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APPENDIX 2A

REPORT ON THE BASELINE BIOTIC SURVEY
’ BROAD RIVER STUDY AREA
PARR, SOUTH CAROLINA
- MARCH 1971 TO MAY 1973 _
FOR SOUTH CAROLINA ELECTRIC & GAS COMPANY

Dames & Moore
Project No. 5182-046-17



SUITE ,200' 455 EAST PACES FERRY ROAD - ATLANTA, GEORGIA 30305 - (404) 262-2915
CABLE! DAMEMORE TW X! 810-7;)-82I8

February 11, 1974

South Carolina Electric & Gas Company
Post Office Box 764 :
Columbia, South Carolina 29218

Attn: Mr.'E. H. Cfews, Jr.
Mr. H. T. Babb
Mr. W. E. Moore
Mr. W. R. Baehr
Gentlemen:

We are pleased to transmit herewith our report entitled
"Report on the Baseline Biotic Survey, Broad River Study Area,
Parr, South Carolina, March 1971 to May 1973, for South Carolina
Electric & Gas Company."

The report presents the results of a comprehensive biotic
study performed in connection with the proposed Virgil C. Summer
Nuclear Station project and Parr Hydroelectric Project to be
constructed near Parr, South Carolina. The baseline characteristics
of the ecosystems present in the area of the proposed projects are
described in the report.

We have enjoyed preparing this report on your behalf and
look forward to being of continuing service.

Yours very truly,

DAMES & MOORE

Lt &K O

Robert C. K. Au
tner

AN

v J es-D. Knauss, Ph.D.
Project Ecologist
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1.0 SCOPE OF WORK

This.report presents results of our baseline biotic survey of
the Broad River Study Area, Parr, South Carolina, for South Carolina Electric
& Gas Company. The stud* consisted of nine sampling periods betwgen March,
1971, and June, 1973. Therpurposé of our study was to establish the base-
line characteristics of the ecosystems present fn the Broad River Study Area.
The location of the Study Area is shown on Figure 1.0.1. This baseline
information will provide tﬁe basis for Validating pfedictions regarding
anticipated environmental impact as a result of the construction and operation'
of the proposed Parr Hydroelectric Project (FPC Project No. 1894) and the
pfoposed Virgil C. Summér Nuclear Station.project (AE; Docket Nb. 50-395).

The proposed Parr Hydroelectric Project'and Virgil C.‘SumMer'
Nuclear Station project are integral parts of a-plannéd electrié bower'generé-
- ting northwest of Colhmbia, the state capital. The most important feature of
the Parr Hydroelectric Project is the‘Fairfield Pumped Sfofagé Hydro Facility
which will have a total capacity of 480 Mws. The nuclear stafionlwill have
a generating capacity of approximately 900 MWs.

To provide the necessary lower reservoif capacity for the
pumped storage plant, the existing Parr Dam will be raised approximately nine
feet to EIeVation 266 feet by means of Baséule gates. This will result in an
increase in surface area of Parr Reservoir from 1,850 acres to about h,400
acres and extend the resérvoir-about 13 miles upstream of Parr Dam, The
upper imp&undment (Monticello) of the pumped.storage plént wfll be creéted by
construéting four earthen dams (Frees Creek Dam)Awith a crest elevation.of
L34 feet across Frees Creek, a tributary of the Broad River. The.6800-acre
Monticello Impoundment wfll also brovide coéling water for the nuclear sta-

tion, which will be constructed along the southern shoreline of the reservoir.
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Monticello Impbundment will have é max i mum Operatihg pool level of Elevation

425 feét. During normal pumped storage operations, Mqﬁticello Impou‘ndment ’
will fluctuate from EIeQation 425 to 420.5 feet, and Parr Reservoir from
Elevation 256 to 266 feet. Important features of the proposed pfojects are
shown on Figure 1.0.2, -

As outlined in our proposal dated 19 March 1971, our study is to
be conducted in two phases, preoperational and operational. The objectives
of the preoperational progrém are: (1) Collect baseline information on aquatic
and terrestrial organisms present in the study area; (2) Evalﬁaté ecological
relationships and assess key species in evaluating environmental change;
(3) Develop programs to determine the effects of constrdction and operation of
the proposed projects on the environment.

Although the baseline studies ended whén the constfuction of the

Virgil C. Summer Nuclear Station began last year, baseline information will

still be collected in those areas unaffected by construction activities. This
additional baseline information will aid in identifying natural population
variations w?fhin the system. |

This report has bgén‘divided into aquatic and terrestriai
ecosystems. The terrestrial system includes studies on soil, vegetation,
insects, birds, and mammals while the aquatic'sysfem includes informa;ion on
_water quality, plankton, periphyton, benthos, vascdlar hydrophytes, aﬁd fishes.
Specific information onréach of these groups are presénted in the subsequent
sections; A summary of the‘équatic and terresfrial ecplogy appears in

Sections 4.0 and 6.0, respectively.
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2.0 .INTRODUCTION
2.1 GEOGRAPHIC LOCATION

| South Carolina is bordered on the east‘by the Atlantic Ocean
and on the north by North Carolina.‘ The Savannah River separates the state's
southwestern bo?der from Georgia.

Fivé major river systems dissect South Carolina: the Savannah,
the Combahee, the Edisto; the Conggree-SanteefCooper, andvthe'Pee Dee-Bleak.
The Broad River, located_approximately in tﬁe midé{e_of the state, is a tribuF.
tary of the Congaree?Santee4Cooper River System (Figure 1.0.1). The Congaree-
Santee-Cooper River System lies within fwo of the three physiographic regions
in South Carolina; the Piedmont, Caroliha-Georgia Sandhills, and the Coastal
Plains. The third region, the Blue Ridge Mountains, is northwest of the
system (Figure 1.0.1). .

‘ The Piedmont ranges'in elevation from 61 m (about 200 ft) in
the southeast to nearly 457 m- (1,500 ft) in the northwest and is separated
from the.CaroIina-Geérgia Sandhills and the-Coaétal Plain by the Fall Line
(Kirk 1970). | 2
The Broad River originates in the mountainous region of western
North Carolina. It separates six.counties in Soufh Carqlina including Newbérry
and Fairfield, whefe‘the studyiarea is Ioéated. Appfoxfmately'32 km (20 miles)
downstream from the southern junction of the two counties, the Broad River
is joined by the Saluda River in Columbié to form the Congaree River, which
then flows into fhe Santee Reservoir. The Santée and Cooper Rivers emerge
from the Saﬁtee Reservoir and roQ to the Atlantic Ocean (Figure 1.0.1).

The Broad River was dammed in ]91# at Parr, South Carolfna to

form Parr Reservoir. Tributaries entering this system at Parr Reservoir

include, on the west side, Cannons Creék, Hellers Creek and thevEnoree
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River, and on the east side, Freés Creek and Terrible Creek. The study
area is centered around this system and is approximately 15 airline

miles southeast of Winnsboro and Newberry.
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iuz , | CLIMATOLOGY

| The Piedmont of South Carolina has a continental climate with
periods of warm, humid weather during the summer months. A U.S. Geological
éurvey (USGS) weather station was installed at Parr,.South Carolina in 1947,
This station has recorded temperatures and preéipitation for 25 years. This
inforhatibn is assumed to be the best approximafion of the norm and the monthly
temperature changes in the vicihity of Frees Creek and Parr Reservoir.

'Spring days are warm Qith éool nights, while Iate.spring.and
summers are hot. The Bermuda high pressure system is tﬁe major faﬁtor in-
fluencing fhe summers of South Carolina (USDC 1971b). The warmest month,
July, averaged 81°F from 1969 to 1971 while the coolest month, January,
averaged 44°F during the past four years. The area may experience tempera-
tures below freezing once oﬁt of two or three days during the winter (USDC
1971b). The Blue Ridge Mountains, about 160 km (100 miles) northwest of
Parr (Figure 1.0.1), modify the polar'a}r outbreaks that reach this area dur-
ing the winter. These outbreaks have caused temperatures to fall below zero
on rare occasions and contribute to the infreqﬁent occurrence of snow fall
(uspc 1971b). Snow was not recorded at Parr in 1969 or 1972 but an average
of 5.08 cm (2.0 in) water equivalent was recorded in December 1970 and 1971.
Unusual climatic conditions produced l6.5 cm (6.5 in) of snow on 25 March
1971. The soil seldom freezes to a depth of more than 64 cm (2.5 in)lgnd
then only for three or four days (Dames & Moore 1972).
2.2.1 PRECIPITATION

The average annual precipitation is 116 cm (45.7 in) at Parr v

based on three years of measurements and 131 cm (51.6 in) at Little Mountain
(10 km from‘Parr). The maximum-Nariaﬁioh in annual precipitation between
Parr and Little Mountain of 25.h‘cm (10.0 in) o;curred in 1970.(Dames & Moore

1972).

2.2-1



Precipitation at four recording.loca;ioné show two peaks qf
accumulatiqn; one in the spring (March) and the other &uring late summer
and autumn (July, August, september,,and<0ctober). The latter peak ;bf_
incides with a peak in the frequency of thuhdérstorms during July. .Thunder-
storms may‘occur about one day out‘of three during the late summef._ The
moisture is sqpplied by éouthwesterlfes that flow around the semi-permanent
offshore'Bérmuda high pressure-system. Thébincidence of tropiéal storms
and hurricanes may affect thelarea aBout once'e&ery two_yeérs. Precipi-
tation associated with these tropical storms ranged from 19.1 cm (7.5 in)
to over 53.3 cm (21 in) in a calendar month (Dames & Moore 1971). -
The incidence of pagsing tropical storms is,greatest in
September (USDC l97lb),vfh¢ir-intensity being related to'thé distance -
from fhe coast. | .. o | | -
2.2.2 RIVER STAGE
Stream flow data from a USGS gage af Richtex, South-Carolina, 
were presented in the Preliminary Safety Apalysis Report for the Virgij C. Summer
Nuclear Station. Historical floods recorded at Richtex indiéate two flood
seasons; one from Jénuary to April and the other from July to chober.
The monthly river stage:(depth)'frbh January 1969 through
March 1972 pertinent to the Broéd Rfvér and PérrrReservoir wéS‘obtéined for
Blair (USDC 1969, 1970, l97la; pers. cbmm;).' The rf?er stage:at Blair reflect
the monthly trend in flow raté'that may infidgnce the biota in and along the
Broad River, | . _
The maximum peaks occurred in April 1969 at 6.64 m (21.8 ft),
August 1971 at 6.55 m (21.5 ft), February and October 1971 at 6.37 m (20.9 ft)
each, December 1971 at 6.43 m.(Zl.l ft), Januéfy I972Iat 6.67 m (21.9 ft), and
June 1972 at 7.77 m (25.5 ft). Thé months with frequent river levels above
flood stage include January, February, March;\August, and October. |
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2.3 ) TOPOGRAPHY OF THE BROAD RIVER WATERSHED

The topography of the Broad River watershed in the Piedmont
region is a matufe plain containing numerous youthful streams, rolling, hilly
terrain with few actual rock outcrops. The surface of this peneplain has-
been dissected by stream rejuVenatfon forming a dendritic paftern. Although
the tributary streams of the Broad River are generally in a youthful stage
of stream valley development, the Broad River is in the ear}y maturity stage.
THe valley is deeply incised with a‘relativgly nérrow flood pjain, part of
whfch was impounded by Parr ReservOfr.

A topographic map of thé area surrounding Parr Reservoir and
Frees Creek is Iocafed inside of the back cover. .Surface elevat}ons range from
76 to 152 m (400-500 ft) above mean sea level (msl). Frees Creek ranges
in elevation from 122 m (400 ft) at its source to 76 m (250 ft) where it |
enters the Broad River. The existing Parr Reservoir varies from 82 m (270 ft)

elevation south of Henderson Island to 78 m (257 ft) at Parr Dam.
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2.4 CLASSIFICATION OF SOILS IN NEWBERRY AND FAIRFIELD COUNTIES
| Soil classification depends on the interaction of the soil form¥
ing factors; parent materials, climate, topography, orgénic material, and time.
These factors create the distinct horizons whiﬁh develop during the formation
of soils.
The soils of Newberry and Fairfield Counfies'wefe formed from
the weathering of fgneous, metamorphic and migmatitic rocks; generally
hornblende, quartz-biotite gneiss, schists, and granite (Johnson 1964).
The degree of weathering and depth-to_bedrock is variable throughout the study
area. The surface in the area is relatively free of boulders and smaller stones.
The bottomland:sdils consist of recently deposited alluvium
‘washed from fhe uplands and deposited on new.floqd plains. Deposits of
alluVFum occurring on‘old, high terraces were part of the old fldod plain
now in;ised by stream erosion and subsequent]y, have Been left éboye the
DresenF flood plain.
Soil classifications recognized in Fairfield and Ngwberry
Counties in the vicinity of the project afea include:
Upland Soil
Major Series: Cecil, Davidson, Enon, Wilkes, and Appling.
Minor Series: Helena, Mecklenburg, Vance, lredell, and Catawba.

Bottomland Soil

Dominant Series: Congaree, CheWacla,‘and Mixed Alluvial.
Cecfl, Davidson, Apb1ing,.and'WE1kes are the more abundant
soil series, occurrfng.primarily on upland ridge tops and_mbdérate to
steep slopes in Fairfield County (Craddoék and Eilerbe 1966). The major
‘series on uplands in Newberry County include Cecil and Enon soils (Camb, et‘al.

1960; Craddock and Ellerbe 1967).
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Cecil soil is one of the dominant and widely.distributed series

in both counties. Cecil, Enon, and Davidson soils are deep, well-drained,
with a gentle to steep slope,.and acid soils. The soils are formed from parent
material of igneous (granite, gabbro, and diorite) and metamorphic.(gneiss'

and schist) rocks. Surface soils usually range in color from reddish-brown

to brown on the level ridge tops to olivé-yéllow on the slopes. The subsoiJS
range in color from yellowish—ﬁrown to’dark'red.

The texture of soils on the uplands and side slopes varies from
gravelly-sandy loam to clay. Clay'loam‘and clay textured soils occur where
the original surface soil has been removed by accelerated erosion. The gravelly
soils in these series contain fragments of quartz, gneiss, or granite.that‘
may interfere with cultivation (Camp; et al. 1960).

“The upland soils are suitable for agricdlture for the commonly .

grown crops such as cotton, corn, sorgum, small grains, legumes, and grasses

used for hay and pasture. Applications of lime and fertilizer:are'required
for moderate yields. |

The major series that characterize the.dplands are variable
in slope aﬁd consequently the erosion hazard'may‘be variable. The'slopes
must be managed for forest or pasture gnd graiing controlled to reduce the
erosion hazard. As the slobe increases, the rate of runoff will increase.
Sheet and gully erosion will occur without proper management.

In contrast to fhe Cecil,ADavidson, Ehon,'énd Appling:soijs;
"the Wilkes soil occur primarily on unevén terrain and steep side slopes in
Fairfield County (Craddock and Ellerbe 1966). This soil is -best suftéd for |
timber production and the production of food plants for wildlife and are not

suited to cultivation.

The bottomland soils of Fairfield and Newberry Counties consfst .
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of Congaree and Chewacla soils and mixed~all§via] land (Craddock and Ellerbe
1966 and 1967). Thege soils are along the major and minor tributaries to
the river and are formed by the deposition of alluvium‘and colluvium. The
soils are usually aéidic. Théy are poorly drained to moderately well drained.
soils. The surface sofls are not defineabie as horizons. The coiors ?ange
from light brown to dark yellowish brown. _Theif ;eXture is sandy joam to
silty clay loam. 'The soils are better suited for agriculture because their

organic content and water-retaining capacity is better than the upland soils.
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2.5 VEGETATION ASSOCIATIONS

The present vegetation in the Bfoad River watershed includes
four vegetative communities; pine, deciduous, mixed, and grassland. »Vegetation
growth is a result of the interaction between vegetation and the princibSI
environmental factors, climate and sbif.» The mild and temperate élimate is
conducive for growth of both coniferous.and deciduous trees. The winters
are cold enough, however, that hardwoods shed their leaves in the fall.

The major soil association in the Frees Creek drainage is
Cecil-Davidson-Wilkes, with Ceéll being the'major tybe (Section 2.4).
Table 2.5.1 shows the ''native végetatién“ for the soil types.

Similar~vegetat}on should'be expected to be growing on the same
soil types when qndisturbed. However, clearing of the land for agricultural
purposes has alfered the composition 6f natural Qegetation. Asandonment of
farmlands resulted in stands of loblolly pine (about 75%) on the gen;ie upper
slopes) with a very sparse understory<Qf_haédwoods}'ANo hardwood control fis
netessary-for a pure pine stand on the upper slope§ (El]erbe and Smith 1964) .
The bottomland vegetation is predominately deciduous (abqut 80%) with scattered

pine making up the remainder.
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Comparison of native vegetation found in 1971 and 1972 on soil types, Parr, South Carolina.

Table 2.5.1
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2.6 THE HISTORICAL AND PRESENT IN#LUENCE OF MAN
The area surrounding the projecf area was occupied by man long
before the advent of the Europeahg. Tﬁe Cherokee Indian nation extended to
the Broad River; the area between the Broad River and the Catawba River ﬁro-
vided excellent hunting grounds for the Cherokee and Catawba Indians. Four
archeological sites are known to exist in the vicinity of the project (pers.
comm., R. L. Stephenson, Director & State Aréheqlogist, Univ. of S. C., Columbia).
Land clearing by the Europeans was well .underway in the Piedmont
byvl770. The virgin forest of primarily hardwoods grew on the
more productive soils and, therefore, were removed to be replaced by agri-
cultural crops. When crbp yields declined, the farmer either cleared adjacent
woodland or moved to more productive land. This cycle was in evidence by:
(1) a land CIearing boom about 1800,.following the invention of the cotton
gin which stimulated cotton farming, and (2) two major periods of abandonment,
one following the Civil War and the other following the appearance of the boll
weevil in 1921 (Ellerbe and Smith 1964). The abandoned farmlands followed

a natural pattern of succession of vegetation (Oosting 1956). The secondary

" hardwoods, hoWever, were inferior in quality to the original forest (Ellerbe

and Smith 1964).

Farming methods have changed considerably from its early beginning.
Famiiy farhs of small size were common in South Carolina by 1770 (Ellerbe and
Smith 1964). In 1930, h.7:5311ion hectares (11.5 million acres) were under
culfivation in the state, however, by 1970 this decreased to 3.3 million
hectares (8.2 million acres). A similar decline also occurred in Fairfield
County. The area cultivated for wheat, corn, oats, barley, and hay'héd decreased
in the county from 7,340 hectares (18,140 écres) in 1955, to h,900lhéctares

(12,100 acres) in 1960, to 2,030 hectares (5,020 acres) in 1970 (Farrar and
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Garrison 1962; Wiley and Garrison 1967, and 19716). Much of the abandoned
farmland reverted to forest land (Kniéht and McClure 1969). o ‘
| Aerial photographs taken in 1970 indicate that nearly two-thirds
of the cleared land in the Frees Creek watershed is idle»or in pasture, and
the remainder is in cropland. This land may have accounted for as-much as
eigbt percent of the county's total acreaée used for thé 1970 productipn of -
corn, oats, wheat, barlgy, and hay, or about 0.05 percent of the total land
acreage in the state for the production of these crops. Yields per acre in
Fairfield County are lower than in most other counties in the state (Table 2.6.1;
Wiley and Garrison 1971a). |

The number of beef cattle in Fairfield County declined froﬁ
a maximum of 17,880 in 1956 to 10,400 in 1970. This représents.a 42 éercent |
reduction in beef production. Dairy cows also declined from 3,000 to 600

during the same period (Wiley and Garrison 1967; 1971b). Approximately 150 o . '

cattle of all types were observed in the immediate vicinity of the proposed
Monticello Impoundment durlng the March 1972 sampllng period.
In 1967, 86 percent of the land in Fairfield County was commercial
forest (Halnes 1967). Of this, 20 percent is owned by forest industries,
75 percent is owned by farmers and private individuals and the remainder is
national forest land or under corporate:and ;ounfy or municipal ownership.
Within the area to be affected by the enlargment ofvﬁarr Reservoir
and construction of Monticello Impoundment, the Forest Service owns 10 percent,
thé forest industries own 14 percent, aﬁd the remainder is owned priﬁarily
by private individuals. This forested area ;epresents two percent.of the
county's resource. Approximately 55 percent of fhe forest in Fairfield County
(Haines 1967) is commercial saw and'pole‘timber. |

Only minor commercial cutting occurred up to 1968, when about A .
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. Table 2.6.1 Comparison of‘acreage and yield of five selected crops
in South Carolina and Fairfield County, S. C. in 1970

(Wiley and Garrison 1971a).

Yield per Acre

Acreage County County

Corn State County Rank*® State County Rank#*
Corn v

Grain 402,000 750 41 27 bu © 20 bu 35

Silage 27,000 ——— o 9T ———
Wheat 81,000 200 46 35 bu 28 bu 45
QOats 83,000 220 40 38 bu 33 bu 39
Barley 21,000 50 42 42 bu 36 bu 33
Hay 218,000 3,800 24 1.7 T 1T 45

* Forty-six Counties in South Carolina.
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700 acres wére cleared by the Champion Paper Company (John White, Fofester,
Champion Paper Company, pers. comm.). SCE&G purchased or has optioned most of
the land in the Frees Creek area fqr Monticello Impoundment and granted the
timber rights to each former owner or tenant. The removal of commercial
timber was occurring in the area during the March 1972 Biological Survey.

The Broad River was dammed in 1914 at Parr, SouthﬁCaroIiné
to form the Parr Reservoir. The reservoir functioned for flood control
as well as an energy source for the productioﬁ bf electricity. The dam ih;
undated an estimated 600 acres of bottomland alpng the Broad River and its
tributaries. Based upon the present vegetation associafions adjacgnt fo the
reservoir, it is estimated that the area was predominantly decidubus foreSt.:
Most game species of wildlife prevalent now, except wild turkey, were pfbbably
present when the dam was constructed.

No major fires have occurred in the vggetative cover- in the
environs of Parr Reservoir in more than 20 years. However, bﬁrning of scrub

wood is done to clear areas after the commercially useful timber has been

removed (Walter Schrader, State Game Biologist, Rock Hill, S. C., pers. comm,).
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‘ 3.0 AQUATIC SURVEY

3.1 : DESCRIPTION OF SAMPLING STATIONS

Seven transects with a tbtal of 15 collecting points were selected

~ for study of the aquatic environs of the Broad River Study Area. Four of these

transects were located within the Parr Re§ervoir, one above the reservoir, one
below Parr'Dam, and one in upper Frees Creek (map, back cover).

Collecting points were chosen along each transect according to
their depth, substrate type, and general habitat conditions. Their locations
and characteristics are given as follows:

Transect A and A' Transect A represents the main stream habitat

 of the Broad River upstream from the influence of Ffees Creek and Cannons Creek
watersheds. Howéver, during_the initial location of the transect, unfamiliarity
with the area resulted in the sampling location being located in an impounded
. area and not in‘the main stream. This was designated Transect A' on the map (back

cover). Transect A' is 5.5 km (3.4 miles) upstream from Parr Dam on the north-
east side of.fhe central peninsula of thé reservoir. It is 150 m (492 ft) in
Iength and varied in depth from 0 to 1.2 m (3.9 ft). The_botfom substrate
is composed of silt and muck. | |

By January 1972, it was determined tHat the original ecological
reasons for location of this transect were hot met and it was relocated to the
position indicated as ”A“. It is lécated 7.0 km (4.3 miles) upstream from Parr.
Dam in the main rivef channel and is 150 m (492 ft) long./ Transect A has a silt
bottom and its depth varies from 0 to 5.5 m (18.0 ft).

Transect B is located in the Frees Creek embayment. The transect
is 75 m (246 ft) upstream from the railroad bridge and parallel to it. Transect
B is 230 m (755 ft) in length and has three collecting point§ Whose depth varies

‘ from 1.0 to 2.0 m (3.3 to 6.5 ft). It has a silt and muck bottom substrate.
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This embayﬁent was sele;ted because jt will be subjected to d?edging during
construction and to strong water mbvements durir.vg"pumpir.\g and drawdowns after .
plant operations begin. | . |

Transect C is located 460 m (1590 ft) upstream from the Route 28
bridge in Cannons Creek embayment, a major embayment of the‘west side of the
Broad River. Transect C is 230 m (755 ft) in length and has three collecting
points whose dépth varies ffom 0.5 t6 2.0 m (1;6 fo 6;5 ft). It has a siit and
muck bottom substrate. Transect C was established to sample an embayment which -
will be influenced by daily!water Ievel'fiuctuation, however, would not be
subjected to water movements as great as expected in Frees Creek (Transect B).

Transect D is located upstream'frCm Parr Dam in the.maiﬁ body of
Parr Reservoir. The west end of the ;ransect is 305 m (1000 ft) and thé east éhd
is 535 m (1755 ft) upstream from the dém;AjTEéhsect D'f§ 760 m (2#94‘ft) in length
and has three collecting points whose depth varies from 1.25 to 4.76 m (4.1 to ‘
15.6 ft) with a bottom substrate of silt, sand, and muck;. Sohe samples were also
taken from the east shore of the mid-fiyer island just upstream of Transect D.
This transect was chosen to represent the open>réservoiF‘habifat which would
be influenced by water leve]'ffuctuationé an& some water movements.

Transect E is located be]&w Pérr‘Dém iﬁ the east channel of fhe
river. ’The length of this transect is 220 m (722 ft) from the east bank to the
tip of the island and has two colleﬁting pdints whose depthslare about one meter.
The bottom substrate is detritus, muck, and coarse gravel. This area was selected
because it will not be subjected to water leve! fluctuations. as préjected'in |
Parr Reservoir. It will; hoWever,'receive water‘from the project operatioﬁs,
thus a monitorinj progfam was.necessary_for‘comparative’purboses.

- Transect F was established ih September 1971 approxlmatély 23 km

(14.3 miles) upstream from Parr Dam. Transect F is 635 m (2083 ft) downstream .
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from the southern tip of Henderson Island and is a perpendiculiar extension to
the east bank of the river. The width of the transect is approximately 125 m
(L10 ft). The river bed is fairly uniform along the transect and is characterized
by a'rjffle habitat. The area selected is in the uppér limits of the proposed
area that will be subjected to impoundment.fluCtuations and will.proVide data
on the upstream effects of the proposed project. |

Transect G was also established in September 1971 in upper Frees
Creek, an area which is not currently impounded. The nofthern limit of this
station is approximately 100 m (328 ft) north of the bridge on State Highway.99
and the southern limit exténds 400 m (Iélzlft) south of the bridge. The sﬁbstrate
is primarily very cdarse sand. Many granite rocks, up to.35 cm (13.8 in) in
diameter, have washed into the creek from the road bridge riprap. The creek at
this location is léss thén b m (13 ft) wide. The effects of the exisfing impound-
ment can be assessed By comparing fauna in the upper part of the creek with that

of the impounded area at Transect B.
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3.2 PHYSICAL AND CHEMICAL CHARACTERISTICS
3.2.1 INTRODUCT ION

Water quality can ihfluence species composition or diversity of
biota and determine to some degree the population densities of specific organisms.
Therefore, a knowledge of physical and chemical characteristics is fundamental
to a baseline biofogical analysis in the study area.

Selected physical and chemical parameters were measured.at points
aloné transects in the Broad River Study Aféa at intervals betweén June 1971 and
May 1973. This investigation was to provide basic‘information'pn existing
abiotic conditions during the biotic sampling periods.

3.2.2 METHODS AND MATERIALS

| Water temperéture was measured with a Ye]low Springs Instrument
Company télethermoﬁeter (Médel 47). The thermistor prchc was lowered to the
bottom and allowed to stabilize brior to recording the temperaturé to the
' nearest 0.5 degree centigrade (C). Temperatureé were then recorded at 0.25 m
intervals with the final measuremenf taken one centimgter below the water sur-
face. |

A Secchi disc (20 cm [7.9 in] diameter) was‘employed to measure
light penetration in the w&ter. The maximum water depth at which the disc was
visible was determined to the.nearest 0.05>m (2.in) at each sfation.

Substrate grab samples were collected with an Ekman dredge for
sediment analyéis (see Sgction 3.5.2). In the laboratory, the sediment from each
grab was washed into a containef, mixed thoroughly by stirring, and.allowed to
‘settle for two or more days. When the sample waS completely settled, a random
core was removed, placed in a éieve series, and washed with distilled water until
separation was cémpleté. The sieve series éllowed.designatfon’of sediment

components according to millimeter diameter ranges as follows: pebble, 4 to 6k;
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granule, 2 to 4; very coarse sand, | to 2; coarse sand, 0.5 to 1.0; medium sand,
6.25 to 0.50; fine sand, 0.125 to 0.250; very fine sand, 0.062 to 0.125; and silt- ‘
clay, 0.004 to 0.062. Each sediment type from a sample was washed from the
retaining sieve into a crucible of known weight, dried at 60°C and ashed at
SQO°C to constant weight. An analytical Balance was used to weigh samples to
the nearest 0.0! mg.
Bottom sediment samples used for heavy metals and pésticide
| analyses were collected from all aquatic transects in February, 1973. Samples,
obtained with an Ekman dredge, were placed in glass jars that had previously
been washed with petroleum ether, rinséd with acetone, and air dried. The jar
opening was covered with aluminum foil before closing with a screw lid. The
sample was later air.dried and sent to the Environmental Séiénce and Engineering
Corporation at Mt. Juliet, Tennesseé for analysis of heavy metals and residual
chlorinated hydrocarbon pesticides. A hot 6N hydrochloric acid was used to 4 .‘
extract heavy metals from tﬁe sediments. ' ‘
Water for dissolved oxygen analysis was collected with a 1.2
liter Kemmerer water sampler. Artificial aeration of the sample was prevented
by placin§ the rubber emptying tubé at the bottom of a ground-glaés sfoppered
bottle and allowing water to fill and ovérflbw the bottle volume. Dissblved
oxygen was measured to the nearest part per million with a Hach Model 0X-2-P
test kit.
Water was also collected with the Kemheref sampler.for pH determina-
tions. A Hach.portable colorimetric pH test kit was used to measure pH to the
- nearest 0.1 unit. |

Other water quality parameters were supplied by SCEEG from samples

1 .

obtained from the Bfoad River.
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3.2.3 FINDINGS
3.2.3.1 Temperature
Water temperature data were recorded at six collection points
between June 1971 and May 1973 (Table 3,2.1). Collection points on Transects
A and B weré’relocated beginning with the November 1972 sample period in
order to correspond with revised-biological sampling points. Other parameters
discussed later follow the same site revision described above. |
Maximum surface temperature of 31.5°C was recorded at Station
A-1 in June 1971, while a minimum of 770°C was recorded at Station F-1 in
January 1972. Seasonal surface temperatures at stations ranged as follows
for combined 1971 to 1973 data: winter (January and Febrhary), 7.0 to 12.0°C;
early spring (March), 12.5 tg 17.0°C; late spring (May), 20.0°C at all stations;
early summer (June), 27.0 to 31.5°C; early fall (September), 22.0 to 27.5°C;
and‘late fall (November), 14.5 to 15.0°C. Maximum variation in surface tempera-
tures between stations occurred during September 1971, when Station B-2 was
5.5°C warmer than Station D-1.
Differences were also noted between surface and bottom temperatures
at some stations. Stations A-1, A-2, B-2, B-3, and C-3 usually ethbited
lower temperatures at the bottoh than at the surface. Surface temperatures
~at these sites weré also generally higher than at Stations D-1 and E-1.
Differences between surface and bottom temperatures at D-1 and E-]1 were almost
non-existent regardless of sampling period.

3.2.3.2 Transparency

Secchi disc visibility determinations were conducted at six
collection points between June 1971 and May 1973 (Table 3.2.2). Light
penetration, as measured using the limit of Secchi disc visibility, varied by

‘season. Seasonal Secchi disc visibility readings ranged as follows for combined
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Table 3.2.1 Water temperature at the surface (S) and bottom (B) at
collection points along transects in the Broad River Study
Area in 1971-73.

Collecting Points*

Date (1971-72)

Sample  A-1 B2 c-3 D=1 E-] Fo7

June s 31.5  30.0  30.0  27.0  28.5  NSw

B 27.0  21.0  23.0  26.0  28.5 NS
September S  25.5%% 27.5  27.0  22.0  24.0 24.0

B 23.0% 21.5  23.0  22.0 NS NS
January s 10.0 3.0 12.0 9.0 7.5 7.0

B 10.0 . 9.0  11.0 . 9.0 7.5 NS
March s 17.0  12.5 7.0 145 4.0  16.0

B 15.0 1 16.0 140 140 NS
bate (1972-73) A2 B-3 c-3 D-1 E-1 F-1_
November s NS 15.0 145 145 145 145

B NS 1h.o 140 - 145 NS NS
February o s 10.0  10.0  10.0 9.5 9.5 9.5
. B 9.0 NS 9.0 9.5 NS NS
May s NS 20.0  20.0 NS 20.0 NS

B NS NS NS

NS NS NS

%  Letter denotes transect, numeral denotes station.
** " Temperature at Station 2 for this date.
**% Not sampled.

ol
~
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Table 3.2.2 Secchi readings along the transects in the Broad River Study Area

%%  Not Sampled

*%*% Secchi at Station 2 for this date.

3.2-5

in 1971-73.
_ E Collecting Points
bate (1971-72) A1 B-Z____ -3 D-1 E-1 1%
June 0.20 0.25 0.60 0.25 0.15 NS** -
September - 0. 15%%% 0.25 0.35 0.10 0.20 NS
January _ 0.70 - 0.50 0.30 0.40 . 0.40 0.ho
" March 0.20%%*x 0,30 0.50 0.10 0.50 NS
Date (1972-73) A-2 B-3 c-3 D-1 E-1 F-1
November 0:35 0.45 0.35 0.25 0.35 NS
February 0.60 0.25 0.60 0.60 0.60 NS
May | NS 0.20 0.60 0.15 NS NS
Mean 0.36 0.31 0.47 Q.26 0.37 -——
% Current velocity usually too great for réading at this site.



1971 to 1973 data: winter (January and February), 0.25 to 0.70 m (0.8 to 2.3 ft);

early spring (March), 0.10 to 0.50 m (0.3 to 1.6 ft); late spring (May), 0.15 to ‘
0.60 m (0.5 to 2.0 ft); early summer (June), 0.15 to 0.60 m (0.5 to 2.0 ft); early
fall (September), 0.10 to 0.35 m (0.3 to 1.2 ft); and late fall (November), 0.25
to 0.45 m (0.8 to 1.5 ft). The maximum light penetration of 0.70 m (2.3 ft)
Secchi depth occurred in January 1972 at Station A-1 while least penetration of
0.10 m (0.8 ft) occurred in September 1971 and March 1972 at Stétion_D-l. Winter
(January and February) Secchi disc readings were slightly greater than those
recorded on other dates.

Mean Secchi disc visibility.readings for the more lentic (static
water or lake-like) conditions present at Transects A, B, and C ranged from
means of 0.31 to 0.47 m (1.0 to l,6'ft) while means for the more lotic
(running water or river-like) conditions at Transects_D and E ranged from 6.26
to 0.37 m (0.8 to 1.2 ft). Secchi disc readfngs were lowest at Transect D and
highest at Transect C. Differences, however, were usually small and light ‘
pénetration at all sites was rgstficted by silt and clay turbidity..
3.2.3.3 Sediment |

Sediment samples were collected at selected statfons during
February and May 1973 (Table 3.2.3). The bottom sediments of StationévB-B,’
€C-3, D-1, and D-3 were the most homogeneous of all sample sites on the study area.
Silt and clay comprised from about 65 to 98 percent of the sediment from these
stations. Station D-3, however, had pebbles present in small quanfities.

Coarse and medium sand made up from about 69 to 89 percent of the
sediment from Stations A-1 and F-lfg Silt and clay were also important at the
F-1 station and comprised about 15 percent of the total."The substrate composi-
tion of these stations makes‘them_moderately hémogeneoﬁs when compared with tﬁe

predominately silt and clay stations discussed above .

6
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Table 3.2.3 Percent of ash weight sediment-components*

Area in February and May 1973.

at stations on transects in the Broad River

Very Very
Transect & Course Course Medium Fine Fine Silt-
Station Date Pebble Granule Sand Sand Sand Sand Sand Clay
A-1 (Shallow) May 0.0 0.0 6.7 35.2 53.4 3.5 0.4 0.9
B-1 (Shajlow) Feb. 0.4 2.6 4.3 .13.0 25.6 20.6 13.2 20.2
May 0.0 0.0 1.1 3.1 20.9 26.6 19.8 28.5
B-3 (Deep) Feb. 0.0 0.0 0.0. 0.3 0.2 1.3 8.5 89.7
. ' May 0.0 0.0 0.2 0.1 0.1 0.4 1.4 97.7
C-1 (Shallow)  May 0.0 2.2 1.2 22.0 29.3 21.4 9.1 4.7
C-3 (Deep) May 0.0 0.0 0.1 0.1 0.2 0.7 2.4 96.5
D-3 (Shallow) Feb. 1.5 0.0 3.0 1.0 0.8 3.4 24.5 65.8
. May 1.6 0.0 0.4 0.9 0.5 1.9 20.0 64.7
D-1 (Deep) Feb. 0.0 0.0 0.0 0.0 0.0 1.9 1.5 96.5
May .AO.O 0.0 0.0 1.3 2.5 14.3 12.3 69.7
F-1 (Sha]low) May 0.0 0.0 9.0 43.7 25.4 3.7 3.4 14.6

*See 3.2.2 for description of diameter size

classes of designated components



The sediment composition at Stations E-l and C-l.was moderately
heterogeneous. The C-1 station had four components, each comprising over 10 .
percent of the sample; very coﬁrse sénd, coarse sand, mediuh éand, and fine
sand. Statibn B~1 had four components each comprising over 10 percent. of the
May ﬁample; medium sand, fine sand, very fine sand, and silt and ciay. In February
coarse sand also constituted over 10 percent of the sample at S;ation B-1. Thé
four substrate constiuents in May accounted tor over 98 percent of the total
while in February the five components accounted for about 80 percent.

3.2.3.4 Sediment Chemistry

~ Concentrations of bDE, DDD, and DDT from all samples were generally
very low and were often below the detectable Timits of 0.005 ppm. No other
pestfcides were detected in the bottom sediments. Similar findings were made for
surface soils of the surroﬁnding study area, although the frequency occurrence

of samples containing no pesticide residue was greater (see Section 5.2).

Concentrations (in ppm) of pesticides found in the bottom sediments ére as .
follows: - -
Transect: DDE bbb DDT

A <0.005 0.005 0.005

B 0.009 0.007 0.012

c 0.007 <0.005 <0.005

D 0.007 0.007 0.009

E 0.005 0.008 0.009

F €.005 )

.005 <0.005
Polychlorinated bi-phenyls (PBCS) Qére present in moderate concen-
trations ranging from 0.010 to 0.044 ppm. The highest concentration was found
at Transect E, directly below Parr Dam.
Boron was present in the higheét concentration (]00-l9b‘ppm)

of the minerals measured in bottom sediments (Table 3.2.4). Concentrations of

all other minerals measured were low. Lithium and zinc concentrations were:

generally low, but in all cases higher than those in the surrounding topsoil.
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Table 3.2.4 Concentration of minerals in bottom sediment samples from the Broad River Study Area at
1972. A1l values are in parts per million.

Parr, South Carolina, February

Transect Arsenic Copper Zinc Lead Mercury Boron Chromium Lithium
A 0.020 6.96 27.0 6.24 0.008 100 22.80 3.92
B 0.020 13.90 30.2 18.40 - 0.042 142 36.50 2.80
c 0.020 21.70 30.3 20.20 .0.033 160 25.20 2.32
D 0.027 25.20 30.4 14.60 '0.038 174 35.40 3.64
E 0.160 10.70 36.9 8.83 0.017 168 24.60 8.28
F 0.107 . 5.40 24.9 5.42 0.021 108 20.40 4.20




With the exception of lithium, mineral concentrations were highest in and

below the reservoir. Lithium, zinc, and arsenic concentrations were greatest .

at Transect E, directly below Parr Dam.

3.2.3.5 Dissolved Oxygen

| Dissolved oxygen analyses were conducted at six collection pbints .
between June 1971 and May 1973 (Table 3.2.5). Seasonal variations in surface
samples for 1971 to 1973 data were as follows: winter (January and February),
.6 to 13 ppm; early spring (March), stable at 9 b;m; late spring (May), 9 to
11 ppm; early summer (June); 9 to 11 ppm; early fall (September), 7 to 10 ppm;

and late fall (November), 9 to 11 ppm. Daytime dissolved oxygen levels near

Parr Dam throughout August, 1972, reached a minimum concentration of 4.8 ppm

, o
(SCE6G Water Quality Program 1972). Nighttime levels may well have been even lower.

Percent saturation of‘dissolved_oxygen, which corrects for tempera-
ture effects, was near or above IOOApercént at the surface except in the
January 1971 and August 1972 samples (Tabie 3.2.6). During the mid-winter - ‘
period, saturation ranged from about 50 to 80 percent in both surface and bottom
samples. Saturation values during August 1972 ranged from 51 to 90 percent.

Percent saturation of dissolved oxygen in bottom water samples never exceeded

surface values.
3.2.3.6 pH

Analyses for pH were also conducted routinely between June'197l
and May 1973 at six collecting points (Table 3.2.7). Séasonal pH values for
1971 to 1973 at all statioﬁs and dépths ranged from 6.9 fo 8.0. Mean pH values,
however, ranged from 7.0 tb 7.2 for combfnedisurface and bottom samples. Vafues
for pH at the surface were slightly greatér than bottom values for several sample

sites; particularly in early summer (June) and early fall (September) 1971.
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Table 3.2.5 Dissolved oxygen at the surface (s) and bottom (B) at collecting
: points along transects in the Broad River Study Area in 1971-73,

Collecting Points

Date (1971-72) Sample AT B-2 -3 D-1 E-1 F-1
ppm of Dissolved Oxygen + 1.0 ppm
June S 10 1 10 9 9 NS#**
B 8 6 7 7 NS NS
September S 10%* 10 7 7 9 NS
B 8+ 8 7 7 NS NS
January S 6 6 9 7 6 7
B 6 6 9 6 6 7
March S 9 9 9 9 -9 9
B 9 9 9 9 NS NS
Date (1972-73) A-2 B-j c-3 D-1 E-} F-1
November S 9 10 10 10 10 R
B NS NS NS NS NS NS
February S 13 1 - 13 13 11 12
8 13 - NS 12 12 NS NS
May S NS 11 1 NS 9 NS
B NS NS NS NS NS NS

ot
w

Dissolved oxygen at Station 2 for this date

** Not Sampled
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Table 3.2.6 Estimated percent saturation of dissolved oxygen at collecting
points along transects in the Broad River Study Area in 1971-73. .

Date (1971-72)

Percent Saturation®

Sample AT B2 t-3 D=1 BT P

June S 135 145 132 12 15 NSk

B 100 67 80 -85 NS.. NS
September s 120%% 125 87 79 106 NS

B 935 90 80 79 NS NS
January 5 52 54 83 60 50 57

B 52 54 80 1] 50 NS
March S 92 84 93 87 86 90

B 89xx 79 90 86 NS NS
Date (1972-73) A-2 B-3 c-3 D-1 E-1  F-l
November S NS 98 97 97 97 106

B NS NS - NS NS NS NS
February S 1k 96 114 112 95 105

B 11 NS 105 105 NSNS
May S NS 120 120 NS 97 NS

B NS NS NS NS

NS NS

Estimated from nomograph on oxygen saturation present in Welch (1948)

ate by
%3

**% Not Sampled

3.2-12

Pércent*saturation at Station 2 for this date




Table 3.2.7 Measured pH at the surface (S) and bottom (B) at collecting
points along transects in the Broad River Study Area in 1971-73.

- pRE
Date (1971-72) Sample A1 B-2 -3 D=1 E-i Foi
June - s 7.5 7.7 7.7 7.0 7.0 NSk
B 7.0 6.9 7.0 NS NS NS
September s 7.0%% 7.5 7.5 7.0 7.0 7.0
8 7.0%% 7.0 7.0 7.0 NS NS
January s 7.0 7.0 7.0 7.0 7.0 7.0
B 7.0 7.0 7.0 7.0 7.0 7.0
March s 7.0%% 7.0 7.5 7.0 7.0 8.0
B 7.0 7.0 7.0 7.0 NS NS
Date (1972-73) A-2  B-3  C-3 D~ E-1 F-1
November s 7.0 7.3 7.1 7.0 7.0 7.0
B NS NS NS NS Ns NS
February S 7.2 7.0 - 7.0 7.0 7.0 6.9
B 7.2 NS 7.0 7.0 NS NS
May s NS 7.0 7.5 NS 7.0 NS
B NS NS NSNS NS NS
Mean . | 7.1 7.1 7.2 7.0 7.0 7.2

ate
w

Measured to the nearest 0.1 pH unit
*%  pH at Station 2 for this date
%% Not Sampled
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3.2.3.7 Other Water Quality Parameters

Chemical analyses of the Broad River at Parr indicate that the
river is very low in dissolved solids (Table 3.2.8). The water is soft and has
a low buffering capacity. Silica and nitrogen concentrations are high while
phosphates are present only in trace quantities. Biological oxygen demand
(BOD) is generally low but ﬁas been recorded as high as 13 ppm‘(John Foley
pers; comﬁ.). ' Chemical oxygen demand (COD) measurements are usuaily high and
range from 1.9 to 46.9 ppm with a mean value of 16.8 ppm.

3.2.4 DISCUSS1ON |
Seasonal water temperature_changes on the Broad River Study Area

are typicél of lotic waters strongly influenced by air temperature. The -

temperature data suggest a more lentic condition at Transects A, B, and C'while‘v

a more lotic condition exists at Transects D and E; Undoubtedly the lentic
water conditions af A-1, A-2, B-2, B-3, and C-3 allow for rapid surface heating
and the establishment of thermally related density gradients betwaeﬁ the éur;
face and bottom of the river. Turbulenﬁe and mixing, characteristic'of lotic
conditions at D-1 just above Parr Dam and E-1 just below, create -general
homothermous conditions.lﬂw - |

Secchi disc visibility readings in the Bfoad River Study Area,
regardless of sample date or transect, were low.- Low readings were related

to silt and clay turbidity.

An indication of the depth to which major photosynthesis will occur

may be obtained with Secchi readings since Secchi disc transparency represents
the depth at which about 95 percent of solar radiation is absorbed (0dum 1971).

Minimum and maximum Secchi readings on the study area -were 0.10 and 0.70

1 _ _
John Foley, University of South Carolina, Belle Baruch Institute
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Table 3.2.8 Chemical analyses of the Broad River, Parr, South Carolina.*

Average Minimum ~ Maximum

Total Dissolved Solids 71 ppm 36 178
Conductivity 63 umhos 43 92

~ Total Alkalinity ‘Zh ppm 15 33
Total Hardness 17 ppm 12 24
Calcium Hardness 12 ppm 6 18
Magnesium Hardness 5 ppm. 2 8
Chlorides 6 ppm 4 9
Sulfates -4 ppm 2 13
Soluble SiO2 : .12 ppm 7 24
Nitrates 0.8 ppm 0.55 1.0
Phosphate' Trace Trace Trace
Chemical Oxygen Demand 16.8 ppm 1.9 k6.9

*From SCE&G Broad River Sampling Program; mean of 21 samples from 8 June 1971

to 8 August 1972.
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(0.3 to 2.3 ft) respectively, and mean Secchi readings by site ranged from

-0.26 to 0.47 (0.8 to 1.5 ft). Autotrophic production by primary producers ‘
(planktonic algae) is therefore géneraliy restricted to near-surface water where
light intensity is sufficient for phytosynthesis. |
The sediment composition of the study area in general reflects
the distribution of finely divfded materials deposited in relation to changes
in stream velocity. These materials are easily erodable and may sﬁift and be
redeposited with periodic changes in stféam velocity. Smaller particles are
usually a characteristic of river substrates aé'fhe distance downstream from
~ the source increases (Hynes 1972). |
The predominance of finely divided sediment likely limits the
benthic fauna to species to]erént.of silting conditions} Silt is known
to inhibit development of certain insect and mbllusc species (Van der Schalie

and Van der Schalie 1950; Lauff and Cummins 1964; Scott 1958). However,

species such as the mayfly, Hexagenia limbata,,an‘imporfant component of the

benthic fauna in the study area, are known to prefer a soft silty substrate
(Swanson.1967). 1Although the number of species in the typical silt-sand
substrate of the study area is restricted, Hynes (1972) indicates that this
substrate type is.capable.of supporting considerable biomass of benthic forms.

The dectecfable but lpw_concentrations of residual DDE, DDD, and
DOT in bottom sediments indicate a low level of insecticide contamination.
Although sediment samples Were taken in February, the low concentrations of
these basically refractory compounds suggests‘the absence of chronic contamina-
tion from topsoil applications and subsequent runoff.

Minerals in the bottom sediménts are within the range of conéen-.
trations found in the surrounding watershed, with the exception of lithium,

zinc, and copper, which were generally higher. The higher levels of lithiuh,
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zinc, and copper reflect a combination of differential solubility during
leaching from the soil, differential adsorption to seston], and precipitation and

concentration in the bottom sediments. With the exception of lithium, all

heavy metals analyzed were found in slightly higher concentrations in the

reservoir than in the river. This is due, in part, to adsorbed metals being
precipitated with the seston as the terminai water velocity is reduced within
the reservoir.

Polychlorinated bi-phenyls (PCBs) are persistant, ubiquitous
environmental contaminants that are used in indugtrial and agricultural appli-
cations. The source of PCB contamination in the bottom sediments of the Broad
River is unknown.

Seasonal dissolved oxygen concentrations were near or above |
saturation during the sampling periods except in January 1971 and Augusf 1972.
Photosynihetic activity during June and September 1971 probably accounts for -
greater surface concentrations of dissolved oxygen especially at the lentic-like
Stations A-1 and B-~2 where saturation was 120 percent or greater. Surface and
Sottom concentrations were more similar at C-3 than at A-1 and B-2, and typical
lotic oxygen conditions (homogeneous mixing) occurred at the D-1, E-1, and
F-1 sites. A reduction in oxygen saturation was evident in Januar* 1971 and
August 13972 at all sites and ranged from about 50 to 90 percent. In addition,
dissolved oxygen was lower in bottom samples on ;everal sample dates. The
lowered dissolved oxygen ‘tevels observed were probably the result of oxygen
consumption for decomposition coupled with reduced pﬁytosynthetié ac£ivity.

Although dissolved oxygen levels near the bottom were sometimes lower than

1311 material, both inorganic and organic, suspended in the waterway
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those at the surface, the relatively high levels indicate that the bottom - ‘
sedimenfs have only moderate oxygen demand.

The differences in surface and bottom pH values in early summer
and early fall (June and September 1971) at the moré lentic-like sites (A, B,
and C) are probably related to incfeased phytosynthetic activity near the surface
and increased C0, production in bottom sediments.

Nutrients in the water of the Broad River are generally in high
enough concentrations to support large algae populations. Phosphorus, though
found in trace quantities in the Broad River, is not expected to be a limiting
nutrient, as very low quantities (one part per billion) are known to support
large algae blooms. The low calcium hardness of the watef may be an important
factor limiting the density of plankton crops. All other factors being equai,

streams with higher calcium hardness produce appreciably higher standing crops

(Williams 1964). Other dissolved solids are present in low concentrations as | ‘
evidenced by the low specific conductivify as well as the low level of total |
dissolved solids. In addition, the low buffering capacity of the water may allow
the.pH to decrease somewhat in localized areas in response to runoff frdm the
“surrounding acid soils.

The high levels of COD with concurrently high DO levels appear
to be related to the presence of allochthonous materials such‘as cellulose
that have undergone partial biologica] degredation, and hence exert a low BOD.
There is also a possibility.that certain organic materials Ieéched from the
surrounding watershed are adsorbed on colloidal clay particles where they
become more resistant to biological degredatfon. In addition, the occurrence
of moderate levels of PCBs in the bottom sedimeﬁts as well as high COD levels

suggest the possibility of upstream industrial contamination of the water.
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3.2.5 SUMMARY

Selected physical and chemical characteristics of water oh the
Broad River Study Area were examined between June 1971 and May 1973. The
purpose of this investigation was to provide information on seasonal abiotic
conditions existing dufing periods of biotic sampling.

Temperatures for the periods measured ranged from a maximum
of 31.5°C to a minimum of 7;0°C. Vertical temperature gradients at Transects
A, B, and C were related to the more lentic-like conditions existing at these
sites. Relative homothermy, found at Transects D,.E, and F, was fypical of more-
lotic-like conditions.

Water transparency was low and light penetration Qas restricted
due to silt and clay turbidity. Minor differences in traﬁsparency occur with
season and site. Photosynthetic activity is probably restricted to near surface
waters because of low transparency.

Sediments from most sites examinéd were homogeneous to moderately
homogeneous compositions of finely divided materials, mainly silt, clay, and
coarse to medium sand. Only sediments from Stations B-1 and C-1 were moderately
heterogeneous, usually cohposed of coarse sand, medium sand, fine sand, very
fine sand, and silt and clay. Larger particles such as pebbles and granules
were generally lacking with the exception of Station D-3 where pebbles comprised
about 12 percent of the sediment in May. The homogeneous nature of finel*-
divided materfals in the substrate probably is a major factor ‘in-1imiting
diversity of the bénthic fauna although substrafes of this type may be capéble
of supporting:coﬁéiaéréble biomass.

Data on bottom sediment chemistry indicated a low level of DDD,

DDE, and DDT contamination and moderate concentration of PCBs. Minerals and

heavy ‘metals were present in concentrations that reflected differential
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solubility and adso_rption to soil par_tic].es and Subsequent dg—:position in bottom ‘
sediments. | | |
Seasonal dissolved oxygen concentrations were usually near or
above saturation at all transects. A period of loﬁered dissolved oxygen in
mid-winfer, l97l; and lafe summer, 1972, was probably related to decomposition
and reduced photosynthesfs. Elevated dissolved oxygen levels in June and _
September, 1971, 6n Transects A; B, and C were proBably due to the more |
lentic-like conditions and'photosynthetic.acfivity.
The pH values recorded were usually near 7.0 regardfess of -
season or station. Slightly elevated pH levels ét the surface on Transects
A, B, and C in June and. September, 1971 were likely produced by elevated photo-
synthetic activity in the more lentic-like conditions. |
‘The Broad River at the study area is low in dissolved solidé ahd

has a low buffering capacity. Nutrient levels are probably high enough to

suppoft large algae populations under conditions of low turbidity. High levels
“of biologically degredated allochthonous materials probably account for most
of the observed high COD levels although the possibility of upstream industrial

contamination is not discounted.
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3.3 PLANKTON
3.3.1 INTRODUCTION

Photoplankton and zooplanktoﬁ analyses are fundamental to the
examination of trophic relationships existing in the Broad River Study Area. In
addition, they are important biological indicators of environmental conditions.
Pre-operational examination of the plankton community is es;ential.to subsequent
post-operational analyses to determine any impact of the project. |

Phytoplankton and zooplankton populations in the Broad River Study
Area were examined qualitatively and quantitatively between June 1971 and May
1973. The burpose of these analyses was to provide basic.information.on species
composition, density, diversity, and biomass of the plankton.

A detailed examination of the phytoplankton in the project area
was conducted for SCE&EG by John Foley, a graduate student from the University of
South Carolina, Belle w.vBaruch Coastal Research Institute. Some of his pre-
liminary work appears in this report.

3.3.2 METHODS AND_MATERIALS

A modified Wisconsin tow net with a diameter of 12 cm (4.7 in) and
a length of 55 cm (21.8 in) was used for all plankton sampling. The net frame
and detachable bucket were fitted with No. 20 nylon bolting cloth with a mesh
size of about 76 microns.

Plankton samples for qualitative and quantitative analyses were ,
collected using two mefhods. The first method involved sampling surface waters
by dipping to a depth of about 25 cm (9.8 in) with a bucket and pouring 100
liters of water through the plankton net. The second method involved sampling
the water column from the bottom to the surface by lowering the plankton net into
the water until the bottom of the net mouth touched the substrate whereupon the

net was retrieved steadily at a rate of approximately 0.5 m/sec. The remainder

v
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of the procedure for both methods involved washing the inside of the net with.
filtered water to concentrate all organisms in the net bucket, rinsing the
plankton concentrate into shall-jars, and preserving the labeled samples with
about 10 percent formalin for later laboratory analysisf

In the laboratory, bottles containing plankton samples were filled
to a volume of 50 ml. A one milliliter alfquot was taken from each thoroughly
mixed sample with a Hensen-Stemple pipette.and placed in a Sedgwick-Rafter
counting chamber. All'organisms in the chamber were examined microscopically _
under 200X magnification and enumerated. Slides wére preparea as necessary for
diatom identification using procedures odtlined.by Weber (1970). Appropriate |
computationSVWere made to convert the sample into organisms or cells per liter.
Planéton were identified by Qsing,Patriék.and'keimer (1966), Peﬁnék (j953 ana
1963), Prescott (f962), smith (1950), Ward and wWhipple (1959), Weber (1971), and
Whitford and Schumacher (1969). |

Begfnning in November ]972, plankton bfomass was estimated from
surface samples concentrated with a plankton net as previously described. Aftér
enumeration of organisms, the sample was collected on a Millipore HA filter of

known weight using a standard Millipore apparatus. The samples were dried to

constant weight at 60°C, ashed at 600°C for one hour, reweighed, and tﬁe ash-free

dry weight computed. All weights were determined with an analytical balance to

the nearest 0.01 mg.

3.3.3 FINDINGS
3.3.3.1 Phytoplankton
3.3.3.1.1 Qualitative Aﬁalysis

A total of 102 phytoplankton taxa were collected on the Broad
River Study Area between June 1971 and May 1973 in surface samples and vertical

plankton net tows (Table 3.3.1). The number of species in each major taxonomic
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Table 3.3.1 Species list of phytoplankton present (P) in quarterly surface (S) and vertical tow (VT)
plankton samples between June 1971 and May 1973 on the Broad River Study Area.

1971 1972 1973
June Sept. Jan. “March Nov. Feb. May
Taxa S VT S S VT S S S

<
—
w
<
—

Chlorophyta
Actinastrum sp.
Ankistrodesmus sp.

- Ankistrodesmus falcatus
Arthrodesmus sp.
Chlamydomonas sp.
Chilorella sp.
Cladophora sp.

. Closterium sp.
Closterium pronum
Cosmarium sp.
Eudorina sp.

Gloeocapsa sp.
Gloeocystis gigas

Golenkinia sp.

Hyalotheca sp.
Micrasterias sp.
Mougeotia sp.

* Onychonema sp.
Pachycladon sp.

Pachycladon umbrinus
Pediastrum sp.
Pediastrum boryanum
Pediastrum duplex
Penium sp.
Scenedesmus sp.
Scenedesmus dimorphus
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Table 3.3.1 (Continued)

1971 _ 1972 1973
June Sept. Jan. March Nov. Feb. May
Taxa S VT S VT S VT S VT S S S
Scenedesmus protuberans 0 0 -0 0 0 0 0 0 0 0 p
Scenedesmus quadricauda 0 0 0 0 0 0 0 0 0 P P
Salenastrum sp. 0 0 0 0 0 0 0 0 0 o P
Sphaerocystis schroeteri 0 0 0 0 0 0 0 0 0 0 P
Staurastrum sp. 0 0 P P P 0 P 0 0 P 0
Staurastrum quadricuspidatum 0 0 0 0 0 0 0 0 0 P 0
Tetraedron sp. 0 0 0 0 0 0 0 0 P P 0
Tetraspora sp. 0 0 0 0 0 0 0 0 0 0 P
Treubaria crassispina 0 0 0 0 0 0 0 0 0 0 P
Ulothrix sp. 0 (¢] 0 0 0 0 0 0 0 P 0
Volvox sp. 0 0 0 0 P 0 P P P 0 0
Total Chlorophyta" 5 6 9 5 6 2 13 5 10 13 18
Chrysophyta -
* Achnanthes sp. _ 0 0 0 0 0 0 0 0 0 P 0
. Achnanthes lanceclata 0 0 0 0 0 0 0 0 0 P 0
~Asterionella sp. P P P P P P P P P 0 0
Asterionella formosa 0 0 0 0° 0 0 0 0 0 p P
Cyclotella sp. -0 0 0 0 0 0 0 0 0 0 P
Cyclotella menghiniana 0 0 0 0 0 0 0 0 0 P 0
Lyclotella stelligera 0. 0 0 0 0 0 0 0 0 P 0
Cymbella sp. 0 o 0 0 0 0 0 0 P P P
- Dinobryon sp. ‘ P P P P P P P P P 0 P
Dinobryon cylindricum 0 0 0 0 0 0 0 0 0 P 0
. Dinobryon sociale 0 0 0 0 0 0 0 0 0 0 P
Epithema sp. 0 0 0 0 0 0 0 0. 0 P 0
Eunotia sp. - 0 0 0 0 0 0 0 0 0 P 0
Eunotia curvata 0 0 0 0 0 0 .0 0 0 P -0
Fragilaria sp. P p - P P P P P P. P P 0

>
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Table 3.3.1 (Continued)

1971 1972 1973
June Sept. Jan. March Nov. Feb. May
Taxa S VT S VT S VT S VT S ) S
Fragilaria crotonesis 0 0 0 0 0 0 0 0 0 P P
Frustulia vulgaris 0 0 0 0 0 0 0 0 0 P 0
Gomphonema sp. 0 0 P P P P P p P 0 0
Gyrosigma sp. 0 0 0 0 0 0 0 0 0 0 P
Gyrosigma obtusatum 0 0 0 0 0 0 0 .0 [o] P 0
Melosira distans 0 0 0 0 0 0 0 0 0 P P
Melosira granulata%® P P P P P P P P P P P
Melosira varians* P P P P P P P . P P P
Meridinion sp. 0 0 0 o 0 0 0 0 o 0 P
Meridinion circulare 0 0 0 0 0 0 0 -0 0 P 0
Navicula sp. P 0 P P- P P P P P P P
Navicula mutica 0 0 0 0 0 0 0 0 0 P 0
Nedium sp. 0 0 0 0 0 0 0 0 ] 0 P
Nitzschia sp. 0 0 0 0 0 0 0 0 0 P P
Nitzschia acicularis 0 0 0 0 0 0 -0 0 0 P P
Nitzschia palea 0 0 0 0 0 0 0 0 0 P 0
Pinnularia sp. 0 0 0 0 0 0 0 0 0 P P
Pleurosigma sp. P P P 0 -P P P P P 0 0
Rhizosolenia eriensis 0 0 0 0 0 0 0 0 0 0 P
Stauroneis sp. 0 0 o 0 0 0 "0 0 0 0 P
Stephanodiscus 0 0 0 0 "0 0 0 0 0 0 P
Surrirella sp. 0 0 0 0 0 0 0 0 0 0 P
Synedra sp. P P P P P P P P P P P
Synedra puchella 0 0 0 -0 0 0 0 0 0 P 0
Synedra ulna 0 0 0 0 0 0 0 0 0 P 0
Tabellaria sp. P P P P P P P P P 0 0
Tabellaria fenestrata 0 0 0 0 0 0 0 0 0 P P
Total Chrysophyta ' 9 8 10 9 10 10 10 0 1] 28 22

*Melosira granulata designated Melosira "A" and Melosira varians designated Melosira ''B" in previous reports.
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Table 3.3.1 (Continued)

: 1971 1972 1973
June Sept. Jan. March Nov. Feb. May
Taxa ' S VT S VT S VT S VT S S S
Cyanophyta )
~ Anabena sp. P P P P P 0 P 0 P P P
Aphanocapsa sp. 0 0 0 0 0 0 0 0 0 0 P
Arthrospira sp. 0 0 0 0 P P P 0 0 0 0
Chroococcéus sp. P P P P P 0 P 0 P P 0
Coelosphaerium sp. 0 0 0 0 0 0 0 0 P 0 0
Gloeocapsa sp. 0 0 P 0 0 o 0 0 P 0 0
Gomphosphaerium sp. 0 0 P 0 0 0 0 0 0 0 -0
" Merismopedia sp. 0 0 0 0 0 0 0 0 0 P 0
Microcystis sp. -P P P P P 0 P P P 0 0
Oscillatoria sp. 0 0 -0 ) 0 0 0 0 0 P P
Oscillatoria "A" P P P P P R P P 0 0
Oscillatoria ''B" P P P P P P P P P 0 0
Phormidium sp. 0 0 0 . 0 0 0 0 0 0 0
Spirulina sp. P P P P 0 0 0 0 P 0 0
Spirulina princeps 0 0 0 0 0 0 0 0 0 p 0
Total Cyanophyta 6 6 8 7 6 3 6 3 8 5 3
Euglenophyta :
Euglena sp. 0 0 0 0 0 0 P P P P 0
Phacus sp. , 0 0 0 0 0 0 P 0 0 0 0
Trachelomonas sp. 0 0 0 0 0 0 0 0 P P 0
Trachelomonas hispida 0 0 0 0 0 0 0 0 0 P 0
Trachelomonas armata 0 0 0 0 0 0 0 0 -0 P 0
Total Euglenophyta . - 0 0 0 0 0 0 2 T 2 b 0




L-£°¢

Table 3.3.1 (Continued)

1971 1972 1973

June Sept. ‘ Jan. March Nov. Feb. May

Taxa S VT S VT S VT S VT S ) S
Pyrrophyta

Ceratium sp. 0 P 0 0 0 0 P 0 0 0 0

Ceratium hirundinella 0 0 0 0 0 0 0 0 0 0 P

Peridinium sp. 0 0 0 0 0 0 0 0 0. 0 P

Total Pyrrophyta -0 -1 0 0 0 0 ] 0 0 0 2

Total Taxa 20 2127 21 22 15 32 19° 31 50 ks
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Table 3.3.2 Total phytoplankton specfes by phyla found on transects and stations on the Broad River
Study Area between June 1971 and May 1973

A% B , C D E F
] 2 ] 2 3 1 2 3 ] 2 3 ] 2 1
June 1971
Chlorophyta 3 3 2 1 0 ] 0 0 3 3 6 4 L NS**
Chrysophyta 5 4 4 2 1 1 0 0 6 6 5 8 I NS
Cyanophyta L L 2 3 3 0 0 0 L 4 5 3 3 NS
Total/Station 12 11 8 6 L 2 0 0 13 13 16 15 11 NS
Total/Transect 13 10 2 18 17
September 1971
: Chiorophyta . b ] 4 3 b 0 1 2 0 0 1 4 3 6
Chrysophyta .5 5 L 4 3 2 2 3 5 2 4 8 8 9
_Cyanophyta. 6 4 3 6 ) 2 2 2 1 | 3 ] k 5
Total/Station 15 10 11 13 1] L 5 7 6 3 8 16 15 20
Total/Transect . : 16 18 - 13 - 1 : 17 20
January 1972
Chlorophyta 2 2 1 i ] 2 ] 0 2 2 2 N 3 1
Chrysophyta 9 9 6 7 6 7 71 2 9 8 9 10 10 10
Cyanophyta 5 0 2 | 3 1 1 B 2 3 L 4 2.
Total/Station 16 11 .9 9 8 12 9 3 12 12 14 15 17 13
Total/Transect 16 10 15 15 17 13
March 1972
Chlorophyta .= = &4 8 2 2 5 2 0 1 9 6 4 6 3 8
Chrysophyta 10 10 5 7 8 10 8 8 10 10 10 10 10 10
Cyanophyta 2 3 2 3 3 5 2 1 4 5 ] 3 2 4
Euglenophyta 0 2 0 0 0 P 0 0 0 0 ] ] 0 1
Pyrrhophyta . 0 \ 0 0 0 1 0 0 0o 0 1 0 0 0
Total/Station 16 24 9 13 16 19 10 10 23 2] 17 20 15 23
Total/Transect 24 g 19 20 29 ) 20 23

* - June & September samples are from Transect A'
*% Not sampled :
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Table 3.3.2 (Continued)

A B C D - E F
1 2 i 2 3 ] 2 3 ] 2 3 1 2 |
November 1972

Chlorophyta 3 NS 5 NS NS 6 NS 6 2 NS 3 L: NS 2
Chrysophyta 7 NS 5 NS NS 9 NS 10 100 NS 9 8. NS 7
Cyanophyta 3 NS 1 NS - NS 2 NS 3 -2 NS 2 2 NS ]
Euglenophyta 1 NS 2 NS NS 2 NS 1 1 NS O 1 NS ]
Total/Station 154 13 19 20 15 1h 15 11
Total/Transect 14 13 30 . 18 15 '

February 1973 ' '

. Chlorophyta 2 NS b NS NS 3 NS 1 2 NS b b NS 0
Chrysophyta 11 NS 13 NS NS 14 NS &4 10 NS 5 b NS 6
Cyanophyta 3 NS 3 NS NS 0 NS O 1 NS O 1 NS 0
Euglenophyta 0 NS 0 NS NS 1 NS O 0 NS 2 0 NS !
Total/Station 16 20 18 5 13 10 9 7
Total/Transect 16 20 . 20 19 9 7

May 1973 . '
Chlorophyta b4 NS 6 NS 2 2 NS 3 2 NS 1 2 NS 5
Chrysophyta 12 NS 10 NS 8 6 NS 8 4 NS 7 7 S 2
Cyanophyta 2 NS -~ 0 NS O 0 NS O 0 NS O 0 NS 1
Pyrrophyta 0 - NS 1 N O 1 NS O 0 NS O 0 NS |
Total/Station 18 17 10 9 11 8 8 9 16
Total/Transect 18 19 - 17 ' 12 9 16

* . June & September samplés are from Transect A
** Not sampled.



group was: 'Chlorophyta, 37; Chrysophyta, 42; Cyanophyta, 15; Euglenophyta, 5;
and Pyrrhophyta, 3. Foley (1972), in his in-depth examination of phytoplankton
in the Broad River Study Area between August and December 1971, found a
total of 151 species. The species composition in major taxonomic groups was:
Chlorophyta, 51; Chrysophyta (including Bacillariophyta), 70; Cyanophyta, 22;
Euglehophyta, 7; and Pyrrhophyta, 1.

The number of phytoplankton taxa collected between June 1971 and
March 1972 in surface samples was equal to or greater than the number of taxa
in vertical tow plankton net samples (Table 3.3.1). Evaluation of phytoplankton
species is therefore restricted to surface samples.

A comparisonAof the total phytoplankton taxa collected from
Transects A through F reveals minor differences within a particular sampie
period (fable 3.3;2). The number of taxa collected from each transect betweén
June 1971 and May 1973 ranged from 7 to 20 with two exceptions. Transect C‘taxa
ranged from 2 td 30 during this period and_all transect§ had taxa ranging from
19 to 29 during March 1972. The general increaée in taxa during March was dﬁe
primarily to avpulse of chlorophyte and chrysophyte sbecies.

Seasonal fluctuations in the total phytoplankton species between
June 1971 and May 1973 were as follows by transect: A', 13 to 16; A, i6 to 24;
B, 10 to 20; C, 2 to 30; D, 11 to 29; E, 12 to 20; and F, 7.to 23 (Table 3.3.2).
Significant seasonal changes in number of specieé occurred on Transect C '
and Transect D just abové'Parr Dam in the reservoir. In all cases the greatest
phytoplankton species complex occurred in March.

The following phytoplankton are considered common on the Broad
River Study Area because theyboccurred fn at least five of seven surface

samples between June 1971 and May 1973: Chlorophyta Actinastrum sp., Pediastrum

spp., and Scenedesmus spp.; Chrysophyta Asteriohella spp., Dinobryon spp.,
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Fragilaria spp., Melosira granulata, M. Varians, Navicula spp., Pleurosigma sp.,

Synedra spp., and Tabellaria spp; Cyanophyta - Anabaena sp., Chroococcus sp.,

Microczstis sp., and Oscillatoria spp., (Table 3.3.1). Melosira granulata and

M. varians were designated As species ''A' and ''B'', respectively, in previous
reports.
3.3.3.1.2 Quantitative Analysis

The examination of surface phytoplankton populations sampled from

1971 to 1973 revealed that the chrysophyte flora, including Asterionella SPP-»

Fragilaria spp., Melosira granulata, ﬁL,varians, and Tabellaria spp., were the

only species in consistently high enough numbers for evaluation; These were
the only species present in at least one sample collected on each transect with
a density of 100/liter or ﬁore. Seven species of desmids were collected
throughout the study period but population densities were always low. The
abundance of cyanophytes was also very low, however, density estimates are
minimal since some loss of organisms probably occurred because of the plankton
net mesh size.

The density bf the predominant chrysophytes varied-among transects
but no definite trends were evident (Table 3.3.3). Transect C, however, did
show a reduction in the number of chrysophytes during the June and September
collections.

Seasonal changes in abundance were evident for Asterionella sp.,

Fragilaria sp., Melosira varians, and Tabellaria sp. ‘Melosira granulata did

not show consistent seasonal changes in abundance (Table 3.3.3).

Asterionella sp. appeared to peak in February and March. The
e
greatest sample density qccurred during March on Transect E when over 1550/1iter

were found. Less than 100/liter were found at other times.

Large populatibns'of Fragilaria spp. occurred during February,
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TABLE 3.3.3 Mean density (number/milliliter) of major diatom species sampled on Transects A to F on the Broad
River Study Area between June 1971 and May 1973.

A B C D E F
June 1971 . _
Asterionella sp. 0 0 0 50 50 NS**
Fragilaria sp. : 450 50 0 2000 2000 NS
Melosira granulata®*: 225 55 0 145 140 NS
Melosira varians®¥s® - 100 100 0 150 ' 150 NS
Tabellaria sp. ' 20 0 0 20 20 NS
September 1971
~Asterionella sp. . 0 0 : 0 25 25 25
Fragilaria sp. - : 50 - 50 50 50 575 50
Melosira granulata 4o 55 5 5. 130 55
Melosira varians 150 150 0 150 150 100
Tabellaria sp. 0 20 0 0 30 50
January 1972 . ' ' : ' ’
Asterionella sp.. - 50 50 50 50 50 25
Fragilaria sp. "L.50 _ 50 0 50 ‘ 50 : 50
Melosira granulata o 10 390 35 35 - 15 10
Melosira varians _ -~ - 900 : 150 100 800 100 600"
~Tabellaria sp. 25 50 15 80 20 _ 15
March 1972 : ’
Asterionella sp. 150 75 100 75 1550 350
Fragilaria sp. 300 100 200 - 200 ~ 1050 150
Melosira granulata : 55 - 160 125 135 260 50
Melosira varians o L4500 ~ 100 100 1200 2350 7000

Tabellaria sp. . 265 95 : 315 175 315 180

e
®

Transect A' for June and September, 1971.
Not sampled. ‘ ' ,
Melosira granulata designated Melosira '"A" and Melosira varians designated Melosira 'B'" in previous reports.

oot
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Table 3.3.3 (Continued)

. A B C D E F
November 1972
Asteriorella sp. 21 15 39 18 0 0
Fragilaria sp. 0] 0 2 2 3 0
Melosira granulata 9 361 316 9 3 36
Melosiran varians 37 0 8 19 109 277
Tabellaria sp. 20 0 1 14 0 9
February 1973
Asterionella sp. 382 106 0 135 0 255
Fragilaria sp. 170 2110 10 106 0 552
Melosira granulata 0 0 69 0 107 0
Melosira varians 265 4175 199 .. 0 77 128
Tabellaria sp. 524 0 0. 156 50 113
May 1973
Asterionella sp. 83 0 0 22 42 22
Fragilaria sp. 52 b 0 8 0 9
Melosira granulata 63 57 13 0 0 0
Melosira varians 4 0 26 4 b 8
Tabellaria sp. 21 0 L 0 0 0




March, and June. The greatest density occurred at Transect B in February

and Transects D and E in June when about 2000/liter were present. Populations

of Fragilaria spp. were usually below 100/liter during other sample periods.

Consistent changes in population density of Melosira granulata

were not evident. Concentrations ranged between 0 and about L400/liter but

were usually lower than 200/titer.

The highest measured density of Melosira varians aboﬁt 7000/1iter,
occurred in March on Transect F, however, the population appeared to be expanding
in Jénuary when concentrations Eanged from 100 to 900/liter. Population levels
,dufinévothef périods were usually less than 200/1liter.

| ‘Thé density for Tabellaria spp. peaked during February and March
at al[ transects in the étudy érea, The maximum numbers recorded were only

"about 300/Iitef but populations were usuélly 50/1liter or less.

3.3.3.2 Zooplankton
3.3.3.2.1 Qualitative Analysis

A tota]»of 35 zooplankton sbecies were collected in surface samples
and vertical plankton net tows on the Broad River Study Area between Juné 1971
and May 1973 (Tablg 3.3.4).. An equal or greater number of taxa were collected in
surface samples compared wfth vertical plankton net tows between June 1971 and
March 1972. The éomposition for major taxonomic groubs wa§ as follows: Protozoa,
L; Rotifera, 21; Copepoda, 2; and Cladocera, 8.

The followiﬁg zéébiénkters are considered common in the Broad
River Study Area because they occurred in at‘least”fiye of §even'surface samples

between June 1971 and May 1973: Rotifera - Asplanchna sp., Brachionus sp.,

Filinia spp., Keratella spp., Polyarthra sp., and Trichocera sp.; and Copepoda -
Cxclogslépp. (Table 3.3.4). No single cladoceran species occurred in all sample

periods and no cladoceran species were collected during January and February. ‘
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TABLE 3.3.4 Species list of zooplankton present (P) in quarterly surface (S) and vertical tow (VT) plankton
samples between June 1971 and May 1973 on the Broad River Study Area.

1971 1972 1973
: June Sept. Jan. _ March Nov. Feb. May
Taxa S VT S VT S VT S VT S S S
Rotifera
Asplanchna sp. P P P P P P P p P 0 P
Brachionus sp. P P P P P 0 P P P 0 P
Chonochiloides sp. 0 0 P P P P P P P 0 0
Chonochilus sp. 0 4] P P P P 0 0 P 0 0
Filinia sp. P P P P P P P P 0 0 0
Filinia longiseta 0 0 0 0 0 0 0 0 0 0 P
Gastropus sp. 0 0 0 0 0 0 P P 0 P P
Kellicottia sp. 0 0 0] 0 0 0] P P 0 0 0
.Kellicottia bostoniensis 0 0 0 0 0 0o 0 -0 0 P 0
Kellicottia longispina 0 0. 0 0 0 0 0 0 0 0 P
Keratella sp. P P P P P P P P P 0 0
Keratella cochlearis 0 0 0 0 0 0 0 0 0 P P
Lecane sp. 0 0 0 -0 0. 0 P P 0 0 0
Lepadella sp. 0 0 0 0 0 (0] P 0 P 0 0
Monostyla sp. 0 0 0 0 0 0 P P P P P
Notholca sp. 0 0 0 0 0 0 P P P P 0
Philodina sp. 0 0 0 0 0 0 0 0 0 P 0
Polyarthra sp. P P P P P P P P P 0 P
Rotaria sp. 0 0 0 0 0 0 0 -0 0 P 0
Synchaeta sp. 0 0 P P P 0 P P P 0 0
Trichocera sp. 0 0 P P P P P P P P P
Total Rotifera 5 5 9 9. 9 7 14 13 1 8 9
Copepoda .
Cyclops sp. = ~ P P P P P P P P P 0 0
P P 0 0 0 0 0 0 0 P

Diaptomus sp. ‘ P

Total Copepoda 2 2 2 [ 1 1 1 1 0o 1
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. TABLE 3.3.4 (Continued)

- Taxa

19

72
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S

VT

Cladocera
Acantholeberis sp.
Acantholeberis curvirostris

Alonella sp.

Bosmina sp.

Bosmina longirostris
Daphnia sp.
Pseudosida sp.
Scaphelebris sp.
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A comparison of the total zoéplankton taxa reveals minor differences
within particular sampling periods (Figure 3.3.1). Taxa numbers were lowest in
June and ranged from 5 to 8 species. The number of taxa present in September
and January was slightly greater than June and ranged from 6 to 13 with the
exception of Transect F in September when only two taxa were collected. The
greatest number of taxa occurred during March on Transects A and E and rénged
.from 11 to 18. Transect F wés again lower than'the others and only eight
species were found. November samplés showed greatest variability. The number
of taxa ranged from 6 to 14 on Transects B, C, and D while only one was presenf
on F, and none on A and E. The number of taxa in May was similar to June lévels
and ranged from 5 to 9, except on Transect E wheré only two were.collected.

The range of zooplankton species occurring at each transect
between June 197lvand May 1973 was as follows: A', 6 to 8; A, 6 to 13;

B, 6 to 18; C, 7 to 16; D, 5 to 17; E, 0 to 1]; and F, O to 8'(Figﬁre>3,3.l),
The number of taxa on Transect C was usually greater than other transects,
regardiess of period. Transects E and F usually had fewer taxa than other
transects during periods sampled.
3.3.3.2.2 Quantifative Analysis

i‘ The zoop]ankton population on the Broad River Study Area was
composed mainly of rotifers, copepods, and cladocerans. Densities from surface
samples were generéily lbw regardless of transect or season (Table 3.3.5).

Rotifers were the most abundant group of zooplankter§ with no
single species predominating. The mean density was usually fewer than 50/1iter
regardless of transect or season. Excéptions to this generally Tow density
level did not appear to follow a pattern, although all exceptions occurred
on Transects B and C. The rotifer genera‘which were most numerous, the sample ‘

period, and transects having a density greater than 50/liter were: September
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5
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*_ - -
Transect A’ For June and September, 197I

Figure 3.3.1 Total zooplankton taxa by Transect (A-F) in the
Broad River Study Area between June 1971 and May 1973.
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Table 3.3.5 Mean density (number/liter) of major zooplankton groups sampled on Transects A to F on the
Broad River Study Area between June 1971 and May 1973.

A* B c D E F

June 1971
Rotifers 20 20 _ 10 10 10 NS#%*
Copepoid nauplii 2 3 1 . 3 1 NS
Cladocerans 2 1 , 1 0 : 1 NS
September 1971 ' . :
Rotifers : 10 v 30 190 10 10 10
Copepoid nauplii 2 3 1 1 . 1 0
Cladocerans 2 2 ' 1 1 1 - 0
- January 1972 : '
Rotifers 10 240 25 15 20 10
Copepoid nauplii 0 1 2 1 2 1
Cladocerans 0 ' 0 0 0 0 0
March 1972
Rotifers ‘ 15 : 65 35 20 15 15
Capepoid nauplii 2%k% 1 2 3 S ¢ 2
Cladocerans 0 1 0 2 1 0
November 1972
Rotifers 0 34 73 b 0 ]
Copepoid nauplii 0 3 2 1 . 0 0
Cladocerans 0 0 1 0 0 0
February 1973 .
Rotifers 1 . 7 1 2 1 2
Copepoid nauplii ; 0 1 3 0 0 0
Cladocerans ) 0 2 ' 0 0 0 0

*  Transect A' for June and September, 1971
%%  Not Sampled
*%%  Adults
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Table 3.3.5 (Continued)

A B C D E F

May 1973
Rotifera 10° 170 99 1 ] b
Capepoid nauplii 0 0 4 0 0 0
0 0 2 1 0 0

Cladocerans




at ¢ (190/1iter), Brachionus; January at B (240/titer), Polyarthra and Keratella;

March at B (65/1iter), Brachionus; November at C (73/1iter), Asplanchna,
Chonochilus, and Polyarthra; and May at B and C (170 and 99/1iter, respectively),

Filinia, Keratella, and Polyarthra. Environmental conditions of Transects B and

C appear to periodically allow the bulses noted for several species, particularly

Brachionus, Keratella and Polyarthra, while on other transects the populations

are restricted to low static levels.

The copepod populations were very low regardiess of season and did
not exceed a mean density of 4/liter (Table 3.3.5). Cyclopoid nauplii (probably
Cyclops spp.) predominated over all other instar stages, including adults. No
seasonal or transect trends in population density Qere evident.

The cladoceran populations were a{so very low regardless of season
or transecf and did not exceed a mean of 4/liter (Table 3.3.4). No species
predominated although Pseudosida sp. occurred most frequently.v In January,

Cladocera were not collected at any station.

3.3.3.3 Net Plankton Biomass

Plankton standing crop ranged from 0.3 to 22.8 milligrams ash-free
dry weight per 100 liters for sampling periods in Novem@er 1972 and February and
May 1973 (Table 3.3.6). The biomass was greater in February than either November
or May regardless of transect or station. The mean biomass values,fdr November,
February, and May were 2.1, 10.2, and 5.5 mg/ldO liters, respectively.

3.3.4 DISCUSSION ' g

3.3.4.1 Phytoplankton

Diatoms predominated on the Broad River Study Area both quanti-'
tatively and qualitatively. Certain diatom genera occurred with great regularity

regardleés of season. The diatoms’Asterionella, Fragilaria, Melosira, -and

- Tabellaria, found here, are among the most frequently encountered diatoms in

3.3-21



(

Table 3.3.6 Ash-free dry weight biomass in milligrams for 100 liters of
plankton found in surface samples at stations on transects in
the Broad River Study Area in 1972-73.

1972 | 1973
Transect and Station November February May
A -1 (Shallow) 1.2 1.8 9.2
B-1 (Shallow) 1.5 11.6 4.3
C -1 (Shallow) | 2.6 7.1 : 0.1
C -3 (Deep) ' 0.3 8.2 3.4 B
D - 3 (Shallow) 2.0 6.9 0.1
D -1 (Deep) | ‘ 4.8 5.5 3.9
E -1 (Shallow) | 1.6 14.5 0.1
F -1 (Shallow) ' 2.9 16.2 22.8
Mean | 2.1 10.2 5.5
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large rivers.and are considered true plankters (Hynes 1972). Nutrient enrichment

is indicated by the dominant diatoms, Asterionella formosa, Fragilaria crotonensis,

and Melosira granulata (Hutchinson 1967).

Asterionella sp. populations showed maxima in spring as expected.

Spring maxima for Asterionella sp. are common and seem to be influenced by

light, nutrienté, and temperature (Hutchinson 1967). Asterionella formosa was

identified in February and May 1973 sampies and was Iikelyrthe predominant species

}

in 1971 and 1972 sémplés also. Asterionella spp. is strictly a planktonic form

(Hynes 1972).

Fragilaria crotoninsis, a typical planktonic form (Hynes 1972),

commonly has temperature related spring and fall maxima in lakes (Hutchinson 1967).
However, only spring maxima occurred in the'study area. The species noted above
was identified in February and May 1973 samples on the study area and was likely
predominant in earlier 1971 and 1972 samples.

Melosira granulata, a dominant diatom on the study area possibly has

both spring and fall population‘pulses limited by temperature. This species
showed some trend to spring and fall peaké but there were numerous exceptions.
Late winter and early spring population peaks of some species of Melosira in
lakes are assoéiated with cold water and increasing light (Meier 1927;
Schuurman 1932; Lund 195k; 1955). Seasonal changes in turbulence are also known
to limit population levels infsohe Melosira species (Lund 1954).

The two dominant Melosira species 6n the study area, M. granulata
and M. varlans, are typlcal of two different zones in the ecosystem.
M. granulata is a typical free-water zone (euplanktonuc) diatom (Hustedt 1945) .
M. varians is a ‘typical inhabitant of the silt substrate (epipelic) (Hynes ]972).
The latter species is sluffed or lost from the bottom silt in proportion to

population levels present, but flooding or scouring may influence densities
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(Hynes 1972). The population trends of M. varians noted on the study area are

probably influenced by sluffing rate in relation to actual benthic population ‘
levels. ‘

Tabellarié fenestrata was identified in February and May 1973

samples and probably was the main species in 1971 and 1972 samples. This
specie$ is also typically planktonic (Hutchinson 1967). Strong spring peaks and
weak fall peaks, common for Tabellaria sp. in lakes (Birge and Juday 1922; |
Chandler 1944), were not observed in the study area.

The genera Synedra, Nitzschia, Navicufa, and Surirella, common

benthic diatoms (Williams 1964; Hynes 1972), were found only in low numbers in
the study area. Seven desmid species were collected although their abundance
was also low. Desmids are a common alga of soft waters (Prescott 1968).
Foley (1972) collected 25 species of desmids from the Broad River in the fall
of 1971.
Phytoplankton populatior{s are dependent on a number of environmental (.
factors including temperature, light, tﬁrbu]ence, inorganic and organic substances,
parasitism, predafion, and competiifdn. These factors regulate existance and
density 6f species in a particular body of water.

| Foley (1972), reported a greater number of algae species for the
Broad River than those collected for this study. ‘The difference is primarily
due to methods of collection. Foley concentraéed the phytoplankton from four
liters of sample Qater to 200 ml by settling the organisms and removing the
upper volume of water. lFew organisms would be Iost using his method and many
species- he reported obviously-were not retained by the No. 20 bolting cloth
net used in the present study. Foiey's preparation time, procedure, and
analyticaf time in examining samples in depth was many times that of the present

study. Further, the objective of this investigation was to find predominant .
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species of phytoplankton as retained by the No. 20 bolting cloth net and thus

provide a general overview of the phytoplankton,

Patrick and Reimer (1966) point out that diatom flora in muddy -
rivers may be limited when compared to a clear river or stream. Turbid waters
and resultant low light penetration in the Broad.River system limit primary
production. Studies on high-nutrient reservoirs in eastern Nebraska (Hergenrader
et al. 1972) reveal éffects of persistent clay turbidities. Turbid reservoirs
had higher nutrient levels, lower primary production, and lower standing crops
of phytoplankton, zooplankton, and benthos than clear reservoirs. Diatoms were
also found to be a major contributor to the phytoplankton population in these
systems while primary production rates were two to three times lower. It appears
that a similar reduction in primary production may occur in the Broad River
system.

Nutrient analysis of the Broad River indicates phosphorus could
be a limiting factor, although other features suggest the system.is not nutrient
limited. For example; blue-green algae species, such as those»identified from
the study area, are typical of organically enriched waters (Palmer 1962). Also,
the periodic occurrence of abnormally high river B.0.D. (See‘Chapter 3.2) in
conjunction with somewhat reduced dissolved oxygen concentration during the
winter, implies that this sytem is organically rfch. The occurrence of blue-green
algae species in each sample period may be important as indicators of nutrient
load. If turbidity conditions associated with currents in the Parr Réservoir
and Broad River remain as they are presently, there prgbably will not be great
changes in primary production levels or species composi tion and.density. if,
however, conditions are created where currents and assoéiated turbidity decline,

primary production will probably increase. A potential problem would then exist
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because the nutrient level of the river in combination with seasonal high temper-
atures may allow expansion of undesirable blue-green algae. |If currents and

turbidity increase, primary production will probably decline.

3.3.4,2 Zooplankton

The common zooplankton species collected in the Broad River Study
Area are wide spread limnetic plankters found in a variety of physical and

chemical conditions (Edmondson 1959; Hutchinson 1967). The dominance of rotifers

in the Broad River is a characteristic of large rivers (Williams 1966; Hynes 1972).

The genera Keratella, Polyarthra, Brachionus, and Trichocerca are four of the

five most widely distributed and dominant rotifers in the U.S. (Williams 1966),
Crustaceans, normally dominant in reservoir systems, were only of secondary
importance in the study area. The low storage ratio of Parr Reservoir and high
flow rates likely lihit abundance of crustecans, as they are unable to haintain
vthemselves against flows greater than a few millimeters per second (Hynes 1972).
The distribution of zooplankton within the study area reflect the
influence of water velocity.-“¥ﬁe more lentic areas of the reservoir contained
somewhat greater ﬁumbers of taxa and higher population densities than the more
lotic areas. The low number of taxa collected at Transect F is probably represen-
tative of upstream river zooplankton fauna. |
Zooplankton as well as phytoplankton taxa were present in greatest
abundance in March. |Increased spring phytoplanktoq‘abundance may play a role
in the maintenance of increased zooplankton divergity_in the system. C(ladoceran
absence in January is related in part, to a typical lack of winter reproduction
and an extremely low population of overwintering adults (Hutchinson 1967;
Pennak 1953). |
Zooplankton densitfes in the.Broad River Study Area were very low

in comparison to the mean values reported for U.S. rivers by Williams (1966).
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Observations by Williams indicated that small rotifer populations were probably
a result of their intolerance tovturbulence and silt. Williams also found that
stations with high phytoplankton populations generally have high rotifer popula-
tions, while low rotifer populations were found with low phytoplankton popula-
tion. These findings suégested.a dépendence of rotifers on phytoplankton for
food, or upon other factors that also favor phytoplankton growth. The low
zooplankton densities found in the study area may be the result §f prevailfng
turbid conditions and limited primary productivity, although zooplankton
production may be characteristically low in lotic situations (Odum 1959). Other
factors such as detrital and bacterial concentrations, and physical and chemical
characteristics of the water influence zooplankton composition and abundance.

] A possible food web was constructed for the seven species common
in surface samples during each sample period (Figure 3.3.2). Cyclops sbp.

is a well known predator (Pennak 1953; McQueen 1969) and it probably preys on

Keratella sp. (McQueen 1969), nauplius larvae (Anderson 1970), and other rotifers

of appropriate size. AsElanchna'sp. and Trichocera sp. are the other prominent
predatofs in the food web probably feeding on algae, Keratella spp., other
rotifers, and small crustacea (Hutchinson 1967). The genera Brachionus,

Filinia, Keratella (Pennak 1953), and Polyarthra (Hutchinson 1967) are typical

omnivorous rotifers feeding upon al} organic particles of appropriate size.

3.3.4.3 Net Plankton Biomass

Standing crop biomass‘of plankton is an index of the overall pro-
ductive capacity of an ecosystem. It will vary by season in relation to popu-
lation fluctuations of phytoplankton and zooplankton. A common, simple method
of biomass measurement is ash-free dfy weight which accounts only for organic
biomass present and therefore serves as an index to organic biosynthesis and

true popdlation growth.
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Plankton standing crop raﬁged from 0.3 to 22.8 milligrams ash-
free dry weight per 100 liters for sample periods in November 1972 and February
and May, 1973 (Table 3.3.6). Thé mean biomass values for November, February,
and May were 2.1, 10.2, and 5.5 mg/100 liters, respectively.

Bfomass standing crop on the study area was low during the three
measurement periods in 1972 and 1973; a direct reflection of the restricted
prodﬁctive capacity of the ecosystem. Standing crop showed the influence of
a February bloom when the mean biomass was two to five times greater than in
May or November, respectively.

Considerable variability was noted within each sample date making
.interpretation of re;ults difficult. Some of the variability may be due to
the éxtremely small organic mass present as plankton iﬁ 100 liters of water.
Because biomass was so low, the reliability of measurement with existing
analytical procedures is questionable. Another important source of variability
is the organic debris (detritus) in samples not of planktonic origfn, e.g;,
higher planf particles, insect fragments, etc. The reported values should
therefore be considere& only as an indication of ash-freg biomass of plankton
standing crop subject to the limitations.noted aboye as well as the selective
concentration of organishs with the plankton net. |

3.3.5 SUMMARY

3.3.5.1 Phytoplanktonz

| A total of 102 phytoplankton taxa were collected on the Broad River
Study Area between June 1971 and May 1973 in surface samp]es and vertical
plankton net tows. .The_species composition in major taxonomic groupg were:
. Chlorophyta, 37; Chrysophyta, 42; Cyanophyta, 15; Euglenophyta, 5; and
PYrrhophyta, 3. »

Diatoms predominated both quantitatively and qualitatively, though
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all species were low in abundance. The planktonic genera Asterionella,

Fragilaria, Melosira, and Tabellaria found in the study area are common in many

river systems. Several common benthic algae were found, but 6nly in low numbers.
Desmids, common in soft waters, were represented by seQeral species whose
density was always low.

The phytoplankfon data reported are representative of net phyto-
plankton and>not total phyfoplankton as reported by Fo]ey (1972). The methods -
used in this study are considered adequate to meet the objectives of defining
and dgtécting changes in the predominant species, and providiné an overview of
populafion structure. |
3.3.5.2 Zooplankton

A total of 35 zooplankton species were collected in the Broad
River Study Area between June 1971 and May 1973 in surface sampjes and vertical
plankton net tows. The species composition by major taxonomic groups was as
follows: Protozoa, h;‘Rotifera, 21; Copepoda, 2; and Cladocera, 8.

Net zooplankton of the Brbad River Study Area are dominated by
rotifers, a charactéristic common to many U.S. river systems. Fohr of the five
most common and widely distributed rotifer genefa were collected in the Broad
River. Crustaceans, normally dominént in reservoirs, were oniy of secohdary
importance in the study area. Crustacean .abundance is undoubtedly limited by
the high flow rates and low storagé ratio of Parr Reservoir as well as the high
sf]t turbidity.

Distribution of zooplankton within the study areéwréf1ett§'the
influence of water velocity on population levels. The more lentic areas
had higher zooplankton dehsitieS: Also, the abundance of zooplankton appeared
to be directly related to the abundaﬁce of-phytoplénkton.

Densities of all net zooplankters was much lower than those reported
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for other U.S. river systems. These Jow population levels are probably due
mainly to the high silt turbidity. Other influencing factors are detrital and
bacterial levels, and physical and chemical characteristics of the wafer; A
hypotheticai food web waé construttgd‘to show possible trophic relationships
among zooplankters.

3.3.5.3 " Net Plankton Biomass

_Although problems were encountered in the analysis of plankton
biomass, the low values are an indication of the restricted productive-capacity

of the ecosystem.
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3.4 VASCULAR HYDROPHYTES

3.4.1 INTRODUCT!ON

Vascular hydrophytes play an important role in the aquatiq eco-
syst;m of the Broad River Study Area since they are utilized by birds, mammals,
fish, and numerous invertebrates (Fassett 1966) . Thereféfe, proposed water level

. A\
fluctuations will have an impact on the plant-animal relationship within the

area. The objective of this study was to identify important vascular hydro-

phytic species to be influenced by the proposed aétion.
3.4.2 METHODS

A survey of vascular hydrophytes of the Broad River Study Area
was conducted by boat in March 1972 and May 1973. Included were the east and
west banks of Parr Reservoir, the mouth areas olerees Creek and Cannons Creek,
and alohg the Broad River above fhe dam to the Highway 34 bridge (see map in
back) . |

Specimens of emergeht and subﬁergent vegetation were collected,
pressed, and identified. Emergent hydrophytes were defined as plants attached
to the substrate and occurring on exposed or submerged soils, from where the
water table is 50 cm (19.7 in) or more beneath the soil surface to where the
soil is covered by 150 cm (59.1 in) or more of water. Submerged hydrophytes
are plants attached to the substrate and occurring on submerged soils at all
water depths to about 10 m (32.8 ft). These plahts are characterized by foliage
that is completely submerged (chlthorpe 1967).
3.4.3 FINDINGS

A total of 18 species of vascular hydrophytes were identified
growing on ‘the Broad River Study Area (Table 3.4.1). Fifteen species were

classified as emergent and three species were submergent hydrophytes.

Cattail (Typha latifolia) was the predominant emergent species
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Table 3.4.1 Vascular hydrophytes found during a shoreline survey of the Broad

River Study Area.

“Family
Scientific Name
Common Name

Growth Form

Location

Typhaceae

Typha sp.
Cattail

Na jadaceae
Potamogeton foliosus

Leafy pondweed
Potamogeton sp.

Pondweed

Alismataceae
Sagittaria latifolia

Arrowhead

Cyperaceae
Carex lupulina
Hop sedge
Cyperus sp.
Sedge
Scirpus sp.
Bulrush

Araceae
Peltandra virginica
Arrow arum

Pontederiaceae _
Pontederia cordata
Pickerelweed

Juncaceae
Juncus effusus
Soft rush
Juncus pelocarpus
Bog rush

Saururaceae
Saururus cernuus
Water-dragon

Salicaceae
Salix nigra
‘Marsh willow

3.4
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Emergent

Submergent

Submergent

Emergent

Emergent

‘Emergent

Emergent

Emefgent

Emergent

Emergent

Emergent

- Emergent

Emergent

A Broad River

Broad River
Hellers Creek

Broad River
Hellers Creek

Broad River
Cannons Creek
Broad River
Cannons Creek

Broad River

Cannons Creek

Cannons Creek

Broad River

““Cannons Creek

Broad River
Cannons Creek

Frees Creek

Broad River
Cannons Creek
Frees Creek




Table 3.4.1 (Continued)

*Family
Scientific Name
Common Name

Growth Form

" Location

Polygonaceae

Polygonum sp.

Smartweed

Hypericaceae
Hypericum sp.
St. John's VWort
Haloragaceae
Myriophyllum sp.
Water milfoil

Umbelliferae
Hydrocotyle umbellata

Water pennywort

Acanthaceae
Dianthera americana
water willow

Emergent

Emergent

-Sdbmergent

Emergent -

Emergent

Broad River

Hellers Creek
Cannons Creek

Hellers Creek

Cannons Creek
Frees Creek

“Cannons Creek

Frees Creek

*Nomenclature follows Hotchkiss (1967) and Fassett (1966)
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occurring in dense colonies along the shoreline. Arrowhead Sagittaria latifolia)

also was dispersed throughout the area. Marsh willow (_S__al_il Q_iﬂ_q_) was an impor- .
tant woody hydrophyte grﬁwing in sﬁallow Qater and on moist banks in parts of
the study area.

The three submergent species were observed near thé dam. The rela-
tive abundance of vascular hydrophytes withiﬁ the study area was generally
Timited.

3.4.4 | DISCUSSION

Most of the species listed are important sources of food for water-
fow! and some upland game and song birds. MNutlets (fruits) and tubers are the
most utilized portions of the plants. Arrowhead is probably the most favored
plant species of waterfowl as a food plant. Marsh willow attracts wateffowl

and song birds as a nesting tree. Muskrat and beaver utilize many of these

species as a food source {(Fassett 1966).

Several species of hydrophytes provide shade and shelter for ‘
various fish species. Rush species (Juncus spp.) are ipawning grounds for

species of fish. Water milfoil (Myriophyllum sp.) and pondweeds (Potamogeton

spp.) are extremely important in the aquatic ecosystem since they support an
insect population fed upon by fish (Fassett 1966).
Emergent species were confined to shallow water néxt to shore or

the moist shoreline. While emergents can survive water depths greater than 1.5 m
(4.9 ft), plant populations are probably limited because of the turbidity of the
water. While considerable Qolumes of soil have been deposited in these rivers |
from erosion, soils of the Broad River Study Areg are low in nutrients (see
Section 5.2), and thus, contribute little to the aquatic ecosystem's nutrient
supply.

Submergent species were observed growing in protected areas. .
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Therefore, distribution of these species is probably influenced by stream flow
as well as turbidity of the water. |

Emergent hydrophytes are capable of surviving a4 range of water
depths. Many are capable of surviving long periods of being totally submerged.
These effects usually involve morphological and anatomical changes. This in-
cludes changes in the shape and size of leaves and the degree of development of
various tissues. Prolonged submergence may result in population Shifts to less
shallow waters. The effect of periodic water level fluctuations on the emergent
species is not well known.

Turbidity limits light penetration in the water which is probably
"the limiting factor in the growth of 5ubmergent vegetétion. Some population-
shifts might occur in response to increased water levels. However,'the sub-
mergent vegetation should not'be‘significantly altered if physical and chemical
conditions of the water are not altered by the proposed facility. Submergent
vegetation might beqome more abundant if water turbidity decreases, allowing
greater .1ight pénetratién.
3.4.5 SUMMARY

Eighteen species of vascular hydrophytes have been‘observed
growing on the Broad River Study Area. Emergent types predominated in shallow
waters along the shoreline and moist banks. Cattail was the most common species.
Three species of submergent hydrophyteé were found growing in areas where water
flow was greately reduced.

The planned increased water IeQels on the study area will inundate
many existing emergent types, however, new colonizatioﬁ by emergents will likely

occur near the shorelines.
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3.5 | BENTHOS
3.5.1 INTRODUCT ION

Benthic macroinvertebrate populations were examined qualitatively
and quantitafively at specific sample stations in the Broad River Study Area
between June 1971 and May 1973. The purpose of these investigations was to
provide basic information on species composition, density, diversity, and bio-
mass’of the macrobenthic fauna.

| Beﬁthic macroinvertebrates are important biological indicato}s

of conditions within an aquatic system (Kolkwitz and Marsson 1908, 1909;
Richardson 1928; Bartsch 1948; Ingram 1957; Hynes 1960). Their analysis is
fundamental to the exémination of trophic relationships and the.undersfandingb
of the aquatic system.
3.5.2 METHODS AND MATERIALS

Benthos samples were collected from Transects A through D and F
wifh a 15 cm (6 iﬁ) square Ekman dredge. Two (June and September; 1971), three
(January and March, 1972), and five (November, 1972, and February and May, 1973)
. dredge samples were taken at each station using the method dutlined by Welch’
(1948). Several different.dredges are available for benthos sampling but the
Ekman was selected because recent work by Hudson (1970) and Howmiller (1971).
show it is the best sampler aQailable for usé in soft, silty substrates
charactgristic of the study area. Benthos samples from rocky Transect E, below
Parr Dam in the swift tailwater current, were collected with a standard Surber
sampler having a 30.5 cm (12 in) square frame. Two (June and September, 1971),
three (Januafy and March, 1972), and five (November, 1972, and February and
May, 1973) samples were taken at each station using the procedure outlined
by Welch (1948). Ekman dredge samples were washed Qith a fine Spray of filtered

water in a U.S. Standard No. 30 wire mesh sieve. Organisms collected in dredge
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and Surber samples were placed in jars and preserved in about 10 percent formalin.

Macroinvertebrates were hand picked in the Jaboratory from gridded ‘
petri dishes under a 10X dissecting microscope and enumerated using appropriate
magnification, lIdentification was according to: Befner 1959, Brinkhurst 1971,
Burks 1953, Herringtoﬁ 1962, Johannsen 1970, Mason 1968, Needham and Westfall
1955, Pennak 1953, Ross lSLh, Roback 1957, Usinger 197I,Aand Ward and Whipple
1959. The mean number of organisms in samples from a station was computed and
quantitative data were reported in numbers per square meter.

In January and March, 1972, the number of Ekman dredge samples
taken at each station was increased from two to three as an effort to improve
population estimation, increase the probability of collecting those species
present in low numbers, and allow the computation of the standard deviation
statistic to examine sampling variability. After instituting triplicate

sampling it was obvious that variability between samples at individual stations

~ was great, especially when only a few organisms were found. As a result of an
analysis comparing the efficiency of 15 cm (6 in) square Ekman versus the 23 cm
(9.1 in) square Ekman, and information provided by Kajak (1963), the number
of samples collected with a 15 cm square Ekman was increaged to five beginning
in November 1972.

| Biomass analyses of each of the five samples collected at each
station was initiated beginning in November 1972. After enumeration, organisms
were dried to a éonstant weight at 60°C (usually 24 hours), then wefgﬁed to
the nearest 0.1 mg on an analytical balance, and aéhed at 600°C in a muffle
furnace. Ash-free dr; weight was used as the estimate of biomass and was
expressed in mean grams per squaré meter. Direct biomass determinations

were not conducted on chironomids because identification required placing whole

specimens on permanent slides. Biomass for chironomids was indirectly estimated .
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with a mathematical model constructed uéing chironomid data from extra Ekman
grab samples. A linear length, ash~free dry weight relationship was computed

resulting in the following model:

Log ash-free _ _ '
Dry weight (g) = 9.’45]]04’].29935 IOg iength (mm)

The correlation coefficient (r) of the model was 0.876 which was significant
at the 0.00] level. The procedure for use of the model involved counting all
chironomids for each 0.25 mm size class and multiplying by the ash-free dry
weight for that particular group as determined indirectly from the regression
formula. Biomass weights were determined for the totai Chironomidae and

expressed as mean grams per square meter.

3.5.3 - FINDINGS
3.5.3.1 Insects
3.5.3.1.1 Qualitative Analysis

A‘tétai of 54 insect species were identified at least to genus,
with an additionai 11 identified to family and one identified to order for a
“total of 66 taxa collected on the Broad River Study Area between June 1971
and May 1973 (Table 3.5.1). The species composition by major taxonomic groups
was as follows: Coleoptera, 5; Dibtera, 31; Ephemeroptera,-7; Hemiptera, &4;
iNeurbptera, }; Odonata, 10; Plecoptera, 1; and Trichoptera, 7.

The range in numbers of total inséct taxa during each sampling
period was as follows: June, 7‘%]; September, 5-16; January, 0-10; March, 8-17;
November, 6-17; and May, i-lﬁ (Tabies:3.5.2 to 3.5.7). The ranges of total
taxa in all months sampled were comparable except in January when a decline was
evident. |

| The seasonal range.of total insect species from individual

transects was as follows: A', 7-11; A, i?iS; B, 10-17; C, 10-16; D, 8-17;

3.5-3



T H-5°¢

Table 3.5.1 Species list of benthic macroinvertebrates present (P) at sample periods between June 1971
and May 1973 on the Broad River Study Area,

1971 1972 1973
 Jaxa : June ~ Sept. Jan. March Nov. ' May
Insecta
Coleoptera
Chrysomelidae
Donacia sp. 0 0 0 0 P 0
Dytiscidae . ’ .
Unidentified* 0 P 0 0 0 0
Eimidae :
Stenelmis sp. : P P 0 0 0 0
Gyrinidae ' - . ,
. Dineutus sp. . 0 -0 0 0 0 P
Hydrophilidae A
Berosus sp. S 0] 0 0 0 : 0
Coleoptera Total - 2 2 . 0 0 1 : 1
Distera
Ceratopogonidae
Palpomyia sp. P P P P 0
Unidentified 0 0 0 0 P P
Chironomidae )
Ablabesmia sp. P P P P P P
Brillia sp. - 0 P 0 0 0 0
Chironomus sp. P P P P P P
Coelotanypus sp. - P P P P P P
Cricotopus sp. 0 p 0 P P 0
Cryptochironomus sp. P P P P P P
Dicrotendipes sp. -0 0 0 0 P 0
Diplocladius sp. 0 0 0 0 P 0
Glyptotendipes sp. P P 0 P 0 P
Harnishia sp. P 0 0 0 P P
Heterotrissocladius sp. -0 0 0 P 0 0
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Table 3.5.1

(Continued)

1971

June

Sept.

1972

[
1}
13

"March

Nov.

1973

Hydrobaenus sp. |
Hydrobaenus sp. 11

Metriocnemus sp.
Micropsectra sp.
Orthocladius sp.
Paracladopelma sp.

Paralauterborniella sp.

Paratendipes sp.
Pentaneura sp.

Polypedilum sp.

Procladius sp.

" Psectrocladius sp.

Pseudochironomus sp.
Smittia sp.
Tanypus sp.

Tanytarsus sp.
Unidentified*

Culicidae

Chaoborus punctipennis
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Diptera Total

~I
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11

19

i

Ephemefoptera

Baetidae

- Ephemerella sp.
Unidentified*

Caenidae

Tricorythodes sp.'
Tricorythodes albilineatus

Ephemeridae
Hexagenia limbata

Heptageniidae
Stenonema sp.

Stenonema sp. (pulchellum gr.)

o v
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o v

o v

o v
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Table 3.5.1 (Continued)

1971 - 1972 : 1973
June Sept. Jan. March Nov, May
Hemiptera

Corixidae -

Neocorixa sp. 0 0 0 0 P 0

Unidentified* P 0 0 0 P 0
Notonectidae .

Notonecta sp. P 0 0 0 0 0
Veliidae :

Unidentified* . P 0 ' 0 P 0 0
Hemiptera Total 3 0 0 , | 2 ¢
Neuroptera

Sialidae

Sialis sp. P P , P P P P
Neuroptera Total 1 1 1 1 1 !
Odonata

Calopterygidae

Calopteryx sp. 0 P 0 0 0 0

Hetaerina sp. 0 0] P 0 0 0
Coenagrionidae

Hyponeura sp. P P , o 0 0 0
Gomphidae

Dromogomphus sp. 0 0 0 P 0 0

Gomphus sp. P P P 0 P 0

Unidentified* 0 0 0 P P 0

Libellulidae

Perithemis sp. 0 0 0 0 P 0
Somatochlora sp. 0 0 0 0 P 0
Macromi idae
Macromia sp. 0 0 0 0 P 0
“Unidentified* 0 0 0 0 0 P
Odonata Total 2 3 2 2 5 }
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Table 3.5.1 (Continued)

1971 1972 1973
June Sept. Jan. March Nov. May
Plecoptera
Perlodidae
Isoperla sp. 0 0 P 0 0 0
Plecoptera Total 0 0 1 0 0 0
Trichoptera
" Hydropsychidae
Hydropsyche sp. P P P 0 P 0
Hydroptilidae
Unidentified* 0 0 0 0 P 0
Psychomi idae _
Phylocentropus sp. 0 0 0 0 P P
Unidentifiaed* P 0 0 0 0 P
Rhyacophilidae
Rhyacophila sp. 0 0 0 0 ‘P 0
Unidentified* 0 0 0 0 p 0
Unidentified* 0 0 0 0 0 P
Trichoptera Total 2 1 1 0 5 3
Insecta Total 30 24 18 25 34 26
Crustacea
Amphipoda
Tilitridae
- Hyallela azteca 0 0 0 - 0 P 0
Decapoda
Palaemonidae
Palaemonetes sp. 0 0 0 0 P 0
I sopoda
Asellus sp. P 0 0 P 0 0
Crustacea Total 1 0 0 1 2 0
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Table 3.5.1 (Continued).

1971 1972 1973
June Sept. Jan. March Nov. May
Archnoidea
Hydracarina

Unidentified* [4 P p P P 0
Archnoidea Total 1 1 1 | ] 0
Hirudinea

Unidentified* p 0 0 0 P 0
Hirudinea Total 1 0 0 0 ] 0
0ligochaeta

Naididae ,
Stylaria fossularis 0 0 0 0 0 P
Unidentified* 0 0 0 0 0 o
Tubificidae
Branchiura sowerbyii P P P P P P
Unidentified* 0 0 0 0 0 P
Unidentified® P P P P P P
Oligochaeta Total 2 2 2 2 2 5.
Nematoda ' -

Unidentified* P P 0 0 P P
Nematoda Total 1 1 0 0 1 1
Mollusca

Gastropoda
Physidae v
Ptha sp. P P P P P 0
Planorbidae
Gyraulis sp. 0 0 0 0 P 0
Unidentified#* P P 0 0 0 0
Lymnaeidae . '
Lymnaea sp. 0 0 0 0 P 0
2 2 1 ] 3 0

Gastropoda Total
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Table 3.5.1 (Continued)

1971 1972 1973
June Sept. Jan. March Nov. May
Pelecypoda
Corbiculidae
Corbicula manilensis P P P P P P
Sphaeriidae '
Pisidium sp. 0 0 0 0 0 P
Sphaerium transversum 0 0 0 0 0 P
Sphaerium sp. P P P P P 0
Unidentifieds* 0 0 0 0 0 P
Unionidae
Unidentified* P 0 0 0 P P
Pelecypoda Total _ 3 2 2 3 5
Mollusca Total ' 5 4 -3 3 4 5
Taxa Total Ly "32 . - 2h 32 LY 37

*Species unknown, may be more than one species but considered here as one.
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Table 3.5.2 Total insect species by order and mean number per square meter (in parentheses) on transects in
the Broad River Study Area in June 1971.

A B c D ' E
Insecta

Coleoptera 0 0 0 0 ' 2

(Q) (0) | (0) (0) - (52)

Diptera | 6 13 8 12 12

| (657) (2611) (3427) (267) (399)

Epheméfoptera ] T 1 ' 2 | : 3

(11) - (i) - (308) (208) - (148)

Hemiptera 0o 1 , 1 o | 0 , 0

' (0) (15)  , (7) ‘ (0)‘ (0)

Neuroptera 0 B : 1 S0 0

: (0) _ (s0) - (7) ' (0) o (7)

Odonata 0o - 0 1 ' 1 ' ]

(0) ' (0) (7) (14) , (7)

Trichoptera 0 T . o 2
(0) (22) (7 (0) (43)

Total Taxa2 7 17 : 13 15 21
Mean No./m (668) - (2n12) (3763) (489) ~ (1656)
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Table 3.5.3 Total insect species by order and mean number per square meter (in parentheses) on transects in
the Broad River Study Area in September 1971.

A 8 C D E
Insecta
Coleoptera . 0 0 : ' 0 : 1 ]
(0) (0) (0) (5) (3)
Diptera 9 NN 13 . 7 0
(785) (492) (1811) (202) (14)
Ephemeroptera 2 1 1 1 . 2
(97) (25) - (232) (2008) - (19)
Neuroptera 0 1 | 1 0 0
(0) C2) (30) (0) (0)
. Odonata 0 0 1 1 - 1
(0) (0) (5) (15) (6)
Trichoptera 0 0 0. 0 ' !
, (0) (0) (0) (0) | (3)
Total Taxa 11 13 16 10

Mean No. /m2

5
(882) (529) (2078) (2230) (45)
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Table 3.5.4 Total insect species by order and mean number per square meter (in parentheses) on transects in

the Broad River Study Area in January 1972.

A B C D E F
Insecta

Diptera 3 8 9 6 0 o
(37) (829) (1174) (54) (0) (7)

Epheméroptera 1° 1 1 1 0 [
- (193) (5) (148) (b4k) (0) (22)

Neuroptera 0 1 0 0 0 0
(0) (10) (0) (0) (0) (0)

Odonata ] 0 0 ] 0 ]
(15) (0) (0) (5) (0) (4)

Plecoptera 0 0 | 0 0 0 1
(0) (0) ~(0) (0) (0) (4)

Trichoptera 0 0 0 0 0 1
(0) (0) (0) (0) (0) (7)

Total Taxa | -5 10 10 8 0 5
Mean No. /m (245) (844) - (1322) (503) (0) (44)

-
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Table 3.5.5 Total insect species by order and mean number per square meter (in parentheses) on transects in
the Broad River Study Area in March 1972.

A 8 C D ~E -
Insecta »
Diptera 7 9 10 14 7
(274) (922) (824) (355) (209)
Ephemeroptera 1 0 1 - 1
' (49) (0) (64) (148) (118)
Hemiptera , 0 1 1 1 0o
(0) (5) (5) (5) (o)
Neuroptera 0 1 0 0 0
(0) (10) (0) (0) (0)
Odonata 0 0 0 1 2
(0) (0) (0) (20) (1)
Total Taxa, | 8 1n 12 17 10
Mean No./m (323) (938) (393)_ (528) (338)
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Table 3.5.6 Total insect species by order and mean number per square meter (in

the Broad River Study Area in November 1972,

parentheses) on transects i

A

B C D E F

Insecta
Coleoptera 1 0 0 0 0 0
- (30) (0) (0) (0) (0) (0)
‘Diptera 9 12 " 9 6 6
(3023) (2929) (2590) (682) (2370) (1630)
Ephemeroptera 1 0 1 1 0 0
(740) (0) (444) (1155) (0) (0)
Hemiptera 0 0 ] ) 0 0
(0) (0) (8) - (156) (0) (0)
Neuroptera 0 -] 1 1 0 0
(0) (52) (45) (30) (0) (0)
Odonata L 0 0 1 0 0
. (52) (0) (o) (8) (0) (0)
Trichoptera 0 4 0 1 2 0
' (0) (37) (0) (45) (37) (0)
Total Taxa 15 17 14 14 8 6
Mean No./m (3845) .(3018) (3087) (2076) (2407) (1630)
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Table 3.5.7 Total insect species by order and mean number per square meter (in parentheses) on transects in

the Broad River Study Area in May 1973.

A B - c D E F

Insecta
Colecoptera 0 0 0 1 0o . 0
- (0) (0) (0) (11) (0) (0)
Diptera 1 9 10 4 0 0
(43) (592) (kot) (56) - (0) (0)
Ephemeroptera 0 1 2 . 3 0
(0) (7) (48) (376) (29) (0)
Neuroptera 0 1 1 .- 0 1 0
(0) (b) (1) (0) (4) (0)
Odonata 0 0 0 1 0 0
(0) (0) (0) (6) (0) (0)
Trichoptera 0 3 o 1 0 0
(0) (32) (11) (6) (0) (0)
Total Taxa , ] 14 L] 8 L 0
Mean No. /m (43) (635) (471) (455) (33) (0)




E, 0-21; and F, 0-16 (Tables 3.5.2 to 3.5.7). The greatest séasona] fluctu- ‘
ations in number of taxa occurred at Transect E, below Parr Dam, while seasonal .
fluctuationé at the other transects were less intense. The number of taxa
from Transect A', A, and F was usually less than those from B, C, or D regard-
less of sample date, while Transect F consistently had‘fewer taxa than all other
transects.

The insect specfes found during all sample periods that are

considered ubiquitous to the Broad River Study Area include: Diptera,

(Chironomidae) Ablabesmia sp., Chironomus sp., Coelotanypus sp., Crypto-

chironomus sp., Procladius sp., Tanytarsus sp.; (Culicidae) Chaoborus puncti-

pennis; Ephemeroptera, (Ephemeridae) Hexagenia limbata; and Neuroptera,

(Sialidae) Sialis sp. (Table 3.5.1). Midges were the predominate insect fauna.
3.5.3.1.2 Quantitative Analysis

The orders Diptera and Ephemeroptera were numerically predominant

in the Broad River Study Area during all seasons (Tables 3.5.2 to 3.5.7). The
Diptera were accounted for primarily by chironomid larvae and phantom midges

(Chaoborus punctipennis), while the Ephemeroptera consisted primarily of

burrowing mayflies (Hexagenia limbata).

| The density of insects varied by sample.period (Tables 3.5.2 to
3.5.7). The density in mean number per square meter ranged as follows by
transect: A', 668-882; A, 43-3845; B, 529-3018; C, 471-3763; D, 455-2230;
E, 0-2407; and F, 0-1630. The densities on Transects B and C were generally
greater than other transects.
Seasonal changes in insect density were evident (Tables 3.5.2
to 3.5.7) with the greatest overall density of insects occurring in June and

November. The mean density (number per square meter) ranged as follows by

sample period: June, h89-3763; September, 45-2230; January, 0-1322; March, ‘
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323-938; November, 1930-3845; and May, 0-635.
Seasonal density changes also occurred within the major taxa,

midges (Diptera) and mayflies, mainly Hexagenia limbata (Ephemeroptera)

(Tables 3.5.2 to 3.5.7). The density of midges was greatest in June and
November, especially at Transects A, B, and C. In general, the midge density
was greater than l&OO/m2 at the more lentic-like Transects\B and C and usually
lower than llOO/m2 at the more lotic-like Transects D, E, and F. The midges
comprised about 80 percent or more of the benthic community at Transects A',
A, B, and C except at Transect A during January when they represented only

15 percent. Af Transects D, E; and Flthey accounted for 67 percent or lessvof
the community except at Transects E and F in Novehber when the9 totaled 98

to 100 percent. Mayfly density was greatest during September; The most
abundant populations occurred at Transect D where they ranged from 28 to 90

percent of the community.

A major emergence of Hexagenia limbata was undéfway in the
vicinity of Transect D on 20 June 1971. Midge.emergence pattefns were not
discernable, however, minor emergences were observed during sp}ing, summer,
and fall sampling periods. |

3.5.3.2 Other Benthic Macroinvertebrates

3.5.3.2.1 Qualitative Analysis

In addition to the insects previously discussed, olfgochaetes
and moliuscs also were important benthic fauna of the Broad River Study Area
(Table 3.5.1). The species composition of the oljgochaetes was not éxamined

in detail, however, one species, Branchiura sowerbyi, was easily separated on

fhe basis of unique characteristics. The remainder, listed as unidentified, are

probably composed of a multiple species complex. The predominant species of

3.5-17



molluscs included: Gastropoda, (Physidae) Physa sp.; and Pelecypoda,

(Corbiculidae) Corbicula manilensis and (Sphaeriidae) Sphaerium sp. Aquatic
mites (Arachnoidea, Hydracarina) and Physa sp. were col]ectéd during each
sample period except in May 1973, but their densities were ]ow;
3.5.3.2.2 Quantitative Analysis

The density of oligochaetes varied by sample period and transect
(Figure 3.5.1). The mean density at Transect A exceeded 1+00/m2 only once in
November 1972, while the density at Transect E was even lower and did not o
e*geed 200/m2. The mean oligochaete density at Transects B, C, and D was |
usually greater than 400/n’ and was frequeﬁtly near or in excess of 1000/m2.
Greatest oligochaete densities were found during January, March, and.November
although June populations from Transec; D did exceed lOOO/mz.' Branchiura
sowerbyi comprised a significant proportion of the total oligochaete nqmbers
at Transects B, C, and D regardless of éeason.

The density of pelecypod molluscs, represented by the exotic Asian

clam, Corbicula manilensis, and fingernail clams, Sphaerium spp., was usually low -

except from Transect D which had densities ranging from about 500 to 2000/m2
(Table 3.5.8). The C. manilensis population at Transect D expanded rapidly
-from June 1971 to November 1972, but a sharp decline was noted in May 1973.
During the period of rapid population éxpansion, the density increased steadily
from about IOO/m? in June 1971 to over ]900/m2 in November 1972. The May 1973
population level of about 350/m2 approached the original density found in the
June 1971 samples. |
3.5.3.3 | ~ Biomass

Benthos stahding crop was determined from shallow and deep stations
of represeptative Transecté B and D in November 1972‘and February and May, 1973

(Tables 3.5.9 and 3.5.10). Total ash-free dry weight biomass for the periods
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Figure 3.5.1 Mean Number of oligochaetes (Branchiura sowerbyi
and unidentified species) per square meter on Transects (A-F) in
the Broad River Study Area between June 1971 and May 1973.
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Table 3.5.8 Quantitative comparison (number per square meter) of pelecypod families Sphaeriidae and

Corbiculidae at fourteen collection points along six transects in the Brecad River Study Area
between June 1971 and May 1973.

ol
w
———

w
o

June 1971

Sphaeriidae )
Sshaerium sp. 0 0 280 22 0 22 0 86 165 1254 1807 0 157 NG

Corbiculidae :
Corbicula manilensis 0 0 0] 0 0 0 0 0 117 15 264 235 15 NS

September 1971
Sphaeriidae .
Sphaerium sp. 0 0 30 0 0 0 0 0 L9 1260 635 NS 158 NS

Corbiculidae _ . . _
Corbicula manilensis 0 0 0 0 0 0 0. 0 528 220 328 NS 4o NS

January 1972

Sphaeriidae : .
Sphaerium sp. 0 15 0 0 15 by 15 15 36 118 266 142 NS 0

Corbiculidae . : :
Corbicula manilensis 0 59 0 0o o0 15 0 0 1266 0 74 0 NS 0
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Table 3.5.8 (Continued)

B C D E F
1 2 1 2 3 1 2 3 1 2 3 1 2 1
March 1972
Sphaeri idae .
Sphaerium sp. 15 0 15 0 0 59 29 15 0 1628 29 L NG NS
Corbiculidae '
Corbicula manilensis 15 103 0 0 0 0 0 0 2057 1229 148 25 NS NS
- November 1972
Sphaeriidae : v
Sphaerium sp. 15 0 74 NS 15 59 NS 15 0 NS O 0 NS 0
Corbiculidae :
Corbicula manilensis 15 873 29 NS 0 L74 NS 0 1347 NS 2575 1983 NS 0
May 1973
Sphaeriidae
Sphaerium sp. NS 0 0 NS 0 97 NS 0 -0 NS 130 0 NS 0
Corbiculidae . ’
Corbicula manilensis NS 413 50 NS 0 75 NS 26 344 NS 366 L7 NS ' 0

*Transect A! for June and September, 1971

**Not sampled
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Table 3.5.9 Ash-free dry weight biomass in grams per square meter of benthic organisms in quantitative
samples at two stations on Transect B in the Broad River Study Area between November 1972 and

May 1973.
B-1 (Shallow) B-3 (Deep)
1972 1973 1972 ' 1973
November February May November February May
Insecta _ '

Coleoptera - 0.536 - - - -
Diptera _

Chironomidae 0.259 0.710 0.071 0.234 1.518 0.237

Others ' - 0.671 0.012 0.058 0.955 0.104
Ephemeroptera : ,

Ephemeridae - 0.595 0.731 - - -

Others - - - - - -
Hemiptera - - - : - - -

- Neuroptera - 0.217 , - ' 0.002 - 0.415 -
Odonata - - - - 0.212 ‘ - -
Trichoptera 0.008 0.645 0.060 - 0.006 -
Crustacea - - - 0.003 0.341 -
Arachnoidea - 0.419 : - - - -
Hirudinea - - - 0.031 0.016 -

- 0ligochaeta ‘

Tubificidae 0.583 - 0.223 0.207 - 0.753

-Others 0.358 0.797 0.193 0.451 2.4ok 0.023
Nematoda : .- - 0.007 - 0.350 0.104
Mollusca

Corbiculidae 0.369 - 0.295 - - -

Sphaeriidae 0.015 0.610 - : 0.001 0.303 -

Others - - - - - -

TOTAL , 1.809 4.983 1.594 10.985 6.610 1