-25).
b R = Rare (1-4).

c C = Common (26-99).
d A = Abundant (100 +).
e + = Nonliving specimens collected.



Table 8.8. Numbers of benthic macroinvertebrate taxa in Ponar dredge samples collected in the
vicinity of Wolf Creek Generating Station, Burlington, Kansas, 1973-75.

John Redmond
-Rese v.1r Neou1ho River Wolf Creek

.. ...... D .... ... . . .....97 .10 ........... 94 7 2 3 5 19 17994
Sa lnn• Djates 197"3 1974 1975 1973 1974 1975 1973 1974 1975 1973 1974 1975 1973"1 974 !.915 1.973J 1974 1975 1973• 1974 1975

Ma r:h/Apri•r I

Ilyd ljaychldae

Ttibtcr da

Ch I a uoiua d ae

OLher

TfI i a I

Tubitltidae
Ilyd i 1iyvcIt I dae
CIt I tl-wuit dae

To t' I

c! ltib 1 It

Tubifclidae
tlyh ruptiy h i dae
Chli ruwid•,eLtlydroscde

0 t 1 rl
,rotalI

3 1 7
0 0 0
4 4 5
2 2 1
9 ii 13

3 1 4
0 0 0
3 3 7
1 4 4
7 8 15

I 1 6
I 0 0
I i 6

I i 3
5 9 15

4 4 3
0 0 0
6 7 5
3 5 4

13 16 12

-a 5
0

S- 4
- 10

- - 10

I U
0 6
1 13
2 10
4 29

- - 2
-- - 0

4
- - 8

- 14

0 1
U 3

1 9
- 5 9
- 6 22

4 4 2
0 0 5
7 2 4
R 1 7

19 7 18

6 5
3 1 3
4 7 13
2 5 15
9 19 36

3
- 0
- 9

4
- 16

0 1
1 3
2 1
7 6

- 10 11

1 2
- 2 1

3 6
6 10

12 19

3

-- 11
- - 8

- 23

3
0-

- 2
- 6

- - 11

-. " - 4

S - (3

- - 58
-- Is

5 4 3
0 0 0
7 10 7

14 7 4
26 21 14

5 5 5
2 1 1

12 4 11
16 6 9
35 16 25

4 3 5
0 0 1
3 4 7
6 5 10

13 12 23

4 7 6
1. 0 0
6 8 5

i1 7 14
22 22 25

5 6 3
U 0 0
5 8 12

12 12 7
22 26 22

7 6 4
0 1 2
2 7 6
9 4 1

18 18 13

3 1 4
0 0 0
3 0 7

3 2 1?
9 3 23

2 4 6
1 1 0
3 15 3
6 14 7

12 34 16

2
1
2
2
7

0
0
0
2
2

6 2
0 0
2 5
1 4
9 11

z
rn
a
m

0

z
F
M

n
M
to

1 3
0 0
0 1
0 2
1 6

3 2
0 0

- 4 1
- 4 6
- 11 9

a Not sampled.
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NALCO ENVIRONMENTAL SCIENCES

Chapter 9

FISHERIES STUDY

By

Donald C. Szmania
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I. Introduction

Baseline information of the Neosho River basin fishery near the proposed
Wolf Creek Generating Station (WCGS) was obtained during 1973 and 1974 (Kansas
Gas and Electric Company 1974; Szmania and Johnson 1975). This report contains

the results of investigations conducted in 1975 to provide additional precon-

struction data on the area which may be affected by construction and operation
of WCGS. Specific objectives of the study were to obtain information regarding:

1. Species composition, relative abundance, and seasonal distribution
of fish inhabiting John Redmond Reservoir, the Neosho River, and
Wolf Creek near the proposed site of WCGS;

2. The food habits and age distribution of selected species; and

3. The occurrence and identification of larval fish in John Redmond
Reservoir and immediately downstream of the dam near the proposed
WCGS make-up water intake structure.

II. Field and Analytical Procedures

A. Sampling Locations

Four locations were utilized for fish sampling within the three
water systems (Figure 9.1):

1. John Redmond Reservoir (Location 1) was sampled near the boat
launch and off the dam face. Current in both areas was negligible and the
bottom was composed primarily of ooze with occasional rock and gravel deposits
near shore. Maximum depth was approximately 3 m.

2. The Neosho River was sampled at a location approximately one
mile downstream from its confluence with Wolf Creek (Location 4). The

sampling area included a shallow gravel bar and deep holes.

3. Locations 2 and 3 were located in Wolf Creek, a shallow inter-
mittent stream characterized by pool and riffle areas. When stream flow
was discontinuous, -sampling was conducted in stagnant pools. The bottom

substrate consisted of gravel with occasional deposits of silt and clay.
Water depth was usually less than 1 m.

B. Sampling Methods

Fish samples were collected once per month during April, June,

September, and December 1975 by the following methods:

1. Seining

A seine, 15 ft long and 6 ft deep with 0.25 in Ace mesh, was

used to collect forage-size fish from the shallow areas at all locations.

A sample consisted of two to four hauls at each location. Samples were preserved
in 10% formalin and analyzed in the laboratory.
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2. Gill Netting

Two experimental mesh monofilament gill nets were employed at
the deeper areas of Location 1. Each net consisted of a 90 ft x 6 ft panel
of 2 in stretch mesh and a 180 ft x 6 ft panel of 4 in stretch mesh. During
each sampling period one net was set near the dam face and another near the
boat launch, northwest of the dam. Nets were set perpendicular to the shoreline
in 2-3 m of water with the small mesh nearest the shore. An overnight sampling
effort of approximately 12-14 hr was expended during each sampling period.

3. Hoop Netting

Hoop nets were used to collect fish from Location 4. Two hoop
nets of 1 in square mesh, 8 ft long by 2.5 ft in diameter with 6 ft wings, were

set overnight during each sampling period. Sampling effort averaged 18 hr
per set.

4. Larval Fish Sampling

Larval fish were sampled in John Redmond Reservoir (Location 1)
and below the dam (Location 1P) during April and June 1975. Two 0.5 m diameter,

no. 0 mesh Nitex plankton nets were towed simultaneously for 3 min at the
water surface. Each net was equipped with a General Oceanics flow meter (Model
2030) and the volume of water sampled by each net was computed. Samples were
preserved separately in 10% formalin and analyzed in the laboratory.

C. Data Collections

Fish collected by gill netting and hoop netting were identified,
measured (total length in mm), and weighed (g) in the field. Forage-size fish
collected by seining were identified and measured in the laboratory. Fish
identifications were made with the aid of keys by Eddy (1953), Cross (1967),
and Pfleiger (1971). Larval fish were identified to the lowest positive
taxonomic level using Fish (1932), Mansueti and Hardy (1967), and May and
Gasaway (1967). Larval fish densities were expressed as the number of larvae

per cubic meter (no./m3).

Stomach samples were obtained from selected game fish and preserved
in 95% ethanol for laboratory analyses. The contents of each stomach were
examined using appropriate microscopic techniques. Food items were identified

to the lowest positive taxonomic level, enumerated, and measured to the nearest
0.1 ml by water displacement. The following taxonomic keys were used to identify
food organisms: Burks (1953), Pennak (1953), Needham and Needham (1962),
Hilsenhoff (1970), and Usinger (1971).

Scale samples were collected from selected game fish, impressed on
cellulose acetate slides, and examined with the aid of a slide microprojector.
Age was determined for individual fish and mean lengths were calculated for
each age group represented.

Water temperatures were recorded in conjunction with each fish
collection using a Whitney TC-5A thermometer.
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III. Results and Discussion

A. Physical Parameters

In general, surface water temperatures were similar among all
locations during each sampling period in 1975 (Table 9.1). Water temperatures
ranged from 2.2C (35.9F) in Wolf Creek on 3 December to 26.2C (79.2F) in the
Neosho River on 10 June.

Water levels were similar at John Redmond Reservoir during three

of the sampling periods. The reservoir level was higher in June than during
April, September, and December (Figure 9.2). The flow rate and water level
of the Neosho River were primarily dependent upon outflow from the reservoir
(Figure 9.2). Moderate flow was observed during the April sampling period;

consequently, the gravel bar habitat at Location 4 was inundated. The river
level was low on 10 June, exposing the gravel bar. River flow was minimal
from mid-July through December (Figure 9.2). Wolf Creek exhibited lotic
characteristics (pool and riffle habitats) in April and June, whereas in
September and December flow ceased, resulting in a series of isolated pools.
Water levels were generally lower than during previous studies (Kansas Gas

and Electric Company 1974; Szmania and Johnson 1975).

B. Species Composition and Relative Abundance

1. General

Scientific and common names of fish collected during the

1975 and previous studies (1973-74) are listed according to Bailey (1970)
in Table 9.2.

Total catch during 1975 consisted of 2608 individuals repre-
senting 30 species. Seining was the most successful method in terms of
numbers collected. Total catch was numerically dominated by red shiner.
Ghost shiner and mosquitofish were also abundant in the seine collections.

Larger individuals of commercial and game species were taken in limited
numbers by gill netting and hoop netting. Adult gizzard shad, river carpsucker,
channel catfish, white bass, and freshwater drum were the predominant species

collected in terms of biomass. No endemic or endangered species were collected
during the 1975 study.

A total of 40 species has been collected in the study area since
1973 (Table 9.2) with species composition being similar each year. The
slenderhead darter was collected for the first time during the 1975 study.
Redfin shiner, golden redhorse, flathead catfish, brook silversides, spotted
bass, orangethroat darter, bluntnose darter, and walleye were collected in
1973 and/or 1974 but not during 1975. The red shiner was the predominant
species collected during each study.

2. John Redmond Reservoir

a. Seining

Results of seine collections are presented in Appendix F,

Tables F.I-F.4.
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A total of 89 individuals of 11 species was collected from
the reservoir by seining (Table 9.3). Ghost shiner and red shiner were the
predominant species collected and comprised 39 and 23% of the total catch,
respectively. Both species are considered very abundant in the Neosho River
drainage (Cross 1967). Young-of-the-year (YOY) carpsucker (Carpiodes sp.)
and white bass were collected by seining during the June sampling period.

Although fewer fish were collected during 1975 than in
previous years, the number of species collected was similar among years.
No fish were collected by seining during September 1975. Young-of-the-year
gizzard shad were abundant during the previous two years, but were not
present in the 1975 collections. Numbers of YOY white bass and bluegill also
diminished in the 1975 collections. Fewer juvenile fish in the 1975 collection
may indicate reduced spawning success of several species, or that the young
of these species were not accessible to seining.

b. Gill Netting

Results of gill net collections are presented in Appendix F,
Table F.5.

Total catch by gill netting consisted of 110 individuals of
8 species (Table 9.3). River carpsucker and freshwater drum were the pre-
dominant species collected, whereas adult gizzard shad, channel catfish,
and white bass were common.

The number of species collected by gill netting remained
similar from 1973-75 (Table 9.3). The flathead catfish was collected in
previous studies but was not found in 1975. Although total catch in 1975 was
greater than that of the two previous years, the greater success was due in
part to the increase in effort from one to two gill net sets. Freshwater
drum exhibited the greatest increase in total catch. Forty percent of the
freshwater drum collected were yearlings, indicating that the reservoir may
have produced a strong year class in 1974. The number of white crappie,
although collected during all three years, decreased during 1975.

3. Neosho River

a. Seining

A total of 1920 individuals of 16 species was collected by
seining at Location 4 (Table 9.4). Channel catfish, largemouth bass, and
slenderhead darter were collected for the first time at this location. Red
shiner dominated the collections and comprised 81% of the total catch, whereas
mosquitofish, ghost shiner, and slim minnow were common. The abundance of the
red shiner in 1975 was primariy due to the preponderance of juvenile individuals
(based on length-frequency) in the September and December collections (Appendix
F, Tables F.3 and F.4). Similar results were also reported in 1974 (Szmania
and Johnson 1975). Cross and Collins (1975) stateO that the red shiner is a
prolific and ubiquitous species and that its populations frequently consist
of mainly one-year-old individuals. Mosquitofish were most abundant in
September of 1974 and 1975. Cross (1967) reported that in the spring this
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species is scarce due to high winter mortality, but it rapidly becomes abundant
in autumn after producing several successive generations. The ghost shiner
and slim minnow are both considered common in the Neosho River (Deacon 1961)
and were routinely collected during 1975.

Young-of-the-year white bass and freshwater drum were present
in June. Limited numbers of juvenile carpsucker, buffalo, channel catfish,
bluegill, longear sunfish, orangespotted sunfish, and largemouth bass were
also taken during 1975.

The greater total catch during 1975 over the two previous
years was primarily due to the increased catch of red shiner in December.
Other species which increased in total numbers were ghost shiner, slim minnow,
and mosquitofish. Reduced river flow and stable water levels during 1975
provided more favorable seining conditions than in either of the previous
yeras. During 1973, fewer fish and fewer species were collected than in 1974
or 1975 with the predominant species being the bullhead minnow, red shiner,
and ghost shiner. Species composition and relative abundance were generally
similar during 1974 and 1975 with the red shiner, ghost shiner, and mosquitofish
being predominant during each study period. The changes in species composition
after 1973 probably can be attributed to the relocation of the seining site
from a steep muddy bank to a gravel bar in 1974.

b. Hoop Netting

The total hoop netting catch in 1975 consisted of 10
individuals of four species (Table 9.4). White crappie accounted for over
half of the total catch. The channel catfish was collected for the first
time by this method. Total catch and species composition were similar among
years.

4. Wolf Creek

A total of 482 individuals of 18 species was collected by seining
in Wolf Creek (Table 9.5). Fish that were collected primarily consisted of
small forage species (minnows and juvenile centrarchids). Species composition
at Locations 2 and 3 was similar. The red shiner was numerically dominant
at both locations while green sunfish, blackstripe topminnow, and oragnespotted
sunfish were common. Four species were collected at Location 2 and six species
at Location 3.

The rosyface shiner was collected exclusively at Location 2 during
1974 and 1975 (Table 9.5). Deacon (1961) reporte,' that the rosyface shiner
is found in tributary streams of the Neosho River but rarely in the mainstream.

Species collected during the two previous years but not during
1975 included carp, redfin shiner, fathead minnow, bullhead minnow, golden
redhorse, shorthead redhorse, channel catfish, mosquitofish, bluntnose darter,
and orangethroat darter. Total catch and number of species were similar between
years even though drought conditions were prevalent in the Wolf Creek area
during the September and December sampling periods; discontinuous flow reduced
the aquatic habitat to a few isolated pools at Locations 2 and 3. Red shiner
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was the predominant species during each year. Cross and Collins (1975) stated
that red shiners are abundant especially where conditions are unstable due to
irregular flow or high turbidity.

C. Age Analyses

A total of 50 individuals (represented by white crappie, white
bass, and freshwater drum) was aged by scale analysis (Table 9.6). White
bass from John Redmond Reservoir were represented by Age Groups 0, II, III,
and IV with Age Group III being predominant. Yearlings (Age Group I) were
predominant among the white crappie and freshwater drum. Freshwater drum
were represented by Age Groups I through VI.

The mean total lengths of various age groups of white bass from
John Redmond Reservoir were similar to white bass from Arkansas and Oklahoma
reservoirs (Ruelle 1971). Szmania and Johnson (1975) reported white bass from
the 1972 year class (Age Group II in 1974 study and Age Group III in the
present study) were predominant, indicating that it was a dominant year class
for this species. Several age groups of freshwater drum from the reservoir
exhibited greater mean lengths than drum from Lewis and Clark Lake, Nebraska
and South Dakota (Swedberg 1968). Mean lengths of white bass and freshwater
drum were generally similar between the 1974 (Szmania and Johnson 1975) and
1975 studies.

Data from the Neosho River and Wolf Creek were too limited for
meaningful comparisons.

D. Food Habits

Detailed results of monthly stomach analyses are presented in
Appendix F, Table F.6. The number of stomach samples was limited; consequently,
only general food habits could be determined. Channel catfish, white bass, and
white crappie from John Redmond Reservoir were primarily piscivorous (Table 9.7).
Catfish also consumed crayfish and terrestrial insects. Freshwater drum
utilized both fish and aquatic insects as major food items.

Although the data were limited from Wolf Creek and Neosho River,
the food habits of selected species were similar to those species in the
reservoir.

E. Larval Fish

There were no fish eggs or larvae collected from the reservoir
(Location 1) or from below the dam (Location 1P) on 17 April 1975. On 9 June
the densities of larval gizzard shad and minnows (Cyprinidae) were 0.43 and
0.01/m 3 , respectively, in the reservoir samples, whereas none were collected
at Location 1P (Table 9.8). The absence of larvae below the dam in June may
have been due to the minimal flow which existed in the tailwaters.

Gizzard shad comprised 96% of the total number of larvae collected
from the reservoir during each year, but were most abundant on 10 June 1974
when its density was 21.11/m3 (Szmania and Johnson 1975). Fish larvae
collected during June 1974 but not during the present study included carpsuckers
(Catostomidae) and freshwater drum.
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IV. Summary and Conclusions

1. A total of 2608 individuals representing 30 species was collected
during 1975. No endemic or endangered species were found.

2. Total seining catch in John Redmond Reservoir was smaller in 1975
than in 1973 or 1974. The absence of YOY gizzard shad and reduced frequency
of juvenile white bass and bluegill in 1975 collections may indicate reduced
spawning success or that young fish were using rearing areas other than those

seined in the reservoir.

3. The gill netting catch from the reservoir increased during 1975,
primarily due to increased sampling effort. However, relative abundance of

freshwater drum increased and white crappie decreased from 1974.

4. Reduced flow and stable water levels in the Neosho River during 1975

created conditions that were more favorable for seining than in 1973 or 1974.
Channel catfish, largemouth bass, and slenderhead darter were collected from

the river for the first time.

5. The total hoop net catch from the river during 1975 included 10 fish

representing four species. The abundance and composition of fish collected
were similar to previous studies.

6. Seining in Wolf Creek yielded a total catch and.species composition

similar between locations and to previous years despite the intermittent flow
during 1975. Red shiner, green sunfish, blackstripe topminnow, and orange-

spotted sunfish were prevalent in the collections of small forage species.

7. A total of 50 individuals representing three species was aged by
scale analysis during 1975. As in 1974, white bass from John Redmond

Reservoir exhibited good growth and the 1972 year class was predominant.
The growth rate of freshwater drum from the reservoir and river compared
favorably with that of Lewis and Clark Lake, Nebraska and South Dakota. Data

on growth rates of fish collected in Wolf Creek were insufficient for
meaningful comparisons.

8. Limited stomach analysis data from the reservoir suggest that
channel catfish, white bass, and white crappie were piscivorous, whereas

freshwater drum fed on both fish and aquatic insects.
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Table 9. 1. Water temperatures (°C) recorded at each sampling location in the
vicinity of Wolf Creek Generating Station, Burlington, Kansas, 1975.

Sampling Sampling Period
Location 17 April 10 June 8 September 3 December

1 Surface 12.3 23.5 23.9 2.7
Bottom 12.2 23.3 23.9 2.8

2 12.3 19.8 18.5 2.5

3 13.5 20.1 20.0 2.2

4 12.1 21.2 26.2 2.8

242



NALCO ENVIRONMENTAL SCIENCES

Table 9.2. Checklist of fish species collected by all sampling methods in the
vicinity of Wolf Creek Generating Station, Burlington, Kansas, 1973-75.

Year Collected
Family and Scientific Name Common Name 1973 1974 1975

Lepisosteidae (gars)
Lepisosteus platostomus

Clupeidae (herrings)
Dorosoma cepedianum

Cyprinidae (carps and minnows)
Campostoma anomalum
Cyprinus carpio

Notemigonus crysoleucas
Notropis buchanani
Notropis lutrensis
Notropis rubellus
Notropis stramineus
Notropis umbratilis
Phenacobius mirabilis
Pimephales notatus
Pimephales promelas

Pimephales tenellus
Pimephales vigilax

Catostomidae (suckers)
Carpiodes sp.
Carpiodes carpio
Ictiobus sp.
Ictiobus bubalus
Moxostoma erythrurum
Moxostoma macrolepidotum

Shortnose gar

Gizzard shad

x x

x x x

Stoneroller
Carp
Golden shiner
Ghost shiner
Red shiner
Rosyface shiner
Sand shiner
Redfin shiner
Suckermouth minnow
Bluntnose minnow
Fathead minnow
Slim minnow
Bullhead minnow

y0 ya carpsucker

River carpsucker
YOY Buffalo
Smallmouth buffalo
Golden redhorse
Shorthead redhorse

x
x x
x x
x x
x x

x
x
x

x x
x x
x x

x
x x

x
x
x
x
x
x
x
x
x
x

x
x

x
x x x

x
x x x
x
x x

U . Ictaluridae (freshwater catfishes)
Ictalurus melas
Ictalurus natalis
Ictalurus punctatus
Pylodictis olivaris

.ack u iýhad x
Yellow bullhead X X
Channel catfish X X X
Flathead catfish X

Cyprinodontidae (topminnows)
Fundulus notatus

Poeciliidae (livebearers)
Gambusia affinis

Atherinidae (silversides)
Labidesthes sicculus

Percichthyidae (temperate basses)
Morone chrysops

Blackstripe topminnow

Mosquitofish

Brook silversides

x x x

x x

x

White bass x x x
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Table 9.2. Continued.

Year Collected
Family and Scientific Name Common Name 1973 1974 1975

Centrarchidae (sunfishes)
Lepomis cyanellus Green sunfish X X X
Lepomis humilis Orangespotted sunfish X X X
Lepomis macrochirus Bluegill X X X
Lepomis megalotis Longear sunfish X X
Micropterus punctulatus Spotted bass X
Micropterus salmoides Largemouth bass X X X
Pomoxis annularis White crappie X X X

Percidae (perches)
Etheostoma chlorosomumb Orangethroat darter X
Etheostoma spectabile Bluntnose darter X_setabie

Percina caprodes Logperch X X X
Percina phoxocephala Slenderhead darter X
Stizostedion vitreum Walleye X

Sciaenidae (drums)
Aplodinotus grunniens Freshwater drum X X X

Total no. of species 30 31 31

Accumulated total no. of species 30 39 40

3 a Young-of-the-year.

b Bluntnose darter (Etheostoma chlorosomum)formerly identified as johnny darter

(E. nigrum) by Kansas Gas and Electric Company (1974).
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Table 9.3. Total numbers of fish collected by seining and gill netting
in John Redmond Reservoir (Location 1) in the vicinity of Wolf
Creek Generating Station, Burlington, Kansas, 1973-75.

Seining

Species 1973 1974 1975

Gill Netting
1973a 1974a 1975b

Gizzard shad
Carp
Golden shiner
Ghost shiner
Red shiner
Fathead minnow
Slim minnow
Bullhead minnow
River carpsucker
Carpiodes sp.
Smallmouth buffalo
Channel catfish
Flathead catfish
Mosquitofish
Brook silverside
White bass
Green sunfish
Orangespotted sunfish
Bluegill
White crappie
Slenderhead darter
Walleye
Freshwater drum

Total no. of species
Total no. of fish

51
2
2

74
75
1
0
10

8
0
0
1
0
0
0

73
0
1
0

16
0
2
0

500
0
0

62
27

0
6
1
0
0
0
3
0
0
3
9
3
1

35
0
0
0
2

12
652

0
0
0

35
21

0
1
3
1

14
0
0
0
2
0
1
0
2
0
8
1
0
0

11
89

3
2
0
0
0
0
0
0

15
0
3

12
1
0
0
3
0
0
0
4
0
0
7

9
50

13
5
0
0
0
0
0
0
5
0
0
4
0
0
0
7
0
0
0
5
0
0
3

7
46

19
4
0
0
0
0
0
0

34
0
6
11
0
0
0

10
0
0
0
1
0
0

25

8
11013

316

a Total catch

b Total catch
from one gill net.
from two gill nets.
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Table 9.4. Total numbers of fish collected by seining and hoop netting in the
Neosho River (Location 4) in the vicinity of Wolf Creek Generating
Station, Burlington, Kansas, 1973-75.

Seining Hoop Netting

Species 1973 1974 1975 1973 1974 1975

Shortnose gar
Gizzard shad
Carp
Golden shiner
Ghost shiner
Red shiner
Sand shiner
Redfin shiner
Bluntnose minnow
Slim minnow
Bullhead minnow
Carpiodes sp.
River carpsucker
Ictiobus sp.
Smallmouth buffalo
Black bullhead
Channel catfish
Blackstripe topminnow
Mosquitofish
White bass
Green sunfish
Orangespotted sunfish
Bluegill
Longear sunfish
Spotted bass

Largemouth bass
White crappie
Slenderhead darter
Freshwater drum

Total no. of species
Total no. of fish

0 0 0
0 0 3
0 0 0
1 0 0

35 21 100
42 910 1558

0 2 1
0 6 0
0 2 3
0 7 64

92 2 14
0 0 1
1 0 0
0 0 6
0 0 0
0 0- 0
0 0 5
0 1 0
0 24 108
5 5 12
2 0 0

10 2 2
0 2 1
0 1 2
1 0 0
0 0 2

15 4 0
0 0 2
3 1 36

2 0
2 7
1 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 1
0 0
3 1
0 1
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

0 0
3 0
0 0
0 2

11
207

15
990

16
1920

5
11

5
12

4
10
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Table 9.5. Total numbers of fish collected by seining at sampling locations
on Wolf Creek in the vicinity of Wolf Creek Generating Station,
Burlington, Kansas, 1973-75.

Location 2 Location 3

Species 1973 1974 1975 1973 1974 1975

Stoneroller 1 0 5 1 0 0
Carp 0 0 0 1 0 0
Golden shiner 32 7 2 17 0 2
Red shiner 142 85 148 186 91 161
Rosyface shiner 0 2 1 0 0 0
Redfin shiner 0 3 0 0 0 0
Sand shiner 0 0 0 0 0 2
Suckermouth minnow 5 2 0 2 0 3
Bluntnose minnow 0 6 10 10 3 10
Fathead minnow 14 1 0 5 0 0
Bullhead minnow 0 0 0 4 0 0
River carpsucker 0 0 0 3 0 1
Smallmouth buffalo 0 0 1 2 0 0
Golden redhorse 0 0 0 1 0 0
Shorthead redhorse 0 0 0 1 0 0
Black bullhead 35 0 0 13 5 3
Yellow bullhead 0 0 0 0 1 2
Channel catfish 0 0 0 1 0 0
Blackstripe topminnow 3 4 11 25 8 24
Mosquitofish 0 0 0 0 2 0
Green sunfish 6 5 19 25 4 35
Orangespotted sunfish 14 0 11 14 0 17
Bluegill 0 1 2 5 0 3
Largemouth bass 1 1 0 1 0 3
White crappie 2 1 1 2 0 2
Bluntnose darter 1 0 0 0 0 0
Orangethroat darter 0 0 0 0 2 0
Logperch 1 0 3 0 1 0

Total no. of species 13 12 11 20 9 14
Total no. of fish 257 118 214 319 117 268
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Table 9.6. Age and size distribution of selected species of fish collected in the vicinity of
Wolf Creek Generating Station, Burlington, Kansas, April-December 1975.

Range
In

Age Mean Total Len~th.mj Total Total length
Sampl1n~ location Species GroupA ryl TJune Septemher December Numher . mm)... .. .. ~p ._. . . .. .. . .. .. . . . . . . .. . . . . . .. ... . . .. . . •p . _ _• .. ... . .. .. .... . . . . . . ..

R .
(JIohn Redmond Reservotr)

White hass 0 -a

IV

46
340(1)b

329(4)
435(0)

White crappie

Freshwater drum

II
II'

99(7)
169(1)
305(1)

353(2)

90(t.)

150(7)

3tO1(3)

400(1)

I

5
3

1 170(2) -
11 - 180(4)
Ill - 313(2)
IV - 311( 1)
V - 410(2)
VI - -

8

9
4
2
6
2
I

295-350
330-435

85-112
168

120-190

305-- 320

390-430

Z
r

0
ZI

z
Z

r
toa
MZ
n
NI
0

00

3
(Wolf Creek)

4
(Neosho River)

White crappie

Wbite crappie

Freshwater drum

V - 240(l) I

I -

it 235(2)
210(l.)

205(1) 250(2) 5 200-270

Lt - - 215(0.)

a None collected or not applicable.
b Number of individuals (n).
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Table 9.7. Relative importance of food items in the stomachs of selected fish collected in

of Wolf Creek Generating Station, Burlington, Kansas, April-December 1975.
the vicinity

Percent of Total Volume Consumed
Sampling Location Species Food Items April June September December

I
(John Redmond Reservoir)

Channel catfish ( 5 )a

W•hte bass (5)

Fish
Crayfish
Terrestrial

insects
Aquatic insects
Unrecognizable

Fish
Aquatic insects

Fish
Aquatic insects

Fish
Aquatic insects

(0) (3)
95

0
5

(1)
0
0
0

Trb
Tr

0
0

(1)
91

9
0

0
0

(0) (3) (1)
- 99 100
- 1 0

(1)
100

0
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Table 9.8. Larval fish collected from John Redmond Reservoir in the vicinity of
Wolf Creek Generating Station, Burlington, Kansas, 9 June 1975.

Sampling Taxa No. of Density Total Length
Location Collected Individuals No./m 3  (mm)

Mean -Range

Gizzard shad 64 0.43 10.06 5.45-31.70
Cyprinidae 2 0.01 6.43 6.40- 6.45

lP No larvae collected

250
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I PREFACE

This first construction environmental monitoring program for the proposed
Wolf Creek Generating Station was conducted from March 1976 through February 1977.
The study followed recommendations for the Construction Monitoring Phase presented
in section 6.1 of the Wolf Creek Generating Station Environmental Report. The
Draft Environmental Statement (DES) issued in July 1975 and the Final Environmental
Statement (FES) released in October 1975 included recommendations for several
changes and additions which were incorporated into this study.

The staff of NALCO Environmental Sciences comprised the study group for
data acquisition and preparation of this report. The study was directed by
D. L. Andersen, Associate Biologsit, Aquatic Ecology. H. S. Lewis, Manager,
Lincoln, Nebraska Laboratory served as senior advisor and provided the critical

review of this manuscript. Dr. G. W. Wadley, Technical Manager, Northbrook,
Illinois, was responsible for overall coordination of the program.

I
I

I
I
I
I

ii
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I. Introduction

The site for Wolf Creek Generating Station is located approximately 3.5

miles northeast of Burlington, Kansas, near the center of Coffey County. Upon
completion in 1981, the nuclear pressurized water reactor will produce 1150
megawatts (net output) of electrical power. i

The site encompasses approximately 10500 acres of range, cropland and

woodland, typical of that found in southeastern Kansas. The station itself
will occupy 135 acres and the dam structures 60 acres. The recirculating type i
cooling system will use the surface of a 5960-acre cooling lake to dissipate

rejected heat. I
The cooling lake will be created by an earth-rolled dam on Wolf Creek

about 5.5 miles upstream from its confluence with the Neosho River. Precipi-

tation and runoff in the creek watershed, a makeup water line from the

tailwaters of John Redmond Dam, and overflow into the creek bed downstream
will allow maintenance of the lake's surface elevation at 1087 ft above sea
level. I

Studies of surface and subsurface waters as well as terrestrial habitats
were initiated in March 1973. The Environmental Report (Kansas Gas and
Electric Company 1974), and two succeeding Preconstruction Environmental I
Monitoring Reports (Industrial BIO-TEST Laboratories, Inc. 1975; NALCO
Environmental Sciences 1976) discuss data that have been gathered prior to

February 1976. The Final Environmental Statement (U. S. Nuclear Regulatory
Commission 1975) recommended several changes and additions to the original

monitoring program which were included in this first Construction Environmental

Monitoring Program. The primary purposes of the program discussed herein were

to monitor the aquatic and terrestrial environments as they exist in the study i
period and to assess the effects caused by construction of Wolf Creek
Generating Station. I

I
I
I
I

I
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I. Introduction

Water quality monitoring of surface and groundwater in the vicinity of
Wolf Creek Generating Station (WCGS) has been conducted since 1973 (Kansas Gas
and Electric Company 1974; Bowling and Ellis 1975; Byrnes 1976) to establish
baseline concentrations of various water quality constituents.

The objectives of the 1976 study were:

1. To assess the impact of construction activities on the quality of
the surface and groundwater supplies in the vicinity of WCGS;

2. To provide additional data on water quality of the aquatic
environments; and

3. To document spatial or temporal variability of water quality
parameters.

II. Field and Analytical Procedures

A. Sampling Frequency, Locations, and Parameters

1. Surface Water

Water samples for chemical and bacteriological analyses were
collected bimonthly throughout 1976 in conjunction with aquatic biology sampling.
Samples were collected from the seven locations identified in Figure 2.1:

a. Location 1: in the tailwaters of John Redmond Dam;

b. Location 10: in the Neosho River, 0.7 km upstream from its
confluence with Wolf Creek;

I c. Location 4: in the Neosho River, 1.3 km downstream from the
confluence with Wolf Creek;

I d. Location 2: in Wolf Creek, near the northernmost extent
of the proposed cooling lake;

e. Location 3: in Wolf Creek, approximately 1.7 km downstream
of the cooling lake dam site;

f. Location 5: in Wolf Creek, approximately 1.6 km upstream
from its confluence with the Neosho River;

g. Location 7: in Wolf Creek, upstream of the area to be
inundated by the cooling lake.

Water samples for limited analyses also were collected at
Location 1 in May and July in association with phytoplankton sampling.

Meteorological and hydrological measurements made at each
location are presented in Table 2.1 and the water quality parameters measured
are listed in Table 2.2.

5
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2. Groundwater

Groundwater samples were collected in April, June and October from
eight wells near the site. These wells are designated B-12, C-6, C-20, C-50,
D-28, D-42, D-55 and D-65, and are identified in Figure 2.1. The water quality

parameters measured are listed in Table 2.3.1

B. Sampling Procedures

1. Surface Water

Whenever possible, duplicate water samples were collected at a
depth of one meter using a six-liter, polyvinyl chloride sampler of the Van Dorn
design. Whenever it was impossible to use the Van Dorn sampler, a polyethylene
funnel was used to obtain the water sample. Immediately after collection,
samples were appropriately preserved, placed in insulated containers, packedI
in ice, and shipped to the laboratory for analysis. The meteorological and
hydrological measurements listed in Table 2.1 were recorded at each sampling
location. Instrumentation, methodology and precision of measurement for

meteorological parameters and current velocity are also presented in Table 2.1.

2. Groundwater

Single groundwater samples were obtained from the tap source
serving each well. Water was permitted to run from the faucets or pumps for
approximately 5 min before the sample was taken in order to obtain a represen-9
tative sample of the water in the aquifer.

Groundwater samples were preserved at the time of collection,
placed in insulated containers, packed in ice, and shipped to the laboratoryI

C. Analytical Procedures

Water temperature, dissolved oxygen, pH, total alkalinity and
turbidity were measured in the field. The other parameters listed in Table 2.2
for surface water samples and Table 2.3 for groundwater samples were measured
in the laboratory.

Water analyses were performed according to Standard Methods for the
Examination of Water and Wastewater (A.P.1I.A. et al. 1976). Analytical testing
procedures were conducted in a manner consistent with the guidelines established

by the U. S. Environmental Protection Agency (1974). References, preservationI
techniques, and analytical detection limits for the various water quality
parameters are presented in Table 2.4. The quality assurance procedures
followed were in strict accordance with recommendations of the U. S. Environ-
mental Protection Agency (1972).

III. Results and Discussion

Water quality data will be discussed with respect to hydrology, effects of

site construction, and previously reported data from the WCGS site (Kansas Gas

6
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and Electric Company 1974; Bowling and Ellis 1975; Byrnes 1976).

Results of water analyses and physical and meteorological measurements
recorded for each sampling period in 1976 are tabulated in Appendix A. The
minimum, maximum and mean concentrations for each parameter on every samplingI ~date f or both the Neosho River and Wolf Creek are presented in Table 2.5.
Comparisons of data (1973 through 1976) from locations upstream (Location 10)
and downstream (4) of the confluence of Wolf Creek and the Neosho River areI presented in Table 2.6.

A. Surface Water Hydrology

1 Precipitation greatly influences the hydrology and water quality
of the Neosho River and Wolf Creek. Precipitation in this region of Kansas
averages 86.6 cm per year; however, in 1976 precipitation totaled only 34.4 cmI ~(U. S. Army, Corps of Engineers 1976). The heaviest mo~nthly precipitation
occurred in June (15.3 cm) and no precipitation was recorded in January or
November (Figure 2.2). The most precipitation occurred from mid-April through

July.

Flow in the Neosho River below John Redmond Reservoir is regulated
by discharge from the reservoir. With the exception of May, June and July,
discharge from the reservoir was minimal (<250 cfs) (Figure 2.3). Increases
in reservoir storage volume in May, June, and July resulted from higher inflow
into the reservoir (Figure 2.3) after periods of higher precipitation. The9 increases in reservoir storage volume resulted in higher discharges into the
Neosho River below the reservoir. Higher flows were also reported during
June of previous years (Bowling and Ellis 1975; Byrnes 1976).

Wolf Creek depends upon rainfall and snowmelt runoff for water
and no flow was observed on any of the sampling dates in 1976. Small isolated
pools were sampled at all locations from February through September. InI October, pools existed only at Locations 2 and 7. Location 5 was dry and the
pool at Location 3 had been filled with sand and gravel from the construction
of a bridge abutment. In December all of the creek locations were either dryI (Locations 3, 5) or the pools were frozen to the bottom (Locations 2, 7). The
low amount of precipitation and subsequent absence of flow in Wolf Creek resulted
in poor water quality, with each isolated pool having distinct water quality
characteristics. In 1975, Wolf Creek was intermittent, with no flow during

the September or December sampling periods (Byrnes 1976).

j B. Surface Water Quality Characteristics

The Kansas State Board of Health Water Quality Standards for surface
water are presented in Table 2.7. These criteria are applicable only to theI Neosho River. Wolf Creek is classified as an intermittent stream, and the state
water quality criteria apply only when water is flowing throughout the creek-bed
(J. Travers, Kansas Department of Health and Environment, Topeka, Kansas,
personal communication). The water quality of the Neosho River was in compliance

with the Kansas surface water quality criteria at all sampling locations on
each sampling date (Table 2.7).

7
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1. General Water Quality Parameters

Concentrations of general water quality constituents were similar n1
between Locations 10 and 4 in the Neosho River. However, concentrations of
dissolved oxygen, filtrable residue, specific conductance, most ionic con-
stituents, nonfiltrable residue, turbidity and total iron were higher at
Location 1, but manganese concentrations and water temperatures were lower than
at Locations 10 and 4. Location 1 is situated in the tailwaters of the John
Redmond Dam, and differences between locations were partially caused by tur-
bulent mixing of water discharged from the reservoir.

With the exception of considerably higher total dissolved solids,
specific conductance, and sulfate, the concentrations of the general water I
quality constituents measured in the Neosho River were within seasonal ranges

documented in previous studies (Table 2.6).

During 1976, sampling locations in Wolf Creek consisted of I
isolated pools, each with distinct water quality characteristics. Thus, the
concentrations of most parameters were highly variable among locations and
sampling dates. Comparisons to previous studies on Wolf Creek, with the I
exception of late 1975 (Byrnes 1976),provide little comparable information due
to the drastic change in hydrology. The water quality at each location in the
creek in 1976 can be characterized as poor (Larrimore et al. 1959; McKee andI
Wolf 1963; Hynes 1966). Water quality in the pools was poorest during the
summer when higher water temperatures created additional environmental stresses
from lower solubility conditions for dissolved oxygen.

a. Neosho River

Water temperatures and dissolved oxygen concentrations ranged i
from 1.2 to 26.6C and 6.0 to 13.6 mg/l, respectively, and followed normal
seasonal patterns (Figure 2.4). Dissolved oxygen concentrations reflected
seasonal, temperature-dependent solubility trends, and were highest in winter n
and lowest in summer, with saturations ranging from 73 to 103% (Figure 2.4).Oxygen concentrations and saturations always were higher at Location 1.

The pH and total alkalinity ranged from 7.6 to 8.5 and 145 m
to 196 mg/l-CaCO0, respectively. These ranges of concentrations for both
constituents reflect a substantial buffering capacity in the river (Hem 1970;
Hynes 1972). Alkalinities measured during the summer and fall were considerably I
lower than those measured in the winter and spring, whereas pH was variable
among sampling dates.

Specific conductance and filtrable residue ranged from 442 n
to 783 Pmhos/cm (25C) and 296 to 490 mg/l, respectively. Both parameters were
considerably higher in the winter and spring than during summer or fall
(Figure 2.5). Maximum concentrations measured for both parameters were much I
higher than those documented in prior studies (Table 2.6).

The seasonal fluctuation in the concentrations of the major
ionic constituents was similar to that of specific conductance and filtrable

I
8
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residue. The following ranges of concentrations were measured (in milligrams
per liter): calcium, 55 to 81; chloride, 12.0 to 42.0; magnesium, 14.0 to 27.4;

potassium, 3.2 to 5.1; sodium, 12.0 to 30.9; and sulfate, 53 to 149. With
the exception of sulfate, none of the major ionic constituents were measured
in previous studies.

Nonfiltrable residue and turbidity ranged from 4 to 137 mg/l

and 5.0 to 90 NTU, respectively, and both were lowest in December and highest
in June (Figure 2.6). Higher concentrations in June were associated with

increased discharge from John Redmond Reservoir and surface runoff transporting
soil particles into the river system (Harms et al. 1974; Delfino and Byrnes
1975; Byrnes 1976). Levels of turbidity and nonfiltrable residue below the
dam (Location 1) were usually higher than further downstream at Locations 10
and 4 due to the suspension of particulate matter in the turbulent water

I discharged from the reservoir.

Soluble iron concentrations ranged from <0.001 to 1.0 mg/l
(Table 2.5) and, with the exception of April and June, were generally low. The
highest concentrations were recorded in June and probably were associated

with nonfiltrable residue increases at that time.

Total iron concentrations were consistently higher at

Location 1 than at the other locations (Figure 2.7). Concentrations ranged
from 0.084 to 2.7 mg/l and were highest in June and lowest in December. Higher
concentrations at Location 1 and at all locations in June prob .bly were
associated with high nonfiltrable residue concentrations. Tolal manganese
ranged from 0.031 to 0.25 mg/l and also was highest in June and lowest in

December (Figure 2.7).

ITrue color values had little spatial variability and ranged
from 7 to 22 color units (Table 2.6). Color values were highest in June and
were related to organic material increases, and the subsequent leaching of

this material.

b. Wolf Creek

Water temperatures at locations in Wolf Creek ranged from
5.5 to 21.OC (Figure 2.4). There was spatial variation on most sampling dates,
particularly in August (Appendix A, Table A.2). The isolated pools at each

location were shallow and subject to atmospheric temperature fluctuations
(Reid 1961; Hutchinson 1957). The variations in air temperatures (Appendix A,

Table A.1) at each location (depending upon time of day samples were taken)
would account for the spatial differences in water temperature.

Dissolved oxygen concentration ranged from 1.9 to 8.2 mg/l,
representing saturations of 20 to 67% (Figure 2.4). Although not applicable,

the Kansas Board of Health minimum standard of 5.0 mg/l provides a good criterion

for evaluating the dissolved oxygen content of water in Wolf Creek. Concen-
trations were above 5.0 mg/l in February at Locations 7, 2, and 5, in April at
Locations 2 and 5, and in October at Locations 7 and 2 (Appendix A, Table A.2).
Oxygen concentrations were below 5.0 mg/l and considered not adequate to

support diverse aquatic biota (McKee and Wolf 1963) in February at Location 3,

and at all locations in June and August. The low oxygen levels were in part

9
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caused by increased oxygen demand from bacterial decomposition, oxidation
of organic material, and low photosynthetic activity in the pools (Reid 1961;

Hynes 1966; Slack and Feltz 1968; Chapter 3). A similar condition of very low I
oxygen levels occurred at Locations 5 and 7 in December 1975 when the locations
consisted of isolated pools and increased oxygen demand caused a depletion of
oxygen (Byrnes 1976).

The pH and total alkalinity ranged from 7.2 to 7.9 and 109 to
236 mg/l-CaCO3, respectively (Table 2.5). Alkalinity was higher in February
and April and lower during subsequent sampling periods.

Filtrable residue and specific conductance ranged from 186

to 368 mg/l and 255 to 517 pmhos/cm. Concentrations of both constituents varied I
widely among sampling locations and were higher during April and June than in
the other months (Figure 2.5).

The major ion concentrations varied widely among sampling
locations and dates and exhibited a pattern similar to filtrable residue and
specific conductance (Appendix A, Table A.2). In general, most ions were

higher at all locations in April and June and ranged as follows (in milligrams
per liter): calcium, 38 to 66; chloride, 3.0 to 12.2; magnesium, 6.7 to 14.7;

potassium, 3.2 to 5.1; sodium, 5.5 to 25.0; and sulfate, 8 to 55. The low
sulfate concentrations were similar to those recorded in September and December 1
1975 (Byrnes 1976).

Nonfiltrable residue and turbidity were highly variable q
among locations and sampling dates (Figure 2.6) ranging from 3 to 396 mg/i
and 1.0 to 150 NTU, respectively. Differences between locations were due to
localized runoff, variable amounts of decaying organic matter (primarily leaf
litter), and the amount of use of each pool by domestic livestock. Most I
sampling locations are used by livestock for watering (Byrnes 1976).

Soluble iron, total iron, and total manganese ranged from

0.014 to 0.57 mg/l; 0.22 to 7.2 mg/l; and 0.10 to 1.2 mg/l, respectively
(Figure 2.7). The ranges of concentration for total iron and manganese were
considerably higher than those recorded for the Neosho River during the sampling

period. Higher concentrations were due in part to the accumulation of leaf
litter in the isolated pools of the creek. Decomposition of leaf litter
increases the level of iron and manganese (Larrimore et al. 1959; Slack and

Feltz 1968), and similar increases were documented in Wolf Creek in December I
1975 (Byrnes 1976).

The accumulation of organic matter in the pools and subsequent
leaching of color producing organics caused true color values to be high at
all locations (20 to 64 color units).

2. Aquatic Nutrients

The range of concentrations measured for aquatic nutrients in
the Neosho River was considered adequate to support most aquatic life (McKee
and Wolf 1963). With the exception of ammonia and nitrate, concentrations of
aquatic nutrients were similar to those documented in previous studies. The

10
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ranges of concentrations measured for ammonia and nitrate were considerably
lower than in previous years. Some spatial variability in the various forms
of nitrogen and phosphorus was observed among sampling locations. Nitrate,
organic nitrogen, and ammonia usually were highest at Location 1 and decreased
at the downstream locations (10, 4). With the exception of soluble ortho-
phosphate in August and total phosphorus in October, phosphorus concentrations
were generally higher at the downstream locations (10, 4) than at Location 1.

Nutrient concentrations in Wolf Creek varied both temporally
and spatially. Organic nitrogen was consistently high at all locations
indicating the presence of decomposing organic material. Nitrate and ammonia
values were variable, probably a result of the different stages of decomposition,

oxidation, and nitrification of organic matter in each pool. Phosphorus concen-
trations also were variable among the creek sampling locations and dates.

a. Neosho River

Aquatic nutrients in the Neosho River ranged as follows:

ammonia, <0.01 to 0.08 mg/l-N; nitrate, <0.01 to 0.80 mg/l-N; nitrite, 0.0003 to
0.13 mg/i-N; organic nitrogen, 0.53 to 1.1 mg/l; soluble orthophosphate,0.002
to 0.072 mg/l-P; total phosphorus, 0.022 to 0.95 mg/l-P; and soluble silica,
0.18 to 6.7 mg/l-SiO2 (Table 2.5). Mean concentrations at each location for
the various nitrogen forms except nitrite are presented in Figure 2.8, and for
the phosphorus forms in Figure 2.9.

The maximum ammonia concentration (0.08 mg/l-N) recorded in
December was considerably lower than maximum concentrations documented in
previous studies. Nitrate concentrations at Location 4 in August and October
were either at or below the analytical detection limit of 0.01 mg/i-N. These
concentrations were much lower than those measured slightly upstream at
Location 10. Phytoplankton carbon-14 assimilation data (Chapter 3) in August
and Octoberwere similar between Locations 10 and 4, indicating that nutrient
levels were not limiting productivity.

Phosphorus concentrations were highly variable. Soluble
orthophosphate was highest at all locations in June and lowest at Location 1
in April. Total phosphorus concentrations were highest at Location 10 in
February and lowest at all locations in December (Figure 2.9).

Silica concentrations were much lower during winter and
spring than in summer and fall (Table 2.5).

b. Wolf Creek

The concentrations of all aquatic nutrients showed wide
temporal and spatial variability and ranged as follows: ammonia, <0.01 to
0.23 mg/i-N; nitrate, <0.01 to 0.50 mg/i-N; nitrite, 0.002 to 0.011 mg/i-N;
organic nitrogen, 0.67 to 2.2 mg/l; soluble orthophosphate, 0.001 to 0.075
mg/l-P; total phosphorus, 0.049 to 0.47 mg/l-P; and soluble silica, 1.9 to 15
mg/l-SiO2 (Table 2.5).
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Ammonia concentrations were low at all locations in February
and highest at Location 7 in June. Nitrate was low in February and highest
at Location 7 in October. Organic nitrogen was always high, with the maximum i
concentration (2.2 mg/l) measured at Location 7 in February (Figure 2.8). Both

total phosphorus and soluble orthophosphate were highly variable among locations
and sampling dates (Figure 2.9).

The wide spatial and temporal variability in nutrient concen-

trations among locations in Wolf Creek resulted from differences in the quantity
of organic matter in each pool, the relative stages of bacterial decomposition,
and localized runoff in the spring and early summer (Larrimore et al. 1959;
Hynes 1966; Slack and Feltz 1969; Byrnes 1976).

3. Indicators of Municipal and Industrial Contamination

With the exception of higher fecal coliform bacteria densities,
the ranges of parameters indicative of municipal and industrial contamination
in the Neosho River in 1976 were similar to those documented in previous
studies (Table 2.6). Also, with the exception of fecal coliform and fecal
streptococci bacteria densities, little spatial variability was measured in i
the concentrations of the indicators of municipal and industrial contaminants.
Fecal coliform counts were generally higher at Location 10 than at the other

river locations (1, 4), whereas fecal streptococci counts were highly variable I
among sampling locations and dates.

Indicators of municipal and industrial contamination were

variable among sampling locations and dates in Wolf Creek, and concentrations
were considerably higher than those in the Neosho River (Table 2.5). Indicators
of oxygen demand in the creek generally were higher in the winter and spring
(Table 2.5). Fecal streptococci and fecal coliform counts were very high in i
June and October, probably a result of localized runoff.

a. Neosho River

Fecal coliform and fecal streptococci bacteria densities
ranged from 0 to 730 organisms per 100 ml and 0 to 330 organisms per 100 ml,

respectively. With the exception of April and August, fecal coliform densities
were always highest at Location 10, which is downstream of the town of
Burlington, Kansas. Higher counts at Location 10 may have been due in part

to improperly treated wastewater releases from Burlington. Fecal streptococci 1
densities were variable, with higher counts recorded at Locations 10 and 4 in
June and at all locations in October. These higher densities were probably
associated with localized runoff of animal wastes (Bowling and Ellis 1975; I
Byrnes 1976).

Biochemical oxygen demand (BOD), chemical oxygen demand (COD),
and total organic carbon (TOC) ranged from 0.6 to 4.6 mg/l, 14 to 31 mg/l, and I
6.0 to 10 mg/l, respectively. Concentrations of all three indicators of oxygen
demand were generally low and with the exception of BOD showed little spatial
variability (Figure 2.10). Total organic carbon concentration varied little

throughout the study, while BOD and COD concentrations were slightly higher in
February than on other sampling dates.
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Hexane soluble materials were generally low and ranged from

<0.1 to 1.4 mg/l (Table 2.5). This range was slightly lower than that observed

in previous studies (Table 2.6).

1 b. Wolf Creek
Fecal coliform and fecal streptococci densities in Wolf Creek

exhibited wide spatial and temporal variability and ranged from 0 to 2600
organisms per 100 ml and 11 to 3600 organisms per 100 ml, respectively (Table
2.5). Counts were higher for both types of enteric bacteria in June and October
and were probably associated with localized runoff of animal wastes.

I Biochemical and chemical oxygen demand also were highly
variable and ranged from 1.6 to 7.3 mg/l and 9.3 to 120 mg/l, respectively
(Table 2.5). Both constituents were higher in February and March and lowest1 in August (Figure 2.10). The maximum concentrations measured for both parameters
in 1976 were considerably higher than in previous studies. Total organic carbon
concentrations ranged from 9.0 to 40 mg/l and with the exception of Location 7I in February were similar throughout the study. The range of concentrations
measured for TOC was similar to that documented in the 1975 study (Table 2.6).
High concentrations of all three indicators of oxygen demand reflected the
severe environmental conditions of the isolated pools (Larrimore et al. 1959;

Byrnes 1970).

Hexane soluble materials ranged from <0.1 to 2.8 mg/l, which

was similar to ranges documented in previous studies (Table 2.6).

4. Trace Metals

I With the exception of mercury, the range of maximum concentrations
for trace metals in the Neosho River was much lower in 1976 as compared to
previous studies. The range measured for mercury was similar to that recorded
in previous years. There was both spatial and temporal variability in trace
metal concentrations throughout the study period.

Concentrations of trace metals in Wolf Creek also showed wide
temporal and spatial variability. In general, concentrations were higher in
February and June and were probably associated with localized runoff and
decomposition within the pools. The maximum concentrations measured for copper,

lead, and zinc were considerably higher than in previous studies.

a. Neosho River

Trace metals concentrations in the Neosho River ranged as
follows (in micrograms per liter): copper, 0.9 to 5.5; lead, <1 to 6; mercury,

0.20 to 98; selenium, <1 to 12; and zinc, 1.2 to 16 (Table 2.5).

Mercury concentrations varied widely among sampling locations
and replicates in February 1976. The range of mercury concentrations was 5.0' ~to 98 iag/l in February and only 0.20 to 2.0 u~g/l during the rest of the study
period.
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Concentrations of trace metals were lowest in December, with

the exception of zinc which was lowest in June. Mean copper, lead, and seleniumI
concentrations were higher in June and August probably due to surface runoff.
Mean zinc concentrations were highest during April (Table 2.5).

b. Wolf CreekI

Trace metals in Wolf Creek ranged as follows (in micrograms
per liter): copper, 1.6 to 7.6; lead, <1 to 96; mercury, 0.26 to 69; selenium,
<1 to 10; and zinc, 1.4 to 88 (Table 2.5). Concentrations were highly variable
among sampling locations and dates.

With the exception of zinc, mean trace metal concentrations
were lowest in April. Copper, selenium and zinc concentrations were highest
in June due, in part, to surface runoff, whereas mercury and lead were highest
in February (Table 2.5). With the exception of copper, trace metals in WolfI
Creek had a much broader range with higher maximum values in 1976 than in
previous studies.I

C. Groundwater

1. HydrologyI

The eight wells sampled are located in the South Central Paleozoic
groundwater province (Kansas Gas and Electric Company 1974). Aquifers in this
area are classified as alluvial, soil and weathered bedrock, and consolidatedq
bedrock. The alluvial aquifer is composed of silts, sands, and gravels. The
soil and weathered bedrock aquifer is composed of shale, siltstone, sandstone,

and limestone and the soils derived from them. The overlying alluvial aquiferI
is hydraulically connected to the lower weathered bedrock aquifer. Recharge to
both is from local precipitation percolating through the soil. Thus, the water
table elevation is responsive to local precipitation and drought conditions
(Kansas Gas and Electric Company 1974). However, the primary recharge to the
alluvial aquifer in this region is from streams and rivers. The absence of flow
in precipitation-dependent streams, low flow in the Neosho River, and the
small amount of precipitation resulted in a lowering of the water table inI
this region (J. Hendersen, Kansas Water Resources Board, Topeka, Kansas,
personal communication).I

Groundwater samples were never collected from well C-20 (Figure 1)

because the pump at this location was inoperable on all sampling dates.

2. Groundwater Characteristics1

Groundwater data from the three sampling dates in 1976 are listed
in Appendix A, Table A.3, and U.S. Public Health Service (1962) drinking water
standards are presented in Table 2.8. There was both temporal and spatial
variability in the concentration of most constituents measured in the wells.
With the exception of potassium and sulfate, concentrations of ionic constituents,
specific conductance, filtrable residue, nitrate, iron and selenium were much
higher in well D-65, located south of the proposed dam for the cooling lake, than
in the other wells.I
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4The ranges of concentration measured for filtrable residue,
specific conductance, calcium, magnesium, chloride, sodium, and sulfate were
much greater than those observed in previous studies (Bowling and Ellis 1975;
Byrnes 1976) with considerably higher maximum values. The low amount of
precipitation and the subsequent decrease in the water table may have caused
these increases due to a concentrating effect of these constituents in the
aquifer.

The pH of the wells ranged from 7.2 to 8.2, being highest in
October at well D-28 (southeast of the WCGS site), and lowest inwellD-42 (south
of well D-28) in June. Total alkalinity ranged from 161 to 382 mg/l-CaCO3 .
Higher alkalinities were generally measured in wells B-12 (northeast of the
WCGS site) and D-42 and lower alkalinity was consistently measured in well D-65.
With the exception of well D-65, alkalinity was much higher in the groundwater
than in surface water due to the limestone-rich nature of the geological strata.

Filtrable residue and specific conductance values were high in

all of the wells ranging from 478 to 3890 mg/l and 828 to 5200 umhos/cm (at
25C), respectively. Well D-65 consistently had the highest filtrable residue
and specific conductance values. With the exception of B-12, all of the wells
exceeded the U. S. Public Health Service drinking water standard of 500 mg/l
nonfiltrable residue in April (Table 2.8).

With the exception of potassium and sulfate, well D-65 consistently
had the highest concentrations of the major ions measured. The major ionic
concentrations ranged as follows (in milligrams per liter): calcium, 78 to
530; chloride, 16.1 to 490; magnesium, 15.4 to 148; potassium, 0.50 to 7.2;
sodium, 20 to 290; and sulfate, <1 to 410. Potassium was highest in well C-6
(west of the WCGS site), whereas sulfate was higher in wells D-28 and D-42.
Sulfate consistently exceeded the U. S. Public Health Service drinking water
maximum of 250 mg/l in well D-42 and in June at wells C-6 and D-28. Concen-
trations above 250 mg/l are known to have a laxative effect (U. S. Public
Health Service 1962).

Soluble iron, total iron, and total manganese ranged from 0.017
to 0.30 mg/l, 0.020 to 6.1 mg/l, and 0.0011 to 1.9 mg/l, respectively, and
were generally lower than in surface waters. The soluble iron content of

the aquifer may actually have been higher than the concentrations recorded.
Iron in most aquifers is in the soluble form due to the reducing environment.
When the samples were collected, some of the iron was oxidized into insoluble
ferric hydroxide (Hem 1970; Byrnes 1976).

Nitrate concentrations were low in wells B-12, C-6, C-50, D-55.
and D-42 ranging from 0.01 to 7.8 mg/l-N; moderately high in well D-28
ranging from 13 to 58 mg/l-N; and very high in well D-65, ranging from 425 to

500 mg/l-N. Nitrate concentrations in excess of the U. S. Public Service
maximum drinking water standard of 10 mg/l-N are known to cause cyanosis in
infants (U. S. Public Health Service 1962). Total phosphorus concentrations
were very low and ranged from <0.001 to 0.32 mg/l-P. Silica concentrations
were generally higher in groundwater than in surface water and ranged from
2.7 to 27.4 mg/l-SiO2 .
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Selenium concentrations were generally higher in well D-65 and

ranged from <1.0 to 18 pg/l.

IV. Summary and Conclusions

1. Below normal precipitation during 1976 had a marked influence upon
the hydrology and water quality of the Neosho River and Wolf Creek. With the I
exception of May through July, flow was minimal (<250 cfs) in the Neosho River.
No flow was observed in Wolf Creek. i

2. Except for the temporary filling of the pool at Location 3 in Wolf
Creek during construction of a bridge abutment, no effects of construction on
water quality were documented in the Neosho River or Wolf Creek.

3. The water quality of the Neosho River was acceptable based on the
criteria established by the Kansas State Board of Health. The state water
quality criteria do not apply to streams when flow is absent; thus, the criteria
did not apply to Wolf Creek in 1976.

4. The water quality of the isolated pools in Wolf Creek was very poor. I
The unfavorable environment for the biota inhabiting the pools was reflected
in low dissolved oxygen levels and high oxygen demand. I

5. The quality of the water in the Neosho River has not changed greatly
on an annual basis, although broader ranges of specific conductance, total
dissolved solids, some major ions, fecal coliforms and nitrate concentrations
were documented in 1976.

6. Some spatial variability was documented in the Neosho River between
Location 1 in the tailwaters of John Redmond Dam and the downstream locations
(10, 4), with higher concentrations of dissolved oxygen, filtrable residue,
specific conductance, most ionic constituents, nonfiltrable residue, turbidity,
and total iron measured at the upstream location. I

7. Groundwater was also affected by reduced precipitation during 1976.
Broader ranges with much higher maximum values as compared to previous studies
were documented for specific conductance, filtrable residue, and major ionici
constituents. The increase in maximum concentrations was due, in part, to a
lowering of the water table. I

8. There was both wide spatial and temporal variability in the water
quality constituents measured in the wells. I

I

I
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Figure 2.1. Sampling locations in the vicinity of Wolf Creek

Generating Station, Burlington, Kansas, 1976.
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Figure 2.2. Precipitation recorded at John Redmond Reservoir, 1976 (U. S.
Army, Corps of Engineers 1976).
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Table 2.1. Physical measurements and instrumentation used in this study.

I
Precision of

Measurement

Air temperature
wet and dry bulb

Cloud cover

Relative humidity

Wind velocity

Current velocity

Instrument

Bendix Psychrometer
Model 566 or
Taylor Sling Psychrometer

Field Observer

Calculated

Field Observer
Dwyer Wind Meter

General Oceanics Digital
Flowmeter Model 2031-
2035

Precision of
Measurement

t 0.5 C

+

+

+

+

5%

1%

3 mph

0.1 m/sec

I

I

I
I
1
1
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Table 2.2. Water quality parameters measured in surface water samples.

!
I
I
I
I

General Water Quality Parameters

*

*

*

*

1. Alkalinity, total
2. Calcium
3. Chloride
4. Color, true
5. Conductance, specific
6. Iron, soluble
7. Iron, total
8. Magnesium
9. Manganese, total

10. Oxygen, dissolved
11. Oxygen, saturation
12. pH
13. Potassium
14. Residue, filtrable (total

dissolved solids)
15. Residue, nonfiltrable (total

suspended solids)
16. Sodium
17. Sulfate
18. Temperature
19. Turbidity

Trace Metals

33. Copper, total
34. Lead, total
35. Mercury, total
36. Selenium, total
37. Zinc, total

*

*

I
I
I
I

Aquatic Nutrients

*

*

*

*

*

*

*

20.
21.
22.
23.
24.
25.
26.

Ammonia
Nitrate
Nitrite
Organic nitrogen, total
Orthophosphate, soluble
Phosphorus, total
Silica, soluble

I
I

Indicators of Industrial and
Municipal Contamination

27. Bacteria, fecal coliform
28. Bacteria, fecal streptococci
29. Biochemical oxygen demand

(5-day)
30. Chemical oxygen demand
31. Hexane soluble materials
32. Organic carbon, total

* Indicates parameters measured at Location 1 during May and July with
phytoplankton sampling.
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Table 2.3. Water quality parameters measured in groundwater samples.

General Water Quality Parameters

I. Alkalinity, total
2. Calcium
3. Chloride
4. Conductance, specific
5. Iron, soluble
6. Iron, total
7. Magnesium I
8. Manganese, total
9. Potassium

10. Residue, filtrable (total dissolved solids)
11. Sodium
12. Sulfate

Aquatic Nutrients

13. Nitrate
14. Phosphorus, total
15. Silica, soluble

Trace Metals

16. Selenium, total

I
I
I
I
I
I

I
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Table 2.4. Methods for analyses of water quality parameters.

Parameter

** Alkalinity, total

* Am•monia

* Bacteria, fecal
coliform

* Biochemical
oxygen demand
(5-day)

*** Calcium

* Chloride

* Chemical
oxygen demand

* Color, true

** Conductance,
specific

* Copper

Met nod

Method 102

Gas diffusion
electrode

Method 132C

Autoanalyzer
colorimetric phenate
method

Method 408B

Method 219

Atomic absorption
direct aspiration

Method 112B

Autoanalyzer

Low level mehhod

Method 118

Method 154

Atomic absorption
direct aspiration

Atomic absorption
chelation

Atomic absorption
graphite atomizer

Soxhlet extraction

Atomic absorption
direct aspiration

Atomic absorption
chelation

Atomic absorption
graphite atomizer

Atomic absorption
direct aspiration

Preservation
Technique

Refrigeration

HgC1
2 ,

refrigeration

HgCI 2,
refrigeration

HgC1 2,
refrigeration

Na 2 S2 0 3 ,
sterile bottle,
refrigeration

Refrigeration

W403

None
required

None
required

Refrigeration

None
required

None
required

HNO 3

MNO 3

H•O 3

H2 504
refrigeration

H1}03

H•0
3

Re ference

A.P.H.A. et al.
1971

Thomas and Booth
1973; Howe and
Holley 1969

A.?.H.A. et al.
1971; Howe and
Holley 1969

U.S.E.P.A. 1974
Howe and Holley
1969

A.P.H.A. et al.
1971

A.P.H.A. et al.
1971

Perkin- Elmer
Corp. 1968

A.P.H.A. et al.
1971

U.S.E.P.A. 1974

U.S.E.P.A.
1974

A.P.H.A. et al.
1971

A.P.H.A. et al.
1971

Perkin-Elmer
Corp. 1968

Fishman and
Midgett 1968

Perkin-Elmer
Corp. 1972a

U.S.E.P.A.
1974

Perkin-Elmer
Corp. 1968

Fishman and
Midgett 1968

Perkin-Elmer
Corp. 1972a

Perkin- Elmer
Cor". 1968

Detection
Limit

1 mg/1-CaCO
3

0.01 mg/l-N

0.01 mg/l-N

0.01 mg/l-N

0 organisms/
100 ml

0.5 mg/l

2 ug/l

0.5 mg/1

0.1 mg/1

0.1 mg/l

1 unit

1 umhoi/cm

0.01 mg/l

0.1 ug/l

0.2 ug/1

0.1 mg/I

0.03 mg/l

1 ug/l

0.5 ug/l

0.1 um/I

* Hexane soluble

** Iron'

* Lead
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Table 2.4. Continued.

IPreservation Detection
Parameter Method Technique Reference Limit

*** Magnesium

** ianganeseb

Atomic absorption
chelation

Atomic absorption
graphite atomizer

Atomic absorption
direct aspiration

Atomic absorption
direct aspiration

Flameless atomic
absorption

HNO 3

M'N0 3

HIN03

HN0 3* Mercury

** Nitrate

Fishman and
Midgett 1968

Perkin-Elmer
Corp. 1972a

Perkin-Elmer
Corp. 1968

Perkin-Elmer
Corp. 1968

U.S.E.P.A.
1974

A.P.H.A. et al.
1971; Howe and
Holley 1969

U.S.E.P.A. 1974;
Howe and Holley
1969

Strickland and
Parsons 1972; Howe
and Holley 1969

A.P.H.A. et al.
1971; Ocean. Int.
Corp. (197"')a,b

I *jg/l

1 Ugll

1 .g/l

0.01 mg/l

0.05 Ljg/l

0.01 mg/i-N

0.01 mg/l-N

0.1 ug/l-N

Method 213C

Autoanalvzer
cadmium reduction

Method 11.5.* Nicrite

* Organic carbon,
total

Method 138A

HgCI,.
refrigeration

HgC12,
refrigeration

HgC1 2,
refrigeration

HCI,
refrigeration

HCI.
refrigeration

HgCl?,
refrigeration

Filtration,
refrigeration

Measured in
the field

I

1 mg/l
I

q9
Organic
nitrogen,
total

Orthophosphate,

soluble

Ocean. Int. Analyzer
wet oxidation

Methods 135 then
132C

Method 11.1.

Ocean. Inter.
Corp. (1974)b.

*xygen,

dissolved

Oxygen,

saturation

Method 218B

** Phosphorus,
total

*** Potassium

** Residue, filtrable
total dissolved
solids)

Residue,

nonfiltrable
(total suspended
solids)

Calculated method
218B

Method '44A

Method 223C then
method i. I.

Atomic absorotion

direct aspiration

Method 148B

Measured in
the field

None
required

HNO 3

None
required

A.P.H.A. at al.
1971; Howe and
Holley 1969

Strickland and
Parsons 1972:
Ryden et al. 1972

A.P.H.A. et al.
1971

A.P.H.A. et al.
1971

A.P.H.A. et al.
1971

A.P.H.A. et al.
1971; Strickland
and Parsons 1972

Perkin-Elmer
Corp. 1968

A.P.H.A. et al.
1971

A.P.H.A. at al.
1971

0.2 mg/l

0.01 mg/l

I ugh/-P

0.1 mg/1

Expressed
as percent

0.1 ;H

I ug/l-?

I
I
I
I
I
I5 .g/l

2 mg/I

1 mg/lMethod 148C None
required
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Table 2.4. Continued.

!
I
I
!
!
!

Preservation Detection
Parameter Method Technique Reference Limit

** Silica, soluble Method 151C Filtration A.P.H.A. et al. 0.01 mg/l-SiO2
1971

Autoanalyzer Filtration Technicon Industrial 0.01 mg/l-SiO2
method 105-71W Systems 1974

*** Sodium Atomic absorption HNO 3  Perkin-Elmer 2 .ig/l
direct aspiration Corp. 1968

** Sulfate Method 156C None A.P.H.A. et al. 5 mg/l
required 1971

Autoanalyzer None Technicon Industrial I mg/l
method 118-71 W required System 1974

** Temperature Whitney Measured A.P.H.A. et al. 0.1 C
Thermometer, in situ 1971
method 162

* Turbidity Hach Turbidimeter, None A.P.H.A. et al. 0.1 N.T.U.
method 163A required 1971

* Zinc Atomic absorption HNO 3  Perkin-Elmer 0.01 mg/l
direct aspiration Corp. 1968

Atomic absorption HNO 3  Fishman and 1 'ag/l
chelation Midgett 1968

Atomic abosrption HNO 3  Perkin-Elmer 0.1 ',g/l
graphite atomizer Corp. 1972a

Measured in surface water samples only.

** Measured in surface water and groundwater samples.

** Measured in groundwater samples only.

a Soluble iron determined by same method with prior filtration of sample.

b Soluble manganese in groundwater samples determined by same method with prior

filtration of sample.

I
I
I
I
I
I
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Table 2.5. Summary of minimum, maximum and mean concentrations for water quality parameters
measured in the Neosho River and Wolf Creek, 1976.

CT%

Neosho River Wolf Creek
Parameter Range Feb Apr Jun Aug Oct Dec Feb Apr Jun Aug Octa Decb

General Water
QUalit,

Water temrperature N 3 3 3 3 3 3 4 4 4 4 2
(:) Min 7.5 13.0 23.0 25.6 16.0 1.2 5.5 11.4 20.0 12.4 12.0

Max 9.1 16.0 24.0 26.6 [7.4 1.5 6.5 13.1 20.5 21.0 12.5
Mean 8.6 15.0 23.3 25.9 16.9 1.3 6.2 12.2 20.2 16.7 12.3

Oxygen, dissolved N 6 6 6 6 6 6 8 8 8 8 4
(mg/i) Min 10.4 8.7 6.5 6.0 7.7 12.8 3.1 4.2 2.3 1.9 5.3

Max 11.1 10.6 7.6 7.7 9.3 13.6 8.2 6.5 4.1 4.8 6.7
Mean 10.8 9.7 7.0 6.9 8.3 13.1 5.8 5.2 3.5 3.4 6.2

Oxygen, saturation N 6 6 6 6 6 6 8 8 8 8 4
() Min 85 89 76 73 80 89 25 40 25 20 49

Max 91 103 87 91 93 94 67 61 45 49 63

Mean 88 97 82 83 85 91 48 48 38 34 58

pH N 6 6 6 6 6 6 8 8 8 8 4
Min 7.6 8.0 7.8 8.1 7.7 8.2 7.2 7.5 7.2 7.5 7.2
Max 7.9 8.4 7.9 8.2 8.0 8.5 7.9 7.8 7.5 7.8 7.4
Mean 7.8 8.3 7.9 8.2 7.9 8.3 7.6 7.7 7.4 7.7 7.3

Alkalinity, total N 6 6 6 6 6 6 8 8 8 8 4
(mg/1-CaCO3) Min 174 188 156 152 145 184 136 155 147 109 118

Max 182 194 165 162 156 196 236 226 173 199 146
Mean 179 191 160 157 150 192 168 184 160 150 133

Conductance, specific N 6 6 6 6 6 6 8 8 8 8 4
(pmhos/cm at 25 C) Min 696 752 442 451 492 662 316 410 397 255 329

Max 725 783 453 481 507 678 517 508 505 436 340
Mean 706 766 448 466 496 671 382 481 434 352 336

Residue, filtrable N 6 6 6 6 6 6 8 8 8 8 4
(solids, total dissolved) Min 414 464 294 279 306 401 187 270 274 186 225

(mg/i) Max 446 490 305 296 336 421 368 361 360 259 231
Mean 426 482 302 287 320 410 244 309 314 219 228

Residue, nonflltrable N 6 6 6 6 6 6 8 8 8 8 4
(solids, total suspended) Min 12 14 79 36 23 4 10 3 6 46 43

(mg/1) Max 65 26 137 53 46 11 123 175 396 148 57
Mean 29 19 105 42 33 7 47 48 118 88 51

z

0
m

0
2
3
2

in
2
n
in
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Table 2.5. Continued.

Neosho River Wolf Creek

Parameter Range Feb Apr Jun Aug Oct Dec Feb Apr Jun Aug Octa Dect

General Water
qi i jy (continued)

Tubidlity
(N.T. U.)

Calcium
(m&g/i)

Chloride
(mg/ I)

N
Min
Ma x
Mean

N
Min
Max
Mean

6 6 6
5.0 5.0 68

38 23 90
16 12 76

6 6 6
77 76 55
81 79 57
79 78 56

6 6
15 18
29 35
22 25

6 6
60 56
64 64
62 60

6 8 8 8 8 4
5.0 5.0 1.0 15 34 39

22 70 150 150 105 47
11 29 43 64 62 43

6
72
75
74

8 8
38 52
66 64
50 59

8 8 4
53 39 42
57 63 48
54 52 46

Magnesium
(Mg/L)

N
Mill
Max
Mean

N
Min
Max
Mean

N
Mtin
Max
Mean

N
Min
Max
Mean

6 6 6 6 6 6
17.9 35.0 11.0 16.0 25.0 42.0
18.9 40.0 12.0 18.0 32.0 44.0
18.3 36.8 11.2 16.6 26.7 43.5

6 6 6 6 6 6
25.8 25.6 14.0 15.0 17.0 20.8
27.4 27.0 14.0 15.0 18.0 21.2
26.4 26.3 14.0 15.0 17.5 20.9

6 6 6 6 6 6
3.2 3.5 4.5 4.0 4.4 4.4
3.9 4.4 5.1 4.2 4.9 4.5
3.5 4.0 4.7 4.0 4.6 4.4

6 6 6 6 6 6
26.8 29.6 12.0 14.0 19.0 29.5
28.0 30.0 12.0 14.0 20.0 30.9
27.4 29.8 12.0 14.0 19.3 30.4

8 8 8 8 4
5.8 4.9 5.2 3.0 4.1

11.3 12.2 9.6 11.0 5.8
8.3 8.2 7.6 5.8 5.2

8 8 8 8 4
7.5 8.8 9.4 6.7 9.7

14.7 13.9 12.0 11.0 9.7
9.7 11.2 10.3 8.8 9.7

8 8 8 8 4
4.2 4.3 4.8 4.2 9.0
9.7 10.0 6.4 5.9 9.2
6.3 7.4 5.7 4.9 9.1

8 8 8 8 4
6.5 9.4 14.0 7.6 5.5

12.6 17.0 25.0 13.0 8.3
8.7 12.7 18.0 10.7 6.9

2
F

2

0
2
m

r
M,n
'U
2
n
'U
U,

Potassium
(mg/i)

Sodium
(mg/1)

Sulfate
(mg/I)

N 6 6 6
Min 112 127 53
Max 138 149 55
Mean 122 136 54

6 6 6
58 67 94
59 75 96
59 70 95

8 8
8 15

28 86
17 46

8 8 4
32 25 26
99 37 44
55 29 35

Iron, soluble
(mg/1)

N
Min
Max
Mean

6 6 6 6 6 6
0.005 0.060 0.044 0.030 0.014 <0.001
0.036 0.34 1.0 0.093 0.14 0.003
0.017 0.15 0.30 0.055 0.066 0.001

8 8 8 8 4
0.014 0.044 0.084 0.016 0.17
0.15 0.31 0.54 0.18 0.57
0.060 0.17 0.22 0.089 0.35



Table 2.5. Continued.

wo

Neosho River Wolf Creek
Parameter Range Feb Apr Jun Aug Oct Dec Feb Apr Jun Aug Octa Decb

General Water
Quality (continued)

Iron, total N 6 6 6 6 6 6 8 8 8 8 4
(mg/I) Min 0.29 0.31 1.7 0.48 0.57 0.084 0.72 0.22 0.56 1.2 1.8

Max 1.3 1.1 2.7 0.85 1.4 0.11 1.4 7.2 5.8 2.1 2.2
mean 0.64 0.59 2.1 0.61 0.87 0.094 0.90 2.2 2.1 1.6 2.0

Manganese, total N 6 6 6 6 6 6 8 8 8 8 4
(Mi/i) Kin 0.16 0.14 0.11 0.052 0.059 0.031 0.10 0.15 0.32 0.17 0.32

Max 0.18 0.25 0.13 0.10 0.089 0.045 0.77 0.28 1.2 0.96 0.67
Mean 0.17 0.21 0.12 0.088 0.076 0.037 0.30 0.21 0.58 0.41 0.49

Color, true N 6 6 6 6 6 6 8 8 8 8 4
(units) Min 7 8 17 9 10 8 22 20 24 20 31

Max 8 9 22 11 12 9 40 64 40 30 47
Mean 7 8 19 10 11 9 28 31 32 24 39

Aquatic Nutrients

Ammonia N 6 6 6 6 6 6 8 8 8 8 4
(mg/i-N) Min <0.01 <0.01 <0.01 0.01 0.01 0.01 <0.01 <0.01 <0.01 0.01 0.01

Max <0.01 0.03 0.03 0.03 0.03 0.08 <0.01 0.02 0.23 0.08 0.02
Mean <0.01 0.01 0.02 0.02 0.02 0.05 <0.01 <0.01 0.08 0.04 0.02

Nitrate N 6 6 6 6 6 6 8 8 8 8 4
(mg/i-N) Min <0.01 <0.01 0.51 <0.01 0.01 <0.01 <0.01 0.01 0.05 <0.01 0.04

Max 0.07 0.14 0.57 0.80 0.32 0.06 <0.01 0.06 0.50 0.17 0.36
Mean 0.03 0.04 0.55 0.30 0.16 0.03 <0.01 0.02 0.17 0.10 0.20

Nitrite N 6 6 6 6 6 6 8 8 8 8 4
(mg/1-N) Min 0.0025 0.0008 0.049 0.0003 0.0020 0.0014 0.0016 0.0003 0.0081 0.0005 0.002

Max 0.0067 0.0025 0.13 0.0084 0.012 0.0039 0.0053 0.0013 0.011 0.0093 0.010
Mean 0.0046 0.0014 0.081 0.016 0.006 0.0027 0.0029 0.0009 0.0092 0.0048 0.006

Nitrogen, total organic N 6 6 6 6 6 6 8 8 8 8 4
(mg/i) Min 0.53 0.66 0.68 0.62 0.74 0.55 0.74 0.67 0.98 0.86 0.88

Max 1.1 0.76 0.95 0.91 0.85 0.72 2.2 2.0 1.5 1.1 1.0
Mean 0.87 0.71 0.81 0.74 0.78 0.61 1.1 0.99 1.1 0.97 0.95

Orthophosphate, soluble N 6 6 6 6 6 6 8 8 8 8 4
(mg/1-P) Min 0.016 0.018 0.062 0.002 0.020 0.010 0.015 0.019 0.013 0.001 0.013

Max 0.052 0.049 0.072 0.040 0.051 0.063 0.059 0.075 0.072 0.028 0.083
Mean 0.030 0.032 0.068 0.024 0.030 0.042 0.038 0.037 0.041 0.006 0.044

2
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Table 2.5. Continued.

Neosho River Wolf Creek

Parameter Range Feb Apr Jun Aug Oct Dec Feb Apr Jun Aug Octa Decb

Aquatic Nutrients
(cont inued)

Phosphorus, total N 6 6 6 6 6 6 8 8 8 8 4
(mg/i-P) Min 0.075 0.068 0.17 0.11 0.34 0.022 0.049 0.072 0.11 0.12 0.19

Max 0.95 0.10 0.28 0.14 0.57 0.073 0.39 0.26 0.47 0.20 0.29
Mean 0.38 0.087 0.21 0.12 0.40 0.048 0.16 0.13 0.22 0.15 0.23

Silica, soluble N 6 6 6 6 6 6 8 8 8 8 4
(Ulg/-SiO2) Min 0.18 0.36 6.2 6.4 3.2 0.22 1.9 3.6 2.0 4.0 4.7

Max 0.64 0.78 6.6 6.7 4.5 0.31 15 7.4 9.8 9.0 5.3
Mean 0.41 0.59 6.4 6.5 3.6 0.26 8.5 4.9 5.8 6.9 4.9

Indicators of Industrial
and Municipal Contamination

Bacteria fecal coliform N 6 6 6 6 6 6 8 8 8 8 4

(organisms/100 ml) Min 0 1 47 3 170 0 0 4 20 20 1600

Max 110 11 530 110 330 730 150 23 2600 120 2600
Mean 44 7 240 62 260 260 40 10 780 65 2100

Bacteria. fecal N 6 6 6 6 6 8 4

streptococci Mn -c - 23 5 160 0 - - 980 11 2000

(organisms/l00 ml) Max - 330 32 280 80 - 3600 220 2800

Mean - - 160 15 215 25 - - 2400 99 2600

Biochemical oxygen N 6 6 6 6 6 6 8 8 8 8 4

demand (5-day) Min 2.9 2.1 0.6 0.8 1.2 1.0 2.1 1.9 1.2 1.6 4.4

(mg/l) Max 4.6 3.0 1.8 3.4 2.0 2.8 7.3 4.4 5.8 3.0 5.4

Mean 3.7 2.6 1.0 2.0 1.6 1.7 4.4 3.0 3.0 2.4 4.9

Chemical oxygen N 6 6 6 6 6 6 8 8 8 8 4

demand (mg/1) Min 24 14 20 12 16 15 27 26 23 9.3 35

Max 31 17 23 16 18 17 120 52 43 16 43

Mean 26 16 22 14 17 16 53 39 32 13 40

Hexane soluble materials N 6 6 5 6 6 6 7 8 5 6 4

(mag/) Min 0.1 <0.1 <0.1 <0.1 0.3 0.2 0.1 <0.1 0.2 <0.1 0.8

Max 0.6 1.0 0.5 1.2 0.9 1.4 1.1 0.6 0.5 0.2 2.8

Mean 0.3 0.3 0.2 0.3 0.7 0.8 0.6 0.2 0.3 0.1 1.4

Organic carbon, total N 6 6 6 6 6 6 8 8 8 8 4

(mg/1) Min 6.4 7.2 8.0 6.2 6.9 6.0 10 9.0 11 11 15

Max 10 8.8 9.4 8.7 7.5 7.2 40 20 21 13 20

Mean 7.8 8.0 8.6 7.2 7.2 6.6 18 14 15 12 17
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Table 2.5. Continued.

Neosho River Wolf Creek
Parameter Range Feb Apr Jun Aug Oct 75Dec Feb Mar Jun Aug Ocra De-c--

Trace Metals

Copper, total N 6 6 6 6 6 6 8 8 8 8 4
(ig/I) Min 1.4 0.8 2.6 2.8 1.6 1.3 1.7 0.2 1.6 3.0 2.1

Max 4.3 2.4 5.5 4.4 2.4 1.9 3.9 5.4 7.6 6.6 2.5
Mean 2.6 1.3 3.7 3.5 1.9 1.5 2.7 2.0 3.4 4.6 2.3

Lead, total N 6 6 6 6 6 6 8 8 8 8 4(Gg/I) Min 1 <1 2 1 <1 <1 12 <1 <l 3 2
Max 6 1 4 6 2 <1 38 7 12 96 3
Mean 3 <1 3 3 <1 <1 22 2 4 20 2

Mercury, total N 6 6 6 6 6 8 8 8 4
(Gg/l) Min 5.0 0.26 0.38 -c 0.62 0.20 11 0.28 0.26 -c 0.56

Max 98 1.0 2.0 _c 1.3 0.95 69 0.47 0.89 -c 1.0
Mean 30 0.59 0.78 -c 0.89 0.36 22 0.37 0.51 -c 0.80

Selenium N 6 6 6 6 6 6 8 8 8 8 4(pg/I) Min 2 1 9 <1 3 1 <1 <1 9 <1 3
Max 7 4 12 3 6 1 4 3 11 2 5
Mean 4 2 11 <1 4 1 2 1 10 1 4

Zinc N 6 6 6 6 6 6 8 8 8 8 4
(pg/I) Min 5 12 2.2 6.0 7.9 1.2 6.3 3.5 1.4 8.1 12

Max 11 16 6.6 13 14 14 15 40 88 18 18
Mean 7.4 15 4.1 8.1 11.5 6.3 9.1 16 22 12 15

0

Z
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n
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a Locations 3 and
b Locations 3 and
C Not determined.

5 were dry.
5 were dry, and Locations 7 and 2 were frozen.
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I NALCO ENVIRONMENTAL SCIENCES

Table 2.6. Seasonal water quality data from the Neosho River upstream
and downstream of the confluence with Wolf Creek, 1 9 7 3 - 7 6 .a,bI

I
I
I
1

Location 10 (upstream)c Location 4 (downstream)
Parameter Year Spring Summer Fall Winter Spring Summer Fall Winter

General Water Quality

Water temperature
(°C)

Oxygen, dissolved
(mg/l)

Oxygen, saturation

(.1)

1973
1974 5.0 19.7 19.6 0.9
1975 11.0 21.2 24.1 2.8
1976 16.0 24.0 17.4 1.5

1973
1974 13.5 8.8 8.7 13.5
1975 10.4 5.7 7.5 13.3
1976 9.1 7.0 7.8 12.9

1973
1974 90 91 94 99
1975 93 60 80 98
1976 93 82 81 90

I
pH 1973

1974
1975
1976

7.9 8.0 7.7 8.2
8.1 7.2 7.8 7.5
8.4 7.9 8.1 8.3

I
I
I

Alkalinity, total
(mg/1-CaCO3 )

Filtrable residue
(mg/i)

Conductance, specific
(Omhos/cm at 25 C)

Nonfiltrable residue
(mg/1)

1973
1974 190 154 141 175
1975 155 139 171 191
1976 193 157 148 194

1973
1974 315 297 218 228
1975 281 283 313 338
1976 473 304 307 412

1973
1974 525 459 367 462
1975 430 380 512 600
1976 756 453 492 677

1973
1974 29 89 39 115
1975 93 140 30 4
1976 19 85 42 31

9.2 24.6 23.0
-d 20.0 19.5

11.0 21.2 23.6
16.0 24.0 17.4

12.1 7.7 7.4
13.5 8.8 8.7
10.5 5.9 7.1
9.8 6.6 8.0

102 92 85
-d 97 94

95 62 75
99 77 82

8.2 8.2 7.9
7.8 8.2 7.6
8.2 7.1 7.9
8.4 7.9 8.2

114 173 194
200 164 140
153 97 175
190 158 146

213 307 223
325 284 214
348 223 315
485 296 320

293 462 510
538 458 368
431 274 514
758 443 495

98 48 41
42 194 40
86 192 37
14 95 47

70 50 23
28 80 7
73 185 33
6.0 70 20

27 14 12
16 18 20
17 52 12

8 17 11

0.12 0.03 0.01
0.17 0.05 0.02
0.18 0.06 <0.01

<0.01 0.01 0.02

2.5
0.9
2.8
1.5

14.1
13.5
12.6
12.9

120
100

93
90

135
178
195
195

238
263
385
409

375
475
606
672

43
93

3
24

7.6
8.0
7.7
8.3

Turbiditye
(N.T.U.)

Color true
(units)

1973
1974 21 50 6
1975 58 120 27
1976 8.0 72 22

44
10

6.0

15
8
9

51
46

8
7.0

24
15
9
9

1973
1974 16
1975 21
1976 8

17 18
24 11
18 11

Aquatic Nutrients

Ammonia
(mg/I-N)

1973
1974 0.19 0.04 0.03 0.22
1975 0.15 0.07 0.01 0.03
1976 <0.01 0.03 0.02 0.09

0.18
0.21
0.04
0.06
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Table 2.6. Continued.

Location 10 (upstream) Location 4 (downstream)

Parameter Year Spring Summer Fall Winter Spring Summer Fall Winter

Aquatic Nutrients (continued)

Nitrate
(mg/i-N)

Nitrite
(mg/i-N)

Organic nitrogen
(mg/I)

Orthophosphate, soluble
(mg/1-P)

1973
1974
1975
1976

1973
1974
1975
1976

1973
1974
1975
1976

1973
1974
1975
1976

1973
1974
1975
1976

1973
1974
1975
1976

-d 2.0 0.49 0.93
1.1 1.2 0.55 0.53
0.01 0.57 0.15 0.06

0.025
0.020
0.0011

0.040
0.018
0.056

0.026
0.032
0.004

0.011
0.045
0.0029

0.50 0.66 0.62 0.66
0.93 1.0 0.57 0.42
0.74 0.71 0.80 0.58

0.015
0.023
0.022
0.0009

0.62
0.56
0.96
0.73

0.11
0.066
0.018
0.044

0.23
0.12
0.18
0.094

0.12
0.044
0.014
0.061

0.57
0.83
1.4
0.83

0.16
0.079
0.061
0.070

0.0018
0.032
0.028
0.002

0.86
0.60
0.60
0.80

0.066
0.057
0.037
0.026

0.77 1.2 0.70 0.79
1.4 2.2 0.28 0.89
1.3 0.67 0.60 0.52
0.02 0.57 0.01 0.03

0.067
0.015
0.035

0.11
0.21
0.097

0.075
0.080
0.069

0.055
0.034
0.038

Phosphorus, total
(mg/1-P)

Silica, soluble
(mg/I-SiO2 )

0.16 0.089
0.24 0.088
0.18 0.37

0.093
0.031
0.063

0.16
0.041
0.071

10.4
0.31
0.26

0.15 0.12
0.21 0.11
0.35 0.088
0.24 0.38

0.012
0.011
0.0045
0.0037

0.73
0.63
0.51
0.57

0.073
0.091
0.026
0.044

0.21
0.16
0.034
0.049

8.9
10.7
0.34
0.29

q
8.8 11.5 4.9
5.1 8.4 3.7
0.54 6.3 6.5

10.3
8.9
5.2
0.66

7.3
8.4
8.5
6.3

5.5
5.9
3.8
4.1

Industrial and Municipal
Contaminants

Bacteria, fecal coliform
(no./100 ml)

1973
1974
1975
1976

Biochemical oxygen
(5 day) (mg/i)

demand 1973
1974
1975
1976

81
215
10

4.8
2.7
2.6

15
32
17

41
170
190

1.7
2.3
0.6

17
23
21

_d 170
97 38

320 550

0.8 1.1
0.5 2.0
1.6 1.2

15 16
14 17
16 15

67
81

170
9

2.6
5.1
3.3
3.0

22
16
28
17

43
52

230
480

46
370
135
170

2.4 1.5
2.1 0.7
2.3 1.1
0.7 1.8

680
190

45
110

1.3
1.2
1.7
1.3

21
17
21
17

I
I
1
I
I
I

Chemical oxygen demand
(mg/i)

Organic carbon, total
(mg/l)

1973
1974
1975
1976

1973
1974
1975
1976

20
21
37
22

16
17
15
16

18 9 10 14
28 21 11 9.1
8.1 8.3 7.5 6.7

1.1 1.7 <0. 1 0.2
0.7 2.2 1.4 1.7

<O.1 0.3 0.8 0.6

8 6 20 13
21 9 9 14
30 24 13 7.6
8.4 8.1 7.0 6.6

Hexane soluble materials 1973
(mg/1) 1974

1975
1976

<0.1 0.2
0.5 1.2
0.5 1.5
0.2 0.1

1.7
<0. 1

1.7
0.6

1.6
0.2
0.9
0.9

I
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Table 2.6. Continued.I
I
I
I
I
I
I

Location 10 (upstream) Location 4 (downstream)
Parameter Year Spring Summer Fall Winter Spring Summer Fall Winter

Trace Metals

Copper, total 1973 3.0 4.1 1.8 2.2
(wg/l) 1974 1.5 4.9 5.7 5.7 1.6 8.5 5.0 5.3

1975 3.8 6.5 2.3 1.6 5.3 9.9 1.6 2.6
1976 0.8 2.7 1.7 1.4 1.2 3.2 1.7 1.5

Iron, total 1973 3.8 2.9 1.0 1.0
(mg/i) 1974 0.85 2.1 2.1 2.1 0.88 3.7 2.0 2.0

1975 3.0 6.1 0.92 0.22 3.9 11.0 1.0 1.0
1976 0.41 1.8 0.69 0.088 0.32 1.9 0.58 0.089

Manganese, total 1973 0.57 0.18 0.090 0.11
(mg/1) 1974 0.066 0.068 0.071 0.074 0.068 0.13 0.072 0.082

1975 0.10 0.15 0.056 0.030 0.13 0.22 0.075 0.032
1976 0.25 0.13 0.065 0.036 0.25 0.11 0.074 0.032

Mercury, total 1973 0.14 0.07 0.06 0.11
(Ug/1) 1974 0.08 0.07 <0.05 0.61 0.05 0.05 <0.05 0.32

1975 6.5 1.0 0.76 0.54 8.7 1.7 0.92 1.2
1976 0.76 1.3 0.95 0.28 0.47 0.61 0.83 0.61

Zinc, total 1973 <1 8 1 1
(ug/h) 1974 15 60 39 12 18 26 47 11

1975 17 28 5.8 1.8 13 46 6.4 3.3
1976 15 3.5 8.2 13 14 2.2 14 4.4

I
I
I

a
b
c

d
e

Means of duplicate samples.
Spring water quality data collected in March 1973-74 and April 1975, 1976.
Location 10 not included in 1973 study.
Not determined.
Turbidity prior to April 1975 reported in JTU.

I

43



NALCO ENVIRONMENTAL SCIENCES

Surface waters.aTable 2.7. Water quality criteria for Kansas
(Applicable to Neosho River.)

Locations and Months in which
Parameter Criterion the Standards were violated

Temperature, water

Oxygen, dissolved

32.2C (9"F)

Not less than 5 mg/l

pH 6.5 to 8.5

None

None

None

None

None

Ammonia 0.15 mg/l-N maximum

Bacteria,
fecal coliform

Oil and grease

Turbidity and
total suspended
solids

Color

Not to exceed 2000 per
100 ml sample

No evidence of visible
oil or grease

No increases from other
than natural origin

No man-made point source
discharges of color
producing substances

No increases from man-
made point discharges

Man-made point discharges
limited to concentra-
tions in receiving water
that will not harm human
or aquatic life

None

None

I
9

None

Taste and odor
producing
substances

Toxic substances

None

I
I
I
I
I
I

None

a Kansas State Board of Health (1973).
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4
I
I
I
I
1
I
I
9
I
I
I
1
I
I

I
I

Table 2.8. Desirable water quality criteria for various uses.
are maximums unless minimum or range is given.

All values

Water Supply Uses
Livestock and

Irrigation Wildlife Water Suoopv
Support of Fish
and Aauatic LifeParameter

General Water Quality

Temperature (°C)

Oxygen, dissolved

(mg/i)

PH

?ublic Water Supply
i ~ ~ ~ ~ ~ ~ n Aa tic Life --- ]... ..

4.5-9. 0 ab.c.d

Alkalinity, total
(Mlg/-CaCO3 )

Calcium
(mg/i)

,agnesium
(at/I)

Sodium
(mg/i)

Potassium
(mg/i)

Chloride

Fluoride
(mg/i)

Sulfate
(mR/1)

Solids, total dissolved
(Mg/i)

Solids, total suspended
(mg/I)

Conductance, specific
(umhos/cm at 25 C)

Turbidity
(14. T. U.)

Colors
(Pt-Co Units)

Odor
(number)

Aquatic nutrients

Ammonia

(mg/l-N)

Nitrate (10gl-11)

Nitrite (mg/i-N)

Orthophosphate
(mg/I-P)

Silica

(mg/t-SiO2 )

Toxic Contaminants

Bacteria, Total
coliform (Io./10Oml)

Bacteria. fecal
coliform• (No./1O0Ml)

30 '

•100a

loa

1000a

2 5 0 f

0. 7-1. 2a.b
1. 4,-Z. 4d

5 0 0 a, 25 0 b,c.d.f

ioooa. 5 00 b

24a

100a, 751 of
total lonse

b0oa

10.08, 2.0c'd

2 0 0 a

700a,500b

5000c.d

2 0 0 0 a,3000e

5. 0 b

7 .9. 2 b'd, 6 - 9c

T7 0 a, 1 3 0 bc.d

1000a

500a

2000,

lS00a

1.Oa, 2.0c. d

5 00 a

2500,1000b

80 c, 2 5 d

4.2a, 5.8c

6. 5_8.4a, d
6-9bc,

1 0 0 - 2 0 0 a

1 5 - 5 2 a

7-14a

10-83a

400a

170a

1.5a

3 2 - 9 0 a

2000a

4000a

25a.50b5-250a,5f

1ooa, 1 5 f

jf

0.05-O.10.
0. 5 b,c.d

job, c. df

2a

0.4"

0 . 0 2 Cd

0.9-4.2a1O0(NO 3NO2)cd

lOe

0.5 (minimum)a

10000 b,¢

2 0 0 0 od, 1 f

20 0 0 b.c,d if

20 0 0 c

2000cI000c
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Table 2.8. Continued.

Water Supply Uses
Livestock uad

Irrigation iVldlife Jater Supply and AquaticParameter

Oxygen demand,
biochemical (mg/i)

Chlorine, total (mg/i)

Cyanide (mg/I)

lezane soluble
materials (mg/1)

MEethylene blue-activo
substances (mg/I)

Trace Elements

Aluminum (mg/I)

Arsenic (mg/i)

Barium (mg/1)

Beryllium (mg/i)

Boron (mg/I)

Cadmium (mg/i)

Chromium (mg/i)

Cobalt (mg/I)

Copper (mg/1)

Iron (mg/i)

Lead (mg/I)

Lithium (mg/i)

M, Inganese (mg/i)

Mercury (mg/1)

Molybdenum (mg/i)

Nickel (mg/I)

Selem.ium (mg/1)

Zinc

Public Water Supply

4.0oa

90*

O.Ola.o. 2b.cd.f

0.1a.absentb
nonvisibiec'd

1
SO5

30a
noOvisiblec,d

0.St.d,f

0 .af 0a.0b.f0 1 c~d

1 .0 b,c.d

L.0a,b~c.d~f

0 . 0 5 a.b~c,d.f

3a

* 5.cdf'o.

0 .0 0 5 e 0 .0 0 2 c~d

0 . 0 5 a.t,0 0 1 c,d

3 0ra.bC~d,f

1. b _.e1 0c, d

1.a.b1 .d lc*

2. 0 be.c.Od~

0 . 0 0 5 b* 0~0 1 c~d

0 5 a2b. 0 2 C.d

o0 5 b0 0 2az bc,d

0 1oc 5 ~cd
i.oa.0.o5b 10.c~d

0 5oc.d

o.0 5b'o.d0 c

loll

2 5 .0 c'd

0. 003c.* d

0.005 c,d

None on surface
and 1000 mg/kj
in sedlmeat

t .G

0.5 a. 0 . 2 b,c.d

5.0a

12*

0 .0 1 .0 -03 c~d

0 .0 5 a.c~d.0 0 2b

*0.0a2 a

0.28

0 .*0a,0* 03 c.d

1.0a

2.04

I
9R

a Criteria taken from flcKee and Wolf (1963).

b National Technical Advisory Committee criteria in U. S. Environmental

Protection Agency (1973).

C U. S. Environmental Protection Agency (1973).

d National Academy of Science criteria in U. S. Environmental Protection

Agency (1973).

e U. S. Department of Agriculture recommendations in U. S. Department of

Agriculture (1954).

f U. S. Public Health Service criteria in U. S. Department of Health,
Education and Welfare (1962).
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NALCO ENVIRONMENTAL SCIENCES

Chapter 3

PHYTOPLANKTON STUDIES

By

Phillip A. Kline and Steven D. Reetz
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I. Introduction

The phytoplankton community is an essential component of the aquatic
environment. These organisms represent the initial link in the aquatic food
chain from which other biological communities, either directly or indirectly,
derive nutrient requirements. Although adequate phytoplankton quantities are I
required for aquatic food webs, large populations of some taxa can impair
water quality.

Data describing the phytoplankton community of the Neosho River near

Wolf Creek Generating Station (WCGS) were collected quarterly in 1973, 1974
and 1975 (Kansas Gas and Electric Company 1974; Wilde et al. 1975; Wilde and
Reetz 1976). The results are discussed herein of continuing investigations I
conducted during 1976 to provide additional data on the phytoplankton popu-
lations that may be affected by construction and operation of WCGS.

Specific objectives of the 1976 study were:

1. To document seasonal and year-to-year variations in phytoplankton
composition, abundance, biomass (biovolume and chlorophyll a

concentrations), and primary productivity (carbon fixation rate)
of phytoplankton communities in Wolf Creek and the Neosho River; and

2. To assess the environmental impact of construction of Wolf Creek

Generating Station on phytoplankton populations.

II. Field and Analytical Procedures

Duplicate composite water samples for phytoplankton analyses were

collected bimonthly at seven locations (Figure 3.1). Additional samples were
collected at Location 1 on 3 May and 12 July. Drought conditions prevented
the sampling of one or more Wolf Creek locations in October and December. All
samples were collected within one meter of the surface with a nonmetallic I
water sampler. Subsamples were immediately placed in appropriately labeled
1.9 liter polyethylene bottles containing 60 ml of "M3," preservative (Meyer
1971) for later algal identification, enumeration, and biovolume determinations.

Carbon fixation rate and chlorophyll a concentration were assessed from the
remaining portions of the duplicate samples.

Two separate procedures were used to analyze the preserved samples. A
subsample volume of 10 to 100 ml was used for diatom analyses. Diatoms were

cleaned with a concentrated nitric acid/potassium dichromate solution and
collected on a 0.45 p pore size membrane filter. The filter was air-dried I
and a portion was placed on a glass slide, cleared with immersion oil, and
covered with a coverslip. The slide was then examined at 1250X magnification
with a microscope equipped with phase contrast. A modification of Lackey's

(1938) microtransect method was used to analyze the non-diatom phytoplankton.
An 875 ml subsample volume from each sample was placed in a 1000 ml beaker.
Liquid detergent was added to break the surface tension (Mackenthun 1969), and
the organisms were allowed to settle overnight. The supernatant was removed
with a suction pump, and the organisms were further concentrated in successively

smaller containers until a density suitable for counting was attained. A 0.1 ml
aliquot of the concentrate was placed in a slide and examined at 50OX I
magnification with a microscope equipped with phase contrast.
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An area of the coverslip large enough to permit the accurate estimation
of the density and diversity of phytoplankton populations was examined for

each preparation. All undamaged organisms were identified to the lowest
positive taxonomic level using keys by Hustedt (1930), Huber-Pestalozzi (1941,
1968), Smith (1950), Hortobagyi (1960), Prescott (1962, 1964), Patrick and
Reimer (1966), Cocke (1967), Stoermer and Yang (1969), Taft and Taft (1971),
Weber (1971), and Whitford and Schumacher (1973). Densities were reported as
the number of units per milliliter of water (units/ml). A reporting unit
consisted of a single frustule for diatoms. For algae other than diatoms,
a reporting unit consisted of a single cell for unicellular forms, a 100 p

length for filamentous forms and four cells for all colonial forms other than
species of Aphanocapsa, Aphanothece, and Microcystis for which 50 cells

comprised a reporting unit. Phytoplankton species diversity was calculated to
the base e (Shannon 1948).

Biovolume (cell volume) determinations were made using methods described
by Cowell (1960) and Hohn (1969). Biovolume was computed for each taxon using

the formula for the geometric configuration that most resembled the shape of
the organism. The average biovolume of at least 10 randomly selected
individuals was used for abundant forms, and the average biovolume of all
individuals examined was used for those observed less than 10 times. All

Ibiovolumes were expressed as microliters per liter (Il/l).

The non-preserved portion of the composite samples was analyzed for

carbon fixation rate and chlorophyll a concentration. Carbon fixation rate
was estimated by the light-dark bottle 1 4 C method (Wetzel 1964; Parkos et al.
1969; Strickland and Parsons 1972). Three 50 ml subsamples were taken from

each composite, inoculated with 4-5 microcuries of aqueous 1 4 C bicarbonate
solution, and incubated for 3 hr in a constant light (=1000 ft-c) and tem-

perature (adjusted to near ambient) chamber. The subsamples were then filtered
through 0.45 p porosity filters. The filters were returned to the laboratory,

dried, fumed with concentrated HCl for 10 min (Wetzel 1965), and placed in low
potassium scintillation vials. Seventeen milliliters of scintillation fluid
(12 g/l Butyl PBD, 0.4 g/l PBBO, and 180 ml/l Scintisol-GB in spectrophotometric
grade toluene) were added to each vial and the activity was measured with a
refrigerated liquid scintillation counter. Carbon fixation rate was expressed

as milligrams of carbon fixed per cubic meter per hour (mg C/m 3 per hr).

Chlorophyll a concentration was determined by flouorometric techniques

of Lorenzen (1966) and Strickland and Parsons (1972). Three 50 ml subsamples
from each composite sample were filtered through glassfiber filter papers on
a thin layer of MgCO 3 . The filters were eluted with 90% acetone for at least
24 hr, ultrasonically disrupted, and centrifuged. The fluorescence was
measured before and after the addition of I N HCl. Chlorophyll a concentration
was expressed as milligrams per cubic meter of water (mg Chl a/m 3 ).

III. Results and Discussion

Detailed results of phytoplankton analyses are contained in Appendix B.

A. Neosho River

3 Samples collected from locations in the Neosho River primarily
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reflected the discharge of phytoplankton from John Redmond Reservoir.
Differences between Location 1 and the downstream locations resulted from the

settling out of organisms and the sloughing of individuals from substrates in
the river (Chandler 1937; Hynes 1970). Phytoplankton composition, density,
species diversity, and biovolume were fairly uniform at all river locations;
however, the similarity was greatest at Locations 10 and 4 (Figure 3.2). I
In contrast to 1975, little seasonal variation in phytoplankton density was
evident in 1976 with moderately low values (3000 to 10000 units/ml) recorded
on all but two collection dates. However, densities >40000 units/ml and
<3000 units/ml were recorded on 25 February and 14 December, respectively
(Table 3.1). Carbon fixation rate and chlorophyll a concentration did not
demonstrate a seasonal pattern. Variability among sampling dates was less
pronounced than in previous years and was generally limited to differencesI
between Location 1 and the two downstream locations (10 and 4).

Diatom taxa were numerically dominant at the river locations on all I
collection dates, ranging from 445 units/ml (Location 4) on 14 December to
39199 units/ml (Location 4) on 25 February (Table 3.1). Diatoms normally
dominate the phytoplankton of streams throughout most of the year (Williams
1964). Centric diatoms including Stephanodiscus astraea, S. hantzschii,
S. minutus, Cyclotella atomus, and C. meneghiniana have dominated the phyto-
plankton of the Neosho River on all sampling dates from 1973 through 1976.

The prevalence of centric diatoms may be related to the turbidity of John
Redmond Reservoir; species of Cyclotella and Stephanodiscus have been described

as turbidity-tolerant (Hutchinson 1967). Total diatom biovolume ranged from
0.13 Pl/l (Location 4) to 16.32 ul/l (Location 1) on 14 December and
25 February, respectively (Appendix B).

Green algae (Chlorophyta) were generally common and comprised up to

3912 units/ml at Location 10 on 25 February (Table 3.1). No seasonal pattern
in the occurrence of green algae was noted in 1976. Seasonal increases in
densities of green algae usually occur when ambient water temperatures remain
at 30-35C (Patrick 1969); however, the maximum water temperature recorded at [
Locations 10 and 4 was 26.6C on 10 August (Chapter 2). Densities of green
algae in spring and fall collections were higher than in previous years,
whereas summer and winter densities were similar to those reported in 1973
(Figure 3.3). Chlamydomonas sp., a coccoid unicellular form, was the only
numerically important green alga in samples collected from the river (Table 3.4).

Cryptophytes (Cryptophyta) were present on all collection dates
with a maximum density of 960 units/ml recorded on 25 February. Densities
were low throughout 1976 with seasonal values similar to those reported in
1973 (Figure 3.3). Principal cryptophyte taxa included Cryptomonas ovata,
Cryptomonas sp., Rhodomonas minuta var. nannoplanktbDica, and Rhodomonas sp.(Table 3.4).

Euglenoids (Euglenophyta) were a relatively unimportant group, except
on 5 October when Trachelomonas sp. dominated the phytoplankton both in density
and biovolume at Location 4 (Appendix B). Euglenoids often become abundant
in pool habitats (Hutchinson 1967), particularly after extended periods of
elevated water temperatures (Hynes 1970). The abundance of this taxon at
Location 4 (Table 3.4) was probably related to the minimal stream flow since mid-July.
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Blue-green algae (Cyanophyta), chrysophytes (Chrysophyta), or

dinoflagellates (Pyrrophyta) never comprised more than 2% of the community

at any location during the study (Table 3.1). A pulse of the colonial
blue-green alga Merismopedia tenuissima was recorded in all previous
September collections (Kansas Gas and Electric Company 1974; Wilde et al. 1975;
Wilde and Reetz 1976); however, no indication of a pulse was noted on 10 August
or 5 October which may indicate that it was of short duration or that no pulse
occurred in 1976.

Maximum phytoplankton densities in the Neosho River were recorded
on 25 February (31437 units/ml at Location 1 to 43799 units/mi at Location 4)
(Table 3.1). Previously, the highest phytoplankton density recorded in the
river was 17791 units/mi on 16 April 1975 (Wilde and Reetz 1976). Although
the density of phytoplankton was high on 25 February, very low silica values
(Appendix A, Table A.1) and relatively low carbon fixation rates (Table 3.2)
suggest that the phytoplankton populations were declining. Principal taxa
at all three locations included the centric diatoms, Stephanodiscus astraea,
S. hantzschii and Stephanodiscus sp. (Table 3.4); species of Stephanodiscus
of ten exhibit a spring maxima (Lowe 1974). Phytoplankton community characteristics

were similar at the three locations; however, the downstream locations (Locations
10 and 4) were most alike.

Phytoplankton densities on 6 April were considerably lower than those

collected in February. Densities ranged from 5655 units/mi at Location 1 to
7641 units/ml at Location 4 (Table 3.1). Densities were lower than those
recorded during the corresponding collection date in 1975, but higher than those
reported on similar dates in 1973 and 1974 (Figure 3.3). The centric diatom

Stephanodiscus astraea numerically dominated the phytoplankton. Stephanodiscus
hantzschii, Stephanodiscus sp., the pennate diatom Nitzschia dissipata, and
Chlamydomonas sp., a green alga, were also common (Table 3.4). Biovolume,
diversity, and number of taxa of phytoplankton at Locations 10 and 4 were
slightly higher than at Location 1 (Table 3.5; Appendix B). Carbon fixation

rate (Table 3.2) and chlorophyll a concentration (Table 3.3) displayed no trends.

On 3 May samples were collected only from Location 1. Phytoplankton

density (8137 units/mi) was similar to that reported in April. Stephanodiscus
sp. replaced S. astraea as the most abundant taxon. Other common taxa
included the centric diatoms Cyclotella atomus, Stephanodiscus invisitatus,
and S. minutus.

Centric diatoms were again abundant on 15 June when Stephanodiscus
astraea, Stephanodiscus sp., and Cyclotella meneghiniana were the more common

taxa. Similarity among the three river locations in species composition,
density, biovolume, chlorophyll a concentration, and carbon fixation rate was
probably the result of increased stream flow earlier in the month (Chapter 2).I Total phytoplankton densities ranged from 7440 units/mi at Locations 10 to
8721 units/ml at Location I (Table 3.1). Total density, chlorophyll a concen-
tration, and carbon fixation rate were higher in June 1976 than on corresponding
collection dates in previous years. Phytoplankton biovolume, diversity, and

the number of taxa encountered were similar to those reported in previous years.
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Only Location I was sampled on 12 July. The community was domianted
by Stephanodiscus minutus and the pennate diatom Nitzschia fonticola. Cyclotella

meneghiniana, Stephanodiscus astraea, and Stephanodiscus sp. were also common.
Total phytoplankton density was 6537 units/ml, slightly lower than in June
(Table 3.1).

Stephanodiscus minutus and Cyclotella meneghiniana were the principal
taxa at Location 1 on 10 August, whereas C. meneghiniana and Chlamydomonas sp.

comprised over 65% of the density at the downstream locations (Table 3.4). !
Phytoplankton densities ranged from 3549 units/mi at Location I to 22695 units/mi
at Location 4 (Table 3.1). Downstream locations which were generally similar
during periods of low stream flow showed a large difference in density (10138
units/mi at Location 10 vs 22695/mi at Location 4). However, comparisons of I
composition, diversity, number of taxa, carbon fixation rates, and chlorophyll
a concentrations (biomass indicator) indicated similar community structure at

the two locations. I
Phytoplankton densities on 5 October ranged from 3398 units/ml at

Location 10 to 8360 units/ml at Location 1 (Table 3.1). Similarity was noted

among the locations in composition, and the slight differences in density,
biovolume, and species diversity were attributed to the occurrence of the
pennate diatom Nitzschia sp. at Location 1 and the euglenoid Trachelomonas sp.

at Location 4. Other abundant taxa included Cyclotella meneghiniana and
Chlamydomonas sp. Carbon fixation rate and chlorophyll a concentration were
higher at Location 4 than at Locations 1 and 10. q

Phytoplankton densities were low on 14 December, ranging from 701
units/mi at Location 4 to 3076 units/mi at Location 1 (Table 3.1). Low
chlorophyll a concentration and carbon fixation rate at Locations 10 and 4

were indicative of the reduced densities. Composition was similar at the
three locations with centric diatoms comprising over 50% of the phytoplankton.
Principal taxa included the centric diatoms Stephanodiscus astraea, Cyclotella

atomus, C. pseudostelligera, and Thalassiosira sp., and the cryptophyte
Rhodomonas sp. Locations 10 and 4 were again similar in composition and
diversity; differences between upstream and downstream locations resulted from

the greater abundance of cryptophytes at Location 1 and pennate diatoms at I
Locations 10 and 4. •

The minor differences in the Neosho River phytoplankton community
upstream (Location 10) and downstream (Location 4) of the confluence with I
Wolf Creek were not attributable to construction activities within the
drainage area. Flow from Wolf Creek into the Neosho River was not evident

on the dates of collection.

B. Wolf Creek

Phytoplankton samples collected from Wolf Creek showed considerable
inter-location variation in carbon fixation rates, chlorophyll a concentrations,
density, biovolume, diversity, and community composition. Variations in these
characteristics and generally low densities were probably due to the lack of
stream flow which necessitated sampling from isolated shallow pools on all
collection dates. Locations 3 and 5 were dry on 5 October and all creek
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locations were either dry or frozen on 14 December. Phytoplankton populations
were also limited by shading from bordering stands of hardwood vegetation during
the growing season. Later in the year, leaf litter added considerable color
which further reduced the amount of light available to primary producers. The
lack of precipitation resulted in the concentration of minerals and nutrients
(Chapter 2). Williams (1964) reported that after a prolonged period of little
or no flow, toxic materials may accumulate and be reflected in low plankton
density. Gerhold and Otto (1976) used water samples from the Wolf Creek site
in bioassay experiments and found that a two-fold concentration of nutrients by
evaporation retarded growth of Selenastrum capricornum.

A

Diatoms comprised from 6.2 (Location 7 on 25 February) to 99.5%
(Location 2 on 10 August) of the phytoplankton during 1976 (Table 3.1).
As in previous years, periphytic pennate diatoms were generally the principal
taxa; small streams rarely support true phytoplankton populations (Hynes 1970).
Common taxa included species of the pennate genera Nitzschia, Navicula,
Diploneis, Fragilaria, Achnanthes and species of the centric genera Cyclotella,
Melosira, and Stephanodiscus.

Green algae were abundant only on 25 February, comprising up to 31.1%
of the phytoplankton (Figure 3.4). Principal taxa included Dictyosphaerium
pulchellum, Ankistrodesmus falcatus and Chlamydomonas sp. No green algal
taxon comprised more than 10% of the phytoplankton on the remaining collection
dates.

Chrysophytes were numerically important in the 25 February and
6 April collections. Seasonal occurrence of chrysophytes in temperate
climates is generally restricted to winter months (Whitford and Schumacher 1973).
Chromulina sp., Uroglena soniaca, and Synura uvella were the most abundant
taxa. Densities of chrysophytes were highest in February (19266 units/ml;
Table 3.1).

a Cryptophytes were abundant on most collection dates, ranging from
3 units/ml on 10 August to 88675 units/ml on 25 February (Figure 3.4). The
most abundant taxa included Chroomonas sp., Cryptomonas ovata, Cryptomonas sp.,
and Rhodomonas minuta var. nannoplanctb-ica. Cryptophytes are found
throughout the United States in habitats ranging widely in organic content
(Smith 1950).

Blue-green algae, euglenoids, dinoflagellates, and chloromonadophytes
(Chloromonadophyta) were rare, generally comprising <5% of the phytoplankton.

Phytoplankton densities in samples collected on 25 February ranged
from 962 units/ml at Location 3 to 173,954 units/ml at Location 7 (Table 3.1).
The phytoplankton communities were dominated by cryptophytes at Location 7,
pennate diatoms and chrysophytes at Location 2, and pennate diatoms at Location
5. Cryptophytes, blue-green algae, and pennate diatoms were codominants at
Location 3. Principal taxa included Chroomonas sp. (49.1% at Location 7),
Chromulina sp. (35.2% at Location 2), Cryptomonas sp. (27% at Location 3), and
Nitzschia acicularis (26.6% at Location 5). Highest carbon fixation rate
(36.36 mg C/m' per hr) and chlorophyll a concentration (51.67 mg chl a/m 3 )

were recorded at Location 7 which corresponded to peak phytoplankton density
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(Tables 3.2 and 3.3). Carbon fixation rate and chlorophyll a concentration
were considerably lower at downstream locations.

Excluding slightly higher density and chlorophyll a concentration
at Location 7 and a higher rate of carbon fixation at Location 3, the only
major difference among locations on 6 April was restricted to variations in I
species composition. Diatom taxa dominated the communities at Locations 7
and 5, whereas chrysophytes were most abundant at Locations 2 and 3. Uroglena
soniaca, a chrysophyte, comprised 50.8% of the phytoplankton density at
Location 2. Location 3 was dominated by the chrysophyte Synura uvella
(76.5%). The pennate diatoms Fragilaria construens and F. pinnata comprised
29 and 18.7%, respectively, of the community at Location 7. Principal taxa
at Location 5 included Cryptomonas ovata (16.5%), Nitzschia acicularis (15.6%),
and N. palea (11.6%).

Similar species composition at all locations on 15 June suggested
that flow had existed in the creek at some time since 6 April. Diatoms were
dominant with principal taxa including Cyclotella meneghiniana, Nitzschia sp.,
Navicula sp., and Diploneis pseudovalis. Phytoplankton densities increased
progressively from upstream to downstream locations, ranging from 1364 units/ml
at Location 7 to 8299 units/mi at Location 5 (Table 3.1). Corresponding values
of carbon fixation rate and chlorophyll a concentration also demonstrated a 3
downstream increase. Carbon fixation rate ranged from 3.59 to 36.98 mg C/m3

__

per hr at Locations 7 and 5, respectively (Tible 3.2), whereas chlorophyll a
concentration increased from 2.37 mg Chl a/m at Location 7 to 27.00 mg Chl
a/m3 at Location 5 (Table 3.3).

Phytoplankton samples collected on 10 August showed considerable
variation in composition and density and only slight variation in carbon
fixation rate and chlorophyll a concentration. The communities were dominated
numerically by centric diatoms and cryptophytes at Location 7, pennate diatoms
at Location 2, centric and pennate diatoms at Location 3, and centric diatoms
at Location 5. Principal taxa included Melosira ambigua and Cryptomonas ovata
at Location 7; Diploneis pseudovalis and Stephanodiscus sp. at Location 2;
Nitzschia acicularis, Melosira distans, and Stephanodiscus minutus at Location
3; and Cyclotella meneghiniana and Nitzschia sp. at Location 5 (Table 3.4).
Densities ranged from 2778 units/mi at Location 7 to 10234 units/mi at Location
2 (Table 3.1). Because of major differences in community composition, a
relationship could not be established between densities and values of biovolume,
carbon fixation rate, and chlorophyll a concentration.

Only Locations 7 and 2 were sampled on 5 October as the remaining
locations contained no water. Although phytoplankton density varied from 1
2945 units/mi at Location 7 to 9997 units/ml at Location 2; species composition
and diversity at the two locations indicated similar community development
(Tables3.1 and 3.5). Principal taxa included species of the pennate diatoms
Nitzschia, Navicula, Diploneis, and Achnanthes. Phytoplankton biovolume
paralleled density, while chlorophyll a concentration and carbon fixation rate
demonstrated an inverse relationship with slightly higher values at Location 7
than at Location 2.
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Hydrological conditions in Wolf Creek have varied considerably during
the four-year study period (Chapter 2). Extreme variation in the physical
characteristics of the Wolf Creek environment has resulted in wide spatial
and year-to-year variability in the phytoplankton community. Below normal
precipitation with a corresponding lack of surface runoff prohibited an
assessment of the effects of construction on phytoplankton populations in
Wolf Creek.

IV. Summary and Conclusions

1. Centric diatoms including species of Cyclotella and Stephanodiscus
were the principal taxa in the Neosho River in 1976 as well as in previous
monitoring studies, and their prevalence may be related to the turbidity of
John Redmond Reservoir. Important non-diatom taxa included the green alga
Chlamydomonas sp. and species of the cryptophyte genera Cryptomonas and
Rhodomonas. The pulse of the blue-green alga Merismopedia tenuissima which
has been noted in previous years was not recorded in 1976.

2. There was little seasonal variation in the density of phytoplankton
collected from the Neosho River with moderately low values (3000 to 10000 units/
ml) recorded on all but two dates. Lowest density was recorded on 14 December
at Location 4 (701 units/ml), whereas the highest density occurred at Location
1 on 25 February (43799 units/ml).

3. Phytoplankton carbon fixation rates and chlorophyll a concentrations
from the Neosho River did not demonstrate any seasonal patterns. Carbon
fixation rates in the Neosho River ranged from 4.84 mg C/m3 per hr on
14 December to 95.6 mg C/m3 per hr on 10 August. Chlorophyll a concentrations
were lowest on 14 December (2.5 mg/m 3 ) and highest on 5 October (19.7 mg/m 3 ).

4. Slight differences in density and carbon fixation were noted between
the upstream and downstream locations in the Neosho River on most collection
dates.

5. Phytoplankton samples collected from Wolf Creek showed considerable
inter-location variation in carbon fixation rate, chlorophyll a concentration,
density, biovolume, diversity, and composition. Variation of these community
characteristicsand generallylow densities were attributed to the lack of
stream flow which necessitated that sampling be conducted in isolated shallow
pools on all collection dates.

6. Wolf Creek phytoplankton populations were generally dominated by
pennate diatoms and phytoflagellates, primarily Cryptophyta and Chrysophyta.

7. No effect of construction activity on phytoplankton populations was
found in either the Neosho River or Wolf Creek.
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Figure 3.1. Sampling locations in the vicinity of Wolf Creek
Generating Station, Burlington, Kansas, 1976.
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of Wolf Creek Generating Station, Burlington, Kansas, 1973-76.
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Table 3. 1. Summary of phytoplankton densities and percent occurrence from samples collected in

the vicinity of Wolf Creek Generating Station, Burlington, Kansas, 1976.

Sampling Locations
Neosho River Wolf Creek

1 10 4 7 2 3 5
Units Units Units Unite Unlts Units Units

Date/Taxon per ml % per ml 1 per ml % per ml % per ml % per ml 1 per ml %

25 February

Bacillarlophyta 30,264 96.27 37,062 87.20 39,199 89.50 10,805 6.21 2,662 41.06 169 17.59 1,013 50.13
Centralesa 29,569 94.06 34,457 81.07 36,527 83.40 269 0.15 27 0.41
Pennalesa 694 2.21 2,604 6.13 2,671 6.10 10,530 6.06 2,635 40.64 169 17.59 1,013 50.13

Chlorophyta 829 2.64 3,912 9.20 3,434 7.83 54,039 31.07 900 13.88 159 16.51 487 24.10
Chrysophyta 360 0.84 180 0.41 19,266 11.08 2,628 40.52 69 7.13 266 13.18
Cyanophyta 26 0.08 76 0.18 16 0.04 180 18.69 19 0.92
Euglenophyta 22 0.07 109 0.26 55 0.12 1,091 0.62 27 0.42 23 2.35 111 5.50
Pyrrhuphyta 14 0.04 22 0.05 11 0.02 78 0.04 185 2,86 80 8.27 69 3.39
Cryptophyta 283 0.89 960 2.26 136 0.31 88,675 50.98 82 1.26 283 29.38 56 2.78
Chloromouadophyra 1 0.07

Total Phytoplankton 31,437 100.00 42,501 100.00 43,799 100.00 173,954 100.00 6,484 100.00 962 100.00 2,021 100.00

6 April

Bacillartophyta 4,096 72.44 6,629 86.82 5,599 73.28 4,839 94.22 1,264 32.36 638 12.31 926 54.92
Centralesa 3,995 70.65 5,072 66.42 4,595 60.13 1,348 26.24 58 1.49 5 0.08 64 3.80
Penualesa 101 1.78 1,557 20.39 1,005 13.15 3,492 67.98 1,206 30.88 633 12.31 862 51.12

Chlorophyta 1,029 18.20 692 9.06 1,351 17.69 37 0.71 15 0.38 60 1.16 73 4.35
Chrysophyta 61 1.07 15 0.19 44 0.57 1,988 50.91 4,135 79.80 201 11.95
Cyanophyta 7 0.09 2 0.05
Euglenophyta 120 2.12 29 0.38 52 0.67 131 2.55 16 0.32 23 1.37
Pyrrophyta 22 0.29 8 0.11 10 0.19 16 0.42 19 1.13
Cryptophyta 349 6.17 242 3.17 586 7.67 117 2.28 622 15.92 333 6.42 443 26.28

Total Phytopiankton 5,655 100.00 7,636 100.00 7,641 100.00 5,136 100.00 3,905 100.00 5,181 100.00 1,686 100.00

3 Mayb

Bacillariophyta 7,821 96.11
Centralesa 7,195 88.42
Pennalesa 626 7.69

Chlorophyta 183 2.25
Cyauophyta 8 0.09
Euglenophyta 48 0.59
Cryptophyta 78 0.95

Total Phytoplankton 8,137 100.00
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Table 3. 1. Continued.

0"

Sampling Locations
Neosho River Wolf Creek1 10 47 235

Units Units Units Units Units Units Units

Date/Taxon pur ml per niL per ml % per ml % per ml % per ml % per ml %

15 June

Bacillariophyta 8,029 92.07 7,059 94.89 7,181 94.83 1,325 97.10 2,416 81.40 4,893 97.64 7,973 96.07
Ceutralesa 7,628 87.47 6,543 87.95 6,433 84.95 160 11.75 311 10.49 21 0.43 3,138 37.81
Pennalesa 401 4.59 516 6.94 748 9.87 1,165 85.36 2,105 70.91 4,872 97.21 4,835 58.25

Chlorophyta 642 7.35 337 4.53 340 4.49 1 0.10 233 7.B3 5 0.11 141 1.70
Chrysophyta 19 0.25 3 0.09 4 0.05
Cyanophyta 2 0.03 1 0.02 1 0.10 10 0.34 19 0.38 5 0.06
Euglenophyta 8 0.09 8 0.11 15 0.20 1 0.10 23 0.78 49 0.98 68 0.82
Cryptophyta 40 0.45 35 0.48 16 0.22 35 2.60 284 9.55 45 0.89 108 1.30

Total Phytoplankton 8,721 100.00 7,440 100.00 7,572 100.00 1,364 100.00 2,968 100.00 5,012 100.00 8,299 100.00

12 Julyb

Bacillariophyta 5,936 90.81
Centraiesa 4,661 71.30
Pennalesa 1,202 18.39

Chlorophyta 406 6.22
Chrysophyta 25 0.38
Cyanophyta 132 2.01
Eugleenophyta 5 0.08
Pyrrhophyta 3 0.04
Cryptophyta 23 0.35

Total Phytoplanktomi 6,537 100.00

10 August

actillariophyta 3,369 94.93 8,132 80.21 18,488 81.46 1,587 57.14 10,181 99.48 6,322 86.74 4,505 98.07
Centralesa 2,599 73.21 7,140 70.43 14,348 63.22 954 34.34 2,564 25.06 2,933 40.25 2,712 59.03
Pennalesa 771 21.72 992 9.78 4,140 18.24 633 22.80 7,616 74.42 3,388 46.49 1,793 39.04

Chlorophyta 117 3.30 1,654 16.32 3,870 17.05 121 4.37 15 0.15 282 3.87 33 0.71
Chrysophyta 5 0.05 3 0.01 136 4.91 205 2.81 1 0.03
Cyanophyta 11 0.31 128 1.26 132 0.58 1 0.05 16 0.22
Euglenophyta 20 0.58 56 0.55 93 0.41 131 4.71 18 0.17 46 0.63 3 0,06
Pyrrophyta 3 0.03 3 0.01 1 0.05
Cryptuphyta 31 0.88 160 1.57 106 0.47 799 28.77 20 0.20 417 5.72 52 1.13

Total Phytoplankton 3,549 100.00 10,138 100.00 22,695 100.00 2,778 100.00 10,234 100.00 7,289 100.00 4,594 100.00
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Table 3.1. Continued.
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Table 3.2. Mean carbon fixation rate (mg C/m3 per hr) from phytoplankton samples collected in the
vicinity of Wolf Creek Generating Station, Burlington, Kansas, 1973-76.

0%CA

Sampling Locations
Neosho River Wolf Creek

Sampling Date la 10 4 7 2 3 5

25 February 1976 21.66 20.35 20.82 36.36 11.08 5.78 1.79

12 April 1973 3.51 -b 3.96 - 6.57 2.99 -
27 March 1974 18.29 17.45 18.90 - 7.31 11.60 14.85
16 April 1975 90.90 125.98 130.65 11.03 12.33 33.82 27.72

6 April 1976 58.82 62.25 64.23 13.90 15.10 43.58 11.50

3 May 1976 21.11 - - - - - -

12 June 1973 29.61 - 22.34 8.33 22.11 -
11 June 1974 15.57 0.15 11.40 - 2.32 1.40 2.10
10 June 1975 14.24 6.87 2.54 5.15 3.33 2.36 1.61
15 June 1976 45.79 45.97 41.07 3.59 26.34 32.82 36.98

12 July 1976 71.12 - - - - - -

10 August 1976 26.23 80.69 95.59 43.86 61.47 53.81 26.89

11 September 1973 28.00 - 35.06 - 45.39 51.71 -
10 September 1974 7.30 5.62 5.94 - 47.89 14.51 10.16

9 September 1975 44.26 36.82 24.66 9.23 14.69 - 93.34

5 October 1976 41.58 46.35 79.01 20.83 8.74 - -

12 December 1973 5.45 - 5.21 - 0.39 0.25 -

10 December 1974 24.83 22.92 22.92 - 4.05 5.72 2.55
3 December 1975 32.18 10.39 10.38 25.49 0.36 7.09 2.50

14 December 1976 21.39 5.27 4.84 - - -

z
rn
0

2
3

ni
2
-I
n
MW

a Samples collected within John Redmond Reservoir in 1973, 1974, and 1975.
b Samples not collected.

-em- -- _ _m 4 m _m _-L



- - -

Table 3.3. Mean chlorophyll a concentration (mg chl a/m 3 ) from phytoplankton samples collected in the
vicinity of Wolf Creek Generating Station, Burlington, Kansas, 1973-76.

Sampling Locations
Neosho River Wolf Creek

Sampling Date la 10 4 7 2 3 5

25 February 1976 38.67 11.67 17.33 51.67 4.63 1.46 1.63

12 April 1973 1.58 _b 1.93 - 4.63 2.49 -
27 March 1974 8.77 6.57 7.54 - 5.40 9.00 9.04
16 April 1975 34.97 33.33 34.00 2.59 6.30 14.20 12.43

6 April 1976 18.33 15.37 16.63 7.57 3.30 5.80 3.93

3 May 1976 6.67 - - - - -

12 June 1973 8.13 - 2.23 - 1.01 1.44 -
11 June 1974 0.70 0.77 0.80 - 0.74 2.14 1.74
10 June 1975 3.67 1.84 2.27 2.00 2.07 2.43 2.54
15 June 1976 16.00 14.23 12.77 2.37 7.93 10.90 27.00

12 July 1976 11.43 - - - - -

10 August 1976 7.27 16.00 16.00 13.57 12.10 14.67 6.67

11 September 1973 13.41 - 19.75 - 5.75 4.67 -
10 September 1974 4.14 1.83 0.80 - 10.63 3.54 3.30

9 September 1975 10.97 10.34 6.70 3.57 6.17 10.07 30.00

5 October 1976 7.17 9.73 19.73 7.90 5.37 -- -

12 December 1973 3.57 - 3.13 - 0.28 0.39 -
10 December 1974 10.50 9.17 9.00 - 2.07 3.17 2.68

3 December 1975 21.67 6.57 7.87 9.27 1.75 10.50 3.29
14 December 1976 6.33 2.99 2.53 - - - -

r

a

0
In
3

0
2

r

2
nI
F
M

a Samples collected within John Redmond Reservoir in 1973, 1974, and 1975.
b Samples not collected.



Table 3.4. Summary of numerically dominant phytoplankton taxa and percent of total phytoplankton
density from samples collected in the vicinity of Wolf Creek Generating Station,
Burlington, Kansas, 1976.

SamolIna Locationa
Neosho River

10
Wolf Creek

Date I 7 z

25 February Stephanodiscus
hantzschit

(46.31)
i.autraee (37.30)

6 April Stephanodlacus
aatraqu(44. 30)

S. up. (13.93)

St ephanod lscus
hant zsuhil

(37.71)
S. up. (27.47)
S.aut.raea (14.77)

Stephanoditcus
autraea (27.63)

S. up. (17.01)

S. hantizachil
(11.00)

Nitszchia
dissipata

(LI.00)

Stephanodiscus
hantzschil

(37.35)
S. up. (24.62)
S.autraea (15.55)

Stephanuditcus
astraea (27.24)

Chlawydomoneu
up. (11.31)

S. haiitzschli
(10.89)

S. up. (9.76)

Chroomonuas up.
(49.09)

Dict youphaerium
Pulchellma

(12.68)
Anklutrodeumus

falcatua (12.30)

Fragilarta

conet ruena
(28.97)

P. pinnate
(18.72)

Cyclotella
menughiniana

(9.58)

Chromulina up.
(35.16)

Chlamydomonas
up. (12.45)

Uroglena
oonjaca (50.77)

Rhodomonas
mtnuta var.

nannoplanctica
(15.50)

Cryptomonas up.
(27.03)

Oacillatorta
op. (16.91)

Chlamydumonas
up. (15.26)

Synura uvella
(76.53)

Nitzschia
acicularis (26.55)

Chlamydomonaus
up. (21.86)

Chromulina up.
(12.46)

N. pales (12.56)

Cryptomonas ovata
(16.50)

Nitzchia
aclcularis (15.61)

N. palea (11.61)

2

0
2
z

0
n
M

0100
3 Maya

15 June

Stephanodlecus
up. (51.60)

CycLotella
atomus (13.75)

Stephanodtscus
up. (29.40)

Cyclotella
meneghtiniana

(17.15)
S. astraea(14.80)
S. mlnutus (9.90)

Stephanodiscuu
op. (29.56)

Cyclotella
meneghiniana

(19.87)
Stephanodiscus
astraea (17.47)

S. minutuu (10.41)

Stephanodlucuu
autraea (20.81)

S. up. (19.75)
Cyclotella

meneghiniana
(19.28)

S. minutus (11.99)

Navicula up.
(14.88)

Nitzschla
frustulum

(9.78)

Nitzschia
up. (32.40)

Havicula
up. (10.66)

Diploneis
paeudovalit

(10.45)

cyclotells
meneghinlana

(16.84)
Nitzschia op. (9.65)

12 Julya Stephanodiscus
minutuu (38.72)

Nitzuchia M
fontlcola (18.39)

S. astraea(9.70)
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Table 3.4. Continued.

Sampling Locations
Neosho River

Date 10

10 August Stephanodiscue Caclotella
minutue (36.55) meneghiniana

C y clotel ea (53.37)
menegb inana Chlamydomuunas p.

(16.99) (14.51)

Wolf Creek
4 2 3 5

Cyclotella
menighlniana

(49.52)
Chlamydomonas op.

(15.89)

Chiamydotonas isp.
(26.34)

Trachelomonas up.
(34.65)

Cryptomonas ovata
(26.36)

Melostra ambigua
(14.56)

Dip loneiti
poeudovalls

(33.04)
Stephanodiscus up.

(20.43)

Nitzachia aclotella
acicularls (21.57) meneghiniana

Nelosira (24.92)
distans (15.29) Nitzschia op.

Stephanodiscus (12.46)
minutus (12.98)

5 October Nitzschia up.
(46.33)

Cyclutella
meneghintana

(10.86)

Chiamydomonas Up.

(17.b2)
CyClutella

menieghtn iana

(12.32)
Nitzachla sp.

(10.22)

Nltzschia up.
(24.22)

Navicula tp.
(14.83)

Nitzschta sp.
(17.55)

Diplonets sp.
(17.02)

Navicula
huaredeit

(14.25)
Navicula op.

(11.23)
Achnantlhes up.

(10.33)

14 December Stephanudiscus
aueraea (32.13)

Rhodomona up.
(19.29)

Thalasalsra up.
(11.12)

Cyclotel 1a
atomus (12.28)

Cyclotella
pseudostelligera

(11.19)

Cyclotella
peeudostelligera

(13.44)
Rhodomonas sp.

(10.70)

2
F
0
0
m

Z

2
3
a
Z

0
m
2
Z
m
M

%0

a Sampling on this date restricted to Location 1.
b No taxa present comprising ý 10% of the phytoplankton.
c Samples not collected; location either frozen or dry.
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Table 3.5. Shannon's species diversity indices for phytoplankton collected
in the vicinity of Wolf Creek Generating Station, Burlington,
Kansas, 1976.

Species- Eveness Number Number of
Date Location Diversity Value of Taxa Organisms Redundancy

25 February Neosho River 1
10
4

1.3909
2.0322
1.9975

Wolf Creek 7 1.8277
2 2.4743
3 2.4349
5 2.2235

6 April Neosho River 1
10

4

Wolf Creek 7
2
3
5

Neosho River 1

2.2728
2.4719
2.5581

2.5603
2.0128
1.3910
2.8622

1.91413 Maya

15 June Neosho River 1 2.3173
10 2.1861

4 2.4500

Wolf Creek 72
3
5

Necsho River I12 7ulva

IC .,.ugust Neosho River I
10
4

7

2
3
5

2.6667
3.1981
2.6580
3.1333

2.1650

2.3318
1.8897
1.9393

2.6281
2.1709
2.7217
2.3724

0.4078
0.5658
0.5415

0.4775
0.6233
0.7058
0.6940

0.6123
0.6475
0.6740

0.6995
0.5393
0.4968
0.7765

0.4987

0.6024
0.5990
0.6357

0.8342
0.7921
0.6813
0.7610

0. 5642

0.6434
0.4873
0. 4945

0.7264
0.6092
0.6839
0.7632

0.5636
0.8179
0.6040

0.7827
0.6940

0.6537
0.5056
0.3373

31
37
40

46
53
32
25

41
46
45

39
42
21
40

47

47
39
48

25
57
50
62

47

38
49
51

31,436
42,504
43,802

173,955
6,486

961
2,022

5,655
7,640
7,639

5,138
3,900
5,181
1,689

8,137

8,72-
7,442
7,573

1,363
2,966
5,007
8,305

6,538

3,553
10,141
22,694

2,781
10,235

7,293
4,594

8,360
3,401
5,423

2,945
9,997

3,075
1,587

701

0.5942
0.4355
0.4599

0.5231
0.3842
0.3177
0.3161

0.3951
0.3581
0.3311

0.3065
0.4732
0.5189
0.2366

0.5088

0.4032
0.4067
0.3703

0.1736
0.2173
0.3265
0.2434

0.4438

0.3667
0.5192
0.5087

0.2835
0.3951
0.3168
0.2404

0.4417
0.1871
0.4025

0.2236
0.3097

0.3574
0.2077
). i815

I
I
I
I
1
I

9

Wolf Creek

5 Oc:ober Neosho River 1 2.0211
10 2.9185
4 2.0885

38
37
52
23

36
36
32

31
43

39
46
35

I
I
I
I
1

Wolf Creek 7 2.6867
2 2.6091

3 b

14 Decemrner Neosho River I
10

2.3945
3.0737
2.9753

I
Wolf Creek`

a Sampling restricted to Location 1 on this date.
b Water at this location either frozen or dry.
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Chapter 4

PERIPHYTON STUDY

By

James R. Farrell
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I. Introduction

Periphytic algae in the Neosho River and Wolf Creek near Wolf Creek
Generating Station (WCGS) have been monitored quarterly since 1973 (Kansas
Gas and Electric Company 1974; Farrell 1975a, 1976a). The results of previous
studies have shown considerable temporal variation in dominant species compo- I
sition at all sampling locations; however, diatoms (Bacillariophyta) were
usually the most abundant division of algae. Dominant algal species in the
Neosho River were usually different from those in Wolf Creek, reflecting the
hydrological conditions of each water system. The region experienced drouth
conditions in 1976 and the flow in Wolf Creek was intermittent, whereas a mini-
mum flow was maintained in the Neosho River by water releases from John Redmond
Reservoir.

The objectives of the 1976 periphyton study were:

1. To gather additional baseline information on the abundance, structure,
and seasonal variability of the periphyton in the Neosho River and
Wolf Creek; and

2. To assess any effects of construction of WCGS on the periphyton

community.

II. Field and Analytical Procedures

Sampling locations for periphyton are shown in Figure 4.1. Samples were
collected on 25 February, 6 April, 15 June, 10 August, 5 October, and 14 December
1976. Samples were not collected from one or more locations in Wolf Creek in

April, October, and December because of low water level or substrate conditions.
Eighteen samples delineated by a 0.1 dm2 template were scraped from suitable
natural substrates at Location 1 in the Neosho River below John Redmond Dam,
at Locations 10 and 4 downstream in the river, and at Locations 7, 2, 3, and 5
in Wolf Creek. Location 1 was designated as Location 1P in previous studies
and Location 5 was designated as Location 4P prior to 1975. Six samples from I
each location were placed in "M3'' preservative (Meyer 1971) for later identifi-
cation and enumeration of diatom (3 samples) and non-diatom (3 samples) algal
forms. Six more samples were kept on ice in the dark for chlorophyll analysis
and the remaining six samples were placed in crucibles for later determinations
of biomass in the laboratory.

Diatom samples were cleaned using a boiling concentrated nitric acid/
potassium dichromate treatment (Hohn and Hellerman 1963). The samples were
allowed to settle and the supernatant decanted and replaced at 24 hr intervals
until a pH > 6 was reached. After the concentration of the sample was adjusted I
to a suitable volume, a subsample was mounted in Hyrax mounting medium. All
volumes were kept consistent within each sampling period. A predetermined area
(16.2 mm2 /sample) of each mount was examined under phase contrast at 1250X
magnification. Each diatom frustule was counted as one unit.

Samples for non-diatom analysis were blended to insure uniformity and
wet mounts were prepared with 0.1 ml subsamples. An area equal to that used
for diatom analysis was examined under light field illumination at 50OX magni-
fication. Filamentous algae were reported in units of 10 Um length and each
cell of nonfilamentous algae was counted as one unit.
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4b
Algal abundance was expressed as number of units per square centimeter

(no./cm2 ). Biovolume of each algal taxon enumerated was determined using the
methods of Cowell (1960) and Hohn (1969) and reported as microliters per square
decimeter (i/dm2 ). Shannon's (1948) diversity index with log base 2 and
evenness (Zar 1968) were calculated based on abundance data for each sampling
period.

Taxonomic keys used for identification included Hustedt (1930), Smith
(1950), Cleve-Euler (1951, 1952, 1953a,b, 1955), Tiffany and Britton (1952),
Palmer (1962), Prescott (1962, 1970), Patrick and Reimer (1966, 1975), Drouet
(1968), Weber (1971), and Whitford and Schumacher (1973).

Periphyton biomass and chlorophyll a samples were processed according to
accepted methods (A.P.H.A. et al. 1976). Biomass standing crop was reported
as milligrams of ash-free dry weight per square decimeter (mg/dm2 ) and chlorophyll
a standing crop was expressed as micrograms per square decimeter (Ug/dm2 ). A
one-way analysis of variance (Steel and Torrie 1960) was performed on data from
each sampling period to identify statistically significant differences (P < 0.05)
in biomass or chlorophyll a standing crops among locations.

III. Results and Discussion

A composite list of all periphytic algae identified from locations in
the Neosho River and Wolf Creek and semimonthly data on species composition,
density and biovolume are presented in Appendix C, Tables C.1 through C.7.

A. Species Composition and Community Structure

One hundred and fifteen periphytic algal taxa were identified from
locations in the Neosho River and Wolf Creek in 1976 (Table 4.1). In previous
studies 84 to 113 taxa were observed.

Differences in the number of taxa identified and the structure of
periphyton communities between years in the Neosho River and Wolf Creek may
reflect: (1) different environmental conditions (Patrick 1961, 1963, 1968);
(2) a nonrandom (patchy) distribution of taxa (Blum 1956, 1960; Whitford 1960a;
Patrick 1963, 1969, 1971a,b, 1973, 1974; Hynes 1970; Clark and Runnels 1975);
(3) sampling error (Brook 1953; Castenholz 1960; Brown 1976); and (4) different
numbers of samples collected each year.

1. Bacillariophyta (Diatoms)

The majority of periphytic algal taxa collected near Wolf Creek
Generating Station in 1976 were diatoms (Table 4.1). This division comprised
from 5.6 to 100% of the density and from 0.3 to 100% of the biovolume of
periphyton collected. Diatoms were more numerous in the Neosho River than in
Wolf Creek; however, expressed as a percentage of the total population, diatoms

were more important in Wolf Creek. Diatoms averaged from 23.5 to 56.9% of the
density (20.0 to 48.2% of the biovolume) at locations in the river compared to
means of 33.5 to 95.1% of the density (34.7 to 95.2% of the biovolume) at
locations in the creek (Table 4.2).
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Dominant periphytic taxa (comprising 10% or more of the density
or biovolume of periphyton collected) in the Neosho River and Wolf Creek are
presented in Table 4.3. Diatom taxa dominant only in the river included
Stephanodiscus sp., Cymbella sinuata, Gomphonema sp., Melosira varians, and
Gyrosigma sp., whereas those dominant only in the creek were Nitzschia lorenziana,
Achnanthes sp., A. linearis, Diatoma tenue var. elongatum, Diploneis sp., D. I
puella, Amphipleura pellucida, Rhopalodia gibba, R. gibberula, Navicula luzonensis,
Surirella sp., and Caloneis ventricosa. Diatom taxa that were dominant in both

water systems included Nitzschia sp., N. dissipata, Navicula sp., and N.
tripunctata var. schizonemoides. All of these diatoms, except D. tenue var.
elongatum, C. sinuata, R. gibberula and N. luzonensis were reported in previous
studies.

The planktonic diatom Stephanodiscus sp. was dominant in the
periphyton of the Neosho River in previous years, and its dominance probably
resulted from entrapment by periphytic algae as it was discharged from John [
Redmond Reservoir. Similar results were noted downstream from Sutherland
Reservoir in south central Nebraska (Farrell 1975b). Chandler (1937) reported
that vegetation may act to strain plankton causing a downstream decrease in
its abundance.

Distribution of taxa within each water system was generally
uniform. Some variability in distribution of dominant taxa was noted; however,
part of this variability resulted from the arbitrary designation of dominance.
Location 1 tended to have higher populations of Stephanodiscus than the other
river locations. Stephanodiscus was the only dominant diatom at Location 1 in
February and April (Table 4.3). However, an approximately equal number of
diatom taxa were identified from all river locations during these months. In
October and December diatoms were dominant only at Location 4 in the river.

Dominant diatom taxa were usually similar in Wolf Creek except
at Location 3 after the April sampling period (Table 4.3). Green or blue-green
algae were dominant at Location 3 in June and August.

2. Chlorophyta (Green algae)

Fifteen taxa of green algae were found in 1976 compared with 1 to
7 taxa in previous studies (Table 4.1). Five taxa were planktonic forms. The
more abundant taxa identified in the Neosho River were the filamentous algae,
Ulothrix sp., Cladophora sp., C. glomerata, Stigeoclonium sp., Oedogonium sp.,
and Zygnema sp., and Spirogyra sp. from Location 3 in Wolf Creek (Table 4.3).
Distribution differences were negligible in the river although more green algal

taxa were dominant and their densities were usually higher at Location 1 than
at Locations 10 and 4. Stigeoclonium sp., Cladophora sp., Oedogonium sp., and
Spirogyra sp. were observed in earlier studies. Green algae were not observed
at Locations 7, 2, or 5 in Wolf Creek in 1976; however, this division contributed
an average of 20.5 to 62.2% of the density (45.4 to 77.0% of the biovolume) of
periphyton collected in the Neosho River (Table 4.2).

Green algae were most abundant in June and December at Locations
1 and 3, and in April at Locations 10 and 4.
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3. Cyanophyta (Blue-green Algae)

Eight taxa of blue-green algae were identified in the periphyton
collected in 1976, whereas 4 to 13 taxa were identified in previous studies
(Table 4.1). Oscillatoria sp., 0. agardhii, Phormidium sp., and Rivularia sp.
were abundant in the Neosho River, and Oscillatoria sp., Phormidium sp.,
Calothrix sp., and Lyngbya sp. were abundant in Wolf Creek (Table 4.3). No
pattern was evident in the occurrence of blue-green algae within the Neosho
River or Wolf Creek. Species of Lyngbya, Oscillatoria and Phormidium were
reported in earlier studies.

Blue-green algae contributed averages of 14.1 to 22.8% of the
density (3.1 to 19.3% of the biovolume) of periphyton collected at locations in
the Neosho River. This division contributed means up to 44.1% of the density
(40.4% of the biovolume)oftheperiphytoncollectedatWolf Creek locations (Table 4.2).

B. Standing Crop

Density, biovolume, biomass, and chlorophyll a standing crop of peri-

phyton collected from the Neosho River and Wolf Creek are presented in Table 4.4.
Periphyton standing crop was generally higher at locations in the Neosho River
than in Wolf Creek. Most significant differences in biomass and chlorophyll a
standing crop occurred between locations on the Neosho River and Wolf Creek
(Table 4.5), indicating basic habitat differences. Mean density, biomass, and
chlorophyll a were higher at Location 1 than at Locations 10 and 4, whereas no
pattern was evident among locations in Wolf Creek. In previous years, the
density and chlorophyll a standing crop at Location 2 in Wolf Creek were approx-

imately half as large as at the other creek locations.

Highest standing crops in the Neosho River generally occurred in April,
June or December, depending upon the indicator used. Maximum periphyton standing
crop in Wolf Creek generally occurred in June. All measures of periphyton

standing crop in 1976 were generally within the ranges reported in previous
studies; however, yearly mean density and chlorophyll a have risen steadily at
Location I in the Neosho River and have declined at locations in Wolf Creek since
1974 (Table 4.6). These trends reflect the positive effects of lower and more
stable flow in the Neosho River and the negative effects of no flow in Wolf
Creek. During previous studies the Neosho River was characterized by fluctuating
water levels and relatively high turbidity which inhibited periphyton growth
(Farrell 1976a). Increasing velocity is known to stimulate periphyton growth by
increasing nutrient availability, physiological rates and waste export (Odum
1956; Whitford 1960b; Whitford and Schumacher 1964; Mclntire 1966; Reisen and
Spencer 1970). However, as flows become extreme and silt loads increase,
periphyton is scoured off the substrate (Patrick 1971; McIntire 1973).

The autotrophic index (Weber 1973), or ratio of biomass to chlorophyll
a, is presented in Table 4.7. This index was generally lower at locations in
the Neosho River where it ranged from 238 to 2347, than in Wolf Creek (418 to
15602). Values below 100 indicate a primarily autotrophic community, whereas
higher values may indicate conditions of organic pollution favorable to non-
chlorophyllous organisms, such as bacteria or stalked protozoans.
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The autotrophic index was usually lower at Location I than at Locations
10 or 4 and may reflect the stimulatory effects of the faster current on pern-
phytic algae. I

C. Diversity

Number of taxa, diversity, and evenness were variable at most locations
in 1976. Although the yearly mean number of taxa at locations in the Neosho
River was similar, the number of taxa observed was similar on only two sampling
dates (Table 4.7). Diversity and evenness were usually higher at the downstream I
locations (Locations 10 and 4) than at Location 1.

Number of taxa and diversity in Wolf Creek were always higher at
Locations 7 and 2 than at Locations 3 and 5. Evenness was usually lower at
Location 3 compared to the other Wolf Creek locations.

Diversity values ranged from 0.89 to 3.10 in the Neosho River and from
0.43 to 3.18 in Wolf Creek which are within the ranges reported in previous
studies (Kansas Gas and Electric Company 1974; Farrell 1975a, 1976a). Diversity
of periphyton communities near Sutherland Reservoir, Nebraska consistently I
averaged 3.0 to 3.5 (Farrell 1975b, 1976b). Patrick (1968) reported periphyton
diversities between 2.29 and 3.45 in Darby Creek, Pennsylvania and Cooper and
Wilhm (1975) did not find diversities >2.0 along a stream in Oklahoma that was
stressed by domestic and oil refining effluents. Lower diversities (41.5) were
reported in laboratory streams (Kehde and Wilhm 1972). The range in diversity
reported by each of these investigators is narrower than that observed in Wolf
Creek or the Neosho River and may be related to environmental instability during
each study. High diversity reflects community, or more basically, environmental
stability (Odum 1971; Pielou 1975).

IV. Summary and Conclusions

1. Most periphytic algal taxa identified near the Wolf Creek Generating
Station in 1976 were diatoms. Diatoms generally comprised a higher percentage I
of the density and biovolume of the periphyton in Wolf Creek than in the Neosho
River.

2. Green filamentous algae were an important component of the periphyton
in the Neosho River but were usually absent in Wolf Creek. Blue-green algae
were common in both water systems.

3. Standing crops of periphyton were usually higher in the Neosho River
than in Wolf Creek. Yearly mean standing crop has increased at Location 1 in
the Neosho River since 1974, while the converse has been true at locations in i
Wolf Creek. These trends were attributed to the more favorable water releases
from John Redmond Dam and intermittent streamflow in the creek.

4. No effects of construction on the periphytic algae of the Neosho River
and Wolf Creek were noted.
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Figure 4.1. Sampling locations in the vicinity of Wolf Creek Generating
Station, Burlington, Kansas, 1976.

81



NALCO ENVIRONMENTAL SCIENCES

Number of periphytic algal taxa collected from natural sub-
strates in the vicinity of Wolf Creek Generating Station,
Burlington, Kansas, 1973-1976.

Table 4. 1.

Year Bacillariophyta Chlorophyta Cyanophyta Chrysophyta Total

1973 93 7 13 0 113

1974 88 1 4 0 93

1975 75 5 4 0 84

1976 92 15 8 1 115

I

I
I
I
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Table 4.2. Distribution by division of periphytic algal density and biovolume (expressed as a
percentage of the total population) collected from natural substrates in the vicinity
of Wolf Creek Generating Station, Burlington, Kansas, 1976.

Bacillariophyta
Neosho River Wolf Creek

Date 1 10 4 7 2 3 5

Chlorophyta
Neosho River Wolf Creek
1 10 4 7 2 3 5

Cyanophyta
Neosho River Wolf Creek
1 10 4 7 2 3 5

Denst Lv

25 February
6 April

15 June
10 August

5 October
14 December

i

Biovolume

25 February
6 April

15 June
10 August

5 October
14 December

29.1 75.5
14.1 12.1
12.5 63.3
68.5 100.0
9.2 47.7
7.6 41.7

23.5 56.7

39.4 10.2
0.9 10.0
4.9 63.6

69.0 100.0
0.9 26.3
4.6 1.7

20.0 35.3

89.6 100.0 72.2 17.9 100.0
29.8 -8 100.0 100.0 80.4
99.9 89.0 92.8 10.5 100.0
87.1 1O0.O 46.7 5.6 100.0
17.0 90.2 73.0 -b -a
18.0 _c -c _c _e
56.9 94.8 76.9 33.5 95.1

97.8 100.0 13.0 32.0 100.0
1.4 _a 100.0 100.0 77.8

99.9 93.4 94.0 0.3 100.0
82.6 100.0 65.4 6.3 100.0

5.8 87.3 36.4 -b _a
1.4 2c 7c 37 9c

48.2 95.2 73.8 34.7 94.5

70.8 19.4 1.6
59.6 45.1 70.2
64.2 0.0 0.1
31.5 0.0 0.0
54.5 0.0 20.0
92.4 58.3 74.0
62.2 20.5 27.7

60.6 89.6 1.7
98.4 84.5 98.6
83.3 0.0 <0.1
31.0 0.0 0.0
93.4 0.0 81.7
95.4 98.3 98.4
77.0 45.4 46.8

0.0
-a
0.0
0.0
0.0
-C
0.0

0.0
0.a
0.0
0.0
0.0
_c

0.0

0.0 0.0
0.0 0.0
0.0 89.5
0.0 0.0
0.0 -b
_c c
0.0 22.4

0.0 0.0
0.0 0.0
0.0 99.7
0.0 0.0
0.0 -b
Oc 2c
0.0 24.9

0.0
0.0
0.0
0.0
_a

-c

0.0

0.0
0.0
0.0
0.0
_a

C

0.0

0.1 5.1 8.8 0.0 27.8 82.1 0.0
26.2 42.9 0.0 -8 0.0 0.0 19.6
23.3 36.7 0.0 11.0 7.2 0.0 0.0
0.0 0.0 12.9 0.0 53.3 94.4 0.0

36.4 52.3 62.8 9.8 27.0 -b _a
o.0 0.0 8.0 _e _c eC _c

14.3 22.8 14.1 5.2 23.1 44.1 4.9

<0.1 0.1 0.5 0.0 27.0 68.0 0.0
0.7 5.4 0.0 -a 0.0 0.0 22.2

11.8 36.4 0.0 6.6 6.0 0.0 0.0
0.0 0.0 17.4 0.0 34.6 93.7 0.0
5.7 73.7 12.6 12.7 63.6 -b -a
0.0 0.0 0.2 - e _C Cc _c
3.1 19.3 5.1 4.8 26.2 40.4 5.6

2
)0

I-

r

?a
U
2
r

0
In
2
In
2a

0,

a Suitable substrate not available for quantitative sampling.
b Location dry.
c Location dry or frozen.



Table 4.3. Periphytic algal taxa comprising 10% or more of the density or biovolume of periphyton
collected from natural substrates in the vicinity of Wolf Creek Generating Station,
Burlington, Kansas, 1976.

Date 1 10 4

25 February

Location
Wolf Creek

7 2 3 5

Ulothrix op.
StepharIIdiLcus up.

6 April

Cladophura op.

Oscillatorta agardhii
Stephanodlucus up.

15 June

Stigeoclonium up.
Nltzschia dissipata

Nitzschia up.
Stephanodiscue up.
Nitzuchla dissipata
Cladophora jlomerata

Ulothrix op.
Zygnesa op.
Oscillatorla op.
Phormidium up.

Oucillatorta op.
Cymbella sinuata
Comphonema op.
Nltzschlaa up.

Stephanodlicua up.
Nitzschia up.

Navicula op.
Nitzschla up.
Calones ventricosa
Achnanthes op.
Stephanoditcue op.

Cladophora op. _a

Nitzuchia up.
NavlýiIa up.
Calotjrtx op.
Phorwidlum up.

Nitzschia up.
Navicula up.
Diplonels puella

NItzlchia up.
Duiponelu op.
Surirella op,

Nitzschia op.
Oscillatoria op.
Phormidium up.

Nitzuchia up.
Nitzschia lorenziana
Diatoma tenue

var. elongatu

Nitzschia op. Nitzschia up.
Navicula up. Navicula up.

Phormidium op.

Nitzschia dissipata
NUtzschta up.
Navicula up.
Meloeira varians

Nitzschia up.
Navicula up.

Spirogyra op. Nitzschia up.
DIPIOnai up.
Navicula up.
Nitzschia diueipata
Amphipleura pellucida
Rhopalodia gtbba
Rhopalodia gibberula

Z

0

N_
F

in

a

rl

m
Z
2

0
in
M

10 August
Nuvlcula tripunctata

var. echizonemoides
Nltzschla up.
Stigeoclo|Iium up.

5 October

Stigeoclonium up.
!CIadophtra up.
Phormildium p.
OscillatorIa up.

14 December

chdophor up.
CidpIwra up.

Nitzschia up.
Stephanodiscus up.
Navicula tripunctata

var. schizonemoldes
Navicula up.

Siugu p.

Nitzschia up.
Navicula tripuncata

var. schizonemoideu
Oucillatoria up.

Nitzschia up.
Diplonets up.

Diploneiu up.
Nltznchla op.
Navicula tripunctata

var. schizonemoides
Lyngbya up.
Osucllatoria up.

Diploneto op.
Achnanthes lineariu
Nitzschia up.
Phormidlum up.

Oucillatoria up. Nttzschla up.
Achnanthes op.

Nit1uchta Vp.
RIvularia up.

Cladophora up.
Phormidium up.

Navicula op.
Navicula luzoneniua
Nitzschia up.
Oscillatorta up.

Nitzschia up.
Cladophura up.
Illothrix up.

Oedogonium up.
Cladophora up.

-C -C -C

a Suitable substrate not available for quantitative sampling.
b Location dry.
c Location dry or frozen.
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Table 4.4. Density (no./cm2 ), biovolume (pl/dm2 ), biomass standing crop (mg/dm2 ) and
standing crop (pg/dm2 ) of periphyton collected from natural substrates in
of Wolf Creek Generating Station, Burlington, Kansas, 1976.

chlorophyll a
the vicinity

Loca tion
Neosho River

SI A
Wolf Creek

Locat ion Wolf 

Creek

1 3 5 _

Density (no./Cm
2

)
25 February

6 April
15 June
10 August

5 October
14 December

Biovolume (p/dm
2

)

25 February
6 April

15 June
10 August

5 October
14 December

x

6,217,269
3,772,832

30, 130,830
8,123,444
3,883,943
8,651,842

10,163,360

00Ln

Biomass standing crop (mg/dm
2

)
25 February

6 April
15 June
10 August

5 October
14 December

Chlorophyll a standing crop (pg/d"1
2

)

25 February
6 April

15 June
10 August

5 October
14 December

570.3
487.5

1175.1

932.9
521.4

2227.3
985.8

606.5
3024.7

782.0
381.7
305.6
163.2
877.3

594.7
6172.0
2451.9
1602.9

751.7
280.7

1975.7

2.529,619
3,945,b69

37,035
839.501

2,116,041
1,214,808
1,780,446

1273.0
5036.9

0.7
10.4
94.8

1729.6
1358.6

528.2
628.7
181.7
634.7
981.7
576.5
588.6

-f

1123.1
148.8
679.5
318.1

1108.0
675.5

2,093,815
6,943,196
1,139,501

222,219
683,947

3,518,507
2,433,531

247.2
10903.2

13.4
31.4
96.8

1853.7
2191.0

_d

862.7
48.0
459.3
464.2
311.8
429.2

-d

1082.1
71.3

360.0
197.8

1242.9
590.8

48,145
-a

359,255
296,292
150,613

-C

213,576

1.4
_a

5.7
5.4
1.5

-c

3.5

313.6
-a

84.2
37.4
88.0
-C

130.8

20.1
--a

201.5
41.0

7.0

67.4

448,140
150,614

1,070,360
148,145
274,071

_C
418,266

11.6
3.9

25.0
1.7
3.3

-c

9.1

147.0
50.9

593.8
43.5

115.0
-C

190.0

18.7
16.5

174.9
38.0
26.3
-C

54.9

69,134
59,258

540,738
175,308-b

-c

211,110

1.1
1.5

582.6
8.9

-b
-C

148.5

8.0
25.7
60.7

116.0

_C

52.6

8.9
14.3

142.1
130.5
-b
7C
74.0

39,503
113,579
61,725
6.789

_a

-C
67,899

1.4
2.8
2.7
0.7

-a

-c

1.9

57.4
317.9
-e

249.1
-a

_C

208.1

7.6

20.5

67.3
-a

31C

31.8

a
b
C

d
e
f

Suitable substrate not available
Location dry.
Location dry or frozen.
Sample not collected.
Ash weight exceeded dry weight.
Sample lost.

for quantitative sampling.
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Table 4.5. Mean differences between locations for biomass and chlorophyll a
standing crop of periphyton collected from natural substrates in

the vicinity of Wolf Creek Generating Station, Burlington,
Kansas, 1976.

Biomass (mg/dn
2)

25 February
Chlorophyll a

(ug/d=2)

6 April
Chlorophyll a

(Ug/dn 2 )

15 June
Chlorophyll a

(ug/dm )

10 August
Chlorophyll a(Ug/du2)

5 October
Chlorophyll a

(Ug/dl 2 )

14 December
Chlorophyll a

(u81g/di )

Location
1
2
3
4
5
7

10

Location
1
2
3
4
5
7

10

Location
1
2
3
4
5
7

10

Location
1
2
3
4
5
7

10

Location
1
2
3
4
5
7
10

Location
1
2
3
4
5
7

10

1 2 3 4 5 7 10
1459.4 598.5* - 549.1" 292.9 78.3

576.0* 5139.0 5 8 89.7 166.6 381.1
585.8* 9.8 49.4 305.6 .20.2*

587.2* 29.3 1.3 256.3 470.8*
574.7* 1.3 11.1 12.4 214.6

1 2 3 4 5 7 10
2973.8" 2999.0* 2162.0" 2706.8* - 2396.0*

6155.5 25.2 811.8 267.0 577.8
157.73 2.3 8376 292.2 - 603.0

5089.8 1065.7 1067.9 544.8 - 234.0

5048.8 1106.7 1108.9 41.0 1102.6-

.1 2 3 4 5 7 10
188.2 721.4" 734.0* - 697.8* 600.3*

2277.1" 533.2* 545.8* - 509.6* 412.1"
2F309.83* 321.7 12.6 - '23.5 121.1
2380.6* 103.6 70.8 • - 36.2 133.7

_ - " -• -97.5

2250.4, 26.7 59.4 130.3 - 97.5

2303.1" 26.1 6.7 77.5 -52.7

1 2 3 4 5 7 10
• 338.2 265.7 77.6 - 344.3 256.0

1565.0 72.4 415.8 - 6.1 591.1"
1472.4 9:2.6 343.4 - 78.6 518.7"
1242.9 322.1 229.5 - 421.9 175.3
1535.6 29.3 63.3 292.8 - -

1561.9 3.0 89.5 319.0 26.3 597.2*

923.4 641.5 549.0 319.5, 612.2 638.5

1 2 3 4 5 7 10

190.6 - 158.5 - 217.7 676.1"

725_.4" *• • 349.2 -27.0 866.77*

553,9* 1171.,5 - •• . 376.2 517.6"*

744;.8* 19.3 - 190.9 - 893.7*
433.6* 291.8 - 120.3 - 11.1

1 2 3 4 5 7 i0
-- 14 8. 6 - - 413 . 33*

827.3 -- 135.0--

I
!
i
I
I
I

I
I
I
I
I
1

a Biomass or chlorophyll a samples not collected.

b Asterisk (*) indicates -significant difference (p -f 0.05) between locations.

86

I



- - - --- - ---- -

Table 4.6. Yearly mean density and chlorophyll a standing crop of periphyton collected from natural
substrates in the vicinity of Wolf Creek Generating Station, Burlington, Kansas, 1974-76.

Neosho River (Location 1)

Mean Flowa Yearly Mean Flow
Year (cfs) (cfs) Density (no./cm2 x 106) Chlorophyll a (pg/dm2 )

1974 2438 1790 0.7 84.5

1975 1644 1637 1.5 430.0

1976 435 594 10.1 1975.7

Wolf Creek

Density (no./cm2 x 106) Chlorophyll a (ug/dm2)

Annual Location Location
Year Precipitation (cm) 7 2 3 5 7 2 3 5

1974 78.6 _b 2.2 4.4 3.2 - 957.6 883.4 1270.3

1975 60.3 1.0 0.4 0.9 0.6 462.6 162.8 595.9 456.6

1976 34.1 0.2 0.4 0.2 0.1 67.4 54.9 74.0 31.8

z
r
0
0
m

2
9
a
z

r

I-

U,
(1
m
2

a Mean flow at Burlington, Kansas for 14 day period before each sampling date.
b Location 7 not sampled until 1975.
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Table 4.7. Number of taxa, diversitya, evennessb, and autotrophic indexc

of periphyton collected from natural substrates in the vicinity
of Wolf Creek Generating Station, Burlington, Kansas, 1976.

Location
Neosho River Wolf Creek

1 10 4 7 2 3 5

Number of Taxa

25 February 27 31 27 10 21 7 10
6 April 14 21 17 _d 14 6 5

15 June 25 7 13 17 30 8 9
10 August 11 10 13 18 8 5 5

5 October 11 17 14 15 8 -e _d
14 December 14 18 23 -f -f -f -f

x 17 17 18 15 16 7 7

Diversity

25 February 1.59 3.10 2.13 2.13 2.71 0.80 1.59
6 April 0.98 1.50 1.78 -d 2.34 0.97 1.09

15 June 1.44 1.11 1.31 1.96 2.28 1.17 2.18
10 August 1.57 2.66 2.71 2.47 2.14 0.43 1.45

5 October 2.51 2.28 1.87 3.18 2.36 -e -d
14 December 0.89 2.54 2.63 -f -f -f -f

1.50 2.20 2.07 2.44 2.37 0.84 1.58

Evenness

25 February 0.31 0.68 0.46 0.83 0.76 0.66 0.78
6 April 0.44 0.61 0.39 A 0.71 0.71 0.64

15 June 0.31 0.89 0.39 0.53 0.48 0.37 0.83
10 August 0.45 0.80 0.73 0.59 0.71 0.18 0.62
5 October 0.72 0.56 0.49 0.81 0.79 -e -d

14 December 0.23 0.61 0.58 -f -f -f -f
5 0.41 0.69 0.51 0.69 0.69 0.48 0.72

Autotrophic Index

25 February 1020 _h _g 15602 7861 899 7553
6 April 490 560 797 -d 3084 1797 15507

15 June 320 1221 673 418 3395 427 -9
10 August 238 934 1276 912 1144 888 3702

5 October 407 3086 2347 12571 4372 -e -d
14 December 581 520 251 -f -f -f -f

f 509 1264 1069 7376 3971 1003 8921

I

I
I
1
I
I
I

a
b
c
d
e
f
g
h

Shannon (1948).
Zar (1968).
Weber (1973).
Suitable substrate not
Location dry.
Location dry or frozen.
Sample not collected.
Sample lost.

available for quantitative sampling.
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I. Introduction

Zooplankton constitute an important link in aquatic food chains in that
most species of fish at some stage of their development depend heavily on
zooplankton for growth and survival. Availability of zooplankton at critical
periods in the annual cycle may affect survival of larvae and juvenile stages
of fish species that are of commercial and recreational value (Siefert 1972;
Clady 1977). Alterations of existing environments can have major effects on
zooplankton populations and aquatic food chains indigenous to the water systemsI
near Wolf Creek Generating Station (WCGS). Accumulation of background informa-
tion on zooplankton in the area began in 1973 (Kansas Gas and Electric Company
1974) and has continued each succeeding year (Repsys 1975, 1976). I

Objectives of the present monitoring were to determine natural, seasonal,
and year-to-year variability in the zooplankton populations of Wolf Creek and
the Neosho River to provide a basis for assessment of effects on zooplankton
populations attributable to construction and operation of WCGS.

II. Field and Analytical Procedures

Sampling locations for zooplankton are indicated on Figure 5.1. Duplicate
horizontal drift samples were collected at Locations 1, 10, and 4 in the Neoshol
River and at Locations 7, 2, 3, and 5 in Wolf Creek using a metered no. 25 (64 um)
mesh plankton net with a 428 cm2 apperture. When flow was minimal or absent,
the net was towed through a measured horizontal distance of 6 to 10 m. All
samples were preserved at the time of collection in 5% formalin and stored
in labeled containers.

In the laboratory, samples were concentrated or diluted to a workable
density of organisms and then thoroughly mixed to obtain a representative
subsample which was withdrawn and placed in a Bogorov counting chamber. Stra-
tified counts of zooplankton in the subsample were obtained using a binocular j
dissection microscope at 50X magnification. Subsampling was continued until a
sufficient number of organisms was enumerated to estimate population densities,
usually after counting at least 5% of the total sample. Microcrustacea were
identified to species with the exception of taxonomically indistinct immature
copepods and cladocerans which were identified to the lowest positive taxon.
Rotifers were identified to genus, except certain littoral-benthic genera in
the order Bdelloidea. Identifications were made with taxonomic keys by I
Pennak (1953), Brooks (1957, 1959), Edmondson (1959), Wilson and Yeatman

(1959), Goulden (1968), Roberts (1970), Ruttner-Kolisko (1974) and Smirnov (1974).

III. Results and Discussion

A. Current Study

Zooplankton taxa collected in the vicinity of WCGS during 1976 are
listed in Table 5.1.

1. Neosho River

Total zooplankton density discharged from John Redmond Reservoir
(Location 1) on 25 February was 2,222,370 organisms/m 3 of which rotifers,
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primarily Keratella and Polyarthra, comprised 95% (Table 5.2). Copepod nauplii
(61327/m 3 ), Bosmiua longirostris (25789/m 3 ), and cyclopoid copepodites
(16950/m 3 ) represented the most abundant microcrustacean taxa collected in
February. Other common microcrustacean species present at Location 1 included
Diaptomus siciloides (4400/m 3 )and Cyclops bicuspidatus thomasi (2330/mr ).

Total zooplankton at Location 1 declined 90% by April due
to the collapse of the rotifer population from 2,108,453 organisms/m 3 in

February (Table 5.2) to 1937/mr in April (Table 5.3). Microc ustacean taxa
(copepods and cladocerans) increased from 113,937 organisms/mr to 232,050/m3

during the same period, reflecting increases primarily in copepod nauplii
and cyclopoid copepodite densities. Cyclopoid copepodites and Bosmina
longirostris persisted as dominant microcrustacean forms at Location 1 in April.
Daphnia parvula densities increased from 727/m 3 in February to 4755/m 3 in April,

whereas the density of Cyclops bicuspidatus thomasi remained relatively stable
between sampling dates at approximately 2000/m3.

On 3 May total zooplankton at Location 1 had decreased almost

10-fold to 23679 organisms/m 3 (Table 5.4). This decline was due to a sharp
reduction in microcrustacean densities, particularly those of immature copepods
and Bosmina longirostris. Rotifer densities increased 5-fold over April levels

but populations still remained low (9893/m 3 ).

Total zooplankton density at Location 1 increased sharply to
607,641 organisms/m3 on 14 June (Table 5.5). Rotifers, primarily Brachionus sp.,
attained maximum densities observed for the spring period (385,879/m:3 ). Total

microcrustaceans densities were similar to those observed in April. Principal
microcrustacean taxa in June included copepod nauplii (113,162/m 3 ), Bosmina

longirostris (73929/m 3 ), and Daphnia parvula (14927/m 3 ). June densities of
Bosmina longirostris and Daphnia parvula represented yearly maxima for these
cladoceran species at Location 1.

A sharp decline in microcrustacean densities similar to that
observed in May occurred again in Jul% at Location 1. Microcrustacean densities

were reduced from 221,762 organisms/mr in June to 40816 organisms/m 3 by 12 July
due mainly to sharp declines in the density of Bosmina (2242/m 3 ) and immature
copepods (Table 5.6). Rotifer populations were also reduced from 385,879
organisms/m 3 in June to 104,459 organisms/m3 in July. Major microcrustacean
taxa at Location 1 were copepod nauplii and Diaphanosoma leuchtenbergianum,
whereas Hexarthra and Conochiloides represented principal rotifer genera in

July.

Total zooplankton showed a moderate increase at Location 1 from
145,275 organisms/mr3 in July (Table 5.6) to 197,983 organisms/m 3 in August
(Table 5.7). Principal microcrustacean taxa included immature copepods,
Diaphanosoma leuchtenbergianum, and Daphnia parvula, while Keratella and
Hexarthra were dominant rotifer genera collected on 10 August.

Zooplankton decreased to 99758 organisms/m 3 by 4 October at

Location 1 (Table 5.8) due primarily to a decline in the rotifer population
which comprised 71% of total zooplankton in August. Copepod populations
decreased only slightly, whereas cladoceran densities were reduced by about 45%

91



I
NALCO ENVIRONMENTAL SCIENCES

/
due mainly to a reduction in the density of Diaphanosoma leuchtenbergianum.

Total zooplankton densities increased to 106,042 organisms/m 3 on
13 December at Location I (Table 5.9). Further reductions in rotifer densities

were offset by moderate increases in copepod nauplii and Bosmina longirostris.
Other common taxa in December included cyclopoid copepodites, Daphnia parvula,
Diaptomus siciloides, and Synchaeta sp.

Zooplankton population densities at Location I were more stable I
from July to December than those observed prior to July (Tables 5.2-5.9).
Substantial variability in zooplankton densities from February to July was

attributed to a corresponding variability in volume and pattern of reservoir [
water releases during this period (Figure 5.2).

Total zooplankton densities at downstream Locations 10 and 4
were lower than those at Location 1 throughout 1976 (Tables 5.2-5.9). Density I
decreases between Location 1 and Locations 10 and 4 ranged from 28 to 99%
for microcrustaceans and 13 to 93% for rotifers. The magnitude of these
decreases appeared to be inversely related to volume of river flow on most I
sampling dates. A similar inverse relationship between flow and decreasing
zooplankton density was reported by Ward (1975). Increases in rotifer densities
at Locations 10 and 4 noted in April were primarily caused by river production

of Brachionus urceolaris, a littoral species that was not collected at Location
I (Table 5.3). Other examples of riverine production were evident in October
when littoral cladocerans, primarily Disparalona, Macrothrix, and Alona
spp., were collected at Location 4 and not at Location 1 (Table 5.8).
Principal zooplankton taxa at Location 10 and 4 that were discharged from
John Redmond Reservoir at Location 1 included immature copepods, Bosmina
longirostris, Keratella, Polyarthra, and Brachionus.

2. Wolf Creek

Flow was absent in Wolf Creek on all sampling dates during the I
present study. The creek was reduced to a series of isolated pools, each with

its own physical and chemical characteristics. Variations in the latter can

be expected to produce differences in zooplankton species composition and 1
abundance between pools.

Total zooplankton in Wolf Creek in February ranged from I
2,325,174 organisms/mr3 at Location 3 to 120,278 organisms/m 3 at Location 2
(Table 5.2). Mean total zooplankton for all four locations was 885,114
organisms/m 3 . Rotifers comprised 76% of total zooplankton with Filinia,
Synchaeta, and Brachionus being the dominant genera. Principal microcrustacean
taxa in February included immature copepods and Chydorus sphaericus.

Mean zooplankton densities in Wolf Creek increased slightly I
in April. Maximum densities at Location 7 (2,713,342 organisms/m 3 )included

high densities of copepod nauplii (1,632,761/m3 ) and rotifers (927,345/m 3 ).

Zooplankton densities were lowest at Location 3 (47904 organisms/m3 ).

Immature copepods, Chydorus sphaericus, and Cyclops bicuspidatus thomasi

were important microcrustaceans in April, and Keratella, Polyarthra, and
Synchaeta were the dominant rotifer genera.
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Mean zooplankton densities in Wolf Creek decreased in June due to
a decline in immature copepods and rotifers at upstream Locations 7 and 2.
Total zooplankton densities ranged from 491,374 organisms/m 3 at Location 7 to
72182 organisms/m 3 at Location 5 (Table 5.5). Immature copepods, Polyarthra,
Bosmina longirostris, and Daphnia ambigua were the most common taxa collected.

In August the mean zooplankton density in Wolf Creek increased to
the maximum recorded in the 1976 study. High densities of immature copepods and
rotifers at all locations accounted for most of the increase (Table 5.7).
Dominant taxa present included copepod nauplii and the rotifers Keratella,
Polyarthra, and Pompholyx.

Pools at downstream Locations 3 and 5 were dry on 4 October.
Microcrustacean densities at Location 7 (7626 organisms/m3 ) were greatly reduced
from the August levels (Table 5.8). Rotifers, primarily Polyarthra and Rotaria,
were present in moderate numbers (36450 organisms/mr3 ). Total zooplankton
densities at Location 2 declined from 385,889 organisms/m 3 in August to 281,321
organisms in October (Table 5.8). Principal taxa included immature copepods,
Diaptomus pallidus, Keratella, and Tropocyclops prasinus mexicanus (Table 5.9).

In December all locations on Wolf Creek were dry or frozen and
contained insufficient water volume for sampling (Table 5.9).

B. Comparison with Previous Studies

Comparisons of mean zooplankton densities collected in 1975 and 1976
are presented in Table 5.10. Substantial variation in microcrustacean and
rotifer densities and species composition was observed between studies. Varia-
tion in April zooplankton densities at Location 1 between 1975 and 1976 may have
been related to large differences in reservoir discharges between years, in
addition to seasonal effects. Differences in zooplankton composition and
density in June may be attributed to the same factors. Comparable reservoir
discharges in December of 1975 and 1976 probably resulted in similar zooplankton

populations at Location 1.

Differences in reservoir discharges between 1975 and 1976 may have
caused variation in zooplankton densities and composition at downstream Locations
10 and 4 in April and June. Uniform reservoir discharges and river flows later
in the year apparently produced similar zooplankton populations at downstream
locations in December of both years (Table 5.10). Substantially higher densities
of total zooplankton in Wolf Creek in April and June 1976 compared to the same
period in 1975 were the result of the absence of flow during the present study
(Table 5.10). Large populations of zooplankton develop in Wolf Creek pools when
flow is severely reduced or stops completely (Repsys 1976).

C. Relationship of Zooplankton to Environment

Ward (1975) studied downstream changes in zooplankton density and
composition 5 miles downstream of a reservoir discharge. The results of his
study indicated that (1) size of zooplankton species and volume of river flow
were related to survival of reservoir zooplankton in the receiving river,
(2) microcrustaceans decreased more rapidly downstream than smaller rotifer
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species, and (3) high flows favored zooplankton persistence (survival?), whereas
low flows further reduced zooplankton at downstream locations. Similar results
were obtained in the spring and summer months of 1976 at Locations 10 and 4 in
the Neosho River.

High zooplankton survival in December of 1975 and 1976 was not inter-
pretable from flow data since flows were uniformly low in both instances
(Byrnes 1976; Figure 5.2). Other factors favoring zooplankton survival include
decreased water temperatures and turbidity (Chandler 1937; Williams 1966).

Zooplankton in intermittent streams, such as Wolf Creek, are subjected
annually to environmental extremes of drought and flooding which may produce I
greater variability in seasonal population structure than that normally found

in larger streams. High spring flows may deplete zooplankton populations by
carrying organisms downstream more rapidly than recruitment can replenish indi- i
genous communities. More moderate currents with pools and backwaters generally

result in increased stream zooplankton populations, whereas the cessation of
flow often produces dramatic increases in zooplankton densities in the isolated
pools (Repsys 1976). Zooplankton may then persist in large numbers until the I
pools dry up or other conditions become limiting. Formation of ice over shallow
stream pools may cause depletion of oxygen supplies through the decomposition
of accumulated organic matter, which, together with subsequent increases in I
hydrogen sulfide, methane, and other toxic substances, may bring about the
collapse of winter zooplankton populations. Some zooplankton can survive severe
conditions by forming resting eggs or encysted forms which become viable when
conditions are more favorable. Zooplankton species which do not produce resting
stages may be recruited from upstream areas (ponds, pools) when flow resumes in
the creek.

IV. Summary and Conclusions

1. Total zooplankton densities in the tailwaters of John Redmond Reservoir I
(Location 1) were highest in February (2,222,370 organisms/m 3 ) and lowest in May
(23679 organisms/m 3 ). Zooplankton densities were more stable from July to
December than from February to July. High variability in zooplankton densities
during the first half of 1976 was attributed to the variability in volume and
pattern of reservoir water releases.

2. Zooplankton densities in the Neosho River (Locations 10 and 4) appeared
to be related to reservoir zooplankton densities, volume of reservoir water
releases, turbidity, and water temperature. Maximum annual densities in the
Neosho River were observed in February (mean 714,297 organisms/m 3 ), whereas

minimum zooplankton populations were present in August and October (mean 10760
organisms/m 3 ).

3. Dominant taxa in the Neosho River during 1976 included immature copepods, I
Bosmina longirostris, Daphnia parvula, Diaptomus siciloides, Keratella, Po]y-
arthra, Brachionus, and Hexarthra. Small zooplankton populations, primarily
littoral rotifers, which probably originated in the Neosho River itself, were
observed at Locations 10 and 4 during periods of low flow.

4. Zooplankton densities in Wolf Creek ranged from 242,879 organisms/m3
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in June to 1,320,761 organisms/m3 in August 1976. Consistently large zooplankton
populations were attributed to the absence of flow in Wolf Creek on all sampling
dates. In December, pools at all sampling locations were virtually dry.
Zooplankton densities and species composition in Wolf Creek were primarily
governed by flow characteristics and seasonal factors.

5. Major zooplankton taxa collected in Wolf Creek included copepod
nauplii, Chydorus sphaericus, Bosmina longirostris, Daphnia ambigua, Tropocyclops
prasinus mexicanus, Filinia, Keratella, Polyarthra, and Pompholyx.

6. No effects on zooplankton populations in the Neosho River or Wolf
Creek were observed that could be attributed to construction of Wolf Creek
Generating Station.I

I
I

I
I
I
I
I
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Figure 5.1. Sampling locations in the vicinity of Wolf Creek
Generating Station, Burlington, Kansas, 1976.
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Table 5.1. Zooplankton taxa collected in the vicinity of Wolf Creek

Generating Station, Burlington, Kansas, 1976.

COPEPODA
Cyclops bicuspidatus thomasi S. A. Forbes
Cyclops vernalis Fischer
Diaptomus clavipes Schaeht

Diaptomus pallidus Herrick
Diaptomus siciloides Lilljeborg

Ergasilus chautauquaensis Fellows
Ergasilus megaceros Wilson
Ergasilus versicolor Wilson
Eucyclops agilis (Koch)
Eucyclops agilis montanus (Brady)
Eucyclops speratus (Lilljeborg)
Macrocyclops albidus (Turine)

Mesocyclops edax (S. A. Forbes)
Orthocyclops modestus (Herrick)
Paracyclops fimbriatus poppei (Rehberg)
Tropocyclops prasinus mexicanus Kiefer
Harpacticoida

CLADOCERA
Alona circumfimbriata (Meegard)

Alona pulchella King
Alona spp. (Baird)

Bosmina longirostris (0. F. Muller)

Ceriodaphnia lacustris Birge
Ceriodaphnia quadrangula (0. F. Muller)
Chydorus sphaericus (0. F. Muller)
Daphnia ambigua Scourfield
Daphnia parvula Fordyce
Daphnia pulex Leydig

Disparalona rostrata (Koch)
Diaphanosoma leuchtenbergianum Fischer

Ilyocryptus sordidus (Lieven)
Kurzia latissima (Kurz)

Leydigia acanthocercoides (Fischer)
Leydigia leydigi (Schoedler)
Macrothrix laticornis (Jurine)

Moina affinis Birge
Moina micrura Kurz
Pleuroxus denticulatus Birge
Pleuroxus hamulatus Birge

Pseudochydorus globosus (Baird)
Scapholeberis kingi Sars
Simocephalus serrulatus (Koch)
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Table 5.1. Continued.

I
ROTIFERA

Anuraeopsis sp. Lauterborn

Asplanchna sp. Gosse
Bdelloid rotifers

Brachionus spp. Pallas

Cephalodella spp. Bory St. Vincent

Collotheca sp. Harring

Conochiloides sp. Hlava

Euchlanis spp. Ehrenberg

Filinia spp. Bory St. Vincent

Gastropus sp. Imhof

Hexarthra spp. Schmarda

Itura sp. Harring and Myers

Keratella spp. Bory St. Vincent

Lecane spp. Nitzsch
Lepadella spp. Bory St. Vincent

Lophocharis sp. Ehrenberg

Monostyla sp. Ehrenberg

Mytilina sp. Bary St. Vincent

Notholca spp. Gosse

Notommata sp. Ehrenberg

Notommatid rotifers
Platyias sp. Harring

Polyarthra spp. Ehrenberg
Pompholyx sp. Gosse

Rotaria sp. Scopoli

Synchaeta spp. Ehrenberg

Testudinella sp. Bory St. Vincent

Trichocerca spp. Lamarck

Trichotria sp. Bory St. Vincent
Wolga sp. Skorikov

I
I
I

~101



Table 5.2. Zooplankton collected in the vicinity of Wolf Creek Generating Station, Burlington,
Kansas, 25 February 1976.

0

Sampling Locations
Neosh" River woit ceek

1 10 4 7 2 3 5
No./mj %% O./NO./ % . No./mJ O No./ni % N0./m

COPEPODA
Nauplii 

6 1 3 2 7 a 2.76 10560 1.29 13640 2.23 99266 37.65 50689 42.14 207 0.01 11000 1.32Calanoid copepodites 446 0.02 40 0.00 120 0.02 0 13 0.01 7 0.00 7 0.00Cyclopoid copepodites 16950 0.76 1280 0.16 1610 0.26 15399 5.84 865 0.72 117 0.00 1991 0.24Cyclops bicuspidatus thomasi 2330 0.10 9 (.00 130 0.02 299 0.09 0 0 207 0.02Cyclops vernalis 1538 0.07 0 20 0.00 0 64 0.05 0 62 0.01Diaptomus pailidus 264 0.01 31 0.00 0 0 136 0.11 0 26 0.00Diaptomus siciloides 4400 0.20 590 0.07 600 0.10 0 0 0 0Eucyclops agilis 14 0.00 0 0 0 0 0 0Eucyclops speratus 14 0.00 0 0 48 0.02 103 0.08 0 62 0.01Ergasilus megaceros 28 0.00 20 0.00 10 0.00 0 0 0 0Macrocyclops albidus 0 0 0 0 4 0.00 0 0Mesocyclops edax 0 0 0 82 0.03 9 0.01 0 0Tropocyclops prasinus mexicanus 0 0 0 0 31 0.02 0 0Harpacticoida 90 0.00 20 0.00 60 0.01 634 0.24 1615 1.34 0 0TOTAL COPEPODA 87401 3.93 12649 1.55 16190 2.65 115658 43.87 53529 44.50 331 0.01 13355 1.61

CLAOCEIRA
Alona circumfimbriata 0 0 0 0 607 0.50 0 0Alond spp. (Imm.) 0 0 0 0 73 0.06 0 0Bosmina longirostris 25789 1.16 2380 0.29 1060 0.17 0 689 0.57 207 0.01 3436 0.41Chydorus sphaericus 20 0.00 9 0.00 10 0.00 0 6820 5.67 13 0.00 20 0.00Daphnia ambioua 0 0 0 0 31 0.02 0 0Daphnia parvula 727 0.03 0 0 0 0 0 7 0.00Daphnia spp. (Imm.) 0 0 0 0 44 0.04 7 0.00 0Ilyocryptus sordidus 0 9 0.00 20 0.00 0 4 0.00 0 0Kurzia latissima 0 0 0 0 35 0.03 0 0Leydigia leydigi 0 0 0 0 436 0.36 0 0Macrothrix laticornis 0 0 0 0 13 0.01 0 0Pleuroxus denticulatus 0 0 0 0 9 0.01 0 0Pleuroxus hamulatus 0 0 10 0.00 0 0 0 0Pseudochydorus globosus 0 0 0 0 4 0.00 0 0Simocephalus serrulatus 0 0 0 0 79 0.06 0 0TOTAL CLADOCERA 26536 1.19 2398 0.29 1100 0.18 0 8844 7.35 227 0.01 3463 0.42

ISTIFERA
Asplanchna app. 4591 0.21 220 0.03 220 0.04 0 0 75 0.00 1135 0.14
Bdelloid Rotifera app. 242 0.01 440 0.05 990 0.16 1226 0.46 3828 3.18 0 220 0.03
Brachionus spp. 310619 13.98 94162 1.15 88771 14.53 83760 31.77 264 0.22 4400 0.19 12575 1.51
Cephalodella spp. 0 0 110 0.02 1172 0.44 352 0.29 0 330 0.04
conochiloides spp. 1922 0.09 220 0.03 330 0.05 0 0 0 0
Filinia spp. 13309 0.60 3080 0.38 1540 0.25 746 0.28 924 0.77 1947920 83.77 755166 90.83
Keratella spp. 1252124 56.34 349037 42.68 263015 43.06 106 0.04 924 0.77 31 0.00 2895 0.35
Lecane spp. 0 110 0.01 0 0 0 0 0
Lepadella spp. 0 0 0 13747 5.21 1012 0.84 0 110 0.01
Lophocharis spp. 0 0 0 0 352 0.29 0 0
Monostyla spp. 0 0 0 0 88 0.07 0 0
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Table 5.2. Continued

Sampling Locations
Neosho River Wolf Creek

1 10 4 7 2 3 5
No./m3 % No./m' % No./mj % No./m

3
% No./mT % No./m 3

% No./m 9

Nutholca spp.
Notom•iata spp.
Platyjas spp.
Polyarthra spp.
Rotaria spp.

Syinchaeta spp.
Testudinella spp.
Trichocerca app.
Trichotria spp.
Unidentified Rotifera app.
TOTAL ROTIFERA

TIOTAL ZOOPLANKTON

81 0.00 220 0.03 0 0 132 0.11 0 0
0 0 0 0 88 0.07 0 0
0 0 0 160 0.06 44 0.04 0 0

497936 22.40 340017 41.58 225174 36.86 45130 17.12 6820 5.67 17255 0.74 6895 0.83
0 0 0 639 0.24 1672 1.39 37 0.00 110 0.01

27629 1.24 13860 1.69 13310 2.18 852 0.32 39997 33.25 354427 15.24 33586 4.04
0 0 0 426 0.16 220 0.18 0 0
0 0 0 0 264 0.22 0 0
0 0 0 0 572 0.48 0 0
0 1320 0.16 110 0.02 0 352 0.29 471 0.02 1540 0.18

2108453 94.87 802686 98.16 593571 97.17 147964 56.13 57905 48.14 2324616 99.98 814562 97.98

2222370 817733 610861 263622 120278 2325174 831380

aMean of two replicates.
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Table 5.3. Zooplankton collected in the vicinity of Wolf Creek Generating Station, Burlington,
Kansas, 5 April 1976.

0

Locations
Neosho River Wolf Creek

1 10 4 7 2 3 5Taxa No./mJ 2 No.im• 2 No./mJ - No./miJ z ,o./m X 2 No./mJ 2 ,o,/m3

COPEPODA a
Nauplil 129,524 55.36 46 0.46 70 0.22 1,632,761 60.18 139,593 18.46 30,581 63.84 110,222 58.33Calanoid copepodites 388 0.16 1 0.01 0 1,133 0.04 57 0.01 31 0.06 163 0.09Cyclopoid copepodites 52,106 22.27 12 0.12 40 0.13 59.634 2.20 3,489 0.46 3,489 7.28 10,230 5.41Cyclops bicuspidatus thomasi 2,099 0.90 0 0 26,789 0.99 0 40 0.08 130 0.07Cyclops vernatla 1,289 0.55 0 0 2,265 0.08 202 0.03 0 123 0.06Diaptomus pallidus 0 0 0 0 9 0.00 0 40 0.02Diaptomus slcloides 202 0.09 0 0 0 9 24 0.05 0Eucyclops agilis 0 0 0 0 24 0.00 202 0.42 90 0.05Eucyclopsa spratus 0 0 0 4,152 0.15 431 0.06 31 0.06 145 0.08Macrocyclops albidus 0 0 0 0 40 0.00 0 31 0.02Mesocyclops edax 7 0.00 0 0 4,152 0.15 0 0 0Orthocyclops modestus 0 0 0 0 0 18 0.04 24 0.01Paracyclops fimbriatus poppet 0 0 0 0 0 0 18 0.01Tropocyclope prasinus mexicanus 0 0 0 0 0 15 0.03 9 0.00Harpacticoida 50 0.02 16 0.16 310 0.99 5,662 0.21 1,175 0.16 18 0.04 66 0.03

Total Copepoda 185,665 79.35 75 0.75 420 1.35 1,747,500 64.40 145,029 19.17 34,449 71.91 121,291 64.18

CLADOCERA
Alona circumfimbriata 0 2 0.02 16 0.05 0 11,770 1.56 0 9 0.00
Alona spp. 0 0 0 3,775 0.14 3,630 0.48 0 0Bosmina longirostris 41,630 17.79 5 0.05 20 0.06 378 0.01 1,716 0.23 4,085 8.53 579 0.31Ceriodaphnia lacustris 0 0 0 0 48 0.01 24 0.05 40 0.02Chydorus sphaericus 0 1 0.01 32 0.10 34,346 1.27 81,952 10.83 130 0.27 235 0.12Daphnia ambigua 0 0 0 0 81 0.01 2,424 5.06 1,148 0.61Daphnia parvula 4,755 2.03 0 0 0 15 0.00 9 0.02 0Daphnia app. (Immature) 0 0 0 0 123 0.02 1,465 3.06 0Diaphanosoma leuchtenbergianum 0 0 0 0 9 0.00 0 0Ilyocryptus sordidus 0 6 0.06 33 0.10 0 75 0.01 0 0Kurzia latissima 0 0 0 0 57 0.01 0 0Leydigia leydigi 0 0 0 0 708 0.09 0 0Macrothrix laticornis 0 0 0 0 24 0.00 0 0Pleuroxus denticulatus 0 0 1 0.00 0 66 0.01 0 0Pleuroxus hamulatus 0 0 0 0 0 0 9 0.00Simocephalus serrulatus 0 0 1 0.00 0 994 0.13 9 0.02 9 0.00Daphnla catawba 0 0 0 0 0 0 0

Total Cladocera 46,385 19.82 14 0.14 103 0.33 34,498 1.42 101,268 13.39 8.146 17.00 3,142 1.66

ROTIFERA
Asplanchna spp. 7 0.00 0 0 0 3,018 0.40 911 1.90 0
Bdelloid Rotifera app. 0 0 385 1.24 19,815 0.73 220 0.03 627 1.31 251 0.13
Brachionus spp. 616 0.26 7,487 74.94 28,050 90.02 5,284 0.19 0 125 0.26 440 0.23
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Table 5.3. Continued.

Locations
Neosho River Wolf Creek

1 10 4 7 2 3 5Taxa No./m3 % No./L3 No./m Z Za./m3 2 N./mJY•o T7 F No./ X No./m3 2
Cephalodella app. 0 791 7.92 770 2.47 0 92 0.01 125 0.26 92 0.05Conochillides spp. 126 0.05 0 0 0 0 0 0Euchlanla app. 0 0 0 0 42 0.00 0 62 0.03Filinja app. 50 0.02 0 0 27,741 1.02 16,830 2.22 942 1.97 220 0.12Gastropua app. 0 0 0 0 0 125 0.26 0Keratella app. 219 0.09 548 5.48 440 1.41 792,603 29.21 462.230 61.11 598 1.25 409 0.22Lepadella spp. 0 46 0.46 110 0.35 7,926 0.29 312 0.04 0 31 0.02Lophocharis app. 0 0 0 0 0 92 0.19 92 0.05Honostyla app. 0 0 0 0 502 0.07 0 0Notholca spp. 0 0 0 25,099 0.93 0 251 0.52 1,980 1.05Polyarthra app. 886 0.38 374 3.74 330 1.06 30,383 1.12 0 884 1.84 11,739 6.21Rotaria spp. 0 0 0 0 660 0.09 0 0Siynchaeta app. 33 0.01 518 5.18 495 1.59 1,321 0.05 24.750 3.27 378 0.79 48,181 25.50Testudinella app, 0 0 0 9.247 0.34 376 0.05 0 0Trichocerca app. 0 0 0 5,284 0.19 629 0.08 0 125 0.07Trichotria app. 0 0 0 0 440 0.06 220 0.46 818 0.43Unidentified Rotifera 0 137 1.37 55 0.18 2,624 0.10 0 31 0.06 95 0.05
Total Rotifera 1,937 0.83 9,901 99.11 30,635 98.32 927,345 34.18 510,101 67.44 5,309 11.08 64,535 34.15

TOTAL ZOOPLANKTON 233,987 9,990 31.158 2,713,342 756.389 47,904 188,968
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Table 5.4. Zooplankton collected in the tailwaters of John Redmond
Reservoir (Location 1) in the vicinity of Wolf Creek
Generating Station, Burlington, Kansas, 3 May 1976.

I
Location 1

Taxa No./m'

COPEPODA
Nauplii 7428a 31.37
Calanoid copepodites 1026 4.33 [
Cyclopoid copepodites 2527 10.67
Cyclops bicuspidatus thomasi 79 0.33
Cyclops vernalis 158 0.67
Diaptomus pallidus 14 0.06
Diaptomus siciloides 224 0.94
Eucyclops agilis 1 0.00
Eucyclops agilis montanus 10 0.04
Eucyclops speratus 2 0.01
Mesocyclops edax 2 0.01
Paracyclops fimbriatus poppei 2 0.01 [
Harpacticoida 2 0.01

Total Copepoda 11475 48.46

CLADOCERA
Alona circumfimbriata 14 0.06
Alona pulchella 2 0.01
Bosmina longirostris 1670 7.05
Ceriodaphnia lacustris 9 0.04
Chydorus spaericus 224 0.94
Daphnia ambigua 20 0.08
Daphnia parvula 134 0.56
Daphnia pulex 2 0.01
Daphnia spp. (Immature) 211 0.89
Diaphanosoma leuchtenbergianum 2 0.01
Leydigia leydigi 12 0.05
Macrothrix laticornis 1 0.00
Simocephalus serrulatus 10 0.04

Total Cladocera 2311 9.76

ROTIFERA
Asplanchna spp. 18 0.08
Bdelloid Rotifera spp. 110 0.46
Brachionus spp. 2284 9.64
Cephalodella spp. 32 0.14
Colurella spp. 15 0.06
Conochiloides spp. 60 0.25
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I
Table 5.4. Continued.

I

Location 1

Taxa No./m 3

ROTIFERA (continued)
Filinia spp. 738 3.12
Keratella spp. 3964 16.74
Polyarthra spp. 490 2.07
Platyias spp. 18 0.08
Pompholyx spp. 32 0.14
Rotaria spp. 98 0.41
Synchaeta spp. 1883 7.95
Testudinella spp. 53 0.22
Trichocerca spp. 50 0.21
Trichotria spp. 15 0.06
Wolga spp. 18 0.08

Total Rotifera 9893 41.78

TOTAL ZOOPLANKTON 23679

a Mean of two replicates.

I
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Table 5.5. Zooplankton collected in the vicinity of Wolf Creek Generating Station,
Burlington, Kansas, 14 June 1976.

N~osh~o1

- -. -- -~~l~ola t 101 - -O-__8__

Rie VU _Wolf Creek
4 7 2 3 5

2 IoNo./TJ % T % NOI3 No.% -3 o./mJ

I-A0

COPEIODA
Naup Ilt
Calanoid copepodlies
Cyc I opo Id copepod i tes

pL•tpt uous a pelldua
Dla.d to~mas slcil~oides
E ris I los chauta,,quaensia
9u2cycloses aiLis
EiicyOc1pm RalLs montanus
Eicyc•_oys_ _eratua

Ma c rs!olops albtdus
Mu:socyclo.r edax

ftfrfkc~~ £mr-I-J-tua poppet
mr e l pcsc Prjaa5ýLnua mexicanus

Harpacticolda

Total Copepda

CLADOCERA
Alouda trcuftumbrlata
Alona app.

qosalna longirostris
(ertodaphnia lacustris
C.tr rodi!aphnIa gjuadraupla
ý doprus sphaercLus
Dap!Ln I a arnblgb a

PLa.Lh1,1a pilex

PaO_ýna app. (Immature)
!H1aphanosoma lechItenlertanus

Xurzta latissima
Leydigia acanthocercoides

113162' 18.62
554 0.09

12238 2.01
0

3150 0.52
968 0.16
464 0.08

9 0.00
0
0
0
0
9 0.00
0

44 0.01
0

65234 13.74 54873 12.05
152 0.03 262 0.06

12598 2.65 10580 2.32
0 0

3961 0.83 4804 1.05
232 0.05 279 0.06
284 0.06 228 0.05
0 1() 0.00
0 0
0 0
0 0
0 0
0 0
o 0

16 0.00 0
0 0

130598 21.49 82477 17.34 71036 15.60

181776 36.99 34346 20.79
12150 2.47 7477 4.53
25701 5.23 8118 4.95

9 0.00 210 0.13
15 0.02 547 0.33

1467 0.30 5981 3.62
107 0.02 1112 0.67

0 0
0 0

21 0.00 0
21 0.00 72 0.04
0 30 0.02

617 0.12 1500 0.91
0 0

341 0.07 654 0.40
9 0.00 9 0.00

222249 45.24 60116 36.40

0 182 0.11
0 70 0.04

245327 49.93 26168 15.84
785 0.16 34287 20.76

5542 1.13 535 0.32
416 0.08 2145 1.30

9346 1.90 35280 21.36
9 0.00 1026 0.62

4206 0.86 516 0.31
0 0

96 0.02 42 0.02
0 70 0.04
9 0.00 70 0.04
0 9 0.00
0 215 0.13

58294 24.00
0

29206 12.03
0

84 0.03
0
0
0
9 0.00
0

93 0.04
0

33 0.01
9 0.00

1072 0.44
0

88800 36.57

0
0

1411 0.58
839 0.34

0
743 0.30

1678 0.69
107 0.04

0
0

33 0.01
33 0.01

0
0
0

33178 45.96
21 0.03

4072 5.64
0
()
0
0
0
0

42 0.06
650 0.90

0
0
0

84 0.12
0

38047 52.71

0
0

392 0.54
63 0.09
33 0.04
42 0.06
84 0.12

0
0

84 0.12
9 0.01
9 0.01
0
0
0
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0
18

73929
46
0
0

26
14927

0
0

2138
0
0
0

18

0 0
0.00 0 0

12.17 49896 10.51 42950 9.43
0.01 24 0.00 61 0.01

0 0
16 0.00 10 0.00

0.00 30 0.01 60 0.01
2.46 6847 1.44 5792 1.27

0 0
o1 0

0.35 271 0.06 215 0.05
0 0
0 0
0 0

0.00 0 0
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Table 5.5. Continued.

Locations

.Noshu River Wolf Creek

Taxa1 -N:- . ý .. _.

t.0

Moina affinla
Muina micrura
Pleuroxus dentLiculatus
P leuroxuts hamulatus
Psemd gchydurd . lobosua
Scaopholeberla k..inp
Sitocephalis. serrulatus

Total Cladocera

ROTIFERA
Anuraeotpsi app.
As4 ancchna app.
Bdelloid Rotifera app.
Brachioouz& app.

Sapp..:-phjalode lLa app.

Conchiloidea app.
Euchlanis app.
Fitlinl a lpp.
llexarthra app.
Keratella spp.
ielcna app.
Apad e 1l.a app.

MooNIoty .La app.
N• o.na app.
PI.4lat La- app.
PŽ1Y.yi~i!r hr app.
Pomiphu~x app.
R.o taria app.
SyLncha e_ a app.
Te.imh_! etlla app.
Trichocarca app.
gr hdhotr.Lb app.
W,21&•i app.

Unidentified Rotitera app.

Total 8otifera

TOTAL ZOOPLANKTON

26
18
0
9
0
0
0

0.00
0.00

0.00

0
7 0.00
0
0
0
0
0

0
0
0
0
0
0
0

0
0
0
0
0

1909
42

0
0

42 0.02
0
9 0.00

21 0.01
19 0.01

0
0
0
0
0

210
255

0.39
0.01

0.09
0.10

91164 15.00 57091 12.03 49098 10.78 267687 54.48 100706 60.97 5309 2.19 761 1.06

0
598
0

298077
0

1J100
0

103
39766
14193

0
0
0

(1

27974
509
103

3154
0

302
0
0
0

0.10

49.05

0.18

0.02
6.54
2.34

4.60
0.08
0.02
0.52

0.05

0
440
878

291320
242
440
0
0

12361
10946

0
0
0
0
0

17187
0
0

752
0
0
0
0

508

0
0.09 564
0.18 852

61.38 286404
0.05 309
0.09 1333

96
96

2.60 17558
2.31 13342

0
0
0
0
0

3.62 13505
0

288
0.16 351

0
330
0
0

0.11 309

0.12
0.19

62.88
0.07
0.29
0.02
0.02
3.85
2.93

2.96

0.06
0.08

0.07

0.07

0
0

65
65
0
0

33
0
0

869
33

133
0
0

65
0
0
0
0

65
65
0
0
0

0
0
9 0.01
0
0

21 0.03
21 0.03

0.01
0.01

0.01

0.18
0.01
0.03

0.01

0.01
0.01

0
0
0

58
192
0
0
0

1269
26
84
51

0
0

2056
0

206
0

151
0

84
58

117

100
98

201
0.04 299
0.12 332

0
0
0

133
0.77 967
0.02 33
0.05 100
0.03 33

33
0

1.24 138551
0

0.12 33
7009

0.09 367
0

0.05 0
0.04 434
0.07 0

0.04 0
0.04 0
0.08 367 0.51
0.12 5406 7.49
0.14 98 0.14

0
0
0

0.05 33 0.04
0.40 0
0.01 0
0.04 266 0.37
0.01 65 0.09
0.01 0

0
57.06 133 0.18

0
0.01 1201 1.66
2.89 20794 28.81
0.15 902 1.25

33 0.04
0

0.18 3972 5.50
98 0.14

2
0F
a0
m
2

m
2
F4
r
n
0
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m

385879 63.50 335080 70.60 335337 73.62

455471

1393 0.28 4352 2.63 148723 61.24 33368 46.23

607641 474648 491374 165174 242832 72182

aMean of two replicates.
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Table 5.6. Zooplankton collected in the tailwaters of John Redmond
Reservoir (Location 1) in the vicinity of Wolf Creek
Generating Station, Burlington, Kansas, 12 July 1976.

Location 1

Taxa No./m3 %

COPEPODA
Nauplii 1 5 8 3 6 a 10.90
Calanoid copepodites 1900 1.31
Cyclopoid copepodites 2356 1.62
Cyclops vernalis 61 0.04
Diaptomus pallidus 339 0.23
Diaptomus siciloides 812 0.56
Ergasilus chautauquaensis 54 0.04
Ergasilus megaceros 31 0.02
Ergasilus versicolor 8 0.00
Tropocyclops prasinus mexicanus 39 0.03

Total Copepoda 21436 14.76
CLADOCERA

Bosmina longirostris 2242 1.54
Ceriodaphnia lacustris 15 0.01
Daphnia parvula 420 0.29
Diaphanosoma leuchtenbergianum 15946 10.98
Moina affinis 110 0.08
Moina micrura 625 0.43
Sida crystallina 22 0.02

Total Cladocera 19380 13.34

ROTIFERA
Asplanchna spp. 434 0.30
Brachionus spp. 23617 16.26
Collotheca spp. 508 0.35
Conochiloides spp. 32760 22.55
Filinia spp. 3590 2.47
Hexarthra spp. 37474 25.80
Keratella spp. 346 0.24
Polyarthra spp. 2486 1.71
Synchaeta spp. 670 0.46
Trichocerca spp. 2316 1.59
Unidentified Rotifera spp. 258 0.18

Total Rotifera 104459 71.90

TOTAL ZOOPLANKTON 145275

a Mean of two replicates.
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Table 5.7. Zooplankton collected in the vicinity of Wolf Creek Generating Station, Burlington,
Kansas, 10 August 1976.

Sampling Locations
Neosho River Wolf Creek

I t0 4 7 2 3 5
_'4xa __ .__ % No.It 2 No. m"3 2 No. /my No.-- No./-

3 % No./O
3 %

I-i
I-A
I-A

CUVIA'PiI)A
NatIpI ii
Calanoid copepodites
Cyvlopo id copepudltes
Cycsl-_p. verinald I
P_!pt omus p a j.1du
Dia[,itn! sh:1iloldes
Er~rail Iua_ clalirtauguaentas
Er gvt luv verIsicolor

Etjcyciop Aj 8lat

qe S~aL1-0-.• ed--x

La~raýcjops fimbriantu poprpei
'rojiou_• is p ýrastnisa nexicanus

TOTAL COPEPODA

CLADOCEHA
Alone pulthetla
8ovin1 rit lon~groat r e

(Chvdoruv 8la r ta

fapjimnIa abrvi, i

DIaLhanosoma reuchL &Ib rganu.
1_1ypcrIptis sorldus
Leydli a 1eyd18is
Macrothrx 1ix laticornll
Moina alfinlni
Muoina mcruca
Pleuroxu. denticulatus
PleuroxuS hamialatus
Sca2hotleberts k1in&
SImqc.pha hs serrulatue
TO'rAl. CIAI)OC TRA

34813" 17.58
3570 1.80
1093 0.55

107 0.05
51 0.02

107 0.05
1626 0.82

33 0.02
33 0.02

0
0
0

33 0.02
0
9 0.00

41475 20.95

69
4
8
0

U
6

52
10
2
a
0
0
0
0
0

151

0
0
0
0
0
0
9
0
0
0
0
2
0
0
0
0

11

1.19
0.07
0.14

0. It)
0.89
0.17
0. (13

2.60

0.15

0.03

0.18

434
4

76
0
0
0

14
3
0
0
0
0
0
0
3

534

0
1
0
0
0
2
8
0
0
2
8
0
0
0
0
1

22

2.80 150818
0.02 5664
0.49 36098

12
5245

51
0.09 0
0.02 0

42
0
0
0
9

12
0.02 4701
3.45 202652

0
0.01 556

84
0

42
0.01 42
0.05 5547

0
21

0.01 166
0.05 0

0
U
0
0

0.01 0
0.14 6458

6.55 103738 26.88
0.24 33645 8.72
1.57 12930 3.35
0.00 12 0.00
0.23 17210 4.46
0.00 3182 0.82

0
0

0.00 12 0.00
12 0.00
0

23 0.00
0.00 189 0.05
0.00 0
0.20 17991 4.66
8.80 188944 48.96

12 0.00
0.02 7556 1.96
0.00 2056 0.53

23 0.00
0.00 346 0.09
0.00 1224 0.32
0.24 M13 0.18

0
0.00 0
0.01 0

0
636 0.16

44 0.01
12 0.00

645 0.17
0

0.28 13267 3.44

107710
4673

24299
12

1953
257

0
0
0
0
0

12
0
0

5762
144678

0
56
0
0
0
0

44
12
0

12
0

56
0
0
0
0

180

5.32 152336 26.69
0.23 9813 1.72
1.20 162617 28.49
0.00 23 0.00
0.10 6075 1.06
0.01 911 0.16

0
0
0
0

131 0.02
0.00 131 0.02

47 0.01
0

0.28 88785 15.55
7.15 420869 73.74

0
0.00 467 0.08

23 0.00
a
0
0

0.00 6542 1.15
0.00 0

0
0.00 0

0
0.00 420 0.07

0
0
0
0

0.01 7452 1.30

F
na

0

m

2

a
I

iz
nm
wU

0
1713

21
0
0

3939
8061

0
0
0

1103
182

0
0
0
0

15037

0.87
0.01

1.99
4.07

0.56
0.09

7.60



Table 5.7. Continued.

_____ ~~Sampling Locat ions__________
Neogho Rive r Sampling 

Location

1 10 4 7 -2 3 5
Ta xýa j 7./ 3

2 o._ N7m 3 % No.rn -No m 3 2 No. /M] 2 Not % No./M

I-i

ROT'I "ERA
Asp i!!u£hnoa pp.

Bdeliold Rolifera app.
Broth honu!! 81,1.

Co] lothelca sI'p.

Conuchi Io ides spp.
Euchljuta app.
y L1Ž_4, app.

Ilexarthra app.
Kýera eqlja spp.
Im!can!m spp).

Lvee[t lsi, app.I.oI•hochari a pp.

tonLtL a spp.

.ml9l )p±jLx app.
Rotarl. app.

Tcstudlnella app.
I~r chocerc; app).
'!_''.i a pp,
UnIdeutifled otlifera app.
TifOAL ROTI FERA

584
0

27336
0

234
584

0
467

35280
53972

0
0
0
0

13551
4439

0
4790

0
2 14

0
0

141471

197983

0.29

13.81

0.12
0.29

0.24
17.82
27.26

6.84
2.24

2.42

0.12

71.46

12
106

4223
178

0
22
60
46

270
37

0
0
0
0

360
0
0

106
0

141
24
70

5455

5817

0.21
1.82

72.60
3.06

0.38
1.03
0.79
4.64
0.64

6.19

1.82

2.42
0.41
1.20

97.22

91
190

12032
487

0
20
10
70

560
49

0
10

0
0

772
0
0
0
0

260
19

110
14921

15477

0.59 0
1.23 105

77.74 57009
3.15 33

0
0.13 112
0.06 0
0.45 4322
3.62 0
0.32 1547547

178
0.06 33

37
100

4.99 291005
189252

238
0

33
1.68 4477
0.12 0
0.71 0

96.41 2094481

0
0.00 77
2.47 74299
0.00 0

0
0.00 3778

37
0.19 14757

117
67.18 37850
0.01 0
0.00 0
0.00 77
0.00 4827

12.63 11528
8.22 778
0.01 544

0
0.00 196
0.19 34813

0
0

90.92 183678

385889

8140
0.02 77

19.25 805841
117

0
0.98 37
0.01 0
3.82 254673
0.03 7710
9.81 633645

37
79

0.02 0
1.25 0
2.99 79439
0.20 15734
0.14 2727

350
0.05 117
9.02 68925

0
311

47.60 1877959

2022817

0.40
0.00

39.84
0.00

0.00

12.59
0.38

31.32
0.00
0.00

3.93
0.78
0.13
0.02
0.00
3.41

0.02
92.84

0
542

13159
776

0
0
0

11836
4126

96729
0

308
0

1168
2645
1948
3425

o1
1556
3430

388
388

142424

570745

0.09
2.30
0.14

2.07
0.72

16.95

0.05

0.20
0.46
0.34
0.60

0.27
0.60
0.07
0.07

24.95

TOTAm. ZO(OPLANKTON 2303591

a Mean of two replicates.

- -em m - 4 ---- ---
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Table 5.8. Zooplankton collected in the vicinity of Wolf Creek Generating Station, Burlington,
Kansas, 4 October 1976.

Sampling Locations

Neosho River Wolf Creek
10 4 7 2 3 5

No.- 2 Wo.-mN- % No./m3-f-o No.Tn % No. /m3 2 No./m3 2

F"

Taxa

COPEPODA
Naupli1
Calanold copepoditee
Cy,:lupod copepudites
Cyclops vernalia
Di)a•tomus pallidus
Diaptomua sicLioldes
Ecgaatlus chautauguaensai
jErgasilus megajeros
Ergastlis ap. (Imm.)
Eiic17 lua & Iiia
Eucyclops aperatua
Mesocyclops edax
Trop'vc2!ps rasilnus mexicanus
llarpacticulda
TOTAL COPEPODA

CLADOCERA
Aloia circumfJmbriaLa
AMona pulchella

Alona app. (Imm.)
i8osmina lonuirostria
(:eriodaphla Iacuatris
Ceriodaphinia ap.
Chydorus sphaerlcus
Dpjhnt a ambig•a

Diaphanusoma 1 euchLeeberginnum
Diparalona rontrata
I•yjuryypfus ordldus
Kgtrzia latiaslva
L.dydigia acanthkocercoides
Leydtgia _IeydjAI
Hacrothrix laticornts
MoIna micrura
Plauroxus dent iculatus
PI'euroxus hamulatuR
Scaphol eberia ngi
Simocc-phalus serrulatus
TOTAL CLADOCERA

20622a 20.67
5008 5.02
9175 9.20

531 0.53
380 0.38
858 0.86
560 0.56
302 0.30
195 0.20

0
0

12 0.01
0
0

37643 37.74

0
0
0

5363 5.38
0
0
0
0

2283 2.29
605 0.61

0
0
0
0
0
0
6 0.01
0
0
0
6 0.01

8263 8.28

130
0

16
0
0
0
4
0
4
0
0
0
0
0

154

12
0
0

36
4
0
4
0
0
0

9

0
0
0
0
0

4

00

69

1.06

0.13

0.03

0.03

1.26

0.10

0.29
0.07

0.07

0.07

0.07

0.56

169
0

72
0
0
0
3
3
0
0

12
0
0

16
275

3
3

20
7
0
0
3
0
0
0

228
9
0
0
0

134
0
3

16
0
0

426

1.78

0.76

0.03
0.03

0.13

0.17
2.89

0.03
0.03
0.21
0.07

0.03

2.40
0.09

1.41

0.03
0.17

4.48

0 448
0 944
0 2888
0 3383
0 556
0 9
0 808
0 906
0 631
0 364
0 0

178 0.40 0
0 103
0 9

23 0.05 224
9 0.02 1766
0 0
0 201
0 495
0 65
0 0

210 0.48 13800

0.16
0.34
1.03
1.20
0.20
0.00
0.29
0.32
0.22
0.13

0.04
0.00
0.08
0.63

0.07
0.18
0.02

4.90

6636 15.06 117056 41.61
0 35047 12.46

570 1.29 7089 2.52
0 9 0.00
0 14850 5.28
0 2673 0.95
0 0
0 0
0 9 0.00

23 0.05 28 0.01
70 0.16 28 0.01
0 51 0.02

47 0.11 5140 1.83
70 0.16 355 0.13

7416 16.82 182335 64.81

Fn
0

m
0

N3
m
z
F1
0
n
'N
z
nI
m
m



Table 5.8. Continued.

Samni toe Tj~ationa
Ne-i ho River Wolf Creek

1 10 4 7 2 3 5
o,. Im-i- ,, I No. 3 ýo . /m3 I-- f No. 1w3 x No./m Io. 3 2

'-A

ROCIFERA
Anur slpas spp.

Ddellold Rotifera upp.
8 r ac_. h ! tt spp.

Colaotheca spp.
Couohc.Il loidea app.
El!'Ctill"1a__- app.
FI lirna Spp.
Ilexartlhra spp.
Itura app.
Keratella app.
lecane spp.
Lepadella app.
Lophochatis spp.
Monoatyla app.

tlyx.1tlla app.
Platylas app.
PotLyaqhra spp.

Rotarla spp.
Sy nch hJe t a app.

Teqtudhtetla spp.
TrIchucerca spp.
TrIchotrlsa spi.
HLo'ga SM).
Untdentiffed Rotifera app.
TOTAL ROTIFEKA

0
410 0.41

3853 3.86
30 0.03
60 0.06
0
0
0

1329 1.33
0

23044 23.10
0
0
o
0
0
0

2760 2.77
0
a

22036 22.09
0

186 0.19
0
0

144 0.14
53852 53.98

0
116 0.95
384 3.14

32 0.26
72 0.59
82 0.67
32 0.26

0
40 0.33
0

3077 25.17
6

16 0.13
0

16 0.13
0
0

436 3.57
0
0

7222 59.07
82 0.67

248 2.03
66 0.54

82 0.67
12003 98.18

0
458 4.81
458 4.81
251 2.64

41 0.41
187 1.96

0
0
0
0

2024 21.26
0
0
0
0
0
0

813 8.54
0
0

3734 39.23
20 0.21

438 4.60
41 0.43

146 1.53
207 2.17

8818 92.64

4159 9.44
467 1.06

0
1963 4.45

0
0
0

93 0.21
0

748 1.70
234 0.53
0

1589 3.60
4626 10.50

0
0

234 0.53
11589 26.29

0
7103 16.12
1402 3.18

47 0.11
888 2.01

93 0.21
0

1215 2.76
36450 82.70

131 0.05
734 0.26

2869 t.02
332 0.12

0
6472 2.30

0
0

266 0.09
0

63785 22.67
266 0.09
332 0.12
201 0.07

65 0.02
266 0.09

65 0.02
402 0.14

1598 0.57
1131 0.40

0
196 0.07

3804 1.35
668 0.24

1603 0.57
0

85186 30.28

F

n

0
0'U

m

2

0n

mz
n4
I-
IA

TOTAl. ZO OPLANKTON 99758 12226 9519 44076 281321

a Mean of two replicates.
b Location dry.
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Table 5.9. Zooplankton collected in the vicinity of Wolf Creek Generating Station, Burlington,
Kansas, 13 December 1976.

Sampling Locations
SNeosho River Wolf Creek

1 10 4 7 2 3 5
Taxa Na./m 3

- 1o./m I % No./M3No. % NoN./m 2 No./0 2 No./m3 0

COP EPODA
HauptiUL 359540 33.90 27180 29.06 27934 40.97 _b z
Calanoid copepodites 695 0.66 422 0.45 344 0.50 -P

Cyclopold copepodites 9010 8.50 4784 5.1k 4577 6.71 F --
.cl2j,•s bicuapidatus thomail 487 0.46 148 0 *L6 20 0.03 -

Cye!!)p._ vernal a 974 0.92 67 0.07 18 0.03
Olaptomue clavtpes 0 0 7 0.01 - -
Diaptomus pallidus 516 0.49 371 0.40 70 0.10 - _
Diaptomus siciloides 1041 0.98 702 0.75 161 0.24 M- -

ErastilIus clhanauguLenist 6 0.00 0 0 -- -z
Eraslu___s megacerns 42 0.04 7 0.01 13 0.02 - -
Eucyclops agIlls montanus 0 7 0.01 0 - -
TOTAL COPEPODA 48725 45.95 33688 36.02 33144 48.61 -

CLADOCERA 20
Aluna circumflmbrtata 0 6 0.01 0 - -
Bosmina lonalrostris 15506 14.62 18011 19.26 9050 13.27 --
Clhy±orus aphaericus 0 12 0.01 6 0.01 --
DaphoNa parvil a 1191 1.12 279 0.30 132 0.19 - - -

Dispara oria rostrata 0 14 0.01 0 - - -
Macrothrlx latIcoinis 0 13 0.01 6 0.19 - - -
SimucLephalus Sp. 6 0.00 0 0 - - -
TOTAL CLA5OCERA 16703 15.75 18335 19.60 9194 13.48 - - - F

ROTIFERA M
Brachionus spp. 64 0.06 0 221 0.32 - - - -
Cepala 1 dellq Spp. 64 0.06 70 0.07 91 0.13 - - DI
EIIcllarits app. 01 0 30 0.04 - - --

Kerarei] a spp. 11974 11.29 16276 17.40 9084 13.32 - - -
Notowmatid Rotifera app. 0 0 34 0.05 - - - n
Po1 _ii.hrj app. 4332 4.08 5804 6.20 4664 6.84 - - - - D
SyIChaIta app. 24180 22.80 17316 18.51 10416 15.28 -- - -
Trlchottria app. 0 1906 2.04 1309 1.92 -- - -
TOTAL ROTIFERA 40614 38.30 41510 44.38 25849 37.91 - - -

TOTAL ZOOPLANKTON 106042 93533 68187 - - -

a Mean of two replicates.
b Location dry.



Table 5.10. Mean densities of major zooplankton groups collected in the vicinity of Wolf Creek
Generating Station, Burlington, Kansas, 1975-1976.

April June September - August December
No./m 3  No./m3 No./m3  No./m 3  No./m 3  No./m 3  No./m 3  No./m 3

Taxa and Location (1975) (1976) (1975) (1976) (1975) (1976) (1975) (1976)

COPEPODA
John Redmond Reservoir 2 0 0 0 3 a 1 8 5 6 6 5 b 65687 130598 122795 41475 55218 48725
Neosho Riverc 8384 248 13250 76756 920 342 32072 33416
Wolf Creek 4930 512067 16770 102303 154708 239286 11900 -d

CLADOCERA
John Redmond Reservoir 1349 46385 23304 91164 77309 15037 22024 16703
Neosho River 514 58 2127 53094 87 16 14406 13764
Wolf Creek 106 36764 4522 93617 21198 6839 22129 -

ROTIFERA
John Redmond Reservoir 398123 1937 286128 385879 290486 141471 43516 40614
Neosho River 207792 20268 22968 335208 1932 10288 84968 33680
Wolf Creek 4247 376822 41358 46959 285203 1074636 5087 -

TOTAL ZOOPLANKTON
John Redmond Reservoir 419475 233987 375119 607641 490590 197983 120758 106042
Neosho River 216692 20574 38390 465058 2939 10646 131465 80860
Wolf Creek 9 2 8 3 e 9 2 5 6 5 3 f . 6 2 6 5 0 e 2 4 2 8 7 9 f 4 6 1 1 0 9 f 1 3 2 0 7 6 1 f 3 9 1 1 6 f -

I-J
I-a
0'.

2
r
ha
m
2

z
I
M

z

m
M
n4

I-
z
n
m
2

a
b
c
d
e
f

Samples collected at Location 1 within reservoir (1975).
Samples collected at Location 1 in reservoir discharge (1976).
Locations 10 and 4.
All Wolf Creek locations dry.
Flow present in Wolf Creek.
Flow absent in Wolf Creek (isolated pools).

Ame-r -m -0 m 4&
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MACROINVERTEBRATE STUDY

By

Darell L. Andersen
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I. Introduction

Benthic macroinvertebrate communities have been monitored on the Wolf

Creek Generating Station (WCGS) site and in the surrounding environs as part
of an environmental evaluation to assess and minimize the effects of con-
struction and operation of this facility. Species composition and relative !
abundance data on the benthic fauna in John Redmond Reservoir, the Neosho
River, and Wolf Creek have been collected quarterly since March 1973 (Kansas
Gas and Electric Company 1974; Nulty 1975; Andersen 1976).

Objectives of this first construction phase monitoring study were:

1. To provide additional baseline data on the benthic macroinvertebrate

fauna of the WCGS site and immediate environs;

2. To document the naturally occurring temporal and spatial variability

of benthic populations in the area; and

3. To provide information for use in the formulation of management
programs to minimize effects of construction and operation on the
environment.

II. Field and Analytical Procedures

Duplicate samples of drifting benthic macroinvertebrates were collected
from the tailwaters of John Redmond Dam (Location 1) on 24 February, 5 April,
14 June, 9 August, 4 October, and 13 December 1976 (Figure 6.1). Collections
were made using a 0.75 m diameter plankton net of no. 0 mesh Nitex (0.571 mm),

equipped with an internally mounted flowmeter (Model 2030, General Oceanics,
Inc.). Duplicate Ponar dredge samples and single qualitative samples were
collected on 25 February, 6 April, 15 June, 10 August, 5 October, and 14
December 1976 from Locations 10 and 4 in the Neosho River and Locations 7, 2,
3, and 5 in Wolf Creek (Figure 6.1). Due to the lack of water, no samples I
were collected at Locations 3 and 5 in October or December. Samples were

collected from a different, slightly larger pool at Location 7 in October.

Ice cover prevented qualitative sampling at Locations 7 and 2 in December.

All samples were sieved in the field using U. S. Standard no. 30 mesh
(0.595 mm) screen. The retained material was transferred to appropriately

labeled containers and fixed with a rose bengal staining solution of 10% formalin I
(Mason and Yevich 1967). After exposure to the staining solution for a minimum
of 24 hr, samples were rewashed at the laboratory in a no. 60 mesh (0.250 mm)

sieve and preserved in 70% ethanol. Organisms were hand-picked from debris
with the aid of a stereozoom microscope, identified to the lowest positive
taxonomic level, and enumerated. Aerial and terrestrial specimens collected
in drift samples were not analyzed. Taxonomic keys used in identifications

included Andersen (1973), Beck and Beck (1966), Beck and Beck (1969), Borror
and DeLong (1964), Brinkhurst (1964, 1968), Burch (1972), Burks (1953), Cook
(1956), Edmondson (1959), Flint (1964), Hamilton and Saether (1970), Harden and
Mickel (1952), Hilsenhoff (1970), Hiltunen (1973), Hobbs (1972), Holsinger
(1972), Klemm (1972), Leonard and Leonard (1962), Lewis (1969, 1974), Needham
et al. (1935), Needham and Westfall (1955), Pennak (1953), Roback (1957, 1962,
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' 1969, 1971, 1974), Ross (1944), Sperber (1950), Usinger (1971), and Williams
(1972).

Diversity indices for all quantitative samples were calculated using
the log base 2 in Shannon's (1948) equation as discussed by Wilhm and Dorris
(1968). A one-way analysis of variance was used to test for differences in
densities and diversity values among sampling dates and locations (Steel and
Torrie 1960).

III. Results and Discussion

A. Habitat Characterization

John Redmond Reservoir was built by the U. S. Army Corps of Engineers
in 1965 to provide flood control and streamflow regulation on the upper Neosho
(Grand) River. Flow of the Neosho River in the study area is primarily dependent
upon the midwater discharge from the dam, and is subject to extreme fluctuations
according to priorities established in the Tulsa District Office of the Corps.
The small amount of rainfall in the upper watershed during 1976 necessitated

that the discharge from the dam be maintained at minimal levels (about 50 cfs)
throughout most of the study period (Figure 6.2). Discharge rates encountered
during macroinvertebrate drift samplings exceeded this minimum only on 14 June

when 760 cfs were being released (Table 6.1).

The substrate at Location 1, where the drift samples were collected,
was a layered bedrock of limestone, shale and some sandstone. The shallow
riffle sampled at Location 10 contained gravel and larger rubble, whereas the

gravel bar at Location 4 consisted primarily of sandy gravel.

Wolf Creek is subject to extended periods of pooling without flow
during drought as well as brief periods of high flow from snowmelt and rainfall
runoff. Benthic macroinvertebrate communities usually increase in complexity

and stability as stream order increases (Harrel and Dorris 1968). However,
desiccation of Wolf Creek Locations 3 and 5 during the drought of 1976 upset
this general relationship. Upstream sampling Locations 7 and 2 which are in
third order sections of.the watercourse were more stable than those downstream

of the proposed dam (3 and 5) which are in a fourth order reach (Strahler 1957).

Substrates sampled at Locations 7, 2, and 5 in Wolf Creek were
generally clay with some gravel overlaid with leaf litter, whereas Location 3
was primarily sand and gravel. Although gravel substrates have been sampled
at all locations in previous studies, water levels were so reduced that only

clay-bottomed pools held water throughout 1976. No water was in the creek bed

at Locations 3 and 5 on 5 October or 14 December.

B. Aquatic Macroinvertebrate Communities

1. Neosho River

Discharge rates from John Redmond Dam were low on each sampling
date of 1976 (Figure 6.2). Water temperatures at Location 1 displayed normal

seasonal variations and ranged from 1.2C in December to 25.6C in August (Table
6.1).
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a. Drift Samples

Seasonal variation in the composition of the drifting macro-
invertebrate assemblage was substantial. Duplicate drift samples yielded
macroinvertebrate densities ranging from 274 organisms/lO0 m3 in August to
2702/100 m3 in October (Table 6.1). Numbers of drifting macroinvertebrate taxa
per collection ranged from 18 in August to 38 in October (Table 6.1), whereas
a total of 66 taxa was recorded in 1976 (Table 6.2).

Hydroids represented over 25% of the density, except in the

summer (14 June and 9 August). Lomnicki and Slobodkin (1966) suggested that
populations of Hydra in tailwater areas often develop dense aggregations in
response to the constant availability of planktonic food items. The summer I
decline in hydroid density was expected as a normal part of their seasonal
cycle (Pennak 1953). The marked increase in the drift density of Hydra in
October was probably associated with season change (declining water temperature
and length of photoperiod) as suggested by Reisa (1973).

Naididae were of major numerical importance only in February
when they accounted for approximately 14% of the total drift density (Table 6.1). I
Carter (1977) similarly reported that naidids were abundant (16%) in the
Missouri River drift only during February of 1976. Ladle (1971) reported

increased benthic densities of Nais elinguis during winter in Great Britain.
The abundance of naidids in the drift as the water began to warm in February
was probably related to an increase in activity of the benthic population and

a resultant higher susceptibility to drifting.

Hydropsychidae representation followed a seasonal pattern
similar to that of the Naididae, accounting for 28% of the total drift density
in February and less than 10% in each succeeding sampling period (Table 6.1). I
Carter (1977) reported percent abundance and density of Hydropsychidae in the
drift of the Missouri River were higher during winter months. Elliott (1968)
also found higher hydropsychid drift density in a small stream in England during
March. Substantially reduced densities of drifting Hydropsychidae found

through the summer were caused by the emergence of adults (Fremling 1960; Modde
and Schmulbach 1973). The increased density in October was attributed to

recruitment of young larvae over the summer reproduction period (Fremling 1960; I
Elliott 1968). The proximity of John Redmond Dam precluded import from
upstream areas so that all hydropsychids collected at Location 1 were tailwater

residents.

Chaoborus punctipennis (Chaoboridae) was important in the
drift at Location 1 in April, June, and August but was rare in February,

October, and December (Table 6.1). Considering the midwater discharge from
the dam, these data fit the seasonal pattern of Chaoborus migration. The
regular diel vertical migration of Chaoborus larvae was well documented in

spring and summer by La Row and Marzolf (1970) and Carter and Kwik (1977). I
However, Deevey (1941) and Stahl (1966) reported that the larvae inhabit
benthic sediments during fall and winter and do not migrate.

Simuliidae were abundant in the drift at Location 1 on all
sampling dates except February and August. No direct cause could be found for
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the reduction in February, but the drop recorded in August was probably related
to the different collection time (morning vs. evening). Hynes (1970) reported
strong diel periodicity in the drift of several species of Simuliidae.

The percent abundance of Chironomidae in the drift at Location

1 was higher in summer with June and August values of 56 and 40%, respectively

(Table 6.1). Members of the genus Cricotopus comprised a major portion of the

chironomids drifting on all sampling dates probably due to their affinity for

the Cladophora which was prevalent on the rocks at this sampling location
(Mundie 1956). Procladius and Tanypus larvae were common benthic organisms
within John Redmond Reservoir (Funk 1973; Andersen 1976). Their presence in

the tailwater drift in April and June indicated that they had migrated off the
bottom as suggested by Davies (1976) and had been drawn through the midwater
discharge of the dam.

Ib. Benthos Samples

Quantitative Ponar samples collected at Locations 10 and 4

contained totals of 95 and 79 macrobenthic taxa, respectively, and when combined
totaled 109 different taxa (Table 6.2). Twenty-eight taxa were found at

Location 4 in the baseline study (Kansas Gas and Electric Company 1974). However,

when Locations 10 and 4 were both sampled, totals of 36 and 72 taxa were

reported in 1974 and 1975, respectively (Nulty 1975; Andersen 1976). Low river
flows, increased taxonomic proficiency, and more frequent sampling contributed9 to the higher number of taxa reported in 1976.

Total benthic densities in 1976 ranged from 350 to 23795

organisms/m2 at Location 10 and from 1890 to 9941 organisms/m 2 at Location 4

I (Table 6.3). Species diversity indices were generally indicative of good water
quality, and the reduction noted on 15 June (Table 6.3) probably reflected the

stress exerted by the high water earlier in the month (Figure 6.2).

I A summary of the data collected at the downstream locations

showed appreciable seasonal variation in the benthic macroinvertebrate community

of the Neosho River. Hydroids and tubificids did not exceed 10% of the total

benthic density on any sampling date. Hydra were absent after the June
collection, probably due to the normal decline of late summer populations

(Pennak 1953). Although burrowing worms of the family Tubificidae were not

expected to develop large populations in the sand and gravel substrates sampled,
they probably were more numerous in the areas of sediment deposition at both
locations (Hynes 1966). Tubificids were major components of the benthos

collected in previous studies when soft sediments were sampled (Kansas Gas and

Electric Company 1974; Nulty 1975; Andersen 1976).

Several macroinvertebrate families were of temporary numerical
importance. Naididae accounted for over 20% of the benthic density only in

April, whereas Ephemeridae abundance exceeded 20% only in the June sampling

(Table 6.3). Perlidae and Elmidae were relatively abundant at Location 4 in

February but were of minor importance in the remaining sampling periods.

Hydropsychidae populations approached 20% of the total benthic

density at both downstream locations in June and exceeded that percentage at
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Location 10 thereafter. These net-spinning caddisflies require specific
combinations of solid silt-free substrate and swift current to develop large
populations (Dodds and Hisaw 1925; Fremling 1960). The rocky riffle at I
Location 10 provided better habitat than the bar of fine gravel at Location 4.

The family Chironomidae was numerically predominant in the
river during all sampling periods, except June,when the mayfly Ephoron album
was prevalent at both locations and in August at Location 10 when hydropsychids
were dominant. Midge densities ranged from 57 organisms/m 2 in June to 8533/m2
in October at Location 10 and from 255/m 2 in June to 7475/m 2 in December at i
Location 4 (Table 6.4). The occurrence of scouring during high river flows
with major emergence periods (Coffman 1973) probably accentuated the June
decrease of larval densities. The genus Cricotopus, generally associated with
Cladophora (Mundie 1956), was more abundant at Location 10 where this alga was
common. The predatory Tanypodinae (Roback 1971) and slower water forms,
Chironomus, Dicrotendipes, and Pseudochironomus (Hauber and Morrissey 1945;Hauber 1947; Curry 1962), were more common at Location 4 where currents slowed I
on the inside of the bend.

Densities of taxonomic groups representing >20% of the total
benthic density on each sampling date were statistically tested to determine
differences between Locations 10 and 4. Ten statistically significant (P < 0.05)
differences were identified in the 1976 data; one in February, five in April,
three in October, and one in December. These differences primarily reflected
temporary fluctuations in abundances of individual species. Similar testing
of diversity indices from these two locations detected no significant (P > 0.05)
differences indicating a similarity in the benthic faunas. No effects from
construction activity were identified in the Neosho River.

c. Qualitative Samples

Qualitative samples from the Neosho River locations yielded
nine taxa not collected by quantitative methods (Tables 6.5 and 6.6). The
qualitative samples were dominated by semiaquatic and highly mobile aquatic
taxa not easily taken with quantitative gear.

2. Wolf Creek

Ponar samples collected at Locations 7, 2, 3, and 5 in Wolf Creek
yielded totals of 65, 55, 50, and 39 macroinvertebrate taxa, respectively, which
combined to a grand total of 94 taxa (Table 6.2). Previous studies have reported
yearly totals of 61 taxa in 1973 from Locations 2 and 3; 65 in 1974 from
Locations 2, 3, and 5; and 84 in 1975 from Locations 7, 2, 3, and 5 (Kansas Gas
and Electric Company 1974; Nulty 1975; Andersen 1976).

Benthic densities ranged from 397 organisms/m 2 at Location 5 in
August to 8949/m 2 at Location 2 in April. A density of 20667 organisms/m2 was I
reported in October at Location 7; however, it was not included in the range
because the sample was collected from a different pool (Table 6.7). Species
diversity indices indicated that the benthic communities in the isolated pools
along the creek reacted similarly when subjected to the stresses associated S
with the drouth conditions (Wilhm 1970; Weber 1973). The lack of statistically

i
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4significant (P > 0.05) differences in densities among locations further indicated

that none of the pools sampled along the creek were unique.

Nematoda and Chaoboridae were present in low densities at all
creek locations in 1976 (Table 6.7). Ceratopogonidae were represented by
substantial numbers only in April at Location 3, whereas Sphaeriidae were
important only at Location 5 in August (Table 6.7). Naididae were generally
a minor constituent in the benthos of the creek. However, they did occur in
substantial numbers at Location 2 in the first three sampling periods and at
Location 7 in June (Table 6.7), where populations of the burrowing naidid Dero
digitata essentially replaced tubificid populations in the niche of ingesting
and turning over the substrate (Howmiller 1974).

Tubificidae were generally the most abundant group of benthic
macroinvertebrates in the isolated pools sampled in 1976. Considerable variation
in the predominant species was noted among locations, but all were indicative
of enriched habitats (Hiltunen 1967; Aston 1973). Limnodrilus cervix was
predominant at Location 7, whereas L. cervix and L. hoffmeisteri codominated at
Location 2. In addition to Limnodrilus, substantial numbers of Branchiuria
sowerbyi were also a major component of the benthic fauna at Location 3. At
Location 5, B. sowerbyi dominated the tubificid assembleage (Appendix D).

IChironomidae populations made up a substantial portion of the
benthos collected in the creek, representing from 6.0% of the total benthic
density at Location 2 in April to 66.6% at Location 7 in June (Table 6.7).
Hydrobaenus, formerly called Trissocladius, was predominant at all creek
locations in February. Paratendipes albimanus type was abundant at Locations 7
and 2 in April, whereas Chironomus dominated in June. Polypedilum simulans
type was temporarily important at these upstream locations in August but was
replaced by Procladius and Chironomus as the drouth persisted. In April,
Chironomus and the tribe Tanytarsini dominated at Location 3, whereas the
subfamily Orthocladiinae dominated at Location 5. Stictochironomus was
predominant at both downstream locations in June and August.

No adverse effects of construction activities on the benthic
community were identified along Wolf Creek in 1976. However, effects from
the construction of a bridge abutment immediately upstream of Location 3 were
not noted due to lack of water after the August sampling period.

IQualitative sampling on Wolf Creek was hampered by the low
water throughout 1976 and by ice cover in December. Twelve taxa, not collected
in the Ponar samples, were noted along the creek (Tables 6.5 and 6.6).

IV. Summary and Conclusions

1. Because of the below normal rainfall in 1976, sampling of macro-
invertebrate populations was conducted under minimal flow conditions in the
Neosho River and in isolated pools in Wolf Creek.

2. The qualitative and quantitative samples of macroinvertebrates
collected in 1976 reflected communities similar to those of previous years.
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3. The drifting macroinvertebrate assembleage in the tailwaters of John
anedmond Dam varied seasonally. Major components included Hydra, Chaoborus,

and Cricotopus.

4. Macroinvertebrate densities, numbers of taxa, and diversity indices
recorded at Locations 10 and 4 in 1976 were generally higher than in previous
years. The stable minimal flow in the river contributed to the increases in
these parameters.

5. Stress in the isolated pools of Wolf Creek during 1976 caused I
increases in benthic densities and decreases in diversity indices. Sporadic
occurrence of lentic taxa and increased taxonomic proficiency were the primary
reasons for the increased number of taxa recorded from the four creek locations.

6. Chironomidae were consistently prevalent in the benthos samples from
the downstream locations in the river. Other taxonomic groups fluctuated in
abundance among sampling dates and between locations.

7. Tubificidae predominated in most Wolf Creek samples. Chironomidae
were also consistently present in substantial numbers.

8. No detrimental effects from construction activities were identified
in the aquatic macroinvertebrate communities near WCGS. I

9
I
I
I
I
I
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Figure 6. 1. Sampling locations in the vicinity of Wolf Creek
Generating Station, Burlington, Kansas, 1976.
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Table 6.1. Summary of macroinvertebrate drift data
Dam on the Neosho River (Location 1) in
Burlington, Kansas, 1976.

collected from the tailwaters of John Redmond
the vicinity of Wolf Creek Generating Station,

Sampling Dates

24 February 5 April 14 June 9 August 4 October 13 December

Collection time 18:30 19:30 18:00 08:00 18:20 11:00

Water temperature ( 9 C) 7.5 15.0 23.0 25.6 17.2 1.2

Discharge volumea (cfs) 54 54 760 50 50 50

Current velocityb (m/s) 0.30 0.48 0.18 0.62 0.33 0.62c

Drift densityb (No./lOOm 3 ) 495 436 750 274 2702 375

Total taxad 28 21 21 18 38 26

Shannon's diversitye 3.37 2.69 3.08 2.38 1.60 2.86

Percent abundance (%)
Hydridae 29.6 25.3 2.5 0.5 78.4 42.9
Naididae 13.7 1.1 0.5 0.5 1.2 2.7
Hydropsychidae 28.0 7.5 6.1 8.2 4.0 7.9
Chaoboridae 1.1 38.7 21.2 45.3 1.3 1.6
Simuliidae 0.9 12.5 11.1 1.1 1.1 15.5
Chironomidae 13.3 9.3 55.8 39.5 8.9 11.9

2

a
M
2

z
a
2

F
Mn
ni
2am
MA

a
b
c
d
e

Cubic feet per second, U. S. Army Corps of Engineers, Tulsa District.
Mean of two replicates.
Based on only one replicate.
Total of two replicates.
Mean of two replicates, calculated using log base 2.
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4
1

Table 6.2. Benthic macroinvertebrate occurrence in quantitative collections

in the vicinity of Wolf Creek Generating Station, Burlington,
Kansas, 1976.

I
I
I
I
I

Neosho River Wolf Creek

Taxon 1 10 4 7 2 3 5

I
I

Cnidaria
Hydrozoa
Hydroidea
Clavidae
Coraylophora lacustris Allman

Hydridae
Hydra sp. Linnaeus

Platyhelminthes
Turbellaria
Tricladida
Planariidae

tiesia sp. Girard
Rhabdocoela

Unidentified Rhabdocoela
Nematoda

Unidentified Nematoda
Ectoprocta
Phylactolaemata

Fredericellidae
Fredericella sultana (Bumenbach)

Entoprocca
Urnatel1idae
Urnatella gracilis Leidy

Annelida
Oligochnera
Plesiopora
Enchytraeidae
Unidentified Enchytraeidae

Naididae
Chaetogaster diaphanus (Gruithuisen)
Dero digitata (Muller)
D. dorsalis Ferrouniere
Nais sp. (Muller)
N. barbata Muller
N. behningi Nichaelsen
N. bretscheri Michaelsen
N. elinguis Muller

, Ophidonais serpentina (Muller)
Paranais frici Hrabe
P. simplex Hrabe
Pristina foreli (Piquet)
Stylaria lacustris (Linnaeus)

Tubificidae
Branchiura sowerbvi Seddard
llyodrilus templeconi (Southern)
Limnodrilus cervix 3rinkhurst
L. claparedianus Ratzel
L. hoffmeisteri Claparede
L. udekemianus Claparede
Immature w/o cap. chaetae
Immature w/cap. chaetae

Prosopora
Branchiobdellidae
Cambarincola macrodonra Ellis

Hirudinea
Rhynchobdellida
Glossiphoniidae
Actinobdella so. Moore
Placobdella ornata (Verrill)

Piscicolidae
Myzobdella sp. Leidy

Pharyngobdellida
Erpobdellidae

Dina (Mooreobdella) =icrostoma Moore
Arthropoda
Crustacea

Amphlpoda
Talitridae
Hyalella azteca (Saussure)

+

+ + +

+ +

+ + 4.

+ +

+

+ + +

+ +

+

+

+ ++

+

+
+

+
+

+
+
+
+

+

+

+
+

4-
+
+

+

+

+
+

+
+
+

+
+
4.
+

+

4- +

4.

+

I
I
I
I

+
+

+ 4.

+

+

+
+

+
+
+
+
+
+
+
+

+.
+
+
4.
+
+
+.

+
+
+
4.
+
4.
+
4.

4.
4.
4.
4.
4.
+.
4.
4.

4.

4.4

4.4

4.

4. 4. + + 4.

4. 4.

I 133



NALCO ENVIRONMENTAL SCIENCES

Table 6.2. Continued.

I

Neosho River Wolf Creek
Taxon 1 10 4 7 2 3 5

Decapoda
Astacidae
Unidentified Astacidae

Arachnida
Acarina

Unidentified Hydracarina
Insecta
Collembola

Unidentified Collembola
Ephemeroptera

Ephemeridae
Ephoron album (Say)

sexagenia sp. Walsh
9. llmbata (Serville)
Potamanthus. op. Picter

Caenidae
Caenie sp. Stephens
Tricorythodes sp. Ulmer

Heptageniidae
Unidentified Heptageniidae
Heptagenia op. Walsh
Stenocron interpunctatum (Say)
Stenonema sp. Traver
S. ares Burks
S. bipumctatum (McDunnough)
S. femoratum (Say)
S. interum (McDunnough)
S. pulchellum group (Walsh)
S. terminatum (Walsh)
S. tripunctatum (Banks)

Baetidae
Eaetis ap. Leach
Isonychia sp. Eaton
Pseudocleon sp. Klapalek

Odonata
Goa•phidae
Gomphus sp. Leach

Libellulidae
Libellula luctuosa Burmeister

Coenagrionidae
Argia sp. Rambur

Plecoptera
Perlodidae
Isoperla sp. Banks

Perlidae
Neoperla cly-ene (Newman)
Perlesta placida (Hagen)

Hemiptera
Corixidae
Unidentified Corixidae

Megaloptera
Sialidae
Sialis op. Latreille

Trichoptera
Psychomyiidae

C sp. Banks
C. fraternus (Banks)

Hydropsychidae
Unidentified Hydropsychidae
Cheumatopsyche sp. Wallengen
Hydropsyche sp. Pictet
H. frisoni Ross
H. orria Ross
N. simulans Ross
Potamyia flava (Hagen)

Hydroptilidae
Unidentified Hydroptilidae
Asraylea sp. Curtis

Leptoceridae
Ceraclea sp. (Billberg)
Oecetis sp. McLachlan

Coleoptera
Dytiscidae
Unidentified Dytiscidae
Eretes sp. Laporte
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Table 6.2. Continued.

Neosho River Wolf Creek

Taxn 1 10 7 2 32

I
I
I
I
I

I
I
I
I
I
I

Hydrophilidae
Unidentified Hydropilidae

Elmidae
Dubiraphia sp. Sanderson
Stenelmis sp. Dufour

Lepidoprera
Pyralidae
Paraxyraetis sp. Lange

Diptera
Chaoboridae

Chaoborus punctipennis (Say)
Simuliidae
Unidentified Simuliidae

Chironomidae
Ablabesuyia mallochi (Walley)
A. monilis Linnaeus)
Beckia. ethys (Townes)
Qhixonomu& sp. (Meigen)
Cladotanytarsus sp. Kieffer
Clinotanypus sp. Kieffer
Corvnoneura sp. Winner
Cricotopus sp. (Wulp)
C. bicinctus (Meigen)
C. sylvestris (Fabricius)
C. tremulus (Linnaeus)
C. triannulatus Macquart
C. vierriensis Goetghebuer
Cryptochironomus sp. (Kieffer)
C. blarina (Townes)
C. digitatus ,alloch
near Demicryptochironomaus sp. Lenz
Dicrotendipes sp. Kieffer
Endochironamus sp. Kieffer
Eukiefferiella sp. Thienenann
E. claripennis Lundbeck
GlyPtotendipes (ss_ sp. Kieffer
C. (Phytotendipes) sp. Goetghebuer
Hydrobaenus sp. Brundin
Kiefferulus dux Johannson
Labrundinia sp. Fittkau
Larsia ap. Fitrkau
Microchironomus sp. Kieffer
Microtendipes pedellus t,-e (DeGeer)
Micropsectra sp. Kieffer
Nanocladius sp. Kieffer
N. distinctus (Malloch)
Orthocladius (as) sp. (Wulp)
Parachironomus sp. Lenz
P. abortivus (Malloch)
Paracladopelma sp. Harnisch
Parakiefferiella sp. (Thienemann)
Paralauterborniella sp. Lenz
Paratendipes near albimanus (Morgan)
P. near connectens Lipina
Phaenopeectra (Tribelos) sp. Townes
Polypedilum (ss) "convictum" gr. (Walker)
P. (ss) "scalaenum" gr. (Schrank)
P. (s:s) "simulans" gr. Townes
Procladius (ss) sp. Skuse
P- (ioa ) sp- (Kieffer)
Psectrocladius sp. (Kieffer)
Psecroroanypus (ss) dyari (Coquillett)
Pseudochironomus sp. Malloch
Rheotanytarsus sp. Bause
Saetheria tvlus (Townes)
Stenochironomus sp. Kieffer
Stictochironomus sp. Kieffer
Tanyvus (as) stellatus Coquillert
Tanytarsus sp. Wulp
Thienemanniella sp. Kieffer
Thienemannicvia group Fittkau

Ceratopogonidae
Unidentified Ceratopogonidae
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Table 6.2. Continued.

Neosho River Wolf Creek
Taxon 1 10 4 7 2 3 5

Dolichopodidae
Unidentified Dolichopodidae +

Empididae
Hemerodromia sp. Meigen + +

Muscidae
Unidentified Muscidae +

Tabanidae
Unidentified Tabanidae. +

Tipulidae
Unidentified Tipulidae + +
Rexatoma sp. Latreille + + +
Pilaria sp. Sintenis +

Mollusca
Gastropoda

Pulmonata
Physidae

Physa sp. Draparnaud + + + +
Planorbidae

Helisoma antrosa (Conrad) +
H. trivolvis (Say) +

Ancylidae
Ferrissia fragilis (Tryon) +
F. rnvularis (Say) + + + + + +

Pelecypoda
Heterodonta
Spaeriidae
Pisidj= sp. Pfeiffer +
Sphaerium sp. Scopoli + +
S. transversm (Say) + + + + + +

Eulamellibranchia
Unionidae
Unidentified Unionidae ++
LamPsilis anodontoides fallaclosa (Smith) +

Total 66 95 79 65 55 50 39

Grand Total 109 94

I
I

9
I
I
I
I
I
I

6
I
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Table 6.3. Summary of macroinvertebrate data from Ponar samples from the Neosho River (Locations
10 and 4) in the vicinity of Wolf Creek Generating Station, Burlington, Kansas, 1976.

Sampling Dates/Locations
25 February _ 6April 15 Juiie 10 August 5 October 14 December

4.. 1l0410 4 10 4 10 4 10 4

Benthic densitya (No./w
2 )

Total taxab

Shannon's diversityc

Percent abundanced (%)
IHydridae
Naldidae
Tubificidae
EphIemeridae
Perl !dae
Ilydropsychl dae
El midae
Chi rortomidae

436b 3t)57

46 29

3.78 *1.30

13098 8496 350 1890 23795 7560 16282 4328

52 43 14 18 45 29 42 21

16084 9941

53 42

4;.27 3.584. 32 3. 76 2.31 2.10 3.38 2.92 4.05 2.62

I-6

1. 1
8.7
0. 4
0.2
0.9
6.1
4.3

72.1

2.6
0.5
5.4

32.0
1.0

14.0
35.1

5.6
21.9

0.1

5.9
7.9
4.7

51.2

2.4
30.8

0.7
0.2
7.9
0.2
1.4

54.1

5.4

8.1
37.8

18.9

16.2

1.0

57.0
3.5

17.0

13.5

(0.1
0.]

(0.1

3.1
79.5

0.8
9.4

0.1
3.3
4.7
1.1
0.3
1.7

43.7

0.5

1.2
1.6

20.5
3.5

52.4

0.2
9.2
4.1
0.9

78.4

0.6
1.8
1.2
6.3

24.7
5.6

30.3

1.0
7.2
5.4
0.1

3.5
75.2

a

b
c

Mean of two replicates.
Total of two replicates.
Mean of two replicates, calculatyd using log base 2.



Table 6.4. Summary of quantitative macroinvertebrate data from the Neosho River (Locations 10 and 4)
in the vicinity of Wolf Creek Generating Station, Burlington, Kansas, 1973-76.

Distharge Total Density Diversity Mean Density (No./m
2

)a
Volume (No./m

2
)a Total laxa Indexa Naididae Tubiflcidae Ephemeroptera Plecoptera Trichoptera Chironomidae

Sampling Date cfs 10 4 10 4 10 4 10 4 10 4 10 4 10 4 10 4 10 4

25 February 1976 45 4366 3657 46 29 3.78 3.30 378 19 19 198 57 132 38 1172 283 38 3147 1285

27 March 1973 6950 _b - - - - - - - - - - - - - - -
26 March 1974 5450 - - - - - - - - - - - - - - - - - -
17 April 1975 3820 340 388 10 14 1.90 2.23 0 10 218 28 0 19 0 0 0 114 86 104

6 April 1976 57 13098 8496 54 43 4.32 3.76 2873 2618 19 57 142 160 775 671 1105 19 6709 4593

11 June 1973 3740 - - - - - - - - - - - - - - - - -
11 June 1974 3260 38 142 4 6 c ,t 0 0 9 0 0 38 0 0 0 0 9 38
10 June 1975 1010 2646 2174 29 22 2.05 2.67 28 0 0 10 264 567 19 0 1200 1163 1012 369
15 June 1976 416 350 1890 14 18 2.31 2.10 0 0 28 0 151 1200 0 66 66 321 57 255

10 September 1973 61 - 1598 - 19 - -- 0 - 0 - 906 - 0 - 38 - 416
9 September 1974 4420 2 6 5d 463 1 0 d 7 d 0 0 0 350 1 1 3d 85 od 0 57d 0 3 8 d 28
9 September 1975 395 974 1257 11 18 1.01 2.41 0 0 19 28 19 76 56 454 832 520 10 57
9 AugusL 1976 48 23795 7560 45 29 3.38 2.92 19 9 28 246 1624 3676 737 85 18919 19 2240 3307

5 October 1976 60 16282 4328 42 21 4.05 2.62 85 9 0 397 2930 312 255 38 3496 0 8533 3393

l0 December 1973 3920 - 143 - 9 - 0 - 76 - 20 0 - 38 - 19
10 December 1974 1240 189 1370 13 25 A f 0 9 19 728 19 19 0 0 19 19 94 576

3 December 1975 73 567 2438 19 36 3.36 2.70 19 57 19 180 57 227 10 10 19 57 246 1664
14 December 1976 42 16084 9941 53 42 4.27 3.58 94 104 293 718 3827 672 1011 9 4403 75 4876 7475

2
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na
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Table 6.5. Macroinvertebrates collected qualitatively in the vicinity of Wolf
Creek Generating Station, Burlington, Kansas, February-June 1976.

Sampling Date/Location
25 February 6 April 15 June

Taxon 1 i 0 4 7 2 1 10 4 7 2 3 5 1 10 4 7 2 3 5

1
I
I

Cnldaria
Hydrozoa

Hydroidea
Hydidae

Hvdra sp.
Platyhelminthes
Turbellaria
Tricladida
Planaridae
Duesia sp.

Ectoprocta
Phylactolaemata
Plumatellina
Plumatellidae
FrederiCella sultana
Plumateila sp.

Annelida
Oligochaeta
Plesiopora

Naididae
Dero digitata
Naissp.
N. beimingi
N. bretscheri
N. elinguis
Stylaria lacustris

Tubificidae
Branchiura sowerbyi
Limnodrilus claaredianus
L. hoffmelsteri
L. udekemianus
Imature with cap. chaetae
Immature w/o cap. chaetae

Prosopora
Branchiobdellidae
Cambarincola chirocephala
C. macr-jdonta
C. vitrea

-Iirudinea
Rhynchobdellida
Glossiphoniidae

aeobdLla linat.a
Fleobdla ornata
P. parasitica

Piscicolidae
Hygobdella lugubris

Pharyngobdellida
Erpobdellidae
Dina microstcma

Arthropoda
Crustacea

Decapoda
Astacidae
Unidentified Astacidae
Orc.nectes sp.
0. nais

Tnsecta
Collembola

Unidentified Collembola
Ephemeroptera

Ephemeridae
Hexazenia limbata
Po-amanthus sg.

Caenldae
Caenis sp.

Trico:thodes sp.

0a 0

a R R

R R R

R

0 0

R R

0 R
R
R
R
R
R

Rb

0 R R
0 0

R 0 0

R
R
R

R

R R R

R R
R 0 0

R

R R

R
R

R
R

R R R 0 R
R 0 0

I

R
R

0
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Table 6.5. Continued.

Sa=mlinx Date/Location
25 February 6 April 15 June

Taxon 1 10 4 7 2 3 5 1 L0 4 7 Z 3 5 1 10 4 7 2 3 5

Heptageniidae
Unidentified Heptageniidae R

Heptagenia maculivennis 0

Stenacron interpunctatum R 0 R R

Stenonema sp. R
S. ares R

S. bipunctatum 0 0
S. integrum R

S. pulchellum R
S. terminatum R
S.tri~unctatum 0 cd R a I

Baetidae
Baetis sp. R 0

Isconychia sp. C 0

Leptophelebia sp. R
Odonata
Coenagrionidae
Argia sp. 0 R R 0

Aeshnidae
Nasiaeschna pentacantha R

Lideilulidae
Hacromia taeniolata R

Plecoptera
Perlidae

24eoperla clymene, R R a
Perlesta sp. R

Hemiptera
Corixidae
Unidentified Corixidae R R a R R R R

Gerridae
Gerris sp. R R R R 0 0 R

Rheumacobates sp. 0 R
Veiiidae
Rhagovelia sq. C R

Megaloptera
Corydalidae
Corydalus cornutus R

Trichoptera
Psychomviidae

Cvrnellus _ sp.
Hydropsychidae

Unidentified Hydropsychidae R

Cheumatopsyche sp. R 0 R 0 R

Hydropsvche frisoni R
H. orris 0
Fotamvia flava R 0 R

Hydroptilidae
Agraylea sq. 0 R

Leptoceridae
Ceraclea sp. 0 R

Coleoptera
Dytiscidae
Unidentified Dytiscidae R R

Rydrophilidae
Unidentified Hydrophilidae R R

.yrinidae
Dineutus sp. 0 0 0 R R R

Elmidae
Stenelnis sp. R R
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Table 6.5. Continued.

Sampling Date/Location

25 February 6 April 15 June

Taxon 1 10 4 7 2 3 5 1 10 4 7 2 35 1 10 4 7 2 3 5

Diptera

Sirnuiiidae
Unidentified Simuliidae 0 R

Chironami dae

Chironomus sp. R R f

Cladotanytarsus sp. f

Cricotopus sylvestris
C. tremulus 0 R

Dlicrotendipes sp. R f

Eukiefferiella sp. 0

Larsia sp. R R

Hicrocricotopus ap. R
Parakiefferiella sp. R
Polvpedilum (ss) convictum type R 0 0 0 R

P. (ss) simulans type R

Pseudochironomas sp. R
Strictochironomus 3p. R
Thienemannimyia Group R

Triasocladius sp. R
Tipuiidae
Unidentified Tipulidae R

.1ollusca
Gastropoda

Pulmonata
Physidae

Phvsa sp. R O 0 0tR R C 0 0
Planorbidae

Helisoma trivolvis RtR 0 0

Ancylidae
Ferrissia rivularis 0 R

Pe iecvpoda
Recarodonta
Sphaeriidae
Sphaerium trarsversum f R

I
I

a
b
C

d
e

0
R
+

C
A

Occasional (5-25).
Rare (1-4).
Present in colonies.
Common (26-99).
Abundant (100 +).
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Table 6.6. Macroinvertebrates collected qualitatively in the vicinity of Wolf
Creek Generating Station, Burlington, Kansas, August-December 1976.

Sampling Date/Location
10 August 4 October 14 December

Taxon 1 10 4 7 2 3 5 1 10 4 7 2 3 5 1 10 4 7 2 3 5

Arthropoda
Crustacea

Decapoda
Astacidae
Unidentified Astacidae Ra R  Ob 0 O R R R
Orconectes nais R 0 0 0 R R R R R

Insecta
Ephemeroptera
Ephemeridae

Hexagenia limbata R
Potamanthus sp. R R

Heptageniidae
Stenonema ý7ipunctatum R

Baecidae
Baetis sp. R
Isconychia sp. 0

Odonata
Coenagrionidae
Argia so. R

Lidellulidae
Macromia sp. R

Remiptera
Corixidae
Unidentified Ccrixidae R 0

Gerridae
Gerris sp. O R 0
Rheumatobates sp. R R R R R R

Veliidae
Rhagovelia sp. R 0 R

Trichoptera
Hydropsvchidae

Cheumatopsvche so. R 0 R
Hydropsyche frisoni R R
H. orris R
Potamyia flava R

Gvrinidae
Dineutus sp. R R 0 R

Mollusca
Gastropoda

Puimonata
Physidae

Phvsa 3p. R R 0 0 0
Planorbidae

Helisoma trivolvis R R
Pelecypoda
Heterodonta
Sphaeriidae
Sphaerium transversum R

S6

I
I
I
I
I

a R = Rare (1-4).
b 0 = Occasional (5-25).
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Table 6.7. Summary of macroinvertebrate data from Ponar samples collected from Wolf Creek (Locations 7,

2, 3 and 5) in the vicinity of Wolf Creek Generating Station, Burlington, Kansas, 1976.

Sampling Dates/Locations
25 February 6 April 15 June

7 2 3 5 7 2 3 5 7 2 3 5

Benthic
densitya (No./m 2 ) 1663 2788 4413 1125 964 8949 2807 1266 7437 3440 1635 1805

Total taxab 21 29 26 12 19 28 21 20 23 21 17 21

Shannon's
diversityc 2.85 2.91 2.74 2.54 2.40 1.34 2.94 2.85 1.89 1.97 2.62 2.39

Percent
abundancea (%)

Nematoda 0 0.7 0.9 6.7 0 0.1 0 0 0 0 0 0.5
Naididae 0 42.7 1.3 0 4.9 80.1 17.8 1.5 22.1 50.3 2.9 0.5
Tubificidae 61.4 22.0 64.7 66.4 62.7 9.3 34.0 68.7 0.4 25.0 69.4 48.7
Chaoboridae 0.6 1.7 0 0 13.7 0.2 0 0 0 0 0 0.5
Chironomidae 29.5 26.4 24.4 23.5 9.8 6.0 18.5 17.2 66.6 11.0 21.4 44.0
Ceratopogomidae 0 0.7 0.4 0 0 0 20.2 0.7 0.4 1.1 2.3 0.5
Sphaeriidae 1.1 2.0 4.7 1.7 0 0 6.4 6.7 0 2.2 0.6 2.6

LA-

z

0

0
2

in
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Table 6.7. Continued.

Sampling Dates/Locations
10 Augustý 5 October 14 December

7 2 3 5 7 2 3 5 7 2 3 5

Benthic densitya 435 1758 898 397 2 0 6 6 7 d 6020 _e - 4319 2523 -

(No./m2)

Total taxab 14 22 16 12 42 20 - - 15 19 -

Shannon's
diversityc 2.48 2.74 2.70 2.34 3.09 2.50 - - 2.48 1.99 -

Percent
abundancea (%)

Nematoda 0 0 0 2.4 0 0 - - 0 0 - -

Naididae 8.7 3.2 3.2 0 1.5 17.7 - - 0.9 3.7 - -

Tubificidae 13.0 66.1 82.1 28.6 29.5 29.7 - - 64.6 54.7 - -

Chaoboridae 0 0.5 0 2.4 0 0 - - 2.0 0 - -

Chironomidae 15.2 14.5 6.3 14.3 25.8 41.0 - - 31.3 38.6 - -

Ceratopogonidae 2.2 0.5 1.1 0 4.7 0.2 - - 0.9 0 - -

Sphaeriidae 4.3 9.1 1.1 23.8 1.4 6.6 - - 0 0 - -

I-a

z

r
C)
0

0
2

r
(0n
U)
2
n

a Mean of two replicates. m
b Total of two replicates. 0
c Mean of two replicates, calculated using log base 2.

d Collected from a larger pool
e Not collected.
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Chapter 7

FISHERIES STUDIES

By

Quentin P. Bliss
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I. Introduction

A study of adult, juvenile, and larval fish was conducted from February
through December 1976 in the Neosho River and Wolf Creek near Wolf Creek
Generating Station (WCGS). Similar studies were conducted for the baseline
assessment in 1973 (Kansas Gas and Electric Company 1974) and in two subsequent
yearly construction monitoring studies (Szmania and Johnson 1975; Szmania 1976).

Specific objectives of this study were:

1. To determine the species composition, relative abundance, and
seasonal distribution of fish in the Neosho River and Wolf Creek
near WCGS; I

2. To establish the food habits and age distribution of selected game
species; and 3

3. To determine the species composition and abundance of the larval
fish drift in the Neosho River immediately downstream of John

Redmond Dam near the proposed WCGS make-up water intake structure.

II. Field and Analytical Procedures 3
A. Sampling Locations

The Neosho River and Wolf Creek were each sampled at four locations

to characterize the resident fish community in both streams (Figure 7.1). A
description of the physical characteristics associated with each location is
presented below. 3

1. Neosho River

Location 1 was in the tailwaters of John Redmond Dam near the
proposed WCGS make-up water intake structure. The substrate was bed rock and
rock rip-rap lined the banks. Flow was entirely dependent on releases from
John Redmond Reservoir. 3

Pools and riffles characterized Location 10 which was 0.7 km
upstream of the confluence with Wolf Creek. Riffles had substrates of rock,

rubble, and gravel, whereas the bottoms in the pools were bed rock overlaid I
with a layer (15-30 cm) of silt.

A riffle located approximately 0.5 km below the confluence with
Wolf Creek constituted Location 11. The riffle consisted of small rubble,
gravel, and sand swept by swift current. During periods of low flow, the
water depth was 5-25 cm. 3

Location 4, 1.3 km downstream of the confluence with Wolf Creek,
was comprised of deep pools and a shallow gravel bar. The bottom of the pools
was silt and sand, whereas the gravel bar consisted of sand and gravel. 4U
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4 2. Wolf Creek

ILocation 7 was upstream of the area to be inundated by the pro-
posed cooling lake. Due to the low amount of precipitation during 1976, this
location was restricted to an isolated pool that contained leaf litter over a

substrate of gravel, sand, and clay.

A large isolated pool located in the northernmost portion of the
proposed cooling lake constituted Location 2. The substrate was rock overlaid
with clay, silt, and leaf litter.

Location 3 was a clay and silt bottomed pool located approximately
1.7 km downstream of the proposed cooling lake dam site. During the October and
December sampling periods this location was completely dry. Construction
activities during the fall altered the physical features of a portion of this

location.

Location 5 was approximately 1.6 km upstream from the mouth of
Wolf Creek and consisted of an isolated pool with a hardpan clay bottom. During

the October and December sampling periods the entire location was dry.

B. Sampling Methods

Fish were collected in February, monthly April through August,9 October, and December 1976.

1. Hoop Netting

Hoop nets, 2.4 m long, 0.8 m in diameter with 1.9 cm bar mesh,I were used to collect fish in the Neosho River at Locations 1, 10, and 4.
Three hoop nets were fished overnight (=18 hr) at each Neosho River location
during alternate months from February through December. In addition, three

hoop nets were fished overnight only at Location 1 during May and July.

2. Seining
A seine, 4.6 m long, 1.8 m deep with 0.3 cm Ace mesh, was used

to collect forage-size fish from the shallow areas at all locations. When
physical conditions permitted, two to four seine hauls were taken per location

during each sampling period.

3. Larval Fish Sampling
Larval fish were collected at Location 1 twice monthly April

through July 1976. Duplicate fish larvae samples were collected by towing a
0.75 m diameter no. 0 mesh Nitex plankton net for 2-3 minutes. The net was

equipped with a General Oceanics flowmeter (Model 2030) to quantify the volume
of water sampled. During April, May, and June diurnal and nocturnal samples
were taken, whereas in July only diurnal samples were collected. Each sampleI was preserved separately in 10% formalin.
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D. Data Collection

Fish collected by hoop netting were identified, measured (total
length in mm), and weighed (g) in the field. Forage-sized fish collected by
seining were identified and measured either in the field or laboratory depending
on the number of individuals collected. Fish to be identified and measured in
the laboratory were preserved in 10% formalin. Taxonomic keys used to identify I
fish included Eddy (1953), Cross (1967), and Pfleiger (1971).

Larval fish were separated from the detritus in the laboratory and
preserved in 4% formalin for later identification. Fish larvae were identified
to the lowest positive taxonomic level using keys by Fish (1932), Mansueti
and Hardy (1967), May and Gasaway (1967), Nelson et al. (1967), Nelson (1968),
and Taber (1969). Larval fish densities were expressed as the number of larvae
per 100 cubic meters (no./100 m3 ).

Stomach samples were taken from selected game fish and preserved in
95% ethanol in the field. The contents of individual stomachs were analyzed in
the laboratory with the aid of a binocular dissecting scope and food items
were identified, enumerated, and volumetrically measured to the nearest 0.1 ml I
by water displacement. Taxonomic keys used to identify food organisms included
Burks (1953), Pennak (1953), Needham and Needham (1962), Hilsenhoff (1970),
and Usinger (1971).

Scale samples were obtained from a representative number of individuals
of selected game fish species. Scale impressions were made on cellulose acetate
slides, and the number of annuli was determined with the aid of a microprojector.
Age was determined for individual fish and mean lengths were calculated for each
age group represented.

Surface water temperatures were recorded in conjunction with each
fish collection using a calibrated thermometer.

III. Results and Discussion

A. Physical Conditions

In general, surface water temperatures were similar among locations
during each sampling period of 1976 (Table 7.1). Water temperatures ranged
from 1.2C (34.2F) in the Neosho River on 13 December to 31.1C (88.OF) in the I
Neosho River and Wolf Creek on 9-10 August.

The flow rate and water level of the Neosho River were primarily
dependent upon the release rate from John Redmond Reservoir (Figure 7.2).
Minimal flow conditions existed in the Neosho River during all sampling periods
except May and July when flows were higher (Figure 7.2). No flow was encountered
in Wolf Creek during 1976 and sampling was restricted to isolated pools. Water I
levels in 1976 were lower than during previous studies.

B. Species Composition and Relative Abundance

1. General

Scientific and common names of fish collected during the
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monitoring studies (1973-76) are listed according to Bailey (1970) in Table 7.2.
Since 1973, 44 species have been collected in the study area near WCGS, including
longnose gar, blue sucker, Neosho madtom, and stonecat which were collected for
the first time during 1976. Of the species collected during 1976, the blue
sucker, bluntnose darter, and Neosho madtom are considered threatened species in
Kansas (Cross and Collins 1975).

Number and size distribution of fish collected with hoop nets and
seine in each sampling period are presented by location in Appendix E, Tables
E.1 through E.6. Total catch during 1976 consisted of 6759 individuals repre-
senting 38 species (Table 7.3). Numerically predominant species were red
shiner (45.2%) and gizzard shad (24.9%).

2. Neosho River

I Hoop netting at three locations in the Neosho River during 1976
yielded 180 fish, representing 12 species (Table 7.4). Although no fish were
collected in May or December, the total hoop net catch in 1976 increased
appreciably over prior years (1973-75). The increase was partly due to increases
in the number of sampling locations and the number of hoop nets per location.
Even with the higher catch, total hoop net catch accounted for only 2.7% of the
total catch. White crappie (53.9%) and blue sucker (10.0%) were the most
abundant species collected by hoop netting. Longnose gar, blue sucker,
largemouth bass, and longear sunfish were taken for the first time in hoop nets.

Three longnose gar were collected at Location 10 (Table 7.4).
Longnose gar are common in large rivers in eastern Kansas (Cross 1967) and
generally occupy the less turbulent parts of these streams.

I Blue sucker was the second most abundant species collected by hoop
netting (Table 7.4); all of the 18 individuals collected were large (adult) fish.
During the April sampling period blue suckers were observed on and below the
riffle area near the upstream end of Location 10. These fish were believed to
be a spawning concentration as Cross (1967) reported that blue suckers spawn
in Kansas during April at water temperatures between IOC (5OF) and 15.5C (60F).
Water temperature in the Neosho River during the April sampling period ranged

between 13.OC (55.4F) and 16.6C (61.9F) (Table 7.1). Blue suckers were
collected in the study area throughout 1976. Blue suckers migrate upstream to
spawn (Cross 1967; Cross and Collins 1975), and the blockage of this movement

by John Redmond Dam probably increases their number in the study area during the
early spring. The blue sucker is considered rare in Kansas, occurring only in

the Missouri, Kansas, and Neosho rivers (Platt et al. 1974; Cross and Collins
1975). Of these three rivers, the blue sucker is probably most abundant in the
Neosho River (Cross 1967; Cross and Collins 1975).

The majority of the fish collected with hoop nets were caught
in the tailwaters of John Redmond Dam (Location 1). Hoop nets were set on
eight sampling dates at Location 1 and on only six dates at the other two
locations. Even allowing for the additional sampling effort, the catch rate
was appreciably higher at Location 1. The entrainment and/or impingement rate
of the WCGS makeup water structure could be affected if the fish populations

* remain higher in this area.
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A total of 5944 individuals of 27 species was collected by seining
in the Neosho River at Locations 1, 10, 11, and 4 (Table 7.5). Red shiner was
the predominant species collected composing 49.3% of the total catch. Other
abundant species collected included gizzard shad (28.1%) and ghost shiner
(10.2%). Prior to 1976 only one location (Location 4) was seined in the
Neosho River. Sampling at the three additional stations resulted in the col-
lection of numerous gizzard shad (Location 1) and the stonecat and Neosho madtom
(Locations 10 and 11). In general, reduced flows and stable water levels pro- I
vided sampling conditions similar to 1975 and better than 1973 or 1974. Species
composition and relative abundance of fish collected by seining were similar
from 1974 to 1976. 1

The red shiner and ghost shiner are both common in the Neosho
River (Cross and Collins 1975). Both species are prolific spawners and their
populations usually are predominated by yearling and YOY individuals.

The majority of the gizzard shad (97.2%) collected by seining
were taken at Location 1 during a period of high water releases from John I
Redmond Reservoir (13 July). Because the gizzard shad collected were YOY
individuals, they probably had been discharged from the reservoir.

Eleven Neosho madtoms were collected at Location 11 and one
at Location 10. These fish are noteworthy because their range is smaller than
that of any other fish in Kansas (Cross 1967). They are confined to the
mainstream of Spring River, Neosho River, and the lower course of Cottonwood
River (Cross 1967). Neosho madtoms inhabit shallow gravel bars that are
swept by swift current. Because of their rigid habitat requirements
and restricted distribution, the Neosho madtom is vulnerable to the effects I
of pollution and drought (stream dewatering). Deacon (1961) reported
that the range of the Neosho madtom in the Neosho River was appreciably
reduced by the intermittent flow during the drought of the mid-1950's. In
addition, he found that the rate at which the species regained abundance, when
stable water conditians returned, was slow. Miller (1972) listed the Neosho
madtom as an endangered species and Cross and Collins (1975) listed it as a
threatened species in Kansas. Platt et al. (1974) considered the Neosho madtom I
the most endangered species in Kansas and stated that it was being considered
for placement on the Federal Register of endangered species.

Stonecat, which had not been previously collected, was collected
by seining at Locations 10 and 11. The stonecat is the largest and most
widespread of the madtoms in Kansas (Cross 1967).

During 1976, 12 slenderhead darters were collected by seining
in the Neosho River at Locations 10, 11, and 4; only two individuals were
collected in 1975. The preferred habitat of this species is usually swiftly I
flowing water over a bottom of loose gravel or bedrock littered with stones
(Cross 1967). The slenderhead darter is not classified as rare or endangered;
however, special attention is required to assure its continued survival in
Kansas (Platt et al. 1974).
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Young-of-the-year white bass were numerous in seine collections
at Location 1 on 13 July. On this date the water release rate from John
Redmond Reservoir was high and the YOY white bass were probably discharged fromthe reservoir.I 

Few YOY channel catfish, largemouth bass, bluegill, and white

crappie were present in the 1976 seine collections. These species were also
scarce in seine collections of prior years (1973-75).

3. Wolf Creek

A total of 633 fish, representing 25 species, was collected by
seining at Locations 7, 2, 3, and 5 in Wolf Creek (Table 7.6). Due to the low
water level in Wolf Creek during 1976, sampling was restricted to isolated

I pools.

No fish were collected at Location 7 during the February and
April sampling periods indicating that the fish population at this location
probably winterkilled. Prior to 15 June, fish had repopulated Location 7
indicating that there has been flow in Wolf Creek since 6 April. During the
October and December sampling periods, Locations 3 and 5 were completely dry.
Field observations during the December sampling period indicated a major fish
kill had occurred under the ice at Locations 7 and 2.

Fish collected in Wolf Creek were forage species and juveniles
of game and commercial species. Species composition was similar to prior years
(1973-75) and all species had been collected previously. Red shiner and
orangespotted sunfish were the predominant species collected. The red shiner's
capacity to tolerate changes in temperature, salinity, pH, and dissolved
oxygen has made it particularly adaptable to habitats with variable or inter-
mittent flow (Matthews and Hill 1977). Cross and Collins (1975) reported that
red shiners were abundant in Kansas especially where habitats are unstable due
to irregular flow and turbidity.

Species collected previously in Wolf Creek, but not during the
present study, included sand shiner, river carpsucker, smallmouth buffalo,
golden redhorse, shorthead redhorse, yellow bullhead, and channel catfish. The
intermittent flow in the creek during 1976 probably prevented commercial and
game species from utilizing it as a spawning and nursery area.

The rosyface shiner was collected only at Location 2 in Wolf Creek
during 1974, 1975, and 1976. Deacon (1961) reported that the rosyface shiner
is found in tributary streams of the Neosho River but rarely in the mainstream.

Two bluntnose darters were collected at Location 2 during 1976.
In Kansas, the distribution of the bluntnose darter is limited to the Spring
and Neosho river basins (Cross and Collins 1975). Unlike most darters, the

bluntnose darter inhabits sluggish streams that have bottoms of mud and clay
and will tolerate intermittent flow during periods of drought (Cross 1967).
Platt et al. (1974) listed the bluntnose darter as rare in Kansas.
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C. Age Analysis 61
A total of 93 individuals of three species (white crappie, longear1

sunfish, and freshwater drum) was aged by scale analysis (Table 7.7). White
crappie was represented by Age Groups I, II, and III with Age Group I being

the most abundant. The three freshwater drum aged were of Age Groups I and II,1
whereas the only longear sunfish aged was Age Group II.

The size distribution of white crappie indicated that there was
considerable overlap in size between the different age groups. Kansas Forestry,I
Fish and Game~ Commission personnel attributed this overlap to mixing of fish
from upstream reservoirs (J. Ray, Kansas Forestry, Fish and Game Commission,

Chanute, Kansas, personal communication).

D. Food Habits

Twelve channel catfish and 36 white crappie stomachs were analyzed
(Table 7.8). Major food items of channel catfish were crayfish (50.2%), fish
larvae (22.2%), plant fragments (15.2%), and aquatic insects (11.3%). Principal
food items in the diet of white crappie were fish (80.6%) and aquatic insects

Seasonally, channel catfish utilized aquatic insects in February,
and crayfish and fish larvae in June (Appendix E, Table E.7). Fish were the
major food item of white crappie during all sampling periods (February, April,
July, August, and October), and aquatic insects were of secondary importanceW
during all sampling periods except July.

E. Fish Larvae.1

A total of 4578 larval fish, representing eight taxa, was collected
during 1976 (Table 7.9). Gizzard shad was predominant and comprised 98% of
the total catch. Game fish larvae that were collected included 2 white crappie,
.1 white bass, 1 Lepomis sp., and 9 freshwater drum which collectively comprised
less than 0.3% of the total catch.

No fish larvae were collected on 5 and 19 April and 3 May 1976.1
Larval fish were first collected on 17 May when densities were 41.3/100 m3 and
69.3/100 m3 during the diurnal and nocturnal periods, respectively. Peak3
larval fish densities during diurnal (14222.6/100 in3 ) and nocturnal (5607.2/100 mn3)
periods occurred on 14 June. Fish larvae densities were low (<15.0/100 mn3 ) during
the remaining sampling periods (28 June, 12 and 28 July).1

On 17 May, most of the larval fish collected were catostomids (sucker
family). Gizzard shad was the predominant fish larvae collected during both
sampling periods in June, whereas Cyprinidae (carp and minnows) were the most

abundant larvae collected during both July sampling dates.

IV. Summary and Conclusions

1. A total of 6759 fish, representing 38 species, was collected in the
Neosho River and Wolf Creek during 1976. Species collected in 1976 which had
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not been collected in prior monitoring studies included longnose gar, blue

sucker, Neosho madtom, and stonecat.

2. Blue sucker, bluntnose darter, and Neosho madtom, rare or endangered

species in Kansas, were collected during the 1976 study.

3. White crappie and blue sucker were the predominant species in the hoop

net catch from the Neosho River.

4. Seining in Wolf Creek in 1976 yielded similar total catch and species

composition to that reported in previous years. Flow was intermittent in
Wolf Creek during 1976 and Locations 3 and 5 were dry during the October and
December sampling periods.

5. Field observations during the December sampling period indicated that
a major fish kill (winterkill) had occurred under the ice at Locations 7 and 2.

6. A total of 93 individuals, representing three species, was aged

during 1976. There was a considerable overlap in size between Age Groups of
white crappie which was attributed to mixing of fish from upstream reservoirs.

7. Analyses were performed on 12 channel catfish and 36 white crappie
stomachs. Major food items in the diet of channel catfish were crayfish,
fish larvae, plant fragments, and aquatic insects. Principal food items of
white crappie were fish and aquatic insects.

8. A total of 4578 fish larvae, representing eight taxa, was collected
during 1976, and the peak fish larvae density was encountered on 14 June

(14222.6/100 m3 ) during diurnal sampling. Gizzard shad comprised 98% of the
total catch and game fish less than 0.3%.

I
!
!

153



NALCO ENVIRONMENTAL SCIENCES I

V. References Cited

Bailey, R. M., chairman. 1970. A list of common and scientific names of
fishes from the United States and Canada. Am. Fish. Soc. Spec. Publ.
No. 6. 150 pp. 1

Burks, B. D. 1953. The mayflies, or Ephemeroptera, of Illinois. Ill. Nat.
Hist. Surv. Bull. 26(l):1-216.

Cross, F. B. 1967. Handbook of fishes of Kansas. Univ. Kans. Mus. Nat. I
Hist. Misc. Publ. 45:1-357.

, and J. T. Collins. 1975. Fishes in Kansas. Univ. Kans. Mus. i
Nat. Hist. Public Educ. Ser. No. 3. 189 pp.

Deacon, J. E. 1961. Fish populations, following a drought in the Neosho and
Marais des Cygnes rivers of Kansas. Univ. Kans. Publ. Mus. Nat. Hist.
13(9):359-427.

Eddy, S. 1953. The freshwater fishes. Wm. C. Brown Co., Dubuque, Iowa.

286 pp.

Fish, M. P. 1932. Contributions to the early life histories of sixty-two m
species of fishes from Lake Erie and its tributary waters. U. S. Bur.
Fish. Bull. 47(10):293-398.

Hilsenhoff, W. L. 1970. Key to genera of Wisconsin Plecoptera (stonefly)
nymphs, Ephemeroptera (mayfly) nymphs, Trichoptera (caddisfly) larvae.
Wis. Dep. Nat. Resour. Res. Rep. 67. 68 pp. 1

Kansas Gas and Electric Company. 1974. Wolf Creek Generating Station
environmental report. Wichita, Kans. 4 vols. i

Mansueti, A. J., and J. D. Hardy, Jr. 1967. Development of fishes of the

Chesapeake Bay Region. An atlas of egg, larval, and juvenile stages.
Port City Press, Baltimore, Md. 202 pp. m

Matthews, W. J., and L. G. Hill. 1975. Tolerance of the red shiner, Notropis

lutrensis (Cyprinidae) to environmental parameters. Southwest. Nat.
22(1):89-98.

May, E. B., and C. R. Gasaway. 1967. A preliminary key to the identification
of larval fishes of Oklahoma, with particular reference to Canton Reservoir, I
including a selected bibliography. Okla. Dep. Wildl. Conserv. Contrib.

No. 164. 33 pp.

Miller, R. R. 1972. Threatened freshwater fishes of the United States. i
Trans. Am. Fish Soc. 101(2):239-252.

Needham, J. G., and P. R. Needham. 1962. A guide to the study of freshwater
biology. Holden-Day, Inc., San Francisco, Calif. 108 pp.

1
154 n



INALCO ENVIRONMENTAL SCIENCES

Nelson, W. R. 1968. Embryo and larval characteristics of sauger, walleye and

their reciprocal hybrids. Trans. Am. Fish. Soc. 97(2):167-174.

, R. E. Siefert, and P. V. Swedberg. 1967. Studies of the early

life history of reservoir fishes. Pages 374-385 in Reservoir Fishery
Resources Symposium. American Fisheries Society, Washington, D. C.

Pennak, P. W. 1953. Freshwater invertebrates of the United States. Ronald

Press Co., New York. 769 pp.

Pfleiger, W. L. 1971. A distributional study of Missouri fishes. Univ. Kans.
Publ. Mus. Nat. Hist. 20(3):225-570.

Platt, D. R. et al. 1974. Rare, endangered and extirpated species in Kansas.

I. Fishes. Trans. Kans. Acad. Sci. 76(2):97-106.

Szmania, D. C. 1976. Fisheries study. Pages 231-250 in Final report of
preconstruction environmental monitoring program, Wolf Creek Generating

Station, March 1975-February 1976. (Project No. 550106814). Report by

NALCO Environmental Sciences for Kansas Gas and Electric Company,
Wichita, Kans.

__ _ and D. L. Johnson. 1975. Fisheries study. Pages 169-188 in
Final report of preconstruction environmental monitoring program, Wolf

Creek Generating Station, March 1974-February 1975. (IBT No. 64304971).
Report by Industrial BIO-TEST Laboratories, Inc. for Kansas Gas and
Electric Company, Wichita, Kans.

Taber, C. A. 1969. The distribution and identification of larval fish in the
Bumcombe Creek arm of Lake Texacoma with observation on spawning habits
and relative abundance. Ph.D. Thesis. Univ. Oklahoma, Norman. 120 pp.

Usinger, R. L. 1971. Aquatic insects of California (with keys to North

American genera and California species). University of California Press,

Los Angeles. 508 pp.

I

155



*fl 4. - *r~...... er.

6
I
I
I
I
i
I

I

I
I
I
I

Figure 7.1. Sampling locations in the vicinity of Wolf Creek
Generating Station, Burlington, Kansas, 1976.
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Table 7.1. Water temperature (OC) measured at fish sampling locations in the
vicinity of Wolf Creek Generating Station, Burlington, Kansas,
1976.

4
I

Neosho River

Date

24-25 February

5-6 April

3-4 May

14-15 June

13 July

28 July

9-10 August

4-5 October

13-14 December

1

7.5

13.0

11.3

22.0

23.5

30.0

15.9

1.2

Neosho
10

9.1

16.0

b

River
11

9.3

15.8

22 .. 0 22.0

4

9.1

16.6

22.0

31.1

17.4

2.7

7

*a

13.1

22.0

31.1

13.3

Wolf Creek
2

5.5 6

12.4 11

21.0 23

31.1 31

14.0

3

.3

.8

.0

5

6.5

11.4

21.0

31.130.0

17.4

1.3

26.0

30.0

17.4

1.2

.1

a Not measured.
b Sampling not scheduled.

I

I
9
I
I
I
I

I
I
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Table 7.2. Checklist of fish species collected by all sampling methods
in the vicinity of Wolf Creek Generating Station, Burlington,
Kansas, 1973-76.

Year Collected
1973 1974 1975 1974Family and Scientific Name

Lepisosteidae (gars)
Lepisosteus platostamus
L~episosteus osseus

Clupeidae (herrings)
Doroscma cenedianum

Cyprinidae (carps and minnows)
Campostooma anonaij-.r
Cyprinus czarpio
Notemigonus crysoleucas
Notrovis buchanani
Notronis lutrensis
Notropis ruhellus
Notroois stramineus
Notrovis umbratilis
Phenacobius mlrabil.s
Pimephales notatus
Pimeohales Dronelas
Pimeohales cenellus
Pimephales Agilax

Catostomidae (suckers)
Carpiodes sp.
Carpiodes zarPia
Ictiobus sp.
Ictiobus bubalus
Moxos toam ere;th-urum
Moxostoma macrolepidotu=
Cvcleptus eiongatus

Ictaluridae (freshwater catfishes)
Ictalurus melas
Ictalu-us natalis
Ictalurus punctatus
Pvlodictis •1ivaris
Noturus flavus
Noturus Plac1dus

Cyprinodontidae (topminncws)
Fundulus notatus

Poeciliidae (livebearers)
Gambusia affinia

Atherinidae (silversides)
Labidesthes sicculus

Percichthyidae (temperate basses)
Morone chrysoos

Centrarchidae (sun fishes)
Lepomis cvanellus
Levcmis hunilis
Lepomis macrochirus
Leoomis megaictis
Micropterus punctulatus
Microoterus salroides
?ono-ia annular's

Perzidae (perches)
Etheostena -hlorisi~nub
Etheostosa nectabile
Percina zarrcdes
Percina Dhoxocevhala
Stizostedion ":treu=

Sciaenidae (drums)
Apldinotus grunniens

Total no. of species
Aczcmulated :otal no. ,f ýpecies

a Young-of-the-year.

Shortnese gar
Lzngnose gar

Gizzard shad

X x x
A

x x x

Stoneroller
Carp
Golden shiner
Ghost shiner
Red shiner
Rosyface shiner
Sand shiner
Redfin shiner
Suckermouch minnow
Bluntnose minnow
Fathead minnow
Slim minnow
Bullhead minnow

YOYa carvsucker
River carpsucker
YOY Buffalo
Smailmouth buffalo
Golden redhorse
Shorthead redhorse
Blue sucker

Black bullhead
Yellow bullhead
Channel catfish
Flathead catfish
S tonecat
Neosho madtcm

Blackstripe topminnow

Mosouitoflsh

Brook silversides

White bass

Green sunfish
Orangespotted sunfish
Bluegill
Longear sunfish
Spotted bass
Largemouth bass
mhite crappie

B1ýntnose darter
Orangethr~at icrter
Logperch
Slenderhead darter
Walleye

Freshwater drum

x
x
x
x
x
x
x
I
x
x

x
x

x

x

x

x

x

x

I
X

x

X
X
x
X
x
X
X

X
X

Common lame

x

x

x
x

x x x K

x x

x

x x

x

x

x
x
x

x

x

x

I
I

30
30

x

x
x

x
x

x

31
139

x

x

x

I
x
K

A

X

x :x

x

31

X

b Bluntnose darter (Etheostoma chlorosomum) formerly identified as

johnny darter (E. nigrum) by Kansas Gas and Electric Company (1974).
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Table 7.3. Number of adult and juvenile fish collected by all

sampling methods in the vicinity of Wolf Creek

Generating Station, Burlington, Kansas, February-

December 1976.

I
I24-25 5-6 14-15 13 & 28 9-10 4-5 13-14

Soecies February April June July August October December Total

Longnose gar -a I - - 1 - - 3
Shortnose gar i - 4 - - 1 - 6
Gizzard shad 1 35 3 1617 22 1 1584
River carpsucker 1 2 3 3 1 4 - 14
Smallmout' buffali - 2 3 1 - 4 - i0
Blue sucker - 11 1 6 - - 18
Carp - - L5 - - - 49
Red shiner 1051 321 614 66 431 551 19 3033
Ghost shiner 340 102 81 - 24 59 1 607

Rosyface shiner I . 1

Redfin shiner - 1 - - ii - 12
Sand shiner 5 1 - 4 - - 10
Fathead zinnow 1 - - '3 - 27
Bluntnose minnow 53 16 20 - - 8 - 97
Bullhead minnow 126 2 4 1 17 90 2 242

Slim minnow 3 18 6 - 6 - 47
Sucker-mouth minnow 4 1 6 1 3 - 1 16
Golden shiner 2 - 2 - 3 16 - 23
Stoneroller 2 4 1 1 ii 4 - 23
Channel catfish 5 21 12 1 9 5 - 53

31ack bullhead 2 1 - - 59 1 - 63
Sconecat 1 2 - - - 4 1 8

Neosho madtom 2 3 - 1 3 1 2 12

Brook silversides - - - - 15 21 - 36
Blackstripe topminnow 21 16 5 - 3 - 63
Mosquitofish i - - - 15 38 - 54

WThita bass - 15 3 164 2 1 - 135

Largemouth bass 3 1 1 8 3 - 16
Bluegill - - - i -
Green sunfiesh 9 - - 5 - 22
Orangesect~ed zunfish 27 13 2 - 73 4 144
Longear sunfish - - -- - 3
Whize cranzcie 2 10 3 60 6 i 112

Lug perch -. -

S1enderhecid dar.er I - - 2 12
Orangethroaa darter 6 1 - -9

Bluntnose darter 2- 1 --

Freshwater iru-n - - 13

Tteal 1676 610 5 83 1395 3 43 661 32 6759

a Not collected.

I
I
I
I

4
I
I
I
I
I
I
I
t
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Table 7.4.

I
Number of fish collected by hoop netting in the Neosho River
in the vicinity of Wolf Creek Generating Station, Burlington,
Kansas, February-December 1976.

I

Percent

Species la j0o 4b Total of Total

Longnose gar 0 3 0 3 1.7
Shortnose gar 0 2 4 6 3.3
Gizzard shad 6 0 0 6 3.3
River carpsucker 7 2 4 13 7.2
Blue sucker 13 2 3 18 10.0
Smallmouth buffalo 6 0 4 10 5.6
Carp 0 0 1 1 0.6
Channel catfish 9 0 4 13 7.2
Largemouth bass 1 0 0 1 0.6
Longear sunfish 0 1 1 2 1.1
White crappie 81 6 10 97 53.9
Freshwater drum 3 2 5 10 5.6

Total 126 18 36 180

Percent of total 70.0 10.0 20.0

I

I
I a Fish were collected during eight sampling periods.

b Fish were collected during six sampling periods.
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Number of fish collected by seining at each location in the
Neosho River in the vicinity of Wolf Creek Generating Station,
Burlington, Kansas, February-December 1976. -

Table 7.5.

Sampling Locations Percent
Species 1 10 11 4 Total of Total

Gizzard shad 1664 4 0 1 1669 28.1
River carpsucker 1 0 0 0 1 <0.1
Carp 0 0 2 0 2 <0.i
Ghost shiner 422 87 20 77 606 10.2
Red shiner 49 433 1224 1222 2928 49.3
Bullhead minnow 0 8 124 106 238 4.0
Slim minnow 0 3 8 21 32 0.5
Bluntnose minnow 0 7 25 11 43 0.7
Fathead minnow 1 0 0 1 2 <0.1
Sand shiner 9 0 1 0 10 0.2
Golden shiner 2 1 0 0 3 0.1
Suckermouth minnow 2 1 1 0 4 0.1
Stoneroller 0 1 5 2 8 0.1

Channel catfish 5 11 23 1 40 0.7
Black bullhead 1 0 0 0 1 <0.1
Stonecat 0 7 1 0 8 0.1
Neosho madtom 0 1 11 0 12 0.2
Brook silversides 20 13 0 3 36 0.6
Blackstripe topminnow 0 2 0 2 4 0.1

Mosquitofish 5 10 5 34 54 0.9
White bass 180 2 1 2 185 3.1
Largemouth bass 0 0 1 0 1 <0.1
Orangespotted sunfish 1 0 0 21 22 0.4
White crappie 8 0 0 5 13 0.2
Orangethroat darter 2 0 4 1 7 0.1

Slenderhead darter 0 7 2 3 12 0.2
Freshwater drum 1 0 2 0 3 0.1

Total 2373 598 1460 1513 5944

Percent of total 39.9 10.1 24.6 25.5

6
I
I
I
I
I
I
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Table 7.6. Number of fish collected by seining at each location in Wolf
Creek in the vicinity of Wolf Creek Generating Station,
Burlington, Kansas, February-December 1976.I

I
I

Sampling Locations Percent
Species 7 2 3 5 Total of Total

Gizzard shad 0 0 4 0 4 0.6
Red shiner 1 46 42 36 125 19.7
Ghost shiner 0 0 1 0 1 0.2
Bullhead minnow 0 0 0 4 4 0.6
Slim minnow 0 5 6 4 15 2.4
Bluntnose minnow 0 39 14 1 54 8.5
Fathead minnow 18 2 1 4 25 4.0
Rosyface shiner 0 1 0 0 1 0.2
Redfin shiner 8 2 2 0 12 1.9
Golden shiner 4 15 0 4 23 3.6
Suckermouth minnow 0 4 5 0 9 1.4
Stoneroller 3 10 3 0 16 2.5
Carp 0 3 19 24 46 7.3
Black bullhead 1 2 56 3 62 9.8
Blackstripe topminnow 3 17 29 10 59 9.3
Mosquitofish 0 0 0 1 1 0.2
Largemouth bass 0 11 3 0 14 2.2
Bluegill 0 0 2 0 2 0.3
Lengear sunfish 0 1 5 0 6 0.9
Green sunfish 2 11 8 1 22 3.5
Orangespotted sunfish 47 42 20 13 122 19.3
Bluegill - green

sunfish hybrid 0 0 1 0 1 0.2
White crappie 0 0 2 0 2 0.3
Log perch 0 4 0 0 4 0.6
Bluntnose darter 0 2 0 0 2 0.3
Orangethroat darter 0 0 1 0 1 0.2

Total 87 217 224 105 633

Percent of total 13.7 34.3 35.4 16.6

I
I
I
1
I
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Table 7.7. Age determinations of selected fish collected in the Neosho River in the vicinity of
Wolf Creek Generating Station, Burlington, Kansas, April-October 1976.

Sampling Age Number of Total Length (mm)

Date

6 April

Sampling
Location

10

4

'-A

15 June

13 July

9 August

5 October

10

1

1

10

4

4

Species

White crappie

White crappie

White crappie

Longear sunfish

Freshwater drum

White crappie

White crappie

Freshwater drum

White crappie

White crappie

White crappie

Age

Group

3

2

2
3
4

2

2

1
3

1
2
3

1
2

1

2

3

1

Number of
Individuals

131

4
3
1

1

1

1

1

4

32
14

1

2

2

1

1

Total Length (mm)
Mean Range

170 -a

180 -

206 150-305
203 160-230
290 -

240 -

120 -

150 -

490 -

165 120-190
169 150-190
179 165-195

152 125-185

192 150-230

155 -

126 122-130
176 167-185

265 -

170

2

rn
0
m
2

0
2
in
2

rI

M

ni
2

0

)

)

a Not applicable.
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Table 7.8. Relative importance of major food items found in the stomachs of selected fish collected
in the Neosho River in the vicinity of Wolf Creek Generating Station, Burlington,
Kansas, 1976.

0'

Species Volume
(size range No. of Stomachs Frequency of Percent

in mm) With Food Empty Food Item Occurrence ml of Total

Channel catfish 12 1 Cladocera 8.3 0.3 1.2
(175-430) Copepoda 8.3 <0.1 Tra

Aquatic Insects
Odonata 8.3 0.1 0.4
Chironomidae 25.0 <0.1 Tr
Simuliidae 41.7 1.6 6.2
Hydropsychidae 8.3 1.2 4.7

Fish larvae 41.7 5.7 22.2
Crayfish 25.0 12.9 50.2
Plant fragments 33.3 3.9 15.2

White crappie 36 8 Cladocera 13.9 <0.1 Tr
(112-210) Copepoda 5.6 <0.1 Tr

Aquatic Insects
Hydropsychidae 52.8 0.2 2.2
Heptageniidae 8.3 0.2 2.2
Chironomidae 30.6 <0.1 Tr
Trichoptera 8.3 <0.1 Tr
Ephemeridae

Ephoron sp. 5.6 <0.1 Tr
Hexagenia sp. 16.7 0.4 4.3

Caenidae 13.9 <0.1 Tr
Corixidae 2.8 <0.1 Tr
Chaoboridae 38.9 0.5 5.4
Gerridae 2.8 <0.1 Tr

Fish 41.7 7.5 80.6
Unrecognizable 11.1 0.5 5.4

a Trace.

2

0
M

0

2

2
.4
r
to



Table 7.9. Number, density and taxa of fish larvae collected at Location 1 in the Neosho River

in the vicinity of Wolf Creek Generating Station, Burlington, Kansas, 1976.

Diurnal qampIe

of Water "t per
Da~t ( Sizii1 I d (idi ) lEa.va,, I :"(m l *'ax Coi tI ct ed

Ni.cturnial Sample
..... -7erciianL• -- 9ol.ume' ......- •e -.-- f-n-."-.T.---r-e-

of of Water if per of
Tota I. Sampled (in

3
) Larvae 100m 3" Taxa Collected Total

14.9

97.8

5 April

19 April

I May

I7 Hay

1t4 .iull

52.4

44.0

218.2

0

0

Oi. 1 25 4.1 Catostomidae (suckers)
Gizzard shad

Whair b,
While bass

21. 1 3475 14222.6 Catuostoaldae (suckers)
Ci zzard shad
Ca r p
'ypithitlade (carp and minnows)

Whit. crappie
Frt.ahwat-cr drum

68.0
12.0
16.0

4.0

0.1
99.6

0. 1

<0.1

0.1

33.3
3V.I3
33.3

98.1

55.4

18.1

36 69.3 Catustomidae (suckers)
Gizzard shad
Carp

1020 5607.2 Catostomldae (suckers)
Gizzard shad
White crappie
Freshwattor drum

88.9
5.6
5.6

0.4
99.4
0.1
0.1

66.7
11 .1
22.2

2
Fn
0
<

Ill

Z

0
2
m
2

-Il

U03F
ii
2
0M
03

28 June 1i)3.9 2.8 UL::zard shad
Cypi inidae (carp aod minnows)

Uvldont iled Iarvae

76.8 9 13.7 Gizzard shad
Cyprinidae (carp and minnows)
Fresliwater drum

12 luly

L8 .luIy

iU. I

66i. 4

15.0 Gizzard ,had 11.1

(yprltildae (carp and minnuws) 55.6
Le~lm!i Sl,. (sunil jh) 11.1
Freshwater drumll 22.2

1.5 Cyprlildae (carp aiid minnwowS) 100.0

a Mean of two replicates.
b Not applicable.
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Chapter 8

9 VEGETATION MONITORING

By

Edward W. Uhlemann
and

Cynthia J. Talaber
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I. Introduction 4Construction phase monitoring of vegetation in the vicinity of Wolf Creek
Generating Station (WCGS), Burlington, Kansas, was conducted in April, June, and
September 1976. I

Two of the representative community types sampled have been monitored since
1974; an additional sampling location was established during the 1976 program for
permanent monitoring. These three monitoring locations provide comparative data I
intended to reveal evidence of community change. Two mudflat communities on John
Redmond Reservoir were also sampled in 1976 for predictive purposes.

The objectives of the construction phase monitoring program were:

1. To evaluate vegetational changes since the preconstruction monitoring
studies; I

2. To supplement previous data to provide additional bases of comparison for
subsequent monitoring studies; I

3. To determine the relationship between intra-community phytosociological
variance and an intra-community environmental gradient; I

4. To evaluate any relationships between phytosociological changes and con-
struction.activities; and

5. To predict possible phytosociological changes which may result from con-
struction activity and operation.

Community composition, structure, productivity, and biomass were quantified
in two floodplain woods and an abandoned railroad right-of-way. Detailed ana-
lyses were made of the phytosociology of the floodplain woods communities to
determine the relationship between intra-community phytosociological variance
and intra-community environmental variance. The composition of two mudflat areas
on John Redmond Reservoir was also determined (Figure 8.1).

The hypothesis that operation of the cooling lake will affect composition
and production of adjacent plant communities prompted collection of additional
baseline data. Tree cores were collected from both floodplain woods communities, I
and annual increments were measured for the past 10 years to provide a basis for
evaluation of future changes in growth. Dendrometer bands were installed on the
same trees to provide future increment data. Phytosociological data were sub-
jected to gradient analysis to delineate the existing vegetational continuum.
Future monitoring will examine shifts along the continuum caused by water status
alterations. 3
II. Field and Analytical Procedures

A. Study Area

Fourteen separate vegetation stands, representative of floodplain woods,
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open pastures, mixed shrub-grass pastures, abandoned railroad rights-of-way, and
reservoir mudflats, have been sampled during baseline and monitoring studies.
Locations of the five communities sampled in 1976 are shown in Figure 8.1. The
north and south stands of floodplain woods (Communities I and 8), and the aban-
doned railroad right-of-way (Community 2) are permanent monitoring locations.
The two mudflat areas on John Redmond Reservoir, a wet mudflat (Community 9) and
a dry mudflat (Community 10), were sampled to determine probable vegetation types,
should mudflats occur at the WCGS cooling lake.

B. Field Procedures

All vegetational strata within the five plant communities were2sampled
by the quadrat method (Oosting 1956; Wiegert 1962). Six permanent 400 m circular
plots were systematically distributed in each stand of floodplain woods to sample
trees (stems greater than 2 10 cm dbh) and saplings (stems 2.5-10.0 cm dbh). Five
circular plots, each 10 m , were nested at the center and tangant to the four
cardinal compass points within the circumference of each 400 m plot to sample
the shrub stratum (Figure 8.2). Herb ceous vegetation and woody seedlings less
than 30 cm tall were sampled with 1 m plots centered within each 10 m plot.

The ground layers in the a~andoned railroad right-of-way and the wet
mudflat were sampled using 25, 0.1 m circular plots distributed at p0 m inter-
vals along one transect; the dry mudflat was sampled using 10, 0.1 m plots
distributed along one transect. The abandoned railroad right-of-way was also
sampled using the point-quadrat method; 200 point-quadrats were used to determine
cover by species (Mueller-Dombois and Ellenberg 1974).

Twenty representative saplings and trees were selected in each wooded
community to determine biomass and monitor productivity. Height and diameter
were measured, and tree cores were extracted from each to provide a record of past
and current production. Permanent dendrometer bands (Bormann and Kozlowski 1962)
were installed on the trees in March 1976 to monitor future production; they were
marked and read in September to determine circumference increase. These bands will
be read each September to provide an annual index of bole-wood and subsequent com-
munity production. Productivity in the abandoned railroad right-of-way was deter-
mined by the harvest method (Ovington et al. 1963).

C. Analytical Procedures

Community composition and structure were quantified for each of the
six plots in the two floodplain woods, and by community for each of the five
sampling locations. Productivity was calculated for the two floodplain woods and
the abandoned railroad right-of-way. Absolute and relative values of frequency,
density, and dominance were computed for species in the overstory, understory,
and shrub strata. Importance values were determined as the sum of the relative
indices (Curtis and McIntosh 1951). Absolute and relative frequency and community
ground layer coverage were calculated for ground layer vegetation in each commun-
ity sampled. In addition, percent cover by species was calculated for the aban-
doned railroad right-of-way (Mueller-Dombois and Ellenberg 1974). Densities of
trees and saplings were calculated for nine stem size classes. All data summar-
ies were performed on a Data General NOVA computer using standard formulas (Curtis
and Cottam 1962).
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Community biomass and primary productivity were calculated using equa-
tions of Whittaker et al. (1974), Kelly et al. (1974), and Whittaker and Marks

(1975). The increment, diameter, and height of representative saplings and trees

were used to estimate their above-ground biomass and annual productivity using
allometric regressions derived from empirical data gathered in a mesic woods by
Whittaker et al. (1974). The biomass and productivity values for each sapling
and tree were multiplied by the density of their respective size classes and
summed to obtain biomass and productivity estimates for the stand in kilograms
per hectare.

Plant voucher specimens were collected, dried, processed for permament
preservation, and deposited in the NALCO ES herbarium for future reference. Bo-
tanical nomenclature followed Gleason and Cronquist (1963). A phylogentic list of

species sampled during 1976 was compiled (Appendix F, Table F-I).

The coefficient of community (2a/b) was used to quantify similarity be- I
tween 1975 and 1976 community data; "a" is the number of recorded species common
to both years of sampling and "b" is the collective sum of species found each
year. Cox (1972) indicated that the coefficient of community for replicate sam- I
ples in a plant community does not usually exceed 0.85. When comparing yearly
data from the communities near Wolf Creek, a coefficient greater than 0.75 was
considered very similar, a coefficient between 0.60 and 0.74 was considered moder-
ately similar, and dissimilarity was indicated by coefficients less than 0.60. I

A flood susceptibility continuum index representative of the flooding
gradient for each of the six plots in the wooded communities was established

through analysis of combined tree and sapling compositional and structural data.
Flood susceptibility numbers, as established by Lindsey et al. (1961) for flood-
plain tree species, were assigned to each tree species and the mean-sum of rela-
tive density and dominance was multiplied by the species' respective flood suscep-

tibility number. These values were summed to yield the plot's flood susceptibi-
lity continuum index. Flood susceptibility numbers range from I (flood-tolerant)

to 10 (flood-intolerant) thus yielding stand continuum indices from 100 (flood-
tolerant stand) to 1000 (flood-intolerant stand). Vegetation of the shrub and
ground layer strata was individually compared; absolute frequencies of species

in the ground layer and importance values of species in the shrub stratum were U
used in the determination of Kulczynski's "degree of floristic resemblance"
(Kulczynski 1928). Matrices of these values were prepared to simplify the iden-

tification of vegetation patterns within the community. Community ordination, I
based upon the "degree of floristic resemblance", was calculated using the method
of ordination described by Bray and Curtis (1957).

III. Results and Discussion

A. North Floodplain Woods (Community 1) 1
1. Present Status

The north floodplain woods is subject to periodic flooding, but

the soil of this slight south facing slope is well-drained most of the year.
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a. Composition

Composition of the overstory was codominated by bur oak
(Quercus macrocarpa), hackberry (Celtis occidentalis), and black walnut (Juglans
nigra); these species had importance values of 75.7, 59.5, and 43.2, respectively

-Table 8.1). The occurrence of a few large bur oak (relative dominance of 43.2%)
and numerous small hackberry (relative density of 32.8%) accounted for their
importance. These two species had 100% frequency. Bitternut hickory (Carya
cordiformis), Shumard's oak (Quercus shumardii), and redbud (Cercis canadensis)
were intermediates, of which bTtternut had the greatest density (relative density
of 14.1%) and Shumard's oak the largest individuals (relative dominance of 17.1%).
Lesser components were green ash (Fraxinus pennsylvanica), Kentucky coffee-tree
(Gymnocladus dioica), slippery and American elm (Ulmus rubra and U. americana),
and red mulberry Morus rubra).

Reproduction of most major overstory species was indicated
in the understory, excepting bur oak, black walnut, and Shumard's oak (Table 8.2).
Hackberry was most important of the nine sapling species (importance value of
156.6), and redbud was secondary (importance value of 48.9). Green ash, bitter-
nut, American elm, osage orange (Maclura pomifera), red mulberry, slippery elm,
and gray dogwood (Cornus racemosa) were also present.

The shrub stratum consisted of six shrub species and nine
tree species, of which coralberry (Symphoricarpos orbiculatus) was most common
(importance value of 140.1; Table 8.3). Hackberry and green ash were reproducing
well. Other components included Missouri gooseberry (Ribes missouriense), seed-
lings of redbud and slippery elm, and grape vines (Vit'i-j.).

The ground layer was composed of 17 identifiable species in
April, 21 in June, and 22 in September (Table 8.4). Seven of these were found in
all sampling periods. Seasonal variation was evidenced by the presence of
cleavers (Galium aparine), spreading chervil (Chaerophyllum procumbens), spring
avens (Geum vernum), onion (Allium sp.), common blue violet (Viola papilionacea),
spring beauty -Claytonia virginica), nyctelea (Ellisia nyctele-a, smooth yellow
violet (Viola eriocarpa), and sweet cicely (Osmorhiza sp.T inEApril only. In June
and September, Virginia wild rye (Elymus virginius)dominated; wood nettle

(Laportea canadensis), black snakeroot (Sanicula gregaria), Virginia creeper
(Parthenocissus quinquefolia), wingstem (Verbesina alternifolia), violets, and
sedge (Carex laxiflora) were also frequent.

b. Structure

Based on density analysis, floodplain tree species such as
hackberry, redbud, and green ash were successionally increasing in the community;
these species composed 88% of the saplings (Table 8.5). Shumard's oak and most
bur oak were large trees of which reproduction was low. Hackberry will eventually
dominate.

The shrub stratum covered 19.7% of the ground and consisted
of 9000 stems/ha (Table 8.3). Coralberry had the greatest density (5833 stems/ha).
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I
Ground layer coverage decreased from 53% in June to 34% in

September (Table 8.4); this was probably due to suppression by shading and the t
reduction of ephemeral species.

c. Productivity and Biomass I
Primary productivity for the north floodplain woods was

estimated at 10523 kg/ha per year and community biomass was 209,670 kg/ha (Table
8.5). This biomass estimate was similar to that of an Illinois lowland woods I
(Uhlemann 1977).

Annual increment core data for the 20 trees and saplings
sampled in the north floodplain woods are plotted in Figure 8.3 as IncrementI
Index (width of individual annual ring increment as a percentage of the maximum
ring for the 10-year period). These data are of limited current use but may pro-
vide valuable monitoring information when the moisture status of the site is al- I
tered due to filling of the reservoir. General trends, indicated by the plots
as a whole, demonstrate above-average growth (and associated growing conditions)
in the period 1969 to 1971 and average or slightly below average in the period I
1972-76. Future growth of trees in the community may be increased by a raised
water table or decreased by increased flooding frequency and duration which would
subsequently reduce root uptake of water, nutrients, and oxygen. I

Dendrometer band data for 1976 did not correlate well with
annual increment core data for 1976 (Figure 8.3), due to problems associated with
the first year of installation. The bands did not appear to function properly on
the small diameter saplings (note zero readings), but should provide better data
in future years on the larger trees. These data, as with those of the tree-ring
analysis, provide additional baseline information and are not extensively discus-
sed here.

2. Comparisons with Previous Studies I
The north floodplain woods has been sampled for two years, pro-

viding a good basis for comparison. I
a. Composition

The overall coefficient of community was 0.89, indicating a
high degree of similarity between 1975 and 1976 data (Figure 8.4). Individual I
strata coefficients were also high; those of the overstory and understory were
0.92 and 0.89, respectively. The coefficient of the shrub stratum was 0.74, and
0.75 was calculated for the ground layer.

b. Structure

The structure of the upper strata in this community varied
slightly between 1975 and 1976. In 1975, 275 trees/ha and 842 saplings/ha were
estimated; in 1976, 267 trees/ha and 721 saplings/ha were found. Most of the
reduction occurred in the smallest size class of hackberry. This may have been
caused by insufficient water supply from the recent drought, although natural
thinning often occurs in small size classes.
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The shrub stratum was similar to that of 1975, with 9000

stems/ha in 1976 compared to 9041 in 1975 (Table 8.3). The reduction of shrub
cover from 31.7 to 19.7% was probably due to the recent drought. Ground layer
cover in September was very similar, with 40% coverage in 1975 and 34% in 1976.

c. Productivity and Biomass

Primary productivity was estimated at 10523 kg/ha per year
and biomass at 209,670 kg/ha in 1976, compared to 8763 kg/ha per year and
186,116 kg/ha in 1975. The differences in these values, although not signifi-
cant, were due primarily to the use of a more accurate method of analysis, and
not to community dynamics.

B. Abandoned Railroad Right-of-Way (Community 2)

1. Present Status

The abandoned railroad right-of-way was representative of the potential
prairie vegetation of the Osage Plains region in Kansas; such undisturbed blue-
stem prairies are unusual in the area. Weaver (1968) and Kuchler (1974)
described prairies with composition similar to that of this community.

a. Composition

A total of 32 taxa was recorded in the abandoned right-of-
way in 1976 (Table 8.6). Only five taxa were identifiable to the generic level
in April; wood-sorrel (Oxalis sp.) was the most common. In June, panic grasses
(Panicum scribnerianum,PT.v-irgatum, and P. lanuginosum) were codominant with
ittle bluestem (Andropogon scoparius). Indi'an grass (Sorghastrum nutans), red

top (Agrostis hyemalis), Virginia wild rye, and Japanese brome (Bromus japonicus)
were also common grasses. Three-seeded mercury (Acalypha gracilens- , wood-sorrel,
and flowering spurge (Euphorbia corollata) were among the forbs recorded. Domin-
ants were essentially the same in September, except for the occurrence of heath
aster (Aster ericoides) and mountain-mint (Pycnanthemum flexuosum) among the
forbs. L-ttle bluestem, switchgrass (Panicum virgatum), and Scribner panicum
(P. scribnerianum) consistently formed the greatest cover by individual species
(Yable 8.7). Some native prairie species observed, although not sampled, were
big bluestem (Andropogon gerardi), Illinois bundleflower (Desmanthus illinoensis),
Pitcher's sage (Salvia pitcheri), blazing star (Liatris pycnostachya), and rattle-
snake-master (Eryngium yuccifolium).

I b. Structure

A dense community ground layer cover was present in September
(92% by quadrat method and 98% by point-quadrat), consisting almost entirely of
grasses. The mean canopy height increased rather slowly throughout the season,
attaining only 3.1 dm in September (Table 8.7). Sunflowers, big bluestem, and
Indian grass occasionally reached a height of approximately 1.5 m.
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c. Productivity

The abandoned railroad right-of-way produced a standing crop
of 7060 kg/ha per year. This value is high in comparison to prairies studied
by Koelling and Kucera (1965) and Smeins and Olson (1970). 1

2. Comparisons with Previous Studies I
This community has been sampled for three years, two of preopera-

tion monitoring and one of construction phase monitoring. Drought conditions
in 1976, though not as severe as those of 1974, resulted in relatively low struc-
tural and compositional development.

a. Composition I
The coefficient of community was 0.64 between 1975 and 1976

(Figure 8.4). This was approximately the same as the similarity between 1974
Aand 1975 (0.65, Buchanan 1976).; Compositional changes were typical of the I
changing nature of the prairie.

b. Structure

The canopy of the abandoned railroad right-of-way was only

75% as tall in 1976 as it was in 1975; this was likely an effect of drought.

A dense ground cover was produced both years.

c. Productivity I
The standing crop decreased about 5% from 1975 to 1976 (from

7446 to 7060 kg/ha per year) but was still much greater than that of 1974.

C. South Floodplain Woods (Community 8)

1. Present Status I
The south floodplain woods is located about 6 km downstream of

the main dam site on Wolf Creek. The woods slopes slightly southward toward the I
creek; topography is irregular and depressions are frequent.

a. Composition I
The composition of the overstory in the south floodplain

woods was codominated by American elm, silver maple (Acer saccharinum), pin oak
(Quercus palustris), hackberry, and Shumard's oak (importance values of 54.1,
35.8, 33.0, 31.7, and 31.4, respectively; Table 8.8). Of these, American elm was
the most numerous (relative density of 25.3%) and silver maple had the greatest
dominance (16.9%). Green ash, bur oak, and shellbark hickory (Carya laciniosa)
were of intermediate importance. Sycamore (Platanus occidentalis, red mulberry,
black walnut, Kentucky coffee-tree, and redbud were minor constituents.
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Of the five dominant species in the overstory, only hackberry
and American elm were reproducing well in the understory as indicated by sapling
importance values of 119.6 and 91.2, respectively (Table 8.9). Shellbark hickory,
green ash, red mulberry, redbud, and Kentucky coffee-tree were minor components
with importance values ranging from 8.4 to 21.5. One sapling each of honey lo-
cust (Gleditsia triacanthos) and silver maple was recorded.

Five shrub species, 11 tree species, and one woody herba-
ceous species were recorded in the shrub stratum (Table 8.10). Poison ivy (Rhus
radicans) was codominant with coralberry (importance values of 65.5 and 61.4,-res-
pectively). Other species in order of decreasing importance, were hackberry seed-
lings, green ash seedlings, wahoo (Euonymus atropurpureus), American elm, slip-
pery elm, shellbark hickory, bur oak, and greenbrier (Smilax hispida).

The ground layer was composed of 19 identifiable species in
April, 23 in June, and 19 in September (Table 8.11). Eight were common to all
sampling periods. The occurrence in April of spreading chervil, cleavers, smooth
yellow violet, phlox, common blue violet, spring avens, onion and sweet cicely
demonstrated seasonal variation. In June and September, Virginia wild rye,
Virginia creeper, and poison ivy codominated the ground layer; wood nettle was

also a codominant in June. Ruellia (Ruellia strepens), white avens (Geum
canadense), black snakeroot, and greenbrier were frequent.

b. Structure

Hackberry and American elm were considerably more dense as
saplings than as trees and constituted 77% of the saplings (Table 8.12). Silver
maple, tin oak, Shumard's oak, and bur oak occurred mainly in the larger size
classes and their production was negligible. As in the north floodplain woods,
hackberry will be the dominant species in the future.

The shrub stratum included 8633 stems/ha, covering 18.6% of
the ground (Table 8.10). Poison ivy and coralberry were almost equally dense
(2533 and 2833 stems/ha, respectively).

I The ground layer cover of the community was 20% in April, 37%
in June, and 28% in September (Table 8.11).

I c. Productivity and Biomass

The south floodplain woods was estimated to have a primary
productivity of 17668 kg/ha per year and a biomass of 220,688 kg/ha in 1976
(Table 8.12). This biomass estimate was similar to that of the north floodplain
woods and that of an Illinois lowland woods (Uhlemann 1977).

I Annual increment core data for the 20 trees and saplings
sampled in the south floodplain woods are plotted in Figure 8.5 as Increment
Index (width of individual annual ring increment as a percentage of the maximum
ring for the 10-year period). These data were collected as additional baseline
information that will be used to assess effects of changes in the future moisture
status. General trends indicated above average growth in the period 1969 to
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1973, with below average growth in the few years before and after that period.

Growth in 1976 was slightly below average.

Dendrometer band data demonstrated inconsistencies, similar

to those noted in the north floodplain woods, in the first year and indicated

that the bands do not operate accurately on the smaller saplings (Figure 8.5).

2. Comparisons with Previous Studies

Because the south floodplain woods was sampled only one year,

it is discussed in comparison with 1976 data for the north floodplain woods,
which had a very high similarity between 1975 and 1976 data. I

a. Composition

The composition of the overstory differed between the two

woods except in the presence of hackberry as a dominant; however, this species

was the major component of both understories and will eventually dominate both
stands. The abundance of American elm in the south woods indicates that this

community may have a more favorable moisture regime than that of the north woods.
Coralberry shrubs, hackberry seedlings, and green ash seedlings were common

species of both shrub strata; the lush growth of poison ivy in the south woods
also suggests a better water supply. Virginia wild rye, Virginia creeper, and I
wood nettle were frequent constituents of both ground layers.

b. Structure

The structure of the upper strata in the two woods varied

considerably. The north floodplain woods had 267 trees/ha and 721 saplings/ha,

whereas the south floodplain woods had 396 trees/ha and 358 saplings/ha. The
representation of hackberry in the smaller size classes and lower strata

of both woods indicated its potential for future prominence. I
Cover values of the shrub stratum and ground layer were simi-

lar between the two stands; the shrub stratum covered 19.7% in the north woods

and 18.6% in the south woods, and ground layer cover was 34% in the former and I
28% in the latter.

c. Productivity and Biomass I
Primary productivity in the south floodplain woods was esti-

mated at 17688 kg/ha per yr (Table 8.12), compared to 10523 kg/ha per yr in the

north floodplain woods (Table 8.5). Biomass was 220,688 kg/ha in the former I
and 209,670 in the latter. The difference may be attributed to greater den-
sities in almost every tree size class in the south woods.

D. Mudflats on John Redmond Reservoir

1. Wet Mudflat (Community 9) I
a. Composition

The wet mudflat community showed evidence of recent flooding
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in June and has probably been inundated at least once a year. Major components
in June were Pennsylvania smartweed (Polygonum pensylvanicum), cocklebur
(Xanthium strumarium), and immature composites (Table 8.13). Development was much
more advanced in September and composition was dominated by a mixture of annuals

and weedy species common to such fluctuation zones. Fall panic grass (Panicum
dichotomiflorum) and spurge (Euphorbia humistrata) dominated; amaranth
(Amaranthus arenicola), flower-of-an-hour (Hibiscus trionum), lady's thumb

(Polygonum persicaria), rough sumpweed (Iva Filtata), and lovegrass (Eragrostis
pilosa) were also frequent.

b. Structure

The canopy of the mudflat was very irregular, due to clumping
of individual species; maximum height was approximately 0.75 m. Many plants had
the prostrate habit typical of mudflat vegetation, and thus contributed little to
the canopy. Small groups of willows (Salix spp.) were scattered across the area.
In drier areas, stands of tall coarse grasses such as barnyard grass (Echinochloa
crusgalli) and Sudan grass (Sorghum sudanense) added structural complexity. Den-
sity also varied greatly across the sampling areas; dense, nearly homogeneous
stands (especially of Polygonum spp.) alternated with virtually bare areas.

Ground cover increased from 24 to 50% between June to Sepember (Table 8.13).

2. Dry Mudflat (Community 10)

* a. Composition

Unlike the wet mudflat, the dry mudflat community has probably

not been annually inundated, and consequently was codominated by perennials and
annuals. The most important species were annual sunflower (Helianthus annuus),
cocklebur, horse nettle (Solanum carolinense), and foxtail grass (Setaria ge-i-
culata), of which the latter two are perennials. Other common species were common

ragweed (Ambrosia artemisiifolia), panic grasses, and smartweed (Polygonum lapa-
thifolium) (Table 8.14).

b. Structure

Annual sunflower determined the height of the canopy at 2 m.
The stand was much more continuous than that on the wet mudflat, with no areas of

bare soil apparent. Ground cover was also greater, reaching 88% in September
(Table 8.14).

j E. Gradient Analysis of Floodplain Woods

Vegetation patterns along an environmental gradient tend to repeat

themselves with great fidelity under similar conditions of stand age, topography,
and soils (Rochow 1972); i.e., vegetation change is a manifestation of environ-
mental change. The correlation of a vegetation gradient to the physical gradient
of flood frequency and intensity is the required baseline data for monitoring or

predicting vegetation alterations in a streamside forest ecosystem due to changes
in the flooding regime resulting from the construction of an impoundment (Skip and

Bell 1975). Gradient analysis was conducted in the north and south floodplain
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woods to describe the range of hydric levels and the variance of the vegetation's
flood susceptibility prior to the construction of the WCGS cooling lake. Nor-

mally, the environmental moisture gradient within a vegetation community may be

objectively determined by the relative elevations of the sampling plots within
that community. However, optimal utility of the application of gradient analysis
techniques requires that a broad range of the environmental spectrum be represent-
ed within the community analyzed (Rochow 1972). The relative elevations of the
plots in the south floodplain woods, and particularly in the north floodplain
woods, varied so little and the degree of drainage varied so much that the use I
of elevation as the sole criterion for establishing the flooding gradient was not

feasible. Therefore, rather than establish an ordination of vegetational
plots along a predetermined flooding gradient, the relative intensity of flooding I
was ascertained from known species behavior in response to flooding (Lindsey
et al. 1961).

1. South Floodplain Woods I
Vegetation sampling plots in the south floodplain woods varied in

elevation from 304.21 to 307.36 m. Analysis of combined tree and sapling data
weighted by flooding susceptibility numbers yielded flooding susceptibility in-
dices ranging from 511 to 782 (Table 8.15). The ranking of these values, rated
from rather low to comparatively high (Lindsey et al. 1961), closely followed the I
plot order of increasing elevation, with one minor exception.

Tree species patterns representing the flooding gradient were as
follows: green ash, silver maple and sycamore dominated and reached greatest im-
portance at the wet end between continuum indices 511 and 545; pin oak and Ameri-
can elm dominated mid-gradient positions between indices 587 and 660; and, hack-
berry and Shumard's oak reached prominence at the dry end between indices 692 I
and 782 (Table 8.15).

The degree of floristic resemblance was calculated to compare
shrub-stratum data from plot to plot (Table 8.16). Sixty-seven percent of plot-
to-plot comparisons resulted in indices below 50% similarity, indicating the
phytosociological heterogeneity of the shrub stratum within the stand. Plots were
ordinated based upon the aforementioned degree of floristic resemblance; this or- I
dination resulted in a plot sequence nearly identical to that established by the
flooding susceptibility continuum indices. Inversions in the plot order of the
two different sequences occurred only between plots of high similarity. The I
phytosociological variation within the shrub stratum, and the close correlation
between the plot ordination based on the tree and sapling data and the ordination
based on the shrub stratum data, demonstrates the sensitivity and adaptation of
the shrub stratum to an environmental gradient.

In the shrub stratum, silver maple and green ash reached greatest
importance and were dominant at the wet end between continuum indices 511 and 545. I
Poison ivy dominated between indices 511-587, hackberry between indices 545 and
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660, slippery elm at index 660, and wahoo and coralberry at the dry end between

indices 692 and 792 (Table 8.17).

All ground layer plot-to-plot comparisons in the computation of

the degree of floristic resemblance resulted in values of higher than 50%
similarity (Table 8.16); this indicated a much higher degree of stratum homogeneity
than the analysis of the shrub stratum. As community homogeneity increases, the

reliability of a calculated ordination lessens. Plot ordination developed from
ground-layer plot phytosociology did not bear as close a resemblance to the ordina-
tion established from the flooding susceptibility continuum indices as did the
plot ordination developed from shrub-stratum phytosociology. Species composition
of the ground layer was such that very few species reached importance only in a
low number of plots (Table 8.18). The relative evenness of the distribution

of important ground layer species was due to their inherent broad amplitude
of ecological tolerance.

2. North Floodplain Woods

I Vegetation sampling plots in the north floodplain woods ranged in

elevation from 332.06 to 333.70 m; these elevations are approximately 30 m higher

and represent approximately half the elevational gradient recorded in the south
floodplain woods. Flooding susceptibility continuum indices ranged from 672 to
760, a small range commensurate with the small elevational gradient (Table 8.19).
Distribution of most tree species of community importance occurred more randomly

along the elevational gradient in the north floodplain woods than in the south
floodplain woods; however, the importance of green ash was limited to the plots

of lower continuum indices and the importance of bitternut hickory and black
walnut were limited to the plots of higher continuum indices.

Plot-to-plot comparisons of the shrub stratum vegetation showed a

high degree of homogeneity; all indices of the degree of floristic resemblance

were greater than 50% (Table 8.20). Shrub stratum plot ordination did not
correspond well with the ordination developed from the flooding continuum indices;
however, plot number two, the plot of lowest flooding susceptibility, was least
similar to all other plots. The distribution of important shrub species was

random (Table 8.21.).

In the ground layer, the degree of floristic resemblance calcula-

tions, community ordination, and distribution of important species gave similar
results (Tables 8.20 and 8.22). Community ground layer homogeneity was high,
ground layer plot ordination did not correlate well with tree plot ordination,

and the distribution of important ground layer species was random.

3. Conclusions

IConstruction of the WCGS lake will. modify flooding intensity and
periodicity. This environmental, change will produce changes in community vege-j tation.

Gradient analysis of current tree and sapling data showed a dis-

tinct gradient of broad ecological amplitude in the south floodplain woods and a
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more subtle gradient of smaller amplitude in the north floodplain woods. The
degree of correlation between the ordination established by the flooding suscepti- 3
bility indices and the phytsociological ordination of shrub stratum plots of the
floodplain woods was related to the amplitude of the ecological gradient repre-
sented by the sampling plots. Shrub-plot ordination of the south floodplain woods
correlated closely with a well established gradient, whereas the ordination of
the north floodplain woods correlated less closely. The relationship between
the degree of ordination correlation to an environmental gradient and the ampli-
tude of the environmental gradient has been documented by Rochow (1972). Because I
the shrub stratum plot ordination follows the flood susceptibility continuum or-
dination, it may be assumed that the shrub stratum also varies along a continuum
in response to the flooding gradient. Analysis of the ground layers of the woods I
showed a degree of community homogeneity too high for reliable ground layerplot ordination.

It is predicted that flooding intensity will decrease in the south
floodplain woods and increase in the north floodplain woods when the cooling lake
is constructed. Should this occur, vegetation of the south floodplain woods will
shift up the gradient and become more similar to the current vegetation of the
north floodplain woods. The vegetation of the north floodplain woods will shift
down the gradient and-iiecome more similar to the current vegetation of the south
floodplain woods. Data in Table 8.23 show the current degree of floristic
resemblance between plots of the south and north floodplain woods. Data present-
ed in Tables 8.15 through 8.2.3 will serve as baseline information for future
community environmental impact analysis.

F. Anticipated Construction Impacts to Plant Communities

The sensitivity of major vegetation communities to the environmental
changes resulting from construction of Wolf Creek Generating Station were
assessed and the possible resultant vegetation changes postulated.

1. North Floodplain Woods (Community 1) I
The north floodplain woods will be affected by construction and

operation more than other terrestrial communities because of its close physio- I
graphic association with Wolf Creek and its proximity to the projected shorelines

of the WCGS cooling lake. Most woods in the vicinity are located within Wolf
Creek's floodplain and are subjected to periodic flooding; however, the elevation I
of the north floodplain woods above the normal creek levels provides fairly well.-
drained conditions between inundations. The character of the floodplain woods is
largely controlled by the fluctations in moisture conditions. Gradient analyses
of this woods showed the vegetation to be fairly flood susceptible relative to
other woods along Wolf Creek.

The monitoring plots in the north floodplain woods are located just
above the proposed northern perimeter of the cooling lake. Conversion of Wolf
Creek to a cooling lake will probably increase the incidence of flooding and
the local moisture regime. Increases in the moisture regime (raising the water
table) can interfere with reproductive strategies or edaphic requirements of pre-
sent plant species (Johnson and Bell 1975). Due to the relatively high flood
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susceptibility of the vegetation, it is expected that some changes in community
composition may occur along with physiological changes in remaining species.

Vegetation of the north floodplain woods will more closely resemble the current
vegetation of the south floodplain woods. Low tolerance species such as walnut,
bitternut hickory, and Shumard's oak will give way to high-tolerance species such
as green ash, silver maple, and sycamore.

2. Abandoned Railroad Right-of-Way (Community 2)

The abandoned railroad right-of-way represented native bluestem
prairie of the region. A moisture gradient will be created along this right-of-

way ranging from inundated conditions to normal dry conditions beyond the influ-
ence of the WCGS lake level. In segments of the abandoned railroad right-of-
way nearer the lake edge, marsh vegetation may develop. Intermediate moisture
levels may promote the increase of slough grass (Spartina pectinata) or perhaps
encroachment by woody species which may ultimately develop into a floodplain
woods. Areas which are periodically inundated may develop vegetation similar
to the wet or dry mudflat communities of John Redmond Reservoir.

The abandoned railroad right-of-way sampling plots are elevated
about 8 m above the proposed level of the cooling lake. Root systems of prairie

species seldom exceed 8 m (Weaver 1968); however, capillary action could make
additional soil moisture available. Species requiring more moisture than is
presently available in Community 2, such as big bluestem, could be locally

*favored by creation of the cooling lake.

3. South Floodplain Woods

The south floodplain woods, due to its close association with
Wolf Creek, will experience the effects of the cooling lake. The character

of this floodplain woods has largely evolved under the influence of periodic
flooding. Gradient analysis conducted in Community 8 revealed that the

arboreal vegetation is relatively flood tolerant. Construction of the WCGS
cooling lake is expected to alter the hydric regime by reducing flooding
frequency and intensity. This environmental change will allow the invasion

of less flood-tolerant species such as black walnut and bitternut hickory,
reduction in importance of such tolerant species as green ash, silver
maple, and sycamore, and will ultimately result in community vegetation
more strongly resembling the current vegetation of the north floodplain woods.

IV. Summary and Conclusions

1. The north floodplain woods (Community 1) was dominated by bur oak,
hackberry, and black walnut. Hackberry and other lowland species were repro-

ducing well; oaks and black walnut were lacking in the smaller size classes.

2. Compositional and structural data in the north floodplain woods were

similar between 1975 and 1976. Differences in production estimates due to the
introduction of a new sampling technique were slight.

181



NALCO ENVIRONMENTAL SCIENCES

I
3. The abandoned railroad right-of-way.(Community 2) was composed of native

prairie grasses and forbs. The mean height of the canopy was 3.1 dm and the area
was highly productive.

4. The decreased canopy height and slightly lower productivity in the aban-
doned railroad right-of-way were due to less favorable growing conditions in 1976. I

5. The south floodplain woods (Community 8) was sampled for the first time
in 1976. American elm, silver maple, oaks, and hackberry were dominant. Only I
hackberry and American elm were reproducing well.

6. The overstory composition of the south floodplain woods differed from
that of the north floodplain woods, probably as a result of differences in the

moisture regime. Hackberry dominated the understory and will eventually be the
dominant, as in the north floodplain woods. I

7. The wet mudflat on John Redmond Reservoir (Community 9) was vegetated
by the predominantly annual species common to frequently inundated areas.
Smartweeds, panic grass, and prostrate spurge were dominant. Ground cover was I
sparse.

8. The dry mudflat on John Redmond Reservoir (Community 10) was codominated
by perennials and annuals. Sunflowers, cockleburs, horse nettles, and foxtail
grass were major species; ground cover was nearly complete.

9. Tree ring analysis and dendrometer bands were introduced in the north 4
and south floodplain woods to provide baseline data for future monitoring of
growth alterations caused by changes in moisture status attributable to creation
of cooling lake.

10. Gradient analysis demonstrated a well-defined vegetational gradient
correlated to moisture status in the south floodplain woods and a very subtle
gradient in the north floodplain woods.

11. Filling of the cooling lake is expected to cause a shift to flood-
tolerant species in the north floodplain woods by raising the water table.

12. Filling of the cooling lake is expected to result in a shift to more
flood-intolerant species in the south floodplain woods due to reduced floodingI
below the dam.

13. Filling of the cooling lake is expected to cause a shift to marsh and
wet-prairie species, and possibly floodplain woody species, in lower elevations I
of the abandoned railroad right-of-way.

I
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Kansas, 1976.

I186



I
l_-Nqm #I" V lI l lBlUAIVI4- " a a S %a-:l'"%la- S

o INCREMENT INDEX( 0 .-) - I I

6 75o. 
- o- O

'lira I I
I

I

1

I

I

9
I

I

1

I

I

SII III 4.1I I I 1.6 A04 II 0.0

6

15

4.

2

4

5

6

7

"8

9

-to
II

12

-13

14

- 15

16

17

18

19

o-0

114 3.1 0.5 0.0

2 .I I. 5i 0-8 2668.

112 2.9 1.3 3.0

38 2.6 0.7 2.8

IL..I " 79 [. 9 . II 0.0

a.L I ....... 201 7.2- 1.3 .5.6

1021 4.9 1.9 6.7

41 1 - 1 864 3.9 2.2 15.5

1L J L L . 272 4. 661.8 8.2

74L374 3 1.4 3.0

ELj124 2.81 IA 0.0

470 6.5 3a0 -

11 ! 221 0.7 0.4 10.0

--- A-- ... L...L.. .... 89 4.0 0.7 0.0

.. ~L.__ Q..L 12. 1.2. 0.7

3

2

I SI I I I 111 3811 2.811 0o911 0.00 IE 0
m n I m

Figure 8.3. Tree ring and dendrometer band data from representative trees
and saplings in the north floodplain woods, Community 2, in
the vicinity of the Wolf Creek Generating Station, Burlington,

Kansas, September 1976.

187



I

* OVERALL

ID• Ground layer

1• Shrub stratum

I• Understory

E Overstory

I

NORTH
FLOODPLAIN

WOODS

I
I
I
I
I

z

0

La.
0

16-
z
W

C-)

0
U-

1.00

0.90

0.80

0.70

0.60

0.50

0.40

0.30

0.20

0.10

0.00

IL
0

I-'

z

0

0

z
0,
o
z
4

4[

I

9
I
I
I
I

VEGETATION COMMUNITIES

I
Figure 8.4. Similaritv between 1976 and 1975 monitoring data for

each plant community sampled for two years in the
vicinity of the TJolf Creek Generating Station,
Burlington, Kansas. I

188

I



I NALCO ENVIRONMENTAL SCIENCES

Z 2INCREMENT INDEX(% EI- E~- E' ~
II I

76 1'574 7 '217 70 1'69 I'68 1'67- - -e

III I I I ,II
I
I
I
I
I
9
I
I

6

5

4

2

3

-4

5

6

7

8

9

I0

II

12

13

14

15

16

17

18

19

-20

E I S

3 8 3.4 3.4 1o.0

S . ; . 274 6.1 0 .6 o

414 7.3 3.8 2.0

43 3.3 3.3 19.8

231 5.5 5.5 ,I

a.... .L.- 112 5.3 3.3 12.8

81 2.1 Q8 0.02_

jL 1. . 193 2.2 0.6 -2.0

S, I II 8,56 2.8, 0.6 1.0

I111 66 2.7 1.5 0.0

348 5.5 3.9 18.0

DEAD TREE 183

_38 4.7 3.1 11

107 4.0 4.0 6.7

S69 5.6 2.8 7.0

5,,3 3.3 1.9 " 2

m 58 2.3 0.7 11 0.0

3

2

I
II rJ . 1 .liI I _L~FLL 312 5.6 111.7 1 8.5I II IIi L m I m m

It-|

Figure 8.5. Tree ring and dendrometer band data from representative trees
and saplings in the south floodplain woods, Community 8, in
the vicinity of the Wolf Creek Generating Station, Burlington,
Kansas, September 1976.

189



Table 8.1. Phytosociological data summary of trees in the north floddplain woods, Community 1, in
the vicinity of the Wolf Creek Generating Station, Burlington, Kansas, June 1976.

Relative Basal Area Relative

Species

Quercus macrocarp a

Celtis occidentalis

Juglans nigra

Carya cordiformis

Quercus shumardli

Cercis canadensis

I Fraxinus pennsylvanica

Cymnocladus dioica

Ulmus rubra

Ulmus americana

Morus rubra

Totals

Frequency

100.0

100.0

66.7

66.7

16.7

50.0

33.3

16.7

16.7

16.7

16.7

Relative
Frequency

20.0

20.0

13.3

13.3

3.3

10.0

6.6

3.3

3.3

3.3

3.3

Trees/
Hectare

33.3

87.5

41.7

37.5

8.3

20.8

16.7

8.3

4.2

4.2

4.2

Relative Basal Area
Density (m 2 /hectare)

12.5 12.8

32.8 2.0

15.6 4.2

14.1 2.4

3.1 5.1

7.8 0.4

6.2 1.5

3.1 0.6

1.6 0.4

1.6 0.3

1.6 0.0

Relative
Dominance

43.2

6.7

14.3

8.1

17.1

1.3

4.9

1.9

1.4

0.8

0.2

Importance

Value

75.7

59.5

43.2

35.5

23.5

19.1

17.8

8.3

6.2

5.8

5.1

2

r-
n,a
m
2

0
2
m
2

r
U'
n,
m
2
n
In
U'

266.7 29.7
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Table 8.2. Phytosociological data summary of saplings in the north floodplain woods, Community 1,in the vicinity of the Wolf Creek Generating Station, Burlington, Kansas, June 1976.

Species

Celtis occldentalis

Cercis canadensls

Fraciinus pennsylvanica

CIryai cordifortnis

- [Ulmus americana

Maclura pomifera

Morus rubra

UMinus rubra

Cornus racemosa

Frequency

100.0

100.0

66.7

66.7

50.0

50.0

33.3

16.7

16.7

Relative
Frequency

20.0

20.0

13.3

13.3

10.0

10.0

6.6

3.3

3.3

Saplings/
Hectare

462.5

112.5

58.3

20.8

33.3

12.5

8.3

8.3

4.2

Relative
Density

64.2

15.6

8.0

2.9

4.6

1.7

1.2

1.2

0.6

Basal Area
(m2 /hectare)

1.4

0.3

0.1

0.0

0.0

0.0

0.0

0.0

0.0

Relative
Dominance

72.5

13.3

3.0

4.3

2.3

0.9

1.4

2.0

0.1

Importance
Value

156.6

48.9

24.5

20.5

16.9

12.7

9.2

6.5

4.0

2
r
n
0
M

2
3
0
2

in

In
M
Mn

Totals 720.8 1.9



Table b.3. Phytosociological data
woods, Community 1, in
Kansas, June 1976.

summary of species in the shrub stratum of the north floodplain
the vicinity of the Wolf Creek Generating Station, Burlington,

Relative Stems / Relative 1 Ground Relative Importance

Species

Symphorlcarpos orbiculatus

Celtis occidentalis

Fraxinus pennsylvanica

Ribes missouriense

Cercis canadensis

Ulmus rubra

Vitis sp.

Ulimus amnericana

Smilax hispida

Quercus macrocarpa

Morus rubra

Rhus radicans

Carya cordiformis

Cornus racemosa

Euonymus atropurpureus

Frequency

86.7

50.0

36.7

23.3

10.0

13.3

16.7

6.6

10.0

6.6

3.3

3.3

3.3

3.3

3.3

Relative
Frequency

31.3

18.1

13.3

8.4

3.6

4.8

6.0

2.4

3.6

2.4

1.2

1.2

1.2

1.2

1.2

Stems/
Hectare

5833

867

733

467

100

300

233

100

100

67

33

67

33

33

33

Relative
Density

64.8

9.6

8.1

5.2

1.1

3.3

2.6

1.1

1.1

0.7

0.4

0.7

0.4

0.4

0.4

2 Ground
Cover

8.6

5.3

1.7

0.4

1.4

0.6

0.3

0.6

0.0

0.1

0.2

0.0

0.1

0.1

0.0

Relative

Dominance

43.9

27.1

8.4

2.2

7.3

3.4

1.5

3.2

0.3

0.5

1.1

0.2

0.3

0.3

0.1

Importance
Value

140.1

54.8

29.9

15.8

12.0

11.5

10.1

6.7

5.1

3.7

2.7

2.2

1.9

1.9

1.7

2

rn
0
m

2
3
M

2
rn
M
M4

Totals 9000 19.7

i.4.. - - 4 m m m m m m



I NALCO ENVIRONMENTAL SCIENCES

Table 8.4. Frequency of species in the ground layer and average ground

layer cover in the north floodplain woods, Community 1, in the

vicinity of the Wolf Creek Generating Station, Burlington,

Kansas, April, June, and September 1976.

I
I

April June September
Relativp Relative Relative

Species Frequency Frequency Frequency Frequency Frequency Frequency

Chaerophyllum procumbens
Galium aparine
Gramineae
Sanicula gregaria
Laportea canadensis
Carex sp.
Compositae
Viola eriocarpa
Symphoricarpos

orbiculatus
Phlox divaricata
Polygonum virginianum
Viola ?apilionacea
Geum vernum
Urtica dioicaAllium sp.
Parthenocissus

quinquefolia
Ribes missouriense
Ulmus americana
Ellisia nyctelea
Claytonia virginica
Rhus radicans
Liliaceae
Osmorhiza sp.
Elymus virginicus
Verbesina alternifolia
Viola sp.
Carex laxiflora
Cercis canadensis
Geum canadense
Ruellia strepens
Menisperum canadense
Parietaria pensylvanica
Festuca obtusa
Pilea pumila
Polygonum sp.
Quercus shumardii
Celtis occidentalis
Fraxinus pennsylvanica
Leersia virginica
Cinna arundinacea
Aster sp.
Polgonum punctatum
Carya sp.. Chenopodium hybridum
Quercus sp.
Smilax hispida

83.3
76.7
76.7
73.3
60.0
50.0
40.0
36.7

30.0
23.3
23.3
16.7
13.3
10.0
10.0

10.0
6.6
6.6
6.6
3.3
3.3
3.3
3.3

12.5
11.5
11.5
11.0

9.0
7.5
6.0
5.5

4.5
3.5
3.5
2.5
2.0
1.5
1.5

1.5
1.0
1.0
1.0
0.5
0.5
0.5
0.5

56.7
66.7

23.3
6.6

10.0

6.6

56.7

6.6

70.0
43.3
43.3
40.0
13.3
10.0
10.0

6.6
6.6
6.6
6.6
3.3
3.3
3.3
3.3

11.3
13.2

4.6
1.3
2.0

1.3

11.3

1.3

13.9
8.6
8.6
7.9
2.6
2.0
2.0
1.3
1.3
1.3
1.3
0.6
0.6
0.6
0.6

3.3
50.0
56.7

20.0

26.7

13.3

50.0
16.7

3.3

63.3
43.3

3.3
43.3

6.6
16.7

6.6

3.3

3.3
3.3

10.0
6.6
6.6
6.6
6.6
3.3
3.3
3.3

0.6
10.4
11.8

4.2

5.6

2.8

10.4
3.5

0.6

13.2
9.0
0.6
9.0

1.4
3.5
1.4

0.6

0.6
0.6
2.1
1.4
1.4
1.4
1.4
0.6
0.6
0.6

Average Community Ground Layer

371 53% 34%

193,



Table 8.5. Density (stems per hectare) of saplings and trees by diameter classes in the north
floodplain woods, Community 1. in the vicinity of the Wolf Creek Generating Station,
Burlington, Kansas, June 1976.

Diameter Classes dbh (cm)
Sapling Class Tree Class

2.5- 6.3- Sub- 10.1- 17.6- 25.1- 32.6- 40.1- 47.6- > Sub
Species 6.2 10.0 Total 17.5 25.0 32.5 40.0 47.5 55.0 55.1 Total Totals

Density (stems/ha)

Celtis occidentalis

Cercis canadensis

Fraxinus pennsylvanica

Cary cordiformis

Juglans nigra

Ulmus americana

Quercus macrocarpa

Morus rubra

Maclura pomifera

Ulmus rubra

Gymnocladus dioica

Quercus shumardii

Cornus racemosa

Totals

Biomass (kg/ha)
i'roductivity (hg/ha/yr)

275.0

79.2

54.2

12.5

33.3

4.2

8.3

187.5

33.3

4.2

8.3

462.5

112.5

58.3

20.8

33.3

8.3

12.5

8.3

66.7

16.7

4.2

12.5

8.3

4.2

4.2

4.2

8.3 4.2

4.2

12.5

8.3 4.2 8.3

4.2

4.2

4.2 12.5

4.2

87.5

20.8

4.2 16.7

4.2 37.5

4.2 41.7

4.2

4.2 20.8 33.3

4.2

550.0

133.3

75.0

58.3

41.7

37.5

33.3

12.5

12.5

12.5

8.3

8.3

2

0

in
2

.4
r
0
0
m
2
0
M
M

4.2

4.2

4.2

8.3

4.2

4.2

4.24.2

4.2

8.3

8.38.3

4.2 4.2

470.8

1745
393

250.0

3940
625

720.8 116.7

5662
679

29.2

5198
242

37.5

15298
741

25.0

19893
1302

12.5

14671
798

16.7

28355
1294

29.2

114908
4449

4.2

266.7 987.5

209670
10523
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Table 8.6. Frequency of species in the ground layer and average ground
layer cover in the abandoned railroad right-of-way, Community 2,
in the vicinity of the Wolf Creek Generating Station,
Burlington, Kansas, April, June, and September 1976.

April June Sepcember
Relative Relative Relative

Species Frequency Frequency Frequency Frequency Frequency Frequency

Gramineae
Oxalis sp.
Achillea nillefolium
Claytonia virginica
Compositae
Vitis sp.
Galium aparine
Panicum scribnerianum
Andropogon scoparius
Panicum virgatum
Acalypha gracilens
Panicum lanuginosum
Sorghastrum nutans
Agrostis hyemalis
Elymus virginicus
Bromus japonicus
Euphorbia corollata
Viola pedatifida
Tradescantia ohiensis
Koeleria cristata
Physalis sp.
Petalostemum sp.
Scutellaria parvula
Viola sp.
Prunus sp.
Helianthus maximiliani
Helianthus laetiflorus
Solanum carolinense
Parietaria pensylvanica
Aster ericoides
Pycnanthemum flexuosum
Solidago canadensis
Eragrostis spectabilis
Sporobolus asper

96.0
56.0
16.0
12.0

8.0
4.0
4.0

49.0
28.6

8.1
6.1
4.1
2.0
2.0

20.0
36.0

8.0

16.0
4.0

44.0
44.0
40.0
36.0
24.0
20.0
16.0
12.0
12.0
12.0

8.0
8.0
8.0
8.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.9
8.8
2.0

3.9
0.9

76.0
4.0

21.6
1.1

10.8
10.8

9.8
8.8
5.9
4.9
3.9
2.9
2.9
2.9
2.0
2.0
2.0
2.0
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9

I
I
I

68.0
72.0
44.0
40.0

4.0

4.0
4.0

16.0
8.0
4.0
4.0
4.0

19.3
20.5
12.5
11.4

1.1

1.1
1.1

4.5
2.3
1.1
1.1
1.1

Average Community Ground Layer Cover

I 20% 54% 92%

195
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6
ITable 8.7. Percent cover of species in the ground layer, community ground

layer cover, and mean canopy height in the abandoned railroad
right-of-way, Community 2, in the vicinity of the Wolf Creek
Generating Station, Burlington, Kansas, April, June and
September 1976.

April June September
Relative Relative Relative

Species Z Cover Dominanci % Cover Dominance % Cover Dominance

Gramineae 13.0 74.3
Oxalis sp. 2.5 14.3 1.0 2.1
Compositae 1.5 8.6 2.5 5.3
Claytonia virginica 0.5 2.9
Andropogon scoparius 15.5 32.6 53.0 54.1
Panicum vigacu 7.0 14.7 34.5 35.2
Panictum scribnerianum 6.5 13.7 5.0 5.1
Sorghastrum nutans 5.0 10.5 0.5 0.5
Panicum lanuginosum 3.0 6.3
Achillea milletoliuim i.5 3.2
Bromus japonicus 1.0 2.1
Euphorbia corollaca 1.0 2.1
Koeleria, c'istata 1.0 2.1

Agrostig hyemalis 0.5 1.1
Elymus virginicus 0.5 1.1
Viola pedatifida 0.5 1.1
Psoralea tenuiflora 0.5 1.1

Petalostemum sp. 0.5 1.1
Pycnanthemum flexuosum 3.0 3.1
Sporobolus asper 1.0 1.0
Acalypha gracilens 0.5 0.5
Aristida oligantha 0.5 0.5

Community Ground Layer Cover

17.5% 47.5% 98%

Mean Canopy Height

1.1 dm 2.0 dm 3.1 dm

I
1
9
I
I
I
I
I
I

196
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Table 8.8. Phytosociological data summary of trees in the south floodplain woods, Community 8,
in the vicinity of the Wolf Creek Generating Station, Burlington, Kansas, June 1976.

Relative Relative Basal Area Relative Importance

I-4

Species

Ulmus americana

Acer saccharinum

Quercus palustris

Celtis occidentalis

Quercus shumardii

Fraxinus pennsylvanica

Quercus macrocarpa

Carya laciniosa

Platanus occidentalis

Morus rubra

Juglans nigra

Gymnocladus dioica

Cercis canadensis

Frequency

83.3,

33.3

33.3

83.3

33.3

66.7

50.0

66.7

16.7

16.7

16.7

16.7

16.7

Relative

Frequency

15.6

6.2

6.2

15.6

6.2

12.5

9.3

12.5.

3.1

3.1

3.1

3.1

3.1

Trees/
Hectare

100.0

50.0

45.8

45.8

41.7

37.5

29.2

25.0

4.2

4.2

4.2

4.2

4.2

Relative
Density

25.3

12.6

11.6

11.6

10.5

9.4

7.3

6.3

1.1

1.1

1.1

1.1

1.1

Basal Area
(m2 /hectare)

4.2

5.3

4.8

1.4

4.6

2.2

2.6

0.8

4.0

0.7

0.5

0.4

0.0

Relative Importance
Dominance Value

13.2 54.1

16.9 35.8

15.i 33.0

4.5 31.7

14.6 31.4

6.8 28.8

e•.3 25.1

2.6 21.4

12.7 16.9

2.1 6.2

1.6 5.8

1.3 5.5

0.1 4.3

2

r

2

0

z

m

M

-I

Totals 395.8 31.6



Table 8.9. Phytosociological data summary of saplings in the south floodplain woods, Community 8,
in the vicinity of the Wolf Creek Generating Station, Burlington, Kansas, June 1976.

Relative Basal Area Relative -

Species

Celtis occidentalis

Ulmus americana

Carya laciniosa

Fraxinus pennsylvanica

Morus rubra

Cercis canadensis

Gymnocladus diolca

Cleditsia triacanthos

Acer saccharinum

Frequency

100.0

100.0

33.3

16.7

33.3

33.3

16.7

16.7

16.7

Relative
Frequency

27.3

27.3

9.0

4.5

9.0

9.0

4.5

4.5

4.5

Saplings /
Hectare

162.5

112.5

16.7

29.2

12.5

8.3

8.3

4.2

4.2

Relative
Density

45.3

31.4

4.7

8.1

3.5

2.3

2.3

1.2

1.2

Basal Area
(m2 /hectare)

0.5

0.3

0.0

0.1

0.0

0.0

0.0

0.0

0.0

Relat ive
Dominance

46.9

32.6

7.7

5.2

3.5

1.7

1.5

0.4

0.3

Importance
Value

119.6

91.2

21.5

17.9

16.1

13.1

8.4

6.2

6.0

I-'
%D
00

z
F

2
3
a
z

-4

r

CD
C,Totals 358.3 1.0
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Table ..10 Phytosociological data summary of species in the shrub stratum of the south floodplainwoods, Community 8, in the vicinity of the Wolf Creek Generating Station, Burlington,
Kansas, June 1976.

H

Relative -Stems/ Relative 2 Ground Relative TmportanceSpecies Frequency Frequency Hectare Density Cover D6minance Value

Rhus radicans 33.3 13.7 2533 29.3 4.2 22.4 65.5

Sylnphoricarpos orbiculatus 23.3 9.5 2833 32.8 3.5 19.0 61.4

Celtis occidentalis 36.7 15.1 700 8.1 4.3 22.9 46.1

Fraxinus pennsylvanica 36.7 15.1 800 9.2 1.7 9.3 33.7

Euon)rus atropurpureus 23.3 9.5 700 8.1 1.7 9.1 26.8

Ulmus americana 13.3 5.5 133 1.5 0.6 3.4 10.4

Ulmus rubra 10.0 4.1 200 2.3 0.6 3.5 9.8

Carya laciniosa 10.0 4.1 133 1.5 0.6 3.2 8.8

Quercus macrc3Carpa 10.0 4.1 133 1.5 0.2 1.3 6.9
Smilax hispida 10.0 4.1 100 1.2 0.1 0.6 5.9

Morus rubra 6.6 2.7 67 0.7 0.2 0.8 4.3

G.ynocladus dioica 6.6 2.7 67 0.7 0.1 0.6 4.2

Acer saccharinum 3.3 1.4 33 0.4 0.4 2.1 3.8

Quercus shumardil 6.6 2.7 67 0.7 0.0 0.3 3.8

Sambucus sp. 3.3 1.4 33 0.4 0.2 0.8 2.6

Diospyros virginiana 3.3 1.4 33 0.4 0.1 0.3 2.1

Cercis canadensis 3.3 1.4 33 0.4 0.0 0.1 1.9

Menispermum canadense 3.3 1.4 33 0.4 0.0 0.1 1.9

Totals 8633 18.6

2

10
F

2

2

2
-4
3"
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Table 8.11. Frequency of species in the ground layer and average ground
layer cover in the south floodplain woods, Community 8, in the
vicinity of the Wolf Creek Generating Station, Burlington, I
Kansas, April, June, and September 1976.

April June September
Relative Relative Relative

Species Frequency Frequency Frequency Frequency Frequency Frequency

Galium aparine 96.7 18.4
Chaerophyllum procumbens 93.3 17.7
Gramineae 53.3 10.1
Laportea canadensis 30.0 5.7 40.0 9.7 13.3 4.0

Geum vernum 30.0 5.7
Compositae 26.7 5.1
Allium sp. 23.3 4.4
Parthenocissus

quinquefolia 23.3 4.4 46.7 11.4 43.3 12.9

Symphoricarpos
orbiculatus 20.0 3.8 6.6 1.6 6.6 2.0

Rhus radicans 20.0 3.8 40.0 9.7 36.7 10.9
Carex sp. 16.7 3.2
Sanicula gregaria 13.3 2.5 20.0 4.9 16.7 5.0
Viola papilionacea 13.3 2.5

Phlox divaricata 10.0 1.9
Menispermum canadense 10.0 1.9 13.3 3.3 3.3 0.9
Viola eriocarpa 10.0 1.9
Smilax hispida 6.6 1.3 20.0 4.9 30.0 8.9

Ranunculus abortivus 6.6 1.3
Euonymus atropurpureus 6.6 1.3 3.3 0.8
Celtis occidentalis 6.6 1.3 3.3 0.8 3.3 0.9
Gleditsia triacanthos 3.3 0.6
Urtica dioica 3.3 0.6
Fraxinus pennsylvanica 3.3 0.6 3.3 0.8 3.3 0.9
Elymus virginicus 60.0 14.6 36.7 10.9

Ruellia strepens 30.0 7.3 26.7 7.9

Geum canadense 30.0 7.3 13.3 4.0
Viola sp. 23.3 5.7 3.3 0.9
Ambrosia trifida 16.7 4.1 13.3 4.0
Carex laxiflora 13.3 3.3 30.0 8.9
Ulmus americana 3.3 0.8 3.3 0.9
Quercus macrocarpa 3.3 0.8

Quercus sp. 3.3 0.8
Polygonum sp. 3.3 '0.8
Cercis canadensis 3.3 0.8
Latuca sp. 3.3 0.8
Acer saccharinum 3.3 0.8

Festuca obtusa 3.3 0.8
Impatiens biflora 3.3 0.8
Oxalis sp. 3.3 0.8
Circaea quadrisulcata 3.3 0.8
Pilea 2umila 3.3 0.8 13.3 4.0
Polygonum punctatum 16.7 5.0

Parietaria pensylvanica 3.3 0.9

Quercus shumardii 3.3 0.9

Convolvulaceae 3.3 0.9
Panicum sp. 3.3 0.9

Average Community Ground Layer

20% 37% 28%

200
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Table 8.12. Density (stems per hectare) of saplings and trees by diameter classes in the south

floodplain woods Community S, in the vicinity of the Wolf Creek Generating Station,

Burlington, Kansas, June 1976.

0

Diameter Classes dbh (cm)
Sapling Class Tree Class

2.5- 6.3- Sub- 10.1- 17.6- 25.1- 32.6- 40.1- 47.6- > Sub-
Species 6.2 10.0 Total 17.5 25.0 32.5 40.0 47.5 55.0 55.1 Total Totals

Density (stems/ha)

Ulmus americana 62.5 50.0 112.5 62.5 20.8 12.5 4.2 100.0 212.5

Celtis occidentalis 95.8 66.7 162.5 29.2 8.3 4.2 4.2 45.8 208.3

Fraxinus pennsylvanica 20.8 8.3 29.2 8.3 16.7 4.2 4.2 4.2 37.5 66.7

Acer saccharinum 4.2 4.2 4.2 12.5 12.5 20.8 50.0 54.2

Quercus palustris 16.7 16.7 4.2 4.2 4.2 45.8 45.8

Quercus ahumardii 4.2 12.5 8.3 8.3 8.3 41.7 41.7

Carya laciniosa 4.2 12.5 16.7 16.7 4.2 4.2 25.0 41.7

Quercus macrocarpa 8.3 4.2 12.5 4.2 29.2 29.2

Morus rubra 8.3 4.2 12.5 4.2 4.2 16.7

Cercis canadensis 8.3 8.3 4.2 4.2 12.5

Gymnocladus dioica 8.3 8.3 4.2 4.2 12.5

Gledttsia triacanthos 4.2 4.2 4.2

Platanus occidentalis 4.2 4.2 4.2

Juglans nigra 4.2 4.2 4.2

Totals 216.7 141.7 358.3 129.2 75.0 54.2 66.;7 41.7 16.7 12.5 395.8 754.2

Biomass (kg/ha) 783 1848 5298 18240 22357 55971 48305 27995 39891 220688

Productivity (hg/ha/yr) 409 726 1579 3648 960 5427 2872 1164 883 17668
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46
Table 8.13. Frequency of species in the ground layer and average ground

layer cover on A wet mudflat on John Redmond Reservoir, New
Strawn, Kansas, June and September 1976.

June September
Relative Relative

Species Frequency Frequency Frequency Frequency

Polygonum pensylvanicum 92.3 32.4
Xanthium strumarium 61.5 21.6 12.0 3.4
Compositae 61.5 21.6
Gramineae 46.2 16.2
Ipomoea lacunosa 15.4 5.4 12.0 3.4
Solanum carolinense 7.6 2.7 12.0 3.4
Panicum dichotomiflorum 68.0 19.1
Euphorbia humistrata 64.0 18.0
Amaranthus arenicola 48.0 13.5
Hibiscus trionum 36.0 10.1
Polygonum persicaria 24.0 6.7
Iva ciliata 24.0 6.7
Eragrostis pilosa 24.0 6.7
Abutilon theophrasti 8.0 2.2
Polygonum lapathifolium 8.0 2.2
Euphorbia maculata 8.0 2.2
Sida spinosa 4.0 1.1
Leptochloa attenuata 4.0 1.1

Average Community Ground Layer Cover

24% 50%

I
9
I
I
I

I
I
I

202

I



I NALCO ENVIRONMENTAL SCIENCES

I
Table 8.14.

I
Frequency of species in the ground layer and average ground layer
cover on a dry mudflat on John Redmond Reservoir, New Straa,,
Kansas, September 1976.

I
I
I
I

Relative
Species Frequency Frequency

Helianthus annuus 60.0 12.2
Solanum carolinense 60.0 12.2
Xanthium strumarium 50.0 10.2
Setaria geniculata 50.0 10.2
Gramineae 40.0 8.1
Ambrosia artemisiifolia 30.0 6.1
Panicum sp. 30.0 6.1
Polygonum lapathifolium 30.0 6.1
Asclepias sp. 20.0 4.1
Euphorbia preslii 20.0 4.1
Amaranthus sp. 20.0 4.1
Sida spinosa 20.0 4.1
Hibiscus trionum 20.0 4.1
Helianthus petiolaris 10.0 2.0
Echinochloa muricata 10.0 2.0
Strophostyles leiosperma 10.0 2.0
Compositae 10.0 2.0

Average Community Ground Layer Cover

88%

I
I
I
I
I
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Table 8.15. Ordination of plots in the south
continuum index, in the vicinity

floodplain woods (Community 8) based on flood susceptibility
of the Wolf Creek Generating Station, Burlington, Kansas, 1976.

0O

Plot Number 3 6 2 5 1 4
Plot Eelevation (m) 304.21 305.53 305.33 305.84 306.80 307.36
Flood Susceptibility Continuum Index

(Calculated from Tree and Sapling Data) 511 545 587 660 692 782

Flood Susceptibility
Species Number (Relative Dominance & Relative Density)

Fraxinus pennsylvanica 4 74.3 11.6 22.9 5.4
Acer saccharinum 5 39.4 80.3
Plantanus occidentalis 5 43.1
Quercus palustris 6 63.4 49.2
Clediltsia triacanthos 6 9.4 2.2
Ulmus americana 6 76.9 28.9 42.2 120.1 16.4 29.6
Quercus macrocarpa 7 6.3 29.8 27.2
Celtis occidentalis 7 29.9 28.3 21.0 53.3 43.2
Morus rubra 7 22.8 4.4 3.6
Gymnocladus dioica 7 18.2
Juglans nigra 8 19.4
Caraya laciniosa 8 12.8 16.3 13.7 5.9
Cercis canadensis 8 2.1 7.6
Quercus shumardli 9 25.8 91.5
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Table 8.16. Plot-to-plot degree of floristic resemblance for shrub stratum
and ground layer stratum data from the south floodplain woods,

Community 8, in the vicinity of the Wolf Creek Generating Station,
Burlington, Kansas, 1976.

Shrub StratumI
I
I
I

I
9
I
I
I
I

Flood Susceptibility Continuum Index

511 545 587 660 692 782

511

545

587

660

692

782

Plot Number

3

6

2

5

1

4

3 6 2 5 1

1 00 a 55

100

52

54

100

48

59

42

100

9

20

31

24

100

22

39

41

41

58

100

4

Ground Layer Stratum

Flood Susceptibility Continuum Index

511 545 587 660 692 782

Plot Number
3 6 2 5 1 4

511

545

587

660

692

782

3

6

2

5

4

100 67

100

71

55

100

57

54

65

100

51

48

61

57

100

54

45

62

59

51

100

a Percent similarity.
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Table 8.17. Distribution of shrub-stratum species along the flood susceptibility continuum in the southfloodplain woods, Community L, in
Burlington, Kansas, 1976.

the vicinity of the Wolf Creek Generating Station,

0
ON

Plot Number 3 6 2 5 1 4Plot Elevation (m) 304.21 305.53 305.33 305.84 306.80 307.36Flood Susceptibility Continuum Index
(Calculated from Tree and Sapling Data) 511 545 587 660 692 792

Specles Importance Value

Acer saccharlnum 39.3
Fraxinus pennsylvanica 132.6 100.0 21.7 81.1 7.1 19.8Smilax hispida 35.2 29.7 6.8Rhus radicans 132.6 64.3 141.1 33.9 12.0 46.1Diospyros virginiana 9.1
Ulmus americana 32.3 11.1 16.3Celtis occidentalis 64.0 75.6 62.6 39.5 35.1Quercus shumardii 9.1 7.3Quercus macrocarpa 9.1 53.4 7.3Sambucus sp. 

39.3Ulmus rubra 11.1 32.8Menispermum canadense 
7.3Morus rubra 

17.4Euonymus atropurpureus 11.1 64.6 29.6Cercis canadensis 
7.3Symphoricarpos orbiculatus 78.1 121.5

Caraya laciniosa 12.4 18.3Gymnocladius dioica 13.4
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Table 8.18. Distribution of ground-stratum species along the flood susceptibility continuum in the sQuth
floodplain woods, Community
Burlington, Kansas, 1976.

8, in the vicinity of the Wolf Creek Generating Station,

0

Plot Number 3 6 2 5 1 4
Plot Elevation (m) 304.21 305.53 305.33 305.84 306.80 307.36
Flood Susceptibility Continuum Index

(Calculated from Tree and Sapling Data) 511 545 587 660 692 782

Month of
Species Maximum Occurrence Frequency During Month of Maximum Occurrence

Viola papilionacea April 60 20
Acer saccharinum June 20
Urtica d ,i.ca April 20
Gieditsia triacanthos April 20
Pilea pumila September 20 20 20 20
Polygonum punctatum September 40 20 40
Smilax hispida September 20 60 40 20 40
Ambrosia trifida June 40 20 20 20
Quercus macrocarpa June 20
Cercis canadensis June 20
Rhus radicans June 60 40 80 40 20 40
Laportea canadensis June 20 60 100 20 40
Chaerophyllum procumbens April 100 80 80 100 100 100
Calium aparine April 80 100 100 100 100 100

Ranunculus abortivus April 20 20
Sanicula gregaria June 20 60 40
Festuca obtusa June 20
Ruellia strepens June 40 40 20 80
Ulmus americana June 20
Carex laxiflora September 40 20 40 40 20 20
Elymus virginicus June 20 100 100 60 80
Geum canadense June 20 40 20 80 20

Geum vernum April 20 80 60 20

Euonymus atropurpureus April 20 20

Parthenocissus quinquefolia June 20 20 40 20 80 100

Fraxinus pennsylvanica June 20
Impatiens biflora June 20
Celtis occidentalis April 40
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Table 8.19. Ordination of plots in the north floodplain woods, Community 1, based on flood susceptibility
continuum index, in the vicinity of the Wolf Creek Generating Station, Burlington, Kansas, 1976.

Plot Number 2 4 6 1 5 3
Plot Elevation (m) 333.06 332.72 332.66 333.70 332.99 333.27
Flood Susceptibility Continum Index

(Calculated from Tree and Sapling Data) 672 715 722 740 751 760

Flood Susceptibility
Species Number (Relative Dominance & Relative Density)

Fraxinus pennsylvanica 4 35.0 23.7 2.3 10.5 2.9
Ulmus americana 6 2.5 9.5 15.3
Maclura pomifera 6 2.6 2.4 2.9
Gymnocladus dioica 7
Celtis occidentalis 7 63.4 54.1 80.0 68.9 91.3 57.9
Quercus macrocarpa 7 53.0 44.2 69.0 41.0 16.1 35.8
Morus rubra 7 2.5 3.8 2.9
Ulmus rubra 8 5.5 10.5
Juglans nigra 8 14.3 44.0 18.7 49.2
Cercis canadensis 8 26.6 2.5 28.0 6.3 16.7 14.7
Cornus racemosa 8 2.3
Carya cordiformis 9 11.4 2.6 47.4 33.3
Quercus shumardli 9 53.8
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Table 8.20. Plot-to-plot degree of floristic resemblance for shrub stratum
and ground layer stratum data from the north floodplain woods,-
Community 1, in the vicinity of Wolf Creek Generating Station,
Burlington, Kansas, 1976.I

I
I
I
I
I

Shrub Stratum

Flood

672

715

722

740

751

760

Susceptibility Continuum Index

672 715 722 740 751 760

Plot Number

2

4

6

i

5

3

2 4 6 1 5 3

10 0 a 69

100

86

74

100

47

77

56

100

66

71

72

66

71

69

75

52

76100

100

I
I Ground Layer Stratum

Flood Susceptibility Continuum Index

I 672 715 722 740 751 760

672

715

722

740

751

760

Plot Number

2

4

6

1

5

3

2 4 6 1 5 3

100 64 76

59100

49

58

53

100

100

72

58

67

53

100

73

64

62

47

78

100

a Percent similarity.
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Table 8.21. Distribution of shrub-stratum species along the flood susceptibility continuum in the
north floodplain woods, Community 1, in the vicinity of the Wolf Creek Generating Station,
Burlington, Kansas, 1976.

Plot Number 2 4 6 1 5 3
Plot Elevation (m) 333.06 332.72 332.66 333.70 332.99 333.27
Flood Susceptibility Continuum Index

(Calculated from Tree and Sapling Data) 672 715 722 740 751 760

Species Importance Value

Ulmus americana 31.6
Morus rubra 13.2
Rhus radicans 15.7
Euonymus atropurpureue 11.7
Cornus racemosa 13.0
Ribes missouriense 33.1 51.3
Ulmus rubra 26.9 44.4
Cercis canadensis 1.9.5 20.1 24.8
Symphoricarpos orbiculatus 120.1 141.4 145.4 162.2 177.4 120.6
Fraxinus pennsylvanicus 34.9 15.1 27.3 14.2 37.5 50.5
Caraya cordiformis 8.5
Celtis occidentalis 80.8 70.6 66.8 7.6 44.1 58.1
Vitis sp. 12.9 7.6 26.1 19.0
Smilax hispida 7.0 14.9 8.1
Quercus macrocarpa 18.8
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Table 8.22. Distribution of ground-stratum species along the flood susceptibility continuum in the
north floodplain woods, Community 10 in the vicinity of the Wolf Creek Generating Station,
Burlington, Kansas, 1976.

2 4 6 1 5 3Plot Number
Plot Elevation (m)
Flood Susceptibility Continuum Index

(Calculated from Tree and Sapling Data)

2
333.06

672

4
332.72

715

6
332.66

722

1
333.70

740

5
332.99

751

3
333.27

760

H
H

Month of
Species Maximum Occurrence Frequency During Month of Maximum Occurrence

Fraxinus pennsylvanica June 20
Smilax hispida September 20
Ruellia strepens September 20 60
Phlox divaricata April 80 60
Cinna arundinacea September 20 20
Celtis occidentalis June 20
Ellisia nyctelea April 40
Leersia virginica September 20 20 20
Verbesina alternifolia June 40 80 60 80
Polygonum punctatum September 40
Urtica dioica April 40 20
Rhus radicans June 20
Ribes missourlense April 40
Claytonia virginica April 20
Menispernum canadense June 20 20
Carex laxiflora September 40 60 40 80 20 20
Cercis canadense June 40 20 20
Viola eriocarpa April 40 60 80 40
Sanicula gregaria April 60 80 80 100 60 60
Chaerophyllum procumbens April 100 80 80 60 100 100
Symphorlcarpos orbiculatus April 20 20 80 40 20
Elymus virginicus June 80 60 80 20 100 80
Parthenocissus quinquefolia June 60 40 20 100 60 60
Laportea canadensis June 80 40 100 100 80
Galium aparine April 80 80 80 20 100 100
Polygonum virginianum April 20 20 20 20 40 20
Viola papilionacea April 20 60 20
Geum vernum ' April 20 40 20
Geum canadense April 20 20 20
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Table 8.22. (continued)

Plot Number 2 4 6 1 5 3
Plot Elevation (m) 333.06 332.72 332.66 333.70 332.99 333.27
Flood Susceptibility Continuum Index

(Calculated from Tree and Sapling Data) 672 715 722 740 751 760

Month of
Species Maximum Occurrence Frequency During Month of Maximum Occurrence

Chenopodium hybridum September 20
Quercus shumardii June 20
Pilea pumila June 20 20
Festuca obtusa June 20 20
Ulmus americana April 20 20
Parietaria pennsylvanica June 20 20H•
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Table 8.23. Plot-to-plot degree of floristic resemblance for shrub stratum

data from the north floodplain woods, Community 1, and the south
floodplain woods, Community 8, in the vicinity of the Wolf
Creek Generating Station, Burlington, Kansas, 1976.

North Floodplain Woods

Flood Susceptibility Continuum Index

672 715 722 740 751 760

I 0,

0

(0
r--4

0
0n

Plot Number

3

6

2 4 6 .1 5 3

511

545

587

660

692

782

2

5

1

4

12a

44

40

33

48

58

26

32

48

51

57

5 14

36

38

35

52

68

7

7

11

10

44

48

13

27

27

32

44

59

20

36

30

45

49

59

I
a Percent similarity.

I
I

213



NALCO ENVIRONMENTAL SCIENCES

Chapter 9

WILDLIFE MONITORING

By

Carl N. Becker
and

Joseph L. Suchecki
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I. Introduction

Construction phase monitoring of terrestrial wildlife occurred in the
vicinity of the Wolf Creek Generating Station (WCGS) on 12-13 May, 22-25 June,
21-24 September, and 8-10 November 1976 and 17-19 January 1977. Avifauna,
medium and large-sized mammals, and herpetofauna were censused along a 20-mile
wildlife survey route and within two communities (north floodplain woods and
abandoned railroad right-of-way, Figure 9.1). Small mammals were sampled in two
communities and on two mudflats at John Redmond Reservoir. The mudflats at John
Redmond Reservoir were sampled in 1976 in response to a Nuclear Regulatory
Commission (NRC) recommendation to study the effects of fluctuating water levels
on the fauna. These data were used to predict the potential impact of fluctuating
water levels on the fauna at the WCGS cooling lake. Two communities (open pasture
and mixed shrub-grass pasture) and the squirrel census were deleted from the 1976
monitoring program in response to NRC recommendations.

The 1976 monitoring program was designed to determine:

1. Species composition and abundance of game and non-game wildlife;
2. Baseline data for communities not previously sampled;
3. Naturally occurring variations in species composition and abundance

not related to construction or operation; and
4. Possible faunal changes that may result from construction activity

and operation of WCGS.

II. Field and Analytical Procedures

A. Study Areas

Wildlife populations were censused in two communities near Wolf Creek
Generating Station (WGGS), in two mudflat communities on John Redmond Reservoir,
and along a 20-mile wildlife survey route during the 1976 monitoring study
(Figure 9.1).

The north floodplain woods (Community I) was initially sampled during
the 1973 baseline study and during monitoring studies subsequent to November 1974.
This wooded community was located along Wolf Creek and has not been recentlylogged.

The abandoned railroad right-of-way (Community 2) was selected in
May 1974 and has been sampled during all subsequent monitoring studies. The com-
munity is typical of abandoned railroad rights-of-way, having relatively low
areas scattered with debris parallel to the former track bed beyond which lies a
generally flat sod of prairie grasses. The tenant of an adjacent farm pastured
cattle to the perimeter of the community and during 1976 removed a fence row
along one edge, thus reducing the extent of neighboring undisturbed habitat.

The wet mudflat (Community 9) was a relatively flat peninsula that is
flooded several times per year. During the June sampling, many bare areas were
noted and vegetation cover was only 24%; parts of the mudflat were inundated
during a rainstorm. In September, no recent flooding was evident, the soil was
dry, and vegetation cover had increased to 50%.
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I
The dry mudflat (Community 10) was a slightly sloping area subject to

less frequent flooding than Community 9. Development of vegetation in June was ¶
more advanced and few extensive bare areas existed. In September, vegetation
cover increased to 88%, much greater than in Community 9.

B. Mammals I
Mammal surveys conducted in 1976 included trapping studies at four

communities, observations along the 20-mile wildlife survey route, pitfall trap-
ping, and miscellaneous observations.

1. Small Mammal Trapping I
A grid of 50 Sherman live traps (8 x 9 x 23 cm) was established

in the abandoned railroad right-of-way and north floodplain woods communities
(Figure 9.1) to determine species composition and abundance in June and I
September 1976. One trap was placed at each station, with stations spaced at
10 m intervals along lines 10 m apart (abandoned railroad right-of-way: two rows
12 traps each, two rows 13 traps each; north floodplain woods: five rows, 10
traps each). Traps were set and baited with a mixture of peanut butter and
rolled oats for four consecutive nights and checked daily; captured animals were
toe-clipped for identification and their sex, weight, and reproductive condition
were noted. The modified Peterson index (Seber 1973) was used to calculate I
population estimates, and density estimates were determined by dividing the
population estimates by the trapping grid's area of influence. This area equals
the area of the trapping grid plus the area inside a line around the perimeter
of the grid "n" meters from the grid boundary (where "n" equals the radius of
a species mean home range).

Small mammal populations were sampled in Communities 9 and 10 I
using a line of 100 Museum Special snap traps with stations 10 m apart and 3
traps per station. Traps were set and baited for three consecutive nights at
each community in June and September; captured animals were identified and their I
sex, weight, and reproductive condition were noted. Capture data were converted
to number per 100 trap nights (TN) to facilitate comparison and analysis.

2. Eastern Cottontail Census

Eastern cottontails (Sylvilagus floridanus) were censused in June
and September by standard roadside counts along the 20-mile wildlife survey route. I
Each cottontail observed was recorded and abundance indices calculated.

3. Supplemental Data

In addition to the described surveys, records were kept of all
mammals and/or their signs noted during each field trip. These observations
provided information on the species composition and relative abundance of larger
mammals near the site.

2
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4. Nomenclature

Identification and/or nomenclature followed Cockrum (1952),

Murie (1954), and Jones et al. (1975).

C. Avifauna

Avifauna censuses were conducted seasonally to derive species lists

and estimates of relative densities of game and nongame species that occur

near WCGS. Seasons, for the purpose of this study, were defined as follows:

spring-March, April, and May; summer-June, July, and August; fall-September,
October, and November; and winter-December, January, and February.

1. Transect Counts

IRelative population estimates of birds in the abandoned railroad

right-of-way and north floodplain woods (Figure 9.1) were derived from transect

counts (Kendeigh 1944); three counts were conducted in each community during each

survey period. Both sight observations and songs were used for species identifi-

cation. The species, numbers observed, and duration of each count were recorded.

Raw data were converted to number of birds per hour to provide a basis for direct

comparisons. Relative frequencies were calculated for each species.

The bird species diversity index (BSD), a derivation of the informa-

tion theory (Shannon and Weaver 1949) and a measure of biotic diversity

(MacArthur 1965), was calculated for avian species recorded within each commu-

nity. The equation: s

BSD = I/N (N loge N - E n. loge n.)

i=l 1

(Lloyd et al. 1968), where N = total population, n. number of species observa-

tions, and s = total number of species in the aggregation, was used to calculate

diversity.

2. 20-mile Wildlife Survey Route

A 20-mile wildlife survey route, established along roads near

the site area (Figure 9.1), was driven twice during each survey period. All

species of wildlife were recorded with observations listed by mile segment

along the route.

Bobwhite (Colinus virginianus) were censused on two successive
days in May and June at one-mile intervals along the 20-mile wildlife survey

route. During each survey, the number of Bobwhite heard calling was counted for

2-minute periods at each stop during the early morning hours (Preno and Labisky

1971 ).
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3. Supplemental Data

In addition to the described surveys, records were kept of birds
observed during each field trip; a separate species list was kept for birds
observed near John Redmond Reservoir. Additional observational data that were
provided by personnel from Flint Hills National Wildlife Refuge and the U.S. Fish
and Wildlife Service in past years have not been compiled for 1976.

4. Nomenclature 3
Nomenclature followed the American Ornithologists' Union (1957,

1973). Avian identification was aided by reference to Peterson (1947) and
Robbins et al. (1966).

D. Reptiles and Amphibians 3
Reptiles and amphibians were qualitatively surveyed in May, June, and

September by pitfall trapping, community inventories, a night driving survey,
and searches in special habitats. 3

1. Community Studies

Pitfall traps consisting of two, one-gallon containers and a
3 m drift fence of hardware cloth were established in each community. Pitfall
traps were checked for three nights and all captures recorded. Reptiles and
amphibians were also surveyed through intensive community searches. An eco-
logist walked through each community turning over debris and examining appro-
priate habitat, and recorded all reptiles and amphibians observed.

2. 20-mile Wildlife Survey Route

The 20-mile wildlife survey route was driven after sunset to search
for herptiles during May, June, and September. All herptiles observed or heard I
were recorded.

3. Supplemental Data 3
Additional herptile observations were obtained by searching

aquatic habitats near the site. All species observed near John Redmond
Reservoir were also recorded.

4. Nomenclature 3
Nomenclature and identifications followed Conant (1975).

E. Rare and Endangered Species 3
All species lists were checked against the official list of threatened

and endangered species (U.S. Dep. Interior 1976). 3
9
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? III. Results and Discussion

A. Mammals

1. Small Mammals

a. Wolf Creek

Five species of small mammals were captured in 1976 from two
grids during a 800 trapnight (TN) effort; two species were captured in the north
floodplain woods and five species in the abandoned railroad right-of-way. Trap
success was higher in the north floodplain woods than in the abandoned railroad

right-of-way in 1976.

1) Community and Seasonal Analyses

North Floodplain Woods: The number of small mammal
captures was greater in this community than in the abandoned railroad right-of-

way (Table 9.1). The white-footed mouse and short-tailed shrew represented 76
and 24%, respectively, of the individuals captured in the community and were the
only species present in 1976. Short-tailed shrew density increased between June
(1.5/ha) and September (14.6/ha), whereas the white-footed mouse density decreased
during this same period (34.0/ha to 26.0/ha). 1.

Abandoned Railroad Right-of-way: The number of small
mammal captures was lowest and species richness was highest in this community
(Table 9.1). The hispid cotton rat was the prominent species, representing 64.8%
of the captures; subordinate species included the short-tailed shrew (9.3%), deer
mouse (13.0%), white-footed mouse (1.9%), and prairie vole (11.1%). Densities of
all species, except the prairie vole, increased between June and September (Table

9.1).

2) Comparisons With Previous Studies

Data on white-footed mice from the north floodplain woods

and hispid cotton rats from the abandoned railroad right-of-way were sufficient
to compare from 1975 to 1976 and 1974 to 1976, respectively. Seasonal white-
footed mouse densities were higher in June than in September, however; this dif-
ference was not as pronounced in 1976 as in 1975 (Table 9.2). The densities of
white-footed mice in June (34.0/ha) and September (26.0/ha) 1976 were higher
than comparable densities in June and September 1975, 23.0 and 7.0/ha, respec-
tively (Table 9.2). Hispid cotton rat population data from June 1974 to
September 1976 demonstrated a cyclic pattern. Populations were moderately dense
in June 1974 but declined in September 1974 and continued to decline through
June 1975 when no animals were captured. The hispid cotton rat population began
to recover in September 1975 and continued to increase through 1976 (Table 9.2).

Numerous authors (Davis 1958; McCulloch 1959; Goertz
1964) have noted that the hispid cotton rat demonstrates extreme fluctuations in
numbers. The causes of these fluctuations are not clear but reduction of food

i and cover in a given habitat is often cited as a cause for these declines. Goertz
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I
(1964) trapped a field which was partially mowed during his study, a situation
similar to that which occurred along the abandoned railroad right-of-way in late t
summer 1974, and concluded that mowing probably was the factor limiting the popu-
lation. Goertz and others have noted that during periods of stress, e.g. food
shortage, lack of cover, and drought, cotton rats retreat from marginal habitats
to superior habitats. The cotton rat population crash noted in September 1974 $
and June 1975 was probably caused by stress conditions, possibly mowing and
drought, whereas the population recovery in 1976 was probably in response to
improved conditions. I

b. John Redmond Reservoir

Traplines were established on annually inundated (wet) and I
occasionally inundated (dry) mudflats to document the effects of flooding on small
mammal populations (Figure 9.1). Many plant species occurring on the wet mudflat
(Community 9) had the prostrate habit typical of mudflat vegetation. Ground cover I
varied on the wet mudflat where dense, nearly homogeneous areas of smartweed
(Polygonum spp.) alternated with areas of bare ground. Small groups of willows
(Salix spp.) were scattered across the mudflat, and in drier areas stands of
coarse grasses were evident.

The dry mudflat (Community 10) was codominated by perennials
and annuals. The most important species were annual sunflower (Helianthus
annuus), cocklebur (Xanthium strumarium), horse nettle (Solanum carolinensis),
and foxtail grass (Setaria geniculata). Ground cover as a whole was more con- 4
tinuous than that on the wet mudflat, with no obvious areas of bare ground.

Six species of small mammals (116 individuals) were captured
in traps from the two mudflats at John Redmond Reservior in 1976. The deer mouse
and house mouse were the prominent species and accounted for 70.7 and 17.2%,
respectively, of all captures (Table 9.3). Less abundant species included the
western harvest mouse (Reithrodontomys megalotis, 1.0%), white-footed mouse
(5.1%), hispid cotton rat (3.0%), and prairie vole (2.0%). In addition to those
species captured in traps, three least shrews (Cryptotis parva) were captured in
pitfall traps set for herptiles. The least shrew, deer mouse, white-footed mouse,
prairie vole, and house mouse were common to both mudflats. The western harvest
mouse was unique to the wet mudflat and the hispid cotton rat was unique to the
dry mudflat; 47 animals were collected on the wet mudflat compared to 69 on the
dry mudflat. I

In June soil in the wet mudflat was saturated, standing water
was noted in low areas, and the ground cover was only 24%. Corps of Engineers
records indicate that the wet mudflat was inundated between 28 April and 14 July I
except for four consecutive days in May and 12 consecutive days in June just prior
to the June sampling. The major portion of the dry mudflat was not inundated in
1976; therefore, ground cover was more developed than on the wet mudflat. The I
number of mice captured and the species richness in June were lower on the wet
mudflat (I species, 0.7/100TN) than on the dry mudflat (3 species, 15.7/lOOTN).

Drier conditions were noted in September and the ground cover I
increased on the wet and dry mudflats to 50 and 88%, respectively. In September
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S species richness increased on both mudflats and was higher on the wet mudflat

(6 species) than on the dry mudflat (5 species). The relative abundance of mice

increased on the wet mudflat to 15.0/100TN but decreased on the dry mudflat to

7.3/lOOTN (Table 9.3).

2. Eastern Cottontail Census

The number of eastern cottontails recorded along the 20-mile

route in June 1976 was 0.40/mile, the highest number recorded since the baseline

study in 1973. Numbers recorded during similar periods of 1973, 1974, and 1975

were 0.35, 0.20, and 0.05/mile, respectively. Counts of eastern cottontails by

rural mail carriers in Coffey County for July 1973-75 were much lower (0.04,
0.04, and 0.03/mile, respectively) but indicated a stable year-to-year popu-

lation (J. Norman, Kansas Forestry, Fish and Game Commission, Pratt, Kansas,

personal communication).

3. Incidental Observations

a. Floodplain Woods

Six additional mammalian species were observed in the flood-

plain woods in 1976-77. The least shrew and eastern mole (Scalopus aquaticus)

were noted in September and May, respectively, and the fox squirrel (Sciurus
niger) was observed during all sampling months except June (Table 9.4). Larger. species such as the coyote (Canis latrans), raccoon (Procyon lotor), and white-
tailed deer (Odocoileus virgTn~us) were recorded infrequently. A greater number

of species and individuals was noted in 1976-77 than in previous studies.

b. Abandoned Railroad Right-of-way

The eastern cottontail was a common species in the abandoned

railroad right-of-way (Table 9.4). Coyote sign was noted in May 1976 and

January 1977.

c. 20-Mile Wildlife Survey Route and Other Areas

Fox squirrels were common along the route in each study period

and a coyote was observed in May (Table 9.4). A white-tailed deer was recorded

0.8 km south of Location 2 in May.

4. Rare and Endangered Species

No rare or endangered species of mammals were observed during this

study.

B. Avifauna

Johnston (1965) summarized much of the information relating to the dis-

tribution of birds in Kansas and reported that 383 species (184 breeding species)

have been recorded in the state. A list of 183 avian species has been compiled

S for the Flint Hills National Wildlife Refuge located several miles west of the
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WCGS site, whereas 119 species have been observed during the three annual moni-
toring studies. Wetland habitat on the refuge attracts approximately 63 aquatic

or semi-aquatic avian species. Appropriate wetland habitat for these species is
absent on the WCGS site and this accounts for the lower number of species noted.
Such habitat will be available when the cooling lake is filled and many of these
species will utilize the new habitat. Seventy avian species were noted at John I
Redmond Reservoir during the 1976 monitoring program (Table 9.5).

A total of 99 avian species was observed during community surveys and
along the 20-mile wildlife survey route in 1976-77. This included 16 migrant, 41

summer, 32 permanent, and 10 winter resident species (Table 9.6). Most species

were recorded along the 20-mile wildlife survey route; however, several were only
recorded in the north floodplain woods (Community 1). One species, the Barred I
Owl (Strix varia), was not recorded during any scheduled surveys but was observed
in the south floodplain woods (Community 8) in January 1977. I

1. Commmunity Surveys

Community surveys were conducted in the north floodplain woods
(Community 1) and along the abandoned railroad right-of-way (Community 2). As

expected, more species were recorded in the woodland community.

a. Transects I
North Floodplain Woods (Community 1): Forty-three species

of birds were recorded in the north floodplain woods during the 1976-77 monitor-
ing study. The Red-bellied Woodpecker (Centurus carolinus), Downy Woodpecker
(Dendrocopos pubescens), Black-capped Chickadee (Parus atricapillus), and Cardinal
(Cardinalis cardinalis) were common permanent resident species (Table 9.7).

The House Wren (Troglodytes aedon), Cardinal, and Eastern Wood Pewee (Contopus
virens) were the three most abundant breeding species. Species characteristic
of eastern deciduous woodlands such as the Wood Thrush (Hylocichia mustelina)

and Great Crested Flycatcher (Myiarchus crinitus) were observed in this commu-
nity. The number of observations was greatest in November (441.4/hr), when many
American Robins were observed, and lowest in May (58.0/hr). The June population
estimate was calculated to be 110.8/hr (Table 9.7).

Abandoned Railroad Right-of-Way (Community 2): Thirty
avian species were recorded in this community (Table 9.8). The Eastern

Meadowlark (Sturnella magna), Mourning Dove (Zenaida macroura), and
Bobwhite were common resident species. The Eastern Meadowlark, Red-winged

Blackbird CAgelaius phoeniceus), Common Grackle (Quiscalus quiscula), and
Dickcissel (Spiza americana) were the most abundant breeding species noted in
June (Table 9.8). The greatest number of individuals was recorded in November
(139.0/hr) when a large number of meadowlarks was observed; a relatively high

breeding population (122.0/hr) was recorded in June. The smallest number of
birds was recorded in January 1977 (7.5/hr), when the area was snow covered
and neither food nor cover were available to the birds. This number of birds
was much lower than in January 1975 (274/hr) or 1976 (157/hr; Table 9.9). It is
likely that the abnormally cold winter caused the low avian populations. Mike
Long, Manager of the Flint Hills National Wildlife Refuge, indicated that the
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1976-77 winter conditions at the refuge and vicinity were severe and that
winter bird populations seemed to be lower than previous years.

b. Bird Species Diversity

Bird species diversity (BSD) reflects the total number of
species in an area and the relative distribution of species within an aggre-
gation. BSD is generally highest during the migratory periods when many species

pass through an area, and lower during the summer and winter. Values are also
higher in more complex vegetative associations.

Bird species diversity was calculated for each community and
sampling period. BSD values ranged from 0.45 at the abandoned railroad right-of-

way in January to 2.91 at the north floodplain woods in May (Table 9.9). BSD
values from the north floodplain woods generally followed the expected seasonal
pattern of high values in the spring and lower values in winter and summer. How-
ever, the low values reported in November were caused by the large number of
American Robins recorded; a predominance of one species in a community lowers
species diversity.

BSD values calculated for the abandoned railroad right-of-

way showed a different pattern. The highest value occurred during June with
progressively lower indices from September through January (Table 9.9). Lower

fall values may have been caused by the unseasonally cold weather during those' months; the 0.45 BSD calculated for January reflected the very low species rich-
ness and abundance at that time (Table 9.9).

More complex physiognomic communities have greater BSD values

(Karr 1968), whereas grasslands are known for low BSD values (Shugart and James
1973). Structural and vegetational diversity in the wooded floodplain community
were greater than in the grassland dominated abandoned right-of-way, and calcu-
lated BSD values followed this vegetation-complexity gradient.

c. Comparison with Previous Studies

Data collected prior to November 1974 in a floodplain woods
community represented a different location and direct comparisons were not
applicable; however, data subsequent to November 1974 for the north floodplain
woods community and all data from the abandoned railroad right-of-way represent
similar sampling locations and procedures, and were comparable.

Examination of these data shows that the number of species
and individuals has generally increased in 1976 compared to 1974 and 1975 at
both communities. Lower avian populations in 1975 were believed to be caused by
drought conditions (Suchecki and Schamberger 1976),and it appears that popula-

tions have recovered during the past year.

2. 20-Mile Wildlife Survey Route

a. Seasonal Analysis

Eighty-three species were observed along the 20-mile wildlife
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survey route during the 1976 monitoring study (Table 9.6). The number of species
observed remained fairly constant throughout the study except for January 1977
(Table 9.10). Portions of the route were inaccessible during this month due to
snow, and seven miles were not censused; therefore, the January data in Table 9.10
represent only a partial census. The number of individuals was also lowest in
January and highest in November; approximately equal numbers of birds were ob- I
served in May and June (Table 9.10).

Avian species recorded along the route reflected the diver-
sity of habitats and seasonal differences in avifauna composition. During the I
spring and fall, many migrant species were observed as were aquatic species such
as the Double-crested Cormorant (Phalacrocorax auritus), Great Blue Heron (Ardea
herodius), Canada Goose (Branta canadensis) and Mallard (Anas platyrhyncos).
Large numbers of raptors were observed during the fall migratory period, includ-
ing the Red-tailed Hawk (Buteo jamaicensis), Broad-winged Hawk (Buteo platypterus),
Rough-legged Hawk (Buteo lagopus), and Marsh Hawk (Circus cyaneus). Birds ob- I
served during June were primarily summer and permanent resident species that prob-
ably bred in the area; the Eastern Meadowlark, Dickcissel, House Sparrow (Passer
domesticus), Mourning Dove, and blackbirds were the most common species. Species
observed during January were primarily Fringillids (sparrows); a Bald Eagle
(Haliaeetus leucocephalus) was also observed during this season.

b. Comparison with Previous Studies 3
Eighty-three species were recorded along the 20-mile wildlife

survey route in 1976, compared to 81 species in 1975 and 64 species each in 1974
and 1973. Compared to previous years, the number of species noted in 1976 was
higher in each month except January (Table 9.10). The total number of observa-
tions in 1976 was generally intermediate in magnitude compared to previous years
except for November and January when the numbers of observations were lower;
these lower numbers may be attributed to the severe winter weather and the par-
tial census in January. 1

3. Game Species

a. Bobwhite 3
Bobwhite were commonly observed along the abandoned railroad

right-of-way and 20-mile wildlife survey route; many of these areas were repre-
sentative of the mixture of wooded, edge, and open field habitats favored by Bob-
white (Edminster 1954).

Bobwhite call counts conducted in June 1976 along the 20-mile
survey route resulted in an average of 28/20 mi (Table 9.11). The 1976 Bobwhite
population index (28/20 mi) near WCGS was lower than similar indices from the
1973 baseline and 1974 monitoring studies (57 and 39/20 mi, respectively) but
higher than the 18/20 mi recorded during the 1975 study.

Bobwhite population trends derived from rural mail carrier
counts and call count studies conducted by the Kansas Forestry, Fish, and Game
Commission for the years 1966-71 in southeast Kansas correlated very well
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(J. Norman, Kansas Forestry, Fish, and Game Commission, Pratt, Kansas, personal
communication). The 1966-71 call count study was discontinued in 1972, thus call

count data collected near the WCGS cannot be compared with that study, but yearly
trends in the call count data near the WCGS and rural mail carrier count data for

j Coffey County for the years 1973-76 can be compared.

Bobwhite call counts (78-136 cocks/20 mi; Kansas Forestry,
Fish, and Game Commission 1974) and rural mail carrier counts for the years
1966-71 were among the highest indices ever recorded for southeast Kansas and
Coffey County (J. Norman, Kansas Forestry, Fish, and Game Commission, Pratt,
Kansas, personal communication). Results of the July 1972-76 rural mail carrier
counts for Coffey County indicated a slow-gradual decline in the Bobwhite popula-
tion between 1972 and 1975 and an increase in 1976. The 1973-76 Bobwhite popula-

tion trend derived from call counts near WCGS was nearly identical to that noted
in the rural mail carrier counts for Coffey County.

The call count and rural mail carrier count surveys were not

designed to determine causes for increases or decreases in game populations and
to apply a cause and effect relationship would be subjective at best. J. Norman
(Kansas Forestry, Fish, and Game Commission, Pratt, Kansas, personal communica-

tion) indicated that Bobwhite populations will fluctuate between years but they
generally fluctuate in an increasing or decreasing trend as opposed to erratic in-
creases and decreases. These changes generally are in response to a matrix of
unpredictable factors; e.g. rainfall, cover, carrying capacity, severe weather,

and are considered natural variations. No marked changes in habitat have occurred
near the WCGS between 1972 and 1976, therefore, the trend noted in the Bobwhite
call counts can be attributed to natural variation.

b. Mourning Dove

The mean number of Mourning Doves observed in June along the

20-mile wildlife survey route was 80.0/20 mile in 1976, compared with 37.5 during
1975 and 29.5 during 1974. The abundance of Mourning Doves has increased each

year in the study area.

4. Rare and Endangered Species

One Bald Eagle was observed along the 20-mile wildlife survey route

in January, and 30 were estimated to be wintering near John Redmond Reservoir in
1976 (J. Plummer, Flint Hills National Wildlife Refuge, personal communication).
Johnston (1965) believed that the northern subspecies (Haliaeetus leucocephalus

alascanus) winters in Kansas; only the southern subspecies (H.l. leucocephalus)
"is currently endangered (U.S. Dep. Interior 1976). However, proposed rule

changes by the Fish and Wildlife Service would classify all subspecies of the
Bald Eagle in the lower 48 states as endangered.

Construction and filling of the WCGS cooling lake will create

additional habitat for wintering eagles and eagle use of the site should increase.

Care should be taken to insure that wintering eagles in the area are not jeopar-
dized by plant construction and operation. No other endangered avian species

were observed.
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I
C. Reptiles and Amphibians

Increased emphasis was placed on locating and identifying reptiles and
amphibians during the 1976 monitoring study. Fourteen species were identified

including 3 turtle, 1 lizard, 3 snake, 2 toad, and 5 frog species (Table 9.12).
Other herptile species probably inhabit the site but were not observed due to
their secretive nature and the variable conditions encountered during surveyperiods. I

I. Species Accounts

Ornate box turtle (Terrapene ornata): The ornate box turtle was
commonly observed near the site and appeared to be fairly abundant. Collins

(1974) reports this species to be common throughout Kansas. Preferred habitat
includes grassy vegetation, pastures, fields, and open woodland. This diurnal,

terrestrial species feeds primarily on insects; breeding may take place through-
out the summer.

Map turtle (Graptemys geographica): This species was observed

on one occasion near John Redmond Reservoir and its distribution in Kansas is
limited to the southeast portion of the state (Collins 1974). The map turtle is
semi-aquatic, preferring large, slow-moving rivers and quiet lakes. Aquatic

crustaceans, clams, and snails are important components of its diet.

Western painted turtle (Chrysemys picta belli): The semi-aquatic
painted turtle occurs abundantly throughout Kansas 'Col--ins 1974) and was noted 4
twice near the Wolf Creek Generating Station. This species resides in slow-

moving, shallow streams and rivers and is frequently encountered crossing dry
land; both plant and animal matter are consumed. I

Eastern glass lizard (Ophisaurus ventralis): The glass lizard
occurs in the eastern two-thirds of the state but is most abundant in the Osage

Cuestas region of southeastern Kansas (Collins 1974). Although probably common
near the site, only one individual was noted in 1976. Clarke (1958) also re-
corded only one specimen during his study of the herpetofauna of Osage County.
The species prefers open grassland, prairie, and wooded edge habitats; insects
compose the majority of the diet and breeding usually takes place in May
(Collins 1974).

Yellow-bellied racer (Coluber constrictor): This diurnal predator
is common throughout Kansas and was only observed once in 1976 at John Redmond

Reservoir. Preferred habitats include open grasslands, prairies, and pastures

(Collins 1974). Mammals are the main food source. Clarke (1958) frequently ob-
served this species in Osage County.

Black rat snake (Elaphe obsoleta): The black rat snake is common I
throughout the eastern third of Kansas but has not been recorded west of the low-
plains of the Great Bend Prairie (Collins 1974); the species was observed several
times during 1976 near the Wolf Creek Generating Station. The black rat snake
prefers forested habitats and feeds on a variety of vertebrates.
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Western massasauga (Sistrurus catenatus): This small rattlesnake
is limited to the eastern two-thirds of Kansas and inhabits a variety of habitats;

one individual was noted in the abandoned railroad right-of-way during the 1976
monitoring study. Clarke (1958) did not record this species during his study in
Osage County but did list the timber rattlesnake (Crotalus horridus) as fairly
common. Food items include frogs, lizards, and small mammals (Collins 1974).

American toad (Bufo americanus): This species is restricted to
the eastern third of Kansas and has not been recorded west of the Flint Hills.
The American toad was recorded in wooded habitat near the site. The optimal

habitat for this species is rocky, open forests with some standing water nearby.
Food consists primarily of insects and the species migrates to ponds and streams
to breed in early spring.

Woodhouse's toad (Bufo woodhousei): This species occurs through-

out Kansas but is least common in the Osage Cuestas region in the southeast sec-
tion of the state (Collins 1974). Observations of this species near the site
were limited to John Redmond Reservoir and to a pond along the 20-mile wildlife
survey route. Woodhouse's toad prefers sandy lowlands near larger bodies of
water and generally is the only toad on floodplains of larger lakes and rivers.

Insects are the main food source; breeding takes place in the spring.

Western chorus frog (Pseudacris triseriata): The western

chorus frog is found in the eastern third of Kansas and inhabits damp meadows,
pastures, and areas along streams and ditches. This species was fairly abundant
in June 1976 and was frequently heard throughout the area. Insects are the
primary food items.

Gray tree frog (Hyla chrysoscelis): This species is restricted
to the eastern third of Kansas, primarily the Osage Cuestas region, and does

not occur west of the Flint Hills. One specimen was noted near the Wolf Creek
Generating Station in June 1976. The tree frog inhabits forested areas where
it forages for insects in trees and shrubs. The species migrates to woodland
pools to breed during April and May.

Leopard frog (Rana pipiens): This species occurs throughout
Kansas and was commonly observed during the 1976 monitoring study. Leopard frogs

inhabit a wide variety of aquatic situations ranging from temporary ponds to
large lakes and streams (Collins 1974). Individuals may sometimes be observed

far from water. They are insectivores.

Crawfish frog (Rana areolata): The crawfish frog is restricted

to the Osage Cuestas region and plains of southeast Kansas where it inhabits
moist lowland meadows, pastures, and floodplains. One individual was noted at
John Redmond Reservoir in September 1976. This secretive frog feeds on insects

and possibly crustaceans.

The crawfish frog is considered threatened in Kansas (Platt et al.
1973). The species is disappearing rapidly in Kansas and is particularly sus-
ceptible to fluctuations of the water table caused by construction of dams, dikes,
and levees (Collins 1974). Platt et al. (1973) suggested that areas supporting

breeding colonies be designated as sanctuaries.
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Bullfrog (Rana catesbeiana): The bullfrog is found throughout
Kansas where it inhabits permanent lakes, rivers, streams, and swamps (Collins
1974). Numerous individuals were observed near the Wolf Creek site during 1976.
This species is an opportunistic feeder consuming insects, crustaceans, and small
vertebrates; breeding usually occurs in late April or May.

2. Community Distribution

Community searches for herptiles were conducted at the north U
floodplain woods, abandoned railroad right-of-way, and along John Redmond

Reservoir during 1976. A total of 13 species was observed with the greatest
number recorded at John Redmond Reservoir and the smallest at the north flood-
plain woods (Table 9.13).

a. North Floodplain Woods

Only two species, the leopard frog and American toad, were
recorded in this community (Table 9.13). Although extensive searches were con-
ducted, no salamanders or lizards were recorded. Clarke (1958) studied an oak-
walnut forest in Osage County and considered the five-lined skink (Eumeces
fasciatus), prairie ringneck snake (Diadophis punctatus), western worm snake
(Carphophis amoenus), and black rat snake characteristic of that community.

Although not observed during this study, it is likely that several of these
species inhabit woodlands near Wolf Creek.

b. Abandoned Railroad Right-of-Way

Three species of herptiles were observed in this community:
the ornate box turtle, eastern glass lizard, and western massasauga (Table 9.13).
The box turtle was the most frequently observed species and appeared to be abun-

dant in this community; the remaining species were observed on only one occasion.
Clarke (1958) noted that several species of lizards and snakes were characteris-
tic of prairie communities in Osage County, including the six-lined racerunner I
(Cnemidophorus sexlineatus), northern prairie skink (Eumeces septentrionalis),
bullsnake (Pituophis melanoleucus sayi), and prairie kingsnake (Lampropeltis c.

calligaster). Weather conditions dui7Tng census periods were not conducive to-
lizard activity, which may explain why these species were not observed even
though the abandoned railroad right-of-way appeared to be good habitat for these
species. I

c. John Redmond Reservoir

The majority of species observed during 1976 were recorded I
near John Redmond Reservoir (Table 9.13); the large amount of aquatic habitat
accounted for the large number of species. Eight species were observed, includ-
ing 2 turtle, 1 snake, I toad, and 4 frog species. Additional species probably
occur near the reservoir; Clarke (1958) listed the mudpuppy (Necturus maculosus),
snapping turtle (Chelydra serpentina), map turtle, western painted turtle, red-
eared turtle (Chrysemys scripta), and western spiny softshell (Trionyx spiniferus)
as characteristic of aquatic habitats. Construction of the cooling lake will
provide additional habitat for these aquatic species.
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The gray tree frog was the only species observed that was not re-

corded during community studies; one individual was noted along the 20-mile wild-
life survey route (Table 9.13). Herpetofauna observed were generally recorded
in their preferred habitats. The ornate box turtle, leopard frog, and western

chorus frog were widely distributed and appeared to be the more abundant species
in the area.

3. Rare and Endangered Species

No herptile species listed as rare or endangered by the U.S.
Department of Interior were observed near the WCGS site; however, the craw-
fish frog, considered rare in Kansas, was recorded near John Redmond Reservoir.

The species has declined greatly in Kansas (Collins 19741 Platt et al. 1973)

and appears susceptible to flooding and alterations in the water table. Breeding
occurs in March and April and is correlated with heavy spring rains; breeding con-
gregations normally occur in temporary pools of water. Should this species occupy
seasonally flooded areas along Wolf Creek as well as John Redmond Reservoir, con-

struction of the cooling lake could have a negative effect on this species.

D. Relationships Between Wildlife and the Environment

1. Mammals

a. Wolf Creek

9Mammalian distribution near the WCGS was governed by vegeta-

tive cover and food availability, which in turn were governed by precipitation

and land-use practices. Species that are generalists, such as the coyote and
eastern cottontail, have widespread distribution, whereas others, such as the
white-tailed deer, gray squirrel, and hispid cotton rat, are more restricted in
their distribution in Kansas.

Small mammal captures in grassland habitats declined between

1974 and 1975 but increased in 1976. This fluctuation was probably in re-
sponse to land use changes, the drought conditions in the summer of 1974, and the

return of more favorable conditions in 1976. Small mammal captures in woodland
habitats increased in 1975 from 1974 but decreased from June to September 1976.
This was probably a natural variation in the population.

Mammal populations near WCGS have therefore been influenced

by land use changes, drought, and natural, variation; construction activities may

become an additional factor influencing local populations.

b. John Redmond Reservoir

As mentioned above, mammal distribution is generally governed

by an interaction of available water, vegetative cover, food availability, and

land-use practices. The irregular flooding of John Redmond Reservoir is the
most prominent factor governing the distribution and abundance of small mammals
on the reservoir's mudflats. Floodwaters are retained and drawn down gradually
to a conservation pool level (311 m) to protect the farmland and towns down-

stream. During floodwater retainment, exposed mudflats may be inundated in a
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matter of hours and remain flooded for a few days to a month or more before
being exposed again.

Yeager (1949) and Anderson and Shapiro (1957) have studied
the effects of permanent flooding on small mammals and concluded that a large
percentage of small mammals perish as a result of permanent flooding. Stickel m
(1948) found that temporary flooding of the Patuxent River did not adversely
affect the small mammal population. Fisler (1961) and Shure (1971) addressed
the effects of tidal flooding on small mammals and noted that species associated
with tidal areas are adapted to periodic short-term flooding and there is no
marked increase in small mammal mortality with tidal flooding. These types of
flooding are not representative of that which occurs on flood control
reservoirs, and to date few people have studied the effects of floodwater re-
tainment and subsequent drawdown on small mammals.

When a new habitat (mudflat) becomes available, the invad- I
ing species disperse rapidly to occupy all available areas. This rapid expan-
sion occurs because there is an abundance of food, space, and cover, and an
absence of competition. As the community develops, the vegetation stabalizes and I
additional small mammal species will invade as their habitat requirements are
met. Thus the flora and fauna of a frequently inundated mudflat will be composed
of invading species, whereas an infrequently inundated mudflat will consist of
perennials, a well developed ground layer, and cover-dependent mammals. These
relationships were noted in the data from the wet and dry mudflats. The number
and species of small mammals captured on the dry mudflat were representative of
a more successionally-advanced community than those captured on the wet mudflat.
The number of small mammals decreased on the dry mudflat from June to September

by nearly half, whereas a 22-fold increase occurred during the same time period on
the wet mudflat. The population increase noted on the wet mudflat was typical of I
a faunal group exploiting a new habitat. The dry mudflat was exposed longer and,
thus, was more vegetationally advanced. The decrease noted on the dry mudflat
from June to September probably occurred because the population was changing from
an invading-expanding population to a more permanent-stablized population where
intra-and interspecific competition for food and cover was population limiting.
Pioneer species such as the deer mouse and house mouse were present on both mud-
flats, but the cover-dependent hispid cotton rat, typical of more successionally
advanced habitats, was captured only on the dry mudflat.

Floral and faunal succession on mudflats are often interrupted
by flood conditions lasting for several days. Anderson and Shapiro (1957) noted
that only 2 of the 147 white-footed mice marked before flooding on a Connecticut
marsh were recaptured on islands after flooding. He concluded that a large per-
centage of the mice perished as a result of flooding. Deer mice have been ob-
served in shrubs on the reservoirs's mudflats after flooding but their survival
was doubtful because of increased exposure to predators and lack of food. Blair
1939) cited exposure and the inability of small mammals to swim long distances I
for their low survival during flooding. The closest dry land to the wet mudflat
during flooding was the dam, approximately 600 m away. As a result, nearly 100%
mortality of the wet mudflat's small mammal population is expected when inundated
by flood waters. After the flood waters recede, our data indicate that the pro-
cess of repopulating the mudflat should begin with two weeks.
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2. Avifauna

Avifauna relationships with the environment were similar to those

described for mammals; cover, food, and vegetation structure usually determine
avian distribution and abundance. Some avian species are generalists and occur

in a wide variety of habitats, whereas others have narrow habitat requirements
and only occur in specific areas. Appropriate habitat for breeding species is
perhaps most critical to local avian populations.

Data on avian abundance collected in the spring and summer of 1976
near the WCGS showed increases over 1975, demonstrating a partial recovery from
drought conditions of previous years. However, fall and winter data were gener-
ally lower than previous years and reflected population reductions caused by the
unusually cold weather during those time-periods.

3. Herpetofauna

Herpetofauna, especially amphibians, have more specific habitat
requirements than mammals and birds. Being poikilotherms (cold blooded), they
are also more sensitive to weather variables, and severe conditions may drasti-
cally affect populations and breeding times. Except for wide-ranging snake
species, reptiles and amphibians observed in the study area were generally re-
stricted in distribution to specific habitats similar to those reported in the
literature.

E. Anticipated Construction Impacts

1. Sampling Communities

The sampling communities are not located within anticipated con-
struction areas; therefore, little or no impact is expected on small short-rang-

ing faunal species existing within the two sampling areas. Larger, more mobile
species are expected to alter their home ranges to avoid construction areas.

2. Site

Small faunal species residing within construction areas will
probably be destroyed or displaced. Larger species will move out of the construc-
tion areas to avoid noise and vehicular traffic. Sensitive species will decline

in numbers, and the more adaptable species will continue to use nearby areas.
In areas where habitat quality is improved, carrying capacity will be increased
and total populations will increase. Species that require a permanent water
source will increase; these will include aquatic and semi-aquatic species. Amphi-
bians and aquatic reptiles will increase, as will shorebirds, waterfowl, and marsh
birds. The small mammal distribution and population fluctuations noted on anually
and irregularly inundated mudflats at John Redmond Reservoir are probably typical

of midwestern flood control reservoirs. Although not a flood control reservoir,
water levels of the WCGS cooling lake will undoubtedly fluctuate, creating ex-
posed and inundated mudflats. Small mammal populations on annually or irregular-
ly inundated areas around the cooling lake will fluctuate from high populations

when mudflats are exposed to extirpation under flooded conditions. This fluc-
tuation will also have positive and negative impacts on predators. If areas
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adjacent to the lake have an elevated water table, better vegetational growth
will occur where the roots can reach the water table; this increased vegetational

growth will provide better habitat for wildlife populations, particularly small l
mammals. In areas removed from the lake, land use will be the most significant
factor influencing wildlife.

IV. Summary and Conclusions i

1. Small mammals were trapped in two communities near Wolf Creek Generating

Station and on two mudflats at John Redmond Reservoir. U
2. The white-footed mouse and hispid cotton rat were the predominant spe-

cies in the north floodplain woods and abandoned railroad right-of-way, respecti- I
vely; species richness was highest in the abandoned railroad right-of-way.

3. Density estimates for the white-footed mouse in the north floodplain
woods were 34/ha in June and 26/ha in September 1976. Densities of hispid cotton I
rats in the abandoned railroad right-of-way for 1976 were 16/ha in June and 23/ha

in September.

4. A summer-fall decline in the white-footed mouse population was noted
during 1975 and 1976, but it was less pronounced in 1976. The cause of this
decline was undetermined. Seasonal density figures were higher for 1976 than I
comparable figures for 1975.

5. A definite cyclic pattern was noted in the hispid cotton rat popula- 9
tion between 1974 and 1976. Cotton rat populations were moderate in June 1974,
declined in September 1974, were extirpated in June 1975, extremely low in
September 1975, and increased markedly in 1976. A combination of mowing and

drought conditions was the apparent cause of the decline in 1974-75. The ces- U
sation of mowing and greater precipitation in late 1975 and 1976 was probably

responsible for the resurgence of the hispid cotton rat population.

6. Seven small mammal species were collected from two mudflats at John
Redmond Reservoir in 1976. The deer mouse and house mouse were the prominent
species. captured. Six species were captured on the two mudflats; five species

were common to both mudflats.

7. Flooding was the most important factor regulating the abundance and
distribution of small mammals on the mudflats. Small mammal mortality is prob- I
ably 100% during flooded conditions and repopulation would probably begin with-
in two continuous weeks after exposure.

8. Small mammal populations on annually and irregularly inundated mudflats i
at the WCGS cooling lake will fluctuate greatly, from high populations when mud-
flats are exposed to extripation under flooded conditions. This fluctuation will

have positive as well as negative impacts on predators in the area.

9. The number of eastern cottontails recorded along the 20-mile wildlife
survey route in 1976 was the highest since 1973. The eastern cottontail data 2
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from the 20-mile wildlife route between 1973 and 1975 showed a decreasing trend,
whereas a stab 'le population was documented by the rural mail carrier counts forICoffey County over the same period.

10. Ninety-nine avian species were recorded in the 1976-77 monitoring
study compared to 90 in 1975 and 83 in 1974; 70 avian species were observed at

John Redmond Reservoir.

11. The greatest number of avian species was recorded in the north flood-Iplain woods. Seasonal density estimates were generally higher in the north flood-
plain woods compared to the abandoned railroad right-of-way; data from both com-
munities showed a lower number of species and individuals in the fall and winter
seasons compared to previous years. Lower species richness and density were pro-
bably related to weather conditions and not construction activity.

12. Eighty-three avian species were observed along the 20-mile wildlifeI survey route; normal seasonal. patterns of species abundance were noted.

13. An average of 28 Bobwhite per census was recorded from surveys in

June 1976. This was higher than the 1975 figure but lower than in 1974 or 1973.
Results of the July 1972-76 rural mail carrier counts for Coffey County indicated
a slow-gradual decline in the Bobwhite population between 1972 and 1975 and anI increase in 1976. The 1973-76 Bobwhite population trend derived from call counts
near WCGS was nearly identical to that noted in the rural mail carrier counts for
Coffey County. No marked changes in habitat have occurred near the WCGS between

attributed to natural variation.

14. Mourning Dove population data collected along the 20-mile wildlifeI survey route showed a large increase during 1976 compared to data from previous
years.

15. Fourteen species of reptiles and amphibians were recorded; herpetofauna
were widely distributed but were concentrated near aquatic habitats.

16. Reptile and amphibian species were generally observed in their prefer-
red habitat. Local weather conditions in May and June sampling periods were not
favorable for reptile activity.

17. Two rare or endangered species were observed. The Bald Eagle was noted
along the 20-mile survey route in January. This species winters in the area and
will soon be classified as endangered by the U.S. Department of Interior. Use of
the study area by this species is expected to increase after the cooling lake is

filled. The crawfish frog, a 'species considered rare in Kansas, was observed at
John Redmond Reservoir. Local populations may be affected by cooling lake con-struction.

18. The sampling communities are not located within anticipated construc-
tion areas; therefore, little or no impact on the fauna is expected. Small, less
mobile faunal species will be extirpated and large species will move from theb construction areas to avoid noise and vehicular traffic and seek new cover. In
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areas where habitat quality is improved, such as idle land, the carrying capacity
will increase.

19. Filling of the cooling lake will increase the amount of habitat for
aquatic and semi-aquatic fauna, but will remove important floodplain habitat and
associated riparian fauna.

I
I
I
I

I
9
I
I
I
I
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Table 9.1. Seasonal capture data from two communities in the vicinity of the Wolf Creek
Generating Station, Burlington, Kansas, 1976.

Density
Sampling Total Total Total Number of Percent Estimate

Location/Species Period Captured Marked Recaptured Individuals Composition (No./ha)a

North Floodplain Woods
Blarina brevicauda Jun 6 1 0 6 16.7 1.5

Sep 13 11 1 12 30.8 14.6

Peromyscus leucopus Jun 55 30 25 30 83.3 34.0
Sep 59 27 32 27 69.2 26.0

Abandoned Railroad Right-of Way
Blarina brevicauda Jun 2 1 0 2 9.1 0.5

Sep 3 2 0 3 9.4 1.3

Peromyscus maniculatus Jun 2 2 0 2 9.1 0.7
Sep 7 5 2 5 15.6 2.9

Peromyscus leucopus Jun 0 0 0 0 0.0 0.0
Sep 2 1 1 1 3.1 0.9

Sigmodon hispidus Jun 16 13 3 13 59.1 16.0
Sep 36 22 14 22 68.8 23.0

Microtus ochrogaster Jun 5 5 0 5 22.7 7.5
Sep 1 1 0 1 3.1 0.4

rn
a

0
z
NI
2

r

in
2
M

aHome range of Blarina brevicauda,

hispidus after Goertz (1964), and
Peromyscus maniculatus, and P. leucopus after Fitch (1958), Sigmodon
Microtus ochrogaster after Martin (1956).
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6
Summary of small mammal densities (No./ha) in two communities in
the vicinity of the Wolf Creek Generating Station, Burlington,
Kansas, 1974 - 76. .

Table 9.2.

1974 1975 1976
Location/Species Jun Sep Jun Sep Jun Sep

North Floodplain Woods

Peromyscus leucopus -a - 23.0 7.0 34.0 26.0

Abandoned Railroad Right-of-Way

Sigmodon hispidus 13.0 2.0 NCb 0.5 16.0 23.0

aNot sampled
bNone captured I

9
I
I
I
I
I
I
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Table 9.3. The number captured, number per 100 trapnights (TN), and percent composition of small
mammal species captured on two mudflats at John Redmond Reservoir, New Strawn, Kansas, 1976.

Species

Reithrodoncomys megalotis

Peromyscus maniculatus

Peromyscus leucopus

Sigmodon hispidus

Microtus ochrogaster

Mus musculus

Total

Wet Mudflat (Community 9)
June September

No. Per No. Per
No. 100 TN No. 100 TN

1 0.3

2 0.7 25 8.3

5 1.7

Dry Mudflat (Community 10)
June September

No. Per No. Per
No. 100 TN No. 100 TN

Total
No. Per

No. 100 TN

1 0.1

84 7.044

1

14.7

0.3

13 4.3

3 1.0

1 0.3

5 1.7

22 7.3

Percent
Composition

of Each
Species

1.0

70.7

5.1

3.0

2.0

17.2

1 0.3

6

3

2

20

116

0.5

0.3

0.2

1.7

9.9

2

r
C)
0
in
2

0

2

r

2
-4
M
Mi

13

45

4.3

15.0

2

47

0.7

15.72 0.7
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Table 9.4. Incidental mammal observations in the vicinity of the Wolf Creek
Generating Station, Burlington, Kansas, 1976 - 77.

6I
Location/Species Date Observation Number

1/2 Mile S. of Location 2
White-tailed deer (Odocoileus virginianus)

North Floodplain Woods
Least shrew (Cryptotis parva)
Eastern mole (Scalopus aquaticus)
Fox squirrel (Sciurus niger)

Coyote (Canis latrans)
Raccoon (Procyon lotor)
White-tailed deer (Odocoileus virginianus)

Abandoned Railroad Right-of-Way
Eastern cottontail (Sylvilagus floridanus)

Coyote (Canis latrans)

20-Mile Route
Eastern cottontail (Sylvilagus floridanus)

Fox squirrel (Sciurus niger)

Coyote (Canis latrans)

17 May

20
12
13
14
21
22
23
10
17
12
21
14

12
25
22
23
10
12
17

13
24
22
19
13
14
24

9
10
19
14

Sep
May
May
May
Sep
Sep
Sep
Nov
Jan
May
Sep
May

May
Jun
Sep
Sep
Nov
May
Jan

May
Jun
Sep
Jan
May
May
Jun
Nov
Nov
Jan
May

Sight

Sight
Tunnel
Sight
Sight
Sight
Sight
Sight
Sight
Sight
Track
Sight
Sight

Sight
Sight
Sight
Sight
Sight
Scat
Sight

Sight
Sight
Sight
Sight
Sight
Sight
Sight
Sight
Sight
Sight
Sight

1

1
Several

2
2

1

2
2
1
1
1

1
2
1
2
1
1
1

I
I
9
I
I

1
8

3
1

1
1
1
3
5
2
1

I
I
I
I

242

I



NALCO ENVIRONMENTAL SCIENCES

Table 9.5. Bird species observed near John Redmond Reservoir, New Strawn,
Kansas, 1976.

Scientific Name Common Name

Podilymbus podiceps
Pelecanus erythrorhynchos
Phalacrocorax auritus
Ardea herodias
Butorides virescens
Branta canadensis
Chen caerulescens
Anas platyrhynchos
Anas strepera
Anas acuta
Anas discors
Anas crecca
Anas americana
Anas clypeata
Aythya americana
Aythya valisineria
Bucephala clangula
Bucephala albeola
Carthartes aura
Buteo jamaicensis
Buteo swainsoni
Buteo lagopus
Haliaeetus leucocephalus
Circus cyaneus
Pandion haliaetus
Falco sparverius
Charadrius semipalmatus
Charadrius vociferus
Pluvialis squatarola
Capella gallinago
Bartramia longicauda
Tringa melanoleucus
Tringa flavipes
Calidris melanotos
Calidris alpina
Tryngites subruficollis
Calidris alba
Steganopus tricolor
Larus delawarensis
Larus pipixcan
Sterna forsteri
Sterna albifrons

Pied-billed Grebe
White Pelican
Double-crested Cormorant
Great Blue Heron
Green Heron
Canada Goose
Snow Goose
Mallard
Gadwall
Pintail
Blue-winged Teal
Green-winged Teal
American Wigeon
Northern Shoveler
Redhead
Canvasback
Common Goldeneye
Bufflehead
Turkey Vulture
Red-tailed Hawk
Swainson's Hawk
Rough-legged Hawk
Bald Eagle
Marsh Hawk
Osprey
American Kestrel
Semipalmated Plover
Killdeer
Black-bellied Plover
Common Snipe
Upland Sandpiper
Greater Yellowlegs
Lesser Yellowlegs
Pectoral Sandpiper
Dunlin
Buff-breasted Sandpiper
Sanderling
Wilson's Phalarope
Ring-billed Gull
Franklin's Gull
Forster's Tern
Least Tern
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Table 9.5. (continued) diI
Scientific Name Common Name

Chlidonias niger
Zenaida macroura
Megaceryle alcyon
Melanerpes erythrocephalus
Tyrannus tyrannus
Muscivora forficata
Eremophila alpestris
Iridoprocne bicolor
Hirundo rustica
Corvus brachyrhynchos
Mimus polyglottos
Toxostoma rufum
Turdus migratorius
Regulus calendula
Anthus spinoletta
Lanius ludovicianus
Sturnus vulgaris
Sturnella spp.
Agelaius phoeniceus
Quiscalus quiscula
Cardinalis cardinalis
Spiza americana
Spinus tristis
Ammodramus savannarum
Pooecetes gramineus
Junco hyemalis
Spizella arborea
Zonotrichia guerula
Melospiza melodia

Black Tern
Mourning Dove
Belted Kingfisher
Red-headed Woodpecker
Eastern Kingbird
Scissor-tailed Flycatcher
Horned Lark
Tree Swallow
Barn Swallow
Common Crow
Mockingbird
Brown Thrasher
American Robin
Ruby-crowned Kinglet
Water Pipit
Loggerhead Shrike
Starling
Meadowlark
Red-winged Blackbird
Common Grackle
Cardinal
Dickcissel
American Goldfinch
Grasshopper Sparrow
Vesper Sparrow
Dark-eyed Junco
Tree Sparrow
Harris' Sparrow
Song Sparrow

I
I
9
I
I
I
I
I
I
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Table 9.6. Species list, residency status, and community and monthly occurrence of
vicinity of the Wolf Creek Generating Station, May 1976 - January 1977.

avifauna in the

Ln

20-
Residencya Community Mile Month

Scientific Name Common Name Status 1 2 Survey May Jun Sep Nov Jan

Phalacrocorax auritus Double-crested Cormorant M X X X

Ardea herodias Great Blue Heron S X X X x

Butorides virescens Green Heron S X X

Branta canadensis Canada Goose W X x

Chen caerulescens Snow Goose M X X

Anas platyrhynchos Mallard P X X

Anas discors Blue-winged Teal M X X

Aix sponsa Wood Duck M X X

Carthartes aura Turkey Vulture S X X X X

Buteo jamaicensis Red-tailed Hawk P X X X X X X X K

Buteo platypterus Broad-winged Hawk S X X

Buteo swainsoni Swainson's Hawk S X X X X X X

Buteo lagopus Rough-legged Hawk W X X X

Haliaeetus leucocephalus Bald Eagle W X x

Circus cyaneus Marsh Hawk W X X X

Falco sparverius American Kestrel P X X X X X

Colinus virginianus Bobwhite P X X X X X X X K

2

02
a
m
2

r
z
m
2
.4
r
W3



Table 9.6. (continued)

Month

Scientific Name
Re

SCommon Name

Charadrius vociferus Killdeer

Larus delawarensis Ring-billed Gull

Columba livia Rock Dove

Zenaida macroura Mourning Dove

Coccyzus americanus Yellow-billed Cuckoo

• Coccyzus erythropthalmua Black-billed Cuckooa%

Strix varia Barred Owl

Chordeiles minor Common Nighthawk

Chaetura pelagica Chimney Swift

Colaptes auratus Common Flicker

Centurus carolinus Red-bellied Woodpecker

Melanerpes erthrocephalus Red-headed Woodpecker

Dendrocopos villosus Hairy Woodpecker

Dendrocopos pubescens Downy Woodpecker

Tyrannus tyrannus Eastern Kingbird

Muscivora forficaLa Scissor-tailed Flycatcher

Myiarchus crinitus Great Crested Flycatcher

Sayornis phoebe Eastern Phoebe

20-
sidencya Community Mile
tatus 1 2 -Survey

S X X

M X

P x

P x x x

S X

P X

P

Month
May Jun Sep

x X X

Nov

x

X

X

x

Jan

x

x X

x

x

x

x

x

X

r

2

a
2

2

in
2
C)

x

S

S

P

P

P

P

P

S

S

S

S

K

x

x

x

K

x
K

x K

K

x

x

x

x

x

x

x

x

x

x

x

x

x

x
x

x

X

x

x

x

x

K

x

K

K

x

x x

x K

x K

K

x xx

x

K

x

x

X
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Table 9.6. (continued)

-J

20-
Residencya Community Mile Month

Scientific Name Common Name Status 1 2 Survey May Jun Sep Nov Jan

Contopus virens Eastern Wood Pewee S X x x x

Eremophila alpestris Horned Lark P X X X X X X X

Stelgidopteryx ruficollis Rough-winged Swallow S X X

Hirundo rustica Barn Swallow S X X X X X

Petrochelidon pyrrhonota Cliff Swallow S X X

Cyanocitta cristata Blue Jay P X X X X X X X X

Corvus brachyrhynchos Common Crow P X X X X X X X

Parus atricapillus Black-capped Chickadee P X X X K X X X

Parus carolinensis Carolina Chickadee P X X

Parus bicolor Tufted Titmouse P X X X K X X X

Sitta carolinensis White-breasted Nuthatch P X X X X X

Certhia familiaris Brown Creeper W X X X

Troglodytes aedon House Wren S X X X X X X

Thryothorus ludoviclanus Carolina Wren P X X X X X

Mimus polyglottos Mockingbird p X X X X X x

Dumetella carolinensis Gray Catbird S" X X X

Toxostoma rufum Brown Thrasher S X X X X K X
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Table 9.6. (continued)

20-
Residencya Community Mile Month

Scientific Name Common Name Status 1 2 Survey May Jun Sep Nov Jan

Turdus migratorius American Robin S X X X X K x X X

Hylocichla mustelina Wood Thrush S X X

Catharus fuscescens Veery M X X

Sialia sialis Eastern Bluebird P x X X X x

Polioptila caerulea Blue-gray Gnatcatcher S x X X

Regulus satrapa Golden-crowned Kinglet M X X X

Regulus calendula Ruby-crowned Kinglet M X X X

Lanius ludovicianus Loggerhead Shrike P X X X x X X

Sturnus vulgaris Starling P x X X X X x

Vireo flavifrons Yellow-throated Vireo S X X

Vireo solitarius Solitary Vireo M X X

Vireo olivaceus Red-eyed Vireo S x X

Vireo gilvus Warbling Vireo S X X

Mniotilta varia Black-and-white Warbler M X X

Parula americana Northern Parula S X X X

Dendroica petechia Yellow Warbler S X X

Dendroica coronata Yellow-rumped Warbler M_ X X

Oporornis formosus Kentucky Warbler S X X
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Table 9.6. (continued)

'0

20-
Residencya Community Mile Month

Scientific Name Common Name Status 1 2 Survey May Jun Sep Nov Jan

Geothlypis trichas Common Yellowthroat S X X X X

Wilsonia pusilla Wilson's Warbler M X X

Passer domesticus House Sparrow P X X X X X x

Dolichonyx oryzivorus Bobolink S X X

Sturnella magna Eastern Meadowlark P X X X X X X X

Sturnella neglecta Western Meadowlark S X X

Agelaius phoeniceus Red-winged Blackbird P X X X x X X

Icterus spurius Orchard Oriole S X X X

Icterus galbula Northern Oriole S X X X X

Quiscalus quiscula Common Grackle S X X x x x x x

Molothrus ater Brown-headed Cowbird P X X x x x X

Piranga rubra Summer Tanager S X X

Cardinalis cardinalls Cardinal P X X X X X X X K

Pheucticus ludoviclanus Rose-breasted Grosbeak S X X

Passerina cyanea Indigo Bunting -S X X x X X

Spiza americana Dickcissel S X X X x X.

Spinus tristis American Goldfinch P X X X X X X X X

Passerculus sandwichensis Savannah Sparrow M X X X X
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Table 9.6. (continued)

0n0

20-
Residencya Community Mile Month

Scientific Name Common Name Status 1 2 Survey May Jun Sep Nov Jan

Ammodramus savannarum Grasshopper Sparrow S X X X X

Chondestes grammacus Lark Sparrow S X X X X X

Junco hyemalis Dark-eyed Junco M X X X X X

Spizella arborea Tree Sparrow W X X X X X X

Spizella pusilla Field Sparrow P X K X X X X

Zonotrichia querula Harris' Sparrow W X X X X

Zonotrichia leucophrys White-crowned Sparrow W X X X K X X

Zonotrichia albicollis White-throated Sparrow W X X

Passerella iliaca Fox Sparrow M X X

Melospiza lincolnii Lincoln's Sparrow M X X

Melospiza melodia Song Sparrow W X X X X X

aM = migrant, S = summer resident, P - permanent resident, W = winter resident, primarily from Johnston 1965.
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I N ALCO ENVIRONMENTAL SCIENCES

Table 9.7. The number of birds observed per hour in the north floodplain
woods community in the vicinity of the Wolf Creek Generating
Station, Burlington, Kansas, May 1976 - January 1977.

I
I
I

Number Per Hour
Species May Jun Sep Nov Jan

Floodplain Woods (Community 1)

Turkey Vulture 0.7 - - - -
Red-tailed Hawk - - - 0.8 3.4
Bobwhite - - 1.5 - -
Mourning Dove - 0.7 - -

Yellow-billed Cuckoo - 2.2 - - -
Common Flicker 2.0 1.5 3.7 3.2 6.9
Red-bellied Woodpecker - 5.1 14.1 10.6 23.0
Red-headed Woodpecker 0.7 - 3.0 11.4 28.7
Downy Woodpecker 1.3 2.2 3.0 4.1 11.5
Hairy Woodpecker - - - - 1.1
Great-crested Flycatcher 1.3 5.8 - - -
Eastern Wood Pewee - 10.9 2.2 - -
Flycatcher spp. 4.7 - - -

Blue Jay 1.3 2.9 16.3 6.5 3.4
Common Crow - - - 1.6 -
Black-capped Chickadee 2.0 8.0 6.7 6.5 26.4
Tufted Titmouse 3.3 8.8 0.7 0.8 5.7
White-breasted Nuthatch - 4.4 7.4 4.1 3.4
Brown Creeper - - - 2.4 1.1
House Wren 10.7 29.2 1.5 -
Carolina Wren - 3.6 2.2 2.4
Mockingbird 0.7 - - -

Gray Catbird 1.3 -...

Brown Thrasher 0.7 - - -

American Robin 1.3 - 2.2 352.0 16.1
Wood Thrush - 0.7 - - -
Veery 0.7 - -.

Blue-gray Gnatcatcher 5.3 2.2 - -
Golden-crowned Kinglet - - - 1.6
Ruby-crowned Kinglet - - 0.7 -
Yellow-throated Vireo - 2.9 - -

Red-eyed Vireo - 3.6 - -

Black-and-white Warbler 2.0 -...

Northern Parula 6.0 1.5
Yellow-rumped Warbler 2.7 -...

Kentucky Warbler - 2.9 - -

Common Yellowthroat 2.0 -...

Warbler spp. 2.0 - - -

Northern Oriole 1.3 .-
Common Grackle - - - 25.2
Cardinal 1.3 11.7 6.7 3.3
Rose-breasted Grosbeak 1.3 - - -

Indigo Bunting 0.7 ....
American Goldfinch .- - 10.3
Dark-eyed Junco - - - 4.9 2.3
Sparrow spp. 0.7 - - -

Total 58.0 110.8 71.9 441.4 143.3
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aITable 9.8. The number of birds observed per hour in the abandoned railroad
right-of-way community in the vicinity of the Wolf Creek Generating
Station, Burlington, Kansas, May 1976 - January 1977.

Number Per Hour

Species May Jun Sep Nov Jan

Red-tailed Hawk - - 1.5 1.0 -

Swainson's Hawk - - - 1.0 -

Bobwhite 2.0 9.6 3.0 16.0 -

Killdeer 10.0 1.1 - - -

Mourning Dove 3.0 6.4 27.1 7.0 -

Common Flicker - 1.1 1.5 2.0 1.2
Downy Woodpecker - - 0.8 1.0 -

Eastern Kingbird - 1.1 - - -

Horned Lark - 1.1 - 3.0 -

Barn Swallow 2.0 6.4 - - -

Blue Jay - - 6.0 - -

House Jay - - 1.5 - -

Mockingbird 1.0 5.3 2.2 - -

Brown Thrasher 1.0 3.2 0.8 - -

American Robin 8.0 2.1 2.2 - -

Loggerhead Shrike - 1.1 - - -

Eastern Meadowlark 6.0 23.5 21.0 74.0 6.3
Red-winged Blackbird 1.0 17.1 - - -

Common Grackle 21.0 19.3 - 16.0 -

Brown-headed Cowbird 10.0 4.3 .-..

Cardinal - 1.1 - - -

Dickcissel - 13.9 0.8 - -

American Goldfinch - - 1.5 - -

Savannah Sparrow 1.0 - -.

Lark Sparrow 7.0 3.2 - - -

Tree Sparrow - - - 18.0 -

Field Sparrow 2.0 1.1 9.8 - -

White-crowned Sparrow - - 2.2 - -

Lincoln's Sparrow - - 1.5 - -

Song Sparrow - - 5.3 - -

Total 75.0 122.0 88.7 139.0 7.5
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I

I

Table 9.9. Number of species, birds per hour, and species diversity of
avifauna recorded in two communities in the vicinit 7 of the Wolf
Creek Generating Station, Burlington, Kansas, May"1974 - January
1977.

Month
Variable May Jun Sep Nov Jan

North Floodplain Woods

Number of Species

I 1974
1975
1976

Birds Per Hour

18
23
26

37.3
72.6
58.0

12
9

20

22.7
8.0

110.8

12
11
15

9
11
17

10
20
14

1974
1975
1976

26.0
15.7
71.9

18.7
39.2

441.3

17.3
97.9

143.3

Species Diversity

1974
1975
1976

2.63 2.35 2.30
2.74 2.11 2.09
2.91 2.56 2.32

Abandoned Railroad Right-of-Way

1.89
2.21
0.98

1.96
2.67
2.25

Number of Species

1974
1975
1976

Birds Per Hour

1974
1975
1976

Species Diversity

1974
1975
1976

21
14
14

17
11
19

13
3

17

15
5

10

12
15

2

69.6
68.7
75.0

63.3
29.6

122.0

239.0
11.4
88.7

176.0
82.4

139.0

274.0
157.8

7.5

2.66
2.13
2.20

2.62
2.14
2.45

1.53
1.01
2.16

1.98
0.85
1.50

1.47
1.81
0.45
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6
Table 9.10. Number of avian species and individuals observed along the 20-mile

wildlife survey route in the vicinity of the Wolf Creek Generating
Station, Burlington, Kansas, May 1973 - January 1977.

Month

Variable May Jun Sep Nov Jan

Number of Species

1973 37 a 27 37 a
1974 42 45 43 35 31
1975 45 41 42 34 33
1976 55 55 46 40 2 6 b

Number of Individuals

1973 471 a 530 1806 a
1974 837 955 1288 2104 5218
1975 1452 1065 678 2568 2242
1976 1146 1198 768 1618 5 3 0b

I
I
I

aNot censused.
Partial census, several miles not included.
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Table 9.11. Quail call counts and dove observations
route in the vicinity of the Wolf Creek
Burlington, Kansas, June 1976.

along a 20-mile census
Generating Station,

I
I
I
I

Bobwhite Mourning Dove
No. Bobwhite Call/2 Min No. Observed

Mile 22 24 22 24

1 2
2
3
4 2 1 1
5 3 3 12 13
6 1 3 11 18
7 3 3 5 10
8 4 4 1 16
9 3 2 1 10

10 1 3 11
11 1 1 7
12 4 9
13 2 2 6
14 4
15 1 1 1 1
16 2 2
17 1 2 1
18 1 3
19 3 4 6
20 1 1 1

Total 24 32 46 114

Mean 1.20 1.60 2.30 5.70
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Table 9.12. Composite species list of herpetofauna observed in the vicinity

of the Wolf Creek Generating Station, Burlington, Kansas, 1976.

Scientific Name Common Name

Terrapene ornata
Graptemys geographica
Chrysemys picta belli
Ophisaurus ventralis
Coluber constrictor
Elaphe obsoleta
Sistrurus catenatus
Bufo americanus
Bufo woodhousei
Pseudacris triseriata
Hyla chrysoscelis
Rana pipiens
Rana areolata
Rana catesbeiana

Ornate box turtle
Map turtle
Western painted turtle
Eastern glass lizard
Yellow-bellied racer
Black rat snake
Western massasauga
American toad
Woodhouse's toad
Western chorus frog
Gray tree frog
Leopard frog
Crawfish frog
Bull frog
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Table 9.13. Seasonal and community distribution of reptiles and amphibians recorded in the vicinity of
the Wolf Creek Generating Station, Burlington, Kansas, 1976.

r"3
U'
-4

Type of Number
Location/Species Month Observation Observed

North Floodplain Woods
Leopard frog June Sight I

September Sight i
American toad June Sight 1

Abandoned Railroad Right-of-Way
Ornate box turtle May Sight I

June Sight 6
September Sight 4

Eastern glass lizard September Sight I
Western massasauga September Sight 1

John Redmond Reservoir
Map turtle September Sight 1
Western painted turtle June Sight 1
Yellow-bellied racer September Sight 1
Woodhouse's toad September Sight 2
Western chorus frog June Audio Several
Crawfish frog September Sight 1
Leopard frog May Sight Several

June Sight Several
September Sight Several

Bullfrog June Sight Many
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Table 9.13. (continued)

Type of Number
Location/Species Month Observation Observed

20-mile Route
Ornate box turtle May Sight 1

June Sight 1
September Sight 2

Western painted turtle June Sight I
Black rat snake June Sight 1

September Sight 1
Woodhouse's toad June Audio Many
Western chorus frog June Audio Many
Gray treefrog June Sight 1
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