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1. GENERAL INTRODUCTION

This report summarizes the first year (preconstruction) of a
two-year preoperational monitoring program. The preconstruc-
tion monitoring program consisted of three sampling periods
(winter, spring, and fall) for monitoring selected aquatic
parameters and three (spring, midsummer, and fall) for moni-
toring selected terrestrial parameters. The results of the
winter sample were included in the five aquatic sampling
periods comprising the baseline inventory and summarized in the
Callaway Plant, Units 1 and 2, Environmental Baselirne Inventory
Annual Summary.

The objectives of the preconstruction monitoring program are
generally complementary to those of the previously completed
baseline studies. However, the orientation of investigation
differs. Whereas the baseline study was a broad-based inves-
tigation to characterize factors or components of the plant
site environment, the focus of monitoring studies is to docu-
ment intensively the ecological relationships of selected per-
manent sampling stations for the purpose of detecting changes
in the natural system. The ultimate goal of the monitoring
program is to obtain sufficient background data and a degree of
surveillance compatability whereby natural variation in key en-
vironmental parameters can be distinguished from significant
environmental impact, if any, caused by plant construction and
operation.

Although the preconstruction monitoring program was designed
and to a considerable extent implemented by Dames and Moore,
outside consultants were retained to undertake portions of the
monitoring program. Dr. David B. Dunn, Professor and Curator
of the Herbarium, University of Missouri-Columbia, pe:formed
all plant identification anu supervised fall sampling of vege-
tation and birds; Dr. Dean E. Metter, Associate Professor of
Zoology, University of Missouri-Columbia, performed the fall
sampling and identification of the amphibians and reptiles;
anéd Dr. Thomas R. Yonke, Associate Professor of Entomology,
University of Columbia-Missouri, was responsible for identifi-
cation of the invertebrates and invertebrate sampling in the
fall.

This report consists of two major parts: Aquatic Ecology and
Terrestrial Ecology. Each is an entity, with its own Introduc-
tion, Methods and Materials, Results and Discussion, Ecological
Summary, and Conclusions and Recommendations. The subsections
are the standard divisions found in most environmental reports,
with the possible exception of the Ecological Summary and Con-
clusion and Recommendations. The Ecological Summary for both
the aquatic and terrestrial disciplines attempts to summarize
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the ecclogical interrelationships pertinent to the plant site.
The biotic and abiotic interrelationships are discussed very
briefly and at a very general level because the lack of pub-
lished information of this type precludes a more elaborate
discussion. The Conclusions and Recommendations section
attempts to relate survey data to potential environmental impact
from plant construction and operation.

Tables and figures are placed in the text following the three-
digit subsection in which they are mentioned.



2. AQUATIC ECOLOGY

2.1 INTRODUCTION

This report contains the spring and fall survey results for the
proposed Callaway Nuclear Power Plant preconstruction environmental
monitoring program. Aquatic sampling was conducted from the 20th
to the 23rd of June and from the 2nd to the 7th of September, 1974.

The purpose of the monitoring program is to detect impact resulting
from plant construction and operation. The preconstruction moni-
toring program is designed to further inventory important aquatic
flora and fauna near the proposed plant site and to document sea-
sonal variation in local populations. Specifically, the first
year's preconstruction monitoring program is designed to estimate
the degree of homogeneity among sampling stations and to provide

a quantitative base from which plant-induced effects, if any, can
be measured. Components of the aquatic ecosystem being considered .
in this investigation are:

Water Quality Benthic Macroinvertebrates
Phytoplankton Vascular Hydrophytes
Zooplankton Fish

This portion of the report is divided into six major subsections.
Section 2.1 (Introduction) outlines the purpose and scope of the
study and discusses report format. Subsection 2.2 (Methods and
Materials) describes sampling stations and methods and materials
used to analyze various aquatic parameters. Subsection 2.3 is
Results and Discussion; 2.4, Ecological Summary; 2.5, Conclusions
and Recommendations; and 2.6, References.



2.2 METHODS AND MATERIALS

2.2.1 DESCRIPTION OF SAMPLING LOCATIONS

The preconstruction monitoring program was designed to interface
with the baseline study (Union Electric Company, 1974). Accord-
ingly, several of the previously established sampling locations
were used. These are Transects A, B, and C in the Missouri River
and Stations D and E in Logan Creek (Figure 2.2.1-1). Two
additional sampling locations were established to provide a
better representation of the area that may be affected by

plant construction and operation. Transect H was established
about midway between Transects B and C on the Missouri River.
Station E-2 was added about midway between Stations D and E on
Logan Creek, just below the mouth >f Mud Creek. Station E-2
was relocated on Mud Creek in September to provide a measure

of water quality for this creek.

Sampling stations on the Missouri River transects are designated
with the numerals -1 and -2 for mid-channel and north shore
locations, respectively. North and south ends of the transects,
as discussed in Section 2.3.7, are designated by letters.

For example, H-3 and H-N refer to the south shore and north
shore areas of Transect H, respectively.

The 1974 aquatic monitoring program consisted of three sampling
periods, winter, spring, and fall. The winter sample was
completed as scheduled and the results are presented in
Callaway Plant Units 1 and 2, Eanvironmental Baseline Inventory,
Annual Summary, and will not be included in this report.

Spring sampling was scheduled to begin mid-May, but spring
rainfall and high water levels delayed sampling until June 20th.
During the sampling period, Missouri River flow ranged from
95,000 to 103,000 cfs; river flow had reached 278,000 cfs
during May and 232,000 cfs in early June. The delay in the
aquatic sampling program is not believed to have significantly
affected achievement of the objectives of the preconstruction
monitoring program or the quality of the data collected.

Fall sampling occurred as scheduled in early September.
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2.2.2 WATER QUALITY

In order to expedite sampling and prevent further delays, the
June water quality sampling was restricted to Transects H

and C. This modification of the program was acceptable because
previous statistical analyses of weter quality data had shown
that all river transects were generally homogeneous with

respect to water quality parameters (Union Electric Company, 1974).
Therefore, for the spring survey, water quality at Transect H was
considered representative of that at Transects A and B.

Further, samples were taken both upstream (Transect H) and
downstream (Transect C) of Logan Creek to detect any differences
in water quality due to the influence of the creek.

Analyses of the June water quality data and further review of
the sampling program led to the implementation of a modified
water guality sampling program for the fall. Based on
knowlecd je of the relationship among transects and the proposed
location of the Callaway Plant intake and discharge structures,
Stations A-2, B-2, H-2, C-1l, and C-2 were selected for sampling
in the September and subsequent surveys. It is believed that
Station B-2 will provide a base from which to compare plant
discharge, which is proposed to emanate from that point.
Station C-2 and F-2 will provide a baseline from which the
downstream effect of the discharge may be measured. Also,
given that Stations A-2 and A-1l are statistically homogeneous,
A-2 will provide an upstream "control" sample for comparison
with other downstream samples. Finally, the extent to which
the discharge piume will extend into the open river channel
will be assessed, in part, through comparisons with water
quality data from C-1.

Samples were collected from the first 1 meter below the surfa o
with a Van Dorn PVC sampler and placed in polyethylene bottles
containing appropriate preservations, as recommended by the

U.S. Environmental Protection Agency (1971). Samples for

fecal and total coliform analyses were collected in sterilized
glass bottles. Following collection, all samples were packed

in ice for transportation to the laboratory. Field determina-
tions were made for dissolved oxygen (YSI Model 54), conductivity
(YSI Model 33), temperature (YSI Model 54), pH (Fisher Acumet),
and alkalinity (field titration).

Water samples were also collected in June for pesticide
analyses. Samples were placed in glass containers and shipped
to Analytical Piochemistry Laboratory, Columbus, Missouri for
analyses of 15 different pesticides and herbicides.

Wilcoxan's sum rank test was used in the statistical analysis
of the water quality data. Wilcoxan's test is a nonparametric
test designed to evaluate two independent samples (Hollander
and Wolfe, 1973). The analysis was conducted on the following
variables: pH, dissolved oxygen, chemical oxygen demand, total
suspended solius, total dissolved solids, temperature, and
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specific conductivity. Data collected for four dicstinct
sampling locations were analyzed for each parameter listed
above. Specifically, station comparisons included:

A-2 vs B-2 A-2 vs C=2 A-2 vs C-1
B-1 vs B-2 B-2 vs C-1 C-1l vs C=2
B-1l vs C~-1 B-2 vs C-2 B-1l vs C=2

Copper and cadmium were found to be present in the water samples
at concentrations that warranted further analysis. This
anclysis consisted of single and step-wise nultiple regression
analyses to correlate and rank selected water quality parameters
with copper and cadmium concentration. Those water quality
parameters that, in single regression analysis, accounted for

50 percent or more of the variability in concentrations of
copper and cadmium were then reevaluated by means of multi-
regression analysis.



2.2.3 PHYTOPLANKTON

One gallon whole-water subsurface samples for phytoplankton
analyses were taken with a Van Dorn sampler. These samples
were preserved with merthiolate. (USEPA, 1971).

Phytoplankters were identified and enumerated from Sedgwick-
Rafter cell preparations in the following taxonomic categories:
coccoid and filamentous blue-green algae; coccoid, filamentous,
flagellated, and colonial green algae; euglenoid algae; and
centric and pennate diatoms. The following taxonomic refer-
ences were used in identifications: Palmer (1962), Prescott
(1962, 1970), Smith (1950), Whitford and Shumacher (1969), and
U.S. Department of the Interior (1966).

Chlorophyll a, b, and ¢ analyses were attempted but, due to
interference from large amounts of suspended solids in the
samples, no rellable data were obtained. In lieu of chlorophyll
analysis the '“C method was used to determine river produc-
tivity.

Phyto?lankton primary productivity was estimated in situ by
the C method (Strictland and Parsons, 1972). A solution of

radiocactive carbonate (HCO3) was added to light and dark
bottles filled wiih water samples from Stations H-2, C-2, D,
and E plus one additional location downstream of Logan Creek
in June; and from Stations A-2, C-2, and H~2 in September.

Bottles were placed at their respective stations and suspended
at the depth from which subsurface phytoplankton samples were
collected. After an approximate 4-hour in situ incubation,
the water samples were fixed with 10 ml of formaiin. The
samples were later filtered in the laboratory and treated

with hydrochloric acid to remove inorganic carbon. Liquid
scintillation counting was conducted at Virginia Commonwealth
University.

2.2.4 ZOOPLANKTON

Subsurface net zooplankton samples were taken by filtering
24.3 liters of water (collected with a Van Dorn sampler)
through a Wisconsin plankton net having a No. 20 mesh plankton
bucket. The concentrate was washed into sample bottles and
preserved with Lugol's solution.

Sedgwick-Rafter cell preparations were examined in the labora-
tory at 200X magnification. Zooplankters were enumerated and
identified to the genus level according to the following
taxonomic references: Ahlstrom (1940, 1943), Edmondson (1959),
Pennak (1953), and Brooks (1957).




2.2.5 VASCULAR HYDROPHYTES

Vascular hydrophyte investigations were limited to field obser-
vations of aquatic vegetation in both the Missouri River and
Logan Creek.

2.2.6 BENTHIC MACROINVERTEBRATES

Missouri River benthic macroinvertebrates were collected with a
Ponar dredge, larval meter nets, and by random sampling. Ponar
dredge samples were taken in duplicate (June) and in triplicate
(September) at the four north shore stations with a 520 cm?
Ponar in approximately 0.5 to 0.8 meters of water. Samples
were screened in the field with a U.S. No. 30 standard sieve
(0.59 mm). All material retained by the sieve was washed

into 0.95-liter wide-mouth jars and preserved with 10 percent
buffered formalin containing 0.002 percent rose bengal.

Larval meter net samples were taken in triplicate at Stations
B-2 and C-2 with a 0.6-m-diameter conical drift net having a
0.76-mm mesh collecting bucket. A flow meter attached to the
net opening quantitatively measured water passing through the
net. Triplicate samples of apprnximately 7 minutes each were
made at the two stations. Random sampling consisted of
identifying organisms attached to gill nets (used for fish
sampling) and sticks and rocks contained in the grab samples.

Logan Creek benthic macroinvertebrate collections were similar
to those of the Missouri River, except that the Ekman sampler
(230 cm?) was used instcead of the Ponar dredge and a drift

net (No. 6; 30 x 45 cm) was used in lieu of the larval meter
net. Random sampling consisted of identifying organisms
attached to rocks and sticks.

All samples from both the Missouri River and Logan Creek were
washed in a No. 35 sieve (0.50 mm) in the laboratory and placed
in a white enamel tray, where invertebrates were sorted from
detritus. Wet-weight biomass was determined for all major
groups. Each grcup was blotted dry and immediately weighed to
the nearest 0.1 mg. Worms and midgye larvae were then perma-
nently mounted with CMCP;, mounting medium on glass slides

for identification and enumeration. Remaining macroinvertebrates
were pres~rved in 70 percent ethanol aiter .dentification.

All samples were retained as legal voucher specimens.

The following taxonomic references were used: Beck (1368);
Brinkhurst (1964, 1965); Brown (1972); Hamilton, Saether,

and Oliver (1969); Hilsenhoff and Narf (1968); Hiltunen (1.73);
Holsinger (1972); Kennedy (1969); Mason (1973); Roback (1957);
Ross (1944); Usinger and Day (1968); and Williams (1972).

Species diversity was calculated for Fonar and Ekman grabs;
the Shannon-Wiener diversity index was used:




d = I (Nj/N) logy (N;/N)

where: d = species diversity
N = total number of individuals in a
composite sample for a particular
station
Nj = total number of individuals of a
particular species in the composite
sample.
2.2.7 FISH

In June, the fish community of the Missouri River near the plant
site was sampled by nets and boom electroshocking. Gill and
fyke netting was conducted behind L-head dikes, revetments,

and in back chutes on both the north and south sides of the
river. Transects were sampled in the following general areas:
A-S, B-N, C-N, C-S. Electroshocking was conducted along the
north and south ends of Transects A, B, H, and C. The fish
sampling gear was the same as that used previously and is
described in the Anrual Report (Union Electric Company, 1974). In
Septemoer, fish sampling was the same, except that boom electro-
shocking was omitted. Earlier experience with boom shocking

in the Missouri River showed that this technique is ineffective
in collecting fish.

In Logan Creek fish were sampled at Stations D, E-2, and E
using electroshocking and seines. In addition, standing crop
biomass estimates were made at Station E. A measured area of
creek at Station E was blocked off with seines; fish were
collected either with a back-pack electroshocker or minnow
seine. The area was fished until catch per unit effort was
reduced significantly. The total population estimate was then
made from the relation of fishing success to cumulative fish
catch (Leslie and Davis, 1939). This technique was utilized
both on the 31st of May and 23rd of June, 1974.

Fish were weighed to the nearest gram and total length was
measured to the nearest millimeter. Scales were removed from
selected forage and sport species for age and growth analyses.
Selected specimens were preserved in 10 percent formalin for
later taxonomic identification or retained as voucher specimens.
Taxonomic references used for identification were Eddy (1969),
Hubbs and Lagler (1967), Cross (1967), Pflieger (1968), and
Moore (1968). Larval and juvenile fish were identified with
the aid of a key by May and Gasaway (1967).

Length-weight relationships of selected fishes were calculated;
log-transformed values were used in the calculations.
Regression lines were fitted by the least squares method; the
equation describing the line is presented in the general form:



log W= log a +blog L

where: W = estimated weight in grams (gm)
a = intercept of the regression line
L = total length in millimeters (mm)
b = regression coefficent

The correlation coefficient was also calculated for each
regression.

Condition factor (Kypp) was calculated for individual fish, and
the mean value for each of the selected species in each age
group was calculated. The condition factor, which describes
the relative plumpness or well-being of a fish, is defined as:

WX 10°
Rpp, = —ygr—

where: Kpp, = condition factor
W = weight (gm)
L = total length (mm)

Larval fish were sampled in both the Missouri River and Logan
Creek. The Missouri River was sampled near the north end of
Transects B and C with a 0.6-m diameter conical drift net
having a 0.76-mm mesh collecting bucket. A flow meter attached
to the net opening quantitatively measured the water passing
through the net. Triplicate tows of approximately 7 minutes
each were made at the two stations. Larval fish in Logan Creek
were sampled with smaller drift nets, as described in Section
2.3.6.

Age and growth analyses of fish were made from scales collected
during the study. Impressions of at least three scales per

fish were made in the laboratory on plastic sliides with a roller
press. Scale measurements (mm) were then made with the aid of a
microscopic projector; two or more scales were examined to
verify the number of annuli. Total scale radius was obtained
by measuring from the center of the focus to the anterior-most
portion of the scale.

Linear regression analysis was used to determine body-scale
relationships for each fish species. Lee's formula (Tesch, 1971)
was used to perform calculations of growth. The intercept
values were derived from linear regressions.
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2.3 RESULTS AND DISCUSSION

2.3.1 WATER QUALITY

2.3.1.1 Missouri River

Water quality data from both the spring and fall collections
are presented in Tables 2.3.1-1 and 2.3.1-2., Wilcoxan's sum=-
rank test, applied to data from Stations A-2, B-1l, B-2, C-1,
and C-2, confirmed previous assumptions regarding homogeneity
among water quality stations and further supports the basis for
the selected modification in the sampling program.

Water quality of the Missouri River near the site has been char-
acterized as primarily influenced by agricultural runoff, dilution
phenomena, and industrial and municipal pollution (Union Electric
Company, 1974). Variation in concentration of chemical constituents
has_largely been a function of river discharge. Total dissolved
solids generally decreased in concentration with increased river
discharge, while suspended materials and sediment load increased.
Data from the present study illustrate this phenomenon (Tables
2.3.1-1 and 2.3.1-2). The mean river flow during June sampling was
95,600 cfs; the discharge during the September sampling was 81,800
cfs. Biochemical oxygen demand (BOD), chloride, total nardness,
sulfate, and total dissolved solids (TDS) varied inversely with
river flow. Constituents that varied directly with discharge,

such as chemical oxygen demand (COD), nitrate, Kjeldahl nitrogen,
total phosphorus, are directly related to the quantity of suspen-
ded particulate matter (seston) in the waterway. The increase

in coliform bacteria with increased discharge is probably related
to the amount of runoff from livestock grazing land. The State
Water Quality Standard of 2,000 coliform bacteria/100 ml (Missouri
Clean Water Commission, 1973) river water was exceeded at Station
B-2 in September and was probably exceeded in June, as suggested
by the over-growth in the plate cultures (Tables 2.3.1-1 and
2.3.1-2). Ballentine, et al. (1970) also found that coliform
bacteria densities exceeded several times the National Technical
Advisory Committee criteria of 10,000/100 ml total coliform and
2,000/100 ml fecal coliforms. Fall counts upstream at River

Mile 118.0 averaged 36,000/100 ml total and 4,700 fecal from Octo-
ber 28 to November 8, 1968 (Ballentine, et al., 1970).

Pesticide contamination was not evident, as concentrations in
the spring were below detectable lim.ts. This agrees with re-
sults of previol ., pesticide tests on water samples taken in July,
September, and December, 1973 (Union Electric Company, 1974).
Cnly the April 1973 samples revealed the presence of chlori-
nated pesticides, which were in low concentrations (19-31 ug/1l).
Chronic pesticide contamination from leached agricultural soils
in this area, therefore, does not appear to exist.

The moderately high COD and dissolved oxygen (DO) with concurrently

low BOD levels (Tables 2.3.1-1 and 2.3.1-2) are probably related to
the presence of allochthonous organic materials in the seston that
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are more resistant to biological degradation. It is also pos-
sible that certain organic materials leached from the surrounding
watershed are adsorbed on clay particles where they become mcre
resistant to biological degradation.

Trace metal analyses from previous studies at the site and his-
torical data from Hermann, Missouri point to copper and cadmium as
occurring in concentrations that may occasionally be toxic to
aquatic organisms (Union Electri. Company, 1974). Copper concentra-
tions during the present study ranged from .007 to .04 mg/l (Tables
2.3.1-3 and 2.3.1-4). Although copper toxicity to aquatic organ-
isms has been observed at concentrations as low as .02 mg/l (Bat-
telle's Columbus Laboratory, 1971), it is probable that the copper
in the Missouri River is either largely a mineral constituent of
the organic detritus in the seston, or adsorbed to suspended clay
particles. Figure 2.3.1-1 illustrates the relationship of total
suspended solids (TSS) and discharge to copper and cadmium concen-
trations. Copper concentrations vary directly with TSS, while
cadmium appears to be mecre a function of discharge.

To test the hypothesis that copper concentration is related more

to the concentration of suspended solids than to dissolved solids,
step-wise multiple regression analyses were performed on data col-
lected from the site since 1973. Independent parameters in the
analyses were COD, TDS, TSS, discharge, cadmium, and iron. Sixty-
seven percent of the variation in copper concentration was explained
by the concentration of TSS; the linear expression:

Y = ,0075 + .000025X
Where: Y = Cu concentration in mg/l
X = TSS concentration in mg/1l

No other regressions were significant (p<.05); that is, no other
variables used in the analyses contributed significantly to the
observed variation in copper concentrations. Therefore, these
results suggest that the potential for acute copper toxicity to
aquatic organisms is minimal because the copper appears to be
either a constituent of the organic seston or is adsorbed to clay
particles and is not readily available to most aquatic organisms.
However, chronic copper toxicity to detritophageous organisms could
occur because these organisms ingest organic seston and clay par-
ticles.

Multiple regression analysis was performed on the same data; cadmium
was used as the dependent variable. The only parameter that con-
tributed significantly to the observed variability in cadmium con-
centration was discharge, which accounted for 68 percent. The
linear regression is:

-12-
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Y = .0085 + .00008X
Where: Y = cadmium concentration in mg/l
X = discharge in cfs
Therefore, cadmium concentrations vary directly with discharge

levels.

2.3.1.2 Logan Creek

The water quality of Logan Creek is generally better than that of
the Missouri River. Concentrations of most water quality parameters
measured in Logan Creek increased downstream, probably as a function
of increased runoff. In previous samples, evidence of organic
pollution generally was not found, although fecal coliform counts
were occasionally high. Data from the present study show similar
patterns, although a great deal of variation is evident in some
parameters (Tables 2.3.1-1 and 2.3.1-2). For example, TSS, COD,
BOD, organic nitrogen, and phosphorus levels were higher during

the spring, when discharge was high, than during the fall. Most
variations in concentration, however, can be explained as a function
of discharge rates.

Station E-2 was added in the fall to provide a measure of the
effects of Mud Creek on water quality of Logan Creek. Mud Creek
appeared to be higher in dissolved solids than upper Logan Creek
and, at times, has some bac¢terial contamination.

-13-



TABLE 2.3.1-1

WATER QUALITY DATA FROM THE MISSOURI RIVER AND LOGAN CREEK, SPRING 19742

Parameter Missouri River Stations Logan Creek Stations

=
1
—

-2 Cc-1 C-2 D E E-2

Alkalinity (as CaCoO )
Bicarbonate 3 150 168 157 164 333 139 212

Ammonia .08 .08 .07 .06 .02 .02 .02
Biochemical Oxygen Demand 0.8 0.9 0.6 0.9 0.4 1.0 1.7
Chemical Oxygen Demand 25.6 32.6 21.0 42.1 12.8 20.8 16.3
Chloride 15.3 19.9 16.7 20.5 5.80 5.30 4.60
Total Hardness (as CaCoa) 196 217 198 220 323 184 231
Hexane Sol. Materials <,022 <.001 <,001 <,001 <,001 <.002 <.001
Nitrate 1.59 1.59 0.80 2.80 0.78 0.69 0.60
¢ Nitrite 0.01 0.01 <0.01 <0.01 0.02 0.01 <0.01
Total Nitrogen, Kjeldahl 2,30 2.51 3.20 3.40 0.75 1.22 1.75
Orthophosphate, sol. 0.48 0.86 0.63 0.93 0.12 0.36 0.23
Total Phosphorus 0.62 1.10 0.89 1.10 0.40 0.55 0.55
Sulfate 151 154 115 151 157 50 52

Total Dissolved Solids 340 382 322 368 370 238 261



Parameter

Total Suspended Solids

« Total Solids

. Total Coliform (co0l/100 ml)
Fecal Coliform (col/100 ml)
PH (standard units)
Temperature (°c)

Specific Conductivity
(umho/cm)

Dissolved Oxygen

Turbidity (FTU)

TABLE 2.3.1-1

Missouri River Stations

(continued)

H-1
318
720
>20,000

0.G.P

25,2

520
6.4

80

H-2
350

786
>20,000
0.G.
7.9

25.0

600
7.6

97

C=1

256

652

25.0

490

6.8

84

c-2
386
826
>20,000
288
7.9

25.0

610
7.6

100

Logan Creek Stations

2
16
420

>20,000

8.0

25.0

620
S.o

13

E
92

360
>20,000
2148
7.9

25.0

270

65

E-2
52

368
>20,000
204

7.8

25.0

430

33

2a11 values are expressed in mg/l except where noted.

b

0.G. = over-grown (to numerous to count).
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TABLE 2.3.1-2

WATER QUALITY DATA FROM THE MISSOURI RIVER AND LOGAN CREEK, SEPTEMBER 19742

Parameter

Alkalinity (as CaC03)
Carbonate
Bicarbonate
Amny -1ia (as N)
Biochemical Oxygen Demand
Chemical Oxygen Demand
Chloride
Hardness, Total (as CaCO3)
Hexane Sol, Materials
Nitrate (as N)
Nitrite (as N)
Nitrogen, Total Kjeldahl (as N)
Orthophosphate, Sol. (as P)
Phosphorus, Total (as P)
Sulfate

Total Dissolved Solids

Missouri River Stations

A-2

153

.08

18.8
25.5
244
.001
.55
.01
«97
.10
13
164

424

B-2

155
.08
0.6
25,6
25.9
222

. 001

13
161

418

H-2

151
.04
1.0
22,0
25.5
226
<.001
.42
.01
75
+11
.12
162

410

C-1

129
.06
1.1
17.2
11.5
161
<.,001
.29

.01

.07
.08
70.8

284

1.4
20.0
25.5
220
.002
.31

.01

.11
.13
157

456

Logan Creek Stations

D

225

.08

20.8

2.47

272

.002

.14

.02

.83

.03

226

282

230
.02
1.4
7.8
4.11
258
<.001
.16
<.01

«25

.04
16.9

250

Sheet 1

E-2

266

.02

1.0

17.2

3.7C

293

<.001

.24

<.01

1.02

.02

.02

20‘6

302



Parameter

Total Suspended Solids
Total Solids

Toctal Coliform (col/100 ml)
Fecal Coliform (col/100 ml)

™urbidity

‘'emperature (OC)

Specific Conductivity
(umho/cm)

Dissolved Oxygen

TABLE 2.3.1-2

(continued)

Missouri River Stations

A-2
96
581
3,000
900

33

20.5

490

8.7

B-2
103
580
3,000
2,300

32

21.8

690

8.5

H-2
93
582
2,800
1,300

24

21.5

1500

8.1

aAll values are expressed in mg/1l

except where noted.

c-1
87
344
2,200
900

25

23.0

400

6.8

C-2
94
548
2,300
850

23

21.8

690

7.5

Logan Creek Stations

D
26

328
375
700

15

20.0

455

E
<10
274
400

290

3.8

20.0

425

10.4

Sheet 2

E-2
17
322
2,100
360

5.8

21.0

465

9.3



TABLE 2.3.1-3

TRACE METAL CONCENTRATIONS FROM MISSOURI RIVE§ AND LOGAN CREEK
WATER SAMPLES, SPRING 1974

\

-

L

Parameter Missouri River Station Logan Creek Station
H-1 H-2 c-1 c2 -1 E E-2
Arsenic <.005 <.005 <.005 <.005 <.005 <.005 <.005
- Cadmium <.001 <.001 <.001 <.001 <.001 <.001 <.001
Calcium 60 54 54 56 94 50 72
Total Chromium <.005 <.005 <.005 <.005 <.005 <.005 <.005
Copper .04 .019 .012 .011 .004 .008 .006
Iron 6.5 11 8.0 11 1.6 6.5 4.0
Total Iron 14 20 16 20 1.6 8.5 4.5
Lead .140 .047 .047 <.020 <.020 .195 .080
Magnesium 15 17 16 17 32 16 23
' Mercury .001 .0003 .0005 .0003 .0002 .0002 .0005
‘ Selenium <,005 <.005 <.005 <.005 <.005 <.005 <.005
Sodium 29 39 29 36 7.6 4.0 5.2
' Zinc .02 .04 .04 .04 .02 .02 .05

a
All values are expressed in mg/1l

"/



TABLE 2.3.1-4

TRACE METAL CONCENTRATIONS (mg/l) FROM MISSOURI RIVER AND
LOGAN CREEK WATER SAMPLES, SEPTEMBER 1974

Parameter Missouri River Stations Logan Creek Stations
A-2 B-2 H-2 c-1 c-2 D E E-2
Arsenic <.005 <.005 <.005 <.005 <,005 <.005 <.005 <.005
Cadmium .009 .007 .004 .004 .003 .006 .005 .005
Calcium 52 55 52 42 52 57 55 63
Chromium, Total <.005 <.005 <.005 <,005 <.005 <.005 <,005 <.005
Copper .011 .007 .007 .008 .008 .006 .004 . 006
Iron 3.3 2.1 1.6 1.4 1.6 1.2 0.5 0.5
Iron, Total S.3 3.8 2.8 27 2.8 1.9 0.5 0.6
Lead .020 .020 <,020 <.020 <.020 <.020 <,020 .120
Magnesium 19 19 18 12 18 25 26 31
Mercury .0003 .003 .0007 . 0006 .003 .016 .001 .001
Selenium <.005 <.005 <.005 <,005 <.005 <,005 <.005 <.005
Sodium 58 59 58 23 54 4.4 4.8 4.6

Zinc .04 .06 .04 .04 .04 .06 .01 .04
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2.3.2 PHYTOPLANKTON

2.3.2.1 Missouri River

Phytoplankton of the lower Missouri River characteristically
occur in low densities and are dominated numerically by
diatcms (Berner, 1951; Damann, 1951; Williams, 1966; Stern
and Stern, 1971; Union Electric Company, 1974; University of
Missouri-Rolla, 1974). The paucity of phytoplankton is re-
lated to excessive turbidity, high current velocity, and the
lack of adjoining lentic waters (Berner. 1951). The harsh
conditions of the Missouri River are illustrated by their
effects on plankton populations entering from tributary
rivers. Damann (1951) reports that plankters entering the
Missouri River from tributaries were subjected to adverse
conditions and did not multiply. A reduction in tributary
phytoplankton populations after entering the Missouri River
was also noted by Ballentine, et al. (1970). Berner (1951)
had earlier suggested that, in the absence of backwater areas,
plankton production was autogenic, with little contribution
from tributaries. Ballentine, et al. (1970) supported the
suggestions of others that the Missouri River phytopiankton
community originates in lentic waters.

Diatoms clearly were numerically dominant in the present study,
comprising 80 and 76 percent of the total phytoplankton numbers
in June and September, respectively (Tables 2.3.2-1 and 2.3.2-2).

Diatoms in the June sample were predominately of the pennate
form, while the September sample contained primarily centric
diatons. This form of seasonal variation is typical of diatom
populations (Patrick, 1948).

Densities of phytoplankton from the present study show a fall
maximum not observed in past investigations (Table 2.3.2-2).
The mean density increased from 89,842/liter (1) in June to
11,430,780/1 in September. Although fall diatom blooms are a
common phenomenon in rivers (Williams, 1964), the September
value represents a greater than 100X increase in density over
the June sample and is greater than any reported for the lower
Missouri River. Ballentine, et al. (1970) found total
phytoplankton densities of 1,593,000/1 upstream at Chamois
(RM 118.0) in the fall of 1968. Mean discharge during their
study was 55,600 cfs. The greatest observed density reported
by Ballentine, et al. (1970) was 2,178,000/1 in collections
taken between Kansas City and St. Joseph, Missouri.

The high fall densities of phytoplankton observed in the present
study illustrate the limiting effect of turbidity on
photosynthetic processes in the river. In late summer and

early fall, flow rates and water levels decline (Figures 2.3.2-l
and 2.3.2-2), and larger suspended particles settle, reducing
river turbidity. General river turbidity is further reduced
under Tow flow conditions due to the increased proportion of
groundwater to surface runoff water in the river. As the water




level continues to drop, revetments become especially good
habitats for phytoplankton because they become closed off,
forming lentic pools. The decrease in turbidity coupled with
the abundant nutrients (Union Electric Company, 1974) in the
Missouri River explain the phytoplankton bloom observed in
the fall sampling period.

2.5.2.2 Logan Creek

Past investigations of phytoplankton in Logan Creek have shown
species composition to be similar to the Missouri River near

the site; phytoplankton densitiesg, however, were one to four
orders of magnitude higher (Union Electric Company, 1974). Higher
phytoplankton densities in Logan Creek relative to those of

the Missouri River appeared to be related to the presence of

a stable substrate, lower current velocities, and lower turbidity
levels. Seasonal variations in densities and species composition
of Logan Creek phytoplankton were found to be typical of temper-
ate streams, where green and euglenoid species attain maximum
densities during warmer months but are absent in winter when
diatoms predominate. Most of the principal taxa in the creek
were benthic diatoms.

The June 1974 phytoplankton sample contained predominately
pennate diatoms (see Tablie 2.3.2-1). Densities were low and
did not show the previously observed pattern of increased
upstream abundance. Also, in contrast to previous findings,
densities in Logan Creek were lower than those in the Missouri
River. Presumably, low spring densities were due to the high
water levels and discharge that had existed prior to sampling
(see Figures 2.3.2-1 and 2.3.2-2).

The September 1974 samples also were dominated numerically by
pennate diat ms (see Table 2.3.2-2). Centric diatoms,
predominate in the Missouri River samples, comprised only from
4.5 to 23 percent of the total diatom numbers. Total phytoplank-
ton densities were unusually high but were always lower than
densities in the river samples. Phytoplankton were slightly
more abundant upstream at Station E than at Station D.

The fall maxima in phytoplankton densities in Logan Creek are
greater than the previous maximum of 1,115,000 cells/l observed
at Station E in July 1973. The maximum phytoplankton density
observed in September 1973 was 10,222/1 at Station E. Turbidity
levels corresponding to these two periods were 90 and 3

Jackson Turbidity Units (JTU's), respectively.
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Organism

Green
Coccoid
Filamentous
Flagellated
Other

Euglenoid

Diatoms
Centric
Pennate

Blue-green

Coccoid
Filamentous

Total

TABLE 2.3.2-1

DENSITIES (cells/liter) OF PHYTOPLANKTON COLLECTED IN THE
MISSOURI RIVER AND LOGAN CREEK,

Logan Creek

h-1
3,266

9,798

4,899
71,852

4
1,633

91,448

JUNE 1974
Missqggi River Stations
H-2 c-1

6,532
+ +
+ +
14,697 6,532
% B
9,798 8,165
73,540 52,311
+
3,266 3,266
101,301 76,806

S Stations
c-2 D E
+ 1,633 .
1,633 + +
. + -
14,697 3,266 9,798
1'633 + +
3,266 3,266 6,532
65,320 39,192 50,623
3,266 1,899 y
89,815 52,256 66,953



TABLE 2.3.2-2

DENSITIES (CELLS/LITER) OF PHYTOPLANKTON COLLECTED IN THE MISSOURI RIVER
AND LOGAN CREEK, SEPTEMBER 1974

Missouri River Stations

Logan Creek Stations
D

Organism A-2 B~-2 H-2 C-1 c-2 E
Green

Coccoid 163,300 163,300 163,300 326,600 163,300 + “

Filamentous 4 + + + + . +

Flagellated + + + 163,300 + +

Other 2,122,900 2,776,100 1,796,300 653,200 1,632,900 979,800 .
Euglenoid + 163,300 + + + . +
Diatoms

Centric 5,388,900 6,042,100 6,205,400 3,919,200 5,551,200 489,900 163,300

Pennate 2,449,500 3,102,700 3,592,600 1,633,000 5,552,200 2,122,900 3,592,600
Blue-green

Coccoid + + + + + +

Filamentous 1,143,100 489,900 816,500 653,200 163,300 326,500
Dinoflagellate + + + + 326,600 + +
TOTAL 11,267,700 12,737,400 11,757,600 7,511,800 13,879,400 3,755,900 4,282,400
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2.3.3 PRIMARY PRODUCTIVITY

2.3.3.1 Missouri River

Phytoplankton primary productivity, as measured by !“C fixation
method, is reported below:
CO; fixation

Station Date mgC/m3/hr
H=2 20 Jun 2.3
c-2 20 Jun 1.9
c-2 20 Jun 1.4
A-2 7 Sep 122.7
=2 7 Sep 126.2
H-2 7 Sep 86.9

As expected, high discharge, high turbidities (95 JTU average),
and low phytoplankton densities resulted in low productivity
values for the June sample. The September study yielded

values, consistent with findings of lowered turbidities, decreased
flow, and high phytoplankton densities.

2.3.3.2 Logan Creek

The !“C primary productivity study in Logan Creek yielded the

following:
CO, fixation

Station Date mgC/m3/hr
D 20 Jun 5.1
E 20 Jun 40.1
D 7 Sep 8.4
E 7 Sep 4.6

June productivity in the creek was, as expected, higher than

that observed for the river (Section 2.3.3.1). Turbidity in

the creek was low, and phytoplankton densities were moderately
high. However, productivity differences between sampling stations
show a direct, rather than inverse, ralationship with turbidity.
For example, turbidity and productivity were both highest at
Station E in June, while a similar relatioaship existed at Station
D in September. Moreover, September productivity did not reflect
the high diatom counts observed in the creek (Section 2.3.2.2).

There are several possible explanations for the above observed
phenomena. First, many of the diatoms in the phytoplankton samples
may be dead frustrules washed from the bottom by earlier rains.
These diatoms would not contribute to primary productivity but
wruld increase phytoplankton counts. The predominance of benthic
..atoms in Logan Creek samples attests to the fact that benthic
diatoms are suspended in the water column. Secondly, a high per-
centage of the carbon assimilated during photosynthesis may be

-16-



excreted into surrounding water in soluble form, resulting in >
an underestimation of primary productivity (Gieskes and Bennekom,
1973). Thirdly, if nutrients become depleted, maximum phytoplankton
biomass would be reached, and productivity would decline. Chu
(1942) reports that algae are likely to suffer a nutrient deficiency
when nitrogen concentration is below 0.2 mg/l and phosphorus below
0.05 mg/l. During tne September study, nutrient levels were some-
what below these limits. However, nutrient depletion is related

to flow rates. Nutrients that may be limiting in lentic waters

ars= not as important in lotic waters because flow continually

renews the aquatic medium (Odum, 1956). Hence, no real nutrient
deficit can build up as long as adequate flow is maintained. Once
flow is reduced, nutrients can become limiting.

17



2.3.4 ZOOPLANKTON

2.3.4.1 Missouri River

Rotifers, characteristically the predominant zooplankter in most
major river systems (Williams, 1966), were the most abundant com=-
ponent of the net zooplankton samples in the present study (Tables
2.3.4-1 and 2.3.4-2). Earlier collections at the study site were
also dominated by rotifers (Union Electric Company, 1974).

The September 1974 collections contained greater net zooplankter
densities and taxa diversity than did the June 1974 collections
(Tables 2.3.4~1 and 2.3.4-2). Densities averaged 68.4 organisms/1l
in September and 34.2/1 in July. Normally, maximum rotifer den-
sities in large temperate rivers occur in the summer months when
the water is warm and clear (Williams, 1966). However, in the
present study, maximum water clarity occurred in September.

Hynes (1972) states that rotifers become common when diatom den-
sities increase. Although phytoplankton densities in September
were exceptionally high (Section 2.3.2), zooplankton densities re-
mained moderately low. Because zooplankters feed on phytoplankton,
particulate organic matter, and bacteria, maximum zooplankton den-
sities often occur after maximum phytoplankton densities. Such

a lag in zooplankton abundance was observed in the lower Missouri
River by the University of Missouri-Rolla (1974) when a maximum of
2100 zooplankters/l were collected in July 1973. The low densities
observed in the present study may be explained in part by this lag
effect, in combination with the effects of temperature and flow.
Generally, however, the lower Missouri River is considered rotifer
poor (Williams, 1966).

Most of the zooplankters collected during the present study are
planktonic(free floating). However, sessile rotifers were abundant
in September, comprising as much as 69 percent of the total sample
(Table 2.3.4-2). 1In addition, drift net samples taken in June
conta.ned large numbers of sessile rotifers attached to organic
debris. The appearance of these organisms in both seasonal col-
lections points to the existence of large communities of periphytic
invertebrates (Aufwuchs) that become Aislodged during high water.

2.3.4.2 Logan Creek

A total of 26 taxa of zooplankton, including 18 rotifers, has been
reported for Logan Creek (Union Electric Company, 1974). A maximum
density of 2133/1 occurred in July 1973 and included 13 taxa. In the
present study, 14 taxa were collected, including 7 rotifers (Tables
2.3.4~-1 and 2.3.4-2). Maximum density of 34.3/1 was observed in
September at Station D. Rotifers were numerically predominant at
both stations in June, but crustaceans were predominant at Station

D in September.

Total densities of zooplankton in Logan Creek were slightly higher
in June than were corresponding river collections. 1In September,
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Missouri River collections contained two to three times the den-
sity of the Logan Creek collection. However, if dislodged sessile
rotifers are disregarded, both bodies of water had similar densities.

-19-
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TABLE 2.3.4-1

DENSITY (organisms/liter) OF ZOOPLANKTON COLLECTED
FROM THE MISSOURI RIVER AND LOGAN CREEK,

JUNE 1974
Missouri River Logan Creek
Organism Samplirg Stations Sampling Stations
H-1 H-2 Cc-1 C=2 D E
ROTIFERA
Branchionus sp. 9.07 9.19 7.98 9.42 9.77 6.81
Filinia sp. 0.95 1.02 + + + 2.27
Keratella sp. 1.91 2.55 2.09 3.62 8.15 4.54
Polyarthra sp. + 2.04 0.42 1.09 1.62 -
Trichotria sp. + + + + 1.62 +
Total Rotifer Density 11.93 14.80 10.49 14.13 21.16 13.62
CLADOCERA
Bosmina sp. 1.43 1.53 0.84 0.72 + .
COPEPODA
Cyclops sp.
(naupli) 1.91 2.55 2.94 1.81 3.25 6.81
Cyclops sp. + + - . + .27
Cyclopoid . 2.04 1.26 1.81 + +
Total Crustacea Density 3.34 6.12 5.04 4,34 3.35 9.08
OTHER INVERTEBRATES
Ostracoda 0.48 0.51 + + + -~
Tardigrada 1.43 + + 0.36 + +

TOTAL 17.18 21.43 15.53 18.83 24.41 22,70



Organism

Rotifera
Branchionus sp.

Filinia sp.

Keratella sp.

Polyarthra sp.

Sessile Rotifera

Unidentified Rotifera
Total Rotifera Density

Cladocera
Bosmina sp.

Unidentified Cladocera

Copepoda
Cyclops sp. (naupli)

Cyciops sp.
Unidentified Copepoda
Total Crustacea Density

Other Invertebrates
Chironomidae

Ephemeroptera
Ostracoda

TOTAL

TABLE 2.3.4.2

DENSITY (ORGANISMS/LITER) OF ZOOPLANKTON COLLECTED FROM THE MISSOURI RIVER
AND LOGAN CREEK, SEPTEMBER 1974

Missouri River Stations !ggap Creek Stations
A-2 B-7 H-2 c-1 (o | E

10.29 20.58 13.72 13.72 3.43 6.86
+ + + + + + +

+ = 10.29 0 » 3.43
* 6.86 t . ’ i 3.43
61.73 30.86 * 34.29 * + ’
+ 6.86 + + + + +
72.02 65.16 24.01 48.01 3.43 3.43 10.29

4.12 * 6.86 3.43 + 6.86
2.06 + + + + + +
* * €.86 6.86 * 10.29 6.86
2.06 + 3.43 + + + +
2.06 + + + + + +
10.29 + 17.15 10.29 + 17.15 6.86

3.43 3.43 3.43 + +

+ + 3.43 x

6.17 + 3.43 3.43 + 3.43

88.48 68.59 48.02 68.59 3.43 24.01 17.15



2.3.5 VASCULAR HYDROPHYTES

2.3.5.1 Missouri River

During the present study, no vascular hydrophytes were observed in
the Missouri River near the site. Hcwever, a few hydrophytes,
mainly Potamogeton sp., were seen in an isolated chute near Station
B-2 in September. This chute, closed cff by silt deposits and
dikes, provided the lentic conditions necessary for establishment
of vascular hydrophytes. Ordinarily, physical conditions in the
river are too harsh for rooted aquatic plants. Berner (1951)
observed no rooted aquatic plants in the river channels, chutes,
or backwaters. Likewise, none have been observed previously in
the vicinity of the Callaway Plant, Units 1 and 2 (Union Electric
Company, 1974).

2.3.5.2 Logan Creek

Dames & Moore reported the occurrence of water primrose (Jussiaea
sp.), water willow (Dianthera sp.), duckweed (Lemma sp.), an
sedges (Carex spp.) at Station E during earlier studies, but no
vascular hydrophytes were observed at Station D. During the
present study, two submergent vascular hydrophytes were observed
at Station E in September. The plants are tentatively identified
as a filiform pondweed (Pontamogeton sp.) and a water plantain,
probably Alisma sp.. Lack of fruiting bodies made specific iden-
tification impossible. No vascular hydrophytes were observed in
Logan Creek in June, and none were seen at any time at Station D.

2.3.6 BENTHIC MACROINVERTEBRATES

2.3.6.1 Missouri River

Benthic communities in the Missouri River are normally composed of
oligochaetes, burrowing mayflies, and dipters--mainly chironomidae
(Union Electric Company, 1974; University of Missouri, 1972; Berner,
1949). Densities, biomass, and species diversity are generally low,
being restricted by spates (excessive currents) and unstable sub-
strate (Union Electric Company, 1974).

June 1974 grab samples contained only 1l species, dominated by
oligochaetes (97.1 to 100 percent, Table 2.3.6-1). Densities also
were low, with a mean of 1169/m? (Table 2.3.6-2). A combination

of two factors could account for the unusual species composition
and low densities. First, high water (maximum of 278,000 cfs) in
late May ard early June eliminated all but those forms suited to
burrowing, 3uch as mayflies, chironomids, and oligochaetes (Figure
2.4-1 ). Secondly, the burrcwing mayflies and most c~hironomids had
probably emerged prior to sampling.
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September 1974 grab samples showed an increase in species numbers
and densities over the June samples (Table 2.3.6-3). This was a
result of stable river flows prior to sampling and reappearance of
burrowing mayflies and chironomids (Figure 2.4-1). Species num-
bers increased to 19, and mean densities (from all stations)
reached 1347/m?. Oligochaete dominance was still high, ranging
from 76.4 to 91.7 percent.

An increase in species numbers and densities after the spring

high water period (normally April) to a high during the winter
period has been noted in the Missouri River (Union Electric Company,
1974). High winter densities are common for both lotic and lentic
environments (Hynes, 1972) and are generally considered a result of
decreased predation, improved water quality, and life cycle patterns
of individual benthic species.

Wet-weight biomass showed a fall increase, as did densities (Table
2.3.6-4)., The average biomass for north shore stations in June

was 1698 mg/m? and 3268 mg/m? for September. The mayflies and
dragonflies, with their greater weight per individual, accounted

for almost a doubling of biomass in September, with only a 20
percent increase in densities. The September 1974 average biomass
is exceeded onlv by the December 1973 Station C-2 biomass of

5797 mg/m2 (Union Electric Company, 1974). These values are greater
than the 241 mg/m? maximum reported by Berner (1951). However, even
the high winter biomass does not approximate the biomass of

29,000 ra/m? reported for an unchannelized portion of the Illinois
River between Chillicothe and Grafton (Berner, 1951).

Species diversity indices increased from June to September 1974
as follows:

Station June September
A-2 0.67 0.92
H=2 0.22 1.45
C-2 0.64 1.64

Generally, diversity in the Missouri River increases during the
winter (Union Electric Company, 1974). According to Wilhm and Dorris
(1968), diversities below 2.0 indicate gross pollution and

between 2.0 and 3.0, moderate pollution. In the case of the

Missouri River at the site, gross pollution wculd be attributed

to physical stress from spates and shifting substrate, which are

the result of river channelization. In this sense, channelization
could be considered a form of pollution to the bottom fauna.

In addition to grab samples, drift samples were also taken. In con-
trast to observations by Berner (1949), species composition in

drift samples varied greatly from that observed in the grab samples
(Tables 2.3.6-5 and 2.3.6-6). Also, the nu@ber of drift organisms
averagedzmuch lower for both June (0.0547/m") and §eptember

(0.546/m” ), than that observed by Berner (0.7593/m”) at Boonville,
Missouri on April 18, 1946. Similar low values for the Ohio River
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were indicated by Philip A. Lewis (personal communication,
November 18, 1974, biologist, E.P.A., Cincinnati, Ohio). Drift
density seemed to increase from upstream S3tation B-2 to downstream
Station C-2. There is greater dike and revetment surface area
upriver from Station C-2 than Station B-~2, which could be the
source of most drift organisms.

Random samples (rocks and logs removed from a revetment) taken

in September at Station B-2 confirm the use of revetments by
benthic species not associated with the shifting sand (grab
samples). The rocks and logs had a combined surface area of 0.05
square meters and contained the following:

Taxon Calculated density Number collected

Turbellaria 3100/m? (155)
Oligochaeta 60/m? (3)
Amphipoda 320/m? (16)
Chironomidae 4280/m? (214)
Trichoptera 40,180/m? (2009)
Ephemoptera 80/m? (4)

Total 48,020/m? (2401)

Even taking into account the small area sampled to yield numbers
per m?, the values are very high. These values far surpass pre-
viously reported values for this and other rivers (Hynes, 1972;
Needham and Need.'am, 1962, University of Missouri, 1972), where

a major source of organic enrichment does not exist. This random
sample of the revetment indicated a larger benthic food base than
previously expected. However, this is an artificial substrate of
sorts and would compare better with values for basket samplers.
For example, basket samplers in the Wabash River near New Harmony,
Indiana (August 25, 1966), yielded densities of 167,600/m? (Mason,
et al., 1971).

2.3.6.2 Logan Creek

Historical data concerning Logan Creek benthic fauna are appar-
ently lacking, except for the study by Dames & Moore. Dames &
Moore characterized the creek as similar to the Missouri River
in species compesition, with slightly higher densities, biomass,
and diversity.

June 1974 samples at Station D contained 94.1 percent oligochaetes
(Table 2.3.6-1), with chironomids and nematodes comprising the
remainder for a total density of 3292/m? (Table 2.3.6-2). Ninety-
nine percent of the wet-weight biomass of 15,268/m? was contributed
by Branchiura sowecrbyi. Species diversity was also low at 1.23.

In September, the benthos population at Station D was still domin-
ated by oligochaetes (99.1 percent), as noted previously. Wet-weight
biomass was slightly higher at 3806 mg/m?., However, Branchiura
sowerbyi dominance was replaced by Limnodrilus sp. (65.0 percent).

A reduction in diversity of fauna after the June sampling resulted
in a species diversity of 1.03, the lowest recorded in 2 years of
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study by Dames & Moore. This reduction in diversity may be the
result of a coxic pollutant, such as a pesticide. Saether (1970)
noted that oligochaetes are more tolerant of pesticides than
chironomids. If pesticides were responsible, the effect was local
because the upstream Station E had a normal assemblage of chirono-
mils,

Another factor that may have contributed to the low diversity at
Station D is the Missouri River backwater, which deposits a thick
layer of ooze in the lower creek. Thick ooze of this nature often
becomes anerobic and is a poor substrate for most benthic macro-
invertebrates. Only chironomids and oligochaetes, which feed in
the ooze and respire through anal gills exposed to the water, can
survive (Brinckhurst, 1973). Also, Station D is subject to con-
stant scouring action which limits invertebrate diversity (Hynes,
1972).

The June 1974 samples at Station E contained 79.0 percent oligo-
chaetes and 19.2 percent chironomids (Table 2.3.6-1). Density
was 892/m?, with a wet-weight biomass of 518 mg/m?. Diversity
increased from 1.23 at Station D to 1.70 at Station E. The greater
distance of Station E, as noted above, from the confluence of
Logan Cre2k with the Missouri River probably accounts for the
major differences in diversity. Duplicate (2.5-hour sampling
periods) drift nets yielded two mayflies and one midge larvae
(Table 2.3.6-7). This limited catch reflects the low flows
during the June sampling. Random samples in June at Station E
revealed the presence of a moderately dense population of mussels,
mainly Amblema sp. and Uniomerus sp.. An estimation of their
density was 0.5/m?, Also, a Iimited number of Palaemonetes
kadrakensis green shrimp and immature crayfish was collected in
seine hauls.

September grab samples at Station E indicated an oligochaete
dominance of 69.8 percent with chironomids contributing 25.6
percent. Population densities were 868/m? and biomass was 946/m?.
Species diversity increased from 1.23 in June to 2.39 in September.
Station E seems to be receiving mild organic pollution: both
nutrients and fecal coliforms have been reported as moderate to
high (Table 2.3.1-2). The dominance of benthic fauna by oligo-
chaetes and diversities below 2.5 support possibilities of mild
pcllution. The pollution source could be agricultural runoff
(including cattle waste in the creek), septic tank field lines,

or a combination of both. Intermittent flow, as noted by Dames &
Moore (1974), could also be a limiting factor.

A summary of the benthic macroinvertebrate species collected in
Logan Creek and the Missouri River is presented in Table 2.3.6-8
for the fall 1974 survey, the baseline survey, and the precon-
struction survey.
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BENTHIC MACROINVERTEBRATES COLLECTED FROM THE
MISSOURI RIVER AND LOGAN CREEK,

JUNFE. 1974
Logan Creek
Missouri River Sampling
Organism A-2 B-g H—% C=2 D F_
Nematoda
Unknown sp. p? + + P P E
Annelida
Oligochaeta
Dero sp. P - + P E -~
Tubifex sp. P . P P E E
Limnodrilus sp. P P P p E E
Branchiura sowerbyi + P - - E E
Lumbriculus sp. P + + P + +
Crustacea
Copepoda + + K + + +
Calanoida P P + R® + +
Cyclopoid - - + R E E
Cladocera - - + P - +
Amphipoda
Crangonyx sp. - - . R + +
Decapoda
Palaemonetes kadiakensis + - + - - R
Astacidae (immature) - - - + - R
Diptera
Chironomidae
Ablabesmyia sp. - - . . + R
Chironomus sp. + + + P,R E E
Chironomus sp. B + R - B - -
Crxgtochironomus Sp. P + + + + +
Tribelos sp. + - - + + E
Pongeallum sp. . - + R + +
Microtendipes sp. + + + + + E
Culicidae
Chaeborus sp. + + + R + +
Trichoptera
Hydropsyche sp. + R + R + +
Chematopsyche sp. + R + + + +
Ephemoptera
Centroptilum sp. + R + + R +
Stenonema sp. + R + R + R
ggraIeptophlebia sp. - + + R + +
Ison¥chia sp. + R + + - +
Caenis sp. R - - - + -
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Organism

Odonata
Zygoptera
Argia sp.
Anizoptera

Gomphus sp.
Macromia sp.
Mollusca

Amblema sp.
Uniomeras sp.

TABLE 2.3.6~1

(continued)

Logan Creek

Missouri River Sampling

Sampling Stations Stations
A=2 B-2 H-2 Cc-2 D

+ + . - + .
R - + - + +
- - - P R +
+ - + + + R
+ + + + + R
+ + + + + b |

3ponar grabs

bEkman grabs

€Rrandom samples

Sheet 2
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TABLE 2.3.6-2

WET-WEIGHT BENTHIC MACROINVERTEBRATE BIOMASS AND DE§SITIES FOR
MISSOURI RIVER AND LOGAN CREEK, JUNF 1974

Total
Stations Nematoda Oligochaeta Crustacea Diptera Odonota Wet-Weight
A-2 (10) 1 (1720) 1919 (10) 5 (19) 14 + 1939

B-2 . (912) 899 (10) 5 + + 904
C-2 (19) 1 (1159) 1744 + (10) 5 (10) 1938 3687

D (43) 2 (3099)15126 + (150)130 + 15268
E (21) 1 (705) 280 + (171) 237 + 518
H-2 + (808) 262 L + + 262

of organisms) wet-weight in myg/m?



TABLE 2.3.6-3

BENTHIC MACROINVERTEBRATES COLLECTED FROM THE MISSOURI RIVER
AND LOGAN CREEK, SEPTEMBER 1974

Missouri River Logan Creek
Sampling Stations Sampling Stations
Organism A-2 B-2 H-2 C-2 D E
Platyhelminthes b
Turbellaria p2 R + + + +
Annelida
Oligochaeta
Branchiura sowerbyi P P P P EC E
Limnodrilus sp. p P P P E E
Lumbriculus sp. . + + + + E
Crustacea
Amphipoda
Craygonyx sp. + R + + + +
Decapoda
Astacidae (immature) + + + + + R
Palaemonetes kadiakensis + + + + + R
Diptera
Chironomicdae
Ablabesmyia sp. + P + P + E
Chironomus sp. - P P P + E
Coelotanypus sp. + P P P + +
Cryptochironomus sp. + P + P E E
Glyptotendipes sp. . + + + + E
Microtendipes sp. + + - + + E
Pentaneurini - + P + + +
Procladias sp. + + P P + E
Polypedilum sp. + R P + + E
Psectrocladius sp. + R + + + +
Pseudochironomus sp. + + + B + E
Tanypodinae P R + + + +
Sheet 1



Organism

Tanytarsini
Tanytarsus sp.

Culicidae
Chaoborus sp.

Tipulidae

Tabanidae
Tabanus sp.

Trichoptera
Chematopsyche sp.
Hydropsyche sp.
Lype sp.

Ephemoptera
Caenis sp.
Centroptilum sp.

Hexagenia sp.
Stenonema sp.

Megaloptera
Sialis sp.

Odonata
Gomphus sp.

Hemiptera
Buenoa sp.

Gyretes sp.

Coleoptera
Stenelmis sp.

Mollusca
Lasmigona sp.

TABLE 2.3.6-3

Missouri River

(continued)

Sampling Stations
A-2 'L—ig'n— H-2 c-2
+ + + +
+ R + +

R P +

+ +
+ + . +
P R P -
+ P + +
+ R + 4
+ R . +
+ R + R
+ P P P
+ R + R
+ + + +
P P + -
- + . R
+ + . R
+ + B R
P . - +

Logan Creek

ons

Sampling Stati
D

+
+

+

+ + +

++ 4+ +

+

m <+

Sheet 2
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Organism
Pisidium (cyclocalyx)

TABLE 2.3.6-3

(continued)

Missouri River
Sampling Stations

Logan Creek
Sampling Stations
E

Shaerium (musculium)
partiumeium

A-2 B-2 H-2 c-2 D E
adamsi P P + + + +
P + + + + +

aPonar grab sample
bRandom sample

cEkman Dredge Sample
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Grougs

Oligochaeta

Diptera

Trichoptera

Ephemoptera

Odonata
Coleoptera
Mollusca

Other

Total/m?

TABLE 2.3.6-4

WET-WEIGHT BEMTHIC MACROINVERTEBRATE BIOMASS AND DENSITIES
FOR MISSOURI RIVER AND LOGAN CREEK, SEPTEMBER 19744

T T o Stations =3 5 ¥
(886)1.007 (2219)3.309 (848)0.889 (743)0.893 (3057)3.656 (606)0.594
(10)0.005 (48)0.024 (124)0.071 (162)0.081 (14)0.007 (222)0.111
(10)0.005 (48)0.135 (10)0.042 + + .
+ (86)0.632 (19)0.322 (67)2.295 + (10)0.008
(10)0.430 (10)0.134 + + + +
+ + + + (14)0.143 +
(67)1.710 (10)1.086 + + + +
(10)0.005 + + + + (10)0.233
(993)3.162 (2421)5.320 (1001)1.324 (972)3;269 (3085)3.806 (868) 0.946

a(number of organisms) wet-weight in mg/m2



TABLE 2.3.6-5

NUMBER OF BENTHIC MACROINVERTEBRATES COLLECTED

IN A METERED LARVAL MET IN THE

Organism

Crustacea
Amphipoda
Crangoryx sg.

Diptera
Chironomidae
Chironomus sp.
Chironomus sp. B
PonpEEIIum sp.
Culicidae
Chaoborus sp.

Trichoptera
Hydropsyche sp.
Chematopsyche sp.

Ephemoptera
Centroptilum sp.
Stenonema sp.

Paraleptophleba sp.

Tsonychia sp.
Caenis sp.

Odonata
Gomphus sp.

TOTAL

DENSITY

MISSOURI RIVER,
JUNE 23, 1974

Station B

b

NNy OW

20
0.0503/m’?

Station C

- 4

+ -

1
20
0.0568/m?



TABLE 2.3.6-6

NUMBER OF BENTHIC MACROINVERTEBRATES COLLECTED IN A METERED LARVAL NET
IN THE MISSOURI RIVER JUNE 23 AND SEPTEMBER 8, 1974

June 23 b September 8 .
Organism Station B Station C Station B “Station C
Annelida
Oligocheate
Limnodrilus sp. + + + 1
Crustacea
Amphipoda
Crangonyx sp. + 1 1 +
Diptera
Chironomidae
Chironomus sp. 1 1 + +
Chironomus sp. B 1 + + +
Polypedilum sp. + 1 1 3
Tanypodinae (unknown) + + 1 1
Culicidae
Chaoborus sp. + 1 4 3
Trichoptera
Chematopsyche sp. 1 + +
Hyaropsycﬁe sp. 1 1 2 6
Lype sp. + + 1 +
Ephemoptera
Caenis sp. < + + +
Caenidae (unknown) + + + 2
Centroptilum sp. 3 + <+ +
Hexagenia sp. + + 5 )
Isonychia sp. 2 + . 4
Para*eptophleba sp. + 1 + +
Stenonema sp. 10 13 1 2
Odonata
Gomphus sp. + 1 + +

Sheet 1



Organism

Hemiptera
Buenoa sp.

Coleoptera
Stenelmis sp.

TOTAL

DENSITY

TABLE 2.3.6-6

(continued)

AT June 23
Station B Station C
+ +
2 =,

21 20
0.0527/m3 0.0568/m3

September 8

Station B

K3

. .
16
0.0490/m3

Sheet 2
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TABLE 2.3.6-7

NUMBER OF BENTHIC HACRQINVERTEBRATES COLLECTED IN
DRIFT NETS ™ IN LOGAN CREEK,
JUNE 22, 1974

Organism Station D Station E

Crustacea

Copepoda
Cyclopoid 6 38

Diptera
Chironomidae
Ablabesmyia sp. + 1

Ephemoptera
Stenonema 3p. +
Centroptilum sp. 1 +

—

2).135-m? nets



TABLE 2.3.6-8

BENTHIC MACROINVERTEBRATES COLLECTED FROM THE MISSOURI RIVER AND LOGAN CREEK
DURING JULY (J-3),

Organism

Platyhelminthes
Turbell ria

Nematoda
unknown sp.

Annelida
Oligochaeta

Enchytraeidae
unknown sp.
Lumbriculidae
Lumbriculus sp.
unknown sp.
Tubificidae
Aulodrilus pigneti
Branchiura sowerbyi
Ilyodrilus templetoni

Limnodrilus ceruix
L. claparedeanus
L. hoffmeisteri
L. sp.

L. udekemianus
Peloscolex sp.
Tubifex sp.
unknown sp.
Naididae
Aulophorus sp.
Dero digitata
Dero sp.

Nais elinguis

N. sp.

SEPTEMBER (S-3),
FEBRUARY (F-4), JUNE (J-4), AND SEPTEMBER (S-4),

Missouri River

DECEMBER (G-3),

1973, AND

J-3 8=3 D-3 F-4 J-4
x
x X
x
X x x X X
x
x x
b x
x x
X x X x X
x X x
x
x x
X x X X
X x
X
X X

1974
Logan Creek
S-4 J-3 $-3 D-3 F-4 J-4 S-4
X
x
x
x

X

x x

=
x
x
=
x
=
x

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

X X

X
x x X X

b 4

X x

x




—

TABLE 2.3.6-8 (continued)

Missouri River Logan Creek

Organism J-3 S-3 D-3 F-4 J-4 S-4 J-3 §-3 D=3 F-4

Paranais frici x x

Crustacea
Amphipoda
Crangonyx sp. X x
Hyallella azteca x
Decapoda
Astacidae (immature)
Palaemonetes kadiakensis

Diptera
Chironomidae

Ablabesmyia janta
Ablabesmyia sp. x
Chiroromus sp. x
Coelotanypus sp.
Conchapelopia sp.
Cricotopus exilis
Cryptochironomus blarina
Cryptochironomus fuluus
Cryptochironomus sp. x ¥ x x
Dicrotendipes sp. X
Glvptotendipes lobiferus
Glyptotendipes senilis x
Glyptotendipes sp. x x
Microtendipes svp.
Orthocladius sp. x
Paracladopelma sp. X x
Paralauterborneilla sp. X X X
Paratendipes sp. x x X
Pentaneurini (unknown) x
Polypedilum halterale x x
Polypedilum scalaenum x

Polypedilum sp. x x x x X x

X X X X X %
x
*

x
x
x
x
x

Sheet 2



TABLE 2.3.6-8 (continued)

Missouri River Logan Creek

wn
|
[
|
w

Organism J=-3 §-3 D-3 F-4 J-4

*
| 3

S-3 D-3 F-4 J-4

S-4

Procladius adumbratus X X X X
Procladius riparius x x x x x x
Procladius sg X X

Psectrocladius sp. x

Fseudochironomus sp. x X x
Rheotanytarsus sp. X x x % x
Stictochironomus sp. X x x
Tanypodinae x

Tanytarsini

Tanytarsus sp. x
Tendipedini x x

Tribelos sp. x

Trichocladius sp. x
Trissocladius sp. x x x x
Zavrelimyia sp. x x
Culicidae
Chaoborus punctipennis X x
Chaoborus sp. x x x x x
Ceratopogonidae
Bezzia sp. x
Unidentified sp. X x x
Psychodidae
Psychoda sp. X
Tipulidae
Tabanidae
Tabanus sp.

Trichoptera
Chematopsyche sp. X x x x
Hydropsyche orris x x

Hydropsyche sp. x x
Lype sp. X
Neureclipsis sp. x

Unidentified sp. x
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Organism

Ephemoptera
Caenis sp.
Centroptilum sp.
Ephemerella frisoni
Hexagenia sp.
Paraleptophlebia sp.

Isonychia sp.
Pentagenia vittigena

Pentagenia sp.
Stenonema femcratum

Megaloptera
Sialis sp.

Odonata
Argia sp.
Gomphus sp.
Macromia sp.
Hemiptera
Buenoa sp.

Gyretes sp.
Coleoptera

Dubiraphia sp.
Stenelmis sp.

Mollusca
Gastropoda

Ferrisia sp.
Pelecypoda
Amblema sp.
Corbicula sp.
Lasmigona sp.
Pisidium adamsi
Shaeriidae unknown
Shaerium partumeium
Uniomeras sp.

TABLE 2.3.6-8 (continued)

Missouri River Logan Creek
J-3 S-3 D=3 F-4 J-4 S-4 J-3 S-3 D-3 F-4 J-4 S-4
x x x x
x x x
x x
x x
x
x
x
x x
x X
x
x
x x x x
x
X
x x
x b3
x
x
* x
x
x
x
x
x
x
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2.3.7 FISH

2.3.7.1 Missouri River

Pflieger (1971) summarized fisn collection data from 1853 to 1969
in Missouri. From these data he produced maps that note collection
sites for each species of fish reported from Missouri. A tenta-
tive species list for the Callaway Plant site has been constructed
from these maps (Table 2.3.7-1). The table includes 34 species
known to occur in the Missouri River and 32 species in tributar-
ies of the area. Thus, a total ichthyofauna of 67 species has
occurred historically near the site.

None of the Dames & Moore collections confirmed the presence of
nine species reported by Pflieger (1971). All of these species
were minnows, with the exception of the black redhorse (Moxostoma
duguesnei). Many minnows species in Missouri are limited to cer-
tain parts of the Missouri River. Some, for example, are restricted
to the upper and others to the extreme lower parts of the river.
Because no collections had previously been made between the Osage
and Gasconade Rivers (Pflieger, 1971), where the flow differs
significantly, it is logical to assume that the Callaway Plant

site might have a slightly different assemblage of minnows than

those reported by Pflieger.

The present study consisted of two trips, with 35 species being
collected from Missouri River (Table 2.3.7-1). Twelve species
collected had not been recorded by Pflieger (1971). However, five
had been collected previously by Dames & Mocore. Their presence
reaffirms Pflieger's classification of these species as wide
ranging. The remaining seven species had been reported only

from cributaries by Pflieger (1971). Low summer flows probably
account for their presence in the river.

During the June sampling period, 13 species of fish were captured
in gill and fyke nets set in quiet waters behind dikes and revet-
ments (Table 2.3.7-2). Greatest numbers and diversity were obtained
from Transect C, which intersects the river near the mouth of Logan
Creek. Although there were no clear trends in catch among stations,
white crappie, freshwater drum, gar, river carpsucker, and carp
were most abundant in the catch. Sport fish such as white crappie,
sauger, and northern pike were captured only at Transect C. Com-
mercially important blue catfish and flathead catfish were captured
only at Transect A. Smallmouth buffalo, reported to be the second
most abundant fish in commercial catches (Robinson, 1973), were

not collected.

Electroshocking was conducted in June along the north and south
shoreline for a period of about 4 hours but was largely unsuccessful,
as only 11 fish were collected (Table 2.3.7-3). High turbidity and
high river currents reduced the effectiveness of the electroshocker.
Other workers have encountered similar problems with this type of

gear in the Missouri River (Minter, 1972).
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The September gill and fyke net collections yielded 15 species
(Table 2.3.7-4). Most abundant were freshwater drum, smallmouth
buffalo, goldeye, and white crappie. Northern pike, black bull-
heads, and sauger, all collected in June, were not present in

the September collections. However, paddlefish, goldeye, small-
mouth buffalo, and white bass were present only in September.
Most of the seasonal differences in species composition are from
species that are classed as wide~-ranging (Pflieger, 1971); there-
fore, their ephemeral appearance in the catch is not unusual.

l'o put the present (June and September 1974) fish collections in
perspective, a discussion by species is in order. For clarity,
they will be discussed by family in phylogenetic order.

The lamprey family (Petromyzonidae) has only one representative
in the Missouri River, the chestnut lamprey. Dames & Moore
collected five specimens in December 1973; during the present
study, none were collected. Pflieger (1971) suggests that popu-
lations are decreasing because of reduction in spawning areas.

Two of the three species belonging to the sturgeon family

seridae) in Missourli are considered rare, the lake sturgeon

penser fulvenscens, and pallid sturgeon (Scaphlrthpnus albus).
Thelr presence has never been reported at the Callaway Plant site.
However, the other speries, the shovelnose sturgeon (Scaphirhynchus
platyrhynchus), occurs at the site (Table 2.3.7-1).
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The eel family (Anguillidae) is represented by the American eel
Anguilla rostrata) in Missouri. Its presence at the Callaway
Plant site has not been confirmed by this or previous Dames & Moore
studies. Pflieger (1971) reports collections containing eels at
several up-river sites. The catadromous nature of this species
predicts its presence, at least seasonally, at the Callaway plant
site.

The shad farily (Clupeidae) contains the gizzard shad (Dorosoma

HPOuLJWAm/, one of the most abundant fish in the Missouri River.
)ames & Moore collections in 1973-74 « ‘med 1ts abundance at

the site. Another species, skipjack | ing (Alosa cdr;‘ochlorls),
not normally considered a resident of the lower Missourl Rl

has been collected both in 1973 and 197 by Dames & Moore

-

1t was not collected during the present udy Pflieger
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characterizes the species as inhabiting open waters of large
rivers and being intolerant of extreme turbidity. Its presence
in the lower Missouri River may indicate a reduction in excessive
turbidity.

The present collection contained one species of the mooneye family
(Hiodontidae), the more common goldeye ('.odon aloscides). Previous
collections (Dames & Moore, 1974; University of Missouri-Rolla, 1974)
in the area have contained the mooneye (Hiodon tergisus), which is
considered rare in Missouri by Pflieger (1971).

The pike family (Esoxidae) was represented by the northern pike
(Esox lucius). There is a question as to whether E. lucius has

a natural population in Missouri or is present because of northern
intrusion. Pflieger (1971) states that there is a possibility of
a self-sustaining population in the Osage River. This is probably
the source of the single specimen collected in June 1974.

The minnow family (Cyprinidae) is more diverse than any other family
in the Missouri River. During the present study, 10 species were
collected, including the common carp (Cyprinus carpio). It was
moderate in abundance and accounted for percent of the June net
collection and 8 percent of the September net collection (Table
2.3.7-2 and 2.3.7-4). This species, with its granivorous nature

and high fecundity (Berner, 1951), is well suited to the Missouri
River.

The other minnows collected corresponded closely to those reported
by University of Missouri-Rolla (1974). The emerald shiner, Notro-
pis athernoides, was the most abundant for both spring and fa
surveys. Second in abundance for the spring survey was the silver
chub, Hybopsis storeriana, and for the fall the western silvery
minnow, Hybognathus argyritis (Tables 2.3.7-5 and 2.3.7-6). (H.
argyrtis is considered a subspecies of H. nuchalis, silvery minnow,
y Balley, et al. [1970].).

The sucker family (Catostomidae) is ecologically well suited to
most large river systems. Their use of detritus, an abundant food
source, and touch-taste feeding mechanism reduce effects of high
turbidities (Hynes, 1972) normally associated with large rivers.
At the Callaway Plant site, this family is represented by five
species. All three species of the carpsucker genus, Carpiodes,
have been cnllected. The river carpsucker (C. car io) 1is by far
the most prevalent species of this genus in the Missouri River
(Pfleiger, 1971). The other two Carpiodes species were collected
during the June 1974 survey.

The remaining sucker species, smallmouth and largemouth buffalo,
found at the site are both in the same genus (Ictiobus). Pflieger
(1971) and University of Missouri-Rolla (1974) both stated that the
largemoutn buffalo (I. cyprinellus) is the most common buffalo
species in the Missouri River. However, at the site the smallmouth
buffalo (I. bubalus) is more common (Union Electric Company, 1974).
During the present study, the smallmouth buffalo was the only
buffalo species collected.
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The catfish family (Ictaluridae) is represented by four species

at the site. In order of decreasing abundance, they are as fol-
lows: flathead (Pylodictis olivaris), blue catfish (Ictalurus
furcatus), channel catfish (I. punctatus), and black bullhead

(I. melas). Dominance of blue catfish is higher at the site than
previously reported by Pflieger (1971) and University of Missouri=-
Rolla (1972, 1974) for the Missouri River; conversations with
local fisherman support Dames & Moore's findings.

The temperate bass family (Percichthyidae) was represented by a
single species, the white bass (Morone chrysops). Several authors
have indicated that reduction in turbidity could account for ap-
pearance of this species.

The sunfish family (Centrarchidae) was better represented in Logan
Creek than in the Missouri River. Only one species of sunfish, the
bluegill (Lepomis macrochirus), was collected from the river. How-
ever, both largemouth and smallmouth bass (Microptrus salmoides,

M. dolomieui) were collected in the river. Dames & Moore's
collection of smallmouth bass from the river represents only the
third such collection. The remaining sunfish species, white crappie
(Pomoxis annualris), was quite abundant behind revetments and at

the mouth of Logan Creek. It accounted for 10.2 percent of the

fall and 16.2 percent of the spring net catch.

The perch family (Percidae) was represented by the sauger (Stizoste-
dion canadense) and orangethroat darter (Etheostoma spectabile).
Several young-of-the-year sauger were collected both in the spring
and fall. However, adults were taken only during the spring survcy.
This indicates low abundance of this species or possible migration
of the adults upstream during the spring.

The drum family (Sciaenicdae) was represented at almost every sta-
tion during both surveys by freshwater drum (Aplodinotus grunniens).
This species is also common in commercial catches, being taken

by net or seasonally by trotline (Robinson, 1973).

Although the fish fauna of the Missouri River is diverse, st:anding
crops and growth rates are reported by several authors as low
(Berner, 1951; Carlander, 1969; Gammon, 1970; and Robinso~, 1973).
Gammon (1970) attributed low productivity resulting from high tur-
bidity as part of the cause. Berner (1951) states that channeli-
zation also lowered productivity by reducing backwater where plankton
production occurs.

To aid in assessing production potential, food availability, and
gereral suitability of the aquatic environment, condition factor
(K) was calculated for the five most abundant species collected
during both sampling periods (Table 2.3.7-7). Condition factors
for four of the five species were either lower than values reported
by Carlander (1969) or as low. [The condition factor for waite
crappie in the Missouri River is about equal to that attained by
this species in rivers of other states, such as in Oklahoma (Houser
and Bross, 1963).] This species is able to eat anything from
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plankton to small fish. It also is not greatly affected by tur-
bidity or mud bottom. Therefore, it is well suited to backwater
areas of the Missouri River, as its condition factor illustrates.

The other species with a near average condition factor was the
carp. Berner (1951) indicated carp are seed and detritus eaters.
The fluctuating water level in the river results in good seed
supply at lsast part of the year. Gizzard shad and river carp-
sucker, which have a low condition factor, do not selectively
eat seeds and rely mainly on detritus.

Drum condition was lower than that of either white crappie or
carp. The drum has a more restricted diet than white crappie.
It is not able to use plankton and must generaily utilize larger
food types such as fish and invertebrates.

An age and growth study was cond:icted on gizzard shad collected
in the Missouri River during the present study. Back calculated
lengths at age (Table 2.3.7-10) are slightly below the median
growths reported by Carlander (1968) for Missouri, Illinois,
Kentucky, Tennessee, and North Carolina. Because gizzard shad
probably are able to directly derive energy, thiy utilize organic
detritus (Baker and Schmitz 1971).

In an effort to assess the food base of the river, seining was
conducted along sand bars and in backwater areas. Seine hauls in
June 1974 were dominated by shiners (Notropis spp.) and chubs
(Hybognathus spp.). Most abundant in all catches was the emerald
shiner, reported to be the most abundant minnow in the Missouri
River. The spring sample also contained numerous young-of-the-year
gizzard shad, white bass, white crappie, sauger, and others. Sauger,
gizzard shad, bluntnose minnow, and brook silverside were collected
exclusively at night.

September 1974 seine hauls were also dominated by both adult and
juvenile shiners and chubs. The western silvery minnow (Hybognathus
argyntis) appearecd for the first time. In addition, juveniles of
several species were collected, including river carpsucker, channel
catfish, largemouth bass, white bass, and sauger. Berner's (1951)
seine collections contained fewer minnows and were dominated by

Hybognathus spp. and Hybopsis spp.

For both fall and spring periods, approximately 300 fish were col-
lected per 15-m haul of a 7.5-m minnow seine. This abundant pop-
ulation can be explained by the ood habits of the collected species.
They are able to utilize particulate organic matter (detritus),
which is the major energy source for the river's aquatic organisms.

Larval fish data were collected during both spring and fall surveys;
a metered net was used for sampling. These data serve a two-fold
purpose. First, they indicate spawning use of the Missouri River
and, secondly, they document the presence of possible entrainable
fauna.
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Results of the larval fish sampling, conducted in the spring

(June 23), showed that larvae of several species were suspended in
the water column and that reproduction had occurred only a short
time earlier (Table 2.3.7-8). Some egg-sac larvae were less than
4mm long. ‘pensities of fish larvae and3eaqs were calculated to

be 0.201/m"~ at Transect B and 0.270/m at Transect C. The differ-
ence in densities probably reflects contributions from Logan Creek
and associated backwaters at Transect C. Fish eqr 3 were collected
only at Transect C.

In the fall (September 5), no larval fish were collected at
Transect B, but two carp about ZOINS long were taken at Transect C.
They represent a density of 0.005/m".

2.3.7.2 Logan Creek

Loga. Creek does not support the same species diversity as other
tributaries in the area. Dames & Moore, in four collecting periods,
reported 26 species from two stations, whereas Pflieger (1971) found
a more diverse ichthyofauna in tributaries adjacent to the Callaway
Plant site. He indicated that 32 species occur only in these trib-
utaries. The creek's small size may account for its moderately low
divarsity. One of the envi.onmental factors limiting Logan Creek
diver: -y is its periodically low flow. During low flow periods,
pools are formed where water temperatures and dissolved oxygen can
become limiting to fish survival. Rapid water level change is
another stress factor. The short and narrow drainage basin reduces
seepage and increases volume and speed of runoff. Station D on Logan
Creek suffers from additional stress of heavy silt deposits (50 to 80
cm). This silt is deposited by flood waters of the river. Because
of the low gradient and current at Station D, these deposits are re-

moved quite slowly.

Seining at Station D in June 1974 yielded a total of 10 species

of fish (Table 2.3.7-5). Five of these (Shortnose gar, gizzard
shad, emerald shiner, smallmouth bass, and freshwater drum) were
age 0 juveniles and three (channel catfish, bluegill, and white
crappie) were probably age 1 juveniles. Juvenile smallmouth are
of interest because they have not been previously collected in the
creek, though local fisherman catch adults. Adult smallmouth bass
have also been collected from the river near Hermann, Missouri
(Minter, 1972).

In September 1974 the number of species collected by seining at
Station D increased from 10 to 17 (Table 2.3.7-9). Intrusion of
river species into the creek accounted for most of the increase.
Warmouth (Lepomis gulosus), one of the river species collected,
has never been reported in collections from lower Missouri tri-
butaries (Pflieger, 1971).

Sampling was conducted at Station E on May 30 and June 22, 1974.
The May sampling yielded seven species, mainly bluegills and green
sunfish (Table 2.3.7-5). Green sunfish were absent in June when
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13 fish species were collected. In all, 16 species were collected
at Station E in the spring of 1974.

Standing crop biomass estimates were made at Station E on both

May 30th and June 22nd. During the May sampling, a 30-meter
section of the creek was blocked off with minnow seines and sampled
with a backpack D. C. electroshocker until the catch per unit effort
was reduced sufficiently to allow a population estimate. The same
procedure was used in June, with the exception that a 14.l-meter
section of the stream was sampled with a minnow seine. A total

of 60 fish were collected from the blocked-off area on May 30th.
Regression of catch per unit effort on cumulative catch resulted

in an X-intercept of 68 fish. Total biomass, extrapolated from

the catch, is estimated at 2,469 g, or 24.18 kg/ha. Standing

crop biomass, estimated from the regression obtained from 28

fish collected on June 22nd, was 9.265 kg/ha. The difference in
the two estimates is due primarily to the large number oi green
sunfish present in the May sample. The June sample contained fewer
sunfish and a greater diversity of smaller fish, such as minnows
and gizzard shad.

On September 6th, 1974, an l8-meter section at Station E was blocked
and seined. A biomass estimate of 4.342 kg/ha was calculated from
the X-intercept of 68 fish. The presence of numerous juvenile fish
in the sample accounted for the increase in fish numbers without a
corresponding biomass increase.

Biomass at Station D was estimated by use of a beach haul seine.
One-half of the seinewas strung out directly across to the opposite
bank. The other end was played out along the near bank. Then the
near bank side of the net was seined across so as to encircle a 2
given area. Two seine hauls sampled an area equal to about 360m “ .
Estimated biomass was 9.678 kg/ha, which almost equals the biomass
of the second sampling period at Station E.

The growth rates for bluegill collected from Logan Creek during the
present study are very low (Table 2.3.7-10). For example, back
calculated length at age are slightly above the lowest reported

for Oklahoma during the period 1952 to 1963 (Houser and Bross,
1963).

In general, the number of species and standing crop at Station E
is lower that at Station D. Wide-ranging river species frequent
Station D and account for most of the difference.

Summarx

In summary, the water quality cf the Missouri River is influenced
primarily by surface drainage from undisturbed and cultivated lands,
high discharge rates, and industrial and municipal pollution.
Variation in most water quality parameters measured during the
present, as well as earlier, studies was a function of discharge
rate and the presence of suspended solids. Coliform bacteria
counts increased during periocds of high runoff and often exceeded
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state standards. Chronic pesticide contamination does not exist,
though chlorinated pesticides have been detected in spring water
samples. Copper concentration, earlier suggested as a possible
aquatic toxicant (Union Electric Company, 1974), was found to be
associata>d more with the concentration of suspended particulate
matter than with total dissolved solids. Therefore, toxicity of
copper to most aquatic organisms is not likely. Cadmium, however,
is probably a component of the total dissolved solids.

Data from the present study support the contention that water
quality is higher in Logan Creek than in the Missouri River.
Dissolved solids, suspended solids, turbidity and coliform

bacteria levels are generally lower in the creek than in the

river. Dissolved oxygen is generally nigher in the creek than in the
river, though Station D in Logan Creek may, because of its close
proximity to the river, have dissolved oxygen levels more
characteristic of the river than the creek. Diurnal depletion

of dissolved oxygen may occur in the lower reaches of the creek

due to respiration of organically enriched bottom muds.

Low phytoplankton and zooplankton densities generally found in
the river are related to excessive turbidities and lack of
adjoining lentic waters. However, in the present study, seasonal
fluctuations, density, and productivity of phytoplankton were
unusually great. Phytoplankton densities in September were over
100 times greater than those in June and as much as 8 times
greater than the highest densities reported for the lower Missouri
Riv%ﬁ. Primary productivity in September, as measured by uptake
of C, was also moderately high, indicating that active
photosynthesis was occurring. During the summer, river discharge
rates dropped below 44,000 cfs, thus reducing turbidity and
creating quiet water areas behind revetments. Prior to the
September study, discharge increased from 44,000 to 89,000 cfs.
Apparently, this water level increase flooded the revetments and
washed phytoplankton into the river channel, thus producing the
high densities observed in September. Turbidity, which was

still moderately low, permitted photosynthesis to continue

both in the river channel and behind revetments,

Phytoplankton densities in Logan Creek during the September
study were also high, though lower than Missouri River densities.
Primary productivity, however, was low at both sampling stations.
It appears that the presence of large numbers of dead diatom
frustrules accounted for high densities and low productivity
measured in the study, though other factors, such as nutrient
depletion, may be responsible for this anomaly.

Variation in benthic macroinvertebrate density, diversity, and
biomass was found to be a function of river discharge and
unstable substrate. High spring water levels plus the normal
emergence of mayflies and chironomids resulted in low diversities
and densities and the predominance of oligochaete worms in the
June river samples. September samples contained a more diverse
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and dense assemblage of macroinvertebrates as a result of improved
water quality, lower predation, and normal life cycle patterns.

Macroinvertebrate drift samples taken in the river yielded a
species composition different from that found in the bottom
grab samples. The source fcr many of the drift organisms may be
channel modification structures such as dikes and revetments.
Samples of rocks and logs taken from a revetment revealed the
presence of species not associated with other bottom substrata.
Caddis flies, chironomids, flat worms, amphipods, mayflies, and 2
oligcchaete worms were present in densities greater than 48,000/m“.

Logan Creek benthic macroinvertebrates are similar in species
composition to those in the Missouri River but usually have
higher densities, biomass, and diversity. Seasonal variation

in benthic macroinvertebrate diversity, biomass, and density was
similar to that observed in the river and was largely influenced
by the same physical and biological factors. Variation between
stations is primarily related to differences in water quality and
substrate. Low diversity observed previously at Station D was also
noted in the present study and was the lowest recorded in 2

years of study. The most important factors affecting benthic
invertebrates in the lower creek are those related to flooding
and silt deposit by the river, though pesticide contamination
may also play a role.

During the present study, 35 species of fish were collected in the
Missouri River. Seven of these species had not been collected in
the area previously but are reported as tributary species.
Freshwater drum, white crappie, and river carpsucker were
constantly abundant in all collections. Seasonal variation in
catch was due largely to the appearance of wide-ranging species.
Seine collections on sand bars and backwater areas were dominated
by the emerald shiner. Numerous juvenile fish were collected,
including gizzard shad, white bass, white crappie, sauger,
freshwater drum, largemouth bass, and others.

Results of the larval fish sampling in June .ndicate that larvae
of at least eight species were suspended in the water colum%.
Densities of fish larvae and eggs were estimated at 0.201/m°. at
Transect C, suggesting that Logan Creek and associated backwaters
at Transect C contributed to the catch. The September sampling
yielded only two larval carp.

Seining and electroshocking in Logan Creek yielded a total of 26

species, including 12 species of juveniles. The eight species of
juveniles present in the creek in May and June were mostly river

species. A greater number of minnows and sunfish made up the nine
species of juvenile fish present in September.
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Standing crop biomass estimates from collections made at Station

E in May, June, and September are 24.18 kg/ha, 9.265 kg/ha, and
4.342 kg/ha, respectively. Biomass from collections at Station

D in September is estimated at 9.678 kg/ha. The appearance of
wide-ranging river species at Station D accounts for the observed
difference in biomass in September.

Condition factors of the five most abundant fish species collected
in the Missouri River were calculated. Condition factors for

carp and white crappie were about average when compared to those
from other states. Gizzard shad, river carpsucker, and fresh-
water drum exhibited below-average condition factors.
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SPECIES OF FISH COLLECTED IN THE MISSOURI RIVER AND LOGAN CREEK

Family
S ies

Petromyzontidae
Ichthy )myzon castaneus

Acipenseridae
Scaphirhynchus platorynchus

Polydontidae
Polyodon spathula

Lepisostheidae
Lepisosteus osseus
Lepisosteus platostomus

Clupeidae
Doroscma cepedianum
Alosa chrysochloris

Hiodontidae
Hiodon alosoides
Hiodon tergisus

Esocidae
Esox lucius

Cyprinidae
Cypripus carpio
Semotilus atromaculatus
Hybopsis storeriana
Hybopsis x- punctata
Hybopsis gracilis

TABLE 2.3.7-1

Common Name

Chestnut lamprey

Shovelnose sturgeon

Paddlefish

Longnose gar
Shortnose gar

Gizzard shad
Skipjack herring

Goldeye
Mooneye

Northern pike

Carp

Creek chub
Silver chub
Gravel chub
Flathead chub

Collection Dates

Missouri River

1853-1969% 1972 1973 19749
R x x
R X x
xg X
R X x
R x x x
R x x x
x X
R x x x
X
X x
R x x x
I
R x
R
R x

logan Creek
1973-74%  1974f
X
X
x X
X
x
Sheet 1
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TABLE 2.3.7-1 (continued)

Collection Dates

Missouri River __Logan Creek

1974°

Family

Speyxes

f

1972°  1973° 1973-74° 1974

1853-1969"

Com@gﬂ_Ndme

Cyprinidae (continued)

Hybopsis meeki
Phenacobius mirabilis
Egglijé‘atherxno1de3
Notropis rubellus

Not rula.rs- umbratilis
Rﬁirukii shumardi
Eutrugxs zonatus
Notropls cornutus
Notropis boops
Notropis lutrensis
t_i_()' roplis stramineus
Notropis topeka
Nutrnigg_hwterolgggs
Notropis volucellus
Notropis buchanani
Dionda nubila

Phoxinus erythrogaster

Hybognathus argyritis
Hybognathus placitus
Pimephales notatus
Pimephales promelas

car 010
e e

CJ{kjodcs cyprinus
Carpiodes velifer
Catostomus commersoni

Catostomus catostomus

Sicklefin chub
Suckermouth minnow
Emerald shiner
Rosyface shiner
Redfin shiner
Silverband shiner
Bleeding shiner
Common shiner
Bigeye shiner

Red shiner

Sand shiner

Topeka shiner
Blacknose shiner
Mimic shiner

Ghost shiner

Ozark minnow
Southern redbelly dace
Western silvery minnow
Plains winnow
Bluntnose minnow
Flathead minnow
Stoneroller

River carpsucker
Quillback

High-finned carpsucker
White sucker

Longnose sucker

x

S-S0 E 0SS 000D
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Family
Species

Catostomidae

(continued)

Hypentilium nigricans

Ictiobus cyprinellus

Ictiobus bubalus

Moxos toma

duquesnei

MUxostoma

erythrurum

k. xostoma

macrolepidotum

Ictaluridae

Ictalurus

furcatus

Ictalurus

melas

Ictalurus

natalis

Ictalurus

nebulosus

Ictalurus

punctatus

Plyodictis olivaris
Noturus exilis

Cyprinodontidae
Fundulus catenatus
Fundulus olivaceus
Fundulus notatus

Poeciliidae
Gambusia affinis

Atherinidae
Labidesthes sicculus

Percichthyidae
Morone chrysops

TABLE 2.3.7-1

Common Name

Northern hog sucker
Largemouth buffalo
Smallmouth buffalo
Black redhorse
Golden redhorse
Northern redhorse

Blue catfish
Black bullhead
Yellow bullhead
Brown bullhead
Channel catfish
Flathead catfish
Slender madtom

Northern studfish
Blackspotted topminnow
Blackstripe topminnow

Mosquitofish

Brook silverside

White bass

(continued)

Collection Dates

Missouri River

1853-1969. 1972b 19730' 1974d
T
x

R x x
R
: 4 x
T
R x x
T x
: 5 x
R - x x
| 4 x x x
T
T
T
T x
T x
T x

x x x

__logan Creek
1973-74°  1974F
X
x
=< X
x
X
x x
X X
x x
Sheet 3



Family
Species

Centrarchidae

Micropterus dolomieui
Micropterus salmoides
Lepomis gulosus
Iepomis cyanellus
Lepomis humilus
Lepomis megalotis
Lepomis macrochirus
Pomoxis annularis

Percidae

Stizosteidon canadense

Percina phoxocephala
Percina caprodes
Etheostoma nigrum
Etheostoma spectabile
Etheostoma flabellare
Etheostoma punctulatum

Etheostoma exile

Sciaenidae

Aplodinotus grunniens

TABLE 2.3.7-1

Common Name

Smallmouth bass
Largemouth bass
Warmouth

Green sunfish
Orangespotted sunfish
Longear sunfish
Bluegill

White crappie

Sauger

Slenderhead darter
Logperch

Johnny darter
Orangethroat darter
Fantail darter
Stippled darter
Iowa darter

Freshwater drum

qRiver (R) and tributary (T) collections reported by Pflieger (1971).

bCollected from one station at Hermann, Missouri (Missouri River Euvironmental Inventory, 1972).

(continued)

Collection Dates

Missouri River

1853-1969a 1972b 1973c 1974d
< x X
R x x
T x
T
T x
R x x ¥
R X X x
R x x X
T
T
: s
T x
)
R x X X

Notropis species was also collected near Hermann, but has not been included in the table.

a 0

Collected from six stations by Dames & Moore, June, 1974.
Collected from two stations by Dames & Moore, July, September and December, 1973 and February, 1974.

a

Observed during the survey, but not collected.

Collected from two stations by Dames & Moore, June and September, 1974.

Logan Creek

1973-74¢  1974f
X
x X
X
X X
X x
X X
X X
X
X
X
X
x
X x

An unidentified

Collected from five stations near the site area by Dames & Mocre, July, September, and December, 1973.
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TOTAL NUMBER AND LENGTH RANGE OF FISHES COLLECTED WITH GILL AND

Common Name

Shovelnose sturgeon
longnose gar
Shortnose gar
Gizzard shad
Northern pike
Carp

River carpsucker
Blue catfish
Black bullhead
Flathead catfish
White crappie
Sauger
Freshwater drum

Common Name

Shovelnose sturgeon
Longnose gar
Shortnose gar
Gizzard shad
Northern pike
Carp

River carpsucker
Blue catfish
Black bullhead
Flathead catfish
White crappie
Sauger
Freshwater drum

TABLE 2.3.7-2

FYKE NETS FROM THE MISSOURI RIVER, JUNE 19742

Station A-North End Station A-South End Station B-South End Station B-North End
Number Length Number Length Number Length Number Length
+ + 2 430(467)490 + \ + +
+ * 1 615 + + 1 605
+ + + + + + + +
+ + + + + + + +
+ + + + + + + v
+ + 2 300(385)470 + + 2 248(337)425

+ 2 * $ 1 377 + +
1 210 1 805 + + + +
1 200 + + + + + +
+ + 1 705 + + + +
+ + + + + + + +
+ + + + + + + +
+ W + + + * 3 225(267) 309

Station H-South End

Station C-North End

Station C-South End

Number Length  Number Length  Number Length
+ + + + | 530
+ - 4 + 1 965
+ ' + “+ 4 525(562)570
+ + + + 2 282(287) 292
+ + 1 666 + +
+ + + + + +
1 377 + + 2 401 (412)422
+ + + + B +
+ + + + + +
+ + + + + +
+ + 1 185 5 178 (210) 250
+ + 1 308 1 423
+ 2 P + 3 114 {204) 340

%rotal length range (mm) with mean length in parentheses.



TABLE 2.3.7-3

TOTAL NUMBER AND LENGTH RANGE OF FISHES COLLECTED WITH
A BOOM ELECTROSHOCKER IN THE MISSOURI RIVER, JUNE 19742

Common Name

Shortnose gar
Gizzard shad
Carp

White crappie

Freshwater drum

Station B~North End

Station C-North End
Number Length

Number Length
2 490;517
+ -
+ .
+ +
- +

3 565(582)618

2 210;214
1 432
1 185
2 231;234

qrotal length range (mm) with mean length in parentheses.



TABLE 2.3.7-4

mummmmornmmumuxﬂgxum
FYKE NETS FROM THE MISSOURI RIVER, SEPTEMBER 1974

Station A-South End

Station B-South End

Station B-North End

Station H-North End

%rotal length range (mm) with mean length in parentheses.

Station C-North End

Common_Name Mumber  Length Wumber  Length Number  Length Number  Length Nusber  Length
Shovelnose sturgeon 1 430 + + + + + + + +
Paddlefish + + + + + + 1 910 + +
Longnose gar + +* 1 1366 1 630 2 550(553) 555 + +
Shortnose gar + + + + 3 484 (556)604 5 415(508) 649 + +
Gizzard shad + + 1 306 + * 10 320(342)374 2 457(494)530
Goldeye + + | 263 16 260(277) 300 1 259 12 71(170)329
Carp + + 1 485 k) 450(493)534 5 320(397)450 + +
flver carpsucker + + 1 420 + + 7 391 (405)415% + +
Smallmouth buffalo + + + + 12 275(373)427 1 340 1 n
Blue catfish 2 460(465)470 + + + + + + + +
Channel catfish + + + +* 1 163 1 540 + +
Flathead catfish + + + + 1 91 + + + +
White bass + + + + + + + + b ‘30
wWhite crappie + + + + 1 320 + + i2 77(206) 261
Freshwater drum + + + + 13 65(134)395 Kl 66 (79)90 2 84(102)119



Common Name

Longnose gar
Shortnose gar
Skipjack herring
Gizzard shad
Stonercller
Flathead chub
Silver chub
Emerald shiner
Red shiner
Redfin shiner
Bluntnose minnow
Quillback

Smallmouth buffalo

Channel catfish
Black bullhead

Blackstripe topminnow

Mosquitofish
Brook silverside
White bass
Green sunfish
Longear sunfish
Bluegill

Sunfish hybrid
Smallmouth bass
White crappie

Orangethroat darter

Sauger
Freshwater drum

TOTAL NUMBER AND LENGTH RANGE OF FISHES COLLECTED WI
RIVER AND LOGAN CREEK, JUNE 1974

TABLE 2.3.7-5

Tg SEINES IN THE MISS .URI

'mul length range (mm) with mean length in parentheses .

blhy be Carpiodes sp.

’lot observed.

Station B Station B-Suuth Station H Station D Station E Station E
June 22 June 23 ____Jdune 22 ___June 22 June 22 May 30
Number  Length Number Length Number Length Number Length Number Length Number Length
+ + 1 57 - + + + + - + +
- +* + + + + 1 59 + + + +
. + 7 16(28) 35 +* + * + + + + +
18 21(27)40 13 22(30)65 1 27 2 33(34)35 9 131(166)322 1 244
14 35(54)64 2 46-60 + + + K + + . +
1 95 + - + + + + + + +* +
+ + 46 18(25)34 + + + + + + + +
96 19(30)60 368 17(22)30 47 19(21)27 4 23(2%)27 13 36(50)62 | 61
+* + + + + + + + 1 70 + +
+ * + + + + +* + s 54(58)61 + +
21 17(22)30 + + - + . + 46 15(27)62 + +
+ + + + + + + + 2 139(145)151 + +
+ + ? 2aaeana ?® 20022 + S8 1 287 + +
+ + + . + + S 85(98)137 + + + +
* + +* . + + + + + + 1 95
+ + + + + - + B 4 54 (59)65 9 51(60)75
+ + + + + + 1 30 1 31 + +
3 18(22)25 . + + B + + + + + +
22 13 18(27)35 2 19(23)26 + + + + + +
+ + + + + + - + + + 16 61(131)170
+ + + + + + v + 25 61(103)129 3 98(107)112
+ + + + + + 1 56 21 76(109)132 32 91(116)175
+ + + + + + + + 1 98 + +
+ + 1 37 + + 5 27(43)58 1 33 + +
+ + 2 18(22)25 + + 2 87(100)112 3 164(168)174 + .
+ + + + + + 1 22 + + + .
7 44(61)91 * + 1 67 + + + + + +
+ + 4 27(29)30 + + 4 22(25)27 + + + »



Common Name

Skipjack herring
Gizzard shad
Flathead chub
Silver chub
Emerald shiner
Red shiner
Silvery minnow
Bluntnose minnow
River carpsucker
Channel catfish
Mosquitofish
White bass
Bluegill
Largemouth bass
White crappie
Orangethroat dar
Sauger

Freshwater drum

TABLE 2.3.7-6

TOTAL NUMBER AND LENGTH RANGE OF FISHES COLLECTED WITH SEINES IN MISSOURI RIVER,
SEPTEMBER 5, 1974

Station B
Numbe r Length
1 75
3 66(71)80
2 42(58)73
+ +
77 27(42)72
+ +
22 27(48)80
+ +
32 45(59)67
3 57(59)62
+ .
+ 4
1 43
K +
+
ter + +
+ +
2 88(99)109

Station B-South

Number

+
11
+
15
330

=y
—

+ 4+ + + 6 O N+ DD O+

langth
+
71(145) 278
+
28(45)62
24(36)42
28 (40)47
+
28(45)62
45(48)51
+
25(26)26
65
25(36)48

251.,0)48
+

¢ + +

Station H
Number Length
+ +
24 33(101) 275
+ +
3 61(65)70
88 23(45)64
+ +
+ +
+ +
3 30(32)33
+ +
+ +
2 95(100) 104
2 20(24)28
+ +
Kl 56(71)100
2 30(31)31
1 72
+ K



TABLE 2.3.7-7

CONDITION FACTOR AND LENGTH-WEIGHT REGRESSIONS FOR FIVE
SPECIES OF MISSOURI RIVER FISH COLLECTED,
JUNE AND SEPTEMBER 1974

Species

Gizzard shad (male)
Gizzard shad (female)

Gizzard shad (combined)

Carp

River carpsucker

White crappie (male)
White crappie (female)

White crappie (combined)

Freshwater drum

Condition Factor

(19)2
(19)

(38)

(15)

(21)

(9)
(7)

(22)

(12)

0.929

0.971

0.950

1.353

1.217

1.560

1.654

1.546

1.352

Number of specimens used for calculation.

Length-Weight Regressions
log W = -4.87 +2.93 log L
log W= -5.42 +3.16 log L
log W + =5.32 +#3.12 log L
log W + -4.83 +2.98 log L
log W + -4.46 +2.82 log L
log W= -2.15 +1.82 log L
log W= -4.76 +2.98 log L
log W= -2,77 +1.34 log L
log W= ~=5.73 +3.36 log L



TABLE 2.3.7-8

LARVAL FISH COLLECTED WITH A METERED TOW NET FROM THE MISSOURI RIVER,
JUNE 23, 1974

Transect B Transect C

Total Total
Species Number Length No./m® Number Length No./m®

(mm) (mm)
Alosa chrysochloris 4 10-15 0.010 2 20-24 0.006
Dorosoma cepedianum 15 6-13 0.377 39 4-12 0.111
Micropterus spp. 2 6-7 0.005 12 6-9 0.034
Notropis spp. 12 4-10 0.030 28 4-7 0.079
Cyprinus carpio 2 | 22-27 0.005 + + +
Morcne chrysops 3 6-8 0.007 + + +
Centrarchidae species 3 <4 0.007 + + +
Unidentified species 39 <4 0.098 14 <4 0.040
Unidentified fish eggs + + + 3 + (0.008)

TOTAL 80 0.201 98 0.270



TABLE 2.3.7-9

TOTAL NUMBER AND RANGE OF FISHES COLLECTED WITH SEINES IN LOGAN CREEK,
SEPTEMBER 6, 1974

Common Name

Shortnose gar
Gizzard shad
Stoneroller

Silver chub
Emerald shiner

Red shiner

Redfin shiner

Sand shiner
Bluntnose minnow
Carpiodes spp.
Smallmouth buffalo
Carp

Channel catfish
Blackstripe topminnow
Mosquitofish
Green sunfish
Longear sunfish
Bluegill
Largemouth bass
Warmouth

white crappie
Orangethroat darter
Freshwater drum

Station D

. =
O+ O U+ +D+HENFHUNS OO 4+ O

L

—

Number

LeEth

515
75(162) 265
L

29(37)52
31(39)65
60
53(60)67
30(37)47
W
44(52)62
186
216(241) 266
75
+
29(30)32
+
+
30(55) 108
228
142
129 (155) 187
+
57(79)97

Station E
Number Length

1

+ 331

4 45(51)67
+ -

. +

- +

+ -

6 27(35)49
7 33(35)38
+ +

+ +

+ .

+ +

4 30(44)72
+ .

6 25(42)69
1 97

4 30(49)103
+ +

+ +

+ “

2 38 (39)41
+ L 4



TABLE 2.3.7-10

MEAN BACK-CALCULATED TOTAL LENGTH (mm) AT END OF EACH YEAR

OF LIFE OF BLUEGILL AND GIZZARD SHAD COLLECTED IN 1974

Bluegill
Year Number Age
Class of Fish T X 3 1
1973 4 84
1972 31 63 3
1971 S 62 95 111
1970 5 55 85 122 137
mean length 66 90 116 137
mean increment 66 30 26 21
Gizzard Shad
Year Number Age
Class of fish 2 2 B
1973 6
1972 10
1971 25
1970 1

mean length
mean increment




2.4 ECOLOGICAL SUMMARY

Abundance and diversity cf aquatic biota near the Callaway Plant
site have been characterized as limited by excessive turbidity,
high discharge rates, and lack of quiet backwater area. The
following discussion highlights some of the more important
features of the aquatic ecosystem as they are related to these
limiting factors.

Low primary productivity in the Missouri River has resulted from
heavy silt loads, which reduce the amount of light available for
photosynthesis by planktonic and periphytic algae. Because
primary productivity is low, the major source of energy available
to the aquatic community is from terrestrial plant and animal
materials in the watershed. This energy source, available
directly to both invertebrates (zooplankton, benthic inverte-
brates) and to vertebrates (fish) can result in short food
chains. For example, several of the minnows that provide forage
to other fishes can utilize organic detritus directly. Bottom
feeders such as the carp probably derive a portion of their
energy from detritus.

The single most important feature of the lower Missouri River
near the site is its physical nature, resulting from channeliza-
tion. The channel modification structure blocks side channels
and backwater areas and increases the flow. Nearly every aspect
of the aquatic ecosystem is subsequently affected. Quiet back-
waters, important as plankton-producing areas, spawning sites
for fish, and nursery areas for fish larvae are eliminated. As
a result, tributary streams such as Logan Creek likely receive
increased pressure as a substitute for lost lentic areas. The
importance of Logan Creek as a spawning area was shown in this
study. That lentic areas are important for plankton production
is illustrated by the findings of the present study with regard
to phytoplankton production behind revetments. Moreover, high
flow rates, siltation, and fluctuating water level resulting
from channelization limit the production of bottom-dwelling
organisms.

At the Callaway Plant site study area, several L-head dikes and
revetments exist on both sides of the river. Different aquatic
habitats such as open river channels, sand bars, reveted areas,
and creek can be distinguished on the basis of associated biota
as well as by physical features. The major components of these
associations are presented in Figure 2.4-1. Logan Creek, being
less physically stressed, has, for example, a proportionately
different assemblage of benthic macroinvertebrates than has the
river. The creek also has resident populations of fish, domi-
nated by sunfish and minnows. The energy source to the Logan
Creek biota is also largely from terrestrial sources, although
phytoplankton productivity is undoubtedly higher as a result of
low turbidities.
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Numerous minnows were collected on the sand bars and quiet water
areas closed off by the bars. Juvenile fish of several species
were also collected and a diurnal difference in catch was noted.
Several species probably move to the shallows at night to feed.

The revetments were found to contain high densities of macroin-
vertebrates of a species compos.tion different from that found

on the river bottom. These macroinvertebrates are prcbably the
source of a portion of the drift organisms collected in the open
channel. Also, the organisms found on the revetment probably are
a food source to several species of fish. During the winter
months of low flow, the dikes and revetments provide protective
areas where fish are known to congregate. Commercial fishermen
near the study site take advantage of this phenomenon to in-
crease their catches.
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2.5 CONCLUSIONS AND RECOMMENDATIONS

The results of this report, though they add substantially

Lo the data base col.ected at the site, do not contradict the
conclusions regarding the potential impact of the plant put

forth in the Callaway Plant Units 1 and 2, Environmental Baselire
Inventory, Annual Report. To reiterate, major factors influencing
the aquatic system near the site appear to be channelization,
turbidity, and surface run-off. Turbidity and water quality
changes from surface run-off are directly related to channelization.
Channelizaticn results in a more immediate transport of run-off
water downstream and prevents normal modification of water quality.
Channelized water, having a greater velocity, reduces the possi-
bility of suspended particles settling out of the water column

and increases the erosional potential that results in higher
turbidities. Channelization also has resulted in elimination of
productive backwaters and marshy habitats. Because of this,
tributaries to the Missouri River have become increasingly
important as aquatic habitats, especially if they provide spawning
and nursery sites for fish.

The plant intake and discharge structures were located so as to
minimize any of the Callaway Plant's adverse ecological effects,
especially with regard to Logan Creek. The intake structure was
designed to reduce impingement of fish and the discharge efflu-
ent to meet water quality standards. Because of these construc-
tion and operational considerations, and the already limited
biota production in this section of the Missouri River, no major
impacts are anticipated.

Since Logan Creek may be an important spawning creek, it is
recommended that sampling frequency during spawning be increased
over that in the first year of the preoperational monitoring
program. The recommended program for determining spawning
intensity in Logan Creek is a8 follows: When the temperature of
Logan Creek reaches about 60° F (late April), the first of two
samples to be taken during a 2-week period will be made to
measure early spawning activities. For measuring late spawning
activities, a second sample will be made about 2 weeks following
the first sample. Allowing time for sampling, spawning intensity
will have been measured over a time period of about 6 weeks.
During the second sampling period, routine data on benthos and
fish will be collected. This sampling period coincides with
1973 and 1974 samples. Thus the sampling for the aquatic
program should consist of a winter, spring and early summer,
and fall sampling.
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3. TERRESTRIAL ECOLOGY

3.1 INTRODUCTION

The Callaway Plant site is located on the Coates Plateau in
Auxvasse Township (T-46-N, R-8-W), the southeastern portion of
Callaway County, Missouri. The small town of Reform, centrally
located within the plant site, is about 350 feet higher than
and 5.75 miles south of the Missouri River. The plant site,
primarily the northeastern and southwestern sectors, is var-
iously dissected by drainageways. Site topography is rolling

to steeply rolling in character. In general, the rougher ter-
rain supports forest vegetation, some of which is grazed, and
the more level areas have been or are being utilized as pasture
and for production of annual agricultural crops.

A broad-based environmental baseline inventory of the Callaway
Plant site was conducted in 1973-74. The objectives of this
investigation were:

a. to record and describe "important" species of
flora and fauna in the site area during all four
seasons of the year

b. to provide baseline data that could be used to
develop a monitoring program for detecting im-
pacts of plant construction and operation on the
environment

c. to offer recommendations to the Union Electric
Company concerning effects of construction on
any "unique or unusual" habitat, animals, or a
combination of these two life forms found within
zones of direct impact

The terrestrial sampling for the preconstruction phase of the
environmental monitoring program was initiated at the Callaway
Power Plant site in spring, midsummer, and fall of 1974.

The objectives of the monitoring program are generally comple-
mentary to those of the previously completed baseline studies.
However, the orientation of investigation differs. Whereas

the baseline study was a broad-based investigation to charac-
terize the factors or components of the plant site environment,
the focus of monitoring studies is to intensively document eco-
logical relationships of selected, permanent sampling stations
for the purpose of detecting changes in the natural system. The
stations were strategically located at varying distances and
bearings frcom, and outside of, the area to be directly impacted
by site development.
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The data collected in the three samples are presented and
summarized in this report. The purpose of this report is to
determine the suitability of the sampling design for achieving
the monitoring program objectives and to discuss the ecologi-
cal relationships among the major environmental components.

This part of the report is organized into six major sections:
Introduction, Methods and Materials, Results and Discussions,
Terrestrial Ecological Summary, Conclusions and Recommendations,
and References. Most major sections are divided into sub-
sections, the number of which depends on the complexity of the
subject matter. The Methods and the Results and Discussions
are subdivided by broad terrestrial parameters (Vegetation,
Mammals, Birds, Amphibians and Reptiles, and Invertebrates).
The text ends with a Conclusion and Recommendations section
that attempts to relate survey data to potential environmental
impact from plant construction and operation.
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43,560 sq ft (1 acre)
mean area (ft2) of plants

1. Total Density (plants/acre) =

Number of individuals/species

Number of individuals of all species %350

2. Relative Density =

Number of timcs individual species occurs
Total number of times all species occur

3. Frequency of Species =

Frequency of individual species
Sum of frequencies of all species

4. Relative Frequency = x 100

Total basal area
Number of trees

5. Basal Area per Tree = (overstory only)

Tot:l basal area of one species
Total basal area of all species

6. Relative Dominance =

7. Total Basal Area = Mean area x density (overstory only)

x 100 (overstory only)

8. Importance Value = Relative density + relative dominance + relative frequency)
(adapted from Curtis and Cottam, 1956)

In aidition to the overstory and understory sampling conducted
during the fall 1973 field effort, increment core samples were
taken of the major overstory species.

At the laboratory, the core was mount2d in a position to vertically

expose the vascular structures. Once mounted, the core was

macroscopically and microscopically viewed, aged, and characterized

by observing any "signatures" of cyclic or unique occurrences
indicating the prehistory of the site. This data was then tabu-
lated to further characterize each of the sampled locations.

The general layer vegetation for each of the eight sampling
stations was surveyed in the spring, summer (early August) and
fall (early September). Ground layer vegetation surveying was
limited to herbaceous species and woody plants of less than 20
inches in height.

The sampling procedure (for spring and fall samples) consisted of

clipping all ground layer vegetation from quadrats located within
vegetation survey subplots as shown in Figure 3.2-1. The area
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of the clipped quadrats used to sample forest habitat was 0.25
milacres (3.3 x 3.3 feet) and for prairie vegetation, 0.125
milacres in size. Clipped vegetation was sorted and packaged by
species. Individual bags were coded in accord with field
identification, with subplot and sampling station numbers.
Matching voucher specimens of species occurring in subplots were
collected in the immediate area. The specimens were placed in
press and later forwarded to Dr. D. B. Dunn of the University

of Missouri for identification.

Clipped vegetation was transported to the Dames & Moore Laboratory
in Cincinnati, Ohio, where the materials were oven dried and
weighed. Net oven dry weights were recorded in grams according

to species and the subplot and sampling station from which the
species were collected.

For the midsummer (August 1974) vegetation sampling, incidental
species not previously identified or collected during the spring
sampling period were collected. This was done by walking
transects through each plot and collecting plants not observed
during the spring survey.

Relative frequency and relative dominance based on proportional
dry weights were calculated for each species occurring at a

given sampling station. Relative frequency and dry weight values
were summed to provide a quantitative estimate of the importance
(importance values) of individual species in the compositions of
ground layer vegetation of respective forest and prairie communities.
These values are also shown in the above-mentioned appendices.
Species percent frequency, dry weights and importance values were
further utilized to characterize and compare ground layer
vegetation of the sampling stations as will be made apparent in
following discussion.

As part of the monitoring program, certain soil chemical proper-
ties were examined. At each sample location, samples were
collected at a depth of 3-4 inches with a soil auger. The
chemical analysis procedures are similar to those recommended by
the Environmental Protection Agency; the analyses were conducted
at Dames and Moore's Environmental laboratory (Cincinnati, Ohio).

The following chemical properties of the soil were determined:
ph, total nitrogen, available phosphorus, potassium, calcium,
sodium and magnesium; the following heavy metals were also
determined: arsenic, cadmium, chromium, copper, lead, mercury, and
manganese. An analysis for herbicide and pesticide residues in
the soil was also performed. The herbicide and pesticide analyses

were performed by abc Analytical Bio Chemistry Laboratories, Inc.,
Columbia, Missouri.
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3.2.2 MAMMALS

Rodents were censused by the trap-and-recapture methods de-
scribed by Smith, Jorgensen, and Tolley (1972) and Smith and
Jorgensen (1974). Trapping grids were establish2d on each of
eight permanent sampling stations--four in deciduous forest
habitats and four in grassland habitats. Each trapping grid
entailed use of 144 Sherman live traps; one trap was placed
near each of 144 wooden stakes located at right angles to

and 30 feet apart from one another. Stakes were arranged in

a geometric square, 12 stakes to a side, encompassing 2.5
acres (Figure 3.2-2). The sampling area of each grid extended
one-half trap distance (15 feet) beyond the staked perimeter;
thus, the effective trapping area was 2.98 acres per grid.
Traps were set for 6 consecutive nights during each of the two
sampling periods, spring and fall. Thus, for each sampling
period and permanent sampling station, a total of 864 trap
nights occurred; and for each major habitat type (prairie and
forest), trap nights were 3,456 (864 x 4). During the spring
survey, trapping occurred from May 31 to June 5, and for the
fall survey from September 18 to September 23.

All traps were baited daily wi*h a mixture of peanut butter and
oatmeal. Traps in forest habitats were checked for captures
and baited each morning, while traps in grassland habitats

were baited each evening and checked for captures each morning.
Captured animals were marked by toe clipping, and species, sex,
age class, reproductive condition, and capture location on the
grid were recorded. When sufficient captures permitted, 10
animals of each species were anesthetized with methoxyfluorane
(Richins, Smith, and Jorgensen, 1974), and total tail, ear, and
hind foot length measurements were recorded. These measurements
were compared to published data to verify field identifications.

A computer program (Smith, Jorgensen, and Tolley, 1972) was
used to derive small mammal population estimates from the data
obtained from the trap-and-recapture program for each of the
eight permanent sampling stations. Population estimates were
then converted to density estimates by the fcllowing formula:

Pobulation densityv population estimate
1 1 1IS1LLVY = = —_— v
P = effective trapping area

Population density estimates are herein expressed as numbers/
acre for each species. Age class - sex relationship of species
occurring within each permanent sampling station are also
estimated.

, baited with a peanut butter and
in prairie habitat for four nights
74) to obtain voucher specimens

Thirty snap-trap
mixture, were se
1974 to June 9,
identification.
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Because the cottontail rabbit is a naturally-occurring primary
consumer as well as an important prey species for a variety of
predators, the status of the rabbit population is particularly
relevant to a monitoring program. An automobile survey of
about 13 miles on local roads wus used to survey the cottontail
rabbit. The survey techniques are similar to those described
by Lord (1959). The locations of the census route and the
schedule of route surveys was adopted to correspond with time
and travel requirements of investigators conducting small
mammal surveys at the various permanent sampling stations
previously discussed. The rabbit survey extended over a four-
day period during each sampling period--June 2, 1974 to June 5,
1374 during the spring survey and Sentember 17, 1974 to September
21, 1974 durinc the fall survey. Results of the survey were
used to estimate the relative abundance of c¢ottontail rabbits.
The estimated mean relative abundar~e is expressed as the ratio
of number of rabbits/mile traveled.

A 20-mile nighttime census route to inventory larger mammals was
established along existing roads in the vicinity of Reform,
Missouri. Spotlighting was used to supplement cbservations made
with auvto headlights. The surveys began approximately 1 hour
after sunset; the numbers and kinds of mammals seen were recorded.
The surveys were conducted for three nights during the spring

and fall surveys.. Lord's (1259) techniques were used to derive
an estimate of relative abundance of the various mammal species
observed.
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3.2.3 AVIFAUNA

The spring avifauna survey of the Callaway Plant site was
conducted during the height of the breeding and nesting period,
May 25 to June 11, 1974. A similar survey during the fall coin-
cided with the migration period, September 21 to 30, 1974.

The eight permanent sampling stations selected for intensive
investigation of vegetation and small mammal populations were the
focal point for the spring avian studies. Walking transects for
observing bird activities were established so that a portion of

the transect route traversed the permanent sampling stations.
Portions of the transect route exterior to the sampling stations
were located in habitat conditions very similar to those prevailing
within the perimeter of the sampling stations.

The technique described by Emlen (1971) was modified to estimate
avian densities within and immediate to the permanent sampling
stations. The investigator walked along each transect and recorded
all birds observed or heard within a strip of established width and
100 yards ahead. A strip width of 200 feet was adopted for survey
of prairie habitats; a 400-foot width was used for forest habitats.
The visibility of birds, the disturbing effect of the investigator's
movements, and the density of vegetation were important factors
determining width selection. This method differs from Emlen (1971)
in that coefficients of detection in each study area were estimated
rather than nathematically determined. This was necessary because
the continuity of habitat required by Emlen (1971) was not present
on the Callaway Plant site.

The areas sampled for each transect were as follows:

Pr-1 8.82 acres
Pr-~2 6.17 acres
Pr-3 5.29 acres
Pr-4 9.70 acres
F-1 21.16 acres
F=2 21.16 acres
F=-3 28,20 acres
F-4 21.16 acres

Species of birds recorded were identified either by sight or song.
The plots were not surveyed in order; instead, a random sampling

was used to keep the consistency of the data equal for all the plots.
Every plot was visited at least twice for each sampling time to
provide data consistency throughout the study.

Breeding bird densities were computed by the following formula:

Numbe of Birds x 2 (breeding pairs) _ pi,gqg/acre
Area of coverage (acres)

The area of coverage acreage was computed for each transect route
by multiplying the strip width by transect length (feet) and
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subsequent conversion to acres. The length of each transect was
measurec from an aerial photograph (scale 1" = 1%20'); no adjust-
ment was made for distance as influenced by topographic variation.

Each transect route was traversed three times during the spring
sampling period, and the surveys were conducted at approximately
the same time each day. Hence, an average density of birds, as
calculated for each transect route, provides a valid basis for
comparisons between and within habitat types. A Students "t"

test was used to compare means and to test for significant dif-
ference between avian densities at the various sampled areas. This
test provides a method of substantiating the similarity or dissim=-
ilarity of plote on the basis of data obtained in field surveys.

During the fall survey, transect sampling methodology was modified
to give a more accurate accounting of birds using the permanent
sampling plots during the migration period. Each plot (Figure
3.2-1 ) was sampled by an investigator who walked a series of
transects the length of the plots and 100 feet apart. In addition,
he would walk a transect 100 feet from the outer perimeter and
completely around it. The area sampled for each plot remained
constant at 6.45 acres each.

The formula for computing avian densities for the fall survey
therefore is:

Number of Birds

6.45 (area of coverage in acres) = Birds/acre

The avian densities thus derived are subject to several unavoidable
modifying constraints, such as the flocking behavior of migrating
birds, the decreased visibility of birds in post-breeding plumage,
and the disturbing effects of the investigator's movements. These
modifying constraints tend to increase variance in the results.
Each plot was sampled four times in a random sequence at varying
times of day to yield more accurate estimates of avian densitv as
this relates to activity patterns and time of day.
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3.2.4 AMPHIBIANS AND REPTILES

Amphibians and reptiles were recorded whenever encountered at
each of the permanent sampling stations established on the
Callaway Plant site. A variety of suitable habitats were
searched to detect the prasence of reptiles and amphibians;

for example, pond banks were investigated, and logs and large
stones were upturned and then replaced. Care was taken to
disrupt the habitat only momentsrily .~ ensure the reliability
of subsequent reptile and amphipian surveys. The total survey
also included areas adjacent to the primary sampling locations.

Amphibians collected within the permanent sampling areas during
the spring survey (June 6-8, 1974) were marked by toe clipping

(Woodbury, 1953). Reptiles were usually collected for voucher

specimens. The exception was turtles; an identification number
and date was carved on the plastron of captured species.

During the fall survey (September 13-15, 1974), herpetofauna
were marked by code to indicate the permanent plot nearest
their point of capture and released. The code is as follows:

1) Lizards, frogs, toads, and salamanders:

A toe was cut off in a manner to indicate
the nearest plot - left front foot for
forest plots, right front foot for prairie
plots (1, 2, 3, or 4), starting with the
inside toe.

2) Turtles:

A notch was filed in the marginal scutes
(through to the bone) according to the
same code.

3) Snakes:

Subcaudals were clipped by the same code
as the snake was held venter up (meaning
a reversal of the actual side).

Voucher specimens of each species encountered were collected
for later study to assure positive identification, as necessary.
Identification and nomenclature follow Rlair, Blair, Brodkorb,
Cagle, and Moore (1968) and Conant (1958). Whenever possible,
identificatioris were made in the field.
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3.2.5 INVERTEBRATES

Invertebrates of the vegetative stratum were sampled at permanent
sampling stations established on the Callaway Plant Units 1 and

2 site. The sampled areas were Stations F-1 and F-4 in forest
habitats and Stations Pr-l1l and Pr-4 in prairie habitats. Station
locations are shown in Figure 3.2-1. Sampling dates for the
spring survey were June 10 and 11, 1974. Fall samples were

taken on September 13, 1974.

An aerial sweepnet with a 38-cm diameter, heavy-duty muslin bag
and a 90-cm~-long handle was used for collecting the invertebrates.
The sampling technique consisted of making 50 sweeps over a dis-
tance of 50 paces along three randomly selected transects within
each of the four 2.5-acre sampling stations. In both the prairie
and the forest c¢ommunities, some vegetation was collected in the
net along with the invertebrates. This necessitated transferring
the contents into a l-gallon ZIPLOCR bag after the first 25 sweeps
and again after the second 25 sweeps along a given transect. Both
plant and animal contents from each sample were carefully trans-
ferred into the bag, which was then sealed and immediately placed
on ice in a large ice chest in the field. On arrival at the lab-
oratory, the samples were transferred to a freezer, where they
were stocred until each sample was processed for identification and
counting. Plant parts collected in the sweepnet were examined

in the laboratory for invertebrates that might have adhered to them.
Organisms were appropriately pinned, pointed, preserved in ethyl
alcohol, or mounted on microscope slides for identification (USDA,
1967). This procedure proved highly satisfactory for the -
majority of organisms collected.
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3.3 RESULTS AND DISCUSSION

3.3.1 VEGETATION AND SOILS

3.3.1.1 Vegetation

Prairie Vegetation Type

The Prairie Sampling Stations Pr-1 through Pr-4 were composed of
two predominant floristic strata: the ground layer and the under-
story vegetation. These two strata will be considered separately
in the following discussion, which presents species composition
and seasonal diversity. The ground layer and understory will,
however, be considered as an integral unit in the discussion of
successional trends and directions.

Prairie Sampling Station Pr-l1 exhibited a moderate diversity, with
17 species present in the fall 1974 sampling. Based on dry weight
and presence, several ground layer species held dominant positions
within the subplots. Meadow fescue (Festuca elatior L.) was by

far the most dominant, having a relative frequency of 100 percent
and an importance value of 132.94 (Appendix A-l). Cinquefoil
(Potentilla simplex Michx.) and the graminoid (Panicum lanuginosum
Ell.) were the secc=? s~4 third most frequent species, both having
relative frequencies of 31.7" percent and importance values of
10.83 and 10.75, respectively (Appendix A-1l). Subdominants falling
within the ground layer stiata of Sampling Station Pr-l1 having im-
portance values below 10 included Japanese lespedeza (Lespedeza
striata (Thunb.) H. & A.), a carex (Carex glaucodea Tuckerm.), a
moss species, and Korean clover (Lespedeza stipulacea Maxim.)
[Appendix A-1)). The remaining ground layer vegetation (10 species)
had importance values less than 4.25, based on relative frequency
and relative dry weights.

Dry weight, utilized as an indicator of presence in this study,
was an important parameter; it allowed distinctions tc be made
among the ground layer plots on the basis of species composition.
The estimated dry weight based on 3,044.76 grams per 0.125
milacre for Pr-1 was 1,522,380 grams/acre (3,356.84 pounds/
acre), shown in Table 3.3.1-1. This sampling station showed

an overall increase in production of 261,490 grams (576.84
pounds) of dry weight plant material over the weights ob-

tained during the spring sampling period (Table 3.3.1-2).

Seasonal comparison of the dominant ground layer species from
Station Pr-1 indicated that reed fescve (Festuca arundinaceae
Schreb.) had phased out, while meadow fescue (Festuca elatior L.)
remained the prominent grass species. Spring subdominants, carex
(Carex glaucodea Tuckerm.) and orchard grass (Dactylis glomerata L.)
(Appendix A-2) were replaced in prominence in the fall by the
cinquefoil and a species of panicum (Appendix A-l). There was a
proncunced change in the species within the supportive community

of the ground layer as the season progresse< from spring to fall.
Twenty-three species were recorded for the spring sample, while
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only 17 species were recorded in the fall sample. There were
eight carryover species found in both samples; however, 15 species
recorded in the spring failed to occur in the subsequent fall
sample. Within the fall saaple, nine new species were tallied
that had not occurred in the spring sample. Thus, a total of 34
distinct species were recordeu for the ground layer.

The understory vegetation of Prairie Sampling Station Pr-1 dis-
played a considerable diversity in species composition during the
fall 1974 sampling program. The fall sampling period was the first
instance data were obtained on understory vegetation present within
the Callaway Plant site. Woody species predominated; persimmon
(Diospyros virginiana L.) was the most frequent species encountered,
with a density of 21 trees and an importance value of 64.2 overall
(Appendix A-3). Subdominants of the understory included snowberry
(Symphoricarpos sp. Duham.), pasture rose (Rosa carolina L.), and
white ash (Fraxinus americana L.) with importance values of 37.1,
29.2, and 11.6, respectively (Appendix A-3).

The subdominant species of the understory found within Prairie
Sampling Station Pr-1 all held importance values less than 10
(Appendix A-3). Evidence of regeneration is present in the under-
story of Station Pr-1 in that the species composition includes
black oak (Quercus velutina Lam.), post oak (Quercus stellata
Wang.), hickory (Carya sp. Nutt.), slippery elm (Ulmus rubra Muhl.),
and white ash mentioned previously. All of these species are ele-
ments of the forested sites discussed in detail later within this
section and indicate that regeneration of overstory species was not
a successional possibility within Station Pr-1l. On the average,
there were 3.2 understory trees or shrubs in each quadrat, yielding
518.4 trees and/or shrubs per acre within the prairie vegetation

type.

The second “rairie Sampling Station, Pr-2, showed an extremely
high diversity and composition of various ground layer species. A
total of 42 distinct species were recorded during the fall 1974
sampling program. The major dominant ground layer species was
redtop (Agrostis alba L.) with a relative frequency of 93.75 per-
cent and an importance value of 39.91 (Appendix A-4). Canada

blue grass (Poa compressa L.) was second in prominence with a fre-
guency of 100 percent and an importance value of 24.23 (Appendix
A-4). A disparity seemed to exist between redtop, frequency 93.75
percent, and Canada blue grass, frequency 100 percent. This was
easily explained when the dry weights of the two species were
compared. Redtop accounted for 642.80 grams of dry weight, while
Canada blue grass accounted for 314.00 grams of dry weight, roughly
half the total for the dominant species, redtop (Appendix A-4).
The third, fourth, and fifth species were the graminoid (Panicum
lanuginosum Ell.), prairie threeawn grass (Aristida oligantha
Michx.), and Japanese lespedeza (Lespedeza striata (Thunb.) H. &
A) with frequencies of 87.50 percent, 37.50 percent, and 93.75
percent, and showing importance values of 12.45, 11.78, and 11.66,
respectively (Appendix A-4). Ground layer vegetation having im-
portance values less than 10.0 anounted to 37 additional species
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(Appendix A-4). Eighteen of the species collected during the
fall 1974 sampling period consisted of graminoid types, including
sedges, carices, and rushes.

Plot clipping performed during the fall 1974 sampling to obtain
herbage dry weight revealed a general increase in vegetative pro-
duction. This increased biomass was reflected in the total fall
sample weight of 1,012,950 grams (2233.55 pounds) per acre (based
on 2025.9 grams per 0.125 milacre). Specifically, the fall sam-
ple showed an increase of 76,825 grams (169.42 pounds) per acre
of dry weight plant material (Table 3.3.1-1).

The dominant ground layer vegetation of Sampling Station Pr-2
showed a remarkable change in structure from the spring to the
fall sampling period. In the spring, the dominant species was
Kentucky blue grass (Poa pratensis L.); however, in the fall,
redtop had replaced the blue grass (Appendix A-5). Kentucky blue
grass descended from a spring importance value of 28.57 to a fall
importance value of only 9.75, which is explained by the fact that
Kentucky blue grass is primarily a "cool season" grass that fades
out during the August-September period. 1In the spring, redtop

was number two, with an importance value of 27.05, which rose in
the fall to 39.91. Timothy (Phleum pratense L.), was third in im-
portance in the spring, with an importance value of 21.63, but
fell to a low of 8.35 in the fall sample. Hairy chess (Bromus
racemosa L.) held fourth position in the spring, with an importance
value of 11.39, but was not recorded in the fall sample. Finally,
a carex (Carex bushii Mack.), holding fifth position in the spring
with an importance value of 10.37, was not recorded during the
fall period.

This general "replacement" of species is believed to be attribu-
table to the seasonal composition changes brought about by elim-
ination of the heat-intolerant "cool season" grasses. These are
replaced by the "warm season" heat-tolerant and xerophytic species
that are more adapted to periods of elevated temperature typi-
call, associated with the late summer-fall time period. To further
illustrate the seasonal species phase change: in the spring sam-
pling period, a total of 49 ground layer species were recorded,
while in the fall period, 42 species were recorded. Of these
recorded species, only 23 carryover species were found to be con-
current for spring and fall. Overall, 68 individual species were
recorded for the ground layer of Station Pr-2.

The understory stratum of Sampling Station Pr-2 was limited to
only five species, all of which held importance values greater
than 10.0. The most important and most frequent tree species
found within the understory stratum of Prairie Station Pr-2 was
the woody species persimmon, with a relative frequency of 12
percent, a relative density of 77 percent, and an importance
value of 129.2 (Appendix A-6). Subdominant supportive elements
of the understory included dewberry (Rubus flagellaris Willd.),
white ash, snowberry, and slippery elm, having importance values
of 27.5, 23.1, 10.1, and 10.1, in order. Sarpling Station Pr-2
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did not exhibit the understory species evident of understory-
overstory regeneration. White ash and slippery elm were present,
but the density data for these species indicated only a sparse
representation. This fact suggests that succession within Pr-2
exhibites no well-defined trend other than a general shift to
mcre woody-shrubby composition. Generally, the understory was
characterized by 8.7 trees or shrubs per quadrat, extrapolated
to 1,409.4 trees and/or shrubs per acre.

Prairie Station Pr-3 had a moderate species diversity within the
ground layer stratum during the fall 1974 sampling program.
Specifically, 35 species were recorded for Pr-3 during the survey.
Canada blue grass was, by a considerable margin, the most domi-
nant species tallied; its importance value was 45.42 (Appendix
A-7). Furthermore, Canada blue grass had a relative frequency of
93.80 percent and a density based on dry weight of 657.10 grams
(Appendix A-7). Redtop was the species holding secondary impor-
tance within Pr-3, with an importance value of 32.04 (Appendix
A-7). Kentucky blue grass and a panicum were also grass species
and held importance values of 15.52 and 10.51, respectively
(Appendix A-7). Japanese lespedeza was the fifth and final spe-
cies having an importance value over 10 (Appendix A-7). There
were 30 additional species recorded having importance values
lower than 10. Nineteen of the total 35 species recorded were
graminoid species including the allied sedges, carices, and
rushes.

Dry weight determined from plot clipping of Station Pr-3 during
the fall 1974 sampling revealed a generalized decline in produc-
tion of herbage from the dry weights obtained during the spring
sampling period. This reduction in biomass production was notice-
able when weights from both spring and fall were compared. In

the spring, the sample station yielded 1,156,205 grams (2.549
pounds) per acre. The fall data yielded figures of 940,500 grams
(2,073.80 pounds) per acre, showing a net loss in production of
215.705 grams (475.20 pounds) per acre. A possible explanation

of this marked decline in production is that compositional

changes occurred from spring to fall, or that the edaphic-climatic
regime of the Pr-3 station affected its productivity.

Although the composition of the Pr-3 station changed, fall compo-
sition was not radically dissimilar to spring composition. The
spring dominant was Kentucky blue grass, with an importance value
¢’ 38.76 (Appendix A-8); this dominance was phased out by Canada
blue grzus (with a value of 45.42) during the fall sampling. Red-
top, the second in importance during the spring survey, was also
second in the fall survey. The third species in order of impor-
tance during the spring was timothy, while Kentucky blue grass
was third in the fall period. Hairy chess and a carex were re-
spectively fourth and fifth during the spring, but were displaced
by a panicum and Japanese lespedeza in “he fall.

-56=



Comparison of species diversity of the ground layer between spring
and fall reveals that 35 species were recorded from both the
spring and fall sampling periods. A total of 16 carryover species
were recorded for both sampling periods. The total species diver-
sity of the spring and fall periods from the ground layer of Sta-
tion Pr-3 was 54 distinct species.

Sampling Station Pr-3 displayed a sparse understory stratum char-
acterized by only three species. The predominant species was snow-
berry, with a relative frequency of 1.0 percent, a relative den-
sity of 4.0 percent, and an importance value of 100 (Appendix A-9).
The two remaining species, slippery elm and honey locust (Gleditsia
triacanthos L.) weré present in equal numbers, both having impor-
tance values of 50 (Appendix A-9). If importance values cf 100 and
50 seem excessively high, it should be borne in mind that, from all
sixteen 6.25-milacre plots, only 6 individual trees or shrubs were
tallied. This sparsity of undersotry was reflected in the trees

or shrubs per quadrat value (0.4, which indicates a meager stratum.
Extrapolation of the quadrat density data yielded 64.8 trees per
acre for the understory of Sampling Station Pr-3.

Analysis of the understory from the viewpoint of succession yielded
no trend information. The absence of dense, regenerating woody
species indicated that succession to the stage of predominant under-
story had not taken place, but rather that Prairie Station Pr-3 was
still in the "grass" stage and was just beginning to experience in-
vading species.

Vegetation comprising the ground cover of Prairie Station Pr-4 ex-
hibited the least diversity of any of the other three prairie sta-
tions. The fall 1974 sampling recorded only 13 species in the
subplots of this station. Far above all other species in importance
was meadow fescue, with a relative frequency of 100 percent, an im-
portance value of 136.20, and a yield of 2,517.35 grams of the total
2,542.55 grams recorded for the station (Appendix A-10). White
sweet clover (Melilotus alba Desr.) was second in importance in the
fall sampling, wich an importance value of 14.25 (Appendix A-10).
The third species of prominence was Korean lespedeza, with an im-
portance value of 14.14 (Appendix A-10). The remaining 10 species
of the ground cover vegetation had importance values less than 10
(Appendix A-10).

Production of biomass within the ground layer was determined from
dry weights of herbage. This dry weight served as an indicator of
species presence. For Prairie Station Pr-4, the estimated dry
weight per acre was based on 2,542.44 grams per 0.125-milacre
(equivalent to 1,271,275 grams (2,803.16 psunds) per acre (Table
3.3.1-1). A comparison of this production data to that obtained
during the spring sample indicates an increase in biomass produc-
tion. The total increase in dry weight per acre was 397,320 grams
(877.16 pounds). Therefore, though there are relatively few spe-
cies comprising the Pr-4 station subplots, the production has in-
creased, the increment almost entirely due to the species meadow
fescue. Indeed, from the standpoint of fall production, Pr-4 may
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be considered as monotypic, owing to the overwhelmina influence
of meadow fescue.

Spring (Appendix A-1l) and fall composition comparisons of pre-
cominant ground layer species at Pr-4 are similar to comparisons
for Pr-1l, in that reed fescue, a dominant in the spring, was
overshadowed by meadow fescue, also present in the spring but more
widespread in the fall. Horse nettle (Solanum carolinense L.)
ranked third in the spring, dropped to an .mportance value of
13.04, and then increased its presence to an importance value of
14.14 in the fall period. A total of 22 species was recorded from
the spring survey, and only 13 species in the fall, with 7 carry-
over species from spring to fall. A total of 28 distinct ground
layer species was tallied for Pr-4.

The understory of Pr-4 was exclusively one species. Dewberry had
a relative frequency of 2.0 percent, a relative density of 3.0
percent, and an importance value of 200 (Appendix A-12). Site
statistics indicated 0.2 trees or shrubs per quadrat and 32.4
trees or shrubs per acre. Because of the growth form of dewberry,
it was conjectured that the primary reason for lack of an estab-
lished understory was the intensive competition created by meadow
fescue within the subplots. Man-induced stress from cultivation
and/or chemical application was also thought to be a possible ex-
planation of the relatively early successional stage found at
Prairie Station Pr-4. Generally, the prairie stations reflect
the regional vegetation discussed by Kucera (1973), though the
site contains none of the unique floras cited by him.

Prairie vegetation Sampling Stations Pr-1 through Pr-4 were com-
posed principally of ground cover, with a representation of under-
story vegetation present in varying degrees. The composition,
both area-wide and seasonal, by species, of these four sampling
areas varied considerably, as evidenced in Appendix A-1 through
Appendix A-12. The prairie sampling staticns may be grouped in
several ways according to their individual properties. The
spring and fall species composition of Pr-1 and Pr-4 are most
similar, with reed fescue and meadow fescue being the predomina-
ting species in each area during both seasons. The Prairie
Sampling Stations Pr-2 and Pr-3 showed the highest species diver-
sity, Pr-2 having 49 (spring) and 42 (fall), and Pr-3 having 35
(spring and fall) species, respectively. Considering producticn
of bionass as a parameter, Pr-l, Pr-2, and Pr-4 showed moderate
gains in herbage yield during the fall sample, while Pr-3 showed
a general decline in production during the same time interval.

Structurally, the ground layer vegetation exhibited substantial
difference at the various sampling locations, based on the
species-area curve (Cain, 1938). On the basis of distribution
in the species-area curve (Appendices A-1, A-4, A-7, and A-10),
redtop, timothy, Kentucky blue grass, and Canada blue grass are
the dominant ground layer species. Japanese lespedeza, Korean
lespedeza, hairy chess, a carex, and a panicum were the predom-
inant members of the supportive community.
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The distinct seasonal "phasing" of the grass species was also
evident. The "cool season" grasses, such as meadow foxtail, red-
top, timothy, brome, and orchard grass diminished in importance
at the time of the fall survey. "Warm season" grasses, including
meadow fescue, panicum, and blue grass increased in prominence
during the fall sampling. This natural variation is a normal
seasonal occurrence and must not be misconstrued as a successional
trend.

Vegetation of the understory, present at all of the prairie sam-
pling stations, showed a considerable individual differentiation
at each station. Species diversity for the understory included
Pr-1 (10 species), Pr-2 (5 species), Pr-3 (3 species), and Pr-4
(1 species).

Overall, the dominant understory species averaged from all sta-
tions included persimmon, snowberry, and dewberry. White ash,
slippery elm, honey locust, and pasture rose comprised the sup-
portive elements.

Succession was evident generally throughout the prairie sampling
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