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1.0 SCOPE OF WORK

This 'report presents results of our basel ine biotic survey of

thi Broad River Study Area, Parr, South Carolina, for South Carolina Electric

& Gas Company. The study consisted of nine sampling periods between March,

1971, and June, 1973. The purpose of our study was toestabl ish the base-

line characteristics of the ecosystems present in the Broad River Study Area.

The location of the Study Area ,is shown on Figure 1.0.1. This baseline

information will ~r6vid~ the basis for validating predictions regardin~

anticipated environmental 'impact as, a result of the construction and ,operation

of the proposed Parr Hydroelectric Project (FPC Project No. '1894) and the

proposed Virgil C. Summer Nuclear Station ~roject (AEC 60cket No. 50-395).

'The proposed Parr Hydroelectric Project and Virgil C.' SUmmer

Nuclear' Station project are integral parts of a planned electric power genera-
, '

ting northwest of Columbia, the state cap.itaL The,most important feature of
.' . . . ". .

the Parr Hydroelectric Project isthe Fairfield Pumped Storage Hydro Facili,ty

which will have a totalcapacJty of 480 MWs. The nuclear station wil'l hava

a generating capacity of approximately 900 MWs.

To prov ide the necessary lower reservo i r capac i ty for the

pumped storage plant, the existing Parr Dam will be raised approximately nine

feet to Elevation 266 feet by means of Bas6ule gates. This will result in an

increase in'surface ar~a of Parr Reservoir from 1,850 acres to about 4,400

acres and extend the reservoir about 13 miles upstream of Parr Dam. The

upper impoundment (M'onticello) of the pumped storage plant wi 11 be created by ,

constructing four earthen dams (Frees Creek Dam) with a crest elevation of,

434 feet a~ross Frees Creek, a tributary of the Broad River. The 6800-acre

Monticello Impoundment will also provide cooling water for the nuclear sta-

tion, which will be constructed along the southern shoreline of the reservoir.
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Monticello Impoundment will have a maximum operating pool level of Elevation

425 feet. During normal pumped storage operations, Monticello Impoundment

will fluctuate from Elevation 425 to 420.5 feet, and Parr Reservoir f.rom

Elevation 256 to 266 feet. Important features of the proposed projects 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, pfeoperational and operational. The objectives

of the preoperational program are: (1) Collect baseline information on aquatic

and terrestrial organisms present in the study area; (2) Evaluate ecological

relationships and assess key specie~ in evaluating environmental change;

(3) Develop programs to determine the effects of construction and operation of

the proposed projects on the environment.

Although the baseline studies ended when the construction 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 within the system.

This report has been divided into aquatic and terrestrial

ecosystems. The terrestrial system includes studies on soil, vegetation,

insects, birds, and mammals while the aquatic system includes information on

water quality, plankton, periphyton, benthos, vascular hydrophytes, and fishes.

Specific information on each of these groups are presented in the subsequent

sections. A summary of the aquatic and terrestrial ecology appears in

Sections 4.0 and 6.0, respectively.
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2.0

2. 1

INTRODUCTION

GEOGRAPHIC LOCATION

South Carolina is bordered. on the east by the Atlantic Ocean

and on the' north by North Carol ina. The Savannah River separates the state's

southwestern border from Georgia.

Five major river systems dissect South Carol ina: the Savannah,

the Combahee, the Edisto, t~e Congaree~Sa~tee-Cpop~r,and~he Pee Dee-Bleak.
~ .... ".

The Broad River, located approximately in the ~iddleof the stat~, is a tribu~

tary of the Congaree-Santee.-Cooper River System (Figure 1,.0.1). The Congaree-

Santee-Cooper River System lies· within two of the three. physiographi"c regions

in South Carolina; the Piedmont, Caro1ilia-Geqrgia Sandhills, and the Coasta.l

,Plains. Th,e third region, the Blue .Ridge Mountain,s,. is northwest; of the'

system (FigUre 1.0.1).

The Piedmont ranges l~ ~levation ~rom 61 m (abo~t 200 ft) in

the southeast to nearly 457~· (1,500 ft) in the northwest a~dis separated

from the Carol ina-Georgia Sandhills and the Coastal Plain by the F~l'l Line

(Kirk 1970).

The Broad River originates ,in the mountainous region of western

North Carolina. It separates six counties In South C,aro1inaincluding Newberry

and Fairfield, where the study area is located. Approximately 32 km (20 miles)

downstream from the southern junction of the two counties, the Broad· River

is joined by the Saluda River in Columbia to form the Congarea River, which

then flows into the Santee Reservoir. The Santee anq Cooper Rivers emerge

from the Santee Reservoir and flow to the Atlantic Ocean (Figure 1.0.1).

The Broad River was dammed in 1914 at Parr, South Carolina to

form Parr Reservoir. rributaries entering this system at Parr Reservoir

include, on the west side, Cannons Creek, Hell~rs Creek and the Enoree
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River~ and on the east side, Frees Creek and Terrible Creek. The study

area is centered around this system and is approximately 15 alr1ine

miles southeast of Winnsboro and Newberry.

(

(

(

i
\
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2'.2 CLIMATOLOGY

The Piedmont of South Carolina has a continental climate with

periods of warm, humid weather during the summer months. A U.S. Geological

Survey (USGS) weather station was i~stalled at Parr, South Carol ina in 1947.

this station has recorded temperatures and preclpitation fot 25yearsr This

information is assumed to be the best approximation of the norm and the monthly

temperature 6hanges in ~he vicinity of frees Creek and Parr Re~ervoir.

Spring days are warm with cool nights, while late spring and

summers are hot. The Bermuda high pressure system is the major factor in-

fluencing the summers of Sou~h Carol ina (USDC 1~71b). 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 out 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. I), modify the pOlar air 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 infrequent occurrence of snow fall

(US DC 197Ib). Snow was not recorded at Parr in 1969 or '1972 but an average

of 5.08 cm (2.0 in) water equival~nt was recorded in Decembe~ 1970 and 1971.

Unusual cl imatic conditions produced 16.5 cm (6.5 in) of snow on 25 March

1971. The soil seldom freezes to a, depth ofniore than 6.-4 cm (2.5 in) and

then only f6rthree or four days (Dames & Moore 1972).

2.2. I t'REC I PITAT! ON

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

based on three years of measurements and 131 cm (51.6 in) at Little Mountain

(10 km from Parr)~, The maximum variation in annual precipitation between

Parr and Little, Mountain of 25.4 cm (10.0 in) occurred in 1970 (Dames & Moore

1972) .
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Precipitation at four recording locations show two peaks of

accumulation; one in the spring (March) and the other during late summer

and autumn (July, August, September, and October); The latt~r peak co-

incides with a peak in the frequency of thunderstorms during July. Thunder-

storms may occur about one day 0l:ltof three during the late ·s.ummer .. ' The

moisture is supplied by southwesterlies that flow around the semi-permanent

offshore Bermuda high pressu~e system. The incidence of tropic~l st6rms

and hurricanes may affect the area about once every two years: Precipi-

tation assoc;ated with these tropical storms ran~ed from 19.1 cm (7.5 in)

to over 53.3 em (21 in) in a calendar month (Dames & Moore 1971).
. .

The inciqence of passing tropici,l1 storms is greatest in

September (USDC 1971b), theit inte~sity beingr~lated to the distance

(

from the coast.

2.2.2 RIVER STAGE (
Stream flow data from a USGS gage at Richtex, South Carolina,

were presented in the Preliminary SafetyAnalysis Report for the Virgil C. Summer

Nuclear Station. Historical floods recorded at Richtex indicate two flood

seasons; one from January to April and the other from July to October.

The monthly river stage. (depth) from January 1~69 through

Match 1972 pertinent to the Broad River and Parr Reservoir was obtained for

Blair (USDC 1969, 1970, 1971a; pers. comm.).· The river stage at Blair reflect

the monthly trend in flow rate that may influence the biota in and along ~he

Broad River.

The ma~imum peaks occurred inApril 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 (21.1 ft), January 1972 at 6.67 m (21.9 ft), and

June 1972 at 7.77 m (2~.5 ft). The 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 mature plain containing numerous youthful streams, rolling, hilly

terrain with few actual rock outcrops. The surface of this peneplain has

been dissected by stream rejuvenation forming a dendritic pattern. Although

the tributary streams of the Broad River are generally in a youthful stage

of stream valley development, the Broad River is in the early maturity stage.

The valley is deeply incIsed with' a relativ~ly narrow flood plain, part of

which was impounded by Parr Reservoir.

A topographic map bf' theare~ surrounding Parr Reservoir and

Frees Creek is lo~ated, inside of the back cover. Surface elevations range from

76 to 152 m(400-500 ft) above mean s~a, level (msl). Frees Creek ranges

in elevation from 12Z m(400 ft) a~ 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 t6 78 m (~57 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, org~nic mate~ial, and time.

These factors create the distinct horizons which develop during the formation

of soils.

The soils of Newberry and .Fairfield Counties were formed from

the weathering of igneous, metamorphic. andmigmatitic rocks; generally

hornblende,' quartz-biotite gneiss, schists, and granite (Johnson 1964).

The degree of weatheririgand depth .to b~drock is variable throughout the study

area. The surface in .the are~ is relatively free ~f boulders and smal.e~ston~s.

The bottomland soils consist of recently deposited alluvium.

washed from the uplands and deposited on new flood plains. Deposits of

alluvfum occurring on dld, high terracei were part of the old flood~lain

now incised by stream' erosion and subsequently, have been. left above the

present flood plain.

Soil classifications recognized in Fairfield and Newberry

Counties in the viiinity 6f the project area incl~de:

Upland Soi 1

Major Series: Cecil, Davidson, Enon, Wilkes,and Appling.

Minor Series: Helena, Mecklenburg~ Vance, Iredell, and Catawba.

Bottomland Soi 1

Dominant Series: Congaree, Chewacla, and Mixed Alluvial.

Cecil, Davidson, Appling, and Wilkes are the more abundant

soil series, occurring primarily on upland ridge tops and moderate to

steep slopes in Fairfield County (Craddock and Elle~be 1966). The major

series on uplands in Newberry County include Cecil and Enon soils (Camp, et al.

1960; Craddock and Ellerbe 1967).
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Cecn-!f6n--T~;--ol'fe-6f-the--dom tlialit-and\'lide-ly -dlst rlbutedser ies

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 01 ive-yellowon the slopes. The subsoils

range.in color from yellowish-brown to dark red.

The texture of soils on the uplands and side slopes varies from

gravelly-sandy loam ~o clay. Cla~ loam and clay textur~d so11soccur where

the original surface soil has been temoved by accelerated erosion. The gravelly

. soils in these serie& contain fragmentsofq~artz, gneissi ·or granite that

may interfere with cultivation (tamp~ et al. 1960) •

.The upl~nd soils a~e suitable for agritulture for the commonly

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

used for hay and pasture. Appl icationsof 1 ime and ferti 1izer are required

for moderate yields.

The major series that characteriie the uplands are variable

iri slope and consequently the erosion hazard may be variable. Theslopes

must be managed for forest or pasture and grazing controlled to reduce the

erosion hazard. As the slope incr~ases,the ~ate of runoff will increase.

Sheet and gully erosion will occur without proper management.

In contrast to the Cecil, Davidson, Enon, and Appling soils,

the Wilkes soil occur primarily on uneven terrain and steep side slopes in

Fairfield County (Craddock and Ellerbe 1966). This soil is best suited 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 consist
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of Congaree and Chewacla soils and mixed alluvial land (Craddock and Ellerbe

1966 and 1967). These soils are along the major and minor tributaries to

the river and are formed by the deposition of alluvium and colluvi~m. The

soils are usually acidici They are poorly drained to moderately well drained

soils. The surface soils are not defineable as horizons. The colors range

from light brown to dark yellowish brown. Their texture is sandy loam to

silty clay loam. The soils arebett'er suited for agriculture because their

organic content and water retaining cClpa'c,ity is better ihanthe upland soils.'
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2.5 VEGETATION ASSOCIATIONS

The present vegetation in the Broad River watershed includes

four vegetative communities; pine, deciduous, mixed, and grassland. Ve~etation

growth is a result of the interaction between vegetation and the principal

environmental factors, ~li~ate and soil. The mild and temperate cllm~tei~

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 soi 1association in the FreesCreekdra inage is
. . "

Cecil-Davidson-Wilkes, with Cecil being th~ major type (Section 2.4)~

Table 2.5.1 shows the "native veg~tatiori" for the soi 1 types.

Similar vegetation should be expected fo be growing on the same .

. soil. types when undisturbed. However, cl~aring of the l~nd f~r agricultural

purposes has altered the composition of natural vegetation. Abandonment of

farmlands resulted in stands of loblolly pine (about 75%) on the gentle upper

slopes) with a very sparse understory of hardwoods. No hardwood control is

necessary for a pure pine stand on the upper slopes (Ellerbe and Smith 1964).

The bottomland vegetation is predominately deciduous (about 80%~ with scattered

pine making up the remainder.
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Table 2.5.1 Comparison of native vegetation found in 1971 and 1972 on soil types, Parr, South Carolina.
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Hiwasee X X X 0 X X O·X 0 0 0 0 X 0 0 0 0 0 0 0 0 0 0 0 0
Site .11, 0 0 X 0 0 0 0 0 X 0 X X X 0 0 0 0 0 0 X X·O 0 0 0
. Site 21, 0 0 0 0 0 0 0 0 X 0 0 OX 0 0 0 0 0 0 0 0 0 0 0 0
Site 4* X 0 X o 0 0 0 X X 0 X X X 0 0 0 0 0·0.0 X ·0 .0 0 0

Bottomland
Congaree X X 0 X 0 0 X 0 X 0 0 0 0 0 .X 0 0 0 0 0 0 0 0 0 0
Chewacla X X 0 0 0 0 0 0 X 0·0 0 o 0 X X X X 00 00 0 0 0
Alluvium X X 0 0 0 0 0 0 X X 0 0 X 0 0 0 o ·0 0 o .. 0 0 0 0 0
Site 3* X X X 0 o 0 ·0 0 0 O.X X X 0 0 o 00 O· OX X· X X X

* Terrestrial Study Areas
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2.6 THE HISTORICAL AND PRESENT INFLUENCE OF MAN

The area surrounding tJ1e project area was occupied by man long

before the advent of the Europeans. The Cherokee Indian nation extended to

the Broad River; the area between the Broad River and the Catawba River pro-

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 Archeologist, Univ. of S. C., Columbia).

Land clearing by the Europeans was welluriderway in the Piedmont

by 1770. The virgin forest of primarily hardwoods grew on the

more productive soils and, therefore, were removed to be repl~ced byagri-

cultural crops. When crop yields declined, the farmer either cleared adjacent

woodland or moved to more productive land. This cycle was in evidence by:

(1) a land clearing 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 Sm i t h 1964).

Farming methods have ch~nged considerably from its early beginning.

Family farms of small size were common in South Carolina by 1770 (Ellerbe and

Smith ~964). In 1930, 4.7 milli6n hectares (11.5 million acres) were under

cultivation in the state, however, by 1970 this decreased to 3.3 mill ion

hectares (8.2 million acres). A similar decline also occurred in Fairfield

County. The area cultivated for wheat, corn, oats, barle~ and hay had decreased

in the county from 7,340 hectares (18,140 acres) in 1955, to 4,900 hectares

(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-+97+a-) .,--Much-of--the abandoned

farmland reverted to forest land (Knight and McClure 1969).

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

th~ remainder is in cropland. This land may have accounted for as much as

eight percent of the tounty's total acreage used for tha 1970 productioh of

corn, oats, wheat, barley, 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 1~7Ia).

the number of b~ef cattle in Fairfield County decl ined from

a maximum of 17,880 in 1956 to 10,400 in 1970. This represcintsa 42 percent

reduction in beef production. Dairy cows also declined from 3,000 to 600

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

cattle of all types were observed in the immediate vicinity of the proposed

Monticello Impoundment during the March 1972 sampl ing period.

In 1967, 86 percent of the land in Fairfield County was commercial

forest (Haines 1967). Of this, 20 percerit is own~d by forest industries,

75 percent is owned by farmers and private, individuals and the remainder is

national forest land or under corporate and county or municipal ownership.

Within the area to be affected by the enlargment of Parr Reservoir

and construction of Monticello Impoundment, the Forest Service owns 10 percent,

the forest industries own 14 percent, and the remainder is owned primarily

by private individuals. This forested area represents two percent of the

county's resource. Approximately 54 percent of the forest in Fairfield County

(Haines 1967) is commercial saw and pole timber.

Only minor commercial cutting occurred up to 1968, when about
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Table 2.6.1 Comparison of acreage and yield of five selected crops
in South Carol ina and Fairfield County, S. C. in 1970
(Wiley and Garrison 1971a).

Acreage County Yield per Acre County
Corn State County· .. Rank* State County· Rank*

j

Corn
Grain· 404,000 750 41 27 bu· 20bu 35
Silage 27,000 9 T

Wheat. 81,000 200 . 46 35 bu 28 bu 45
Oats ·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 1.7T 1 T 45

* Forty-six.Counties in South Carolina.
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700 acres were c eared by the Champion Paper Compan'l (John White, Forester,

Champion Paper Company, pers. comm.). SCE&G purchased or hasoptipned most of

the land in the Frees Creek area for 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 clammed in 1914 at P<;lrr, South Carol ina.

to form the Parr Reservoir. The reservoir functioned for flood control·

as well as an ener..gy source for the production of electricity. The dam in-

undated an estimated 600 acres of bottomland along the Broad River and its

tributaries. Based upon the present vegetation associations adjacent to the
. '.

reservoir, it is estimated that the area was predominantly deciduous forest.

Most game species of wildlife prevalent now, except wild turkey~were probably

present when the dam was constructed.

No major fires have octurred .in the vegetative cover in the

environs of Parr Reservoir in more than 20 years. However, burning Of scrub

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

removed (Walter Schrad~r, State Game Biologist, Rock Hill, S. C., pers. comm.).
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AQUATIC SURVEY

DESCRIPTION OF SAMPLlNG STATIONS

Seven transects with a total 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 Res'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 AI Transect A represents the main stream habitat

of the Broad ~iver upstream from the influence of Frees Creek and Cannons Creek

watersheds. However, during the initial location of the transect, unfami 1iarity

with the area result~d i~ the sa~~ting location being lo6ated in an impounded

area and not· in the main stream. This was designated Transect AI on the map (back

cover). T'rimsect AI is 5.5 kni (3.4 mi les) upstrea~ from Parr Dam on the north-·

east side of the central peninsula of the reservoir. It is 150 m (492 ft) in

length~nd varied in depth from b to 1.2 m (3.9ft). ·The bottom substrate

is composed of silt and muck.

By January 1972, it was determined that the original ecological
\

reasons for location of this transect were not met and' it was relocated to the

position indicated as "A". 'It is located 7.0 km (4.3 miles) upstream from Parr

Dam in the main river channil 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 railr6ad bridge and p~ra11e1 to it. Transect

B is 230 m (755 ft) in length and has three collecting points whose depth varies

from 1~0 to 2.0 m (3.3 to 6.5 fi). It has a silt 'and muck bottom substrate.
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This embayment was selected because it wi 11 be subjected to dredging during

construction and to strollg water movements during pumping and drawdowns after

plant operations begin.

Transect C is located 460 m, (159() 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 len~th and has three c~lle~ting

points whose depth varies fromO.S to 2.0 m (1.6 to 6.5 ft). It has a silt and

muck bottom substrate. TransectC was established to sample an embayment which

will be influenced bydai ly water level fluctuation,however, would not be'

subjected to wa,ter movements as great as expected iii Frees Creek (Transe,ct: B).'
. ....

Transect D ls'locate,d upstream from Parr Dam .in the rna in body of"

Parr Reservoir. The west enclofthetransect is 305 m (looo ft) and, the east,end

is 535 m (1755 ft) upstream from the dam. Transect D is 760 m (2494' ft) in hmgth

and has three collecting points whose depth varies from 1.25 to 4.75 m (4;1 to ,

15.6 ft) with a bottom s~bstrate of silt, sand, and muck. Some samples were also

taken from the east shore of the mid~river island just upstream of Transect D.

This transect was chosen to represent the open reservoir habitat which would

be influenced by water 1evelfluctuations and some water movements.

Transect E is located below Parr Dam in the east channel of the

river. The length of this transect is 220 m (722 ft) from the east bank to the

tip of the island and has two collecting points whose depths are about one meter.

The bottom substrate is detritus, muck, and coarse gravel. Thi,s area was selected

because it will not be subjected to water level fluctuations as projected in

Parr Reservoir. It will, however, receive water from the project operations,

thus a monitoring program was necessary for comparative purposes.

(

(

Transect F was establ i,shed in September 1971 approxi.mately 23 km

(l4.~ 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 perpendicular extension to

the east bank of the river. The width of the transect is approximately 125 m

(410 ft). The river bed is fairly unfform along the transect and is characterized

by a riffle habitat. The area selected is in the upper 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 establ)shed in September 1971 in upper Frees

Creek, an area whiCh is not currently impounded. The northern limit of this

station is approximately 100m (328 ft) north of the bridge on State Highway 99
and the southern limit extends 400 m. (1312 ft) south of the bridge. The substrate

is primarily very coarse sand. Many granite rocks, up to 35 em (13.8 in) in

diameter, have washed into the creek fromth~ road bridge riprap. The cre~k at

this location is less thah 4 m (13 ft) ~ide~ The effects of the existing impound-

ment can be ~ssessed 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

3.2. 1

PHYSICAL AND CHEMICAL CHARACTERISTICS

INTRODUCTION

Water quality can influence 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 basel ine biological analysis in the study area.

Selected physical and chemical parameters were measured at 'points

along transects in the Broad River Study Area at intervals between June 1971 and

May 1973. This investigation was to provide basic infbrmation on exi~ting

abiotic conditions during the biotic sampling pe~iods~

METHODS AND MATERIALS

Water temperature was measured with a Yellow Springs Instrument

Company telethermometer (Model 47). The thermistor pro~~ was: lowered to the

bottom and allowed to stabilize prior to recording the temperature to the

nearest 0.5 degree centigrade (C). Temperatures were then recorded at 0.25 m

intervals with the final measurement taken one centi'meter below the water sur-

face.

A Secchi disc (20cm [7.9 in] diameter) was employed to measure

light penetration in the water. The maximum water depth at which the disc was

visible was determined to the nearest 0.05 m (2 in) at each station.

Substrate grab sampleswere collected with an ,Ekman dredge for

sediment analysis (see Section 3.5.2). In the laboratory, the sediment fr~m each

grab was washed into a container, 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 sieve series, and washed with distilled water until

separation was complete. The sieve series allowed designation of sediment

components accord ing to mill imeter diameter ranges as fallows: pebb 1e', 4' to 64;
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0.25 to 0.50; fine sand, 0.125 to 0.250; very fine sand, 0.062 to 0.125; and silt-

granu e, to ; very coarse sand, 1 to 2; cOclfse sand, 0.5 to 1.0; medium sand,
(

.,--.

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

500°C to constant weight. An analytical balance was used to weigh samples to

the nearest 0.01 mg.

Bottom sediment samples used for heavy metals and pesticide

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, rinsed with acetone, and air dried. The jar

opening was covered with aluminum foil before Closing with.a screw 1id. The

sample was later air dried and sent to the Environmental Science and Engineering

Corporation at Mt. Juliet, Tennessee for analysis of heavy met~ls and residual. ,

chlorinated hydrocarbon pesticides. A hot 6N hydrochloric acid was used to

extract heavy metals from the sediments.

Water for dissolved oxygen analysis was collected with a 1.2

liter Kemmerer water sampler. Artificial aeration of the sample was prevented

by placing the rubber emptying tube at the bottom of a ground-glass stoppered

bottle and allowing water to fill and overflow the bottle volume. Dissolved

oxygen was measured to the nearest part per million with a Hach Model OX-2-P

test kit.

Water was also collected with the Kemmerer 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 qual ity parameters were supplied by SCE&G from samples

obtained fr.om the Broad River.
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FINDING~

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 were 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 gescribed above.

Maximum surface temperature of 31.5°c was recorded at Station

A-l in June 1971, while a minimum of 7.0°C was r~corded at Station F-l in

January 1972. Seasonal surface temperatures at stations ranged as follows

for combined 1971 to 1973 data: winter (January and February), 7.0 to 12.0oC;

early spring '(March), 12.5 to 17.0°C; late spring (May), 20.0 oC at all stations;

early summer (June}, 27.0 to 31.5°C;~~rly fall (September), 22.0 to 27.5°C;

and late fall (November), 14.5 to lS.O°C. Maximum variation in surface tempera-

tures between stations occu~red during September 1971, when Station B-2 wa~

5.5°C warmer than Station 0-1.

Differences were also noted between surface and bottom temperatures

at some stations. Stations A-l, A-2, B-2, B-3, and C-3 usually exhibited

lower temperatures at the bottom than at the surface. Surfac~ temperatures

at these sites were also generally higher than at Stations 0-1 and E~l.

Differences between surface and bottom temperatures at 0-1 and E-l 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 (5) and bottolTl
(collection points along transects in the Broad River Study

Area in 1971-73.

Date (1971-72) Collecting Points:!:
Sample A-I ' 8-2 C-3 0-1 E-l F-1

June S 31.5 30.0 30.0 27.0 28.5 NS**')':
B 27.0 21.0 23.0 26.0 28.5 NS

September S 25.51(* 27.5 27.0 22.0 24.0 24.0
8 23. o~':* 21.5 23.0 22.0 NS NS

January S 10.0 9.0 12.0 9.0 7.5 7.0
'8 10.0 9.0 11.0 9.0 7.5 NS

March S 17.0 12.5 17.0 14.5 14.0 16.0
8 15.0 10.0 16.0 14.0 14.0 NS

Date (1972-73) A-2 8-3 :C-3 0... 1 ' E-l F-l

November S NS 15.0 14.5 14.5 14.5 : 14.5
8 NS 14. O' 14.0 14.5 NS NS

February S 10.0 10.0 10.0 9.5 9.5 9.5 (8 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.

(
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Table 3.2.2 Secchi readings along the transects in the 8road River Study Area
in 1971-73.

Date (1971-72) Collecting Points
A-1 B..;,2 C-3 0-1 E-l F-P'

June 0.20 0.25 0.60 0.25 0.15 NS~~*

September O. 15*** 0.25 0.35 0.10 0.20 NS

January 0.70 0·50 0.30 0.40 0.40 0.40

March 0.20*~h't 0.30 0.50 0.10 0.50 NS

Date (1972-73) A-2 B-3 C-3 0-1 E-l F-l

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· 0.47 0.26

* Current velocity usually too great for reading at this site.
*~'( Not Samp1ed
*** Secchi at Station 2 for this date.
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197+tol973-data~- -winter-(Januar-y and February),- 0.2S-to 0.7-0m (0.8 to 2.3ft);

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 0.70m (2.3 ft)

Secchi depth occurred fn January 1972 at Station A~l while least penetra~ion of

0.10 m (0.8 ft) occurred in September 1971 and March 1972 at Station 0-1. Winter

(January and February) Secchi disc readings were slightly greater than those

recorded on other dates.

Mean Secchi disc visibility readings for the more lentlc (st~ti~

water or lake-like) conditions present at Transects A, B, and Cranged from

means of 0.31 to 0.47 m (1.0 to 1.6ft) while means for the more lotic

(running water or river-1 ike) conditions at Transects 0 and E ranged froinO.26

to 0.37 m (0.8 to 1.2 ft). Secchi disc readings were lowest at Transect 0 and

highest at Transect C. Differences, however, were usually small and light

penetration at all sites ·wa~ res~ritted by silt and clay turbidity.

(
'.

(

Sediment

Sediment samples were collected at selected stations during

February and May 1973 (Table 3.2.3). The bottom sediments of Stations B-3,

C-3, 0-1, and 0-3 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 0-3, however, had pebbles present in small quantities.

Coarse and medium sand made up from about 69 to 89 percent of the

sediment from Stations A-l and F-l. Silt and clay were also important at the

F-l station and comprised about 15 percent of the total. The substrate composi-

tion of these stations makes them moderately homogeneous when compared with the

predominately silt and clay stations discussed above
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Table 3.2.3 Percent of ash weight sediment components* at stations on transects in the Broad River
Area in February and May 1973. .

Very . Very
Transect & Course Course Medi.um Fine Fine Si1t-
Station Date Pebble Granule Sand Sand Sand Sand Sand Clay

A-1 (Sha 11ow) May 0.0 0.0 6.7 35·2 53.4 3.5 0.4 0.9

8-1 (Shallow) 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

8-3 (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 O. 1 0.4 1.4 97.7

C-1 (Sha 11ow) May 0.0 2.2 11.2 22.0 29.3 21.4 9. 1 4.7

C-3 (Deep) May· 0.0 0.0 O. 1 O. 1 0.2 0.7 2.4 96.5
VJ.
f',) D-3 (Shallow) Feb. 1.5 0.0 3.0 1.0 0.8 3.4 24.5 65.8I
'-.l May 11.6 0.0 0.4 0.9 0.5 1.9 20.0 64.7

D-l (Deep) . Feb. 0.0 0.0 0.0 0.0 0.0 1.9 1.5 96.5
May 0.0 0.0 0.0 L3 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



.-'"
heterogeneous. The C-1 station had four components, each comprising over 10

percent of the sample; very course sand, coarse sand, medium sand, and fine

sand. Station B-1 had four components each comprising over 10 percent of the

May sample; medium sand, fine sand, very fine sand, and silt and clay. In February,

coarse sand also constituted over 10 ?ercent of the sample at Station B-1. The

four substrate constiuents in May accounted tor over 98 percent of the total

while in February the five components accounted for about 80 percent.

Sediment Chemistry

Concentrations of DDE,DOO,and DDT from all samples were generally

very low and were ofteri below the .detectable 1imits of 0.005 ppm. No other

pesticides were detected in the bottom sediments. Similar findings were made for

(

.--.

.,r--.

surface soils of the surrounding study area, although the frequency occurrence

of s~mples containing no pesticide residue was greater (see Section 5.2)~

Concentrations (in ppm) of pesticides found in the bottom sediments· are as

follows:

Transect DOE DOD DDT

A <0.005 0.005 0.005
B 0.009 0.007 0.012
C 0.007 <0.005 <0.005
·0 0.007 0.007 0.009
E 0.005 0.008 0.009
F <0.005 <0.005 <0.005

Polychlorinated bi-phenyls (PBCs) were 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 highest concentration (100-194 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
Parr, South Carolina, February 1972. All values are in parts per mi)lion.

Transect Arsenic Copper Zinc Lead Merc;ury Boron Chromium Li th i urn

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 {).042 142 36.50 2.80
C 0.020 21.70 30.3 20.20 0.033 160 25·20 2.32
0 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 1ithium, mineral concentrations-were highest in and

below the reservoir. Lithium, zinc, and arsenic concentrati~ns were greatest

at Transect E, directly below Parr Dam.

(

Dissolved Oxygen

Dissolved oxygen analyses were conducted at six collection points

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 ppm; late spring (May), 9 to

11 ppm; early summer (June), 9 to 11 ppm; early fall (September), 7 to LO ppm;

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

Parr Dam .throughout August, .1972,reach~d a minimu~ co~centration of 4.8 ppm

(SCE&G 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 100 percent at the surface except in the

January 1971 and August 1972 sa~ples (Table 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.

Analyses for pH Were also conducted routinely between June 1971

and May 1973 at six collecting points (Table 3.2.7). Seasonal pH values for

1971 to 1973 at all stations and depths ranged from 6.9 to 8.0. Mean. pH values,

however, ranged from 7.0 to 7.2 for combined surface and bottom samples. Values

for pH at the surface were slightly greater than bottom values for several sample

sites; particularly in e~rly 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.

Date (1971-72) Collecting Points
Sample A-l .B-2 C-3 D-l E-l F-l

ppm of Dissolved Oxygen + 1.0 ppm
. -

June S 10 11 19 9 9 NS~""*

B 8 6 7 7 NS NS

September S 1o~': . 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

Ma r.ch S 9 9 9 9 9 9
B 9 9 9 9 NS NS

Date (1972-73) A-2. B-3 C-3 D-l E-1 F-1

November S 9 10 10 10 10 11
B NS NS NS NS NS NS

February S 13 11 13 13 11 12
B 13 NS 12 . 12 NS NS

May S NS 11 11 NS 9 NS
B NS NS NS NS NS NS

Dissolved oxygen at Station 2 for this date
10,," Not Samp1ed
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Table 3.2.6 Estimated percent saturati~n of dissolved oxygen at collecting C
points along transects in the Broad River Study Area in 1971-73.

Date (1971-72) Percent Saturat ion~~
Sample A-I B-2 C-3 D-l E-l F-l

June S 135 145 132 112 115 . NS';':i'C"!:

B 100 . 67 80 85 NS NS

September S 120~o': 125 87 79 r06 NS
B 93~'o~ 90 80 79 NS NS

January S 52 54 83 60 50 57
B 52 54 80 54 50 NS

March S 92 "l:-;': 84 ·93 87 86 ·90
B 89''c~: 79 90 86 NS .NS

Date (1972:"73) . A-Z B-:3 .. C-3 0-1 E-l F.. l

November· S ·NS 98 97 97 97 106
B .NS NS . NS : NS NS • NS

February S 114 96 114 112 ·95 105 (
B 111 NS 105 105 NS NS

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)
** Percent saturation at Station 2 for this date
~~~':1: .Not Samp1ed

(
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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.

Date (1971-72) pH":
Sample A-] B-2 C-3 D-] E-1 F-1

June S 7.5 7.7 7.7 7.0 7.0 NS***
B 7.0 6.9 7.0 NS NS NS

September S 7. O*'i~ 7.5 7.5 7.0 7.0 7.0
B 7. o'i'C* 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. O;':;~ 7.0 7.5 7.0 7.0 8.0
B 7. O'!~1, 7.0 7.0 7.0 NS NS

Date (1972-73) A-2 B-3 C-3 D-1 E-1 F..q

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 NS NS NS NS

Mean 7.1 7. ] 7.2 7.0 7.0 7.2

* Measured to the nearest 0.1 pH unit
** pH at Station 2 for this date
,~,'d: Not Samp 1ed
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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

Chemical oxygen demand (COD) measurements are usuaily high andpers. comm.).

(BOD) is generally low but has been recorded as high as 13 ppm·(John Foley
1

range from 1.9 to 46.9 ppm with a mean value of 16.8 ppm.

3.2.4 DISCUSSION

Seasonal water temperature changes on the Broad River Study Area'.

are typical of lotic waters strongly. influenced by air temperature. The

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

a more lotic ~ondition exists at Transects D and E. Undoubtedly the lentic

water conditions at A-l, A-2, B-2, B-3, andC-3 allow for rapid surface heating

and the establishment of thermally related density gradients between the sur-

(.

face and bottom of the river. Turbulence and mixing, characteristic of lotic

conditions at D-l just above Parr Dam and E-l just below, create general

homothermous conditions.

Secchi disc visibility readings in the Broad River Study Area,
. . .

regardless of sample date or transect, were low. Low readings were related.

to.silt and c~ay 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 (Odum 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 Sol ids 71 ppm 36 178

Conductivity 63 llmhos 43 ·92

Total Alkalinity 24 ppm 15 ~3

Total Hardness 17 ppm 1, 24

Calcium Hardness 12 ppm 6 18

Magnesium Hardness 5 ppm 2 8

Ch lori des 6 ppm 4 9

Sul fat'es 4 ppm 2 13

So1ub1e 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 46.9

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

to 8 August 1912.
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(0.3 to 2.3 ft) respectively, ancrmean--Secc:nr-readTngs--by-sTte-ranged--from- --------

0.26 to 0.47 (0.8 to 1.5 ft). Autotrophic production by primary producers

(planktonic algae) is therefore generally 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 divided materials deposited in relation to changes

in stream velocity. These materials are easily erodable and may shift and be

redeposited with periodic changes in stream velocity. Smaller particles are

usually a characteristic of river substrates as the distance downstream from

the source increases (Hynes 1972).

The predominance of finely divided sediment likely limits the

benthic fauna to species tolerant of silting conditions. Silt is known

to inhibit development of certain insect and mollusc species (Van der Schalie

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

species s~ch as the mayfly, Hexagenia limbata~ an important component of the

benthic fauna in the study area, are known to prefer a soft siltysubstrate·

(Swanson 1967). Although 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 dectectable but low concentrations of residual DOE, DOD, and.

DDT 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 sediment~ are within the rangeof.concen-

trations found in the surrounding watershed, with the exception of lithium,

zinc, and copper, which were generally higher. The higher levels of lithium,
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zinc, and copper reflect a combination of differential solubility during

leaching from the soil, differential adsorption to seston1 , 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 terminal water velocity is reduced within

the reservoir.

Polychlorinated bi-phenyls (PCBs) are persistant, ubiquitous

environmental contaminants that are used in industrial 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 August 1972.

Photosynthetic activity during June and September 1971 probably accounts for'

greater surface concentrations of dissolved oxygen especially at the lentlc-like

Stations A-I and B-2 where saturation was 120 percent or greater. Surface and

bottom concentrations were more similar at C-3 than at A-I and B-2, and typical

lotic oxygen conditions. (homogeneous mixing) occurred at the 0-1, E-l, and

F-l sites. A reduction in oxygen' saturation was evident in January 1971 and

August 1972 at all sites and ranged from about 50 to 90 percent. In addition,

dissolved oxygen was lower in bottom samples on several sample dates. The

lowered dissolved oxygen levels observed were probably the result of oxygen

consumption for decomposition coupled with reduced phytosynthetic activity.

Although dissolved oxygen levels near the bottom were sometimes lower than

I
l a ll 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

sediments 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 more lentic-like sites (A, B,

and C) are probably related to increased phytosynthetic activity near the surface

and increased CO2 production in b6ttom 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 water may be an important

factor limiting the density of plankton crops. All other factors being equal;
. .

streams with higher calcium hatdness produce appreci~bly higher standing crops

(Williams 1964). Other dissolved sol ids are present in low concentrations as

evidenced by the low specific conductivity 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 local ized areas in response to runoff from 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 celluldse

that have undergone partial biological degredation, and hence exert a low BOD.

There is also a possibility that certain organic materials leached from the'

surrounding watershed are adsorbed on colloidal clay particles where they

become more resistant to biologicaldegredation. In addition, the occurrence

of moderate levels of PCBs in the bottom sediments as well as high COD levels

suggest the possibil ity of upstream industrial contamination of the water.
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SUMMARY

Selected physical and chemical characteristics of water on 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 during 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 0, E, and F, was typical of more

lotic-like conditions.

Water transparency was low and light penetration was restricted

due to silt and clay turbidity. Minor differences in transparency occur with

season and site. Photosynthetic activity is probably restricted to near surface

waters because of low transparency •

. Sediments from most sites examined 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-l were moderately

heterogeneous, usually composed 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 0-3 where pebbles comprised

about 12 percent of the sediment in May. The homogeneous nature of finely

divided materials in the substrate probably is a major factor in limiting

diversity of the benthic fauna although substrates of this type may be capable

of supporting considerable biomass.

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

DOE, 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 adsorption to soil particles and subsequent deposition in bottom

sediments.

Seasonal dissolved oxygen concentrations were usually near or

above saturation at all transects. A period of lowered dissolved oxygen in

mid-winter, 1971, and late summer, 1972, was probably related to decomposition

and reduced photosynthesis. Elevated dissolved oxygen levels in June and·

September, 1971, on Transects A, B, and C were probably due to the more

lentic-like conditions and photosynthetic activity.

The pH values recorded were usually near 7.0 regardless of·
. .

season or station. Slightly elevated ~H levels at the surface on Transe6ts

A, B, and C in June and Septemb~~, 1971 ~ere Irk~ly produ6ed by elevated photo~

synthetic activity in the more lentic~like conditions.

The Broad River at the study area is low in dissolved·solids and

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

support 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 possrbility of upstream industrial

contamination is not discounted.
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3.3

3.3. I

PLANKTON

INTRODUCTION

. Photoplankton and zooplankton analyses are fundamental to the

examination of trophic relationships existing in the Broad River Study ~rea. In

addition, they are important biological indjcators of environmental conditions.

Pre-operational examination of the plankton community is essential 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 purpose 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&G by John Foley, a graduate student from the University of

South Carolina, Belle W. Baruch 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 methods. The first method involved sampling surface waters

by dipping to a depth of about 25 em (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 bot.tom 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 ata rate of approximately 0.5 m/sec. The remainder
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of the proc.edure for both methods involVed wqshing the inside of-th"enet

filtered water to concentrate all organisms in the net bucket, rinsing the

plankton concentrate into small jars, and preserving the labeled samples with

about 10 percent formalin for later laboratory analysis.

In the laboratory, bottles containing plankton samples were filled

to a volume of 50 ml. A one milliliter aliquot was taken from each thoroughly

mixed sample with a Hensen-Stemplepipe~te and placed' ina Sedgwick-Rafter

counting chamber. All organisms in the'chamb~r were examined microscopically

under 200X magnification and enumerated. Slides were prepared'as necessary for

diatom identification using procedures outlined by Weber (1970). Appropriate

computations were made to convert the sample into organisms or cells p~r liter.
. . . . '.

Plankton were identified by using Patrick and Reimer' (1966)', Pennak (1953 and

1963), Prescott (1962),Smith (1950), Ward and Whipple, (1959), Weber (l97l), and

Whitford and Schumacher (1969).

Beginning in November 1972, plankton biomass was estimated from

surface samples concentrated with a plankton net as previously described. After

enumeration of organisms, the sample was col1etted on a Millipore HA filter of

known weight using a standard Mil1ipore apparatus. The samples were dried to

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

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

the nearest 0.01 mg.

(

{

3.3.3

3.3.3.1

3.3.3.1.1

FINDINGS

Phytoplankton

Qualitative Analysis'

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. ~

Taxa S VT S VT S VT S VT S S S

Chlorophyta
Actinastrum Spa P P P P P P P 0 P 0 0
Ankistrodesmus Spa 0 0 0 0 0 0 0 0 P P P
. Ankistrodesmus falcatus P 0 p. 0 0 0 0 0 0 0 P
Arthrodesmus Spa 0 0 0 0 0 0 0 0 0 P 0
Chlamydomonas Spa 0 0 0 0 0 0 0 0 0 P 0
Ch1ore11a Spa 0 0 0 0 0 0 P o· P 0 0
Cladophorasp. 0 o· o· 0 0 0 0 0 0 0 P
Closterium Spa 0 P P 0 P 0 P P P 0 0

\l.l Closterium pronum 0 0 0 0 0 0 0 0 0 p 0.
\l.l Cosmari urn Spa 0 0 0 0 0 0 P 0 P P PI
\l.l Eudor ina sp·. P P P P P P P' P 0- 0 0

Gloeocapsa Spa 0 0 0 0 0 0 0 o· 0 0 p
Gloeocystis gigas 0 0 0 0 0 0 0 0 0 0 P
Golenkinia Spa 0 0 0 0 0 0 0 0 0 0 P
Hyalotheca Spa 0 0 0 0 0 0 p 0 0 0 0
Micrasterias Spa 0 0 p 0 0 0 0 0 0 0 0
Mougeotia Spa 0 0 0 0 0 0 0 0 0 p p
Onychonema Spa 0 0 0 0 0 0 P 0 P 0 0
Pachycladon Spa 0 P P 0 0 0 p 0 0 0 0
Pachycladon umbrinus 0 0 0 0 0 0 0 0 0 P 0
Pediastrum Spa P P P P P 0 P P P 0 0
Pediastrum boryanum 0 0 0 0 0 0 0 0 0 0 p
Pediastrum duplex 0 0 0 0 0 0 0 O' 0 0 p
Penium Spa 0 0 0 0 0 0 P 0 0 0 0
Scenedesmus- Spa P P P P 0 0 P P P P P
Scenedesmus ~imorphus 0 O. _0 0 0 0 0 0 0 0 P



Table 3.3.1 (Continued)

1971 1972 1973
June Sept. Jan. March Nov. ~ 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
Sa1enastrum sp. 0 0 0 0 0 0 0 0 0 0 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
St~urastrum guadricuspidatum 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
Ulothr ix sp .. 0 0 0 0 0 0 ·0 '0 0 p 0

\AI .
\[oJyox ·sp. 0 0 0 O· p ··0 p p p 0 '0.

\AI
I
,J:-

Total Chlorophyta 5 6 9 5 6 2 13 5 10 13 18

Chrysophyta
Acbnanthes sp. 0 0 0 0 0 0 ·0 0 0 p 0
Achnanthes lanceolata 0 0 0 0 0 0 0 0 '0 p 0
Asterionella sp~ P P P P P P P P P 0 0
Aster ione11a formosa 0 0 0 o . 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
Cyclotella stelligera 0 0 0 0 0 0 0 0 0 p 0
Cymbella sp. 0 0 0 0 0 0 o . ·0 p p p
Dinobryon sp. P P P P P P P P P 0 P
oinobryon cy1ind r i cum 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

(',
~. ..-~



Table 3.3.1 (Continued)

1971 1972 1973
June Sept. Jan. March Nov. Feb. ~

Taxa S VT S VT S VT S VT -S- S S

Fragilaria crotonesis 0 0 0 0 0 0 0 0 0 p p
Frustu1 ia 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 "0 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 P
Meridinion sp. 0 0 0 0 0 0 0 0 0 0 P

w Meridinion circu1are 0 0 0 0 0 0 0 0 0 P 0. Navicula sp. P 0 P P P P P P P P Pw
I Navicula mutica 0 0 0 0 0 0 0 0 0 P 0V1

Nedium sp. 0 0 0 0 0 0 0 0 0 0 P
Nitzschia sp. 0 0 0 0 0 0 0 0 0 P P
Nitzschia acicu1aris 0 0 0 0 0 0 0 0 0 P P
Nitzschia pa1ea 0 0 0 0 0 0 0 0 0 P 0
Pinnu1aria sp. 0 0 0 0 0 0 0 0 0 P P
P1eurosigma 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 0 0 0 0 0 0 0 0 P
Stephanodiscus 0 0 0 0 0 0 0 0 0 0 P
Surri re 11 asp. 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
Tabe11aria sp. P P P P P P P P P 0 0
T~be11aria fenestrata 0 0 0 0 0 0 0 0 0 P P

Total Chrysophyta 9 8 10 9 10 10 10 10 11 28 22

;';Me1osira granulata_ designated Melosira IIAII and Me1osiJ:a yarian~ designated t1_e1p_sira 11811 in previous reports.



Table 3.3.1 (Continued)

1971 1972 1973
June Sept. Jan. March Nov. .Feb. May i

Taxa S VT S VT S VT S VT S S S

Cyanophyta
Anabena sp. P P P P P a p a P p P
Aphanocapsa sp. a a a a a a a' a a a P
Arthrospira sp. a a a a P p P a a a a
Chroococcus sp. P P P P P a P a p P a
Coe1osphaerium sp. a a. a a a a 0 a p a a
G1oeocapsa sp. a a P a a a a a P a a
Gomphosphaerium sp. a a P a a a a a a a a
Mer ismoped.i asp. a a a a a a a a a P a
Microcystis sp. P P P P P a P P P a aw. asci11atoria sp. a a a a a a a a a p p

w asci11atoria IIAII p P P P P P P PI P a a
0" asci1latoria IIBII p p. P P P P P P P a a

Phormidium sp. a a a p. a a a a a a a
Spiru1ina sp. P P P P a a a a p a a
Spirulina princeps a a a a a a a a a P a

Total Cyanophyta 6 6 8 7 6 3 6 3 8 - ... S 3

Euglenophyta
Euglena sp.· a a a a a a p P P P a
Phacus sp. a a a a a a p a a a a
Trachelomonas sp. a a a a a a a a p p a
Trachelomonas hispida a a a a a a a a a P a
Trachelomonas armata a a a a a a a a a P a

Tota 1 Eug l12npphyta a 0 a a a a 2· 1 2 4 a.

~,
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Table 3.3.1 (Cont inued)

1971 1972 1973
June Sept. Jan. March Nov. Feb. May

Taxa S VT S VT S VT S VT S S S

Pyrrophyta
Ceratium Spa 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 Spa 0 0 0 0 0 0 0 0 0 0 P

Total Pyrrophyta 0 1 0 0 0 0 1 0 0 0 2

Total Taxa 20 21 27 21 22 15 32 19 31 50 45

w.
W
I
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Table 3.3.2 Total phytoplankton species by phyla found on transects and stations on the Broad River
Study Area between June 1971 and May 1973

A*
2

B
2 3

C
2 3

D
2 3

E
2

F
T

June 1971
Chlorophyta· 3 3 2 1 0 1 0 0 3 3 6 4 4 NS**
Chrysophyta 5 4 4 2 1 1 0 0 6 6 5 8 4 NS
Cyanophyta 4 4 2 3 3 0 0 0 4 4 5 3 3 NS
Total/Station 12 11 8. 6 42 0 0 13 13 1615 11 NS
Total/Transect 13 10 2 18 17

\J.I

\J.I
I
ex>

September ]971
Ch10rophyta 4 1
Chrysophyta 5 5
Cyanophyt_a ~-4
Tota ITsfa1:ion- 15 -10
Total/Transect 16

January 1972

434
443
364
11 13 11

18

0 1 2 0 0 1 4 3 6
2 2 3 5 2 4 8 8 9
2 "2 2 1 1 3 4 4 5
4 5 7 6 3 8 16 15 20

13 11 17 20

Chlorophyta 2 2 1 1 1 2 1 0 .2 2 2 1 3 1
Chrysophyta 9 9 6 7 6 7 7 2 9 8 9 10 10 10
Cyan?phyta 5 0 2 .1 1

"" 3 1 1 1 2 3 4 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 1{)

Cyanophyta 2 3 2 3 3 5 2 1 4 5 1 3 2 4
Euglenophyta 0 2 0 0 0 1 0 0 0 0 1 1 0 1
Pyrrhophyta 0 1 . " o "" 0 0 1 0 0 0 0 1 0 0 0
Total/Station 16 24 9 13 16 19 10 10 23 21 17 20 15 23
Total/Transect 24 19 20 29 20 23

* June & September samples are from Transect AI
** Not sampled

~\
.~
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Table 3.3.2 (Continued)

A
1 2

B
2 3

C
2 3

D
2 3

E
2

F
i

November 1972
Chlorophyta 3 NS 5 NS NS 6 NS 6 2 NS 3 4 NS 2
Chrysophyta 7 NS 5 NS NS 9 NS 10 10 NS 9 8 NS -,

I
Cyanophyta 3 NS I NS NS 2 NS 3 2 NS 2 2 NS 1
Euglenophyta 1 NS 2 NS NS 2 NS 1 1 NS 0 1 NS ]

Total/Station 14 13 19 . 20 15 14 15 --YT-
Total/Transect 14 13 30 18 15 11

February 1973
Chlorophyta 2 NS 4 NS NS 3 NS 1 2 NS 4 4 NS (.)
Chrysophyta 11 NS 13 NS NS 14 . NS 4 10 NS 5 4 NS 6

w Cyanophyta 3 NS 3 NS NS 0 NS 0 1 NS 0 1 NS 0.
w Euglenophyta 0 NS 0 NS NS 1 NS 0 0 NS 2 0 NS 1I
\.0 Total/Station 16 20 18 5 13 10 9 ..,

Total/Transect 16 20 20 19 9 _7:
May 1973

Chlorophyta 4 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 NS 9
Cyanophyta 2 NS 0 NS 0 0 NS 0 0 NS 0 0 NS 1
Pyrrophyta 0 NS 1 NS 0 1 NS 0 0 NS 0 0 NS 1
Total/Station 18 17 10 9 11 8 8 9

,
16

Total/Transect 18 19 17 12 9 16

* June & September samples are from Transect A
~..* Not samp1ed •



group was: Chlorophyta, 37-;.Chrysop.hyta, 42.; Cyan.op.hy.t:CJ, 15; F491E:Qopby't.:i

apd Pyrrhophyta, 3. Foley (1972), In his in-depth examination pf phytoplankton

in the Broad River Study Area between Augu~t and December 1971, fQu~q a

total of 151 species. The species composition in major taxonom~c grQ~ps was:

Chlorophyta, 51; Chrysophyta (including Bacillarioph~ta), 70; Cyanophyta, 22;

EUglenophyta, 7; an~ Pyrrhophyt~, 1.

The number of phytoplankton taxa collected between ~une 1971 ~nd
I :';' ••

M~rch 1972 in surface samples w~s equal to or greater than the n~mb~r of taxa'
, . ·,t·'. .

ip vertical tow plankton net samples (Table 3.3.1): Evaluation pf p'hytoplankto~

species Is therefore restricted ~o surface samples.

A comparison of the total phytoplankton taxa col1ecF~d from

Transects A through F reveals minor differences within a partic41~rs~mple

p~riod (Table 3.3.2), The number of tClxa collected from each trar'lp~r;~ between:

JlJne 1971 Clnd May 1973 ranged from 7 to 20 with two exceptions, Trfilnr:lect C taxa
, \"

ranged from 2 to 30 during this period and all transects had ta~q r~nging from
'. .

l~ to 29 during March 1972. The general if1creas~ in taxa during MiHCh was due

primarily to a pulse of chlorophyte and chrysophyte species.

Seasonal fluctuations· in the total phytoplankton Sp~~'es between

JlJne 1971 and May 1973 were as follows by transect: AI, ~3 to 16; A, 16 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).

River Study Area be~ause they Qc~urred in ~t least five of sev~n~~rf~ce

samples between Jun~ 1971 and May 1973: Chlorophyta Actinastru~ pR', pediastrum

spp., and Scenedesm~s spp.; Chrysophyta Asterionella spp., Din9prxpr, ~pp.,

3.3-10
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Fragilaria spp., Melosira granulata, ~ Varians, Navicula spp., Pleurosigma sp.,

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

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

M. varians were designated As species IIA" and "B11 , 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, ~ 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 lOO/liter or more. 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 of 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

greatest sample density ~ccurred during March on Transect E when over 1550/1iter

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

Large populations of Fragilaria spp. occurred during February,

3.3-11



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
Asterionel1a sp. a a a 50 50 NS~'d.

Fragilaria sp. 450 50 0 2000 2000 NS
Melosira granu1ata*** 225 55 0 145 140 NS
Melosira varians*** 100 100 0 150 150 NS
Tabel1aria sp. 20 0 a 20 20 NS

September 1971
Asterionel1asp. 0 0 0 25 25 25
Fragi 1aria sp. 50 50 50 50 575 50
Melosira granulata 40 55 5 5 130 55

\..oJ Melosira varians 150 150 0 150 150 100.
Tabel1aria sp •. a 0\..oJ 20 0 30 50

I-N January 1972
Asterionella sp. .50 50 50 50 50 25
Fragilaria sp. 50 . 50 0 50 . 50 50
Melosira granulata 10 390 35 35 115 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 4500 100 100 1200 2350 7000
Tabel1aria sp. 265 95 315 175 315 180

;~ Transect AI for June and Septel'l1be~r;-19Tl.

;~';t Not sampled.
;~,,;':;~ Melosira granulata designated Me1osiralA" andMelosira variansdesignated Melosira"B" in previous reports.. .. . i

~\ ~\ ,~,



Table 3.3.3 (Continued)

A B C 0 E F

November 1972
Asteriore11a sp. 21 15 39 18 0 0
Frag i lar iasp. 0 0 2 2 3 0
Melosira granulata 9 361 316 9 3 36
Me10siran varians 37 0 8 19 109 277
Tabe11ariasp. 20 0 1 14 0 9

February 1973
382Asterione11a sp. 106 0 135 0 255

Fragi laria sp. 170 2110 10 106 0 552
Melosira granulata 0 0 69 0 107 0

w Melosira varians 255 4175 199 0 77 128. Tabe11aria sp. 524 0 0 156 50 113w
I...
w May 1973

Asterione11a sp. 83 0 0 22 42 22
Fragi 1aria sp. 52 4 0 8 0 9
Melosrra granulata 63 57 13 0 0 0
Melosira varians 4 0 26 4 4 8
Tabe11aria sp. 21 0 4 0 0 0



nr,"''''1r'''''''t dens i rred at Transect B in Februa

and Transects D and E in June when about 2000/1 iter were present. Populations

of Fragi1aria spp. were usually below 100/liter during other sample periods;

Consistent chan~es in population density of Melosira granu1ata

were not evident. Concentrations ranged between 0 and about 400/1 iter but

were usually lower than 200/1iter.

The highest measured density of.Me10sira varians about 7000/1iter,

occurred in March on TransectF, however, the population appeared to be expanding

in January when concentrations ranged from 100 to 900/1iter. Popu1atioM1evels

during other periods were usuCll1y less than 200/1iter ..

The dens ity for Tabe11aria spp •. peaked during February and .March

at all transects in the study area. The maxlmum numbers recorded We~e 9n1y

about 300/1 iter but populations were usually SO/liter or less.

3.3.3.2 Zooplankton

3.3.3.2.1 Qualitative Analysis

A total of 35 zooplankton species were collected in surf~c~ samples

and vertical plankton net tows on the Broad River Study Area between June 1971

and May 1973 (Table 3.3.4). An equal or greater number of taxa were collected in

surface samples compared with vertical plankton net tows between June 1.971 and

March 1972. The composition for major taxonomic groups was as follows: Protozoa,

4; Rotifera, 21; Copepoda, 2; and C1adocera, 8.

The following zoop1ankters are cOhsidered common in the Broad

River Study Area because th~y occ~rred in at least· five of ~even surface samples

between June 1971 and May 1973: Rotifera - Asp1anchna sp., Brachionus sp.,

Fil inia spp., Kerate11a spp., Po1yarthra sp., and Trichocera sp.; and Copepoda -

Cyclops spp. (Table 3.3.4). No single c1adoceran species occurred in all sample

periods and no cladoceran species were collected during January and February.

3.3-14
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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 5 VT 5 VT 5 VT 5 VT -5- 5 5

Rotifera
Asplanchna sp. P P P P P P P P P a P
Brachionus sp. P P P P P a p P P a P
Chonochiloides sp. a a p P P P P P P a a
Chonochilus sp. a a p P P P a a p a a
Fi 1inia sp. P P P P P P P P a a a
Filinia longiseta a a a a a a a a a a p
Gastropus sp. a a a a a a p p a p p
. Kel1 icottia sp. a a a a a a P p a a a
Kel1icottia bostoniensis a a a a a a a a a P a
Kel1icottia longispina a a a a a a a a a a p

\"oJ Keratel1a sp. P P P P P P P P P a a.
\"oJ Keratella cochlearis a a a a a a a a a p PI- Lecane sp. a a a a a a p p a a a\11

Lepadella sp. a a a a a a P a P a a
Monostyla sp. a a a a a a P p P P P
Notholca sp. a a a a a a P p. P P a
Philodina sp. a a a a a a a a a P a
Polyarthra sp. P P P P P P P P P a P
Rotari asp. a a a a a a a a a P a
Synchaeta sp. a a P P P a P p P a a
Tri.chocera sp. a a p p p P P P P P P

Total Rotifera 5 5 9 9 9 7 14 13 11 8 9

Copepoda
Cyclops sp. P P P P P P P P P a a
Diaptomus sp. P P P 0 0 0 0 0 0 a p

Total Copepoda 2 2 2 o



TABLE 3.3.4 (Continued)

1971 1972 1973
June Sept. Jan. March Nov. Feb. May

Taxa S VT S VT S VT 5 VT -5- S -S-

C1adocera
Acantho1eberis sp. 0 0 0 0 0 0 P a 0 0 0
Acantho1eberis curvirostris 0 0 0 0 0 0 0 0 P 0 0
Alonel1a sp. 0 0 0 0 0 0 0 0 P 0 0
Bosmina sp. 0 0 0 0 0 0 P 0 0 a P
Bosmina longirostris 0 0 0 0 0 0 0 0 0 0 P
Daphnia sp_ 0 0 P P 0 0 a 0 0 0 P
Pseudosida sp. P P P P 0 0 P 0 0 0 0
Scaphelebris sp. P 0 0 0 0 0 0 0 0 0 0

Vol Total C1adotera 2 1 2 2 0 0 3 0 2 0 3
Vol
I Protozoa-C1' Astrameba radiosa 0 0 0 0 0 0 0 .0 0 0 P

Centropuxis acu1eata 0 0 0 0 -0 0 0 0 0 P 0
Codonell~ crotera- 0 0 0 0 -0 0 0 0 0 P 0
Difflugia sp. a 0 P P P P P P 0 P 0

Total Protozoa 0 0 1 1 1 1 1 1 o· 3 1
Total Taxa 9 8 14 13 11 9 19 15 14 11 3

~. ~. -~.



A comparison of the total zooplankton taxa reveals minor differences

within particular sampling periods (Figure 3.3.1). Taxa numbers were lowest- in

June and ranged from S 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 ranged

from 11 to 18. Transect F was again lower than the others and only eight

species were found. November samples showed greatest variability~ The number

of taxa ranged from 6 to 14 on Transects B, C, and Dwhrle only one was present

on F, and none on A and E. The number of taxa in May was similar to June levels

and ranged from S to 9, except on Transect E where only two were collected.

The range of zooplankton species occurring at each transect

between June 1971 and May 1973 was as follows: AI, 6 to 8; A, ~ to 13;

B, 6 to 18; C, 7 to 16;0, S to 17; E; 0 to 11; and F, .0 to 8: (Figure 3.3.1).

The number of taxa on Transect C was usually greater than other transects,

regardless of period. Transects E and F usually had fewer taxa than other

transects during periods sampled.

3.3.3.2.2 Quantitative Analysis

The zooplankton population on the Broad River Study Area was

composed mainly of rotifers, copepods,and cladocerans. Densities from surface

samples were generally low regardless of transect or season (Table 3.3.5).

Rotifers were the most abundant group of zooplankters with no

single species predominating. The mean density was usually fewer than SO/liter

regardless of transect or season. Exceptions to this generally low density

level did not appear to follow a pattern, although all exceptions occurred

on Transects Band C. The rbtifer genera which were most numerous, the sample

period, and transects having a density greater than SO/liter were: September

3.3-17
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Figure 3.3.1 Total zooplankton taxa by Tran~ect (A-F) iri 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 0 E F

June 1971
Rotifers 20 20 10 10 10 NS*it
Copepo id naup1i i 2 3 1 3 1 NS
C1adocerans 2 1 1 0 1 NS

September 1971
Rotifers 10 30 190 10 10 10
Copepoid naup1ii 2 3 1 1 1 0
Cladocerans 2 2 1 1 1 0

UJ. January 1972UJI Rotifers 10 240 25 15 20 10-\D Copepoid naup1ii 0 1 2 1 2 1
Cladocerans 0 0 0 0 0 0

March 1972
Rotifers 15 65 35 20 15 15
Capepoid naup1ii 2,~,;~1; 1 2 3 1 2
Cladocerans 0 1 0 2 1 0

November 1972
Rotifers 0 34 73 4 0 1
Copepo id naup1i i 0 3 2- 1 0 0
C1adocerans 0 0 1 0 0 0

·February 1973
Rotifers 1 7 11 2 1 2
Copepoid nauplii 0 1 3 0 0 0
Cladocerans 0 2 0 0 0 0

* Transect AI for June and September, 1971
** Not Sampled
**-;'c Adults



V-I

V-I
I
tvo

Table 3.3.5 (Continued)

A B C 0 E F

May 1973
Rotifera 10 170 99 1 1 4
Capepo id naup1i i 0 0 4 0 0 0
Cladocerans 0 0 2 1 0 0

(" ~. .~..



at C (l90/1iter), Brachionus; January at B (240/1iter), Po1yarthra arid Kerate11a;

March at B (65/1iter), Brachionus; November at C (73/1 iter) , Asp1anchna,

Chonochilus, and Polyarthra; and May at Band C(170and 99/1iter, respectively),

Fi1 inia, Keratel1a, and Po1yarthra. Environmental conditions of Transects Band

C appear to periodically allow the pulses 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 regardless of season and did

not exceed a mean density of 4/1 iter (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 were evident.

The cladoceran populations were also very low regardless of season

or ~ransect and did not exceed a mean of 4/1iter (Table 3.3.4). No species

predominated although Pseudosida sp. occurred .most frequently. In January,

Cladocera were not collected at any station.

3.3·3.3 Net Plankton Biomass

3.3.4

3.3.4.1

Plankton standing crop ranged from 0.3 to 22.8 milligrams ash-free

dry weight per 100 liters for sampling periods in November 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 for November,

February, and May were 2.1, 10.2, and 5.5 mg/100 liters, respectively.

DISCUSSION

Phytoplankton

Diatoms predominated on the Broad River Study Area both quanti-

tatively and qualitatively. Certain diatom genera occurred with great regularity

regardless of season. The diatoms Asterionella, Fragilaria, Melosira, and

Tabellaria, found here, are among the most frequently encountered diatoms in
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--- Tab-l e--,3 .3.6 -- Ash~free dry__welghtb iomass In__miJJ igJ:ams__fpIJ QQ_LLt~L!:i__o.t_
plankton found in surface samples at ~tations on transects in
the Broad River Study Area in 1972-73.

1972 1973
Transect and Station November February May

A - (Shallow) 1.2 11.8 9.2

B - (Shallow) 1.5 11.6 4.3

c - (Shallow) 2.6 7. 1 O. 1 -

C - 3 (Deep) 0.3 8.2 3.4

D - 3 (Sha 1low) 2.0 6.9 O. 1 -

D -- (Deep) 4.8 5.5 3~9

E - (Shallow) 1.6- 14.5 o. 1
F - (Shallow) 2.9 16.2 22.8

(

(

Mean 2. 1 10.2 5.5

(



large rivers and are considered true p1ankters (Hynes 1972). Nutrient enrichment

is indicated by the dominant diatoms, Asterione11a 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

1ight, nutrients, and temperature (Hutchinson 1967). Asterionella formosa was

identified in February and May 1973 samples and was likely the predominant species

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

(Hynes 1972).

Fragi1aria 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 Pebru~ry and May 1973 samples on the study area and was likely

predominant in earlier 1971 a~d 1972 samples.

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

both spring and fall population P41ses limited by temperature. This species

showed some trend to spring and fall peaks but there were numerous exceptions.

Late winter and early spring population peaks of som~ species of Melosira in

lakes are associated with cold water and increasing 1ight (Meier 1927;

Schuurman 1932; Lund 1954, 1955). Seasonal changes in turbulence are also known

to 1imit population levels in some Melosira species (Lund 1954).

The two dominant Melosira species on the study area, ~ granu1ata

and M. varians, are typical of two different zones in the ecosystem.

~ granu1ata is a typical free-water zone (eup1anktonic) diatom (Hustedt 1945).

M. varians is a typical inhabitant of the silt substrate (epipe1ic) (Hynes 1972).

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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probably influenced by sluffing rate in relation to actual benthic population

levels.

Tabellaria fenestrata was identified in February and May 1973

samples and probably was the main species in 1971 and 1972 samples. This

species 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, Navicula, 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 populations are dependent on a number of environmental

factors including temperature, light, turbulence, inorganic and organic substances,

parasitism, predation, and competition. These factors regulate existance and

density of 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 concentrated the phytoplankton from four

liters of sample water to 200 ml by settling the organisms and removing the

upper volume of water. Few organisms would be lost using his method and many

species he reported obviously were not retained by the No. 20 bolting cloth

net used in the present study. Foley's preparation time, procedure, and

analytical 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 ~hus

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 1ight penetration in the Broad River system limit primary

productlon. Studies on high-nutrient reservoirs in eastern Nebr~ska (~ergenrader

et al. 1972) . reveal effects of persistent clay turbidities. Turbid reservoirs

had higher nutrient levels, lower primary production, and lower stan'ding crops

of phytoplankton, zooplankton, and benthos than clear reservoirs. Diatoms wer~

also found to be a major contrlbutor 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.O.D. (See Chapter 3.2) in

conjunction with somewhat reduced dissolved oxygen concentration during the

winter, implies that this sytem is organically rich. 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 Reservoir

and Broad River remain as they are presently, there probably will not be great

changes in primary production levels or species composition and density. If,
/'

however, conditions are created where currents and associated turbidity decline,

primary production will probably increase. A potential problem would then exist
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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 i~ the U.S. (WJlliams 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 limit abundance of crustecans, as they are unable to maintain

themselves 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. The more lentic areas of the reservoir contained

somewhat greater numbers 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 phytoplankton abundance may playa role

in the maintenance of increased zooplankton diversity in the system. Cladoceran

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 densities 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 Will iams indicated that small rotifer populations were probably

a result of their intolerance to turbulence and silt. Will iams also found that

stations with high phytoplankton populations generally have high rotifer popula-

tions, while low rotifer populations were found with low phytoplankton popu1a-

tion.These findings suggested a dependence 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 of prevailing

turbid conditions and 1imited 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 spp.

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

Kerate1la sp. (McQueen 1969), naup1ius larvae (Anderson 1970), and other rotifers

of appropriate size. Asp1anchn!sp. and Trichocer~ sp. are the other prominent

predators in the food web probably feeding on algae, Kerate11a spp., other

rotifers, and small crustacea (Hutchinson 1967). The genera Brachionus,

Fi1 inia, Kerate1la (Pennak 1953), and Po1yarthra (Hutchinson 1967) are typical

omnivorous rotifers feeding upon all organic particles of appropriate size.

3.3.4.3 Net Plankton Biomass

Standing crop biomass of plankton isan 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 dry weight which accounts only for organic

biomass present and therefore serves as an index to organic biosynthesis and

true population growth.
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3.3.5

3.3.5.1

Plankton standing crop ranged from 0.3 to 22.8 milligrams ash-
!

free dry weight per 100 1iters for sample periods in November 1972 and February

and May, 1973 (Table 3.3.6). The mean biomass values for November, February,

and May were 2.1, 10.2, and 5.5 mg/100 liters, respectively.

Biomass standing crop on the study area was low during the three

measurement periods in 1972 and 1973; a direct reflection of the restricted

productive 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

Mayor November, respectively.

Considerable variability was noted within each sa~ple date making

interpretation of results difficult. Some of the variability may be due to

the extremely small organic mass present as plankton in 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 origin, e.g.,

higher plant particles, insect fragments, etc. The reported values should

therefore be considered only as an indication of ash-free biomass of plankton

standing crop subject to the limitations noted above as well as the selective

concentration of organisms with the plankton net.

SUMMARY

Phytoplankton

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. The species composition in major taxonomic groups 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 only in low numbers.

Desmids, common in 50ft waters, were represented by several species whose

density was always low.

The phytoplankton data reported are representative of net phyto-

plankton and not total phytoplankton as reported by Foley (1972). The methods

used in this study are considered adequate to meet the objectives of defining

and ~~tecting changes in the predominant species; and providing an overview of

population structure.

Zoop:l ankton

A total of 35 zooplankton species were collected in the Broad

River Study Area between June 1971 and May 1973 in surface samples and vertical

plankton net tows. The species composition by major taxonomic groups was as

follows: Protozoa, 4; Rotifera, 21; Copepoda, 2; and Cladocera, 8 ..
Net zooplankton of the Broad River Study Area are dominated by

rotifers, a characteristic common to many U.S. river systems. Four of the five

most common and widely distributed rotifer genera were collected in the Broad

River. Crustaceans, normally dominant in reservoirs, were only of secondary

importance in the study area. Crustacean abundance is undoubtedly limited by

the high flow rates and low storage ratio of Parr Reservoir as well as the high

silt turbidity.

Distribution of zooplankton within the study area reflects the

influence of water velocity on population levels. The more lentic areas

had higher zooplankton densities. Also, the abundance of zooplankton appeared

to be directly related to the abundance of phytoplankton.

Densities of all net zooplankters was much lower than those reported

(
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for other U.S. river systems. These low population levels are probably due 

mainly to the high silt turbidity. Oth~r influencing factors are detrital and 

bacterial levels, and physical and chemical characteristics of the water. A 

hypothetical food web was constructed 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

3.4.1

VASCULAR HYDROPHYTES

INTRODUCTION

Vascular hydrophytes play an important role in the aquatiG eco-

system of the Broad River Study Area since they are utilized by birds, mammals,

fish, and numerous invertebrates (Fassett 1966). Therefore, proposed water level

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 action.

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 of Frees Creek and Cannons Creek,

and a16ng the Broad River above the dam to the Highway 34 bridge (see map in

back).

Specimens of emergent and submergent vegetation were collected,

pressed, and identified. Emergent hydrophytes were ~efined 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 plants are characterized by foliage

that is completely submerged (Sculthorpe 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 1atifolia) was the predominant emergent species
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Table 3.4.1 Vascular hydrophytes found during a shorel ine survey of the Broad (
River Study Area.

"·Fam i IY
Scientific Name

Common Name Growth Form Location

Typhaceae
Typha sp.

Catta i I Emergent Broad River

Najadaceae
Potamogeton foliosus

Leafy pondweed Submergent Broad River
Potamogeton sp.

Pondweed Submergent Hellers Creek

Ali smataceae
Sagittaria latifolia Broad River

Arrowhead Emergent Hellers Creek

Cyperaceae
Carex lupul ina Broad River

Hop sedge Emergent Cannons Creek
Cyperus sp. Broad River

Sedge Emergent Cannons Creek (Scirpus sp.
Bulrush Emergent Broad River

Araceae
Peltandra virglnlca

Arrow arum Emergent Cannons Creek

Ponteder i aceae
Pontederia cordata

Pickerelweed Emergent Cannons Creek

Juncaceae
Juncus' effusus· .Broad River

Soft rush Emergent Cannons Creek
Juncus pelocarpus Broad River

Bog rush Emergent Cannons Creek

Saururaceae
Saururus cernuus

Water-dragon Emergent Frees Creek

Sa 1icaceae Broad River
Salix nigra Cannons Creek

Marsh wi llow Emergent Frees Creek

(



Table 3. 11. I (Continued)

~':Family

Scientific Name
Common Name

Polygonaceae
·Polygonum sp.

Smartweed

Hyper i caceae
Hypericum sp.

St. John's Wort
Haloragaceae

Myr iophyl1 um sp.
Water mi Ifoi 1

Umbelliferae
Hydrocotyle umbellata

Water pennywort

Acanthaceae
Dianthera americana

Water wi 11 ow

Growth Form

Emergent

Emergent·

SUbmergent

Emergent

Emergent.

Location

Broad River

. He 11 ers Creek

Cannons Creek
Helters Creek

'CannonsCreek
Frees Creek

..Cannons Creek
. .Frees Creek

*Nomenclature follows Hotchkiss (1967) and Fassett (1966)



occurring in dense colonies along 1:h~ shoreline. Arrowhead Sagittaria latifolia)

also was dispersed throughout the area. Marsh willow (Salix nigra) was an impor-

tant woody hydrophyte growing in shallow water and on moist banks in parts of

the study area.

The three submergent species were observed near the dam. The rela-

tive abundance of vascular hydrophytes within the study area was generally

limited.

(

3.4.4 DISCUSSION

Most of the species 1isted are important sources of food for water-

fowl and some upland game and song birds. Nutlets (fruits) and tubers are the

most uti1 ized portions of the plants. Arrowhead is probably the most favored

plant species of waterfowl as a food plant. Marsh willow attracts waterfowl

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 spawning 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 next to shore or

the moist shoreline. While emergents can survive water depths greater than 1.5 m

(4.9 ft), plant populations are probably 1imited because of the turbidity of the

water. WhilG considerable volumes of soil have been deposited in these rivers

from erosion, soils of the Broad River Study Area are low in nutrients (see

Section 5.2), and thus, contribute little to the aquatic ecosystem1s 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
I

as well.as turbidity of the water.

Emergent hydrophytes are capable of surviving a 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 submergent vegetation. 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 become more abundant if. water turbidity decreases, allowing

greater light penetration.

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 hydrophytes were found growing in areas where water

flow was greately reduced.

The planned increased water levels on the study area will inundate

many existing emergent types, however, new colonization by emergents will likely

occur near the shorel ines.
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3.5

3.5. 1

BENTHOS

INTRODUCTION

Benthic macroinvertebrate populations were examined qualitatively

and quantitatively 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.

Benthic macroinvertebrates are important biological indicators

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 examination of trophic relationships and the understanding

of the aquatic system.

3.5.2 METHODS AND MATERIALS

Benthos samples were collected from Transects A throughD and F

with a 15 cm (6 in) 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 outlined by Welch

(1948). Several different dredges are available for benthos sampling but the

Ekman was selected because recent work by Hudson (1970) and Howmi ller (1971)

show it is the best sampler available for use in soft, silty substrates

characteristic 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 a~d September, 1971),

three (January 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 with 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 laboratory from gridded

petri dishes under a lOX dissecting microscope and enumerated using appropriate

magnification. Identification was according to: Berner 1959, Brinkhurst 1971,

Burks 1953, Herrington 1962, Johannsen 1970, Mason 1968, Needham and Westfall

1955, Pennak 1953, Ross 1944, Roback 1957, Usinger 1971, and Ward and Whipple

1959. The mean number of organisms in samples from a station was computed and

quant i tati.ve data were reported in numbers per square mete.r.

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

(

popu1ationestimation, increase the probabil ity 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 witha 15 cm square Ekman was increased 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 dri~d to a constant weight at 60°C (usually 24 hours), then weighed to

the nearest 0.1 mg on an analytical balance, and ashed at 600°C in a muffle

furnace. Ash-free dry weight was used as the estimate of biomass and was

expressed in mean grams per square meter. Direct biomass determinations

were not conducted on chironomids because identification required placing whole

specimens on permanent sl ides. Biomass for chironomids was indirectly estimated (
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with a mathematical model constructed using chironomid data from extra ,Ekman

grab samples. A linear length, ash~free dry weight relationship was computed

resulting in the following model:

Log as~-free = -9.45110+1.29935 log length (mm)Dry we I ght (g)

The correlation coefficient (r) of the model was 0.876 which was significant

at the 0.001 level. The procedure for use of the model involved counting all

chironomids for each 0.25 rom size class and multiplying by the ash-free dry

weight for that particular gr,oup as determined indirectly from the regression

formula. Biomass weights were determined for the total Chironomidae and

expressed as mean grams per square meter.

)'

3.5.3

3.5.3.1

3.5.3.1.1

FINDINGS

Insects

Qualitative Analysis

A total of 54 insect species were identified at least to genus,

) ,

with an additional 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; Diptera, 31; Ephemeroptera, 7; Hemiptera, 4;

Neuroptera, 1; Odonata, 10; Plecoptera, 1; and Trichoptera, 7.

The range in numbers of total insect taxa during each sampling

period was as follows: June, 7-21; September, 5-16; January, 0-10; March, 8-17;

November, 6-17; and May, 1-14 (Tables 3.5.2 to 3.5.7). The ranges of total

taxa in all months sampled were comparable except in January when a decl ine was

evident.

The seasonal range of total insect species from individual

transects was as follows: AI, 7-11; A, 1-15; B, 10-17; C, 10-16; 0, 8-17;
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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.

Taxa 1971 1972 1973
June Sept. Jan. March Nov. May

Insecta
Coleoptera
Chrysomelidae
Donacia sp. a a a a P a

Dyt isc idae
Un i dent i f i ed~" a P a a a a

Elmidae
Stenelmis sp. P P a a a a

Gyrinidae
Dineutus sp. a a a a a P

Hyd roph i 1idae
\.N Berosus sp. P a a a a a
\J1
I Coleoptera Total 2 2 a a ~ ~ ~

1 1-l:"'

Di ,:tera
Ceratopogonidae
Palpomyia sp. P P P P P a
Unidentified a a a a P p

Chironomidae
Ablabesmia sp. P P P P P P
Brillia sp. a P a a a a
Chironomus sp. P P P P P P
Coelotanypus sp. P P P P P P
Cricotopus sp. a P a P P a
Cryptochironomus sp. P P P P P P
Dicrotendipes sp. a a a a p a
Diplocladius sp. a a a a P' a
Glyptotendipes sp. P P a p a p
Harnishia sp. P a a a P P
Heterotrissocladius sp. a a a P a a

~. ~. '~"
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Table 3.5.1 (Continued)

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

Hydrobaenus sp. I a a a a P a
Hydrobaenus sp. II a a a a P a
Metriocnemus sp. a a a a a P
Micropsectra sp. a a a a P a
arthocladius sp. a a a P a a
Paracladopelma sp. P a a P 0 P
Paralauterborniel1a sp. a a a a P a
Paratendi pes sp. a 0 a P a a
Pentaneura sp. P a a a a a
Polypedilum sp. P P P P P a
Procladius sp. P P P P P P
Psectrocladius sp. P a a P 0 P

\AI Pseudochironomus sp. P a a a a P. Smittia sp. P a a P 0 a\J1
I Tanypus sp. a P P P a a\J1

Tanytarsus sp. P P P P P P
Unidentified~~ P P P P P P

Culicidae
Chaoborus punctipennis P P P P P P

Di,etera Total 17 14 11 19 19 15

Ephemeroptera
Baetidae
Ephemerella sp. a a P a 0 0
Unidentified* a a a a a P

Caenidae
Tricorythodes sp. P P a a 0 a
Tricorythodes albilineatus a a a a 0 P

Ephemeridae
Hexagenia limbata P P .p P P P

Heptagen i idae
Stenonema sp. P P a p a P
·Stenonema sp. (pulchel1um gr.) 0 0 a 0 a P

Ephemeroptera Total 3 3 2 2 1 5



Table 3.5.1 (Continued)

1971 1972 1973
June Sept. Jan. Harch Nov. May

Hemiptera
Corixidae
Neocorixa sp. a a a a p 0
Un i dent i f ied,', P a a a p 0

Notonectidae
Notonecta sp. P a a a a 0

Vel i idae
Un ident i f ied," P a a p 0 0

Hemiptera Total 3 a a I 2 0.....,~-----

Neuroptera
w Siali dae.

~aJJ~ sp. P\J"1 P P P P P
I
0'\

Neuroptera Total 1 I 1 1 1 --··----1---.

adonata
Ca10pterygidae
Calopteryx sp. a p a a a 0
Hetaerina sp. a a p a a 0

Coenagrioni~ae

Hyponeura.sp. P P 0 0 a a
Gomphidae
Dromogomphus sp. a a 0 p a 0
Gomphus sp. P P P 0 P 0
Un ident i f ied," 0 a 0 p p a

Libe11u1 idae
Perithemis sp. a a a a p 0
Somatoch1ora sp. a a a a p 0

Macromi idae
Macromia sp. a a 0 a p a
Un ident i f ied'" a a a a a· p

adonata Total 2 3 2 2 5

~ ~\.
,~\



Table 3.5.1 (Continued)

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

Plecoptera
Perlodidae
Isoperla sp. a a P a a a

Plec~tera Total a a 1 0 0 0

Trichoptera
Hydropsychidae
Hydropsyche sp. P P P 0 P 0

Hydroptilidae
Un ident i f ied~'; 0 0 0 a P a

Psychom i idae
\N Phylocentropus sp. a o. 0 0 P P.
\J1 Un ident i f ied~'; P a a 0 0 PI
-.....J Rhyacophilidae

Rhyacophila sp. a a a a P a
Un ident if ied''; a a a a P 0

Un ident if ied''; a a a 0 a P

Trichoptera Total 2 1 1 0 5 3
Insecta Total 30 24 18 25 34 26

Crustacea
Amphipoda
Ti 1itridae
Hyallela ~zteca a a a a P a

Decapoda
Pal aemon idae
Palaemonetes sp. a 0 a a p a

Isopoda
Asellus sp. P 0 a P 0 a

Crustacea Total 1 0 0 1 2 0



Table 3.5.1 (Continued)

1971 1972 1973
June Sept. Jan. Ma'rch Nov. May

-~._~--

Archnoidea
Hyd raca r ina

Un ident i f i ed;'~ P P P P P 0

Archnoidea Total 1 1 1 1 1 0
Hirudinea

Un iden t i f ied;~ P 0 0 0 p 0

Hirudinea Total 1 a a a I 0
ali gochaeta

Naididae
Stylaria fossularis 0 0 0 0 a p

w. Un ident i fi ed;'~ a a a a 0 p
\J1 TubificidaeIco Branchiura sowerbyii P P P P P P

Un iden t i f i ed;'~ 0 0 0 0 0 p
Un ident if i ed;~ P P P P P p

01igochaeta Total 2 2 2 2 2 5
Nematoda

Un ident i f i ed;'~ P P 0 0 p p

Nematoda Total 1 1 0 a
Mollusca
.Gastropoda

Physidae
Physa sp. P P P P P 0

Planorbidae
Gyraulis sp. a a 0 0 P 0
Un ident i f ied,': P P 0 0 0 0

Lymnaeidae
Lymnaea sp. 0 0 0 0 P oj

Gastropoda Total 2 2 1 1 3 0

~\ ~
~,
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Table 3.5.1 (Continued)

June
1971 1972 1973

Sept. Jan. March Nov. May

Pelecypoda
Corbiculidae
Corbicula mani1ensis

Sphaer i idae
Pisidium sp.
Sphaerium transversum
Sphaerium sp.
Un ident i fi ed'':

Unionidae
Un ident i f ied",

p

o
o
P
o
p

p

o
o
P
o
o

p

o
o
p
o
o

p

o
o
p
o

o

p

o
o
p
o
p

p

p
P
o
P

p

W

\J1
I

\.0

Pelecypoda Total
Mollusca Total
Taxa Total

3
5

41

2 223q------3--· --. 3 -6
32 24 32 47

5
5
37

>"Species unknown, may be more than one species but considered here as one.



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
(0) (0) (0) (0) (52)

Diptera 6 13 8 12 12
(657) (2611) (3427) (267) (399)

Ephemeroptera 1 1 1 2 3
(11) (14) (308) . (208) (1148)

w. Hemiptera 0 1 1 0 0V1
I (0) (15) . (7) (0) (0)
~

0

Neuroptera 0 1 1 0 0
(0) (50) (7) (0) (7)

Odonata 0 0 1 1 1
(0) (0) . . (7) (14) (7)

Trichoptera 0 1 I 0 2
(0) (22) (7) (0) (43)

Total Taxa2Mean No./m

.~

7
(6·68)

17
(2712)

~,

13
(3763)

15
(489) .

21
(1656)

/~



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 B C D E

Insecta

Coleoptera 0 0 0 1 1
(0) (0) (0) (5) (3)

Diptera 9 11 13 7 1
(785) (492) (1811) (202) (14)

Ephemeroptera 2 1 1 1 2
(97) (25) (232) (2008) (19)

w Neuroptera 0 1 1 0 0.
U1 (0) (12) (30) (0) (0)I

Odonata 0 0 1 1 1
(0) (0) (5) (15) (6)

Trichoptera 0 0 0 0 1
(0) (0) (0) (0) (3)

Total Taxa 2
Mean No. 1m

11
(882)

13
(529)

16
(2078)

10
(2230)

5
(45)



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 , 1
. (37) (829) (1174) (54) (0) (7)

Ephemeroptera . 1 1 1 1 0 1
(193) (5) (148) (444) (0) (22)

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

w. Odonata 1 0 0 1 0 1\J1 (15) (0) (0) (5) (0) (4)I
~

N

Plecoptera 0 0 0 0 0 1
(0) (0) (0) (0) (0) (4)

Tr i choptera ·0 0 0 0 0 1
(0) (0) (0) (0) (0) (7)

Total Taxa 2
Mean No. 1m

~

5
(245)

10
(844)

.~

10
(1322)

8
(503) .

o
(0)

5
(44)

1',.---......,".



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 B C 0 E

Insecta
Diptera 7 9 10 14 . 7

(274) (922) (824) (355) (209)

Ephemeroptera 1 0 1 . 1 1
(49) (0) (64) (148) (118)

Hemiptera 0 1 1 1 0
(0) (5) (5) (5) (0)

Neuroptera 0 I 0 0 0
w (0) (10) (0) (0) (0).
I.n
I Odonata 0 o· 0 1 2-w (0) (0) (0) (20) (11)

Tota1 Taxa2 .
Mean No./m

8
(}23)

11
(938) .

12
(893)

17
(528)

10
(338)



Table 3.5.6 Total insect species by order and mean number per square meter (in parentheses) on transects in
the Broad River Study Area in November 1972.

A B C D E F

Insecta
Coleoptera 1 0 0 0 0 0

(30) (0) (0) (0) (0) (0)

Diptera 9 12 11 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 1 1 0 0
\.o.J (0) (0) (8) (156) (0) (0).
U'1
I 1 1 0- Neuroptera 0 1 0
-I:"" (0) (52) (45) (30) (0) (0)

Odonata 4 0 0 1 0 0
(52) (0) (0) (8) (0) (0)

Trichoptera 0 4 0 1 2 0
(0) (37) (0) (45) (3]) (0)

Total Taxa2Mean No./m .

r-"\.

15
(3845)

17
(3018)

14
(3087)

.~.

14
(2076)

·8
(2407)

6
. (1630)

!~.



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

Coleoptera 0 0 0 . 1 0 0
(0) (0) (0) ... (11) (0) (0)

Diptera 1 9. 10 4 0 0
(43) (592) (401) (56) (0) (0)

Ephemeroptera 0 1 2 1 3 0
(0) (7) ·(48) (376) (29) (0 )

w Neuroptera 0 1 1 0 1 0.
IJ'1 (0) (4) (11 ) (0) (4) (O)I
~

IJ'1
Odonata 0 0 0 1 .0 0

(0) (0) (0) (6) (0) (0)

Trichoptera 0 3 1 1 0 0
(0) (32) (ll ) (6) (a) (0)

Total Taxa 2
Mean No. 1m

1
(43)

. 14
(635)

14
(471)

8
(455)

4
(33)

o
(0)



ations in number of taxa occurred at Transect E, below Parr Dam, while seasonal

fluctuations at the other transects were less intense. The number of taxa

from Transect AI, A, ~nd 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.

E, 0-21; and F, 0-16 (Tables 3.5.2 to 3.5. The greatest seasonal fluctu- (

The insect species found during all sample periods that are·

considered ubiquitous to the Broad River Study A~ea include: Diptera,

(Chironomidae) Ablabesmia sp.~ Chironomus s~.,CoelotahYpus sp., Crypto-

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

pennis; Ephemeroptera, (Ephemeridae) Hexagenia I imbata; and Neuroptera,

(Sialidae) Sialis sp. (Table 3.5.1). Midges were the predominate insect f~uha.

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 mayfl ies (Hexagenia 1imbata).

The density of insects varied by sample period (Tables 3.5.2 to

3.5.7). The density in mean ~umbef per square. meter ranged as foll.ows by

transect: AI, 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 Band 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, 489-3763; September, 45-2230; January, 0-1322; March,

3.5-16
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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 1imbata (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 400/m2 at the more lentic-l ike Transects Band C and usually

lower than 400/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 AI,

A, B, and C except at Transect A during January when they represented only

15 percent. At Transects D,E, and F they accounted for 67 percent or less of

the comm~nity except at Transects E and F in November when they iotaled 98

to 100 percent. Mayfly density.was greatest during September. The most

abundant populations occurred a~ Transect D where they rangedfro~ 28 to 90

percent of the community.

A major emergence of Hexagenia limbata was underway in the

vicinity of Transect D on 20 June 1971. Midge emergence patterns were not

discernable, however, minor emergences were observed during spring, summer,

and fall sampling periods.

Other Benthic Macroinvertebrates3.5.3.2

3.5.3.2.1 Qualitative Analysis

In addition to the insects previously discussed, oligochaetes

and molluscs also were important benthic fauna of the Broad River Study Area

(Table 3.5.1). The species composition of the 01 igochaetes was not examined

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

the 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 collected during each

sample period ex~ept in May 1973, but their densities were low.

(

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 400/m2 only once in

November 1972, while the density at Transect E was even lower and did not
~; I •

exceed 200/m2 . The mean 01 igochaete dens i ty at Transects B, C, and D was'"
','

usually greater than 400/m2 and was frequently near or in excess of 1000/m2.

Greatest 01 igochaete densities were found during January, March, and November

although June populations from Transect D did exceed lOOO/m2. Branchiura

sowerbyi comprised a significant proportion of the total oligochaete numbers

at Transects B, C, and D regardless of season.

The density of pelecypod molluscs, represented by the exotic Asian

clam, Corbicula mani lens is, and fingernai 1 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 expansion, the density increased steadily

from about lOO/m2 in June 1971 to over 1900/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 standing crop was determined from shallow and deep stations

of representative Transects Band 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

3.5-18
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Figure 3.5.1 Mean Number of oligochaetes (Branchiura sowerbfi
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 Broad River Study Area
between June 1971 and May 1973.

A-'- B C D E F..
2 1 2 3 1 2 3 1 2 3 1 2 -1-

June 1971

Sphaer i idae
Sphaerium sp. 0 0 280 22 0 22 0 86 165 1254 1807 0 157 NS~h'r

Corb icu'l idae
Corbicula manilensis 0 0 0 0 0 0 0 0 117 15 264 235 15 NS

\J.l September 1971.
\J1
J SphaeriidaeN
0 Sph_aerium sp. 0 0 30 0 0 0 0 0 49 1260 635 NS 158

Corbicu1idae
Corbicu1a mani1ensis 0 0 0 0 0 0 '0 0 528 220 328 NS 40 NS

January 1972

Sphaer i idae
Sphaerium sp. a 15 a a 15 44 15 15 36 118 266 142 NS a

Corbicu1idae
Corbicu1a mani1ensis a 59 0 0 0 15 0 0 1266 0 74 0 NS 0

~" .~ '~"



Table 3.5.8 (Continued)

A B C D E F
2" 1 2 3 1 2 3 1 ·2 3 1 2 -I

Maich 1972

Sphaerlidae
Sphaerium sp. 15 0 15 0 0 59 29 15 0 1628 29 4 NS,;'\;'; NS

Corbiculidae
Corbicula manilensis 15 103 0 0 0 0 0 0 2057 1229 148 25 NS NS

Novemb.er 1972

Vol Sphaer i idae. Sphaerium sp. 15 0 74 NS 15 59 NS 15 0 NS 0 0 NS 0\J1
I
N

Corbiculidae
Corbicula manilensis 15 873 29 NS 0 474 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 47 NS 0

*Transect AI for June and September, 1971
;h"Not samp1ed



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 o. 37
Others - 0.671 0.012 0.058 0.955 o. 04

Ephemeroptera
Epheme r idae - 0.595 0.731

w Others.
\J1 Hemiptera
I
I'J Neuroptera 0.217 - 0.002 - 0.415
I'J Odonata - - - - 0.212

Trichoptera 0.008 0.645 0.060 - 0.006
Crustacea - - - 0.003 0.341
Arachnoidea - 0.419
Hi rudi nea·· - - - 0.031 0.016
01igochaeta
Tubificidae 0.583 - 0.223 0.207 - o 753
Others 0.358 0.797 o. 193 0.451 2.494 o 023

Nematoda - - 0.007 - 0.350 o 104
Mollusca
Corbiculidae 0.369 - 0.295
Sphaeriidae 0.015 0.610 - 0.001 0.303
Others

TOTAL

~

1.809 4.983

~.'

1.594 0.985 6.610 1; 221

,./,---...,
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Table 3.5.10 Ash-free dry weight biomass in grams per square meter of benthic organisms in quantitative samples
at two stations on Transect D in the Broad River Study Area between November 1972 and May 1973.

D-3 (Shallow) 0-1 (Deep)
1972 1973 1972 1973

November February May November February May

Insecta
Coleoptera - - 0.010
Diptera
Chironomidae O. 151 0.518 . 0.040 0.212 0.670 0.212
Others T~~ 0.291 - - 0.38)

Ephemeroptera
Ephemeridae 2.880. 1.759 3.919 0.716 0.863 0.058
Others - 0.162

Hemiptera 0.034 - ~

w Neuroptera 0.305 0.123. Odonata 0.030 2.489 0.019
\J1 Tr ichoptera 0.130 0.604 0.043I
N
W Crustacea 0.063

Arachnoidea T 0.750 - -
Hirudinea ", .. 0.031- - -
01igochaeta
Tubificidae 0.416 - 0.136 0.500 - 1.498
Others 0.053 0.690~b~ 0.136 0.435 ·1 •523~~1, 0.180

Nematoda T
Mo 11 usca
Corbiculidae 32.366 26.307 17.455 162.31 i 111. 488 43.506
Sphaer i idae - - 0.082
Others 0.012 - 0·564 .

Total 36.440 33.693 . 22.404 164.115 114.927 45.454

*T indicates trace «O.OOlg)
**Composite of all oligochaete species on this date only



ranged fforii1.Zt6 6.6 91m2 at 1entit;;;;like Transect-B--and-f-rom 22.4 to-164.l-

g/m2 at lotic-1 ike Transect D. Biomass from shallow (B-1) and deep (B-3) sta-

tions at Transect B we~e similar during individual sample dates. At Transect

D, however, biomass ranged from about two to five times more at the deep sta-

tion (D-1) tha.n at the shallow station (D-3).

Standing crop was greatest at Transect B in February when 4.9

and 6.6 g/m2 occurred at·the shallow and deep stations, respectively (Table

3.5.9); Ash-free dry weights from Transect B during November and May were

simi 1ar and' ranged from 0.9 to 1.8 g/m2 • Biomass from Transect D decl ined

steadily betwee~ November and May (Table 3.5.10). Respective values for

November, February, and May were as follows: Shallow - 35.4,33.7, and
2' 222.4 glm ; and Deep - 164.1, 114.9, and 45.5 glm .

• Insects, mainly chironomids, and oligochaetes accounted for

about 80 to 95 percent of the ash-free dry weight from Transect B shallow and

deep stations. The mayfly, Hexagenia limbata, contributed 12 percent to the

bi omass in February and 46 percent in May at. the sha 110w B stat ion but was

unimportant during other periods at either B or D Transects. Other organisms

made only small contributions to standing crop and are nc·t discussed.

Molluscs, predominately Corbicula manilensis, comprised from 78

to 99 percent of the biomass at Transect D regardless of depth or date.

Hexagenia 1imbata contributed from 5 to 18 percent to the total biomass measured

at the shallow D station between November and May. Other organisms assumed

lesser importance and contributed little to standing crop at Transect D.

3.5-24
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3.5.4 DISCUSSION

Cryptochironomus sp., Chaoborus punctipennis, and Sialis sp. are

provisionally classified as facultative organisms with wide ranges of tolerance

to environmental conditions whileChironomus sp., Coelotanypus sp., and

Procladius sp. are pollution tolerant (Mason, et al. 1971). AblBbesmia sp.

and Hexagenia limbata are provisionally classified as pollution sensitive by

the same authors. Tanytarsus sp. is also pollution sensitive according to

Brinkhurst, et al. (1968). The insects found in the study area were pre-.

dominantly facultative or pollution tolerant, although~. limbata was found

in large numbers. The abundance of H. limbata at Transects C and D and certain

times at A may be due to existing environmental conditions including substrate

type since they are known to pr~fer soft, silty substrates (Swanson 1967).

Both Corbicula manilensi~ and Sphaerium sp. are facultative organis~s tolerant

of wide ranges in environmental conditions. On the basis of indicator species

and diversity, it appears that the study area is receiving waters moderately

organically enriched.

Turbidity, currents, substrate types, and deposition of silt are

a few environmental factors probably limiting insect diversity and density.

These properties vary with location and tend to explain the differences in

species composition and density among transects.

Seasonal differences in number of taxa (species composition) was

expected. Insect species have specific emergence patterns with individual

species emerging during a particular time of the year. If sampling occurred

shortly after emergence of a particular species (or several species), they

would be absent from the collection. Life cycles, therefore, help explain

seasonal changes in species composition.

Density also changed with season. The lower January, March, and

3.5-25



May dehsities may be in part a reflection of lowered si-eve-eff-ie-iency since- -

many small insects pass through a 0.59 mm screen opening. Many species over-

winter as eggs and hatch during the spring. These species would, therefore,

be absent from January samples and perhaps would not be retained by the sieve

until they gained sufficient size later in the year.

Standing crop biomass varied considerably between the two transects

examined. Factors previously mentioned as probably limiting sp~cies diversity

and density a.1so influence biomass. The standing crop was always much lower

at lentic Transect B than at lotic Transect D regardless of depth. Habitat

requirements probably explain the difference since insects (mainly chironomid

larvae and mayfly nymphs,Hexagenia 1imbata) and oligochaetes were dominant at

Transect B and molluscs (pri~ari1y Corbicula mani1ensis) and mayfly nymphs

.(~. limbata) were dominant at Transect D. Considerable variabil ity in standing

crop for benthos probably exists on the study area depending on local environ-

mentalchara~teristics.

(

(

3.5.5

3.5.5~ 1

SUMMARY

Insects

A total of 54 insect species were identified at least to genus,

with an additional 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.

Total taxa from all transects in June, September, March, November,

and May ranged between and 21 while the range in January was between 0 and 10.

The January low may be attributed to certain species over-wintering as eggs or

small, recently-hatched larvae capable of passing through the sieve scree~ and

winter mortal ity.
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seasons.

Diptera and Ephemeroptera species predominated samples during all

The numerically dominant insect species were chironomid larvae,

phantom midges (Chaoborus punctipennis), and burrowing mayflies (Hexagenia

1imbata) .

The density of insects from individual transects varied by sample

period and ranged from a minimum of 0/m2 to a maximum mean of 3763/m2• The

greatest overall density of insects occurred in June (489-3763/m2) and November

(l630-3845/m2).

3.5.5.2 Other Benthic Macroinvertebrates

Oligo~haetes and molluscs (pelcypods) were also' important

\

).

components of the benthic fauna of the Broad River Study Area ~etween June 1971

and May 1973. Although the species composition of 01 igochaetes was not examined

in detail, Branchiura sowerbyi, was notably dominant while the remaining species

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

molluscs were Corbicula mani lens is and Sphaerium sp.

The density of oligochaetes vari ed by sample period and transect.

The mean density at Transects A and E was usua 11 y less than 400/m2 while the

mean density of Transects B, C, and D usually 2was greater than 400/m and

frequently near or in excess of 1000/m2. Branchiura sowerbyi comprised a

significant proportion of the total oligochaete populations from Transects B,

C, and D, regardless of season.

The density of the Asian clam, Corbicula manilensis and finger-

nail clams, Sphaerium sp., was usually low except at Transect D where the mean
2

density ranged from about 500 to 2000/m. The Asian clam population at Transect

D increased at each sample period from June 1971 to November 1972 but a

sharp decline approximating the June 1971 levels was noted in May 1973.
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Benthos standing crop was determined for shallow and deep stations

from Transects Band D in November 1972 and February and May, 1973. Total

ash-free dry weight for the periods ranged from 1.2 to 6.6 g/m2 on lentic-l ike

. Transect B and from 22.4 to 164.1 g/m2 on 10tic-l ike Transect D. Biomass was

similar at shallow and deep Transect B stations but at Transect D the biomass

was about five times greater at the deep station than at the shallow station.

Insects, mainly chironomids, and 01 igochaetes accounted for

about 80 to 95 percent of the Transect B biomass. The mayfly, Hexagenia

limbata, contributed 12 and 46 percent, respectively, to March and May biomass

at the shallow Transect B station but was not a biomass component in the deep

Transect B station.

The mollusc, Corbicula mani1ensis, comprised from 78 to 99 percent

of the biomass on Transect D. Hexagenia 1imbata contributed 5 and 18 percent

to the ash-free dry weight biomass in November and May, respectively.

3.5. . Biomass
(

(

(
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3.5.6

3.5.6. 1

LITTORAL ZONE BENTHOS (QUALITATIVE)

Introduction

The purpose of qualitative benthic studies is primarily to

),

catalogue the presence of species in Parr Reservoir and its tributaries. Often

an indication of relative abundance of species can also be obtalned from the

collection. These qualitative studies are needed to confirm the presence of

existing species which can be used to determine possible effects of the facility.

The littoral organisms in Parr Reservoir are important in food

web relationships serving as potential prey for fish and other organisms.

Since the water level fluctuations affect the littoral zone, the littora1

zone organisms will be the most immediately and fundamentally impacted organisms

in the reservoir.

The scope of this study is limited to the collection and taxonomic

deter~ination of the invertebrates, small fish, and incidental 'amphibians and

reptiles living along selected parts of the shore of Parr Reservoir and its

tributaries.

3.5.6.2 Methods and Materials

All specimens were collected by using aquatic D-frame nets and an

\
)

apron net. Sediments were scooped up, washed, and the organisms picked out and

immediately preserved in 85 percent ethanol. The specimens were taken to the

lab for sorting and taxonomic identification, then were labeled, placed in vials,

and stored in cabinets at the Cincinnati office of Dames & Moore; Taxonomy

references include Arnett 1968; Borror and Delong 1971; Burks 1953; Kittrell 1969;

Mackenthun and Ingram 1967; Needham and Needham 1962; Needham and Westfall 1955;

Pennak 1953; Reid 1967; Ross 1944; Ward and Whipple 1959.

The littoral zone was sampled in the same areas as the benthic

transects (Section 3.5) except as noted. At'Transect A, both sides of the river
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wer'e samp 1ed,

At Transect B, Free~ Creek. the ~outhern shore! ina was sampled.

The littoral zon~ was fairly steep, In50m~ places the vertical drop was almost

2 m (6.6 ftl, indicat.ing that c falriy Sl·<iift current is present along the shore.

Ths littoral sampling in Cannons Creek, Transect C, was ~onducted

along the shore ebout 300 m (98Sft)oast of the benthic transect. This area

Included 80 m (263 ft) of shoreline on botll sides of County Highway 28 bridge.

By contrast with the littoral zone of Frees Creek, the gradient from the shore

outward was very gentle. The greatest v~rtical drop at the shoreline was approxi-

mately 25 cm (10 in).: There was a gre~t~eal of ~ooted aquatic veg~tation in

spots, as contrasted to none in Frees Creek. There was a small area, 15 bi
10 m (4.9 by 3.3 ft), of very coarse sand.

Littoral sampling near Transect 0 took place on the east side

of the large unnamed island immediately north of the transect proper. The

substrate consisted of soft mud.

Littoral sampling near Transect E was confined to the east shore

of the Broad River. It was necessary to begin sampling approximately 200 m

(650 ft) downstream of the hydro plant tailrace because of the swiftness of the

current. Sampl ing was,. along the shore for about 'laO m (328 ft) and ext~nd ing

offshore for about 6 m (20 ft). The physical parameters b~low Parr Dam are

completely different from those above the dam. The swift flowing shallow water

and the rocky substrate all combine to create conditions suitable for a completely

different fauna than that of the impounded Parr Reservoir.

The littoral sampling near Transect F was in close proximity to

the transect area proper. The west bank and the riffle~ in the middle of the

Broad River were sampled as well as riffle areas at the confluence of the Enoree

and Broad Rivers.

3.5-30
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The sampling area G~ labeled Transect G, is on upper Frees Creek.

It is approximately 30 m (98 ft) north of the State Highway 99 bridge over the

creek. The creek at this point is about 3 to 4 m wide (9.6 to 12.8 ft), not

usually ovet- 50 em (20 in) deep, and very clear. It is also a few degrees

(3°-5°C) celder than the impounded portion of the creek.

The coefficient of similarity was calculated by the alogorithm,

S=2j/(a+b), where Ila" is the number of species occurring in Area A, "b ll is the

number of species occurring in Area B, and I~II is the number of joint species

in Areas A and B (Sorenson 1948,.cited in Southwood 1966).

The coefficjent of similarity is a numeric representatlon designed

to evaluate similarities between the species composition of two ~cological

. communities. Its values range· from zero to on·e; zero indicating no common species

and one representing two commun.ities with ali species identical. Thus, the

coefficient of similarity accounts for differences in the number of species

. and species composition between communities.

FINDINGS

)-

The cumulative number of species collected from the study area

has lncreased greatly with each sampling period. Approximately 30 sp~cies were

collected from four of the seven transects during the June 1971 survey. Nearly

70 different species were added from all seven transects during the September

1971 survey. Approximately 40 species previously unrecorded in the area were

added during each of the January and March 1972 surveys.

The qual itative results from the 1971-1972 quarterly sampling are

presented in Table 3~5.1l. The four sampl ing periods yielded 2,190 individuals

representing 186 different species. The insects dominated the species 1ist, as

expected, with lesser quantities of crustaceans, mollusks; annel ids, and verte-

brates.



Table 3.5.il Results from qualitative samplIng of littoral and terrestrial invertebrates in the Broad
River Study Area, June 1971,' September 1971, Januar-y J.972, and Na.rch 1972.

Phylum Arthropoda _ ..__.__
Class Order Family Transect
Subclass Subo~de~__.._.__._..;.._§u~i~~.1:Y__.._.__~§;Eus al1.~~cie~. ~~!E.9! ..,."._.I:~~__ D''c' ~_.-E_5.

000
'} X 0

o X ()
000
o X 0
X 0 0
I) 0 0
o 0 0
X 0 0
000
000
o X 0
o X 0
o X 0
o X 0
o X 0
o X 0

v.l

\J1
I

W
N

Hexapoda
Pterygota

EpheJ.lieroptera

Trichoptera

Heptageniidae

Baetidae
Baet:i.nae

Sj.phlol1uridae
Isonychiiuae
Siphlollurinae

Tricor:ythidae
Neoepherneridae
LeptophlebHdae

Ephemeridae.
Ephernerel1idae

Hydropsychidae

HeEta~ni~ rnarB.~.~~JJ..~
Stenonema ares
St~nonema sp. 1
Stenon~::l: sp. 2
Stenonema sp. 3
Stenonem~, s1?~ 4
Stenonema. sp. 5
Steno~~' sp. 6
GentlE: sp.

Neocleon [l1amance
Pseudocleo:i. sr -;-.-

Isonychia.sp.
.funeletus 8p.
Tricorythodes sp.
Neoephel.i!.~.pur£.t.!E.~a

.Lepto.ehlebia sp.
Genus sp.
.B:e..xagenia .,!J.mbata
Ephemer~~!!! i,!,..:.~soni

~hemerell~ sp.
~hemerella rotunda
EEhemerella telllEoralis
HydroEsyche sp.
Cheurnatopsyc~e sp.
Macronernurn .carolina
M~cron~uIll sp.

Banks
Burks
'Ira.Yer

TnJ'ieT

Eaton
.ga.ton
McDunnough
'(Traver)
. \A]e.st,,,,"ont1

Serville
McDunnough
lvalsh
Morgan
McDunnongh
Pictet
Wallenger
Banks
Burmeister

000
X 0 0
000
001)
000
00 0
(I O. 0
000
000

o 0 Q
000

000
X I) ()

o 0 (}
000
000
o X 0
X X X
000
000
000
00 0
000
000
000
o X 0

o
o
o
o
o
o
o
o
o

x
~.

X
V
£i.

x
X
X
x
o

o
o
o
o
o
o
o
o
X

o
X
x
o
o
o
o
o
[l

x
o
x
o
o
o
x
(I

o
X
X
i)
I.J

o
X
X
o
o

-----_._-- -------
* - Mid River Island Station, Not Sampled in March 1972; ** - Tentative Identification; x - Present.
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Table 3.5. 1 1 (Continued) 

Phylum ArthroEoda 
Class Order Family Transect 

Subclass Suborder Subfamily. Genus and Species Author A B C D* E F G 

Hexapoda Trichoptera Psychomyiidae Psychomyia nomade** 0 0 0 0 X 0 0 
Pterygota PhylocentroEus Elacidus (Banks) 0 0 0 X 0 0 0 

Hydroptilidae Dibusa angata Ross 0 0 0 0 X 0 0 
Hydropsychidae Potamyiaflava (Hagen) 0 0 0 0 X 0 0 
Leptoceridae LeEtocella sp. Banks 0 0 X 0 0 0 0 

Genus sp. 0 0 X 0 0 0 0 
Athripsodes silutus (Hagen) 0 0 0 0 X 0 0 

Philopotamidae Chimmarra sp. Stephens 0 0 0 0 0 0 X 
\J.J Family Genus sp. 0 0 0 X 0 0 0 
\on Neuroptera Cordalidae Corydalus sp. Latreille 0 0 0 0 X 0 0 

I Niaronia sp. Banks 0 0 0 0 0 0 X \J.J 
w Sialidae Sialis sp. Latreille X 0 0 0 0 0 X 

Plecoptera Perlidae Acroneuria sp. Pictet 0 0 0 0 X 0 X 
Perlesta placida (Hagen) 0 0 0 0 X 0 X 

P teronarcidae Pteronarcys Eteronarcys Say 0 0 0 0 X 0 0 
dorsata 

Nemouridae 
Leuctrinae Paraleuctra sara** Claassen 0 0 0 0 X 0 0 
Capniinae Nemocapnia sp. Banks X 0 0 0 0 0 0 
Nemourinae Nemoura sp. Pictet 0 0 0 0 0 0 X 

Perlodidae Isoperla sp. Banks 0 0 0 0 0 0 X 
Lepidoptera Family Genus sp. 0 0 0 0 0 0 X 
Hemiptera Gerridae Genus sp. 0 X 0 0 X 0 X 

Metrobates sp. 0 X 0 0 0 0 0 
Corixidae Genus sp. X 0 0 X 0 0 0 

Trichocorixa sp. Kirkaldy X 0 0 X 0 0 0 
Schizopteridae Genus sp. 0 0 X 0 0 0 0 
Coreida Genus sp. X 0 0 0 0 0 0 
Nepidae Ranatra sp. Fabricus 0 0 X 0 0 0 0 

* - Mid River Island Station, Not Sampled in March 1972; ,'c* - Tentative Identification; X -Present. 



Table 3.5.11 (Continued)

Phylum Arthropoda
Class Order Family Transect
Subclass Suborder Subfamily Genus and Species Author A B C D* E F G

Hexapoda Hemiptera Veliidae Hicrovelia Westwood 0 0 0 0 0 0 X
Ptery~ota Homoptera Cercopidae Genus sp. 0 0 X 0 0 0 0

Ondonata Gomphidae Progoinphus zephyrus Needham 0 0 0 0 0 0
.Anisoptera Progomphus sp. o 0 0 0 0 X 0

Ophiogomphus mainensis Packard 0 0 0 0 0 0
Dromogomphus spoliatus Hagen 0 X X a 0 0 0
Dromogomphus spinosus Selys 0 0 0 0 x 0 0
Dromogomphus armatus Selys 0 X X 0 0 0 0

w Erpetogomphus sp. Selys 0 0 0 0 x 0 0. Erpetogomphus lampropeltis Kennedy 0 0 X X X 0 0\J1
I Gomphus s. lat. a 0 0 X 0 0 0w..s::- Genus sp. 0 0 0 0 0 0 X

Libellulidae
Libellulinae Perithemis seminale . Calvert 0 0 X 0 0 0 0

Perithemis tenera Say 0 X 0 0 0 0 0
Ladona sp. Needham X X X X 0 0 0
Miathyria sp. Kirby X 0 0 0 0 0 0
Miathyria marcella 0 0 X 0 0 0 0
Plathemis lydia Drury X 0 0 0 0 0 0
Paltothemislineatipes . Karsch 0 0 0 X 0 0 0
Libe11ula sp. L. 0 0 X 0 0 0 0
Sympetrum .sJ? Newman 0 0 X 0 0 0 0
Tramea carolina 0 0 X 0 0 0 0
Dythemis velox Hagen 0 X 0 0 0 0 0
Genus sp. 1 0 X X 0 0 0 0
Genus sp. 2 0 X 0 0 0 0 0

Corduliinae Cordulia sp. Leach 0 X 0 0 0 0 0
Tetragoneuria spinosa Hagen a X 0 a a 0 0

* - Mid River Island Station, Not Sampled in March 1972; ** - Tentative Identification; X - Present.
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Table 3.5.11 . (Continued)

Phylum Arthropoda
Glass Order Family Transect

Subclass Suborder Subfamily Genus and Species Author A B C D* E F G

Hexapoda Ondonata Libellulidae
Pterygota Anisoptera Corduliinae Tetragoneuria sp. . Hagen· 0 X 0 0 0 0 0

Tetrogoneuria petechialis Muttkowski 0 OX 0 0 0 0
Macrominae Didymops transversa Say 0 0 X 0 X 0 0

Macromia illinoiensis Walsh 0 0 0 a x 0 a
Macromia alleghaniensis Williamson 0 0 X X a 0 0
Macromia caderita 0 0 X 0 0 0 0
Macromia sp ~ 0 0 X 0 0 0 0

IJ,J
Aesnidae Boyeria vinosa Say 0 0 0 0 0 0 X. Cordu1egast~idae Cordu1egaster erroneus Hagen 0 0 0 0 0 0 X

Vl
I Zygoptera Agrionidae Argia sp. Rumbar 0 X X 0 X 0 0

IJ,J
Vl Te1ebasis sp. Se1ys 0 X 0 0 0 0 0

Ena1lagma sp. I Charpentier 0 X X 0 0 0 0
Ena11agma sp. 2 Charpentier 0 0 X 0 0 0 0
Ena1lagma sp. 3 Charpentier 0 0 X 0 0 0 0
Chromagrion sp. Needham 0 0 0 0 X 0 0
Nehalennia sp. Se1ys 0 X X 0 0 0 0
Neoneura sp. 0 0 X 0 0 0 0
Genus sp. I 0 X X 0 0 0 0
Genus sp. 2 0 0 X 0 0 0 0
Genus sp. 3 0 X X 0 0 0 0

Calopterygidae Ca10pteryx sp. Leach 0 0 0 0 0 0 X
Hetaerina sp. 0 0 0 0 0 X 0

Family Genus sp. 0 0 0 0 X 0 0
Diptera Simuliida-a Genus sp. 0 0 0 a 0 0 X

Empididae Genus sp. 0 0 0 0 0 0 X
Chironomidae Ganus sp. X X X·X X 0 X
Tipu1idae Tipu1a abdomina1is Say 0 0 0 0 0 0 X

Tipu1a sp. L. 0 0 0 0 0 b X

* - Mid River Island Station, Not Sampled in March 1972; ** - Tentative Identification; X - Present.



Table 3.5. 11 (Continued)
._---

Phylum Arthropod~

Class Ordel~ Family Transect
Subclass Sub(;rder Subfamily Genus and Species Author A B C D* E F G.

Hexapoda Diptera Tipulidae Erioptera sp. Meigel1 0 0 X 0 0 0 0
Pterygota Tabanidae Tabanus sp. 0 0 0 0 0 X 0

Culicidae Aedes sp. X 0 0 0 0 0 0
Chaoborus punctiEennis 0 0 0 X 0 0 0
Culex sp. 0 0 0 X 0 0 0

Anthomyiidae' Genus sp. 0 0 0 o . 0 X 0
Family Genus sp. 0 0 0 0 0 0 X
Family Genus sp. 0 0 0 X 0 0 X

w Psocoptera Psocidae Genus Spa X 0 0 0 0 0 X. Coleoptera Gyrinidae Gyretes sp. 0 0 X 0 0 0 0\J'l
I Dineutus sp. MacLeay 0 X 0 0 0 0 XW
G'>- Haliplidae Peltodytes Spa Re.gimbar-t X X X 0 0 0 0

Carabidae Pseudomorphinae sp. 0 0 0 0 0 0 X
Amphizoidae Amphizoa sp. LaConte 0 X 0 0 0 0 X
Chelonariidae Chelonarium Spa Fab. 0 X 0 0 0 0 0
Psephenidae Psephenus Spa HaldeI\1.an 0 0 0 0 0 0 X
Dytiscidae Oreodytes sp. Seidlitz 0 0 X 0 0 0 0
Elmidae Genus sp. 0 0 X 0 0 0 0
Hydrophilidae Berosus sp. 0 0 0 X 0 0 0

Genus Spa 0 0 0 0 0 0 X
Orthoptera Gryllidae

Nemobiiinae Genus Spa 0 0 0 X 0 0 0
Eneopterinae Genus Spa X 0 0 0 0 0 0
Trigonidiinae Genus Spa 0 0 0 X 0 0 0

Gry11acrididae Genus Spa 0 0 0 0 0 0 X
.Tettagoniidae

Decticinae Genus Spa X 0 0 0 0 0 0

* - Mid River Island Station, Not Sampled in March 1972; ** - Tentative Identification; X - Present.
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Table 3.5. 11 (Continued)

Phylum Arthropoda
Class Order Family Transect
Subclass Suborder Subfamily Genus and Species Author A B C D* E F G

Hexapoda
Apterygota Collumbola Entomobryidae Isotomurus palustris (Muller) 0 0 X 0 0 0 0

Sminthuridae Genus Spa 0 0 X 0 0 0 0
Crustacea
Malacostraca Decapoda Palaemonidae Palaemonetes paludosus (Gibbes) X X X 0 0 0 0

Pa1aemonetes kadiakensis Rathbun 0 0 X 0 0 0 0
Astacidae
Cambarinae Cambarus bartoni (Fab.) 0 0 0 0 0 0 X

\.N Genus Spa 0 0 0 0 0 0 X.
\Jl Genus Spa 0 0 X 0 0 0 X
I

\.N Amphipoda Ta1itridae Hya11ela azteca Saussure 0 X X X X 0 X
-....,J

Gammaridae Synure11a Spa 0 0 0 0 0 0 X
Isopoda Asel1idae Ase11us mi11itaris Hay 0 0 X 0 0 0 0

Asel1us Spa St. Hi11aire X 0 X X 0 0 X
Arachnida Araneida Family Genus Spa 1 X 0 0 0 0 0 X

Genus Spa 2 0 0 0 0 0 0 X
Genus Spa 3 0 0 0 0 0 0 X

Family Genus Spa 0 0 0 X 0 0 0
Labidognatha

Anyphaenidae Genus Spa 0 0 0 0 0 0 X
C1ubionidae Genus Spa 0 0 0 0 0 0 X

Acarina Hydracarina Genus Spa 0 0 X 0 0 0 0
Dip1opoda
Chi10gnatha Spirobo1ida Narceus americanus Beauvois 0 0 0 0 0 0 X

Po1ydesmida Genus Spa 0 X 0 0 0 0 0

* - Mid River Island Station, Not Sampled in March 1972; ** - Tentative Identification; X - Present.



Table 3.5. 11 (Continued)

Phylum }1ollusca
-----~--Class OrdEr Family Transect ---Subclass . Suborder Subfami 1Y Genus and S~e.cies Author A B CD;'<EFG_.__.......---_...........__.

Gastropoda
Prosobranchia Nesogastropoda Viviparidae Campeloma sp. Rafinesque 0 0 X X 0 0 O.

Viviparus sp. Montfort 0 0 X 0 0 0 0
Pleuroceridae Goniobasis sp. 0 0 0 0 0 X 0

Basommatophora Physidae Physa sayi X X X X 0 0 0
Lymnaeidae Lymnaea Bulim~ sp. Haldeman X 0 0 0 0 0 a
Planorbidae Menetus sp. H.&A. Adams 0 0 X 0 0 0 0

Gyraulus sp. Charpentier 0 0 X 0 0 0 0
\.N Helisoma sp. Swainson 0 0 X 0 (l 0 0. Planorbula sp. Haldeman 0 0 0 0 X 0 0U1
I Family Genus sp. 0 0 X 0 0 0 0wco Pelecypoda Heterodonata Corb iculidae Corbicula manilensis Phillipi 0 0 X X X 0 0

Sphaeriidae Eupora sp. Bourguignat 0 0 X 0 0 0 0
Sphaeriinae Mu scu 1 i urn 5 p • Link \T X X X X 0 0,...

Eulamellibranchia Unionidae
Lampsilinae Ligumia sp. Swainson 0 0 0 0 X 0 0
Anodontinae Anodonta sp. 0 0 X X 0 0 0

Phylum Annelida
--- -------------~-_.- -- -~-~_._-

Hirudinae Glossiphoniidae Glossiphonia heteroclita (L. ) X X X X 0 0 0
Helobdella sp. 0 0 X 0 0 0 0

Family Genus sp. 0 X X 0 0 0 0
Planariidae Placobdella sp. 0 0 X 0 0 0 0

Oligochaeta Lumbriculidae Lumbriculus sp. X 0 0 0 0 0 0
Tubificidae BraIichiura sowerbyi Bedd 0 X 0 0 0 0 0
Family Genus sp. X X X X X X X

* - Mid River Island Station, Not Sampled in March 1972; ** - Tentative Identification; X - Present.
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Table 3.5.11 (Continued)

Phvlum Chordata
---"-
Class Order Family Transect
Subclass Suborder Subfamily Genus and Species Author A B C D* E F G

Amphibiata Family Genus sp. 0 0 0 0 0 0 X
Lepospondyli Salientia Bufonidae Bufo woodhousei Hinckley 0 0 0 0 0 0 X

Caudata Plethodontidae Desmognathus sp. 0 o . 0 0 0 0 X
Eurycea bislineata (Green) 0 0 0 0 0 0 X

Osteichthyes . Perciformes Centrarchidae Lepomis macrochirus Rafinesque 0 0 X 0 0 0 0
Lepomis sp. 1 0 0 X 0 0 0 0
Lepomis sp. 2 0 0 X 0 0 0 0

Cypriniformel;l Cyprinidae Notropis boops (Gilbert) 0 0 0 0 X 0 0
w Notropis anagenus (Forbes) 0 0 0 0 0- 0 X.
V1
I Number of Species per.Sampling Area .- ~~-~-~i5-:r5~~64-~27~-43 6 57w

\.D

* - Mid River Island Station, Not Sampled in Marchl972; ** - Tentative Identification; X - Present.



spec es co ec by transect during the

collections is presented in Table 3.5.12. It should be remembered that these

studies were not quantitative, however, these data can indicate species diversity

at a particular transect.

Table 3.5.13 lists the coefficients of similarity for Transects A

through G as related to habitat type. None of the areas appear to be Very

similar, the maximum value, 0.2933, is less than 30 percent of the value for

identical habitats. In most cases, each group appears to have values that are

quite closely related. Notable exceptions include Transect F when it is compared

to E and A and Transect A compared to D.

3.5.6.4 Discussion

(

It was anticipated that in four samples most of the number of

different benthic species in Parr Reservoir would have been collected. However,

thjs has not proven to be the case. There are four factors which have contributed (

to the number of different species found to date. The first is seasonal chan~e.

Since each s~mple in this report was taken during a different season, and since

every species has its own intrinsic periodicity relative to the calend~r year,

identification of different species was expected for each season. Seasonality

effects will tend to disappear with subsequent samples.

The second factor contributing to the number of different species

is the variety of habitats being sampled. Having collected the major 1ittoral

zone habitats around the reservoir, further contributions of different species

from this source should not be significant.

The third source of different species is the species pool of the

region, i.e., ~ll the habitats which may occasionally contribute species to the

habitats regularly being sampled (Golley, et al. 1965). New species accumulate

from the regional species pool at a slow rate. Theoretically we could discover
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Table 3.5.12 Number of species collected in qualitative sampling,

Broad River Study Area, 1971-72.

Transect
A* B ... D E F G'-'

Summer
June 1971 NS** 6 26 5 1 NS NS

Fall
Sept. 1971 18 :LO 17 9 20 .5 30

Winter
Jan. 1972. 4 7 25 21 19 NS 17

Spring
March 1972 5 15 . 28 NS 17 2 25

* Transect AI during. June and September, 1971.
** Not. sampled.
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Table 3.5.1 3 FunctionaJ: habitat groupings and average annual co-
efficients of similarity* based on littoral zone fauna. (

Habitats

Impounded Areas

Unimpounded Areas

Compared
Transects

C-D
B-C
B-D

F-G
E-G
E-F

Coefficient
of Similarity

0.2933
0.2616
0.2260

0.1799
0.1723
0.0526

A-D
A-B
. A-C'

Main River Channel vs Impounded Areas

Impounded vs Unimpounded Areas

* Transect Al not utilized.
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A-F
D-G
B-E
C-G
C-E
A-E
A-G
D-E
B-G
C-F
D-F
B-F

0.2400
0.1818
0.1337

0.2857
0.1302
0.1240
. 0.1028
0.0968
0.0887
0.0809
0.0730
0.0500
0.0333
0.0000
0.0000
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new species present from this regional pool for many years.

The fourth factor contributing to different species is taxonomic

revision of the specimens already cojlected.

The composite list of species shows several very prominent

differences between the various transects. For example, most of the Plecoptera

are found in Transect G or E. These transects are characterized by swiftly

flowing waters whereas Transects A, B, C, and D are more lentic in nature. Many

of the Ephemeroptera are also characterized by living in swift water, whereas

Hexagenia I imbata is found only in the more lentic stations with mud substrates.

Among the odonates there seems to be, except for Boyeriavinosa, a general

aversion to the upper part of Frees Creek. This ~ould be partially due to the

predatory nature of this species. Hunting success would appear to be greater

in slower moving water than those with high velocities. It is significant that

Boyeria vinosa was found exclusively in protected areas consisting of sticks and

detritus caught in the branches of bushes growing beside the creek. These little

backwaters provide the more lentic habitat necessary for the species.

The sandy substrate in Cannons Creek is different from the usual

soft mud common in the study area. As could be expected, the sandy substrate

produced a quite different littoral fauna than the soft mud. Almost all the

snails were found in this sandy area •.

Organisms found in the littoral zone differ from those found in

deeper waters. These differences can be noted by comparing the species list for

both studies. For example, the grass shrimp, Palaemonetes paludosus, has been

found in considerable numbers in the littoral zone, but has not been recorded

in the quantitative benthic samples. These shrimp are large enough to contribute

significantly to the carnivorous fish, while smaller organisms are important

food sources for small forage fish as well as juvenile game species.

3.5-43



c:I i $$ i 111 i1gr i ty bet\ilJeen hab i tats, as noted the coefficients

of similarity, was expected since these areas were selected by noting differences

so as to include all possible ecosystems within the study area.

The impounded areas were the most consistently similar of any group.

Their low was 0.2260 (B-D) and their high was 0.2933 (C-D).

The unimpounded areas, characterized by swift flowing water, are

clearly of two groups, with E and F very dissimilar 0.0526, and E-G (0.1723)

and F-G (0.1799) relatively similar.

The September quarterly report indicated that Transect F was

peculiar in having such a poor faunal composition for such a well oxygen~ted

riffle area. Since both Transect E and F a~e riffle areas in the same river,
.......

they would be expected to be quite simIlar faunistically. The March 1972

sa~~lings of these two areas did show some improvement over the September 1971

sample, from 0.0000 to 0.1052. Transects E and F may have a strong seasonal

differences which could account for their lack of similarity. Further sampling

would be necessary to substantiate seasonal differences.

The river channel proper (Transect A in January and March, 1972)

shows an intermediate position of similerity between the previous groups. This

is expected since the river is quite swift at Transect A, however, it is

beginnin~ to show the effects of impoundment.

As expected, least similar habitats are the impounded areas when

compared to the swift flowing streams.

The prediction which can be made is that upper Frees Creek and

any other currently unimpounded areas will, after impoundment, become more

similar in faunal composition to the currently impounded areas. There will

still be ecological ·diffe'rences between the drowned watersheds even as there

are differences today between Transects Band C after many years of being impounded.
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3.5.6.5 Summary

In four seasons of qualitative sampl ing of littoral organisms,

2,190 specimens representing 186 species were collected. Many species were

found which were not included in the quantitative benthic samples taken by

use of the Ekman dredge. Since these species. contribute significantly to the

food web of the ecosystem, their. identity and abundance are important. These

1ittoral organisms are of special significance in the Broad River Study Area

since this zone will undergo water-level fluctuations.

Species were related to stream flow velocity, depth, substrate,

and vegetation. Each factor or combination of factors defines the habitat in

which a particular species can survive.

Similar habitats ~ccount for similar species composition between

transects. Unimpounded areas, after impoundment, can be expected to show changes

in faunal composition, becoming more similar to impounded forms.
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3.6

3.6.1

FISH

INTRODUCTION

Fishes are often the most obvious components of the aquatic

community. To understand the position of the fishes in the aquatic ecosystem

it is necessary to know what species occur in the area and certain aspects of the

biology of the fisbes involved. The objectives of the fisheries investigations

included ascertaining the following aspects of. the biology of fishes of the

Broad River Study Area: species composition; distribution; relative abundance;·

length-weight relationships; standing crop estimates; age and growth; sex ratios;

gonad condition; condition factors; food habits; and parasitism.

The information contained in this report will be helpful in

attempts to minimize possible adverse effects of the proposed project and in.

forming the basis of a fishery management program.
) . 3.6.2

3.6.2.1

METHODS AND MATERIALS

Collection

Fishes were collected with electrofishing equipment and modified

hoop nets. Electrofishing equipment used during initial surveys consisted of

two boat-mounted electrodes connected to a 2000 watt, McCulloch single-phase AC

alternator. After November 1972, a Smith-Root Type VI electrofisher was used.

This unit allows adjustment of voltage and amperage for maximum efficiency under

various water conditions.

The shoreline areas surrounding each transect were fished for two

hours during each sampl ing period prior to November 1972. The Smith-Root

electrofisher proved much more efficient and collecting time was reduced to one

hour per transect. Stunned fishes were retrived by dipnet and held for processing

in water-filled tubs. Prior to initiation of food-habit studies, fishes were

returned a1 ive to the reservoir. Investigation of food habits necessitated
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ificin some s imens.

3.6.2.2

To reduce bias attributable to any single collecting technique,

netting operatipns were conducted in the immediate vicinity of all transeots

except F. Swift currents prohibited use of nets and only electrofishing was

utilized at this transect. Netting gear consisted of a three-ring ~oop net

construct~d of 12.7 mm (0.5 in) square ~esh netting and fitted wi'th square

throat hoops. Asingle lead 15 m (~O ft) in length of 12.7 mm (0.5 in) squ~re

mesh netting was attached to the throat hoops. A sample consisted of two nets

set perpendicular to the shoreline on opposite shores for 24 hours each. At

the end of the period, the nets were ret~ieved'and all fish were held in water-

filled containters for analy~is.

'Fishes which could not be identified in the field were preserved

and identified in the laboratory or referred to a specialis~.

Fishes were identified, counted, and locality and date of collection

were recorded. Species composition, distribution, and rela~ive abundance were

determined from this data.

Age and Growth.

Scales were removed from important species in the field and placed

in envelopes0hith were labeled to identify t~e ~pecies, length, weight, place

of coll~6~idri,'~nd other pertinent data. The $cales were removed from the left

side of the fish, between the lateral line and dorsal fin. The left pecrorpl

spines of catfishes were removed.

In the laboratory scales w~re cleaned and impressions of five

scales from each fish in the sample were made on cellulose acetate slides with

the use of a roller press. The impressions were projected on a plane surface

with a Bausch and Lomb microprojector. Annuli were counted and distances between

them measured in millimeters and recorded.
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Back calculation of length at successive annul i was performed using

the method of Lee (1920) which assumes a 1inear body-scale relationship and a

positive length at scale formation. The formula is expressed as:

1 -c = 5 (1-C/5)n n

where 1 is the length of fish when annulus Inl was formed; I is the length ofn

fish at time scale sample was obtained; 5 = radius of scaie annulus Inl (at
n

length = 11 n"); S is the total scale radius; and C is a constant, representing

the V-intercept of the regression equation or length at which scales were first

formed.

Because this type of determination of accurate age-growth re1ation-

ships requires estab1 ishment of the length of fishes at the time of scale

formation, statistical methods were util ized as an estimation procedure. Linear

regression using least squares was performed by regressing fish length on scale

radius. From the equation describing the regression line, the V intercept was

estimated. In addition~ the product-moment-corre1ation coeffjcient was calcu~

1ated to test the I inear nature of the data.

3.6.2.3 Length-Weight Relationships

All fishes collected in March and June, 1971, were measured to the

nearest tenth of an inch and weighed to the nearest hundredth of a pound. These

values were converted to centimeters and grams. Subsequent data were taken

directly in metric measurements.

The relationship of length to weight for each species at each

transect was analyzed. Empirical plots of individual specimens were made on

double logarithmic graph paper. Regression lines were fitted to the scatter

plots by least squares and the equation describing the line determined and

presented in the general form:
bW= aL
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where W is the estimated weight In grall1s; 9 i$ th~ Y il1t~rc~pt gf thE: rE:grE:ssion

line; L is the total-length in mm;and b is the regression coefficient (or slope

of the regression line). In addition to the above, the product-moment correlation

coefficient was calculated.

(

3.6.2.4 Condition Factor

Condition factors (K) were calculated for individual fish and the

mean condition factor for each species in each centimeter group was determined.

The formula K(TL) = 1000 W/L3 was used for all condition factor determinations.

(W = weight in grams, L = total length in centimeters.)

3.6.2.5 Sex Ratios and Gonad Condition

Specimens from which stomachs and gonads were removed were sexed

in the field and recorded. Gonads were classified according to the method

proposed by Nikolsky (1963), and presented in Table 3.6.1.

3.6.2.6 Standing Crop Estimate

Annual rotenone cove samples in Cannons Creek and Frees Creek were
(

initiated 11-13 Nqvember 1972, to establish standing crop data and to refine

the relative abundance information from other sampl ing methods. The Frees

Creek and Cannons Creek areas of the reservoir were selected as sites for esti-

mation of biomass of fishes because:

1. These two impounded creeks were ecologically repre-

sentative of the majority of the lake-like habitat

in Parr Reservoir;

2. This sampling method was applicable to both areas;

3. Data from the first year revealed that these

embayments supported relatively large numbers

of important species; and

4. These areas would 1ikely be affected by the proposed facility,

3.6-4

c



~- .
Table 3.6.1 The classification of maturity stages (gonadal condition)

in fishes (from Nikolsky 1963).

2

3

4

5

6

Stage

Immature

Resting stage

Maturat ion

Maturity

Reproduc t ion

Spent condition

Gonadal Condition

- Young individuals which have not yet
engaged in reproduction; gonads of
very small size.

- Sexual products have not yet begun to
develop; gonads of very small size; eggs
not distinguishable to the naked eye.

- Eggs distinguishable to the naked eye;
a very rapid increase in weight of the

. gonad is in progress; testes change from
transparent to a pale rose color.

- Sexual products ripe; gonads have achieved
their maximum weight; but the sexual
products are still not extruded when light
pressure is applied.

Sexual products are extruded in response
to very light pressure o~ the belly;
weight of the gonads decreased rapidly
from the start of spawning to its com-
pletion.

- The sexual products have been discharged;
genital aperature inflamed; gon.ds have
the appearance of deflated sacs,the
ovaries usually containing a few left-
over eggs, and the testes some residual
sperm.
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To achieve appreciable meaning fmm the sampl ing one

must assume that the sampl ing areas for biomass estimation are representative

of the majority of habitat in the embayments sampled. The rotenone cove sampl ing

sites were selected by evaluating the available habitat types in the Frees and

Cannons Creek ar~as; including depth, ~over, bottom type, and other general

observations. An effort was made to select an area representative of the entire

sample area.

A 0.41 ha (1.0 acre) area was blocked off with 12.7 mm (0.5 in)

square mesh nets, (200 ft X 20 ft), constructed according to Lambou

(1959). A net was secured to the shorel ine and vertically dropped by boat to

its maximum length and secured with a pole forced into the lake bottom. A

second net was set in a like manner perpendicular to the first net and parallel

to the shorel ine. This net was secured to a dead tree at this cor~er. A third

net was secured to the tree and dropped in like manner and secured to the shore~

1ine.

The nets were checked for firm contact with the bottom by two

div~rs equipped with SCUBA gear.

A system of mark and recapture using the Petersen estimate formula

(Ricker 1971) was employed to determine the percentage of fish collected

within the net and to refine estimates of the numbers of individual species.

Fishes were collected outside the net with electrofishing gear. The total-

length was measured and individuals were marked for later recognition by cl ipping

the lower .lobe of the caudal fin. The marked fish were released within the

enclosed area and allowed to remain overnight. The area was checked the following

morning for dead fish, but none were found. It was assumed that all fish (marked

and unmarked) were equally susceptible to the toxicant.

A solution containing 2.5 percent rotenone plus 2.5 percent sul-

foxide (ProNox fish) was appl ied to the block~d area from a boat and thoroughly
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mixed. Three boats with a minimum crew of two persons per boat were used to

collect distressed fish. Random boat movements were maintained and all fish

encountered were retrieved by dipnet. No special capture effort was given to

any size, species, or marked fish. The fish were sorted to species and all

marked specimens were removed. Unmarked fish were weighed, measured, and sexed

in the field.

3.6.2.7 Food Habits and Parasites

Food habits of selected species of fish from the reservoir and

riVer were examined. Attempts were made to collect as many specimens of each

species as possible from each transect although abundance of species in the

collections varied widely. Viscera were taken from a representative number of

each general size group of fishes in the field for food habit analysis. The

viscera were taken by cutting the esophagus as near the isthmus as po~sible

and removing the entire viscera. All specimens were placed in individual plastic

containers or cheesecloth, labeled, and preserved with 10 percent formal in.

The following quantities were calculated:

1. Y%TV, mean percentage of total volume comprised by a taxon;

2. %frequency, the frequency of occurrence of the item in

the stomach of a grouping expressed as a percentage;

3.YTN, mean total number of an item.

In the laboratory, the liver and other organs adjacent to the

stomach were examined for evidence of parasitism. Next, the stomach was cut

away from the rest of the viscera and weighed to the nearest O. I g. A longitudinal

cut was then made from the pylorus to the esophageal sphincter and the stomach

contents were washed into a labeled jar and preserved in 5 percent formalin or

70 percent alcohol. The empty stomach was then weighed. This procedure was

altered for the Catostomidae and Cyprinidae. In these families, the entire
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di tive tract was emptied and examined since a stomach region per se was not

identifiable. In addition, parasites of the Catostomidae and Cyprinidae most

often occurred in the intestine.

Analysis of stomach and gut contents was made by examining the

contents in a gridded petri dish using a dissecting microscope. Organisms were

identified, counted, and assigned an estimated volume. Unidentifiable organic

and inorganic material was also volumetrically estimated. The data were

compiled by species, transect, and sampling period.

Analysis of food habits of gizzard shad were conducted somewhat

differently than those for other species. A total of 27 gizzard shad stomachs

were analyzed to determine food items ingested by this species. The shad were

divided into size classes by 50 mm .(1.97 in) total length increments from 0 to.

300 mm (11.82 in) total length, and by 300 mm increments above 300mmtotal

length. When possible, three fish of each size class from each transect were

examined.' One previously examined gizzard shad from Transect B in November,

1972, was not included in this analysis.

The stomach contents of the shad were diluted to a specified

volume (usually 50 ml) with distilled water. The sample was then thoroughly

mixed, and a one mT subsample was placed in a Sedgwick-Rafter counting chamber.

The entire chamber was scanned at IOOX, organisms were identified to genus, and

the number of each organism recorded. In addition, a cell count on the number

of centric and pennate diatoms was made by examining several longitudinal strips

the width of the Whipple square at 200X. All counts were then converted to

total number present in the stomach. A proportional count of the diatqm species

present was made from prepared diatom slides.
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FINDINGS AND DISCUSSION

Species Composition and Relative Abundance

Species compo~ition and relative abundance provide basic infor-

mation about species diversity of the fish fauna and their numerical status in

the fish community.

Since the study area is primarily reservoir habitat, collecting

efforts were concentrated in that habitat.

Bluegill (Lepomis macrochirus) were the most abundant fish when

data from all stations werecombined in Table 3.6.2. Bluegill. (34.58%), gizzard

~had, Dorosoma cepedianum (18.82%), white crappi~, Pomoxis annularis, (12.70%),

redear sunfish, Lepomis microlophus (8.42%), and largemouth bass, Micropterus

salmoides, (3.85%) comprised 78.87 percent of.the fishes collected. These

figures reflect the intentional bias in sampl ing reservoir habitat more

intensively than (lowing river habitat. At Transect F, flat bullhead, Ictalurus

platycephalus (45.24%) numerically dominated collections.

3.6.3

3.6.3.1

Species composition, distribution by transect, and relative

abundance were determined for al r fishes collected. They are arranged phylo-

genetically and,discussed by species in an annotated 1ist. Arrangement and use

of common names are from Bailey (1970).

The following is an annotated list of species of fishes collected

at the Broad River Study Area, March 1971 through May 1973:

Lepisosteidae - Gar family

Lepisosteus osseus - Longnose.gar. The longnose gar was extremely

abundant at Transect E, however, it was c;ollected at all transects. Many gar,

species ~nknown, were observed during routine activities on the study area.

The longnose gar ranked ninth in overall abundance and is not considered a sport

fish in the study area.
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Table 3.6.2 Species composition and re1ative-abundance-of -al+fishes
collected from the Broad River Study Area from March 1971
through May 1973. (

Common Name

Bluegill
Gizzard shad
White crappie
Redear sunfish
Largemouth bass
River carpsucker
Carp
Flat bullhead
Longnose gar
Black crappie
Redhorse'~

Channe 1 ca tfish
White catfish
Pumpkinseed
Warmouth
Golden shiner
Shorthead redhorse
S, 1ver redhorse
Silvery minnow
Redbreast sunfish
Qui11back
White sucker
Ye II ow bu 1Ihead
American eel
Green sunfish
Spotted sucker
White bass
Satinfin shiner
Unidentified shiner
Brown bullhead
Hybrid sunfish
Longear sunf i sh
Creek chubsucker
Black bullhead
Spotted gar
Tadpole madtom
Speckled madt.om
Chub,b',
Pall id shiner
Yellow perch
Swamp darter

Scientific Name

Lepomis macrochirus
Dorosoma cepedianum
Pomoxis annularis
Lepomis microlophus
Micropterus salmoides
Carpiodes carpio
Cyprinus carpio
Ictalurus p1atycephalus
Lepisosteus osseus
Pomoxis nigromaculatus
Moxostoma spp.
Ictalurus punctatus
Ictalur.us catus
Lepomis gibbosus
.1:.. ,aulosus
Notemigonus crysoleucas
Moxostoma macrolepidotum
M. anisurum
Hybognathus nuchalis
Lepomis auritus
Carpiodes cyprinus
Catostomus commersoni
Ictalurus natal is.
Anguilla rostrata
Lepomis cyanellus
Minytrema melanops
Morone chrysops
Notropis analostanus
Notropis spp.
Icta1urus nebulosus
Lepomis sp.
.1:.. megalotis
Erimyzon oblongus
Icta 1urus me las
Lepisosteus oculatus
Noturus gyrinus
.!J_. leptocanthus
Hybopsis sp.
~otropis amnis
Pe~ca f1avescens
Etheostoma fusiforme

No.

1454
794
534
354
162
102
86
78
74
65
55
53
52
50
42
42
35
21
18
16
14
13
10
lei
10
9
9
8
6
5
5
5
2
2
1
1
1
1
1
l'
1

%

34.58
18.82
12.70
8.42
3.85
2.43
2.05
1.86
1.76.
1. 55
1.31
1.26
1. 24
1. 19
1.00
1.00
0.83
0.50
0.43
0.38
0.33
. 0.31
0.24
0.24
0.24
0.21
0.21
0.19
0.14
0.12
0.12
0.12
0.05
0.05
0.02
0.02
0.02
0.02
0.02
0.02
0.02

(

*There was difficulty positively identifying species of Moxostoma during
initial surveys.

** Pending verification.

Total No.
Total Species

4204
40 minimum

(
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Lepisosteus oculatus - Spotted gar. A single specimen of spotted

gar was collected. It is 1ikely that this species is more common than collections

would indicate since many gar of unknown species were observed. They are not

considered a sport fish.

Anguill idae - Freshwater eel family

Anguilla rostrata - American eel. The American eel was collected

only at Transect E, below Parr Dam. This species was much more abundant than

indicated by numbers collected. Numerous specimens were sighted that were not

collected. Eels are catadramous and the construction of Parr Dam undoubtedly

hindered movements of eels upstream. This species ranked twenty-third in

overall abundance.

Clupeidae - Herring family

Dorosoma cepedianum - Gizzard shad .. Gizzard shad were the second

most abundant fish overall. This species was collected at all transects.

Gizzard shad are probably one of the most importa~t forage species of the

study area.

Cyprinidae - Minnow family

Cyprinus carpio - Carp. Carp were collected at all transects

except F and carp ranked seventh in overall abundance in the study area. All

carp collected were of a large size. There is a limited fishery for carp,

especially during the spring.

Hybopsis sp. - Chub. A single specimen collected at Transect E

was identified only to genus. The scarcity of specimens indicates this species

is probably unimportant in the fishery of the study area. No further comments

wil I be made concerning this specimen pending positive identification.

Hybognathus nuchalis - Silvery minnow. The silvery minnow was

collected at Transects B, C, D, and E. This species ranked eighteenth in
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overall abundance. The relatively low numbers and small size of specimens

collected indicate that this species contributes little to the fishery of the

study a~ea, though it should be considered as part of the forage base.

Notemigonus crysoleucas - Golden shiner. This species ranked

fifteenth in overall abundance in the study area. This species contributes to

the forage base in the study area. Golden shiners were collected at all

transects except F, though they were collected more commonly in the reservoir

than the river.

Notropis amnis - Pallid shiner. A single specimen collected at

Transect D was id~ntifled as the pallid shiner. This is outside the reported

range of this species and the identification will be confirmed before further

comments are made.

Notropis analostanus - Satinfin shiner .. This species was collected

only at Transect D in the study area. The satinfin shiner is a large river form

and probably can be expected to thrive only in a river-type habitat.

Notropis sp. - Shiner. Four specimenS of unidentified shiners

have been collected in the study area. It is probable that several species of

shiners occur in the study area that have not been collected. However, it is

1ikely that these populations are small and contribute 1ittle to the forage base.

Carpiodes carpio - River carpsucker. The river carpsucker was

collected at all stations in the study area. It was collected in large numbers

at Transect E. This species ranked sixth in overall abundance in the study area.'

Spring spawning migrations of catostomids are very common and probably concentrate

the fish at the base of the dam in the spring. The river carpsucker has no sport

value in the study area.

Carpiodes cyprinum - Quillback. The quillback ranked twentieth in

overall abundance in the study area. It was collected at all transects except
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A. Though this species occurs in the reservoir, it was collected most commonly 

at Transect E. This species is not considered a sport fish in the study area. 

Catostomus commersoni - White sucker. Thirteen white suckers were 

collected at Transect E in the study area. The white sucker is not considered a 

normal resident of the study area nor a part of the sport fishery. 

Erimyzon oblongus - Creek chubsucker. The creek chubsucker ranked 

thirty-first in overall abundance in the study area. Two specimens were collected 

at Transect E. It is not considered an important part of the forage base or 

sport fishery of the study area. 

Minytrema melanops - Spotted sucker. The spotted sucker ranked 

twenty-fifth in overall abundance. Nine specimens were collected at Transect E, 

and it was not c61lected at other station~. This species is considered an 

occasional resident of the study area and is not util ized as a sport fish. 

Moxostoma anisurum - Silver redhorse. The iilver redhorse ranked 

seventeenth in overall abundance. They were col.lected at Transects C, D, E, and 

F. There was difficulty in the positive identification of the redhorse species 

during initial surveys. The si lver redhorse is common in the river and contri-

butes significantly to the fauna of that ecosystem. The concentration at 

Transect E was probably due to the dam blocking upstream migrations. Although 

redhorse are not considered sport fish in the study area, they are in other areas. 

Moxostoma macrolepidotum - Shorthead redhorse. The shorthead red-

horse was collected at Transects D, E, and F. This species ranked sixteenth in 

overall abundance in the study area. The shorthead redhorse was collected 

primari ly from the river though it was occasionally collected in the reservoir. 

The shorthead was the most commonly collected redhorse and some specimens 

identified only as redhorse during initial surveys were undoubtedly shortheads. 
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The redhorse are an important segment of the river fishery due to their gbul1dcm¢~

and large size.

Ictaluridae - Freshwater catfish family

Ictalurus catus - White catfish. The white catfish ranked eleventh

in overall abundance. It was collected at Transects B, C, 0, and E. This species

occurs in sufficient numbers to be considered a significant segment of the sport

fishery of the study area. Numerous fishermen seek IIca tfish" and it is doubtful

that they discriminate between white and channel catfish.

Ictalurus melas - Black bullhead. Two $pecimens identified as

black bullhead were collected from the study area. This species is rare in the

study area and probably contr'b~tes minimally to ,the sport fishery~

Ictalurus natalis - Yellow bullhead. The yellow bullhead ranked

twenty-second i.n overall abundance in the study area. It was collected at

Transects A, B, and E, The yellow bullhead is a sport fish in the study area

but due to the small number collected it appears to be of only minimal importance.

Ictalurus nebulosus - Brown bullhead. The brown bullhead ranked

twenty-eighth in overall abundance and was collected at Transects A, B, and O.

The brown bullhead is considered a sport fish in the study area, but due to its

apparently low population density, it probably contributes little to the sport

fishery.

Ictalurus platycephalus - Flat bullhead. The flat bullhead ranked

eighth in overall abundance. This species was collected from all transects, but

was more abundant in the river. Many specimens of a desirable sport size were

collected and this species is considered a major segment of the sport fishery,

especially in the river.

Ictalurus punctatus - Channel catfish. The channel catfish ranked

twelfth in overall abundance. It was collected at all transects, but was most
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commonly collected at Transect E. Although it is not highly abundant numerically,

fishermen interviewed indicated it was one of the most desired sport fish in the

study area. Several specimens of desirable sport size were collected.

Noturus gyrinus - Tadpole madtom. One tadpole madtom was collected

at Transect E. Madtoms do not attain a sufficient size to be considered an

important segment of the sport fishery. The low numbers collected indicate this

species contributes minimally to the forage base.

Noturus leptacanthus - Speckled madtom. One speckled madtom was

collected at Transect E. Speckled madtoms do not attain a suitable size to be

an important sport fish and low abundance reduces the probabil ity of its con-

tributing significantly to the forage base.

Poeciliidae - Live bearer family

Gambusia affinis - Mosquito fish. The mosquito fish was not

collected during the normal fish sampling program. It was observed and collected

with an aquatic insect net in the reservoir at Transects Band C. This species

typically occurs near the shorel ine in shallow water. The mosquito fish probably

contribute to the forage base of the reservoir.

Percichthyidae - Temperate bass family

Morone chrysops - White bass. This species ranked twenty-sixth

in overall abundance in the study area. White bass were collected at Transects

B, C, and E. Eight of the ten specimens collected were captured at Transect E.

It is assumed that normal spring upstream movements concentrate these fishes

at the base of Parr Dam. This species was rarely collected in the reservoir.

The white bass may seasonally form a significant segment of the sport fishery,

but it is probably not utilized by most fishermen in the study area.

Centrarchidae - Sunfish family

Lepomis auritus - Redbreast sunfish. The redbreast sunfish ranked
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nineteenth in overall abundance. This species was collected at Transects C, E,

and F. The redbreast sunfish made up a significant portion of the fish popu-

1ation at F. This species is considered a sport fish in the river but probably

contributes relatively little to the sport fishery of the reservoir.

Lepomis cyane11us - Green sunfish. The green sunfish ranked

twenty-fourth in overall abundance. It was collected at Transects C, D, E, and

F. It was not abundant at any of thetransects~ Low numbers and low fisher-

men appeal appear to limit the importance of the. sport fishery value of this

species.

Lepomis gibbosus - Pumpkinseed. The pumpkinseed ranked thirteenth

in overall abundance of the fiihes collected. in the ~tudy area. This species

was collected at Transects B, C,and D. No specimens were collected from river

transects. The pumpkinseed probably contributes to the forage base in the

reservoir, but it is not considered an important sport fish.

Lepomis gulosus - Warmouth. The warmouth ranked fourteenth in

overall abundance. This species was collected ata11 reservoir transects (A, B,

C, D) but was not collected in the river. This species probably contributes to

the forage base, but does not appear to be actively sought as a sport fish. It

constituted only one percent of the total number of fishes collected.

Lepomis macrochirus - Bluegill. The bluegill was numerically the

most abundant species collected. It was collected at all transects and was

especially abundant in the reservoir. In the reservoir the bluegill is believed

to be a major segment of the forage base and one of the primary sport fishes~

Lepomis megalotis - Longear sunfish. The longear sunfish ranked

thirty-second in relative abundance. It was collected at Transects C and E.

This species does not appear to be actively sought as a sport fish although

some larger individuals could be taken.
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Lepomis microlophus - Redear sunfish. The redear sunfish ranked

fourth in overall abundance. It was collected at all transects though it was

relatively rare in the river. This species is considered an important component

of the sport fishery. Many individuals of catchable size were collected. The

redear is actively sought and highly esteemed by local fishermen.

Micropterus salmbides -, Largemouth bass. The largemouth bass

ranked fiffh in overall abundance. It was collected at all transects except

F. The relatively high numbe~s and large ~ize of-bass collected indicate that

the largemo~th is one of the major predato~s in the reservoir~ It is actively

sought by fishermen and is considered a major component of the sport fishery.

Pomoxis annularis - White crappie. The white crappie ranked

third in overall abundance in the ~tudy area. This species was collected af

all transects, but was much'more abundant in the reservoir. The white crappie

is actively sought as a sport fish and undoubtedly also contributes to the

forage base. The white crappie is con~idered an important s~gm~nt of the sport

fishery.

Pomoxis nigromaculatus - Black crappie. The black crappie ranked

tenth in overall abundance. This species was collected at all transects except

E. The black crappie is les5 abundant than the white, but generally follows

the same pattern of distribution being much more prevalent in the reservoir

than the river. The black crappie Is considered an important segment of the

sport fishery and undoubtedly contributes to the forage base.

Percidae - Perch family

Etheostoma fusiforme - Swamp darter. A 'single specimen of the

swamp darter was collected at Transect C. This species usually inhabits slow-

flowing, weedy areas. The small size and low density of swamp darters indicate

that this species is not an important component of the fishery of the area.
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Perc:2.-flavescens-",-Yellow per:ch. A single specimen-was collected

at Transect D. Since this species was encountered only one time during the

survey, it is not considered an important segment of the sport fishery.

3.6.3.2 Age and Growth

The results from the age and growth study for important species

indicate that, in general, fish in the Broad River Study Area are slower growing

than fish from comparable areas (Table 3.6~3).

Mean lengths attained each year by bluegill in Broad RJver are

slightly greater than values given fo.r Lake. Wappapello, Missouri (Patriarche

1953) for age classes I-IV, but fall below values given for Clearwater Reservoir,

Missouri (Lane 1954).

The white crappie mean total lengths at age I.exceeded values

obtained for Lake Marion, South Carolina, but for every year after were less

(Stevens 1959a). Growth rates for white crappies in Broad River were slower

than those reported for Lake Moultrie, South Carolina (Stevens 1959a) ~

Mean back calculated total lengths for year classes of gizzard

shad were less than those of comparable areas (Eschmeyer, et al. 1944; Turner

1953; Parsons and Lowry 1953).

Redear sunfish in the Broad River exhibited better values for

mean total length at all ages than values given for Oklahoma (Jenkins et al. 1955).

The lengths for each year class did, however, fall within the range given for

Reelfoot Lake, Tennessee (Schoffman 1939).

Mean lengths for year classes of largemouth bass were less for

comparable areas for all age classes (Stroud 1948; Patriarche 1953).

3.6.3.3 Length-Weight Relationship

Length-weight relationships of important species were calculated

and equations describing the regression are presented in Table 3.6.4. The
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Table 3.6.3 Mean back calculated total lengths and average growth increments
of selected fishes from all Parr Reservoir transects (B, C, D),
March 1971 - May 1973.

Tota 1 Length (mm) at Annulus
Year Class n7~ 2 3 4 5 6 7

Bluegill

1971 69 54
1970 103 55 91
1969 83 52 86 115
1968 53 56 87 115 141
1967 12 65 97 130 155
1966 8 29 69 106 134 154 172

Mean Length 52 86 117 143 154 172
Mean Increment 52 34 32 26 11 1.8

White Crappie

1971 39 74
1970 56 71 129
1969 43 58 126 166
1968 23 74 12~ 174 210
1967 6 52 97 137 198 235
1966 7 47 102 150 204 237 2]:1

Mean Length 63 116 157 204 236 ' 271
Mean Increment 63 56 44 50 35 '34

Gizzard Shad

1971 89 112
1970 43 120 176
1969 30 94 160 203
1968 23 106 177 201 276
1967 14 125 173 198 232 286
1966 4 130 218 240 275 318 348
1965 1 150 195 260 290 330 360 397

Mean Length 120 183 220 268 311 354 397
Mean Increment 120 62 36 44 46 30 37

*Number of fishes examined.
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Table 3.6.3 (Carlt
(

Total Length (mm) at Annulus
Year Class n ~~ 2 3 4 5 6 7

Redear

1971 14 53
1970 20 62 109
1969 15 57 112 148
1968 18 54 119· 146 177
1967 6 . 61 119 162 185 194
1966 2 84 109 148 173 195 209
1965 6 54 77 120 150 188 208 222
1964 4 54 80 124 167 196 221 241

Mean Length 60 106 . 141 170 193 214 332
Mean Increment 60 43 . 39 30 24 20 17

Largemouth Bass

1971 10 95
1970 10 118 141
1969 10 97 181 270
1968 5 161 215 275 (1967 5 116 175 233 285 354
1966 6 99 186 257 300 353 399
1965 1 55 107 141 180 212 241 255
1964 1 40 80 148 235 323 375 405

Mean Length 98 155 221 250 289 338 330
Mean Increment 98 57 63 55 60 42 22

*Number of fishes examined.

(
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Table 3.6.4 Re~ression equations of length-weight relationships for fishes
collected from the Broad River Study Area, November 1972.

Species Transect Eguat ion

Bl ueg ill B W=3.136xl0-6 L3.336

C W=1.705xlO-5 L2.950

C W=9.899xl0-4 L2•168

D W=4.719xl0-7 L3. 719

E W=1 .135xl0-7 L3.96O

Gizzard Shad B W=2.984xl0-6 L3. 211

C W=7.674xl0-5 L2. 584

D W=l .315xl0-5 L2.946

E W=8.128xl0-6 L3.063

).- F W=1.774xl0-4 L2.462

IWhite Crappie B W=4.602xl0-6 L3. 173

C W=4.459xl0-6 L3. l80

Redear B W=6~232xlO-6 L3 .203

c W=2.088xlO-5 L2.936

D W=l .053xlO-5 L3. 558

Largemouth Bass B W=4.352xl0-6 L3. l88

C W=l .286xlO-5 L2. 958

D W=2.508xlO-6 L3.305

E W=2.l38xlO-9 L4. 474

Carp E W=2.l93xl0- 4 L2. 563

Longnose Gar B W=4.33lxl0-7 L3. 24O
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Table 3.6.J~ (Continued)

(
Species Transect Equation

Black Crappie C W=1.320xlO-7 L3 .907

W=3.042xlO-6 L3. 279
./

E i

Si1ver Redhorse E W=7.127xl0-7 L3. 472

Shorthead Redhorse E W=3.496xl0-6 L3. 198

Channel Catfish E W=7.294xlO-8 L3.822

White Catfish B W=1.615xl0-6 L3.348

c W=5.052xlO-6 L3. 131

Pumpkinseed B W=2.430xl0-6 L3. 41O

C W=3.048xl0-4 L2.393

Warmouth B W=8.060xl0-6 L3. 165

C W=1.977xl0-5 L2.974

(Quillback Carpsucker E W=7.779xl0-5 L2.685

Golden Shiner B W=7.126xlO-6 L3.033

(
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weight of a fish generally varies with the cube of its length. Values obtained

fall generally within the reported range. There is a great deal of individual

variation in length-weight relationships and the small sample size precludes

drawing definite conclusions concerning observed differences.

3.6.3.4 Condition Factors

Condition factors may vary with the size of fish collected, sex,

season, feeding activity, and numerous other factors. To reduce the bias, a

large sample size collected over a long period of time is necessary. The

sample size was so small for most species that condition factors must be viewed

with caution with respect to the number of individuals collected with some

variation expected. In general, the condition of Parr Reservoir fishes is

average to slightly below average with respect to condition of fishes in other

reservoirs of the nation.

Mean condition factors for all specimens collected from the Broad

River Study Area are presented in Table 3.6.5.

Most bluegills collected were in the 7 to 15 cm (2.8 to 5.9 in)

size group. Specimens from Transect D were generally larger than those from

other transects. Condition 'factors did not appear to vary among transects.

Size groups of redear sunfish collected were distributed ~venly

throughout the range, however, an unusually high number of large, 23 to 26 cm

(9.0 to 10.2 in), specimens were collected at Transect D. Larger fish tended

to have higher condition factors.

Largemouth bass were collected primarily from reservoir transects.

They were generally evenly distributed throughout the size ranges encountered.

Specimens from Transect E were larger and had higher condition factors.

Carp were generally evenly distributed throughout the size ranges

collected. Condition factors did not vary greatly among transects.
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Table 3.6.5 Mean condition factors for all important species collected from
the Broad River Study Area,March 1971 ~ (

' ..

Species Total Number Condition Factor

Bluegill 733 1.8
Gizzard shad 429 0.9
\.Jh i te crapp ie 95 1.3
Redear sunfish 211 1.8
Largemouth bass 87 1.3

River carpsucker 57 1.2
Carp 44 1.4
Flat bull~ead 41 1.2
Longnose gar 29 0.2
Black crappie 52 1.2

Redhorse 4 1.1
Channel catfish 20 0.8
White catfish 25 1.1
Pumpkinseed 16 1.8
Warmouth 24 1.9

Gold en shi ne r 13 1.0
Shorthead redhorse 36 1.2

(Silver redhorse 21 1.2
Silvery mi nnow 17 1.1
Redbreast sunfish 16 1.9

Qu ill back 2 1.3
Yellow bullhead 3 0.7
Amer ican ee 1 5 0.2
White bass 2 1.5
Unidentified shiners 2 1.0

Brown bullhead 2 1.4
Hybrid sunfish 1 1.5
Longear sunf i sh 2 2. 1
Creek chubsucker 2 1.1
Black bullhead 2 1.5

Spotted gar 0.2
Tadpole madtom 0.6
Ye 11 ow perch 1.1
Swamp darter 0.6

(
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Longnose gar were generally evenly distributed by size groups

collected. Condition factors did not vary between size groups or transects.

At Transect B most black crappie collected were in the 7 to 12 cm

(2.8 to 4.7 in) size range. Condition factors did not vary greatly among

transects, or' by size group.

The sample size (5) of chahnel catfish was too small to draw

conclusions.

Condition factors of white catfish did not vary greatly between

transects. However, the small sample size makes conclusions difficult.

Larger pumpkinseed sunfish tended to have higher condition factors.

Condition factors did not vary greatly between transects. Sample size prevents

drawing conclusions concerning size group frequency distributions.

One specimen of warmouth from Transect D had an unusually high

conQitioh factor, however this is probably attributable to individual variation.

Due to the small sample size,it is impossible to draw conclusions

concerning condition factor and frequency distribution by size groups for the

silvery minnow, and yellow bullhead in the study area.

No significant variation was observed in the condition factors of

the brown bullh~ad examined.

Two specimens of black bullhead were· collected. Although the

condition factors were considerably different at the two transects, the small

sample size precludes drawing conclusions concerning the difference.

Larger specimens of white crappie were collected at Transects C

and D and condition factors were slightly higher at those two transects. However,

they were not significantly different.
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There appeared to be no significant differences of condition factors

among gizzard shad with transects or size groups.

3.6.3.5 Sex Ratios

The sex ratio data on the fish collected in November 1972 and

February and May, 1973, were combined to obtain a better estimation of the sex

ratios (Table 3.6.6). Even after the. data were combined, several species of

fish had insufficient numbers for an accurate evaluation of ratios. The various

species of sunfish (bluegill, redear, warmouth, pumpkinseed, redbreast sunfish,

and a hybrid) ~enerally had more females present in the population than males.

The average ratio for these sunfishes was 1:1.6 (males:females). In the other

species of Centrarchidae (white crappie, black crappie, and largemouth bass),

males and females were collected in nearly equal numbers. Although the number

of rough fish (carp and redhorse) sexed was too small for a definitive statement

on sex ratios, males were generally collected twice as frequently as females.

The major forage fish (gizzard shad) in the study area exhibited nearly

equal proportion of males and females in the population. The species of

Ictaluridae (catfish and bullheads) were collected in very small numbers an~

no statement can be made on the sex ratios of these fish.

(

3.6.3.6 . Gonad Cond i t ion

The average gonadal conditions of mature fishes collected in

February 1973 are given in Table 3.6.7. The mean maturity stage for all sun-

fishes (Centrarchidae) was between the resting stage and maturation. According

to Nikolski (1963), this indicates sexual products were either undeveloped or

slightly developed. Therefore, spawning of these species had not occurred at

the time of sampling.

Gizzard shad, golden shiner, river carpsucker, and carp were

found to be between maturation and maturity. These species were approaching

3.6-26

(



Table 3.6.6 Sex ratios of fishes collected from the Broad River Study Area,
November 1972 and February and May, 1973.·

Species Male Female Ratio

B1ueg ill 181 278 1: 1. 5
Redear sunf i sh 61 98 1: 1.6
Warmouth 14 21 1: 1.5
Pumpkinseed 6 12 1: 2. 0
Redbreast sunfish 4 5 1: 1 .3
Hybrid sunfish 1 1 1: 1.0

White crappie 52 38 1:0.7
Black crappie 29 22 1: 0.8
Largemouth bass 40 42 1: 1. 1
Gizzard shad 161 133 1 :0.8
Carp 27 13 1:0.5
Shorthead redh6rse 13 20 1: 1.5

).- Silver redhorse 10 8 1: 0.8
Redhorse 3 1 1: 0.3
River carpsucker 42 12 1: 0.3
Golden shiner 2 1 1: 0.5
Creek chubsucker 1 0 1: 0
Brown bu 11 head 0 1 0: 1.0

Black bullhead 0 2 0:2.0

F1a t bu 11 head 10 13 1: 1.3
Channel catfish 2 11 1: 5.5
White catfish 3 7 1: 2.3
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Table 3.6.7 Mean gonadal condition of mature female fishes collected in the
Broad River Study Area, February and May, 1973.··- (

\
February May

Average Average
Species n1~ Condition n Condition

B1ueg ill 123 2.0 89 4.3
Redear sunfish 42 2.2 27 4.2

4
.

Pumpkinseed 2.3
Warmouth 2 2.0 7 4. 1
Redbreast sunfish 5 4.6
Hybrid 1 2.0
White crappie 11 2.6 3 4.6
Black crappie 2 2.0
Largemouth bass 15 2.5 8 3. 1
Gizzard shad 46 3..1 23 4.0
Golden shiner 1 3.0
Carp 6 3.5 5 4.2
Silver redhorse 6 4.0 3 6.0

(Shorthead redhorse 5 4.4 6 6.0 )

River carpsucker 4 3.5 7 4.1
Quillback 1 6.0
White catfish 2 3.0 1 6.0
Channel catfish 1 2.0 4 3.0
Brown bu 11 head 1 3.0
Black bu 11 head 2 5.0
Flat bullhead 5 3.4 8 -5.4

*Number of fishes examined.

(
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their spawning period at the time sampled.

The redhorse, which had the most advanced stage of maturity

ranging from maturity through reproduction, were sampled just prior to their

spawning period.

Channel catfish and white catfish had a gonadal condition indicating

the resting stage. These species are known to spawn later than the period

sampled (Stevens 1959b).

Brown and flat bullheads had a more advanced stage than other

catfish. Their average stage ranged from maturation to maturity. Their

spawning would probably occur earlier than the channel and white catfish.

The mean stage of gonadal maturity of fishes collected in May, 1973,

is given in Table 3.6.7. The mean gonadal condition of most Centrarchidae was

found to be the stage of maturity or approaching the stage of reprod~ction.

Gizzard shad, river carpsucker, and carp were between the stage

of maturity and reproduction. These species were nearing their spawning period.

The redhorse sampled during this period were found to have a mean

stage of spent condition. The redhorse, therefore, spawned between the February

and May samples in 1973.

One mature female white catfish was collected and determined to

have spawned prior to this sampling period. Four mature female channel catfish

were found to have a stage of maturation. This indicates that this species

would not spawn for some time.

The black and flat bullheads collected were determined to be in

reproduction at the time of sampling.

This discussion of the mean gonadal condition of mature female

fishes collected in February and May, 1973, suggests some prel iminary insights

of the spawning periods of selected fishes of the Broad River Study Area. All
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trends evidenced corres

invest igated.·

with expected spawning periods for the region being

(
3.6.3.7 Standing Croe

Rotenone samples, for biomass estimates, were conducted in the

Cannons Creek and Frees Creek areas of Parr Reservoir. Transect C, Cannons

Creek, was sampled November 9 to 11, 1972 (Table 3.6.8). At this station~ a

total of 5,841 ilsh i rcipresenting14 speties, were collected or dbserved.

The weight of the fishes collected totaled 13.565 kg (29.8 Ib). The recapture

f~ctors (marked/recaptured. ratio) derived from the Pet~rsen ~stimatlng procedure

r~nged from ~ero to 1.0. It i~belteved that reli~b~e estimates of the percerit-·

age of f ish were obta ined from the r~tenpnedarea. .
The total biomass estimate fromCanncins Creek area was 204.521

kg/ha (182.0 1b/acre). A total est imi:lte. of 50", 076 f i shes/ha (20,274/acre) was

calculated for this area. The gizzard shad was themost abundant species with

an estimated 32,700 fish/ha (13,239/acre) having a biomass of 51.562 kg/ha (

(45.9 Ib/acre). The bluegi 11 was second in abundance at 15,906 fish/ha (6,440/aae)

but represented greatest blomass at 91.307 kg/ha (81.3 Ib/acre). The contribution

of individual species to the total biomass estimate are presented In Table 3.6.8.

Transect B (Frees Creek) was sampled November 11 to 13, 1972

(Table 3.6.9). A total of 728 fishes wei~hing 9,388g(20.6 lb) and representing

19 species were collected. Estimated total standing crop was 60.843 kg/ha

(,54. 1 1b/acre) .

Standing crop in the Cannons Creek sample was over three times

higher than found in the Frees Creek sample.

The Petersen estimate recapture factor (marked/recapture ratio)

varied for the 19 species. It ranged from zero, which were species that had

no marks placed in the rotenoned area, to 1.0, which indicated that all marked
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Table 3.6.8 Standing crop estimates of the fishes from a shoreline rotenone sample of the
Cannons Creek area· of Parr Reservoir, South Carolina, November 9-10, 1972.

Number Grams Recapture
Species Co 11 ected Collected Fac"tor ____ NumbexjHectare Kg/Hectare

Longnose gar 'i'~'i~

Gizzard shad 5563 8772 0.41 32700 51.562
Qu ill back *..,,'~

Golden shiner 1 66 1.0 2 0.159
White catfish 8 683 - 19tt 1.646tt

Tadpole madtoms 17 45 - 41 tt 0.108tt

Largemouth bass 11 2496 o. 17 156 35.384
Warmouth 27 354 0.17* 383t 5.018t

w
15906t 93.508t. B1ueg ill 66 388 0.01~·;0'

I
W Pumpkinseed 3 74 0.50 14 0.357

Redear 6 169 0.03 482 13.576
Green sunfish 10 50 - 24tt O. 121 tt

Black crappie 9 403 0.36 60 2.698
Young-of-the-year sunfish 110 50 - 265tt O. 121 tt

Swamp darters 10 9 - 24 0.263--
Tota 1s 5841 13565 - 50076 204.521

* No recaptures were obtained, so factor based on assumption of one recapture.
**Species observed outside sampled area, assumed to occur 1/.5 hectare.
t Indicates minimum estimate assume one recapture.
ttMinimum estimate because no recapture data available.
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Table 3.6.9 Standing crop estimates of the fishes from a shoreline rotenone sample of the Frees Creek
area of Parr Reservoir, South Carolina, November 11-13, 1972.

Number Grams Recapture
Seecies Co11 ected Co llected Factor Number/Hectare

Longnose gar 1 1910 - 2
Gizzard'shad 283 1378 0.75 932

'.,

River carpsucker -;':'";': - "0'·;." .,;: . '-
Carp -/:·k

G,olden shiner, 42 443 .. ," 1.60 104
5i lvery minnow 202 1265 1.00 499 "
Unidentified shi~er 2 14 ' tt- 5.
Wh i te ca t.f ish 9 75-6 'I ~OO 22

V.)

5tt ,. Ye 11 m'\l bull head '2 410"' -
I

40ttV.) Tadpo Ie madtom 16 32N -
. '

.10tt ·,' Mosqu i tof ish 4 1 -
Largemouth 'bass 1 6 >"n.4T 5

"

\~armouth 13 276 0.-40 82
B1ueg i 11 59 753 . 0.08 . -1917
Pumpk.inseed 1 27 0.33- 7
Redear 35 1213 0.21 4.13
White crappie 22 688 LOa 54
Black crappie 30 581 - 0.50 148
Swamp darter 6 4 ' - 1ott.--
Totals 728 9388' - 4255

~':~':Species observed out$ide sampled area, assumed to, occurl/0~5. hectare.
ttMinimum estimate because no recapture data available.

Kg/Hectare

4.720
4.539

1.094
3; 126
O.OJStt

1.868
0.-' 01 tt 0' 0

.. 0.079ft

, 0.002tt

0;032
1.705
24.482
0.202
14.272
(.}OO

2.871
0.Or5tt

60.-843

!"-' ~" .~,



fish of that species were recovered. It was felt that adequate estimates of

the percentage of each species were obtained in the sample.

Table 3.6.9 illustrates the full breakdown of species composition

and abundance. It is of interest to note that the gizzard shad at Transect B

were present in much lower numbers than at Transect C. This phenomenon was

noted not only in the rotenone samples but in other collecting procedures as

well. The reason for this phenomenon is unclear at this time.

Of the species collected in this area~ the bluegill comprised the

greatest biomass with 24.482 kq/ha (21.8 Ib/acre). They were also present in

the largest numbers with 1917. individuals estimated per hectare.

Redear were second in biomass with 14.272 kg/ha (12.7 Ib/acre). As

noted previously, the standing crop of fishes in the Frees Creek area was

significantly lower than in Cannons Creek (Transect C).

The standing crop as measured from Cannons Creek~ closely approxi-

mates the mean standing crop of 207 kg/ha (183 Ib/acre), reported by Jenkins

(1967) for nine South Carolina reservoirs, although the mean of 132 kg/ha

(117.5 Ib/acre) from both Parr Reservoir samples is lower than both the South

Carolina mean and the mean of 228 kg/ha (202.9 Ib/acre) reported by Jenkins for

South Carolina reservoir having moderately high sediment loads and low storage

ratios. In addition~ clupeid standing crop comprises more than half of the

total standing crop of other South Carolina reservoirs. Gizzard shad make up

less than one-fourth of the total standing crop of Parr Reservoir.

One of the greatest problems encountered in the sampling procedure

was the low water temperature (IS.DOC) at the time of sampling which caused

the rotenone to affect the fish very slowly, thus precluding a rapid pickup.

Further, the low water temperature likely allowed some fish to remain alive

within the rotenoned area.
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One of the limitations of the sgrnpliog prQC,eclu,re is, that fish

are often not available 'for marking to perform the Petersen estimate.' Related

to this, investigators of~en recover non~ of ,the fish of a given species placed

within the sampled area .. To aciourit fbr these sb~rc~s ,of error, one assum~s

that the estimates for the species ~xhibitingthes~dtscre~anc1es a~e minim;l.

Therefore, the final estimates are r~corded as ~+ indica'ting an unknown error
, ,

of positivenat4re. However, in the case of the two sa~ptes from Part' Reserv6ir,

it is felt that these e'rrorsa.re smal1.

Food Habits

Food habjtsana.1ys~s were cohducted on seJected fishes c611ected

from the Broad River Study Area' from 'November 1972 through May 1973. ,These
l

data were ~eported by collection period; trans~ct,species, and size group.

B1ueg ill

A total of 1'47 bluegill stomachs were analyzed 'for food habits.

There appeared to be differences in food habitsbet0een size classes, seasons,, ,

and transects.

A transition in food habits with increase in size was noted. Fish

less than 50 mm (1.9 in) total 1e'ngth fed prim,a'ri'ly on zooplankton with some

chironomid larvae also being taken. Fish in the 51 to 100 mm (2 to 3.9 in)

total length group fed approx)mately eqti~lly dn zoopl~nkt6n and chironomids;

Aquatic insects were themajbrcomponent in st'omachs of' specimens of the 101

to 150 mm (4 to 5.9 in) tot~l length size ~r6up. Fish over 150 mm total length

fed primarily on chironomid larvae. Zooplankton showed a definite decrease in

importance as food items in fish over 100 mm ~otal length. When fish eggs

were detected as food items they l!sua11y com(!lrise approximately 50 percent

numerically and volumetrically of the food taken by fish over 100 mm total

length.
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".......~ Seasonal variation was also detected in bluegill feeding habits.

In May 1973 all food items were ingested in higher numbers than at other

seasons. May was the only month in which fish eggs were taken as food items,

and during this sampling period fish eggs and chironomid lar~ae comprised 80

percent of the food items numerically and 90 percent of the total volume.

Although pelecypods were never major constituents of the diet, they were more

abundant in the stomachs of fish collected in November and February than in

fish collected in May.

There appeared to be some variation in bluegill food habits

between transects. Bluegill collected at Transect D had larger quantities of

all food items except fish eggs in their stomachs. Bluegill from Transect D

fed largely on chironomids. When present, fish eggs were the major food Item

found in fish stomachs collected at Transect B. Fish collected at Transects B,

C, and D (reservoir) generally contained five to ten times as many food items

as bluegill collected at Transects E and F (river).

According to Calhoun (1966) studies of bluegill diets in a wide

variety of habitats in the eastern and central United States indicated that

zooplankton and aqu~tic insects are usually dominant food.

Gizzard Shad

Twenty-eight stomachs of gizzard shad were analyzed for food

habits. Twenty-seven of the specimens collected in May 1973 and a single

stomach collected in November 1972 were analyzed.

Gizzard shad fed on- a variety of organisms. Diatoms (Bacillario-

phyceae) were by far the most numerically abundant food item. Other prevalent

items included species of Cyanophyta, Chrysophyta, Chlorophyta, and Rotifera.

Rotifers and filamentous green algae (Cladophora spp. and Spirogyra spp.)

generally comprised the majority of the biomass when present. There appeared
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to be some variation of feeding ha!:>its with size. Smaller fish (50 to 110,mm

[2 to 4.3 in] total length) fed primarily on the phytoplanktonic Oinobryon sp~

Stomachs of specimens betw~en 200 and 300 mm (7.8 to 11.8 in) total length

contained greater numbers of zooplankton and types of phytoplankton other than

Dinobryon sp. which decreased in relative abundance. Stomachs from fish greater
. ,

than 300 mm total lenSJth showed a decrease In the relqtive abundance of phyto-

plankton and an. increase ill the aburdan~e of fi lamentous green algae. The,
,

bulk of the biomass in larger fish wascom'posed of fi1.3mentous green algae and

zooplankton.

Severalstudi~s have shown that gizzard shad feed primarily on

zooplankton during the first few weeks of development, after which phytoplankton,

becomes the major constituen,t of the diet (Kutkuhn 1957; Miller 1960; Cramer and

Marzoff 1970). This shift in diet generally',o'ccurs'when fish are between 25

and 30 mm (0.9 to 1.2 in) total length (Bo'dola 1966). Cramer and Marzolf (1970)

showed that shad less than 20 mm (0.8 iri) total length we~e, able to feedselec-

tively on certain species of ,zooplankton. After the fish had developed beyond

the larval and post-larval stages great~r than 60 mm (2.3 in) tota) length, they

apparently fed randomly, ~tilizing the gill rakers as a filtering mechanism

(Tiffany 1921; Bodola 1966). Jesterpnd Jensen (1972) stated that the diet of

gizzard shad was controlled primarily by theavailabil ity of food items. Jester

and Jensen found that phytoplankton were numefically more abundant in the g~t

contents of shad, but zooplankton comprised the major portion of ~he biomass.

vlhi te Crapp ie

A total of 54 stomachs from white crappie were examined. There

appeared to be a transition in food habits with size. Smaller fish fed

primarily on zooplankton, intermediate size fish tended to feed on insects and

larger fish were more plscivorous.
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Seasonal changes in food habits were also evident. During

November 1972, the larger, 201 mm (7.9 in), white crappie fed almost entirely

on fishes, primarily gizzard shad. In February 1973, insects were evident in

the diet, and by May 1973, the mean percent total volume of insects surpassed

that of the fishes as food items. In November 1972, the intermediate sized,

101 to 200 mm (3.9 to 7.8 in), white crappie fed on zooplankton, insects, and

gizzard shad in approximately equal volumes. In February, insects and fishes

comprised the major prot ion of the diet; and by May, insects were the primary

food.

Of the white crappie less than 100 mm (3.9 in) total length, those

collected in November contained only zooplankton. In February, zooplankton and

insects contributed approximately equal- volumes of the observed food components.

No specimens of the smaller size class were collected in May 1973.

These observations agree well with food habits reported by other

workers (Harlan and Speaker 1956; Huish 1957; Sigler 1959). No differences in

food habits were detected at different transects.

Redear Sunfish

A total of 88 redear stomachs were examined. There was no apparent

difference in food habits between transects or between size grOups, however,

there appears to be a seasonal difference in redear food habits. Pelecypods,

primarily the exotic asiatic clam, Corbicula manilensis, comprised from 70 to

99 percent of the total volume of the stomach contents of redear collected in

May and November. C. manilensis was also found to be abundant in benthic

samples. Unidentified organic matter was the next most prevalent item during

May and November. In February, ephemeropterans and other insects, especially

odonates, replaced pelecypods as the major food item. Ephemeropterans were

particularly_evident in the diet of specimens collected at Transect D in
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February.

According to Calhoun (1966), newly hatched redear feed on green

algae and microcrustacea, and old~r fish feed primarily on plankton, insects,

snails, and occasional small fish. In Lake George, Florida, the November and

December diet of redear was mainly small snalls (Huis'h 1958).

Largemouth Bass

A total of 63 largemouth bass stomachs were examined from the

study area. There appears to be no s~as~na1 differences in food habits of

largemouth bass. A difference in ,major 'fooditeinswas detected between fish
,.: .

collected in the reservoir (T~anse~~s B, C~ ~nd D) and'tho~e collected from the

river (Transect E)~ A tranSi'tion, of fee<;ling habits',with si~e of fish also was'

detected. Bass in the 101 to 150 mm (3~~ to ~:9 in) total length size class

from the reservoir appeared'toh,e feeding onacjiJaticinsects (Ephemeroptera,

Trichoptera, Hemiptera). Fish of 151 to 300 mm (5.9 to 11'.8 in) fed primari ly

on fishes, but the species of fish utilized could not be identified. Large-

mouth bass longer than 300 mm total length fed primarily on fishes (black

crappie, gizzard shad, and bluegill), but decapodsandfrogs were occasionally

utilized as fooc;l items. All largemouth bass collected at Trarisect'E were

longer than 300 mm (11.8 in) total len~th and contained decapods as the primary

food item.

,Largemouth bass feed on a wide variety of f60d items (Calhoun 1966);

however, adults eat mainly fishes (Ha~lan and Speaker 1956; Sigler 1959).

River Carpsucker

Of the river carpsucker stomachs examined, a total of 23 contained

food items. The majority of the food material was unidentified organic matter.

Dipterous larvae, primarily larv~l chironomids, c6mprised the ~ajority of the

remainder of the food material. The volume of chironomids in the stomachs varied
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habits.

habits.

from trace amounts to 30 percent. There appeared to be no difference among size

groups, transects, or seasons.

Carp

Carp were collected only at Transects Band E. Eight carp stomachs

were analyzed for food items. All fish examined were between 450 and 800 mm

(17.7 to 31.5 in) total length. Unidentified organic matter was the most

frequently detected food item, accounting for 85 to 100 percent of the total

volume of the stomach contents for all fish examined. Cyclopoid copepods and

chironomid larvae were numerically the most important f06d items encountered.

Numerous references indicate carp feed primarl1y on botto~ fauna such as

chironomids, zooplankton, phytoplankton, and plant remains (Ewers and Boesel

1935; Rose and Moen 1951; Moen 1954; Sigler 1959; Rehder 1959; Scidmore and

Woods 1960; Nelson 1962).

Flat Bullhead

Thirty-four stomachs were examined to determine the feeding habits

of flat bullhead. Flat bullheads fed on a variety of organisms. There apparently

was some difference in the feeding habits associated with size. Fifty percent

of the larger specimens contained Notropi.s sp.

Plant material was abundant in 71 percent of the specimens collected

at Transect F. Insects were present in the stomachs of 32 percent from t~e same

16cation. Those specimens from Transects 0 and E contained primart1yinsects.

Twenty-one percent of the specimens examined contained other

invertebrates (leeches, arachnids, and nematodes).

Black Crappie

A total of 22 stomachs from black crappie were analysed for food

There appeared to be some seasonal variation in black crappie feeding

Fish remains were the major food items detected in stomachs collected
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in November 1972. During the February and May, 1973 samples, the black crappie

appeared to be primarily insectivorous. During this period they fed on a wide

variety of benthic forms with Ephemeroptera, Trichoptera, Chaoborus sp., and

larval chironomids being the most frequently encountered food items.

There appeared to be some variation in feeding habits by transects

during the May 1973 survey. Chaoborus sp. accounted for over 95 percent of

the total volume at 'Transect B while at Transect C it formed approximately 20

percent. At Transect D, no stomachs 'contained Chaoborus sp. and Hexageniasp.

was the major food item.

Moxostoma spp.

There was difficulty during initial surveys identifying redhorse

suckers. Consequenty at least two $pecies are grouped under this heading. A

total of 25 digestive tracts were e~amined. Insects dominated the food items

observed. Chironomids, ephemopterans, and hydropsychids comprised the bulk of

the ingested matter, and 75 percent 6f those specimens examined contained

chironomids. There we~e no obvious differences between ~ize groups or transects.

Channel Catfish

A total of 15 channel catfish stomachs were analyzed, 12 of which

were collected in November 1972. Unidentified organic matter was the major

food item detected in stomachs. Insects were low in mean total number and mean

percent total volume in November 1972. However, inPebruary 1973, insects

comprised 80 percent of the stomach contents by volume (one stomach analyzed).

One large specimen (801 to 850 mm [17.7 to 19.7 in] total length size group)

contained 30 percent unidentified fish remains by volume. Fish were not detected

as food items in stomachs of smaller individuals.

Publ ished reports indicate channel catfish fed on aquatic insects

(Ewers and Boessel 1935; Bailey and Harrison 1948) and bottom arthropods
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(Darnell 1958) when small, but beyond 100 mm (3.9 in) total length were usually

omnivorous (Bailey and Harrison 1948; Cross 1951; Darnell 1958; McDonald and

Dotson 1960; Hoopes 1960; Davis 1960) or piscivorous (Dendy 1946; Russel 1964).

White Catfish

Food habits of white catfish are based on the analysis of nine

stomachs which contained food items. Due to the small sample size and the

variety of food items, no trends or differences could be detected. The mayfly,

Hexagenia limbata, dominated the food items by volume in the stomachs of two

white catfish collected in November 1972; however, both stomachs contained

only si~gle specimens of~. limbata. One stomach collected at the same time

from a specimen captured at Transect D contained Ephmeroptera and other insects

in trace amounts. Insects were also detected in the stomach of the single

specimen collected at Transect B in February 1973. Several specimens collected

in February 1973 contaihed ~nly unidentified organic matter.

Pub1 ished reports indicate white catfish feed on a variety of

food items, including pondweeds, aquatic insects and fishes (Stevens 1959b;

Miller 1966).

Pumpkinseed

A total of 13 stomachs were analyzed to determine the food habits

of the pumpkinseed. Pumpkinseed fed primarily on aquatic insects (Chironomidae

and Ephemeroptera), especially during February. Pelecypods and unidentified

organic matter were also consumed. No differences in food habits were detected

between size classes, transects, or seasons.

Trautman (1957) stated that pumpkinseed fed chiefly on aquatic

insects, small mollusks, and crustacea, and that large individuals may also feed

on small fishes.

3.6-41



Fourteen warmouth stomachs were analyzed to determine food habits.

Thirteen of the specimens examined were less than 150 mm (5.9 in) total length.

Specimens examined fed on aquatic insects, decapods, and amphipods. Stomach

contents of the single specimen greater than 150 mm total length contained 90

percent by volume unidentified fish remains. There were no obvious differences

in feeding habits between transects or seasons.

Other studies indicated that post-larval individuals fed on Protozoa

and bacteria, with insects, zooplankton, snails, and small crustaceans becoming

increasingly important as the fish grew; with fishes comprising a large part of

the diet of those over 130 mm (5.1 in) total length (Lenis and Engl ish 1949;

Harlan and Speaker 1956; Larimore 1957).

Go1den .sh iner

A single specimen of golden shiner in the 101 to 150 mm (4 to 5.9

in) size group was collected at Transect C in May 1973. The stomach contained

three chydorid cladocerans, and 80 percent algae and 20 percent unidentified

organic matter by volume. According to Radcliff (1931) and Flemer and Woolcott

(1966) young shiners feed principally on Entomostraca and phytoplankton, while

adults feed largely on algae.

Shorthead Redhorse

A total of 16 digestive tracts of specimens positively identified

as Moxostoma macrolepidotum were analyzed to determine food habits. No signi-

ficant variation between size groups, transects, br seasons was detected.

Insects, particulary chironomid larvae, appeared to be the primary food item

encountered. Chironomids were present in all but two of the specimens in which

ingested material was identifiable.

Small redhorse reportedly feed on C1adocera and chironomids
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(Nurnberger 1930) and larger individuals feed on benthic insects (Meyer 1962;

Reed 1962).

Silver Redhorse

Food habits of silver redhorse were based on examination of

contents of the digestive tract of 15 specimens. Most specimens contained

unidentifiable organic matter. Twenty percent of examined specimens contained

molluscs, primarily Corbicu1a manilensis; and approximately 20 percent had

ingested benthic insects, primarily chironomid larvae.

No obvious differences between size groups or seasons was detected.

The greatest variety of food items was observed in specimens collected from

Transect E.

Meyer (1962) found that chironomids, mayfl ies, and caddisflies

were the principal foods of silver redhorse in the Des Moines River, Iowa.

Redbreast Sunfish

A total of nine redbreast were examined for food habits. Eight

of the specimens were less than 200 mm (7.8 in) total length. Redbreast fed

primarily on insects (Chironomidae and Odonata). Unidentified organic matter

was also an important food item. The stomach of the single 'specimen larger than

200 mm total length contained a flat bullhead. No redbreast were collected

during the November sampl ing, or from Transects A, B, C, or D on other samp1 ing

dates.

Yellow Bullhead

Food habits of a single specimen of yellow bullhead collected at

Transect E in May 1973 were analyzed. The stomach contained unidentified

organic matter.

According to Harlan and Speaker (1956) principal foods of the

yellow bullhead included insects: crustaceans, mollusks, and small fishes.
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Eddy and Surber (1947) stated that plant materials often form a large part of 

the diet. 

Green Sunfish 

Stomach contents of a single specimen of green sunfish captured 

at Transect E in November 1972 were analyzed. The stomach contained 90 percent 

unidentified organic matter by volume, one trichopteran, and one dipteran. 

Sigler and t1i ller (1963) stated that adult green sunfish prefer 

larger animal foods such as fish, dragonfly larvae, freshwater shrimp, and 

aquatic snails. 

White Bass 

Two specimens of white bass were collected at Transect E in 

May 1973. Unidentified fish remains comprised 90 to 100 percent by volume of 

the food items detected. White bass feed on insects and fishes (Lamb 1951; 

Toole 1952; Bonn 1953). 

Brown Bullhead 

Stomach contents of two brown bullheads were analyzed for food 

habits. Stomachs from Transects Band 0 contained primarily unidentified organic 

matter. Both stomachs contained Chironomidae, trichopterans, Hexagenia sp., 

and unidentified insect remains. 

Longear Sunfish 

Stomach contents of a single specimen of longear sunfish in the 

51 to 100 mm (2 to 3.9 in) length size group were analyzed. The stomach 

contained 100 bryozoan statoblasts comprising 50 percent of the contents by 

volume. Unidentified organic matter comprised 40 percent of the contents by 

volume. Seven dipteran larvae were also present in the stomach. 
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Black Bullhead

Two black bullhead stomachs were analyzed for food habits. Both

specimens were collected in May 1973. One specimen was collected at Transect B

and the other at E. Both stomachs contained unidentified organic matter.

According to Harlan and Speaker (1956) black bullhead are omni-

vorous; their diet includes insects, crustaceans, worms, mollusks, fish eggs,

fish, and plant matter.

3.6.3.9 Parasites

.,.~,

No external parasites were noted at the time of collection.

Internal parasites, mainly of the digestive tract, were noted and recorded

during the course of stomach analysis. A table summarizing host-parasite re-

lationships was compiled for each sampling period (Tables 3.6.10 to 3.6.12).

The data are presented on a quarterly basis in order to show more clearly the

differences which occurred during the sampl ing periods.

The two most important parasites in terms of number of species

were Posthodiplostomum minimum and Nematode "a". ~. minimum centrarchi, a

metacercarial trematode, was noted in the 1iver and mesentaries of Centrarchidae

in sampl ing periods November 1972 to May 1973; young centrarchids were often

found to have large numbers of these metacercariae in the 1iver. The infecting

agents of this parasite are the cercariae escaping from the first intermediate

host (Ph~s~ sp.), entering the second intermediate host (Centrarchidae) through

the skin, and migrating to the hepatic region where encystment occurs. The

definitive host of Posthodiplostomum minimum centrarchi in the study area is

probably the great blue heron.

The greatest variety of parasites is found in the Nematoda; up

to eight possible species were noted in the November 1972 sample. The nematodes

were, in general, morphologically similar with the exception of Nematode Ila"



Table 3.6.10 Parasites of fishes collected from five transects in the Broad River Study Area,
November 1"972.

Posthodip1ostomum
minimum centrarchi

Nematoda
p. minimum Species

abcdefgh
Cama 11anus Cama 11 anus type

Centrarchidae
B1uegi n X (lf4) X X
Redear X X
Pumpkinseed X
Warmouth X
Black crappie X X
Largemouth bass -x

lctalauridae
White'catfish X X

w Channel catfish X X. f1 at bu 11 head X X0--
I
.;::-
0-- Catostomidae

Shorthead red horse X X X X X
River carpsucker X



Table 3<6.11 Parasites of fishes cone:::ted from five trailsects in the Broad River Study Area,
February - March, 1973.

Posthodip~ostomWff lrematoda Nematoda -
minimum centrarchi Sbe:::ies Species Camallanus

abc abc d
Cestoda

Centrarchidae
B1ueg ill
Redear
Pumpkinseed
Warmouth
White crappie
Black crappie
Largemouth bass
Redbreast

Ictalauridae
\.Jhite catfish
Channel catfish
Flat bullhead

Castostomidae
S i 1ver redhorse
Shorthead redhorse
River carpsucker

x
X
X
X
X

X
X

x X
X X

X

X
X

/ ......_~ .....'.~.- ,;......

X
X
X
X
X
X
X

X

x

X
X

X

X



Table 3.6.12 Parasites of fishes collected frbm five transects In the Broad River Study Area, May 1973.

Posthodiolostomum
!

minimum centrarchi Trematoda
Nematoda
Species Camallanus

abc d e f 9 h

Cestoda
a

Proteocephalus
b

v.J.
0">
!

..\::""co

Centrarchidae
Bluegill
Redear
Warmouth
White crappie'
Black crappie
La rgemou th bas 5

Ic taur idae
Flat bu~lhead

Catostomidae
River carpsucker

Cyprinidae
Carp

x
X
X
X

x

x
v
1\

X X X
X X
X
X
X X X

x X

X

X

x

X

X



and Camallanus sp. Consequently, the letter designation given these parasites do

not necessarily correspond to each other among the different samples. The

majority of these roundworms, and the other parasites as well, are undescribed
1species (Dr. Wilmer Rogers, pers. comm.) .

Nematode Iiall was originally reported as Spinitectus sp. to which

it bears a strong resemblance. It is undescribed however, and occurs mainly in

the Centrarchidae although white catfish were found to harbor this parasite

also. A possible intermediate stage of the nematode has been found in the

thorax of the mayfly nymph Hexagenia limbata. Percent infections of Nematode

"all and Posthodiplostomum minimum centrarchi in relation to the Centrarchidae

and fish population as a whole are shown in Figure 3.6.1.

The most abundant parasite occurring in a single species was a

nematode found in flat bullheads in November 1972 and May 1973 designated

Nematode "bll and Nematode Ilfll, respectively. This worm occurred in the pylorus

of the number of worms per host vary from several hundred to several thousand.

Camallanus sp., a large (25 mm [1.0 in]) distinctive nematode,

occurred in the Catostomidae, usually in river carpsuckers from swift water

(Transects E and F). A larval form of this worm was found in one warmouth from

Transect D in May 1973 and an incomplete specimen in one bluegill from Transect

B in November 1972. Only a few were found in anyone fish. Infection by

Ca~llanus sp. occurs when the intermediate copepod host is ingested and

development to the adult stage takes place in the final host's intestine.

Adult trematodes were found in February, March, and May, 1973

(Tables 3.6. I I and 3.6.12). In the former sampling period, three species of

IDr. Wilmer Rogers, Alabama Cooperative Fishery Unit, Auburn, Ala.
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Figure 3.6.1 Percent infection or Centrarchidae and'
all fishes by selected p~rasites and all parasites in
the Broad River Study Ar~a, 1972-1973.



flukes were recorded from three Centrarchidae and two Ictaluridae. These

trematodes are undescribed, but appear to belong in the Cryptogonimidae. In

the May 1973 sample, one unidentified species belonging in Allocreadiidae

occurred in bluegill and redear only. The fluke appears to be similar to

Crepidostomum sp. but may be undescribed. Life cycles of the Cryptogonimidae

and Allocreadi idae are not well known and var.ied modes of infection are possible.

No heavy infections by trematodes were noted.

Cestocles were also first recorded in 1973. An undescribed cestode

(Caryophyllaeidae) was recovered from three silver redhorse from Transects E and

F. Another species of the same family, bearing a resemblance to Spartoides sp.,

occurred in two carp from Transect E; 43 were found in one intestine. These are

small unsegmented tapeworms less than one em in length, and varied modes of

infection are possible. The unidentified Cestode "a" (May 1973) was found in

one bluegill. It was not possible to identify this incomplete segmented worm.

Four Proteocephalus sp. were recovered from one largemouth bass from Transect C.

The adult develops in the final host after ingestion of a smaller fish containing

the plerocercoid. Procercoid development takes place in the hemocoel of

crustaceans.

It is 1ikely that parasites recorded from the Broad River Study

Area have 1ittle deleterious effect on their hosts. However, a few exceptions

may be discussed further:

(1) Pyloric nematode of flat bullheads (Nematode "b", November

1972; Nematode "f", May 1973).

Generally speaking, the effects of parasitism are related to the

abundance of the parasite in the host; this is especially true of nematodes.

The fact that this nematode was found in extremely high concentrations may be

significant. In most cases, the pylorus was completely blocked by masses of
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this worm and other masses were found in adjacent region$ of the stomach.

Conceivably, digestion could be severely impaired b~ such masses of worms.

Wasting or death of the host could be the result of this reduced assimilation

efficiency. However, the particular hosts examined appeared healthy.

(2) PosthodiRlostomum minimum centrarchi
j

This parasite can be detrimental during two of its life history

stages. The infective miracidia can Cause small hemorrages a~ they penetrate

beneath the hostls scales and migrate to the hepatic region. In addition, the

miracidial entrance wounds may serve as sites for secondary bacterial or fungal

infections. The metacercariae encysted in the 1iver could cause reduced hepatic

function and death of the host (Hunter 1942). Mesenteric adhesions resulting

from metacercariae of Posthodiplostomum mini~um 6entrarchi have been reported

from sunfishes by Bangham (1938) and Fischtal (1953). Hugghins (1972) has

attributed the emaciated appearance of black crappie in Lake Frasier, So~th

Dakota to the effects of this parasite.

Fishes of the Broad River Study Area showed no obvious effects

from infection by this parasite; mitigating factors In the environment may be

acting to reduce the effects of this trematode.

(3) Proteocephalus sp.

The adult form of this tapeworm is less harmfUl than the larval

plerocercoid. The pleroeercoid migrates in the visceral cavity and has been

shown to cause gonadal fibrosis resulting in sterility (Hoffman 1967). Adhesions

have also been reported (Hugghins 1972).

Plerocercoidswere not found in any fish examined at the time of

gut removal, and the adult was found in only one largemouth bass. It is probable

that the incidence of Proteocephalus sp. is low in the bass population. However,

should an epizootic of this parasite occur, the potential for a massive decrease
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in largemouth bass reproduction would be very great.

Other parasites recorded were, with the exception of Nematode "a"

and Posthodiplostomum minimum centrarchi, either sporadic in occurrence or

occurred in low numbers in the hosts. Parasitism in the population as a whole

has more than doubled from November 1972 to May 1973 (Figure 3.6.1), but the

fishes examined appeared healthy. No detrimental effects of parasitic infections

can be found in the total population or selected groups, including the relatively

heavily parasitized Centrarchidae.

3.6.4 SUMMARY

Quarterly surveys of fishes were conducted at the Broad River

Study Area from March 1971 through May 1973. Forty species of fishes repre-

senting ten famil ies have been identified from the study area.

A total of 4,204 specimens were collected. Bluegill, gizzard shad,

white crappie, redear sunfish, and largemouth bass comprised 78.9 percent of the

fishes collected. The a.reasampJed LsdomLnatedb')'spol'"tfJsb_esthQl.lghrJver

carpsucker, carp, flat bullhead, and longnose gar are abundant, especially in the

river.

Age and growth of selected species were examined. Growth of blue-

gill in the study area was comparable to that reported from other areas. Growth

rates of white crappie, gizzard shad, and redear sunfish were less than those

reported for other areas of South Carolina.

Length-weight relationship regressions and condition factors were

calculated and results agree reasonably well with publ ished data. As more

specimens are collected, this basel ine data wil I be used for comparison.

Sex ratios were determined for important species. In the family

Centrarchidae,males were collected more often than females. Males were much

more abundant among the carp and suckers collected. The observed results may



be due to sampling during phases of upstream migrations. One sex often precedes

the other during such migrations.

Gonad condition of mature fishes of important species was determined

in May 1973. Most species had spawned by May 1973. Specimens of the followJng

species; gizzard shad, carp, redhorse, river carpsucker,and flat bullhead had

developing gonads or were ripe at this time.

Standing crop was estimated at two areas in the Broad River Study

Area. The total biomass estimate from Cannons Creek area was 204 kg/ha

(182.0 Ib/acre) and the Frees Creek area estimate was 60 kg/ha (54.1 Ib/acre). Low

water temperature may have prevented a total ki 11 in the sampled area.

Food habits of all fishes examined generally agreed with published

studies. The variety of food items observed indicates that most organisms

occurring in the aquatic habitat are being utilized.

Fishes were examined for external parasites as they were collected

and internal parasites were noted as food habit studies were conducted. A

variety of parasites were recorded but apparently had little observable effect

on the hosts.



3.6.5 REFERENCES

Bailey, R. M. 1970. A 1ist of common and scientific names of fishes from the
United States and Canada. American Fisheries Society Special
Pub. No.8. Washington, D.C. 150 pp.

Bailey, R. M. and H. M. Harrison. 1948. Food habits of the southern channel
catfish (lcta1urus lacustris punctatus) in the Des Moines River,
Iowa. Trans. Amer. Fish Soc. 75:11-138.

Bangham, R. V. 1938. Parasites of Centrarchidae from southern F1ordia. Trans.
Amer. Fish. Soc. 68:263-268.

Bodo1a, A.

Bonn, E. E.

1966. Life history of the gizzard shad, Dorosoma cepedianum
(LeSueur), in Lake Erie. U.S. Fish and Wildlife Servo Fish.
Bull. 65:391-425.

1953. The food and growth rate of young white bass (Morone
chryso~s) in Lake Texoma. Trans. Amer. Fish. Soc. 82:213-221.

Calhoun, A. 1966.
Game.

Inland fisheries management.
5/f6 pp.

California Dept. Fish and

Cramer, J. D. and G. R. Marzolf. 1970. Selective predation on zooplankton by
gizzard shad. Trans. Amer. Fish. Soc. 99:320-332.

Cross, F. B. 1951. Early 1imnological and fish population conditions of
Canton Reservoir, Oklahoma with special references to carp,

.. cnafff'fe1catfi-sh;raFgeITiOLiYh15ass;gFeeli ··sUi1fisnalio········olTiegi···rl;
and fishery management recommendations. Ph.D. thesis Okla. A&M
Co 11 . 92 pp.

Darnell, R. M. 1958. Food habits of fish and larger invertebrates of Lake
Pontchartrain, Louisiana; an estuarine community. Publ. Inst.
Mar. Sci. Univ. Tex. 5:353-416.

Davis, J. T. 1960. Fish populations and aquatic conditions in polluted waters
in Louisiana. La .. Wild!. Fish. Comm. Bul!.,!. 121 pp.

Dendy, J. S. 1946. Food of several species of fish, Norris Reservoir,
Tennessee. J. Tenn. Acad. Sci. 21 (1):105-27.

Eddy, S. and T. Surber. 1947. Northern fishes. 2nd ed. Newton Centre, Mass.
Charles T. Branford Co. 276 pp.

Eschmeyer, R. W. and R. H. Stroud, and A. M. Joner. 1944. Studies of the fish
population on the shoal area of a TVA main stream reservoir.
,I. Tenn. Acad. Sci. 19(1) :70-122.

Ewers, L. A. and M. W. Boesel. 1935. The food habits of some Buckeye Lake
fishes. Trans. Amer. Fish. Soc. 65:57-70.



Fischtal, J. H. 1953. Parasites of northwest Wisconsin fishes. IV. Summary
and 1imnological relationships. Trans. Wis. Acad. Sci. Arts and
Lett. 42:83-108.

Flemer, D. A. and W. S. Woolcott. 1966. Food habits and distribution of the
fishes of Tackahoe Creek) Virginia) with special emphasis on the
bluegill, Lepo~i~_m. macroch rus Rafinesque. Chesapeake Sci.
7:75-89.

Harlan) J. and E. Speaker. 1956. Iowa fish and fishing. 3rd Iowa St. Cons.
Comm. 377 pp.

Hoffman, G. L. 1967. Parasites of North American freshwater fishes. ,Univ. of
Calif. Press, Berkeley and L. A. 486 pp.

Hoopes, D. T. 1960. Utilization of mayflies and caddisfl ies by some Mississippi
River fishes. Trans. Amer. Fish. Soc. 89(1):32-4.

Hugghins, E. J. 1972. Parasites of fishes in South Dakota. S. Oak. St. Univ.
Ag. Exp. Sta. Bull~ No. 484.

Huish) M. T. 1957. Life history of the black crappie of Lakes Eustis and
Harris) Florida. Proc. S. E. Assoc. Game and Fish Comm. 302-312 pp.

1958. Food habits of three Centrarchidae, in Lake G~orge) Florida.
Proc. S. E. Assoc. Game and Fish Comm. 11 :293-302.

Hunter, G. W. 1942. Studies on the parasites of freshwater fishes of Connecticut.
Conn. St. Geol. and Nat. Hist. Su Bull. No. 63.

Jenkins) R. M., R. Elkin and J. Finnell. 1955. Growth rates of six sunfishes
in Oklahoma. Okla. Fish. Res. Lab., Rept. No. 49. 73 pp.

Jenkins, R. M. 1967. The influence of some environmental factors on standing
crop and harvest of fishes in U.S. reservoirs. pp. 298-321. In
Reservoir Fishery Resources Symposium, Reservoir Committee, Amer.
Fish. Soc., Washington, D. C. 570 pp.

Jester, D. B. and B. L. Jensen. 1972. Life history and ecology of the gizzard
shad, Dorosoma cepedianum. (LeSueur), with reference to Elephant
Butte Lake. New Mexico State Univ. Ag. Exp. Station Res. Rep. 218.

Kutkuhn, J. H. 1957. Utilization of plankton by juvenile gizzard shad in a
shallow prairie lake. Trans. Amer. Fish. Soc. 87:80-103.

Lamb, L. 1951. White bass--friend or foe? Texas Game and Fish. 9:12-13.

Lambou, Victor W. 1959. Fish population of a backwater lake in Louisiana.
Trans. Amer. Fish. Soc. 88:7-15.

Lane, C. E., Jr. 1954. Age and growth of the bluegill, Lepomis macrochirus
Rafinesque, in a new Missouri impoundment. J. Wild1. Mgmt.,
18(3) :358-365.



Larimore, R. w. 1957. Ecological life history of the warmouth (Centrarchidae).
Ill. Nat. Hist. Surv. Bull. 27(1):84 pp.

Lee, R. M. 1920. A review of the methods of age and growth determination in
fishes by means of scales. Fishery Invest. Lond. Ser. 2, 4, 2.
32 p.

Lenis, W. M. and T. E. English. 1949. The warmouth, Chaenobryttus coronarius
(Bartram), in Red Haw Hill Reservoir, Iowa. Iowa St. ColI. J.
Sci. 23(l+) :317-322.

McDonald, D. B. and P. A. Dotson. 1960. Fishery investigation of the Glen
Canyon and Flaming Gorge impoundment areas. Utah St. Dept. Fish
Game Info. Bull. 60(3):70 pp.

Meyer, W. H. 1962. Life history of three species of redhorse (Moxostoma) in
Des Moines River, Iowa. Trans. Amer. Fish. Soc. 91(4):412-19.

Miller, E. E. 1966. White catfish.
Fisheries Management.

pp.430-440. In A. Calhoun (ed.), Inland
Calif. Dept. FiSh &Game.

Miller, R. R. 1960. Systematics and biology of the gizzard shad (Dorosoma
cepedianum) and related fishes. U.S. Fish and Wildlife Servo
Fish. Bull. 60:371-392.

Moen, T. E. 1954. Food habits of the carp in northwest Iowa lakes. Pro.
Iowa Acad. Sci. 60:665-686 .

. .. Nelson,\oJ.R..l·962..Report.oLfLsherLesLn.\Les.t.LgatLotlsdurin.gtbe._seventb
year of impoundment of Gavins Point Reservoir, South Dakota,
1961. S. D. Dingell-Johnson Proj., F-l-R-II (Jobs 1-3,7).
40 pp.

Nikolski, G. V. 1963.
New York.

The ecology of fishes.
352 p.

Academic Press, London and

Nurnberger, P. K. 1930.
Sandy Lake.

The plant and animal food of the fishes of Big
Trans. Amer. Fish. Soc. 60:253-9~

Parsons, J. W. and E. M. Lowry. 1953. Age and rate of growth of five species
of fish in Black River, Missouri. Univ. Mo. Stud. 26(2):86-109.

Patriarche, M. H. 1953. The fishery in Lake Wappalell0, a flood control
reservoir on the St. Francis River, Missouri. Amer. Fish. Soc.
Trans. 82:242-254.

Radcliffe, L. 1931. Propagation of minnows. Trans. Amer. Fish. Soc.
61:131-138.

Reed, E. B. 1962. Limnology and fisheries of the Saskatchewan River in
Saskatchewan. Sask. Fish. Rep. 6:1-48.



Rehder, D. D. 1959. Some aspects of the life history of the carp, Cyprinus
carpio, in the Des Moines River, Boone County, Iowa. Iowa
St. J. Sci. 3[1:11-27.

Ricker, W. E. 1971. Methods for assessment of fish production in fresh
waters. 2nd ed. Blackwell Scientific Publication, Oxford and
Edinburgh. 348 pp.

Rose, E. T. and T. E. Moen.
I s land Lake.

1951. Results of increased fish harvest in Lost
Trans. Amer. Fish. Soc. 80:50-55.

Russel, T. R. 1964. Age, growth and food habits of channel catfish in
channel ized and unchannel ized portions of the Missouri River,
Nebraska (abstract). Midw. Wildl. Conf. Program Abstr. 26:53-5.

Schoffman, R. J. 1939. Age and growth of the redeared sunfish in Reelfoot
Lake. J. Tenn. Acad. Sci. 14(3):61-71.

Scidmore, W. J. and D. E. Woods. 1960. Some observations on competition
between several species of fish for summer foods in four
southern Minnesota lakes in 1955, 1956 and 1957. Minn. Fish
Game Invest., Fish. Ser. 2:13-24.

Sigler, W. F. 1959. The taxonomy and life history of some fresh-water fish.
Utah St. Univ., Dept. Wild1. Mgmt.

Sigler, W. F. and R. R. Miller. 1963. Fishes of Utah. Utah Dept. Fish and
Game. 203 pp.

Stevens, Robert E. 1959a. The black and white crappies of Santee-Cooper
Reservoir. Proc. S. E. Assoc. Game & Fish Comm. 13:158-168.

1959b. The white and channel catfishes of the Santee-
Cooper Reservoir and tailrace sanctuary. Proc. S. E. Assoc.
Game & Fish Comm. 13:203-219.

Stroud, R. H. 1948. Growth of the basses and black crappie in Norris
Reservoir, Tennessee. J. Tenn. Acad. Sci. 23(1) :79-86.

Tiffany, L. H. 1921. Algal food of the young gizzard shad. Ohio J. Sci.
21 : 113 -122.

Toole, M. 1952. The white bass. Texas Game and Fish. 10:28-32.

Trautman, M. B. 1957. The fishes of Ohio. Ohio St. Univ. Press. 683 pp.

Turner, W. R. 1953. The age and growth of the gizzard shad, Dorosoma cepedianum
(LeSueur) in Henvington Lake, Kentucky. Ky. Div. Fish. Bull.
13:14 pp.



3.7

3.7. 1

PRODUCTIVITY

INTRODUCTION

The metabolism of aquatic plant and animal communities results in

measurable changes in the chemical composition of water such as oxygen concen-

trations, carbon dioxide content, pH, alkalinity, etc. In habitats including

polluted water, small ponds, and some streams the diurnal changes may be quite

large. In these systems, such changes in the chemical environment are used ,to

estimate primary productivity. However, ih u~productive streams and in many

productive large rivers, the magnitude of the diurnal changes is so small that

reliable estimates are difficult to obtain. When applicable, the diurnal change

method involving oxygen and carbon dioxide is advantageous because the commu-

nities are in a natural state and not in enclosures (e.g., 1ight - dark bottle

and carbon - 14 methods). Observations util izing diurnal changes can be

continued for lengthy periods whereas the enclosure type studies are limited in

duration because of the accumulation Off11~JCl~()lit:~sClncll:>()'l:tJ~effects. On1::h~

other hand, diurnal change methods are grossly affected by input and output of

substances being measured. The more commonly used diurnal curve method at a

single station assumes that stream homogeneity exists above the zone of

measurement and the incoming water has the same diurnal history as the water

proceding it (Odum 1956). Diffusion should be taken into account since it is

the main process which fluctuates diurnally, and diffusion rates very

considerably, especially in large rivers.

Many attempts have been made to determine primary productivity rates

of communities in running waters with very 1imited success. A variety of

methods have been proposed but unfortunately all are subjected to questionable

assumptions and numerous 1imitations. Algal biomass, pigment assays, carbon -

14 uptake, light and dark bottle method, and diurnal changes in oxygen and



carbon dioxide have been used to estimate stream productivity. Analysis of

diurnal curves of dissolved oxygen has been frequently used (Odum 1956, 1957;

Hoskin 1959; McConnell and Sigler 1959; Edwards and Owens 1962; Duffer and

Dorris 1966). This method has been used successfully in environments such as

productive springs, polluted waters, and in some streams and rivers. In large

productive rivers or relatively low productive streams the magnitude of the

diurnal change is quite low and experimental error alone may produce erratic

results. Diffusion rates vary considerably and in rivers may vary from 0.6-

5.0 g 02/m2/hr (Odum 1956) and since diffusion is the main process which

fluctuates diurnally, it should be taken into account. However, if the area

under the rate of change curve is measured, approximate gross production is

obtained without diffusion, and accrual corrections are small if deviations

from saturation are small relative to the" total production.

3.7.2 METHODS AND MATERIALS

Primary productivity estimates were determined by the diurnal single

curve method of Odum (1956) at Transect D in the Broad River and in Frees

Creek, a tributary to the Broad River. Samples were collected at 2 to 3 hour

intervals throughout the 24 hour period and analyzed immediately after collec-

tion at a field laboratory. Dissolved oxygen was determined by the azide modl-

fication of the Winkler method and analyses were performed in duplicate. Oxygen

values were corrected to the average daily temperature. Carbon dioxide was

calculated from pH, methyl purple alkalinity, and temperature by means of

an alkal inity nomogram (Am~rican Publ ic Health Association, et al. 1971).

A hypothetical diurnal curve is both oversaturated and undersaturated

with oxygen relative to the atmosphere and there is usually a balance between

productivity and respiration. The method proposed by Odum (1956) is based on

the fol lowing processes that affect the oxygen and carbon dioxide concentrations



(1)

in flowing waters:

(1) There is a release of oxygen into the water from photosynthetic

processes during the day;

(2) There is an uptake of oxygen from the water by respiration of

aquatic organisms;

(3) There is an exchange of oxygen with the air based on a saturation

gradient;

(4) There may be an influx of oxygen with accrual of ground water

and surface drainage.

These processes are expressed quantitatively in terms of 9 02/m2/ hr as:

Q :::: P - R + D. + A
\4here: In
Q :::: rate of change of dissolved oxygen

P :::: rate of gross primary productivity per area

R :::: rate of respiration per area

---D.----::::-r-at-eef--exygen-upt-ake-by--di-fftls-r-on-p-e-rcrrea--In
A :::: rate of drainage accrual

Drainage accrual is usually negligible relative to the other influences

and is often disregarded. The rate of diffusion into the water is dependent

on the saturation deficit and should be taken into account .. The gas transfer

coefficient (K) is determined from the measurements of dissolved oxygen recorded

shortly after sunset and just before sunrise.

At 'Sunset:
KSe

qe :::: -Z- r (2 ) where qe :::: evening rate of change in oxygen
5e :::: saturation deficit
Z :::: depth in meters
r :::: respiration

At sunrise:
qm =

Ksm
Z r (3) where qm :::: morning rate of change

5m :::: saturation defici~

Z :::: depth in meters
r "" respiration

3 . 7 - 3

in oxygen



Subtraction of the equations results in the following relationship:

K == 2 (qm - geL (4)
Sm - Se

Subsequent values of oxygen concentrations throughout the study period are

corrected for diffusion effects by subtracting diffusion rates.

The area under the diurnal rate of change curve is determined by

the summation of the ~hange in oxygen concentration per hr (~02 in g/m3/hr) for

the 24-hour period. The gross production in 9 0Z/m2/day is determined by

the following equation:

Gross Primary Production PG

Where PG
Z

Area

= (2) (Area under diurnal curve
expressed as g 02/m3/hr)

= gross primary production
= depth in meters
= area under diurnal curve q

The rate of change of oxygen per unit time is calculated according to the

relationships in equation (1). Carbon dioxide productivity estimates based

onthedlurnalcarbonclioxide-eul"ve-are--ea-1Gula-ted---i-n-the ·samemanner.

It should be emphasized that the diurnal single curve method is

no substitute for a two station method but may be useful in obtaining order

of magnitude (Odum 1956).

3.7.3 FINDINGS AND DISCUSSION

Primary productivity estimates were determined seasonally by the

single station diurnal curve method at Transect D in the Broad River and in

Frees Creek, a tributary to the Broad River. Physicochemical data for the

study periods are found in Tables 3.1.1 to 3.7.3. The diurnal oxygen

curves are shown in Figures 3.7.1 to 3.7.4.

Primary productivity curves (Figures 3.7.5 - 3.7.8) resembled

curves from other studies on 24 February 1973 at Transect D and in Frees Creek

on 15 November 1973. However, the data at Transect D was extremely

variable and no discernable pattern was evident on 15 November 1973 and



Tab1e 3.7. 1 Physicochemical data (average values! in water column) at Transect D in
Broad River and Frees Creek, 15 Nove~ber 1972.

!

t *;': O2 °2Free CO2
1102 g/m3/hrTime Temp. pH Alkal inity mg/l Ile02/hr mg/l %Saturation

TRANSECT D

0830 14.5 6.95 28.00 4.84
1

- 8.92 +0.24 86.4
1245 14.5 6.97 28.00 4.841 0.00 8.72 -0.05 84.5
1720 14.5 6.85 26.00 6.601 +0.38 8.62 -0.02 83.5
2145 14.9 6.74 22.50 6.621 +0.01 8.69 +0.02 84.2
0200 14. 1 6.63 20.75 7.04i +0.10 8.56 -0.03 82.9
0600 13.9 6.60 19.50 5.721 -0.33 8.32 -0.06 80.6

FREES CREEK

\.AJ 1130 14.0 7.00 29.00 4.4Q - 8.93 +0.05 86.5
"-J 1600 15.5 7.00 29.00 4.81./ +0.07 9.45 +0.12 91.6
I 2030 15.0 6.62 32.00 12.3~ +1.66 8.70 -0.17 84.3IJ1

2330 14.0 6.71 30.50 9.2l.£ -1.03 9.09 +0.13 88. 1
0330 13 .9 6.72 30.00 9.24 0.00 8.65 -0. 11 83.8
0745 13 .8 6.62 30.50 12.32' +0.73 8.76 +0/03 84.9

* Corrected to average daily temperature of 14.4 C.



Table 3.7.2 Physicochemical data (average values ,n water column) at Transect D in Broad River,
24 February 1973.

Conductivity Free COZ
~CO/hr

~': 0 M z/g/m
3/hr °z2

Time Temp. llmho/cm pH A1ka 1in i ty mg/l mg/l %Saturation

0 10.0 100 7.20 20.00 3.4 - 11 . 13 - 99.4

0310 10.0 - 7.10 10.25 3.8 _+0.06 11. 10 -0.01 99.1

0600 8.9 100 7.05 1-9. 00 4.5 +0.25 10.86 -0.09 97.0

0800 10.0 105 7. i 5 18.50 3.4 -0.55 11 .05 +0.10 98.7
1030 12.0 - 7.20 18.00 2.9 -0.20 11.77 +0.29 105. 1 .

1215 ]2.0 - 7.28 19.25 2.5 -0.23 11 .87 +0.06 106.0

1400 13 .0 - 7.35 19.25 2. 1 -0.23 12.05 +0.10 107.6

1600 12.8 - 7.z0 19.00 2.8 +0.35 11 .95 -0.05 106.7

1800 11.0 - 7.28 18.50 2.4 -0.20 11 .50 -0.23 102.7

2100 8.8 - 7.35 18.50 2. 1 -0. 10 10.95 -0.18 97.8

2400 8.3 - 7.28 18.50 2.6 -0.17 10.88 -0.02 97.2

* Corrected to average daily temperature of 10.5 C.



Table 3.7.3 Physicochemical data (averaged valu~s in water column) at Transect D in
Broad River, 16 May 1973.

Time Temp. 1:mg/l 0 .0.OZ LiOz9/m3/hr % Saturati on Free CO2 .0.C02 CO/hr2

a 20.0 9.38 - - 102.0 2.4

0200 20.0 9.43 +0.05 +0.03 102.5 1.9 -0.55 -0.28

0400 20.0 9.40 -0.03 -0.01 102.2 1.5 -0.40 -0.20

0630 20.0 9.25 -0.15 -0.06 100.5 1.6 +0.15 +0.06

0930 20.0 9.40 +0.15 +0.05 102.2 1.0 -0.60 -0.20

1130 20.0 9.33 -0.08 -0.04 101 .4 1.0 0.00 0.00

1500 20.0 9.60 +0.28 +0.08 104.3 0.9 -0.10 _ -0.03
I.N. 1600 20.0 9.35 -0.25 -0.25 101 .6 1.0 +0.10 -0.10
-.....J
I

-.....J 1845 20.3 9.60 +0.25 -0.09 104.9 1.8 +0.80 +0.29

2210 19.3 9·90 +0.30 +0.09 107. 1 2.4 +0.60 +0.18

*Corrected to average daily temperature of 20.0 a.
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May 1973. It must be emphasized that the single station curve assumes that the

water passing a given point has had the same diurnal history in respect to

oxygen changes as that preceding it. It is highly probable that this assumption

is not valid at Transect D in the Broad River because of its variable levels of

discharge and stream velocity.

The diurnal curve at Frees Creek on 15 November 1972 shows a more

typical pattern and it Is reasonable that the diurnal oxygen method is appl i-

cable to this station. Estimates at this site exceeded values from Transect D,

Highly productive systems
2 .

g 0Z/m /day are

although gross production was low for both sites.
Zmay approach 60 9 OZ/m /day (Odum 1956). Productivity rates in

. Zshown in Table 3.7.4 and all were less than 5 g OZ/m /day. The metabolic rates

reported in this study are similar to values reported in North Carolina

(Hoskin 1959).

3.7.4 SUMMARY

Single station diurnal curve gross production estimates were

determined for Transect D on the Broad River and Frees Creek. Both systems

exhibited low primary productivity results.

The activities of the hydroelectric plant will probably influence

estimates of production rates at Transect D because of variable discharge

rates. A1kal inities of 15 to 20 mg/liter were too low to obtain significant

carbon dioxide changes throughout a diurnal period for rel iable productivity

.estimates.

3.7-16



Table 3.7.4 Gross production at Transect D and Frees Creek in the
ijroad River Study Area, 15 November 1972 - 6 May 1973.

I)qte

TRANSECT D

15 November 1972

24 rebruary 1973

16 May 1973

FREES CREEK

15 November 1973

3.7-17

ross
PrQduct~on

(9 O/m /day)

'L94

3.92

2.56

4.57
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4.0 AQUATIC ECOLOGY OF THE BROAD RIVER STUDY AREA

The Broad River in the Study Area is characterized by having

a high silt load, moderately high dissolved oxygen levels, low dissolved

solids, and low buffering capacity. Parr Reservoir, being narrow and

shallow, has a relatively high flow rate and a low storage ratio resulting in

the main portion of the reservoir having more lotic characteristics than

lentic. In the Cannons and Frees Creek arms, more lentic condltions prevail.

The abundance of aquatic organisms appears to vary between reservoir areas.

Phytoplankton production appeared to be greatest in the more lentic areas

while benthic macroinvertebrate biomass was greatest in the lotic areas near

the dam.

In the Broad River Study Area, as with many similar river systems,

euplanktonic diatom species are numerically the dominant phytoplankton.

Densities of net phytoplankton were always low and population levels were

.... _... __ . ...._....Q_Q~~rY~c1 to _fJI.l<:tlJ<:l1:~9_L~<:ltJythr()l.JghgLJt1:h_~§'~LJcI\fP~~Lc:>~.

Nannoplanktonic l algae are often important in turbid riverine

reservoirs and can comprise the greatest portion of the total volume of

planktonic algae (Bensen and Cowell 1967). The contribution of these small

plankters to the primary productivity of the Broad River System i5 undoubtedly

significant, as the total number of species was approximately 50 percent

greater than the number of net phytoplankton species.

Nutrients are probably not limiting to primary productivity, even

though phosphorus was measured in trace amounts. Turbidity, suggested as

being the major limiting factor in primary productivity for most river systems

lVery minute plankton not retained in a No. 25 silk bolting cloth plankton
net (mesh, 0.03 to 0.04 mm).
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(Will iams 1965; 1966), is the primary factor 1imiting autotrophic production

in the Broad River. As a consequence, phytoplankton contributes only small

amounts to the productivity of the Broad River. Most rivers are in fact,

net consumers of organic matter, most of which is provided from allochthonous

materials washed in from the surrounding watershed (Hynes 1969). It is this

allochthonous organic material that is believed to provide a large portion of

the energy requirements for the Broad River biota. The presence of large

amounts of partIally degraded organIc plant materials is bel ieved to account

for the frequently observed increases in the chemical oxygen demand (COD) of

the water whIle bIological oxygen demand (BOD) remains moderately low. Some

nutrients may also be introduced into the system via upstream pollutIon. This

is suggested by periodically hIgh levels of BOD and the presence of some

industrial contaminants in the bottom sediments.

The composition of net zooplankton of the study area is

............... __:}_ll1i~~!_~~ .1l1~n y ma j 0 r rJv..e.r-__~y~ t ~111~,_J_I'1_.!b..Cl~.Jt_ ~~l"l.um~1'".1caIII _~om ina t~UL

rotifers in characteristically low numbers for turbid rivers. Four of the six

most frequently collected rotifer species are considered omnivores and ingest

organic particles of appropriate size (Pennak 1953). Detritus is an

important food source for these forms. In a similar southern Piedmont stream,

primary consumer organisms were found to derive as much as 66 percent of theIr

energy from allochthonous organic matter, consisting largely of leaf material

(Nelson and Scott 1962). Other common genera in the study area, Asplanchna

and Trichocera are considered predators on small metazoa. Copepods ~nd

cladocerns were present in small numbers.

The community of benthic macroinvertebrates is characterized

by having relatively low diversity but high biomass in some portions of the

reservoir and, in general, indicates moderate organic enrichment. The



Asiatic clam, Corbicu a mal inensis, has only recently invaded the study area

and is now found in high densities in the reservoir. These pelecypods appear

to serve as an important food source to the redear sunfish and possibly

other sunfish. The burrowing mayfly, Hexagenia limbata, occurs throughout

the system and contributes significantly to the benthic invertebrate biomass.

These mayfl ies are known to be detritophages in their aquatic stages. Other

ephemeropterans as well as dipterans and tubificids are common in the study

area and serve as important food sources to several fishes.

Submergent vascular hydrophytes were found mainly in protected

areas near the dam. The predominant emergents were found throughout the

reservoir although their abundance was usually low. The paucity of submergent

forms in the protected arms of the reservoir Is undoubtedly due to the high

turbidity and fluctuating water levels.

At first observation, the lack of submergent hydrophytes in the

protected areas would appear to limit habitat diversity. However, qualitative

1ittoral zone sampl ing indicated that the diversity of 1ittoral zone

Invertebrate life was over four times greater than that of the profunda 1

benthic Invertebrates. A greater diversity of habitats formed by aquatic

vegetation, fallen and submerged trees, and quiet back waters accounts for the

great difference in species composition between 1ittoral and profundal areas.

The fishes of the study area are represented by an

diverse assemblage of at least 41 species, dominated numerically by the

bluegill sunfish, an important sport and forage species. In fact, four of the

five most numerically abundant fishes are considered sport fishes. Gizzard

shad, a non-sport species, is an important primary consumer and forage

species which ranks second In numerical abundance. In terms of biomass,

standing crop data suggest that bluegill sunfish, gizzard shad, redear

4.0-3



sunfish, and largemouth bass predominate. The composition of fishes in the

study area contrasts with other turbid reservoir systems where carp, river carp-

sucker, and white crappie predominate (Walburg 1964; Gasaway 1970).

The low numbers of carp and carpsucker in the study area may be

due in part to high levels of inter-specific competition, especially with

the bluegill sunfish, which are notorious predators upon the eggs and fry of

other species. The predominance of nest building ~entrarchids is especially

important when considering any future modification of the reservoir environ-

mente

The occurrence of gizzard shad as the second most abundant

species attests to its importance in the trophic structure of the aquatic

community. Gizzard shad are known to be the most important fish forage

organism in warm water reservoirs (Miller 1960). As a forage base, gizzard

shad in the study area are utilized mainly by largemouth bass, white and

black crappies, catfish, and gar. Gizzard shad are important additionally,

as they are believed to directly utilize allochthonous organic detrital

material as well as plankton as a food source.

In summary, the Broad River system in the study area supports a

moderately diverse assemblage of aquatic organisms whose primary consumers

derive their major energy from allochthonous organic material.
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5.0

5.1

TERRESTRIAL SURVEY

DESCRIPTION OF SAMPLING STATIONS

The objectives of the terrestrial survey in the project area were:

(1) to inventory birds, mammals, insects, and vegetation of the environs; (2)

to provide indices of abundance of these species; and (3) to determine the role

of the animals in the ecosystem of the Broad River Study Area.

5.1.1 STUDY SITES

Study Site is approximately 2.4 km (1.5 miles) south of the town

of Monticello (map, back cover). This study site was subdivided into three sub-

units: 1A represents second growth loblolly pine which best typify vegetation

of the Broad River Study Area. Site 18 is predominately deciduous with some

loblolly pine. Study Sites 1A and 18 will be flooded by the proposed Monticello

Impoundment. Site 1C is predominately loblolly pine with deciduous trees

occurring on areas of low elevation and will not be flooded by the impoundment.

Mammal studies were conducted on Sites 1A and 18, avian studies are being conduct-

ed on Sites' 18 and 1C, and vegetation analyses were conducted on Study Sites 1A

and 1B.
\

Specific location instructions are as follows: beginning at

Keller's Grocery on Route 125 between Monticello and Jenkinsville, go north 0.5

km (0.3 miles) and turn left (west) on the first road. Study Site 1e is re-

presented by a strip between 40 m (131 ft) and 180 m (591 ft) along this road.

Study Site 1A is a total of 1. I km (0.7 miles) and is located on the left side of

the road. Study Site 1B is 1.1 km (0.7 miles) west and 120 m (394 ft) south

to the center of the trap grid. The trap1ine on Site 1A is oriented north-

south at right angles to the road with trapping stations marked by wooden

stakes numbered 1 through 20.

The census of birds was conducted on Site 1C along a compass

5. 1-1



heading of 200°. The census at Site 18 occurred along a compass heading of 140°

to the second creek; a westward direction was taken along the creek for

approximately 0.96 km (0.60 mile).

Study Site 2 is approximately 3.2 km (2 miles) west and 0.8 km

(0.5 mile) south of Monticello. This area has been clear-cut and replanted to

loblolly pine and represents an early seral stage of succession. This area will

not be flooded by the proposed impoundment. Vegetation, mammals, and birds were

all studied at thfs site. Specific location instructions are as follows: from

the junction of Route 257 and Route 99, go south 3.5 km (2.2 miles) on Route 257,

turn left (south) on a dirt road toward the proposed dam site, go 0.3 km (0.2

mile) from Route 257 staying left at the fork. A stake marked 2S on the right

side of the road marks the location of the small mammal trapl ine which begins

approximately 6.1 m (20 ft) to the right of the road and follows a compass

heading of 120°. Avian censuses began on the left (north) side of the road 100 m

(328 ft) east of Route 257. The census occurred along a compass heading of

110° for 550 m (1805 ft) and returned paralleling the south side of the road for

490 m (1608 ft).

Study Site 3 is on the east side of the present Parr Reservoir

near the Frees Creek embayment. Study Site 3 was subdivided into two subunits:

3A represented a mixed deciduous-pine forest in an area that will be flooded by

the proposed impoundment. Deciduous trees, though not present in pure stands,

are most abundant in low areas near the water course; 38 represented a mixed

deciduous-pine forest on the north side of Frees Creek that will not be flooded,

however, it may be affected by construction activities. Vegetation and small

mammal studies were conducted at Study Site 3A. On Site 38 avian censuses

have been conducted since May 1973. The small mammal trapline at Study Site

3A began approximately 40 m (131 ft) from the railroad trestle that crosses



Frees Creek and ran parallel to the creek. The avian survey route of Site 3A

is located on the northeast side of the Frees Creek embayment, beginning

approximately 200 m (656 ft) north of the embayment and paralleling the trans-

mission line corridor.

Study Site 4 is located 2.7 km (1.7 miles) north of the existing

power plant at Parr, on the east side of the road leading to the proposed nuclear

station site. This site represents a stand of pine that will not be flooded by

the proposed project. The vegetation has been relatively undisturbed by man and

represents a later succession stage than Study Site 1. Pines were selectively

cut for pulpwood on this site during March 1972. The resulting open canopy

has allowed an increase in shrubs and herbaceous vegetation.

Specific location instructions are as follows: beginning at

Monticello, travel approximately 6.4 km (4 miles) south on Route 215 to Route 311,

a paved road running east-west. Turn west (right) for 2.5 km (1.6 miles) and

turn right on an unimproved road and go 1.6 km (1.0 mile) to a stake on the left

marked 4s. The trapl ine runs at right angles to the road.

Study Site 5 is located approximately 7.6 km (4.8 miles) south of

Monticello on the south side of the road leading to the proposed Virgil C. Summer

Nuclear Station. The site is a loblolly pine plantation of relatively even

aged trees. This site was chosen because it represented an intermediate age

stand of pine, a middle and lower story vegetation was absent, it was close to

the construction zone, and the site will not be flooded. Bird censuses on this

study site were intiated during March 1973.

Study Site 6 is located 2.5 km (1.6 miles) northwest of Monticello

on Route 99. Bird censuses have been conducted in the grassland on the south side

of the road since March 1973. The vegetation is typical of abandoned pasture land

consisting of dense growth of annual and perennial vegetation. The site will be



flooded by the proposed Monticello Impoundment.

Study Site 7 is located 5.4 km (3.4 miles) north of Monticello,

0.4 km (0.3 mile) west of Route 215 on Route 347. Bird censuses~ parallel to

Route 347, have been conducted on this site of predominately loblolly pine since

March 1973. A small area of mixed deciduous~conifer forest was included as part

of the study site. This site will not be flooded by the proposed Monticello

Impoundment. Pine was selectiv~ly removed from this site between the May and

August 1973 avian survey periods.

St~dy site adjacent to Aguatic Station G is located on upper

Frees Creek north of the Route 99 bridge. The upper limits of the site was

160 m (512 ft) north of the bridge. The vegetation is predominately deciduous

trees and a lower story of dense shrubs·and herbaceous vegetation. Alive-trap

grid for medium sized mammals was located at this site during the November 1972

sampling period. This site would b~ flooded by the proposed Monticello Impound-

ment.

5.1.2 WILDLIFE SURVEY ROUTES

Three wildl ife auto survey routes were establ ished to obtain an

index of bird species and abundance (see map, back cover). Identification was

made by sightings and recognizing characteristic bird songs.

Wildl ife Survey Route A, during the 1971, 1972, and 1973 sampling

. periods, began at the junction of Highways 215 and 347 and followed Highway 347

to Highway 99, proceeded east on Highway 99 and then followed Highway 215 south

to the conclusion of the route. Wildl ife Survey Route A was chosen because it

could be followed without back-tracking (no de~d-end roads) and it sampled the

periphery as ~ell as crossed the proposed Monticello Impoundment.

Survey Route B proceeded in a southerly direction for 3.2 km (2

miles) along Highway 257 from a point 0.3 km (0.2 mile) from the junction of
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5. 1.3

Highway 99 and Z57. This survey route, initiated in January 1972, was estab-

1 ished to provide a continuous survey during the construction of the Monticello

Impoundment.

In March 1973, Route C was initiated which covered a distance

of 4.8 km (3 miles). It then began 161 m (0.1 mile) north of the junction of

Highways 215 and 99 and proceeded along Highway 215 to Highway 347. It is

anticipated that travel along Highway 99 will be restricted in the area of

Frees Creek duri"ng construction. When this occurs the Wildl ife Survey Route

will begin at Route C, continue along Route A following Highway 347 to Highway

257, and finish along Route B.

Survey Route D (control) began on Highway 99, 0.3 km (0.2 mi le)

north of its junction with Highway 347, proceeded north on Highway 99, west on

Highway 34, and finally southeast on Highway 28. Highway 28 was followed to

Cannons Creek where the survey was concluded. This survey route, initiated in

---t1ar'cb-1971, __wLlLp~ov ide sLcomRarat ive index of the av ian abundance and diver-

sity in an area anticipated to be unaffected by the impoundment or construction

activities which may influence portions of Wildlife Survey Routes A and B.

WATERFOWL SURVEY

Waterfowl and shorebird counts were made from a boat on the Broad

River and its tributaries. This survey was initiated in March 1972 to: (1)

obtain an index of seasonal abundance of waterfowl in the area to be affected

by Parr Reservoir; (2) obtain an index of waterfowl in each major tributary;

and (3) evaluate the effect of construction and operation of the facil ities on

this resource.

The survey route starts at the public boat launch in Blair,

South Carolina, extends 3.5 km (2.2 miles) north to the southern end of Hender-

son's Island. The route proceeds southward to the mouth of the Enoree River and



continues up river for approximately 5 km (3 miles). The survey then returns to

the Broad River and continues south In the direction of Parr. Frees Creek,

Hellers Creek, and Cannons Creek were examined by boat as far up each tributary

as possible. Ponds, floodings, and river inlets along either side of the Broad

River and its tributaries were checked for water birds. The route concluded

after a survey of Parr Reservoir.
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5.2

5.2. I

SOILS

INTRODUCTION

Previous surveys in the Broad River area of Fairfield County,

South Carolina, for the South Carolina Electric and Gas Company, included

detailed information relative to vegetation and fauna but included only a

general description of soils on the site. The 1972 fall survey was expanded

to obtain a more detailed examination of the soils, including an analysis to

establish soil nutrient content, the presence of heavy metals and the presence

of residual chlorinated pesticides. This survey was to develop information

for a threefold purpose: (1) to establish base information on soils that will

be flooded upon completion of Monticello Impoundment, (2) to examine the

relationship of soils to plant communities, and (3) to determine recommenda-

tions to produce a wildlife habitat and establish upland recreational areas.

A majority of the wooded areas is a mixture of pine and hard-

--------~.wouu~-.--Pieamont~rlsare naturally acidic with a pH of 5.0 to 5.5 which

favors growth of pine as hardwoods grow best on soils with a pH of 6.5.

However, cropping management of these areas has established a pine-hardwood

mixture over the entire project area. Where areas have been denuded of trees,

native grasses, forbs and legumes have become establ ished indicating these

soi Is will support a wide diversity of vegetation.

5.2.2 METHODS AND MATERIALS

Only general ized soil information was available for the site

under study (Craddock and Ellerbe 1966) and this was used to determine soil

associations for each sampling area. Detailed profile descriptions to

determine soil class were taken from those reported for adjacent Newberry
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County (Camp et al. 1960).

Soil samples were collected from an area within previously es-

tablished survey sites representing the dominant combination of vegetation

and soil type for that site (Figure 5.2.1). In Study Site 1 there were two

rather distinct types of woody vegetation and, therefore, two sub-areas were

establ ished; pine were the major trees in Site lA while Site 18 had a dominance

of hardwoods with a few pine. Site 2 was steep and had been cleared of trees

but the area had been replanted to pine and growth of the young trees was

quite good. Subsequent to removal of trees from Site 2, natural revegetation

consisted of grasses, forbs and vines. Site 3A was primarily hardwoods with

some pine. Soil sample 3-1 was located near the mouth of Frees Creek and will

be flooded in the future. Sample 3-2 was taken from an area that is to remain

as upland after ~ompletion of Monticello Impoundment. Site 4 was mixed pine-

hardwoods and timber removal was in progress so that the final proportion of

pine to hardwoods cannot be estimated at this time, however, it appeared pine

was 6e i ng removea-i n preference t-o-l1ardwooas;-:.:-----------------------

To observe and sample an undisturbed soil profile, a fresh pit

was dug at each site. A field description of the vertical section, or soil

profile, included variation in soil color, structure and texture with a nota-

tion of the depth where changes occurred. This field description was used to

determine a soil class (Camp et al. 1960). Also, variations in the soil pro-

file were determined where individual soil profile samples would be taken.

Litter cover, especially in the wooded areas, was removed to

expose a firm soil surface before digging a pit and only the decomposed 1 itter

that had become incorporated into the firm uppermost portion of soil was con-

sidered part of the profile.

Samples were obtained by cutting a vertical section from the
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5.2.3

5.2.3.1

profile within limits of an observed soil variation. Two samples were collected

from each profile. One sample was collected in plastic bags and transported

to a field house where it was mixed and an al iquot was air dried, put

into a soil sample box and taken to the Fairfield County Extension Agent at

Winnsboro who forwarded them to Clemson University Soil Testing Laboratory

at Clemson, South Carolina. Soil test results were returned to the Fairfield

County Agent who made fertilizer recommendations for three conditions that

may occur within the land site of South Carolina Electric & Gas Company:

1. For stands of pine and mixed hardwoods.

2. To establish and maintain native weed, grass and legume

(lespedeza) species for improved wildlife habitat in

areas that have been cleared or have had selective thinning

of trees.

3. To establish and maintain common bermuda grass in

recreational areas.

A second soil sample was placed in a glass jar that had pre-

viously been washed with petroleum ether, rinsed with acetone and air dried.

The jar opening was covered with aluminum foil before closing with a screw lid.

This sample was air dried and sent to the Environmental Science and Engineering

Corporation at Mt. Juliet, Tennessee for analysis of heavy metals and residual

chlorinated hydrocarbon pesticides. A hot 6 N hydrochloric acid extraction

was used to remove heavy metals from the soil.

FINDINGS

Soil Nutrient Status

The general fertility level of all soils throughout the

project site was about the same although two had some variation in pH;

one \",as 4.8 and another was 6.1 (Table 5.2.n. All soils were low in



Table 5.2.1 Soil sample identifi~tion and sail test result~

Sample Survey Soi 1 Profile Depth 1 Future Soil Test Results*
Number Site Sample (em) 9isposition pH P K Ca ~\g

lA 1-2 0-12 IF] ooded 5.4 L+ M- L+ M+

2 lA 1-2 12-35 Flooded 5.6 L+ L+ M H

3 18 1-1 0-3 Flooded 6. 1 l+ H+ VH H

4 1B 1-1 3-45 Flooded 5.6 l+ M M H

5 2 2-] 0-8 Upland 5.4 l+ H- H- H

6 2 2-1 8-40 Upland 5.6 l+ M M Ii
V1

N 7 3A 3-2 0-30" Upland 5. 1 L M L H
I

V1

8 3A 3-2 30-50 IUp 1and 5.2 L+ H- l- H

9 3A 3-1 0-] Flooded 5.5 l H VH H

10 3A 3-1 7-21 Flooded 5.2 l- M- M+ H

11 3A 3-1 21-42 . Flooded 5.3 L- l+ M- H

12 4 4-1 0-20 Upland 4.8 l l+ l- M-

13 4 4-1 20-42 Upland 5. 1 L l- l- M

*l-1ow, M-medium, H-high and VH-very high. (S1~APpendiX A for relative level of plant nutrients).



phosphorus but had a relatively high level of magnesium (Table 5.2.2). Their

calcium content varied from low to very high and there was some variation

in potassium levels. The amount of 1ime recommended (Table 5.2.3) is the

amount necessary to bring the soil pH to 6.5. None of the soil nutrients were

a limiting factor for plant survival although an application of fertil izer

will produce increased plant growth. An estimated productivity of soils under

average and good management with the adaptability of bermuda grass and bicolor

lespedeza to soil types is presented in Table 5.2.4. It is obvious that good

management practices can increase production, and in most cases by about 100

percent. Except for bicolor lespedeza on Appling soil, the adaptability of

both bermuda grass and bicolor lespedeza to various soil types is good.

5.2.3.2 Residual Pesticides in the Soil

The concentration of BHC, ODE and Aldrin was very low and

generally below the minimum detection limits of 0.005 ppm (Table 5.2.5).

Dieldrin, DOD, Hexachloro Benzene, Lindane, Heptachlor, Heptachlor Epoxide,
----

Toxaphene, Technical Chlordane and Mirex were below detectable 1imits, if

present at all.

Concentration of DDT in the topsoil of Study Site lB, soil sample

1-1, Site 2, soil sample 2-1 and Site 3A, soil sample 3-1 was 0.016,0.017 and

0.010 ppm respectively (Table 5.2.5).

5.2.3.3 Heavy Metal Concentration in the Soil

Boron had the highest concentration of all the heavy metals

determined (Table 5.2.6). The concentration of copper, zinc, lead and

chromium was approximately equal and in low concentration. Both arsenic and

mercury have a very low concentration in the soil. The lithium concentration

had considerable variability (Table 5.2.6). Of the six soil sample sites,

four had the greatest 1ithium concentration in the topsoil. The topsoil of

5.2-6



Table 5.2.2 Relative level of plant nutrients from soil test results.

Nutrient Concentration
Nutrient Phosphorus Potassium Calcium Magnes ium
Level (ppm) (ppm) (ppm) (ppm)

Low 0-13 0-35 0-200 <25

Medium 14-30 36-78 201-400 26-50

High 31-50 79-117 401-1000 >50

Very High >50 >117 >1000



Table 5.2.3 Fertilizer recommendations for pine land hardwoods. wildlife habitats and bermuda grass
for recreational areas·

I

Fertilizer Reco~mendations-Poundsper acre*
Soi 1 Sampl e Pine and Hardwoods I Wildlife and Recreational Areas
Number Lime N P K

I

Lime N P K

2500 a 0 a I 2500 60-180 100-200 20-LtO

2 2400 0 a 0 2400 60-180 100-200 80-110

3 1900 a 0 0 1900 60-180 100-200 0-20

4 3300 0 0 0 3300 60-180 100-200 20-40

5 4200 0 a 0 4200 60-180 100-200 0-20

6 3100 0 a 0 3100 60,.180 100-200 20-40

7 4000 0 0 0 4000 60-180 100-200 20-40

8 3600 0 0 0 3600 60-180 100-200 0-20

9 4000 0 0 0 4000 60-180 100-200 0-20

10 3200 0 0 0 3200 60-180 100""200 20-40

11 3100 0 0 0 3100 60-180 100-200 80-110

12 5300 0 0 0 5300 60-180 100-200 80-110

13 4700 0 0 a
I

4700 60-180 100-200 80-110
I
I
I

i
*Expressed as elemental P and K. (p x 2.27 = ~205; Kx 1.20 = KzO).

/

<,



Table 5.2.4 Est imated product i v i ty of so i Is undl two 1eve15 of management and the adaptab il i ty of
bermuda grass and bico10r lespedeza to soil types.

Annu~l Lespedeza* Pasture* Adaptability
Tons perl acreSurvey Soi I % Cow-Acre-Days*1: % Bermuda Bieolor

Site Sample Soi 1 Type A IB Increase A B· Increase Grass Lespedeza

lA 1-2 Cecil sandy loam 0.5 • 11.2 140 125 250 1-00 Very Very
gently sloping phase

I

Good Good

16 1-1 Appl ing sandy loan, - - 6U 125 108 Good Fair"'I
eroded strongly
sloping phase

I 662 2-.1 Cecil clay loan. . 0.3 Q.6 100 75 125 Good' Good
severely eroded

N sloping phase
f
\..0 I 80 1403A 3-2 Ceci 1 sandy loam. - 1 - 75 Very Very

eroded moderately Good Good
steep phase

3A 3-1 Mecklenburg sandy 0.5 11.0 100 100 200 100 Good Good
loan, eroded sloping
phase

4 4-1 Cecil sandy loam, 0.4 11. 0 150 110 225 105 Very Very
eroded sloping Good Good
phase

*A-Average Management; B-Good Management I

**Cow-Acre-Days = Number of days one acre will support one cow, steer or horse; or five hogs; or seven
sheep or goats without injury Ito the pasture (Camp et al. 1960).



Table 5.2.5 Concentration of residual pesticides in soil samples from South Carolina Electric & Gas
Company project area at Parr, SouthlCarolina.

Prof i 1e Estimated
Survey Soil Depth BHe DDE DDT PCB Aldrin
Site Sampie (em) (ppm) (ppm) (ppm) (ppm) (ppm)

JA 1-2 0-12 0.075 <0.005 <0.005 0.019 <0.005

lA 1-2 12-35 <0.005 <0.005 <0.005 0.008 0.006

IB 1-1 0-3 <0.005 0.006 0.016 0.018 <0.005

IB 1-1 3-45 <0.005 <0.005 <O.OOS 0.010 <0.005

2 2-1 0-8 <0.005 0.005 0.017 0.019 <0.005
V1. 2 2-1 8-40 <0.005 <0.005 <0.005 0.015 <0.005N
I-

0 3A 3-2 0-30 <0.005 <0.005 <0.005 0.008 0.006

3A 3-2 30-50 <0.005 <0.005 <0.005 0.024 <0.005

3A 3-1 0-7 <0.005 0.007 0.010 0.015 <0.005

3A 3-1 7-21 <0.005 <0.005 <0.005 0.011 <0.005

3A 3-1 21-42 <0.005 <0.005 <0.005 0.011 0.005

4 4-1 0-20 <0.005 <0.005 0.006 0.027 <0.005

4 4-1 0-42 <0.005 <0.005 <0.005 0.022 <0.005



Table 5.2.6 Concentration of heavy metals in soil samples from South Carolina Electric & Gas Company
project area at Parr, South carolinal

Profi 1e 2"1Survey Soi 1 Depth Arsenic Copper 'pc Lead Mercury Boron Chromi urn lithium
Site Sample (em) (ppm) (ppm) (PPT) (ppm) (ppm) (ppm) (ppm) (ppm)

0-12
1 7.61 0.008 156 26.1lA 1-2 <0.020 13.70 13.0>0 0.90
I -

7.42 0.038 174 14.4 0.86lA 1-2 12-35 <0.D20 10.70 10.20
I

18 1-1 0-3 0.028 5.76 3Q.OO 20.80 0.017 160 25.0 1.26

3-45 7.38
I 16.20 -0.004 268 -1 •5!~1B 1-1 <0.020 27·rO ]5.3

2 2-1 0-8 0.060 8.16 10·tO 20.80 0.004 196 18.6 1.06

8-40 8.28 0.038 142 16.52 2-1 <0.020 9.21 19.00 l.00
I 46.8 0.82..... 3A 3-2 0.30 0.040 13.10 14'rO 9.21 0.031 lO2

20.60 6.64 0.013 118 27.8 0.883A 3-2 30-50 0.010 - :::r:3A 3-1 0-7 0.029 20.00 14.60 0.033 . 184 31.8 .2.12

22·fo3A 3-1 7-21 <0.020 18.40 10.20 0.013 180 - 43.2 1.48

21-42 16.50 o.-008 122 54.5 0.863A 3-l <0.020. 10.BO - 7.23

4 4-1 0-20- <0.020 4.98 7·t2 11.80 0.054 - 200 27.6 1.02

4 4-1 20-42 <0.020 5.22 4f 12-.40 0.125 130 21.9 0.56



sample 3-1 from Site 3A had the highest lithium concentration of all soils and

there was a decrease in concentration with an increase in soil profile depth.

5.2.4 DISCUSSION

Soils in Fairfield County have severe erosion characteristics

and most, if not all, topsoil has been washed away exposing the subsoil. Soil

profile observations during the 1972 fall survey revealed that where forests

have been established and undisturbed for several years, decaying litter has

become incorporated into the uppermost soil layer. There are varying degrees

of staining which extends into lower levels of the soil as streaks or there

may be a general fading of the dark color. Wher~ weathering has occurred for

several years with little surface erosion, clay has moved down from the soil

surface resulting in a sandy soil overlaying a much more dense lower layer

that is very friable. However, there appears to have been sufficient outside

influence from logging and general removal of trees that neither the soil nor

----plant commun iTresnave -5ecome staoiTi zea unaer na-turaT-concnTions.

5.2.4.1 Areas to be Flooded

Seven of the thirteen soil samples were collected from areas to

be flooded upon completion of Monticello Impoundment (Table 5.2.1). These

seven samples relate the nutrient status of the soils prior to submergence

and also help to provide a broad overview of the soil types within the project

area.

Upon submergence, the soil fertility is expected to increase

through deposition of organic matter, however, because of the general steep

slope and consistent fluctuation of the water level, no change in the nutrient

status is expected in those soils subject to alternate flooding.

Parts of Monticello Impoundment will be sufficiently large to

have waves during periods of strong wind. This may cause some erosion where



wave action is against steep slopes.

5.2.4.2 Upland Areas

Soils in areas that will not be flooded have virtually the same

nutrient status as those that will be submerged. This emphasizes the uniform

soil conditions that exist over the entire project area.

Soils on the project area are" subject to severe erosion and

maintenance of a good plant cover i~ definitely recommended to minimize soil

movement. Unless stabilized, excessive soil erosion will fill "the water

impoundments and shorten their expected time of efficient use.

5.2.4.3 Soil Nutrient Status

The low pH and phosphorus in these soils do not represent

favorable conditions for satisfactory growth of legumes. If wildlife habitats

are to be developed, application of lime and phosphorus will aid in establish-

ing grasses, pigweed (Amaranthus retroflex~s) and lamb's quarter (Chenopodium

ClIburn) for cover and food sources.

Generally, neither fertilizer nor lime is recommended for wooded

areas (Boggs 1972). Hardwoods grow best in a soil with pH 6.0 to 6.5 while

pines tend to do better at a pH of 5.5 to ~.9 (Boggs 1972). The uppermost

layer of all soils, except in Site lB, soll sample 1-1, has a soil pH near

optimum for growth of ~jne (Table 5.2.1). To adjust the soil pH for best

growth of hardwoods, 2400 to 5~00 pounds of lime per acre would be needed

(Table 5.2.3). Since the soil in Site will eventually be flooded, no

furthe~"consideration of soils in this site need be given at this time.

However, for growth of hardwoods, ~my soil with a very high ~alcium content

and a pH of 6.1 need not have 1900 pounds of additional lime applied per acre,

although this was suggested by the County Age~t (Table 5.2.3). All soils

that were sampled have a capacity to respond to good management (Camp et a1.
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1960) when known deficiences are corrected within practical limits.

5.2.4.4 Native Wildlife

The Piedmont Region of South Carolina consists of habitat types

that can support deer, quail, squirrel, fox, rabbit, raccoon and opossum.

However, these animals are generally in low abundance in the Broad River area

of the South Carolina Electric & Gas project area, especially in pine

communities. Most of the pine-hardwood areas are also quite sterile of

desirable habitat for cover and source of food. A greater numbe~ and diversity

of birds was observed in an area previously cleared for a power transmission

line where re-vegetation included brambles, honeysuckle, bicolor lespedeza,

wild lespedeza and shrubs. This indicates that if the total area of diverse

habitat can be increased through soil and plant management, both

diversity of wildl ife and number of animals would also increase.

-----5.-2-.-4-.-5----!R~e~s~i=:d~u~a::.!:1=f'e=.s=.;t::;.'~Ic:::i~d~e:.=s=i !:.'.n=:::tb~e=S~o~i:!l:;__------------

Presence of a detectable level of DDT in the topsoil of samples

from Sites 18, 2 and 3A, soil sample 3-1 (Table 5.2.5), indicates a low level

of contamination. The time or reason for applying DDT is not known, however,

the concentration is very low and is not expected to be of concern unless

additional DDT is applied in this area. The concentration of all other

pesticides in the soil is very low and is not expected to present a problem of

contamination for existing or proposed impoundments unless materials are

applied in the future.

5.2.4.6 Heavy Metal Concentration in the Soil

The boron concentration was the highest of all heavy metals

determined and varied from 102 to 268 ppm. The boron concentration in soil

as reported by Mortvedt (1972) may range from about 2 to 100 ppm and
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generally has a range between 7 and 80 ppm, however, the concentration is

reported to vary between 0.1 and 1500 ppm (Bear 1964). The boron concentra-

tion found in the South Carolina soils is well within the range of total soil

boron reported in the literature, however, boron is not strongly retained by

South Carol ina soils (Page 1973). The high boron content found in these soils

is due to tourmaline, a complex silicate containing boron.

The concentration of boron in plants is very uneven. In the

same leaf, necrotic (dead) areas usually contain ~ore than 1500 ppm boron,

chlorotic (chlorophyll deficient) areas about 1000 ppm and green (normal)

areas vary from 100 to 1000 ppm (Mortvedt 1972). There is considerable

variation in plant tolerance to boron. Soy beans accumulate up to 200 ppm

boron in the tissue with,on1y slight toxicity symptoms. The yield of sugar

beets and sugar content reductions were not noted even when beets were grown

in concentrations up to 40 ppm boron and the tissue concentration did not rise

above 30 ppm. Boron is not expected to be of concern to the growth of native

plants. Toxicity symptoms were not evident at the time of the 1972 fall
,

survey and boron toxicity to plants is most often associated with alkaline

soi 15.

The arsenic content of soils varies from less than 1 to 20 ppm,

but may be as high as 80 ppm (Bear 1964). Arsenic concentrations in the

Piedmont soil samples (Table 5.2.6) varied from l~ss than 0.02 to 0.06 ppm,

hence, the arsenic concentration is very low.

Copper normally varies from less than 10 to 100 ppm (Bear 1964),

but generally varies from 10 to 80 ppm in the soi 1 (Mortvedt 1972). The

copper concentration of the South Carolina soils varied from 4.98 to 20.60 ppm

(Table 5.2.6) which is about normal concentration for mineral soil.

Zinc is reported to vary from 9 to 500 ppm (Bear 1964) and



generally confirmed to vary between 10 and 300 ppm (Mortvedt 1972). The

South Carolina soil varied from 4.03 to 34.00 ppm (Table 5.2.6) which is well

within the normal soil concentration for zinc.

The lead content of the Piedmont soil (Table 5.2.6) was about

average as a normal soil may contain from 2 to 200 ppm, but generally varies

from about 20 to 80 ppm (Bear 1964).

Mercury may vary from 10 to 500 ppm with an average of about

100 ppm for U.S. soils (Mortvedt 1972). The soils from South Carolina varied

from 4 to 125 ppm (Table 5.2.6).

Chromium varies from 6 to 1000 ppm in soil but in Scotland it

reached 3000 ppm in some ~urface soils derived from Serpentine (Bear 1964).

The chromium content of Parr, South Carolina soils varied from 14.4 to 54.5 ppm

(Table 5.2.6)." The chromium content of the South Carolina soils is relatively

low and not expected to be a problem. During the past 15 years, chromium has

been added as an element required by animals (Mortvedt 1972).

Lithium in the South Carol ina soi 1 (Table 5.2.6) varied from

0.56 to 2.12 ppm which is below the normal expected concentration of 6 to 200

ppm (Bear 1964).

5.2.4.7 Impounding of Water

No adverse effects are expected on soils from impounded water.

There may be some change in tree species near the impoundments to species

associated with a high water table or periodic flooding, i.e., cottonwood,

willow, alder and beech. However, this would only be spotted around the

impoundments and constitute only a small percentage of the total wooded area.

There is no indication that a rise in water table associated

with the impoundments will cause formation of saline or alkaline conditions

to the so i 1.



5.2.5 SUMMARY

A baselfne level for residual pesticides and certain heavy

metals has been established for soils that will remain as upland areas and

also for some soils that will be flooded.

The nutrient status was virtually the same for all soils that

were sampled and the pH was about 5.5 which favors growth of pine more than

hardwood.

All the soils that were. tested have a capacity to respond to

good management when known deficiencies are corrected.

Most of the pine-hardwood areas are quite sterile of desirable

wildlife habitat for food and cover. Proper soil and plant management will

increase the diversity of vegetation and provide for a greater number and

diversity of birds and other wildl ife.

The concentration of residual pesticides in the soil is very

low. There was an indication of some DDT contamination in surface soils at

Sites IB, 2 and 3A, soil sample 3-1, but the conGentration is sufficiently low

that it is not ~xpected to be of concern unless additional DDT is applied in

the area.

The boron concentration of the soil is somewhat higher than the

general range of 7 to 80 ppm, but boron is not expected to be a problem as

boron toxicity to plants is most obvious in alkal ine soils and boron toxicity

was not evident on plants during the fall survey.

The soil concentration of arsenic, copper, zinc, lead, mercury,

chromium and 1ithium are at a normal level or below and will not present a

problem.

No adverse soil salinity or alkalinity is expected from an

increased water table due to impounding of water.



Erosion must be controlled or movement of soil will fill the 

impoundments and shorten their effective use. 

There has been a constant disturbance from logging so that all 

soil and plant communities are in a state of flux and plant succession has 

not stabilized under natural conditions. 
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5.3

5.3.1

VEGETATION

INTRODUCTION

The Broad River Study Area is located in the Piedmont Region and

bordered on the south by the C6astal Plains (Johnson 1964). Vegetation of the

area is typical pine-hardwood of the southern Piedmont of South Carol ina.

Prior to white settlement in 1752 (Camp et al. 1960), oak-hickory-pine forests

prevailed (KUchler 1964). These forests were apparently free of brushy under-, .

growth.

Loblolly pine, slash pine, and long leaf pine dominated upland,

well-drained sites characterized by sandy soil, low in nutrients and water

retention properties.

Lowlands were at least 75 percent dominated by hardwoods. Species

composition varied, depending upon drainage. On well-drained first bottom

flood plain, yellow poplar, cottonwood, ash, oak, and sycamore were the dominant

tree species. Trees growing on poorly drained flood plains included willow,

birch, black gum and tupelo species, water oak, and red maple (Camp et a1. 1960).

Continuous rotation type farming resulted in a change from the

original mixed pine-hardwoods forests to pine. While oak-hickory forest would

normally be cl imax for the area, routine removal of trees, eroded top soils,

and recurrent fires have maintained stands of pine. Loblolly pine is currently

cultivated in the area for pulp production. Most hardwoods which exist are

scrubby and inferior in qual ity compared to the virgin forest.

A map (back cover) was prepared from 1970 U.S.G.S. aerial photo-

graphs showing the distribution of pine, deciduous, mixed pine-hardwoods, and

grassland communities. The concurrent timber harvest prevented accurate

portrayal of existing plant communities at the present time.

A comprehensive study was conducted of the Broad River Study Area
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in 1971 to inventory and quantitatively describe woody vegetation which

currently exists in the areas based on stands considered representative of the

Broad River plant communities. The study was expanded in 1972 to complement

vegetative description of the overstory vegetation with a quantitative analysis

of existing herbaceous and shrubby understory vegetation. Soil data were

utilized in the description of vegetative communities.

METHODS AND MATERIALS

Plant collections were made from sites within the Broad River Study

Area. The sites included an immediate ~icinity around four small mammal trap

lines and have corresponding site numbers. Particular care was taken to

determine species composition nearest the trap line at each site.

Quantitative analysis of perennial woody vegetation on Study Sites

lA, 3A, and 4 was accompl ished using the point~centered quarter method

(Cottam and Curtis 1956). This technique provides quantitative information

on relative, absolute, and total density_, as well as relative fre~uenc)L, _

relative dominance, and age class composition of the forest habitat (Phlll ip~ 1959).

Study Site 2 was not included because it had been recently cleared of all

commercial timber and woody underbrush (clear-cut).

On Study Sites lA and 4, using the quarter method, the two point

centers were 10 m (32.8 ft) to the right and 10 m (32.8 ft) to the left of

each trapping station. Each point was considered the center of four quarters

and the nearest tree (2.5 cm or greater in diameter) to this point in each of

four quarters was sampl~d. Forty point centers for 160 trees were obtained

in this manner. Each tree was measured for distance to the point and dbh

(diameter at breast height) at 1.3 m (4.5 ft). The dbh provides an estimate

of the tree1s basal area.

Because Frees Creek was northwest of Study Site 3A, all point
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centers were located three meters to the southeast side of the established

trapping stations and the mid points between stations (including one point

center beyond Station 20 to obtain forty point centers for 160 trees).

Point-centered quarter data were processed using the following

equations from Cottam and Curtis (1956):

Distance = distance from point center to species.

Mean distance = sum of distances
number of measurements

Mean area = (mean distance)2

Total density (plants/hectare) = 10,000 sguare meters 1 hectare
mean area (m2) of plants

Relative density = number of individuals/species x 100
number of individuals of all species

occurs x 100Frequency of species = number of oints at
';";"':';';':';';':";:":"-~~-;-:-~:--::~-7-T-~':-";;:..c.;:;.:..:...:.::.......::..;;.;:.;;::.:....;;;.._~;....;;..

total points

Relative frequency = freguency of individual species x 100
sum of frequency values of all species

Basal area per tree = total basal area
number of trees

Relative dominance = total basal area of the species x 100
total basal area of all species

Forty one-meter square quadrats were employed to determine

species distribution of understory vegetation within the sites (Phillips 1959).

Study Site 2 had recently been clear-cut and planted to loblolly pine. A

dense grass cover indicated a need for more detailed study of the area, there-

fore, quantitative analysis of the grass community was obtained by using the

point~center quarter method (Cottam and Curtis 1956).

Litter accumulation was estimated by collecting all surface
2organic material within four, l/Lf m quadrats per site. The material was

air-dried at the South Carolina Electric & Gas Company field office at Parr,

South Carolina to keep weight loss due to microbial activity to a minimum.



The samples were then shipped to the Dames & Moore Environmental Services
o

Laboratory at Cincinnati, Ohio, oven-dried at 80 C for forty-eight hours ahd

weights reported.

5.3.3

5.3.3. 1

FINDINGS

Floristic Composition

Flora of the Broad River Study Area consisted of 51 families re-

presented by 99 genera and 108 identified species (Table 5.3.1). Phenological

conditions of 15 specimens prohibited identification to the species level.

Thirty-six tree species were best represented by pines, oaks, and hickories.

The flora also was well represented by a variety of herbaceous species which

included grasses, legumes, and composites. The diversity of species within

these three groups is significant considering the area is pre~ominatly closed

canopy forest.

Eighteen species of vascular hydrophytes were collected from

5.3.3.2 Vegetative Communities

Total area scheduled for inundation by Monticello Impoundment

included 47 percent pine, 15 percent hardwood (deciduous), 26 percent mixed

pine-hardwood, and 12 percent grassland. Hardwood forests are predominately

in the bottomlands of Frees Creek.

The coniferous communities to be inundated consisted mainly of

loblolly pine which produces a closed canopy forest with a sparce understory of

herbaceous vegetation. Only limited numbers of pine seedlings and saplings are

capable of growing under the dense canopy which reduces light penetration to the

substrate.

Of the area described as mixed community, 73 percent consisted of

areas where pine was selectively removed. The hardwood understory was predominant



Table 5.3. I Summary of flora ident if i ed in the environs of the Broad River
Study Area.

Fami 1y
Scientific Name COLLECTION SITES

Common Name lA 2 3A If General

Pteridaceae
Pteridium aquilinum

Bracken Fern 0-'- 0 X,': 0 0"

Polypodiaceae
Asplenium platynuron

Fern X 0 X 0 0
Polystichum acrostichoides

Fern 0 0 X 0 0

Pinaceae
Pinus echinata

Short Leaf Pine 0 0 0 0 X
Pinus palustris

Long Leaf Pine 0 0 X 0 X
Pinus taeda

Loblolly Pine X X X X X
Pinus virginiana

Scrub Pine 0 0 0 X 0

Cupressaceae
Jun i.2.erus_ vi rg I n I ana

Eastern Red Cedar X 0 X X 0

Ali smataceae
Sagittaria latifol ia

Arrowhead 0 0 X 0 X

Gramineae
Alopecurus carol inianus

Foxta i 1 0 X 0 0 0
Andropogo~ virginicus

Broomsedge 0 X 0 0 0
Aristida £uryurascens

Three-awned Grass 0 X 0 0 0
Arundinaria gigantea

Cane 0 0 X 0 0
Bothriochloa sp.

Beardgrass 0 X 0 0 0
Cynodon dactylon

Bermuda Grass X 0 0 0 X
Panicum scribnerianum

Scribner's Panicum X X X X X



Table 5.3.1 (Cont inued)

Fami ly
Scientific Name COLLECTION SITES

Common Name lA 2 3A 4 General

Gramineae
Panicum sp.

Panic Grass 0 X 0 0 0
Paspalum pI icatulum

Brownseed 0 X 0 0 X
Schizachyrium scoparium

Little Bluestem 0 X 0 X 0
Setaria sp.

Foxta i 1 Grass 0 X 0 X 0
Sorghastrum nutans

Indiangrass 0 0 X X X
Sorghum halepense

.Johnson Grass 0 X 0 X 0
Uniola latifolia

Sea Oats 0 0 X 0 0

Cyperaceae
Rhynchospora corniculata

Beak Rush 0 0 X 0 0
Carex sp.

Sedge X 0 X X 0
Cyperus eryfnrorn-i-zos

Sedge 0 0 X 0 0

Bromel iaceae
Tillandsia usneoides

Spanish Moss 0 0 0 0 X

Pontederiaceae
Pontederia cordata

Pickerel Weed 0 0 X 0 0

Li 1i aceae
Allium canadense

\4 i 1d On ion 0 X 0 0 0
Polygon!tum pubescens

Solomon's Seal 0 0 0 0 X
Smi lax glauca

Greenbrier 0 X 0 0 0
Sm i 1ax wa 1te ri

Halterls Smilax X 0 X X X
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Table 5.3.1 (Cont inued)

Fami 1y
Scientific Name COLLECTION SITES

Common Name lA 2 3A' 4 Generpl

Juglandaceae
Carya glabra

Pignut Hickory 0 0 X 0 0
Carya laciniosa

Shellback Hickory 0 0 X 0 0
Carya ovata

Shagbark Hickory 0 0 X 0 0
Carya tomentosa

Mockernut Hickory 0 0 X 0 0

Betulaceae
Carpinus caroliniana

American Hornbeam X 0 X 0 0
Ostrya Yl!]iniana

Eastern Hophornbeam X 0 X X 0

Fagaceae
Quercus alba

White Oak 0 0 X 0 0
Quercus borealis var. rubra

Red-Oak 0 0 X 0 0
Quercus laevis

Turkey Oak 0 0 0 X X
Quercus laurifolia

Laurel Oak X 0 X X X
Quercus nigra

Water Oak X 0 X X 0
Quercus ehellos

Wi llow Oak 0 0 X 0 0
Quercus schumardii

Schumards Oak 0 0 X 0 0
Quercus stellata

Post Oak a 0 x 0 0
Quercus velutina

Black Oak X 0 0 0 0

Ulmaceae
Celtis laevigata

Sugarb erry X 0 0 0 X
Ulmus alata

Wing~dElm X 0 X 0 X

Loranthaceae
Asarum sp.

Wild Ginger 0 0 X 0 0



Table 5.3.1 (Continued)

Fami Iy
Scientific Name COLLECTJ ON SITES

Common Name IA 2 3A 4 General

Aristolchiaceae
Hexastyl is arifolia

Heartleaf 0 0 X 0 X

Phytolaccaceae
Phytolacca ame icana

Pokeberry 0 X 0 0 a
Portulacaceae

Claytonia virginica
Spring Beauty 0 0 X 0 0

Caryophyllaceae
Silene antirrhina

Sleepy Catchfly 0 X 0 0 0

Menispermaceae
Cocculus carolinus

Coral beads 0 0 0 0 X

Magno Ii aceae
Liriodendron tulipifera

Tul ip Poplar X 0 0 0 0

Hamamelidaceae
Hamamelis virginiana

\4 itch Haze I 0 0 X 0 0
Liguidamber ~tyraciflua

Sweet Gum X 0 X X 0

Rosaceae
Amelanchier sp.

Juneberry 0 0 0 0 X
Crataegus sp.

Hawthorn X 0 0 0 0
Potentil1a sp.

Cinquefoil X 0 X o· 0
Prunus americana

IIIi 1d PIurn 0 X 0 0 0
Prunus serotina

Black Cherry X X 0 X 0
Rosa bracteata

Rose X X 0 0 0
Rubus allegheniensis

Blackberry X X 0 0 0



Table 5.3. I (Continued)

Fami ly
Scientific Name COLLECTION SITES

Common Name IA 2 3A 4 General

Leguminosae
Albizzia julibrissin

/'1 imosa 0 X 0 0 0
Astragalus sp.

Mi lk Vetch 0 0 X 0 0
Cassia nictitans

Sensitive Plant 0 O. X 0 0
Cercis canadensis

Redbud 0 X X 0 0
Desmanthus sp.

Bundle Flower 0 0 0 X 0
Gleditsia tricanthes

Honey Locust 0 0 0 0 X
Lespedeza procumbens

Lespedeza 0 X a X 0
Lespedeza repens

Lespedeza 0 X X X 0
Lespedeza stuevei

Lespedeza 0 X 0 X 0
Lespedeza virginica

Lespedeza X 0 X X X
Pueraria lobata

Kudzu Vine a a a a X
Vicia caroliniana
---carol ina Vetch 0 0 X 0 a

Oxa Ii daceae
Oxalis sp.

Wood Sorrel X 0 0 0 0

Guttiferae
Hypericum denticulatum

St. John's Wort X a 6 0 0

Me I iaceae
Melia azedarach
-ciiina Berry 0 0 a 0 X

Euphorbiaceae
Euphorbia corollata

Spurge 0 X 0 0 0

Anacardiaceae
Rhus copall ina

Winged Sumac 0 0 0 X X
Rhus glabra
--Smooth Sumac 0 0 0 0 X



I
Table 5.3. I (Cant i nLled)

Family
Scientific Name COLLECTION SITES

Common Name IA 2 3A 4 General

Aqu i fa I iaceae
Ilex 0e..aca

American Holly X 0 X X X

Celastraceae
Euonymus americanus

Strawberry Bush 4 X 0 0 0 0

Aceraceae
Acer rubrum
--Red Maple X X X X 0
Acer saccharum
--Sugar Haple 0 0 X 0 0

Balsaminaceae
Impatiens capensis

Jewel Weed 0 0 0 0 X

Vitaceae
Parthenocissus quinquefolia

Virginia Creeper 0 X 0 0 0
Vitis rotundifol ia

Muscadine Grape 0 X 0 0 0

Ti I i aceae
Ti I ia ameri cana

Basswood 0 0 X 0 0

Passifloraceae
Pass i flora incarnata

Pass ion Flower 0 X 0 0 0

Elaeagnaceae
Elaeagnus umbel lata

Si i ver Berry 0 0 X 0 X

Cornaceae
Cornus florida

Dogwood X 0 X X 0

Ericaceae
Chim.aphila maculata

Spotted Wintergreen X 0 0 0 0

Nyssaceae
~YS5~ ~y 1vat i£~,

Black Gum 0 X X 0 0



Table 5.3.1 (Continued)

Fami 1y
Scientific Name COLLECTION SITES

Common Name 1A 2 '3A 4 Gene ra 1

01eaceae
Fraxinus americana

White Ash 0 0 X 0 0
Li gus t rum sp.

Privet 0 0 0 X 0

Asc1epiadaceae
Asclepias tuberosa

Milkweed X 0 X 0 0

Convo1vulaceae
Convolvulus arvensis

Bindweed X 0 0 0 0

Verbenaceae
Call icarpa americana

Beauty Berry 0 0 X X 0
Verbena r i par ia

Verbena 0 X 0 0 0

Labiatae
Prune 11 a \Lul~aLLs

Selfheal 0 X 0 0 0

Solanaceae
Physa 1is sp.

Ground-cherry 0 X 0 0 0
Solanum caro1inense

Nightshade 0 X 0 0 0

Bignoniaceae
Campsis radicans

Trumpet-creeper X 0 0 0 0

Acanthaceae
Rue11 ia carol iniensis

Rue11 ia 0 0 X 0 0

Plantaginaceae
Plantago aristata

Plantain 0 X 0 0 0
Plantago. lancealata

Buckhorn 0 X 0 0 0

Rubiaceae
Cephalanthus occidentalis

Button-bush 0 0 X 0 0



Table 5.3.1 (Continued)

Fami ly
Scientific Name COLLECTION SITES

Common Name lA 2 3A 4 General

Capr i fo 1iaceae
Lonicera japonica

Honeysuckle X X X 0 X

Compositae
Ambrosia artemisiifolia var. elator

Common Ragweed 0 X 0 0 0
Antennaria sp.

Pussy Is-toes 0 0 0 X 0
Aster pi losus

Aster b X 0 X 0
Elephantopus tomentosus

Elephant's-foot X 0 0 0 0
Erigeron strigosus

Daisy-fleabane a 0 0 0 X
Eupatorium capillifolium

Dog-fennel 0 0 0 0 X
Eupatorium lineaifolium

Eupator i um 0 X 0 0 0
Helenium amarum

Bitter-weed 0 X 0 0 0
baGtuGa SGa I'" iG 1a

Prickly Lettuce 0 X 0 0 0
Pyrrohopappu5 carolinianu5

Leafy Stemmed Dandelion 0 X 0 X 0
Senecio vulgaris

Groundsel 0 X 0 0 0
Sol idago sp.

Goldenrod X 0 0 0 0
Taraxacum sp.

Dande 1ion X 0 0 0 0

* 0 = not present in area sampled; X = present.
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5.3.3.3

5.3.3. 3. 1

as viewed from aerial photographs, resulting in those areas being classified

as mixed pine-hardwood community.

The grassland community type included seven percent cultivated or

pasture and five percent abandoned farmland. Abandoned farmland included commu-

nities representing several sera1 stages of succession.

The area to be inundated by enlargement of Parr Reservoir con-

tained 2 percent pine, 86 percent hardwood, 8 percent mixed pine-hardwood,

and 4 percent grassland communities. Grasslands were abandoned farmlands or

clear-cut timber lands, predominately in early stages of succession.

Study Sites

Study Site

Study Site was subdivided i~to Site lA consisting of second

growth. pine and Site 1B which was predominately hardwood. Tree data were

collected only on Site 1A. Density of trees greater than 2.5 cm dbh was 2,422

trees-per-ha-t980-t-Fees-l'leF-a·e-l"e-h-wi-~A-a-mea.A-ba-sa-La~ea-oL1L2-m~pel"-tLee_. _

Average height per tree was 15.8 m (51.8 ft) with a height range from 12.2 m

(40 ft) to 21.9 m (71.4 ft).

Species diversity was low with loblolly pine being the most im-

portant canopy species (Table 5.3~2) on the site. loblolly pine was represented

in each of six diameter classes ranging from 5 to 30 cm (2 to 12 in), however,

69 percent of these were in the 5 and 10 cm class sizes. All other tree species

present had a dbh of 10 cm or less.

Honeysuckle was the most frequently occurring understory species

in the pine stand (Table 5.3.3). Other species which occurred in more than 25

percent of the quadrats included Schribner's panicum, blackberry, and dandelion.

Litter accumulation weighed 13.8 x 103 kg/ha (Table 5.3.4), and was composed

primarily of pine needles.



Table 5.3.2 Relative frequencies, densities, dominance and importance values
of tree species (2.5 cm or greater dbh) growing in Site 1A
of the Broad River Study Area, June 1971.

Relative Relative Relative Importance"c
Species Frequency Density Dominance Value

Lob10 11 y Pine 52.9 69.4 80.8 203. I

Sweet Gum 21.4 18.0 13.9 53.3

Flowering Dogwood 11.4 6.3 2.7 20.4

Eastern Red Cedar 7.1 . 3.1 1.5 11.7

Tulip Tree 2.9 1.3 .6 4.8

Hop-hornbeam 2.9 1.3 .4 4.6

Red Maple 1.4 0.6 .2 2.2

Totals 100.0 100.0 100. 1 300.1

*Importance Value is the sum of relative frequency, relative density, and
relative dominance.
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Table 5.3.3 Frequency of occurrence (%) of understorYt herbaceous,and woody
plant species growing within pine t hardwood t mixed pine-hardwood t
and grassland environs in the Broad River Study Area.

Growth Form

Common Name

Vascular Cryptogams
Fern

lA

4

COLLECTION SITES
IB 2 3A

10

4

Herbaceous
Forbs

Arrowhead
Aster
Bundle Flower
Cinquefoi 1
Common Ragweed
Dandel ion
Goldenrod
Heartleaf

~~----- Les p""e""d....e'=za'"'- _
Pussy's Toes
St.John's Wort
Wild Ginger
Wood Sorrel

Grasses
Bamboo
Bermuda Grass
Broom Sedge
Brownseed
Cane Bluestem
Indiangrass
Little Bluestem
Scribner's Panicum
Three-awned Grass

Sedges
Sedge

28
12

4

20

24

28

8

20

10
10

5

20

5

65
10
4

45
30
40

10

5

20

20

35

10

15

45

10
15

5

10

5

40

30
30
25
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Table 5.3.3 (Continued) 

Growth Form 
COLLECTI ON SITES 

Common Name lA lB 2 3A 4 

Woody 
Shrubs 

Ameri can Holly 8 16 15 15 
Bl.:lckberry 28 5 
Rose It 8 15 

Trees ( <;5 em d.b.h.) 
American Hornbeam 4 
Black Cherry "4 
Black Oak 8 
Dogwood 4 15 
Eastern Red Cedar 4 10 
Hawthorn ' .. I~ 

Laurel Oak It 28 15 10 

Loblolly Pi ne 40 20 5 35 25 
Pignut Hickory 5 
Red Maple 5 
Sugarberry 8 
Sweet Gum 8 4 5 
Water Oak 4 8 5 5 
White Ash 5 
Winged Elm 12 20 15 

Vines 
Honeysuckle 72 16 25 
Wal ter's Smi lax It 52 50 15 
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Table 5.3.4 Mean 1itter production from the various sites within the
Broad River Study Area.

Li tter Production (thousands)
Collection Sites kg/ha'~

lA 13.8

1B 15.5

2;t:'i'~ 2.7

3A 12. 1

4 13.5

* kg/ha x 0.891 = lb/acre
**Standing and accumulated litter from within a pine plantation.



Walter1s smilax was the most frequently occurring understory

species in the hardwood stand on Study Site IB (Table 5.3.3). Seedlings of

laurel oak and loblolly pine also were present. A sedge was the most frequently

encountered herbaceous plant. Litter production under hardwood was 1.7 x 103

kg/ha greater than under the pine stands (Table 5.3.4) .. Litter composition was

predominately leaves and twigs, since sampling was accompl ished shortly after

leaf fall.

5.3.3.3.2 Study Site 2

Site 2 consisted of plan~ation pine approximately three years after

planting. Vegetation on the site typifies an early successional stage pf a

disturbed site. The site had been clear-cut and replanted to loblolly pine. No

tree on the site had a dbh greater than 2.5 cm.

Density of grass species (bunch grasses, with each bunch considered

a plant) was 6,756 plants/ha (2,735 plants/acre). Protection of the soil sur-

face was provided by basal cover of nearly 0.15 m2 per plant, for a total basal
2cover of 978 m /ha (4,260 sq ft/acre). This represents a total qround cover

of 9.8 percent.

Broomsedge was the most important grass species on the site

(Table 5.3.5) with triple-awned grass being the next most important. Although

the importance value of little bluestem was not as high as triple-awned grass,

relative dominance of little bluestem was somewhat greater. This would indicate

that, while the density and frequency of little bluestem were low, the plants

which did occur were well established.

Honeysuckle, rose, goldenrod, and aster were frequently occurring

forbs within the site (Table 5.3.3). No substantial amount of litter had

accumulated (Table 5.3.4) since the area had been clear-cut.
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Table ~.3.5 Relative frequ~ncy, densit~and domInance of the various grass
species within a pine plantation (Site 2) in the Broad River
Study Area.

Relative Relative Relative Importance
Species Frequency Density Dominance Va Iue"c

Broomsedge 31L I 38.7 61.3 134. 1

Tr i pIe-awned Grass 31.7 27.5 14.} 73.9

Little Bluestem 22.0 23.7 16.6 62.3

\lJi tchgrass 7.3 6.3 3.5 17. 1

Brownseed 4.9 3~7 3.9 12.5

Total 100.p 99.9 100.0 299.9

*Importance Value is the sum of relative frequency, relative density, and
relative dominance.



5.3.3·3.3 Study Site 3A

This site was located along Frees Creek and supported a diverse

community of woody species. A total of 2,219 trees/ha (898 trees/acre), rep-

resenting 16 species, occupied a mean area of 4.5 m2 per tree. Loblolly pine,

eastern red cedar, and red maple were the most important species (Table 5.3.6).

Loblolly pine was the dominant species within the area, but eastern red cedar

was the most dense.

Clinometer height samples revealed a range from 15.2 m (49.8 ft)

to 21.3 m (70 ft) with an average tree height of 19.2 m (63 ft). Forty-two

percent of all trees sampled had a dbh of 5 em or greater, while eight percent

had a dbh greater than 25 em. The largest tree on the site, a loblolly pine,

measured 45 cm (17.7 in) dbh. Only loblolly pine, ash, and oak species had

dbh's greater than 25 em (9.8 in). Walter's smilax was the most frequent

understory plant species within the site (Table 5.3.3) and sedge was the most

_______ frec:juent herbaceous sRec ies. Bamboo was common a1on9_ the water marg in. Lob-

lolly pine seedl ings were found throughout the site. Litter accumulation,

chiefly pine needles, was lowest of the forested areas, 12. I X 103 kg/ha

(Table 5.3.4).

5.3.3.3.4 Study Site 4

Study Site 4 consisted of a mature stand of plantation pine as

indicated by the range of size classes. Loblolly pine trees were represented

in each of the 5 cm diameter class intervals from 5 to 35 em. Diversity of

other woody species also indicated a mature stand. The area supported a popu-

lation of 1,930 trees/ha (780 trees/acre) with a mean area of 5.2 m2 per tree.

The heights averaged 20.4 m (67 ft) and ranged from 19.2 m (63 ft) to 22.8 m

(74.8 ft).

Loblolly pine was the most important woody species in the area



Table 5.3.6 Relative frequencies, densities, dominance and importance values
of tree species (2.5 em or greater dbh) growing in Site 3A
of the Broad Ri ver Study Area, June 1971.

Relative Relative Relative Importance
Species Frequency Density Dominance Va 1ue":

Lob 1011 y Pine 16.0 18.6 21.7 56.3

Eastern Red Cedar 16.0 19.2 13.0 48.2

Red Maple 13·4· 14.8 13.5 J.. l .7

Ash 8.4 6.2 9.2 23.8

Hop-hornbeam 7.6 5.6 6.8 20.0

Oak sp. 1 7.6 6.2 5.4 19.2

Shagbark hickory 5.9 4.7 6.0 16.6

Hickory sp. 5.0 4.7 4.3 14.0

Oak sp. 2 3. /1 3.8 4.6 11.8

Oak sp. 3 If. 2 3.1 4.1 11.4

Ironwood 2.5 4.7 3.3 10.5

Basswood 3.4 3.8 3.3 10.5

Live Oak 2.5 1.8 3.0 7.3

Flower i ng Dogwood 1.7 1.2 0.5 3.4

Redbud 1.7 1.2 0.5 3. l f

Willow Oak 0.7 0.6 0.8 2.1

Total 100.0' 100.2 100.0 300.2

*Importance Value is the sum of relative frequency, relative density, and
relative dominance.



(Table 5.3.7). Eastern red cedar was the most important sub-dominant species.

Other woody species over 2.5 em dbh were only of minor importance, with over

50 percent occurring in the 5 and 10 cm diameter size classes.

Understory vegetation of Study Site 4 was well represented by

graminoids (Table 5.3.3). Broomsedge, the most frequent species, occurred in

small herbaceous communities in areas created by the removal of scattered mature

pines. Little bluestem and Indiangrass also were quite common. Loblolly pine

seedlings occurred throughout the open areas. ,

Accumulated litter on the forest floor was comparable to litter

accumulated in Study Site IA (Table 5.3.4). Pine needles contributed most to

the total weight.

5.3.4 DiSCUSSION

5.3.4. I ~bitat Description

Southern pine forests of the South Atlantic and Gulf States are

considered ~art of the temperate-deciduous forest since they represent a seral

stage rather than climax. The physiognomy is medium-tall to tall forest of

needle leaf evergreen and broad leaf deciduous trees. Unless maintained by fire

and cutting, these forests are succeeded by such hardwoods as oak and hickory

(Smith 1966). Physiognomy of flood plain forest is dense, medium-tall to tall

forest of broad leaf deciduous and evergreen trees, inter-mixed with shrubs and

needle leaf deciduous trees.

Forests are often stratified because of an existing variety of life

forms. Four strata are usually recognized in a highly developed, uneven-aged,

deciduous forest: the upper canopy consists of dominant or co-dominant trees;

the lower tree canopy of subdominant tree species; the shrub layer; and the

ground or field layer consisting of herbs, ferns, and mosses. Species composi-

tion of the ground layer varies with the season.
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Table 5.3.7 Relativ~ freq~encies, densities, dominance and importance values
of tree species (2.5 em or greater dbh) growing in Site 4
of the Broad River Study Area, June 1971

Relative Relative Relative Importance
Species Frequency Density Dominance Va 1ue~'r

Loblolly Pine 60.7 81.3 85.9 227.9

Eastern Red Cedar 12.2 6.3 5. 1 23.6

Holly 6. I 3.1 1.5 10.7

Bl ack Cherry I•• 5 2.5 2.4 9. i•

Oak sp. 1 4.5 1.9 1.8 8.2

Red Maple [1.5 1.9 0·9 7.3

White Oak 1.5 0.6 0.9 3.0

Hop-hornbeam 1.5 0.6 0.6 2.7

Oak sp. 2 1.5 0.6 0.3 2.4

Wi llow Oak 1.5 0.6 0.3 2.4

Sweet Gum .1. 5 0.6 0.3 2-:-4

Total 100.0 100.0 100.0 300.0

*Importance Value is sum of relative frequency, relative density, and
relative dominance.
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Even-aged stands resulting from disturbances such as fire and

clear-cutting have a poorly developed understory. The low tree,shrub, and

ground layers are thin and poorly developed except in small, open areas.

Forest communities of the Broad River Study Area are basically

poorly developed. Planting loblolly pine for pulp production results in

even-aged stands with closed canopies, thereby eliminating any consistent

stratification within the community. Seeding to harvest of marketable

loblolly pine in the area requires 35 to 50 years.

The forest floor plays a dominant role in the life and distribution

of many plants and animals and in maintenance of soil fertility. A constant

interchange of materials takes place from the surface to the soil through

vegetation and back again. Plants utilize nutrients from the soil and deposit

them on the surface as litter. Decomposition of plant and animal material

reverses the process. The nature and quality of the organic layer is dependent

in part on the kind and quality of litter, and the litter in turn influences
---------

the abundance and composition of soil fauna.

Plant littler, composed of pine needles, is high in lignins and

resins which resist decomposition and which inhibit the decomposition of cellulose.

Coniferous forest soils are characterized by a well defined unincorporated, com-

pact organic deposit resting on mineral soil. The layer is a result of slow

mineral ization and no mixing with the mineral soil. The soil characteristics

support only limited population of small soil organisms, of which most live

at the interface of the decaying organic layer and the mineral surface.

Acid characteristics of these soils make them more suitable to

pines than hardwoods. Pines generally thrive on soils with a pH of 5.0 to

5.5 which supply too little potassium, phosphorous, and nitrogen for most

hardwood trees. Soils of the Broad River Study Area generally were sl ightly



acidic in nature and very low in phosphorus. Potassium content varied from

low to high, While supplemental nitrogen was not required for growing hardwood

trees, 1ime appea~ed to be necessary to ameliorate the environment for optimum

growth of hardwood species.

Litter accumulation for the coniferous forest was approximately

15 metric tons which agreed with accumulations reported by Switzer and Nelson

(1972) for a 20-year old loblolly pine plantation. Age data are not available

for the older loblolly pine stands of the Broad River Study Area, therefore

comparisons cannot be made with accumulations reportedtn the literature. Low

accumulation for Site 2 has to be attributed to the age of the stand and the

influence of recent clear-cutting.

Soils of mixed or hardwood forests have a better developed humus

layer. Chemical composition of deciduous leaves allows faster decomposition

and mineral ization of the leaf litter. Thus, the litter is incorporated with

the mineral soil much faster.
-----------------------'------

More litter was accumulated on Site 18 than on the pine stands.

Usually the opposite would be true due to differential decomposition rates of

the type I itter within each system. However, the fall sampl ing occurred

immediately after leaf fall, resulting in an accumulated litter mass.

5.3.4.2 Ecologically Import!nt Species

Thirty-six woody species were identified growing in the Broad

River environs. Although several species can be considered important, loblolly

pine was the most important species in the area. Most 6f the area was composed

of second growth loblolly. Consequently, this species was the dominant canopy

species and contributed much of the accumulated 1itter to the forest floor.

Accumulation of litter, which is a demise of pine seedlings, provides a protective

medium for hardwood fruits and drought resistc.nt seedlings. Loblolly is an
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intolerant species and new seedl ings will not establish in the heavy litter.

Because of its wide range occurrence in pure stands, its abund-

ance and its versatility in use, loblolly is a principal commercial pine in the

southeastern United States. This also is true for the Broad River Study Area.

Site indices, an estimate of total height attained by the average dominant

and co-dominant trees in a 50-year stand, generally increase from rich upper

slopes to bottomlands, but variations are related to soil differences rather

than to slope position or steepness. Loblolly pine grows best on sandy soils

with poor surface drainage, a deep surface layer, and a firm subsoil (Forest

Service 1965).

Loblolly pine had a potential site index of 80 (Ellerbe and Smith

1964) on the Cecil sandy loam soil of Site lA. The same site index would have.

applied to the Appling sandy loam of Site lB. However, loblolly pine was not

a major species at that site.

The Appling and Cecil sandy 10ams are well drained soils with a

moderate moisture supplying capacity. These soils are moderately high in natural

fertil ity and in well-stocked unmanaged stands at fifty years of age could produce

an average annual growth of 466 board feet of loblolly pine per acre (Ellerbe

and Smith 1964).

Site 2 and 4 occur on severely eroded Cecil clay loam and have a

site index of 60. While moisture supplying capacity is medium to high, these

soils are moderately low in natural fertil ity. Annual production of 390 board

feet can be expected on a well-stocked unmanaged stand at fifty years of age

(Ellerbe and Smith 1964). Wind fall can be severe, especially on Site 4,

where shallow phases of the soil restrict root development.

Site 3A was characterized by two soil types; a Cecil sandy loam

on the .upper slopes and a Mecklenburg sandy loam on the lower slopes. The Cecil

sandy loam soils were more severely eroded than those identified on Site lA.



Thus, production could not be expected to be as high on Site 3A. The site

index for Site 3A was 70 to 80.

An average site index of 60 can be expected for loblolly pine on

Mecklenburg sandy loam soils. The surface layer overlays a very firm, slightly

plastic clay subsoil with medium moisture supplying capacity. Wind throw does

not pose any particular problem on this soil type.

Other woody species in the Broad River Study Area did not occur

in sufficient numbers to be of any apparent economic importance, however, their

importance as food sources and habitat for wildlife cannot be ignored. These

discussions, however, must be limited to potential habitat since the wildlife

populations were very limited within the study area.

Fruits from oaks, eastern red cedar, and holly provide a valuable

food source for turkeys and song birds. Small scattered patches of grasses

and forbs occur in openings in the trees which offer potential habitat for

turkey and quail. Lespedeza and seeds from other forbs and grasses growing

within these open areas serve as a food source.

Japanese honeysuckle was the most common understory species in the

area. According to Segelquist, Rogers, and Ward (1972) honeysuckle plantings

provide emergency winter rations for deer. Nutrient quality of the leaves is

apparently very consistent throughout the year, being especially high in protein.

Honeysuckle leaves are retained during the winter and more digestible than any

native forage, including eastern red cedar leaves.

No plant species were collected or observed in the Broad River

Study Area which could be classified as rare or endangered.

5.3.4.3 Environmental Stresses and Ecological Succession

Original forest of the Broad River Study Area consisted of pines,

oaks, and hickories, which was practically free of brush undergrowth. Early
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settlers destroyed most of the timber they cut to clear for farm. They

cultivated their cleared fields until yields began to decline, then cleared

new land or abandoned the entire settlement. The significant effect of the

clearing and abandonment was a conversion of most cf the original forest to

pine stands.

There is a fairly definite succession of vegetation on land

abandoned after cultivation. When a cultivated field is abandoned it produces

a crop of annual weeds the first year, numerous perennials the second year

and a community of perennials thereafter. In the interim of change, the open,

low herbaceous cover alludes to a closed and elevated forest canopy, usually

near the end of the second decade. Oosting (1942) outlined the successional

sequence of an abandoned field in the Piedmont Region:

Approximate Age
Years

o

2

3-10

10-20

Approximately 200

Vegetative Character

Abandoned field.

Herbaceous weedy forbs and grasses.

Herbaceous weedy forbs dominated by
annuals and perennials.

Transitional to perennial grasses with
pine seedlings becoming established.

Canopy of loblolly pine stand closes.

Stable stand of white and red oaks.

These vegetational changes effect a shift to moderation of micro-

climatic extremes, influence the disposition of precipitation and the character

and composition of the microflora and fauna; all of which, directly and in-

directly influence the disposition of nutrients within the system.

The successional stage of Site 2 is currently in the third year.

The area is dominated by broomsedge among the small planted loblolly pines.



Grasses are important soil stabi1 izers. Soils of the Broad River

Study Area are very subject to erosion, especially after clear-cutting. Triple-

awned grass is an early invader since it is capable of colonizing on low

fertility soils. Broomsedge is another grass characteristic of low fertility

areas. Little bluestem is characteristic of more fertile areas. The combina-

tion of these three species within Site 2 would indicate a moderate level of

ferti I ity and that the succession described is progressing as expected.

Young pine seedlings were becoming established among the planted

pines. Since pine seedl ings can only become readily establ ished.on exposed

mineral soil, this must occur in the early succession process. After the

loblolly pines are well establ ished and the ground cover has improved, an

understory of hardwood begins to develop.

Loblolly pine is normally followed by hardwood in natural

succession. On the fine-textured soi Is characteristic of the Piedmont, the

single-stem selection method of harvesting favors the succession of hardwoods,

but clear-cutting in patches or strips of 1imited size, or cutting everything

except selected seed trees, favors reproduction of pine.

Other stresses may be imposed upon the vegetative communities of

the Broad River Study Area, but were not identified during this survey. These

include rust diseases caused by the genus Fusiformis which is the most prevalent

of diseases that effect loblolly pine. The cankers cause deformation and losses

in stem volume. Canker diseases also attack hardwoods and cause the stems to

decay.

Little leaf disease, a disease of short leaf pine, also can

affect loblolly. The disease is most prevalent in loblolly where the disease

is particularly severe in short leaf pine. This usually occurs on sites

where aeration and internal drainage are poor. However, short leaf pine is
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not very abundant within the Broad River Study Area.

Pine-tipped moths also can affect loblolly pine in the area by

deforming the trees which prevent growth to a normal height.

5.3.5 SUMMARY

The Broad River Study Area has undergone various disturbances

since early white settlement in 1752. While hardwood forest is the cl imax for

the area, disturbances have kept the plant communities in a seral stage with

loblolly pine being the dominant species. Disturbance also has inhibited the

development of a vertical structure within the community resulting in poorly

developed shrub and ground layer.

Successional patterns appear to follow seral stages described for

other areas of the Piedmont Region. Grasses and forbs, desirable for wildlife

habitat, develop within openings in the forest.

Loblolly pine is the most important economic plant species within

the stud~ area. Most of the wood fiber produced by this species is utilized

in pulp production. Potential wood production is related to soil type. The

turnover rate for marketable timber is 35 to 50 years.

Hardwoods occur as small scattered stands on the uplands and pre-

dominate on the river bottoms. No hardwood species occur in numbers great

enough to be of economic importance.

No rare or endangered plant species were found in the project

area.
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INSECTS AND OTHER ARTHROPODS

INTRODUCTION

The objectives of arthropod and insect collections on the Parr

Reservoir Study Area were to assess the species of insects present at selected

areas, their density, diversity, and distribution patterns. Insects are impor-

tant to the ecological system because of their great numbers. Several hundred-

thousand species of insects exist in the world along with numerous species of

other arthropods (Borror and Delong 1971). Therefore, the insects can provide

. the basic data on species diversity of an area simply by their numbers and

accessibility. Trapping insects is not extremely difficult and since there are

many· species, a great deal of information can be extracted from a careful

collection taken at the proper time. This informatiori along with similar

information for plants and vertebrates will allow comparisons to be made among

the various terrestrial parts of the area. The plants are the primary producers

bf any ecosystem. That is, the plants are the only pa~t of any biological system

which is able to fix carbon comp6unds in a biologically usable fo~m using the

energy from the sun. Many insects are primary consumers, that is, they feed

directly upon the tissues and juices of plants. Other insects are of different

trophic or feeding levels, preying upon the primary or secondary consumers or

feeding, upon the detritus, the non-l iving remains of plants. These insects would

be considered secondary or tertiary consumers. Thus, the arthropod studies fill

the gap between primary production studies and studies of small mammals and birds

which are tertiary or quarternary consumers.

The scope of work with respect to insects and other arthropods

was limited. Concentrated terrestrial arthropod collecting was done only in

March 1972. Information on species having an economic importance are continually

being obtained and recent infestations recorded.



Previous biological studies in Fairfield County, South Carol ina,

have been )imited, especially the western portion of the county which is bordered

by the Broad River. The primary reason for lack of investigations appears to

be the area's inaccessability. Only one reference, Kirk (1970), was located

which listed terrestrial insects collected from Fairfield County.

5.4.2 METHODS AND MATERIALS

Insects were collected on the study area by three methods. The

first method involved staking out two 50 by 100 m (164 by 328 ft) quadrats.

Quadrat 1 was located at Study Site lC on the eastern shore of the

proposed Monticello Impoundment, about 300 m (984 ft) east of the small mammal

transect and just about 20 m (66 ft) west of State Highway 215 (see map, back

cover). This location was chosen because it is on the top ofa hill

supporting a dense and virtually pure stand of pines. This hilltop will not be

flooded when the reservoir is filled.

Quadrat 2 was located at Study Site 2 on the northwest shore of the

proposed Monticello Impoundment. The small mammal trapline runs through the

quadrat. Both quadrats are oriented with their long axis on a due east-west line.

Quadrat 2 was established in order to sample the cut-over habitat. The vegetation

consists of grasses, forbes, and small pine; thus approximating the classical old

field successional communities.

The inside of Quadrat 2 was lined along both axes at five meter

intervals. A stake was driven where the 1ines intersected and pitfall traps were

buried in the ground so the top of the trap was at or just below ground level.

The pitfall traps were steel cylinders, 11.8 em (4.6 in) high and 10.7 em (4.2 in)

in diameter. They were placed on the east side of each stake with the quadrat

on the inside of all stakes around the periphery. A total of 231 pitfall traps

were set out on Quadrat 2. Quadrat 1 was not completed in time for sampling.
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The second method of collecting insects was by sweep n~tting in 

various parts of the study area. Unfortunately, no systematic sweep netting was 

done during the March sample .due to unusually cold temperatures. The temperature 

was too cold for a sufficient number of flying insects and, therefore, compara-

tive sweep netting was not possible. 

The third method of sampl ing was by blacklight trapping at 

selected areas. A blackl ight trap consists of a long-wave ultra-violet bulb, 

with directing vanes and a catch basin into which alcohol is poured. The insects 

are attracted to the ultraviolet 1 ight, to which their eyes are sensitive, 

directed into the basin by the vanes, become trapped in the alcohol. and die. 

All specimens captured in a blackl ight trap were kept and preserved in the 

alcohol. Blacklight trapping was carried out at Cannons Creek in the same area 

that the I ittoral zone collection was made. 

All arthropods captured by terrestrial means were pinned with 

standard insect pins. Millipedes collected in pitfall traps were 

preserved in alcohol. The pinned specimens were separated by taxon, their 

location within the quadrat described, and stored in cabinets in the laboratory. 

Specimens trapped by blaGkl ight were separated by taxon, preserved in 85 percent 

ethanol, and stored in vials. These vials were labeled and stored in a storage 

cabinet at the laboratory. 

There was not enough successful 1 ight trapping done to allow for 

numerical analysis. Since only one quadrat was completed for sampl ing, there 

were no paired data available for comparative statistical or numerical testing. 

5.4.3 FINDINGS 

Table 5.4.1 1 ists the identified insects collected on Quadrat 2 

by pitfall traps. Several specimens have yet to be positively identified, i.e., 

millipedes, spiders, etc. Two orders of Insects were Identified: Coleoptera 



Table 5.4. I Identified insects collected on Site 2, northwest shore of proposed
Monticello Impoundment, 22 and 24 March 1972

Coleoptera
Carab idae

Triplectrus rusticus (Say) - (11) adults
Chlaenius tomentosus (Say) - (1) adult
Stenolophus sp. - (5) adults
N?~iophil~ sp. - (1) adult
Misc. Carabidae representing 3 spp. - (4) adults (unidentified)

Scarabaeidae
Phyllophaga sp. - (1) adult

Cantha r idae
Silis lat.ilabus Blatchley - (l) adult
Cantharis bilineatus Say - (2) adults

Dermestidae -
Attagenus sp. - (I) adult

Curculionidae
Hypera postica (Gyllenhal) - (2) adults

Chrysome 1i dae
Systena elongata (Fab.) - (13) adults
Oedionychis indigoptera LeG. - (21) adults
Monomacra tibialis (Oliv.) - (6) adults
Chaetocnema cribrifrons LeG. - (1) adult

Hemiptera
Cydnidae

----~an9aeus-sp.---(2)-adu-Lts
A~nestus sp. - (I) adult
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(beetles) and Hemiptera (bugs), with Coleoptera having the majority of species.

Quadrat 2 was divided into two parts on the basis of vegetative

cover. The relative abundance of vegetative cover was determined by field

observation. Determinations made of spatial patterns relative to these separated

communities revealed several very interesting relationships. As expected,

different species were distributed differently within the quadrat. Those animals

more adapted to terrestrial 1ife, the millipedes, were most uniformly distributed.

They were collected from barren, eroded areas as well as the grassy parts of the

quadrat. The soft, easily dessicated animals such as slugs and the earthworms

were largely confined to the intermediately vegetated areas. The chrysomelid

beetle, Oedionychis indigoEtera was clearly confined to'the more vegetated

parts of the quadrat.

The adults of the predatory carabid beetle, Triplectrus rusticus,

were found in the more heavily vegetated areas. The spiders which were collect-

---------------ed-aL~are predators. It is of interest, however, to note that they were

distributed in a manner quite different from the carabids. Spiders were more

uniformly distributed, the majority being found where vegetation was less dense.

The trap success with the blacklight was rather poor. This was

probably due to the cold, wet weather which characterized the sampling dates.

One trapnight, 29 March 1972, at Cannons Creek along the shorel ine where

qualitative samples were taken, was quite successful. Table 5.4.2 lists the

insects trapped.

5.4.3.1 Insect Infestations

Insect infestation of pine trees was noted during the summer of

1973. There are three bark beetles of major importance in this areai 1) Southern

pine beetle, 2) Ips beetle, and 3) Black turpentine beetle. Of these, the

Southern pine beetle is the most damaging and was the one of importance during
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Table 5.4.2 Insects collected by blacklight trapping on the shore of
Cannons Creek, Newberry County, South Carolina, 23 March 1972.

Triehoptera
Psychomy i i dae

Phylocentropus plaeidas
~ diversa

Hydroptilidae
Hl(droptvJ2.. Spa

Diptera
Chironomidae

Genus Spa - (534) adults
Tipul idae

Genus Spa - (1) adult
Psychodidae

Genus Spa - (1) adult
eye1orrapha

Fami ly unidentified'
Genus Spa - (2) adults

Hymenoptera
lehneumonidae

Genus Spa - (1) adult

(1) Banks -
Banks

Dalman -

(7) adults
(8) adu Its

(5) adults

Lepidoptera
Psychidae

----Genus-sp.---(-2-}-adu-l-t-s,------- _
Family unidentified

Genus Spa - (1) adult
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this recent infestation. They study area was generally considered out

of the epidemic area although there was some "sp illover" near Frees Creek

(Stan Clark, pers. comm.).

5.4.4 DiSCUSSION

The majority of insects collected by the pitfall traps were

beetles. This was probably due to greater pitfall trap susceptibility of

beetles and, also, early seasonal trapping during which many of the other insects

had not emerged.

Of the beetles collected only Hypera postica had previously been

described from Fairfield County. This is not surprising since the collecting

done for the records was done primarily in the northern-most four counties of

South Carolina.

Distribution of organisms in relation to vegetative and non-

vegetative areas indicates several interesting patterns. The slugs, which were

generally confied to vegetated areas, would be expected to be found in this

habitat since they depend on the vegetation for food. Also, along with the

earthworms, they would be much more susceptible to dessication in the non-

vegetated areas.

Oedionychis indigoptera is a leaf-eating beetle constrained in

distribution by food availability rather than the harshness of the environment.

These beetles can and do fly abo~t and are thus able to escape from unsuitable

conditions, such as high temperatures near the ground, dryness, or runoff water,

much more quickly than can the slug. This quick mobility is important in an

environment such as at Quadrat 2.

The carablds are hunting beetles which run along the ground and

search for food to kill and eat. The majority were found in the more vegetated

areas, probably due to the availabil ity of prey species in these areas.
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Spiders are among the heartiest terrestrial arthropods physiologi-

cally. This accounts for some of their more widespread distribution within the

quadrat. However, Triplectrus rusticus is a heavily armored beetle and quite

well equipped to deal with harshness in the physical environment. Yet, even

though both I. rusticus and the spiders are predators, the spiders are much more

widely distributed spatially. This indicated that the spiders are feeding upon

a different prey than are the carabids. This conclusion is supported by the

observations of spiders building webs. Webs are designed optimally to catch

small, lightweight flying insects such as flies, mosquitoes, and small moths.

These small insects have a much thinner cuticle than the heavier ground Insects.

Thus they would be more suited to the spiders' piercing-sucking type of feeding

than would the heavily armored types. The carabids, on the other hand, possess

heavy mandibles to crush and masticate their prey. They would not be capturing

small fast-flying insects, as a general rule. The conclusion is that the

spider is more widely distributed because their prey, the small flying insects,

are more widely and uniformly distributed. Also, optimum sites for spider webs

would be in more open areas where vegetation is les~ dense. The carabid beetles'

prey is found in more densely vegetated areas where the short range chemical and

tactile sensors of the beetles would be of greater use. Thus the anatomy,

ecology, and nature of prey serve to delimit the distribution of these species.

The species-dependent spatial distribution patterns outl ined

above underscore the util ity of a fairly large quadrat size and intensive

sampling. Small quadrats can give a very misleading picture of faunal spatial

distribution. For example, if the quadrat was one-fourth hectare instead of one-

half hectare, the spatial distribution of slugs would be different depending on

which area had been sampled.

Blackl ight trapping success was low because of the cold weather.

5.4-8



It is instructive to note that not only the adults of the Chironomidae were

obtained by blackl ighting, of which I iterally thousands of larvae were collected

in the benthos samples, but several adults of a genus of caddis fl ies,

Lype div~, were collected which had not been collected in any life stage by

other methods. Unfortunately blacklight trapping is a method which yields only

qual itative data. That is, it reveals only the presence of certain species and

nothing about their absolute abu~dance. Moreover, because multiple habitats can

be sampled simultaneously (an open field and surrounding woods, for example),

it does not yield data suitable for comparative analysis. Blacklight trapping is,

therefore, a tool for qualitative determination of the presence or absence of a

species, nothing more.

Meteorological conditions play an important role in defining

arthropod activity. Temperature is known to be an extremely critical parameten

in regulating activity. The millipedes captured in pitfall traps indicate a

fairly direct relationship to the minumum temperature.

5.4.4. I

Date

3-22
3-23
3-24
3-25
3-27

No. of Millipedes Captured

9
13
2
10
I

Insect Infestations

Minimum Temperature

52°F
38°F
22°F
36°F
20°F

Although recent observations did record an epidemic outbreak of the

Southern pine beetle, it occurred only in isolated areas within the study area.

Mild winters allow overwintering survival and several consecutive mild winters

have allowed a build-up of these insects to an epidemic proportion (Stan Clark,

pers. comm).

Mr. Clark indicated that an insecticidal program was not recommended.
I

The procedure involves spotting infested areas and notifying owners to salvage
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trees by cutting. Although no definite charting has been done, weather conditions

do allow a cyclic build-up of the Southern pine beetles about every 7 to 10 years

on the average. The normal activity of this insect is to attack trees that are

not healthy, but when epidemics occur, the beetles will attack any tree.

Basically, the beetles tunnel just under the bark eating through the phloem and

cambium layers which produces the same effect as girdling the tree. Needles die

very rapidly, often within two weeks following infestation. After build-up of

beetles, the natural predators tend to provide control, however, due to a lag in

predator build-up, the beetles can do severe damage when in epidemic proportions.

5.4.5 SUMMARY

Since Quadrat 2 has already been planted to slash pine, rapid plant

succession to slash pine subcl imax forest will occur (Golley and Gentry 1966;

Golley 1965; Oosting 1942; Odum 1960; Odum, Connell, and Davenport 1962).

Concomitant with this plant succession, the arthropods will undergo a rapid

change in both species present and in numbers of individuals. Since the micro-

climate in Quadrat 2 will probably change when the Monticello Impoundment shore-

1ine is established, there will be a contemporaneous change in the arthropod

fauna.

Southern pine beetle infestations observed within the study area

were of minor importance. Serious epidemic outbreaks did occur outside the

study area and were related to several consecutive mild winters. Since local

microclimatic warming in the vicinity of Monticello Impoundment will occur,

background information,on these beetles could be very important.
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5.5

5.5. I

AMPHIBIANS AND REPTILES

INTRODUCTION

Amphibians and reptiles are often important links in terrestrial

and aquatic food webs. A search of the literature revealed that very little has

been publ ished on the distribution of hereptofauna in the Piedmont of South

Carol ina and apparently nothing has been publ ished on this group from Fairfield

County.

5.5.2 METHODS AND MATERIALS

Amphibians and reptiles on the Broad River Study Area were collected

as they were encountered in the field or along roads. Several specimens were

collected in the Broad River and its tributaries incident to invertebrate and

fish sampl ing operaticins. All specimens were preserved in 10 percent formal in

and either identified in the field or in the laboratory. Common and scientific

names are from Conant (1958).

5.5.3 FINDINGS AND DISCUSSION.

Amphibians and reptiles were observed and collected' during the June

and September 1971 sampl ing periods (Table 5.5.1) and were observed in March and

November 1972 and March and May 1973, although few were collected. None were

observed during the March 1971 and January 1972 sampling pehiods. Activity of

hereptofauna appears to extend from March through November with hibernation

occurring during the cooler months from about November to March.

The number of hereptofaunal species expected to range in this area

include: 5 toads; 17 frogs; 19 salamanders; 9 turtles; 9 1izards; and 34 snakes

(Conant 1958). A much lower count was actually observed or collected on the

study site (Table 5.5. I). Because hereptofauna were recorded only as they were

encountered, the list represents only a portion of the amphibians and

reptiles 1ikely to occur on the Broad River Study Area.
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Table 5.5. I Species list of amphibians and reptiles observed or collected
by location'and date from the Broad River Study Area.

Species
Study Site
or Location

Samp 1i ng
Per i od"(

Class Amphibia
Bufo americanus
~merican Toad
Bufo woodhousei fowleri
---F~owler'5 Toad
Rana palustris

Pickerel Frog
Desmogna thus sp.

Dusky Salamander
Eurycea bislineata

Two-lined Salamander

2

2; road

3A; Frees Cr.

C

c

1; 2

2; 6,7

3

2,3

1. 7, .

1,7

1; 7

1; 7

I; 7

1,7;

7

1,7

6,7; 1,7

5; 7

1
4,6
4,6

C

C

C

E; C

c

A; C

A; C

C; E

lB,3B; 3A,4

Roadk ill 2 mi. N.

Broad R.; Frees Cr.

Road; forest road

3A
Fenceline forest edge
Fenceline forest edge

A; B,E; C

Class Reptilia
Sternothaerus odoratus

Stinkpot Turtle
Kinosternon s. subrubrum

Eastern -MUd Turtle
Terrapene c. carolina

Eastern-Box Turtle
f.l:!.rysemys E... ..e icta

Eastern Painted Turtle
----;Pseudem'L~s. S61'" i[;)ta-------------------------------- _

Yellow-bellied Turtle
fseudemys £. concinna

River Cooter
Pseudemys rubriventris

Red-bellied Turtle
Tri~~ sEinifer asper

Gulf Coast Softshell Turtle
Scelo~rus undulatus

Fence li za rd
Cnemidoehoru5 sexlineatus

Six-lined Racerunner
Eume_ce.s. Jilt ic:e~

Broad-headed Skink
Anolis carolinensis

Green Anole
Nat! ix ~i~.edon

Hater Snake
Natr Ix. ta><i sE i Iota.

Brown Water Snake
Opheodrys aestivus

Rough Green Snake
Agkistrodon c. contortrix

Southern Copperhead Snake



Table 5.5.1 (Continued)

,Species

Class Repti 1ia
Lamprope1tis ca11igaster
rhombomacu1ata
Mole Snake

Thamnophis sauritus
Eastern Ribbon Snake

Study Site
or Location

Roadki 11

Near G

mi. S.

Samp 1i ng
Period,l:

5'

6

,1:Samp 1i ng
Period

1
2
3
4
5
6
7

Date

6-71
9-]1
3"'72
11-72
3-73
5-73
8-73



Five of the 23 species of hereptofauna recorded were amphibians,

represented by two toads, one frog and two salamander species. The American

toad and Fowler's toad were collected at Study Site 2, a grassland-pine

plantation. The American toad is found in a wide variety of habitats from

grassland to backyards in suburban developments. The Fowler's toad is more

restricted in its distribution. Inland from the Coastal Plain, it is found

chiefly in sandy areas near lake shores orin river valleys.

A pickerel frog was collected near Study Site 3A along the shore

of Frees Creek. Pickerel frogs are usually found near water, ponds, streams,

or springs, but wander into grassy fields in the summer. Collection of the

pickerel frog is of interest because this species was not previously known

from the Piedmont, although Conant (1958) records it in the northwestern part

of South Carol ina. It has been collected in the Coastal Plain of South

Carol ina since Conant's work appeared (Albert Sanders, Curator of Natural

----- I-LLsLQLy_,_C_baJ" 1estown 11useum L _Rers. comm.).

Five two-l ined salamander larvae were collected during littoral

zone sampl ing in upper Frees Creek during the September 1971 sampling period.

During March 1972, five larvae and one adult female two-l ined salamanders were

collected along with five larvae and one adult male of a species of the dusky

salamander at Transect G. The dusky salamander and two-l ined salamander are

typically found near small brooks and streams rn the water or under debris

along the shores. They are usually absent from larger streams where predatory

fish occur.

Desm2gnathus sp., a dusky salamander, may represent a previously

undescribed species (Dr. Barry Valentine, Ohio State University, pers. comm.).

The color pattern resembles D. fuscus although their gill structure is closer



to D. auriculatus. The possibility that it represents a new species is being

investigated by Dr. Valentine.

The amphibians are largely primary consumers during early life

stages and become secondary or tertiary consumers as adults. The American toad,

Fowler1s toad, and pickerel frog are carnivores and require an abundance of

invertebrates for survival. The pickerel frog may often be at the top of the

food web since few snakes will eat this supposedly distasteful frog (Conant 1958).

Eighteen reptile species were observed in the study area. Eight

were turtles, five were snakes and five were lizards. All the turtles collected

from the Broad River are typically aquatic or semi-aquatic in their habitat

preferences. The stinkpot, Eastern mud turtle, and Eastern painted turtle

generally prefer shallow freshwater ponds, streams, rivers or lakes. The

Eastern painted turtle is most abundant where dense aquatic vegetation grows

on soft mud bottoms.

The river cooter is largely a vegetarian (Conant 1958). Yellow-

bellied turtles are primarily carnivorous as juveniles but are mainly herbivorous

as adults (Clark and Gibbons 1969). The painted turtle has been reported to

consume large numbers of mosquito larvae during the summer (01 iver 1955).

According to studies made by Karl F. Lagler, the stinkpot turtle is an important

scavenger with more than 40 percent of its food being made up of carrion

(01 iver 1955).

Many aquatic turtles often bask in the summer sun on logs, stumps,

and tree roots along the shore of swamps and water courses of the Broad River

Study Area. The sand bars and similar areas of sandy soil found along the

bays and creeks of the Broad River serve as sites where some aquatic turtles

deposit their eggs. The sun heats the sand which acts as a natural incubator

until the young turtles hatch from the eggs and seek water.
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The Eastern box turtle, the only land turtle observed on the

Broad River Study Area, was observed in deciduous forests and on highways near

pine forests and grasslands during the August 1973 sampling period. The

Eastern box turtle is found in a variety of terrestrial habitats from woodlands

to backyards. It is sometimes found soaking in puddles. It is omnivorous and

will feed on leaves, fruits, berries and carrion.

The most frequently observed reptile during the terrestrial

program was the fence lizard. This lizard was observed in almost every habitat

category (grassland, pine, mixed pine-deciduous, and deciduous forest).

Only one six-1 ined racerunner and one broad-headed skink were

encountered throughout the terrestrial program.

The fence 1izzard, broad-headed skink, and green anole favor

brush and woodlands where cover is readily available. The fence lizard frequents

open pine woods. The green anole is an abundant southern lizard often seen on

fences and near buildings. All the fence I izards, broad-headed skinks, and

green anoles are active climbers in contrast to the six-lined race runner which

seeks food and shelter on the ground. The race runner prefers well-drained areas

of sandy or loose soils. Its habitats include cavities under dead trees or

under other debris in fields, open woods and thicket margins, river flood-

plains, etc.

The fence lizard, six-lined racerunner, broad-headed skink, and

green anole are carnivorous whose diets consist mainly of insects and spiders.

Snakes are common on the Broad River Study Area but they were

infrequently observed. Both the copperhead snake and mole snake were found

dead along highways near the study area.

The two species of water snakes occur in or near water where

they obtain food. The Eastern ribbon snake and rough green snake are seldom
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found far from water but prefer stream-side vegetation in which to'search for

food. The southern copperhead also frequents swamp and river borders of lowland

forests.

The mole snake is a burrower found near thickets, woodlots,

cultivated fields, or near residential areas, and is seldom found above ground

except when turned up by the plow or following heavy spring or summer rains

(Conant 1958).

The rough green snake feeds on insects and spiders while the

copperhead snake consumes small rodents, insects, and birds. Both water snakes

feed on aquatic or semi-aquatic animals such as frogs, salamanders, small fish

and crustaceans.

5.5.4 SUMMARY

Twenty-three species of hereptofauna, including five amphibian,

eight turtle, four 1 izard and six snake species were recorded during the

_______---""sa...,m"'l2ling_l2eriods. Two species were of particular interest; Desmognathus sp.,

a dusky salamander which could represent a new species, and Rana pa1ustris,

the pickerel frog which has not been previously reported from the Piedmont

of South Carolina.

Amphibians and reptiles are important consumers and scavengers

in both the aquatic and terrestrial environments and are important prey for

other hereptofa~na, fish, birds, and mammals.
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5.6

5.6. 1

BIRDS

INTRODUCTION

The relative abundance of various avian species may serve as

indicators of environmental changes. As the habitat is altered by man or as

natural succession proceeds, the species and numbers of birds using the area will

change. The baseline study provides the basis for detecting and evaluating these

changes in the avian fauna which correspond to environmental changes.

5.6.2

5.6.2. 1

METHODS AND MATERIALS

Survey Periods

Bird observations were made by systematic auto surveys during

June and September 1971, January and March 1972, and March and May 1973. Water-

fowl and shorebird counts were conducted on the Broad River during March and

November 1972, and March and July 1973. Quantitative estimates of birds were

obtained by strip census in various vegetation communities during March and May

--------'l~l"7j-. -eommon-names-and-sc-i-ent-i-f-i-c-names-are~t-aken-f-rom-Robb-i-ns-,-Bruun-, -and-Z-i-m--

(1966) and Peterson (1947). The residency status is taken from Sprunt and

Chamberlain (1970) and the Columbia Bird Club (1967).

5.6.2.2 Wildlife Auto Survey Routes

Four Wildlife Auto Survey Routes (map, back cover) were established

to obtain an index of game bird, song bird, and game mammal abundance.

Morning surveys were conducted beginning at the time of official

sunrise (U.S. Government Printing Office 1962) during June and September 1971

and January and March 1972. The final two survey periods included in this

report, March and May 1973, began one hour following official sunrise when the
I

visibility had increased. Evening surveys were conducted on Wildlife Survey Route

A beginning one hour before official sunset during January and March 1972.

Three minutes were spent listening and observing at Stop 1, the



specified distance was driven at the rate of 32 to 48 kilometers per hour (20

to 30 miles per hour), and another three minutes were spent listening and observ-

in9 at Stop 2. This procedure was followed until completion of each survey route

during which all birds and game mammals seen at and between stops were recorded.

The four survey routes were initiated during different survey

periods. Before 1973, the distance interval between stops was 1.6 kilOmeters

(1. 0 mil es) whereas. in Ma reh and May 1973, the dis tance between s tops was re-

duced to 0.8 kilometers (0.5 ml Ie). These changes are summarized as fo llows:

Survey Total Number of Initiating
Route Mi'le~1 Stops Peri od---
A 9.0 10 June 1971
B 2.0 3 January 1972
A 9.0 19 March 1973
B ;LO 5 March 1973
G 2~5 6 March 1973
[) 14.5 31 March 1973

The driver noted time and mileage as well as counted wildlife

while the second observer recorded the observations and also counted wildlife.

The survey routes were continuous from (C to A to B to D) and ended when all

stops had been made (approximately six hours).

Route D was established as a control out of the Broad River Study

Area to compare seasonal and annual fluctuations in avian abundance in and out of

the study area. The diversity of avian species can also be compared between

routes.

At each stop the numbers of calling bobwhite males and calling

mourning doves were recorded (the number of calling individuals, not the number-.--

of calls).

A mourning dove and bobwhite quail call count survey conducted in

May 1973 followed modified procedures described by the United States Bureau of

Sport Fisheries and Wildlife. The standardized procedure is described as



follows: The survey is conducted on one day only between May 20 nd 31 along

an established 20 mile route. The survey begins one half hour before official

sunrise. Three minutes are spent listening at Stop 1, 1.6 kilometers (one mile)

is driven at an average speed of 40 kph (25 mph), three minutes are spent listen-

ing at Stop 2~ etc. The number of calling mourning doves are recorded at each stop.

The number of mourning doves seen at each stop 0:- during travel are also recorded.

Only the driver makes and records all observations and the survey is terminated

one mile following the 20th stop.

Modifications were made in the standardized procedure while

conducting the survey on the Broad River Study Area. The number of calling

bobwhite quail were also counted at each stop. The survey was conducted by two

observers for two mornIngs and contained 25 stops so as to terminate at th~ end

of Wildlife Survey Route C.

The Forbes-Gross strip census method described in Graber and

Graber (1963) was used to estimate bird populations in various habitats. The

method requires two observers to walk in parallel lines a specified distance

apart. All birds between and 100 yards in front of the individuals and a

specified distance on the outside of the strip were recorded. The area censused

was calculated from strip width and distance traveled.

The strip census method was employed in March and May 1973 in a

number of areBS repres~nting three habitat types on the Broad River Study Area,

pine forest, mixed deciduous-conifer forest, and grassland. Birds were censused

in forest communities during the mornings and the grassland communities during

the afternoons. The width of each strip in all habitats censused was approxi-

mately 60 meters (200 feet); 30 meters (100 feet) between the observers and

approximately 15 meters (50 feet) on each side of the strip.



5.6.2.4 Bird Census Transects

5.6.2.5

Birds were also recorded by one observer while walking in relatively

homogeneous habitat types. This method was employed in March and May 1973 to

obtain additional information about the avian diversity in pine, mixed deciduous

con i fer, ded duous, and grass 1and commun it ies.

Waterfowl Survey

Waterfowl and shorebird counts were made from d boat on the Broad

River and its tributaries. The survey usually began within one hour after

official sunrise. Observations were recorded by area: 1) north of Blair,

2) Blair to Hellers Creek, 3) Hellers Creek, 4) Hellers Creek to Frees Creek,

5) Frees Creek, 6) Cannons Creek, and 7) Parr Reservoir. Observations were made

by two individuals during the overall survey time of approximately eight hours.

Waterfowl surveys were conducted in March and November 1972 and March and July

1973.

5.6.2.6 Additional Sources of Information

During the November 1973 sampling period, four areas on the Broad

River flood plain were examined qualitatively for habitat characteristics that

would support wood ducks and other game birds. The four sites were: 2.5 miles

of lower Frees Creek; a pond at Dawkins; a pond near the mouth of Terrible Creek;

and approximately 1.9 kilometers (1.2 miles) of the Broad River between Dawkins

and Terrible Creek.

A few ground feeding birds were inadvertently caught and collected

in snap traps set for small mammals.

5.6.3 FINDINGS

A 1ist of 117 species of birds was compiled from all field

activities on the Broad River Study Area during the six survey periods, exclud-

ing the waterfowl survey conducted in November 1972 (Table 5.6.1). Most of the



Tab 1e 5.6. 1 Birds observed on the Broad River Study Area during six survey periods during 1971-1973.
I

commoJ Name
5-]3

Fami 1y Scientific Name 6-71 9-]1 1-]2 3-72 3-73 ]-73 Status'"

Podicipedidae Podi1ymbus podiceps Pied-bi 11 ed Grebe 0 0 0 X 0 0 P

Phaiacrocoracidae Phalacrocorax auritus Double-arested 0 0 0 X 0 0 W
ICormoliant

Anatidae Anas platyrhynchos Ma 11 a rd X X X X X X \of
Anas rubripes Black Duak 0 0 0 X X 0 W
Anas acuta Pintai 1 I 0 0 a 0 X 0 W
Anas discors Blue-winged Teal 0 a 0 X X 0 \of
Aix sponsa Wood Duel< X 0 0 X X X P
Aythya co 11 ad s Ring-nec~ed Duck 0 0 0 0 X 0 W
Aythya aff ini s Lesser S~aup Duck 0 X X X X 0 W
Bucephala a1beola Buff1e-hJad 0 0 X X X 0 W

I 0 0 0 X 0 0 WLophodytes cucu1latus Hooded Mrrganser
Mergus merganser Common Merganser 0 0 a X a a w

Cathartidae Cathartes aura Turkey Vllture X X X X X X P
-- I

Cora~ atratus Black Vulture X X X X X X P

Accipitridae Accipiter cooperii Copper l S Hawk 0 0 0 0 X 0 P
Circus cyaneus Marsh Ha\fk 0 a X X X X P
Buteo jamaicensis Red-ta i 1ed Hawk a 0 X X X X P

I
Buteo 1ineatus Red-shouldered Hawk 0 a a 0 X 0 P
Buteo platypterus Broad-wi~ged Hawk X 0 0 0 0 X S

Pandionidae Pandion haliaetus Osprey a X 0 X 0 0 P

Fa1conidae Falco sparverius Sparrow liiawk 0 X X X X 0 P

Phasianidae Co1inus virginianus Bobwh i tel X X 0 X X X P

*P-Permanent Resident; S-Sammer Resident; W-Winter Resident; T-Transient



Tab 1e 5.6. 1 (Continued)
I

Scientific Name commo~ Name
5-73

Fami ly 6-71 9-71 1-]2 3-72 3-]3 7-73 Statl..ls;~

Ardeidae Casmerod i us a 1bus Common Eglret X 0 0 X 0 X P
~ubulcus ibis CattleE~ret 0 0 0 0 0 X T
Ardea herodias Great Blue Heron X X X X X X P
Florida caeru1ea Little Sllue Heron X 0 0 0 0 0 p
Butorides virescens Green He~on 0 0 0 0 0 X P
Nyctlcorax nycticorax Black-cr9wned
loactl1 Night Henon 0 0 0 X 0 0 p

Ra 11 i dae Fulica americana American Coot 0 0 0 X 0 0 p

Cha.adri idae Charadrlus vociferus Killdeer 0 0 0 0 X X T

Scolopacidae Actitis macularia Spotted Sandpiper 0 0 0 0 0 X S

Herring dUllLaridae Larus argentatus 0 0 0 X 0 0 T
Larus delawarensis Ri ng-b i 1lied Gu 11 0 0 0 0 X 0 T

Columbidae Columba livia X X X )( 0 X PRock Dove
Zenaldura macrou,a Mourning IDove X X X X X X P

Cuculidae X X 0 0 0 X SCoccyzus americanus YellOW-bill led Cuckoo
Coccyzus
erythropthalmus Black-billed Cuckoo X 0 0 0 0 0 T

I
0 XStri 9 idae Otus asia Screech Owl X 0 0 0 p

Caprimulgus ICapri mu 19 i dae
carolinensis Chuck-wi~lls-widow X 0 0 0 0 0 S

Caprimulgus vociferus Whip-poor-will 0 0 0 X 0 0 s
Chordeilesminor Nighthaw~ 0 0 0 X 0 0 S

;~P-Permanent Resident; S-Summer Resident; W-Wintel Resident; T-Transient



Table 5.6.1 (Cont inued)
I

commdn Name
5-73

Fam i 1y Sc ient i fi c Name 6-71 9-71 1-]2 3-72 3-73 7-73 Status~';

Apodidae Chaetura pe]agica Chimney Swift X X X 0 0 X S

Trochilidae Archilochus colubris RUby-th~oated

HummingT rd X 0 0 0 0 X P

Alcedinldae Megacery1e alcyon Belted M.ingfisher 0 0 X 0 X X P

Picidae Colaptes auratus Yel10w-Jhafted
Fl icke~ 0 X X X X X P

Dryocopus pileatus Pileated Woodpecker 0 X X X X 0 P
Centurus carol1nus Red-bel~ied

\~oodpeoker 0 0 0 X X X P
Sphyrapicus varius Yellow-~el1ied

------ I

0 0 X X 0 0 viSapsuck:er
Dendrocopos villosus Hairy Wdodpecker 0 0 0 0 X 0 P
Dendrocopos pubes~ens Downy Wdodpecker X X X X X X P

Tyrannidae Tyrannus tyrannus Eastern IKingbird X 0 0 0 0 X S
!"!yia--,,"chu~ crinit~ Great C~ested

0 0 0 0 0 X SFlycatcher
Sayornis phoebe Eastern Phoebe 0 0 X X X X W
Conto~ vi ,ens Eastern Wood Pewee X 0 0 0 0 X S

Hirundinidae Hirundo rustica Ba rn Swa 11 ow X 0 0 X 0 X S
Iridoprocne bicolor I 0 0 0 - 0 0 X TTree Swallow
Ri pa ria r-i pa ria Bank SwJ 11 ow 0 X 0 0 0 0 T
Stelgidopteryx

ROU9h-wi!nged Swallowruficollis 0 0 0 0 X 0 S \ .
Progne subis Purple Martin X 0 0 X 0 X S

*P-Permanent Resident; S-Summer Resident; W-Winter Resident; T-Transient

I



Table 5.6.1 (Continued)
I

I
5-73

Fami ly Scientific Name Commol") Name 6-71 9-71 1-72 3-]2 3-73 7-73 Status;':

Corvidae Cyanocitta cristata BIUelJay X X X X X X p
Corvus brachyrhynchos CommC1>n Crow X X X X X X P
Corvus ossifragus Fi sh I Crow 0 0 0 X X X P

Paridae Parus carolinensis Carolina Chickadee 0 X X X X X P
Parus bicolor Tuftkd Ti tmouse X X X X X X P

Sittidae Sitta pusil1a I
Brow~-headed

Nut~atch X 0 X X X X P
Certh i idae Certhia familiaris Brow, Creeper 0 0 0 0 X 0 'vI

Troglodytidae Thryomanes bewickii 0 0 0 X 0 0 WBew j ek IS \..Jren
I

Thrythorus ludovicianus Caro Ii na Wren X X 0 X X X p
I

Mimidae Mimus polyglottos 1'-1ock ingb i rd X X' X X X X P
I

Dumete1la carolinensis Catbird a X a a 0 X P
Toxostoma rufum I X X 0 X X X PBrawl Thrasher

Turdidae Turdus migratorius X 0 X X X X PRObi,
Hylocichla mustelina \1ood Thrush X 0 0 0 0 X S
Hy10cichia guttata Hermit Thrush a a X X X 0 W
Sialis sialis Eas t~rn BIueb i rd X X X X X X P

Sylvi i dae Poliopti1a caerulea BIUefgray Gnatcatcher 0 a 0 X 0 X S
Regulus satrapa Golden-crowned Kinglet a 0 X X X 0 W
Regulus calendula Ruby+crowned Kinglet 0 0 X X X a w

*P-Permanent Resident; S-Summer Resident; W-Winter Resident; T-Transient



Tab1e 5.6. 1 (Continued)
I

commo~ Name
5-73

Fami ly Scientific Name 6-]1 9-]1 1-]2 3-72 3-73 ]-73 Status~':

Bombycillidae Bombycil1a cedrorum Cedar waJwing 0 0 X 0 0 0 W

LOggerheJd ShrikeLan i idae Lanius ludovicianus X X X X X X P

Sturnidae Sturnus vulgaris Starl ing X X X X X X P

Vireonidae Vi reo 01 ivaceus Red-eyed Vireo 0 0 0 0 0 X S

Parul idae Mnioti Ita varia Black and White
Warbler I . 0 0 0 X 0 0 S

Vermivora pinus Blue-winged Warbler 0 0 0 0 X X T
Dendroica petechia Yellow W~rbler X 0 0 0 0 0 S
Dendroica coronata Myrtle \.J~rbler 0 0 X X X 0 W
Dendroica dominica IYellow-t1roated

Warbler 0 0 0 X 0 0 p
Dendroica striata Blackpoll Warbler 0 0 0 0 0 X T
Dendroica pinus Pine War~ler 0 0 X X X X P
Dendroica discolor Prairie ~arbler 0 0 0 0 0 X S
Seiurus aurocapillus Oven-bird 0 X 0 X 0 0 T
Geothlypis trichas Yellowth~oat 0 0 0 0 0 X P
Icteria virens YellOW-brasted

Chat X 0 0 0 0 X S
Wi lsonia citrina Hooded Warbler 0 0 0 0 0 X S

Ploceidae Passer domesticus
I

Engl ish Sparrow X X 0 X X X P

Icteridae Sturnella magna Eastern ~eadowlark X X X X X X P
Agelaius phoeniceus Red-winged Blackbird X 0 0 X X X P

IQuiscalus quiscula Common Grackle X 0 0 X X X P
Molothrus ater Brown-he~ded Cowbird X 0 0 X 0 X P
Icterus spuri_us I. 0 0 0 0 0 XOrchard Vrlole S

I

"';:P-Permanent Resident; S-Summer Resident; W-Winter-Resident; T-Transient



Table 5.6.1 (Continued)
I

I 5-73
Fami ly Sci en t if i c Name Common Name 6-71 9-71 1-]2 3-72 3-73 7-73 Status~':

Thraupldae Pi ranga ,r-'"!Pra sumrneir Tanager X 0 0 0 0 X S

Fringill1dae Richmondena cardlnalis Card Ta1 X X X X X X P
~iraca caerulea Blue Grosbeak X X 0 0 0 X S
Passerina cyanea Indigio Bunting X 0 0 0 0 X S
~speriphona vespertlna Evening Grosbeak 0 0 0 X 0 0 W
Carpodacus purpureus Purpl e Finch 0 0 X 0 X 0 \~

Spinus tristis Arner! can Goldfinch 0 0 X X 0 X P
Loxia curvirostra Red Orossbill 0 0 0 0 X 0 W
Piptlo erythrophtnalmus RufoJs-sided Towhee X X X X X X p
PassercUlus sanawBcnensls SavaMnah Sparrow 0 0 0 X 0 a w
Pooecetus gramineus VespJr Sparrow 0 0 X 0 X X W
Junco hyemalis SlatJ-colored Junco 0 0 X X X 0 W
Spizella passerina Chip~ing Sparrow 0 X X X X X P
Spizel ia pusi lla Field Sparrow 0 0 X X X X P
Zonotrichia leucophrys WhitJ-crowned Sparrow 0 0 0 X X 0 W
Zonotrichia albicollis WhitJ-throated Sparrow 0 0 X X X 0 W
Me1os P~Cl_ meJ od Ia Song Sparrow' 0 0 X X X X W

Total Species per Survey Period 45 36 46 74 63 63
Totals: 40 Families; 111 Species

I
*P-Permanent Resident; S-Summer Resident; W-Winter Resident; T-Transient



5.6.3.1

5.6.3.1.1

117 species of birds recorded were permanent residents (55 species) while 28

species were winter residents t 24 species were summer residents t and 10 species

were transients.

W.i ldl i f~ Survey Routes

Abundance of Birds

The number of birds recorded per route per stop is presented by

season in Figure 5.6.1. The highest numbers of birds were recorded during the

summer season. Wildlife Survey Routes A and B during the spring and Route A

during the summer represent two year averages. The high number recorded on Route

C during the spring is because migratory robins and grackles contributed to 72

percent of the total birds in 1973.

The variabil ity of habitats at each stop influences the variety

and number of birds recorded. The least number of birds were recorded at

stops where loblolly pine was the dominant habitat type while the greatest

number were recorded at stops where grassland was the most preval~haDitat.

An increase in the diversity of species was usually associated with wildlife-

survey-route stop locations surrounded by a variety of habitat types. The high

abundance of birds associated with grassland communities was the result t in part t

of an increase in the area visible to the observer. In comparison t forested

areas effectively reduce visibilitYt especially when foliagewaspresent.

The evening wildlife surveys conducted in January and March 1972

reflect similar results t with greater abundance of birds at stops from grassland

communities as compared to pine communities. The downy woodpecker t Eastern

phoebe, and Eastern purple finch were the only species recorded during an evening

survey that were not observed during one of the four seasonal morning wildlife

surveys conducted in 1971 and 1972. In addition t fewer total birds were observed

during the two evening surveys and, consequentlYt the evening surveys were dis-
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Figure 5.6.1 Average number of birds recorded on each wildl ife survey route.
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continued.

5.6.3.1.2 Diversity of Birds

It was indicated that the diversity of avian species recorded by

the auto wildl ife surveys on the Broad River Study Area was usually highest at

stops where a variety of habitats occurred.

Survey Route D, initiated in March 1973, was chosen as a control

to show whether changes in the abundance and diversity of birds were occurring

off as well as on the site. A Chi-square test·-Was used to indicate whether the

similarity of avian species was different between the two areas; Route D off the

study area, and combined Routes A, B & C on the study area during March and

May, 1973. In May the species diversity was not significantly different (26

percent dissimilar). In March, 37.5 percent of the 40 species observed were

dissimilar and a significant difference was recorded. The species listed as

dissimilar were normally low in abundance with sparce distribution and they

-------·we-l"e-i-nf-l"equen-tJ_y_!ilg~h~t~e~d~. _
------;-----------

5.6.3.1.3 Fluctuations in Indicator Species

The Wildl ife Survey Routes provide information on seasonal

abundance and diversity of birds on the Broad River Study Area. An analysis

of the seasonal abundance and annual trend in avian populations on the Broad

River Study Area will be restricted to a few species chosen as indicators of

change in the environment. Before identifying the select species it is impor-

tant to first describe the criteria used to select indicator species.

Environmental changes, either sl ight or wide ranging, should

cause change in the abundance indices of many avian species. Such avian species

would be indicators of these changes in the environment. In order to select

indicator species, the following four criteria were used; 1) particular habitat

preference, 2) relative abundance, 3) random distribution within the limits



of its habitat, and 4) small home range of movement. In addition to these

criteria, birds that are permanent residents provide a continuous, more desirable

annual index and it is also desirable that each trophic level be represented among

the indicator species.

Avian species that have a narrow tolerance limit toward change in

the environment, including being I imited by preference or selective forces toward

a single community type are ideal species as indicators of change. Birds that

accept a variety of habitats are least I ikely candidates as indicators of

change.

The second criteria, relative abundance, requires that each species

chosen be numerous on the study area such that they are readily observable

and a mathematical mean and variance can be calculated during the baseline

investigations. It is recognized that the accumulation of observations of several

indicator species may prove a better measure of environmental change than an

~----incllVidua I spec i es.

A random distribution negates recording several specimens with

aggregate distribution on one day and then not recording any on the following

day of survey when the group was not observed. The effect of this behavior

would result in indices having wide natural fluctuations.

The final criteria requires that the species have a narrow range

of movement. !f the daily movement of a species covers too large an area, it

would result in wide fluctuations in the index.

It is recognized that every likely indicator species will not fit

all of these criteria. The following species recorded on the Broad River

Study Area have been designated as potential indicators of environmental change

based on the above four criteria, however, additions and deletions may occur

during the course of the study:

5.6-14



5.6.3.1.4

Wood Duck
Great Blue Heron
Mourning Dove
Eastern Bluebird

Game Bird Call Counts

Mockingbird
Loggerhead Shrike
Red-winged Blackbird
Eastern Meadowlark
Belted Kingfisher

Calling mourning doves were counted during all wildl ife auto

surveys with the exception of June 1971. The number of doves recorded per stop

per survey period was as follows:

Period Survey Route Stops Doves/Stop/Day

Sept. 1971 A 10 0.04
Jan. 1972 A & B 13 0.00
March 1972 A & B 13 0.03
March 1973 A, B, C, & D 61 0.02
May 1973 A, B, & C 30 0.08
May 1973 D 31 0.04

The greatest number of doves heard or seen per stop per day occurred

during May 1973. Also, in May 1973, a special two day dove survey was conducted

during the two week period that the national dove-call-counts were conducted.

Tne average numBer ofcalTing cloves per stop forfne fTrst twenty stops can 6e

used for comparison with the nationally conducted surveys. A total of 15 doves

were heard on the two mornings. This represents an average of 0.38 call ing doves

per stop per day.

The number of calling bobwhite quail heard during each stop

along the Wildlife Auto Survey Routes is presented below:

Period Route ~ Stops Quail/Stop/Day

June 1971 A 3 10 1. 53
Sept. 1971 A 5 10 0.00
Jan. 1972 A & B 5 13 0.00
March 1972 A & B 5 13 0.04
March 1973 A. B, C, & D 2 61 0.00
May 1973 A, B. & C 3 30 0.35
May 1973 D 3 31 0.22

The data for June 1971 represents an average of 1.53 quail heard



per stop per day. The data for May 1973 represents an average of 0.35 quail

heard per stop per day on Routes A, B, and C combined. This suggests a decline

in quail abundance from 1971 to 1972. Only 0.22 quail were heard per stop per

day on Route D. Twenty-five bobwhite quail were heard on twenty stops during the

two day special dove survey. This represents an average of 0.63 bobwhite per stop

per day.

5.6.3.2 Bird Census

The variety and number of birds per 40 hectares (100 acres) re-

corded -by the strip census method in three general habitat types are shown in

Tables 5.6.2 and 5.6.3. Each location chosen for the census of birds is variable

in the age structure and species composition of vegetation. Data collected from

similar sites, such as pine, were combined to provide a more accurate assessment

of bird abundance and species diversity found in each major habitat category.

Sampling Site 4, however, where loblolly pine had been selectively removed in

March l~I£,~Qresented se~arately in Table 5.6.2. Another exception, is the

separate tabulation of bird abundance on the two grassland communities (Sites

2 and 6). The species diversity between the two grassland communities was

significantly different as tested by Chi-square in March (0.OS>P>0.02S)' and in

May (0.05>P>O.025).

Nineteen species of birds were recorded by strip census in grass-

land habitat, 17 in pine forest, and 16 in mixed deciduous-pine forest in March

1973. In May 1973, 20 species of birds were recorded in the grassland habitat

and 15 in the pine communities. A strip census was not conducted in the mixed

deciduous-pine forest. The greatest number of birds per 40 hectares (100 acres)

occurred in the grassland habitat during both sampling periods.

The combined strip census and census transect data (Tables 5.6.2

and 5.6.3) show that 25, 16, and 17 species were recorded in the pine, grass-



Table 5.6.2 Birds recorded by strip census and census transects in various habitats on the Broad River
Study Area, March 1973. !

Census Transects

Common Name Pine Forest

StriH Census
Cut Pine IGraSSland
Site 4 Site 2

Grass] and
Site 6 Mixed Grassland Mixed

V1

0'
I

-...,J

Turkey Vulture
Cooper I s Hawk
Marsh Hawk
Red-shouldered Hawk
Unidentified Hawk
Bobwhi te
Belted Kingfisher
Yellow-shafted Flicker
Red-bell ied Woodpecker
Ha i ry vJoodpecker
Unidentified Woodpecker
Blue Jay
Carolina Chickadee
Tufted Titmouse
Brown-headed Nuthatch
Unidentified Nuthatch
Brown Creeper
Carol ina Wren
Unidentified Wren
Mockingbird
Brown Thrasher
Robin
Hermit Thrush
Unidentified Thrush
Golden-crowned Kinglet
Ruby-crowned Kinglet
Unidentified Kinglet
Blue-winged Warbler
Myrtle Warbler
Unidentified Warbler
Eastern Meadowlark
Common Grackle

2

1
1
6
I
2
I

I
2

7
1
I
6

2

20

2
1

2

I
1
6

2

2
6
1

3

1
2

3
9

11

4

1
1
2

2

9



Table 5.6.2 (Cont inued)
I

Stri p Census Census Transects
Cut Pine I Grassland Grassland

Common Name Pine Forest Site 4 l Site 2 Site 6 ~1 i xed Grassland Mixed

Cardinal - - - - 3 4
Rufous-sided Towhee 1 1 - - 1 5
Slate-colored Junco - - - - - 8
Chipping Sparrow - 1 - 1 - 4
Field Sparrow - - - 3 - - 2
White-throated Sparrow - - - - 3 3 3
Song Sparrow 5 - - - 5 2
Unidentified Sparrow 1 - 7 7 - 3 2
~nidentified Birds 3 - - - 5

Total Birds 46 6 29 16 57 53 16
Number of Species 17 5 4 5 17 15 3
Area censused (ha) 20.2 5.6 5.8 7.3 11.0
Birds per 40 hectares 92 44 201 89 63



Table 5.6.3 Birds recorded by strip census and c~nsus transects in various habitats on the Broad River
Study Area, May 1973. I

Strip cenJus Transect
Selectively

Grassland Grassland Pine Cut Pine
Pine Site 2 Site 6 Site 3B Site 1+ Mixed

Black Vulture - - 2
Broad-winged Hawk
Bobwhite - 3 4
Mourn i ng Dove - 1
Yellow-billed Cuckoo 4
Chimney Swift 2 - 3
Unidentified Woodpeckers - - - - - 2
Eastern Kingbird - - 1+
Great Crested Flycatcher
Eastern Wood Pewee 1 - - - - 8
Ba rn Swa 11 ow - 3
Tree Swallow 2
Blue Jay 5 - 1 - - 1
Fish Crow - - - - - 3
Carolina Chickadee - - - 2 - 1
Tufted Titmouse 2 - - - - 3
Brown-headed Nuthatch - - - 1+
Carolina Wren - - - - 3
Mockingbird 2 2
Robin 1 - - - - 2
Wood Thrush 1
Blue-gray Gnatcatcher - - - - 2
Red-eyed Vireo
Blackpoll Warbler 4
Pine Warbler 2
Prairie Warbler 5 8 1
Yel1owthroat - - 3
Yellow-breasted Chat - - 3
Unidentified Warbler 7 - - - - 2
Eastern Meadowlark - 5 1+



Table 5.6.3 (Continued)
I

Strip Censu~ Transect
I

Grassland
I

Grassland Pine
Selectivity
Cut Pine

Pine Site 2 Site 6 Site 3B Site 4 Mixed

Red-winged Blackbird - -
I

9
Common Grackle - '2 10 - - 3
Brown-headed Cowbird - 1
Summer Tanager - - - - - 3
Cardinal 2 - - 1 - ]

Blue Grosbeak - - 5
Indigo Bunting - 2 7
American Goldfinch - - 1
Rufous-sided Towhee 1 - - 2 2
Vesper Sparrow - 1

\J1 Field Sparrow - 3 6
~ Unidentified Sparrow - 4 1
I Unidentified Birds 17 4 3 2 1 17N
0

Total Birds 59 39 68 11 10 47
Number of Species 15 11 16 4 5 10
Area censused (ha) 1L 1 6.4 7.3
Birds per 40 hectares 216 252 378



land, and mixed deciduous-conifer communities respectively, in March, and 18, 20,

and 11 species, respectively, were observed in May 1973. As expected, the species

diversity between habitats for each season was not similar.

5.6.3.3 Waterfowl Surv~

Twenty-two species of waterfowl and shorebirds were observed along

the Broad River between the Enoree River and Parr Reservoir during four sample

periods; March and November, 1972, and March and July, 1973 (Table 5.6.4). It was

assumed that the occurrence of vJaterfowl in specTfi c areas ind i cates seasona 1 pre-

ference and use. Table 5.6.4 shows that'migratory and wintering waterfowl were

found in all of the assigned divisions of the survey route, however, most of them

were flushed near Frees Creek, Cannons Creek, and the broad expanse of water

retained by Parr Dam. Wood ducks, the major breeding waterfowl in South Carolina,

were most abundant in the Enoree River during the spring and fall as well as

in Hellers Creek and near Frees Creek during the fall season.

------------------'"Fwo-w0ecl-cluGk-bl"'QQd~-we~e-obsel""_v-ed_dllLLng_the J u1y~~Z3 wa te rfow1

survey. A single brood (7 duckl ings) was seen in a pond adjacent to the mouth of

the Enoree River. The second brood (one duckling) was seen at the west end of the

impounded portion of Hellers Creek.

5.6.3.4 Additional Findings

5.6.3.4.1 Suitable Wood Duck and Other Game Bird Habitat

An assessment was made of the vegetation composition in upper,

middle, and lower story; crown density; and the presence of visible cavities in

each of the four areas examined during the November 1972 sample period.

The hike along lower Frees Creek commenced at the Southern Rail-

road Railway bridge that spans Frees Creek near its confluence with the Broad

Riv~r and ended some 4.1 km (2.5 miles) upstream. The lowland deciduous forest

was composed primarily of oak, sycamore, ash, and hickory. Pine formed the



Table 5.6.4 Maximum waterfowl and shorebirds seenl anyone day along the boat survey route during four study
periods.

Broad River from
Broad & Enoree River Broad River from Blair Hellers Creek to
north of Blair, S.C. south to Hellers Creek Hellers Creek Frees Creek
1972 1973 1972 1973 1972 1973 1972 1973

Common Name Mar Nov Ma r"· J u]>" Mar Nov ~1ar;·· Ju 1,,> Mar Nov''> t1ap'· Jul,'> ~1ar Nov ~la r1• J II 1,'.

Eared Grebe
Pied-billed Grebe - - - - - I 2
Unidentified Grebe I
~1a 1] ard 7 1 2 I 4 - 2 - 2 13 - - 5
81 ack Duck - - - - - - - - - 5 - - 4
Pintail
Shoveler - 4
Blue-winged Teal 2 - - - 1
\.Jood Duck 23 24 15 10 2 9 2 1 1 32 10 2 - 1 2
Ring-necked Duck - - - - - - - - - - 3
Unidentified Scaup - - - - - - - - - - 19
Bufflehead - 1 - - - 3 - - - - - - 4
R;Jddy Duck - - - - - - - - - - - - - 6
Common Merganser - - - - 2
Hooded Merganser
Unidentified Merganser - - - - - - 3
Common Egret - - - - - - - - - - - I
Great Blue Heron 4 3 - 1 5 11 I I 2 5 1 3 - 5 3 I
Green Heron - - - 2 - - - 4 - - - 3 - - - 3
Black-crowned Night Heron -
American Coot
Spotted Sandpiper
Ring-bi lIed Gull - - - - - - 3 - - - 4
Belted Kingfisher - 1 2 2 - 2 - 8 - 3 I 4 - 1 2 2
Unidentified Ducks 6 7 3 - 2 30 - - I - - - 2 - 31
Minimum No. of Species 5 7 3 5 6 6 5 5 4 5 6 5 4 4 3 3

* Two day observation
** One day observation



Table 5.6.4 (Continued)

Frees Creek Cannons Creek Parr Reservoir
1972 1973 1972 1973 1972 1973

Common Name Mar Nov~: ~\a r i: JuU: Mar Nov~d: Mar,': Jul;': ~1ar Nov ~1a r'~ Ju 1~:

Eared Grebe
Pied-billed Grebe
Unidentified Grebe - - - - 1
Mallard 2 - 14 2 2 5 - - 18 1 17
Black Duck 7 12 - - - - - - 12 - 4
Pintai 1
Shoveler
Blue-winged Teal - - - - - - 1 - 3
Wood Duck - 28 13 4 - 3 - - - - 4 . 2
Ring-necked Duck - - - - - - - - - 2 6
Unidentified Scaup - - - - - - - - 71 15 54
Buff lehead - - - - - - - - 5 3 24
Ruddy Duck - 6 - - - - - - - 22
Common Merganser
Hooded Merganser
Unidentified Merganser
Common Egret - - - 1
Great Blue Heron 4 12 5 1 4 5 3 1 2 2 2
Green Heron - - - 6 - - - 3
Black-crowned Night Heron -
American Coot - - - - - 1 - - 4 34
Spotted Sandpiper
Ring-billed Gull
Belted Kingfisher - 3 2 4 - - 2
Unidentified Ducks 2 - 2 - 2 - 2 - 4
Minimum No. of Species 3 6 5 6 3 4 3 2 8 8 8 2

* Two day observation
** One day observation



forest on the upland sides of the flood plain valley.

Both pine and deciduous trees with a dbh between 23 and 38 cm

(9 and 15 in) at cut surface, had been removed in several localities along

Frees Creek. Sedge, spikerush, cane, raspberry, and honeysuckle were beginning

to develop under the open canopy. A transmission line right~of-way contained

the highest density of middle and lower story vegetation encountered during the

hike.

Tree cavities were most frequently observed in the first quarter-

mile of the hike, near the railroad bridge. Oak, shagbark hickory, and sycamore

trees contained visible cavities. Few cavities were observed in trees in more

northern areas of the 4. I km traveled.

The pond at Dawkins was entirely surrounded by a lowland deciduous

forest with a closed canopy. A middle story was absent and a mixture of grass~

sedge was found on the flooded south end. Only a few cavities in sycamore and

cottonwood trees were noticed.

The pond on Terrible Creek was bordered on the east, north, and

west by a forest" of cottonwood, ash, and oak. The more upland, southern side,

consisted of loblolly pine with a middle story absent. Willow and other shrubs

bordered the eastern side of the pond. Lower story vegetation bordering the

pond was predominantly smartweed and sedge. Tree cavities were not noticed

around Terrible Creek.

A lowland forest of oak, cottonwood, ash, and pine bordered the

Broad River between Dawkins and Terrible Creek. The middle story consisted

primarily of cottonwood, especially where the ground had been cleared for culti-

vation and abandoned. Infrequent patches of cane and smartweed were observed

under the partially open forest canopy. A few cavities were seen in sycamore

and cottonwood trees.

.~-24



5.6.3.4.2 Birds Inadvertently Snap Trapped

During the March 1972 sample period, three savannah sparrows

(Passerculus sandwichensis) were collected in snap traps on the grassland,

Site 2 (map, back cover). On Study Site 4, a pine forest, a broad-winged hawk

(Buteo Elatypterus) was caught during the June 1971 sample period and a hermit

thrush (Hylocich1a guttata) was caught during the March 1972 sample period.

An oven-bird (Seiurus aurocapillus) was caught in a snap trap on Study Site

in March 1972.

5.6.4 DISCUSSION

A total of 234 bird species may uti1 ize the Broad River Study

Area during their seasonal migrations (Peterson 1947; Robbins, Bruun and

Zim 1966; Columbia Bird Club 1967; Sprint and Chamberlain 1970). This in-

cludes 65 permanent residents, 50 winter residents, 43 summer residents, and

76 transient residents. Of these, 81 percent, 56 percent, and 13 percent,

respectively, were observed and included in the 117 species recorded on the

Broad River Study Area (Table 5.6.1).

An annual Christmas bird countin the Columbia, South Carolina

area was initiated in 1959 under the direction of the National Audubon Society.

Eighty-six species of birds have been recorded during the last five annual

Christmas bird counts (Table 5.6.5). These counts are taken in Richland and

Lexington Counties within a 24.1 km (15 mile) diameter circle with its center

at the intersection of Gills Creek and Bluff Road approximately 48.2 km (30

mi les) southeast of the project site. The sampled area is 25 percent deciduous.

forest along river and creek swamps, 20 percent pine woods, 30 percent fields,

20 percent lake shores, and.5 percent urban. This area is quite different

from the Broad River Study Area in which pine woods are more abundant, the

proportion of deciduous forest, fields, and lake shores is less, and urban

areas are nearly absent.
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Table 5.6.5 Annual Christmas Bird Counts taken by National Audubon
Society near Columbia, South Carolina in 1968, 1969,
1970, 1971,and 1972 (Cruikshank 1969; 1970; 1971; Gi lbert
Bristow, pers. comm.).

Common Name of Number of Individuals Counted
Species Observed 19b8 1969 1970 1971 1972

Pied-billed Grebe 9 4 7 7 10
Great Blue Heron 6 0 1 3 2
Common Egret 0 0 0 0 4
Ma 11 ard 6 6 8 0 4
Black Duck 0 8 0 0 0
Wood Duck 1 11 0 2 10

Ring-necked Duck 116 22 2 2 34
Lesser Scaup 0 14 0 1 0
Ruddy Duck 0 0 1 0 0
Turkey Vulture 0 1 0 3 0
Black Vulture 3 7 0 7 3

Cooper I s Hawk 0 1 0 1 1
Red-tailed Hawk 3 7 1 10 27
Red-shouldered Hawk 7 3 2 6 2.
Marsh Hawk 2. 3 2. 1 15
Sparrow Hawk 12 4 5 8 16

Bobwh-i-te 2-3 1 22 4 22
American Coot 20 20 21 22 36
Killdeer 12 19 12 22 44
American Woodcock 0 1 0 0 0
Common Snipe 0 I 0 0 0

Herring Gull 1 0 0 8 0
Ring-billed Gull· 123 33 115 71 210
Mourning Dove 175 252 19 154 16
Barn Owl 0 1 1 0 0
Great Horned Owl 1 0 0 0 0

Belted Kingfisher 2 5 1 7 2
Yellow-shafted Flicker 7 14 16 60 39
Pileated Woodpecker 1 2 2 2 5
Red-bellied VJoodpecker 4 4 5 24 10
Red-headed Woodpecker 0 5 0 7 11

Yellow-bellied Sapsucker 7 II 5 17 18
Hairy Woodpecker 2 1 1 3 1
Downy Woodpecker 17 6 3 8 2
Red-cockaded Woodpecker 0 0 0 1 0
Eastern Phoebe 5 3 1 7 0
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Table 5.6.5 (Continued)

Common Name of Number of Individuals Counted
Species Observed 1968 1969 1970 1971 1972

Blue Jay 37 61 43 52 94
Common Crow 26 20 18 50 24
Carolina Chickadee 18 32 12 39 23Tufted Ti tmouse 4 7 11 6 9White-breasted Nuthatch 0 0 0 o· 4
B·rown-headed Nuthatch 15 2 2 3 3

Brown Creeper 2 0 1 0 0
Wi nter ~Jren 0 0 0 0 1
House Wren 0 0 1 0 0
Carol ina Wren 5 12 8 27 31
Mockingbird 25 42 31 28 69
Catbird 0 0 1 0 0

Brown Thrasher 9 10 11 3 22
Robin 152 31 108 23 68
Hermit Thrush 2 2 4 5 0
Eastern Bluebird 31 4 8 12 11
Golden-crowned Kinglet 5 3 1 4 2

Ruby-crowned Kinglet 8 18 12 24 37
WcftE:rr-p-j-p-i-t 1-9 0 L50 25 0
Cedar Waxwing 17 0 27 17 4
Loggerhead Shrike 9 1 8 8 9
Starling 1~ 100 680 311 182 290

Solitary Vireo 1 0 0 0 0
Myrtle Warbler 0 13 I 4 7
Pine Warbler 3 14 1 7 9
Palm \4arbler 0 0 0 0 8
Engl ish Sparrow 91 248 0 0 141
Eastern Meadowlark 118 297 180 205 147

Red-winged Blackbird 11 ,350 10,350 1r 521 2,442 3,477
Baltimore Oriole 0 0 0 2 0
Rusty Blackbird 1 1 0 0 0
Brewer's Blackbird 0 0 40 3 40
Common Grackle 31 611 38 610 422

Brown-headed Cowbird 35 451 200 220 160
Cardinal 88 314 53 90 95
Evening Grosbeak 37 0 0 22 150
Purple Finch 2 88 0 3 17
Pine Siski n 10 24 0 0 0



Table 5.6.5 (Continued)

Common Name of Number of Individuals Counted
Species Observed 1968 1969 1970 1971 1972

American Goldfinch 46 211 .103 53 87
Rufous-sided Towhee 43 130 31 47 97
Savannah Sparrow 15 17 51 506 185
Vesper. Sparrow 19 1 0 0 13
Slate-colored Junco 133 57 232 5 64

Chipping Sparrow 11 6 3 2 7
Field Sparrow 59 41 71 25 145
White-crowned Sparrow 3 0 0 0 0
White-throated Sparrow 264 202 221 219 420
Fox Sparrow 1 0 5 2 2
Swamp Sparrow 3 2 0 2 6
Song Sparrow 45 64 31 37 81

Species per Year 67 66 60 66 64
Total lndividuals ]Il,456 14,530 3,803 5,475 7,009



The evening grosbeak observed during the March 1972 sampling

period was the only bird recorded that was not 1isted as a bird occurring in

South Carol ina (Sprunt and Chamberlain 1970). However, it also was observed during

the 1968, 1971, and 1972 Christmas bird counts.

The three red crossbills observed on Survey Route D in March 1973

are considered a rare and irregular winter resident in South Carolina according

to Sprunt and Chamberlain (1970).

5.6.4.1 Endangered or Threatened Species

The American osprey recorded on the Broad River Study Area during

the June 1971 and March 1972 sampling periods (Table 5.6.1) is listed as IIStatus

Undetermined ll (e.g., additional information needed to determine status) by the

U.S. Bureau of Sport Fisheries and Wildlife (1973). National Audubon Society

biologists now feel that the number of osprey appears to be declining and have

included it on their IIBlue List ll (Anon. 1971). Other populations observed on

the study area that may be decl ining and thus appear on the IIBlue List ll include

the double-crested cormorant, black-crowned night heron, turkey vulture, black

vulture, marsh hawk, Bewick's wren, and loggerhead shrike.

The eastern pigeon hawk, also included as Iistatus - undetermined ll

by the u.S. Bureau of Sport Fisheries and Wildlife (1973), has not been recorded

on the Broad River Study Area. This bird of prey winters from southern Texas,

east to South Carolina and south to the West Indies and northern South America.

According to Sprunt and Chamberlain (1970), the eastern pigeon hawk is a fairly

common winter resident over much of the state but most frequent along the coast.

The pigeon hawk frequents open coun~ry, fields, beaches, and marshes.

The southern bald eagle, red-cockaded woodpecker, and Bachman1s

warbler, known from South Carol ina, are 1isted as threatened species by the

U.S. Bureau of Sport Fisheries and Wild1 ife (1973).



The southern bald eagle is a fairly common permanent resident of 

the coastal region of South Carolina (Sprunt and Chamberlain 1970). Nesting 

primarily in estuarine areas of the Atlantic and Gulf Coasts, the bald eagle 

is locally common from New Jersey to Texas, and lower Mississippi Valley south-

ward from eastern Arkansas and western Tennessee, and through southern states 

west to Cal ifornia and Baja California. 

Eagles nest in mid-winter and actively migrate during the spring 

and summer, remaining in the southeast, or traveling as far north as south-

eastern Canada. They return in the fa!! and early winter. One adult bald 

eagle was observed at Parr Reservoir by personnel of the South Carol ina Electric 

and Gas Company in early August, 1973, during this migratory period. No nests 

have been seen during any of the field work conducted by Dames & Moore personnel. 

The red-cockaded woodpecker is not known to be on the Broad River 

Study Area, although it was observed near Columbia during the 1971 Christmas 

bird count (Table 5.6.5). Recent investigations have not discovered this species 

in Fairfield or Newberry Counties, South Carol ina (Jackson 1971). The red-cockaded 

woodpecker has a strong habitat preference for open, mature pine forests and a 

nest site preference for pines that are infected with red heart disease. 

Bachman's warbler is I isted as a threatened species by the Office 

of Endangered Species and International Activities of the Department of the 

Interior (U.S. Bureau of Sport Fisheries and Wildlife 1973). The warbler's 

present distribution is known only from recent observations of non-breeding 

individuals in Virginia, Alabama, and near Charleston and the Francis Marion 

National Forest, South Carolina. So few individuals are seen that little is 

known of its present breeding or wintering distribution. The former breeding 

distribution included the river swamp forests of southeastern Missouri, 

nor~lleastern Arkansas, western Kentucky, central Alabama, and South Carolina. 

.'" . '. " 



Migrations to and from the wintering range in Cuba, is during

early spring and fall (Chapman 1968). Spring migration, through Florida, occurs

in March and fall migration occurs in July and August.

The nesting habitat described from near Charleston, South Carolina,

in 1906 included heavi ly timbered, swampy land with more or less stagnant water.

The few nests found in Missouri, South Carolina, and Kentucky were in low

brushes, briers, or canes less than one meter (two to three feet) above the

ground. Habitat comparable to this description only occurs in small, local

areas on the Broad River Study Area.

5.6.4.2 Song Birds

5.6.4.2.1 Diversity

The three different terrestrial bird census methods employed on

the Broad River Study Area contributed to the accumulative list of birds. The

morning wildlife survey routes conducted during six seasons contributed 62.6

percent of the total 117 species identified on the study area. The avian strip

census and census transects contributed 50.4 percent of the total species

observed in March and 64.4 percent of the 90 species identified in May. The

majority of waterfowl and shorebirds were recorded dur1ng the censuses on the

Broad River.

The comparison of bird diversity between the control Route 0 and

Routes A, B, and C showed that the on-site and off-site routes were comparable

during May 1973. A significant difference was found in March 1973 but the

species that were dissimilar were low in abundance, therefore, it was concluded

that the species diversity was similar between routes during the spring as well

as the summer.

5.6.4.2.2 Abundance

Only a general consideration of the abundance of birds will be made



at this time. Each of the nine avian species that were selected as indicators

of environmental change will be looked at more intensely once the construction

phase has begun.

The degree to which the chosen indicator species meets each of

the four previously mentioned selection criteria varies. All of the indicator

species meet the first criteria except the mockingbird. The mockingbird utilizes

a variety of habitat types throughout the year. The relative abundance of all

nine species is considered sufficient for analysis. However, the relative

abundance of the loggerhead shrike is low, but it is included in the list

because shrikes are seen with some regularity. The criteria of random distri-

bution is met by the great blue heron, mockingbird, loggerhead shrike, and belted

kingfisher. Breeding behavior or gregarious behavior in the spring and fall are

the primary reasons that the remaining species do not comply with this criteria.

The fourth criteria, that of having a restricted range of movement, is met by

the Eastern meadowlark, and belted kingfisher. The wood duck and great blue heron

are generally restricted to the aquatic environs of the Broad River and adjoining

tributaries. The mourning dove and mockingbird are usually wide-ranging in their

movements ..

The aquatic species, wood duck, great blue heron, red-winged black-

bir~. and belted kingfisher, should show changes in abundance and distribution

with the proposed increase in aquatic environs and a change in shorel ines.

The direction and amount of change should be detected during future operational

investigations.

The abundance of birds, based on the auto survey routes, was

highest in the spring and summer seasons. The most abundant species in the

pine forest in March 1973 were the Carol ina chickadee, golden-crowned kinglet,

blue-winged warbler, and song sparrow. In May, the blue jay and prairie warbler



were most abundant.

In the grassland habitats censused, an increase in avian abundance

corresponded to an increase in diversity, as well as changes in behavior. The

number of bobwhite quail and field sparrows increased whereas the number of

meadowlarks declined as a result of the population establishing territories.

5.6.4.2.3 Distribution

The ecology of an area, such as the Broad River Study Area, is

the result of the interrelationships that exist among the numerous species of

invertebrates, vertebrates, flora and -the phys i ca 1 env ironment. Natura 1

selection among birds has developed a diverse avifauna which utilize the broad

spectrum of vegetation communities, food sources, and physical environment.

Habitat and food preferences are two attributes of an ecosystem that influence

the diversity, abundance, and distribution of birds.

Monticello Impoundment will inundate approximately 47 percent

pine forest, 12 percent grassland, 15 percent deciduous forest and 26 percent

mixed pine-deciduous forest. The percentage of habitat types represented on the

wildlife survey routes is shown below:

ROUTE

A and B A, B, and C D
(1 mile interval) (1/2 mi 1e interv~l) (1/2 mi Ie interval)

Habitat jlf S.tops 30 Stops 31 Stops

Pine 50 47 46

Grassland 35 38 29

Deciduous 8

Mixed pine-
deciduous 15 14 15

Adjacent to
water 0 0 2

5.6-33



The diversity and abundance of species were varied along the

wildlife survey route as a result of the configuration of habitats at each stop.

A change in the habitat configuration of the Broad River Study Area will lead

to a change in species diversity, abundance, and distribution.

Habitat preference is a major factor in determining the

distribution of birds on the Broad River Study Area. Chickadees, kinglets,

warblers. and nuthatches typically associated with pine communities are widely

distributed because of the predominance of pine. The kingbirds, meadowlarks,

grackles, indigo buntings, hawks, and other species associated with grass-

land habitats will be less widely distributed because of the I imited amount

of grasslands available on the study area. Most species I ike the bobwhite

quail, towhees, and sparrows are not habitat specific and are found in

various habitats, thus having a broad distribution.

Figure 5.6. I shows the seasonal abundance of birds as recorded by

the morning wildlife survey routes. The strip census and census transect methods

(Table 5.6.2 and 5.6.3) show composition and abundance in specific habitats. The

strip census method is best suited for more or less open country (cropland or old

field habitat). The reduced visibility of birds in woodland or dense shrub

habitat probably affect the accuracy of this census technique (Graber and

Graber 1963).

The food habits of birds also describes some of the interrelation-

ships and adaptations of birds toward the flora and fauna. The principle foods

of each bird provides a clue to its role in the food web and flow of energy in

the Broad River Study Area.

Plants. macroinvertebrates. and vertebrate animals known to occur

in the diet of birds in the southeast are discussed by Martin. Zim. and Nelson

(1951). Only food items that occur in at least two percent of the diet are



5.6.4.3

5.6.4.3.1

considered for the following discussion. The degree that a particular plant

or animal is used would depend on the abundance of the plant or animal and the

abundance of other palatable plant or animal species.

Grebes, cormorants, herons, egrets, and mergansers are secondary

and tertiary consumers that feed on aquatic macroinvertebrates and fish. Water-

fowl and coots are primary, secondary, and occasionally tertiary consumers

feeding on macroinvertebrates as well as seeds, leaves, and roots of plants.

Raptors (hawks and owls) are secondary or tertiary consumers that feed on macro-

invertebrates, reptiles, amphibians, small birds, and small mammals. However,

the osprey feeds primarily on fish and hence is principally a tertiary consumer.

Carrion feeders include the turkey and black vultures, raptors, and herring gull.

The herring gull is also a predator (secondary or tertiary consumer).

Birds that feed almost exclusively on invertebrates include the

members of the following famil ies: Cucul idae, Caprimulgidae, Tyrannidae,

Hirundinidae, Sylviidae, and a few members of the Parulidae fami ly. All other

Diversity

Game birds present on the Broad River Study Area include the wild

turkey, American woodcock, mourning dove, bobwhite quail, wood duck, and mallard

duck. Additional migratory waterfowl are also common during the late fall and

wi nter seasons.

Abundance and Distribution

The wild turkey was reintroduced into the Enoree District of the

Sumter National Forest in 1951. The first legal hunt was in the spring of 1960

and a spring Ilgobbler" hunt has continued to the present year. The wild turkey



population has increased in response to management; consequently the range of

the wild turkey population has also expanded and small flocks have been sporadi-

cally sighted in the Frees Creek and adjacent Broad River watersheds. The

approximate boundary of wild turkey distribution includes a portion of the

Piedmont along the Broad River flood plain (Spinks 1966), including the Broad

River Study Area.

According to Spinks (1966), the most favorable habitat for turkeys

Is composed mainly of mature open hardwoods, with some brushland, grassland,

and cultivation.

The Frees Creek watershed is reported to be fair to good wild

turkey habitat (Walter Schrader, pers. comm.). The mixture of bottomland oak,

pine, and upland abandoned fields Is potentially good habitat that may provide

seasonally abundant food and shelter for males, nesting females, and poults.

The diet of the turkey, a primary and secondary consumer, includes invertebrates,

~~-----f-~u-Lts,-1-ea-ves,-and-buds-of-nume,...ous-p-lal"lt-s-.,----------------------

One American woodcock was observed on the Broad River Study Area

during November 1972 and one was observed during the Christmas bird count near

Columbia (Table 5.6.5). Sprunt and Chamberlain (1970) indicate that woodcock

breed regularly in South Carolina. However, the breeding population is too

low to warrant the establishment of woodcock singing-ground surveys

(Eldon R. Clark, pers. comm.).

The mourning dove is a permanent resident and hunted as a game

bird in South Carolina. In North Carolina, migration activity reaches its peak

in March and the number of doves is variable until the end of April (Quay 1954).

Nesting begins in late March and increases steadily during April and numbers

become stabilized in May (Quay 1954). Flocks are common until nesting begins

and the sighting of pairs becomes a regular occurrence. A similar sequence of



events would occur in South Carolina. Duever and Fatora (1968) found the peak

of annual morning and evening dove activity (frequency of sightings)' occurs

principally in May at the AEC Savannah River Plant. The number of calling doves

also reaches its peak in the morning during May in North Carol ina (Quay 1954)

and in Florida (Winston 1954).

Call-count surveys have been established and run in May since the

early 1950's (Ruos 1971a; Southeast Association of Game and Fish Commissioners

1957). This survey technique for obtaining abundance indices by calling male

counts is well established (Bennitt 1951; Hanson and Kossack 1963; Preno and

Labisky 1971; Robel, Dick, and Krause 1969; Ruos 1971a and b). State-wide

trends in mourning dove breeding density indices in South Carolina were signi-

ficantly greater in 1970 than in 1960 (Ruos 1971a). Breeding population density

indices continued to increase from 1970 to 1971 (Ruos 1971b).

An increase in hunter success is an index to an increase in popu-

lation density. Ruos (1970) records a state-wide increase of the average number

of successful hunts per hunter from 2.1 hunts in 1967 to 2.7 hunts in 1969.

During the same years the average daily bag per hunter increased. from 6.6 birds

to 8.5 birds. The average seasonal kill per hunter increased from 14.0 birds

in 1957 ta 22.9 birds in 1969.

Amend (1969) counted the numbers of mourning doves heard on

11 •••• 25 call-count routes in a la-county intensive study area and 45 call-count

routes in a 33-county extensive study area ll in South and North Carol ina. The

43 counties are located in the Coastal Plain and Piedmont physiographic regions.

Mourning dove densities are reported to be the highest in the nation around the

Carol ina Sandhills National Wildl ife Refuge, near McBee, South Carol ina. During

the May-June period, 49.0 doves were heard per route in 1968 and 49.7 doves were

heard per route in 1969 on the intensive study area. On the extensive area,



38.8 and 37.5 doves were heard per route in 1968 and 1969, respectively.

Twenty of the 33 extensive survey routes represent the 20 national

mourning dove call-count survey routes in South Carolina. One of these routes

(#0100, Union-Chester), is approximately 16 km (10 miles) north of the Broad

River Study Area and extends east. On this route, seven doves were heard in

May 1971, eight were heard in May 1972, and six doves were heard in May 1973

(Ruos, pers. comm.). A similar number of mourning doves (seven) were heard

on the call-county survey on the Broad River Study Area in May 1973. The number

of cooing doves was fewer than the average number of doves recorded on all 20

call-count survey routes in South Carolina. Duever and Fatora (1968) observed

between 72 and 76 mourning doves during two two-week periods in May near the

AEC Savannah River Plant. This represents an average of 4.9 doves per 20 miles

per day and 5.2 doves per 20 miles per day, respectively.

The mourning dove is not an abundant game bird in the Broad River

Study Area. If the environs of the study area included an adequate habitat,

mourning doves would probably be seen and heard at a much greater frequency

during the spring. There appears to be sufficient nesting habitat for the doves

but the abundance of small grain crops for food is limited. The mourning dove1s

diet is almost 100 percent plant material during each of the four seasons.

A breeding populBtion of bobwhite was present on the Broad River

Study Area. According to the results of the wildlife surveys, calls of non-

breeding males had ceased by early September 1971 but resumed by the March 1972

sampling period. According to Fatora and Duever (1968) the activity (frequency

of sightings) of bobwhite in South Carolina was highest in May. Morning was

considered the peak period of male calling activity. The evening surveys during

the March 1972 sampling period did not record call ing males even though morning

surveys indicated their presence. Earl ier studies in South Carolina have found



an evening period of bobwhite activity (Factora and Duever 1968). Rosene (1969)

found that the highest number of bobwhite in the southern United States occurs

in the June 15 to July 10 interval.

The June 1971 and May 1973 sampling periods provide two years of

indices to bobwhite quail abundance on the Broad River Study Area. Bobwhite

call-count surveys, to our knowledge, are not being conducted elsewhere in

South Carol ina to provide comparative data.

Seasonal sampllhg programs in the Broad River Study Area, and in

particular, the vicinity of Monticello Impoundment, have not flushed many quail

in the pine stands. The majority were near field borders or forested areas

where lower story vegetation provided suitable cover.

The adult bobwhite quail feeds primarily on plant foods throughout

the year (primary consumer). The young chicks feed primarily on animal foods

(secondary consumer). A low abundance and sparse distribution of preferred

-------seed~pF0dl.lG-i-Ag~anEl-l-ea-fy~I'l-I-an-t-s~may~a-l-se-be~a-fae-t0r-H-mH-i-ng~the-i-r~abtmdance----

in the pine communities.

South Carolina State Game Biologists conducted a midwinter water-

fowl survey on the Broad River from Lockhart through Parr Dam. On the 5

January 1972 Survey, biologists counted 40 mallards, 6 black ducks, 51 wood

ducks, and 53 Canada geese (Walter Schrader pers. comm.). Migratory waterfowl

util ize the Broad River and its tributaries in the fall and spring as verified

by November and March surveys.

The number of wood ducks fluctuated seasonally. The variability

in the number of wood ducks observed in the seven areas (Table 5.6.4) provides

a clue to the suitability of habitat,

Habitat requirements of the wood duck are briefly summarized

(McGilvrey 1968) so they may be compared with the habitat conditions of the



area. 

Breeding Habitat 

Hardwood bottomlands along streams or temporarily flooded lowlands 

attract breeding pairs of wood ducks. A fairly closed crown cover and a middle 

story of young trees and shrubs which provide lateral cover are important for 

broods and breeding pairs. Nest cavities need not be near water. Sycamore, 

water oak, willow oak, and red maple readily form and retain usable cavities 

and are common to the Broad River Study Area. Adult wood ducks, in general, 

are vegetarians except during the breeding period when invertebrates form a 

part of their diet. 

Brood Rearing Habitat 

Food, cover, and water are all necessary for brood survival. 

Invertebrates found in association with the shrub vegetation are the primary 

food supply of the young. Dense shrub cover, permitting broods to move beneath 

the foliage, is considered optimum. Herbaceous emergents are also important. 

Waterways of at least 30.S m (100 ft) in width are desirable for broods to Insure 

safety from predators. 

Fall and Winter Habitat 

Wood ducks will utilize almost any flooded timber or shrub area that 

affords visibility of their surroundings. They may travel several miles from 

feeding areas to evening roost. Acorns, domestic grains, smartweed, buttonbush, 

ash, bulrush, and burreed supply seeds and fruits in the fall and winter. 

Frees and Terrible Creeks may provide acceptable brood habitat but 

not optimum because of insufficient cover and food. The ponds at Dawkins and 

Terrible Creek have the necessary components to be considered as fair to good 

breeding habitat. Ideal brood rearing habitat, however, is I imited in these 

areas as well as along the Broad River. According to Hopkins et al. (1969), 

5.6-40 



the forest north-east of the pond at Terrible Creek floods several times each

year. The seeds of ash, gum, and oak trees in this area become readily available

to many waterfowl.

The Enoree River bank appears to have many of the qualities of

good wood duck breeding habitat, especially tree cavities. Overhanging trees

and shrubs for brood cover are present but limited. This area appears to have

cover for staging wood ducks gathering in the spring and fall~ the time when the

ducks were most frequently observed. Ponds ~jocated near the mouth of the Enoree

River probably have good breeding and brood rearing habitat during spring high

water periods. One brood of seven wood ducks was observed here in July 1973~

However, low fal'· water levels may restrict wood duck utilization and increase

the likelihood of predation.

Wood ducks were most numerous in Hellers Creek during the November

1972 and March 1973 surveys. The broods seen during the July 1973 survey indicate

that wood ducks were nesting in the vicinity. The perimeter of the flooded

mouth of Hellers Creek was bordered by overhanging trees and shrubs, which provide

a limited amount of brood cover. The better wood duck areas were away from regular

public use and located in the upper reaches of Hellers Creek.

The flooded portions of Frees Creek, east of the Southern Railway

and paralleling the Broad River, were assessed as fair to good breeding habitat

but poor brood rearing habitat. Flooded timber provides an excellent source of

cavities for nesting as well as protective cover for adults in the

fall. Shrubs that border the flooded areas form a narrow strip along the

shoreline, hence, brood cover is limited. However, portions of this area does

provide adequate brood cover as well as food in the form of aquatic invertebrates

and plants.

The flooded portion of Cannons Creek was quite similar to the
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habitat at Hellers and Frees Creeks. The amount of flooded lowland is a

function of water levels maintained at Parr Reservoir. Nesting habitat appears

to be available along the shorel ine but brood rearing habitat is limited and

restricted to the flooded western end of the creek.

5.6.5 SUMMARY

Changes in the environment are reflected in the abundance,

diversity, and local distribution of the avian populations. The baseline

investigations, through the util ization of several techniques, are designed to

provide a basis to assess future changes in these populations.

A total of 117 species of birds were identified on the Broad

River Study Area. The diversity, abundance, and distribution of birds were

seasonal and habitat related. More birds were recorded along the auto survey

routes during the spring and summer than the fall and winter. The abundance

of birds was higher at auto survey stops in grassland communities than selectively

cut forests of mixed deciduous-conifer forests and lowest at stoQs where Q~i~n=e _

was the major vegetative type.

The density Df birds as measured by strip census was also highest

in grassland communities. This method is especially suitable in open country.

Reduced visibility caused by trees and shrubs may affect the accuracy in wood-

land habitats. The bird census transects recorded additional species associated

with forest habitats and grasslands which were not observed by the strip census

method.

Each avian species fulfills a role in cycling

energy through the environment. The majority of bird species are omnivores

but some are specialized as insectivores or granivores.

Game birds that occur on the study area include the wild turkey,

American woodcock, mourning dove, bobwhite quail, and various species of water-



fowl. Only a few wild turkey have been reported or seen on the Broad River Study

Area. The few sightings are believed to be from a population in the Sumter

National Forest, north of the study area. Only one American woodcock was ob-

served on the area and does not represent a significant game resource.

The mourning dove is not an abundant game bird on the study area.

This is verified by comparing the number of doves heard on a special call ing-

dove-survey route on the study area to results obtained by other investigators

in South Carol ina. These results are not absolute numbers but only an index

of a breeding population.

Bobwhite represent another game bird resource on the study area.

Our indices and the 1imited habitat suggest that their abundance is low, however,

publ ished 1iterature was not available to support these contentions.

Migratory waterfowl utilize the Broad River and its tributaries

during the fall, winter, and spring. Particular emphasis has been placed on

the wood duck because it is the major nesting duck in South Carolina. Wood

ducks are abundant during the fall and spring on the tributaries and embayments

created by Parr Reservoir.

Breeding habitat for the wood duck appears to be abundant on the

Broad River and the tributaries where the census was conducted. Th~ absence of

brood nesting habitat appears to be a major 1imiting factor controlling wood

duck production on the study area.
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5.7

5.7.1

MAMMALS

INTRODUCTION

5.7.2

5.7.2.1

The presence and relative abundance of the various mammal ian

species is dependent on the environmental conditions, or factors, of an area.

Some of these environmental factors are: the amount and diversity of food; the

amount and kind of vegetative cover; the quality of the soil; the microclimate

of the soil and vegetation; frequency of severe storms, floods, fire, etc. The

mammals of the Broad River Study Area reflect a series of ecological communities

that are succeeding one another in biotic development. Little work has been

done on the mammals of the general area although Golley (1966) gives known

distributions of mammals collected in the state. Only a few species, such as the

oldfield mouse, Peromyscus polionotus, have been studied intensively (Biggers and

Dawson 1971).

Information on large mammals was obtained through field observa-

tion and conversations with state and local game officials. Detailed field

surveys were not conducted on large mammals because their wide ranging habits

makes them very difficult to study. Smaller mammals have a much more limited

range and are relatively easy to capture. These smaller animals serve as good

indicators of the areas productivity and habitat condition.

METHODS AND MATERIALS

Sampling Locations

Six sampling sites were established to census mammal populations

in the study area (see map, back cover). Study Site lA, located approximately

2.4 km (1.5 miles) south of Monticello, was chosen because its primary

vegetation was second growth pine. Study Site lB located 0.32 km (0.2 miles)

southeast of Site lA represented a mixed deciduous-conifer upland forest with a

20 to 80 percent crown cover and a moderately dense understory. Study Site 2,



located approximately 4.0 km (2.5 miles) southwest of Monticello, was clear cut

in 1967 and replanted in pine. Primarily a grassland in an early seral stage of

community succession, it eventually will become dominated by the pine. Study

Site 3A, on the east side of Parr Reservoir along the Frees Creek embayment,

consisted of a mixed hardwood-conifer forest. Study Site 4, located 2.7 km

(1.7 miles) north of the Parr power plant, was chosen as a representative

stand of conifers. The last study site was located along Frees Creek adjacent

to aquatic Transect G. It was composed of mixed deciduous-conifers with an

open crown canopy cover and a dense shrub and herb understory.

(lA, 2, 3A, and 4) during the June, September,

5.7.2.2 Snap Trapping

A trapline for small mammals was

"II
/

utilized at four

and January, ~
study sites

and Ma rch 1972

sampling periods. Each trapline included 20 trapping stations linearly arranged

at 15 meter intervals and marked with a wooden stake. Within two meters of each

~--~-----s-~at-i()n-ma·rker-,-three-snaptrapshwo-maus-e-n<:l ps----and onerat-t rap) we re set ana----------
baited with peanut butter and/or dry rolled oats. In addition, in March 1972,

a single snaptrap was placed near each of the 231 pit traps (see Section 5.4)

on Study Site 2. Each trap was visited on three to five successive days during

each sampling period. Trapped mammals were identified as to species, sexed,

weighed, measured, examined for evidence of lactation and pregnancy, catalogued,

and preserved in 10 percent formalin.

5.7.2.3 Pit Trapping

In March 1972 pit traps used for collecting insects on Study

Site 2 proved effective in the capture of shrews. Two hundred thirty-one pitfall

traps were placed at 5 meter intervals in a 50 x 100 meter quadrat. The traps

consisted of steel cans 11.8 em high and 10.7 em in diameter buried in the ground

so that the top of the traps were at ground level. Mammals collected in the



pit traps were examined and processed in the same manner as snaptrapped mammals.

5.7.2. 11 b.ive Trapping

To capture larger mammals, such as rabbits, opossum, and raccoons,

a grid of twelve live traps (Tomahawk Live Trap Company, IOxl2x32 inches) was

laid in each of the four major vegetational communities; loblolly pine (Site lA),

mixed deciduous-conifer upland (Site 16), mixed deciduous-conifer lowland (adja-

cent to aquatic Transect G), and grassland with cultivated loblolly pine (Site 2).

The traps were placed in a rectangular grid measur,ing 121.9 x 182.9 m

(400 x 600 ft). Each trap was placed 60.9 m (200 ft) apart and baited with.

sardines, apple and carrot slices, and raw peanuts.

The traps were checked once each day for seven days and rebaited

as necessary. Captured animals were measured, weighed, and both ears tagged with

a numbered metal tag (National Band and Tag Company).

A trapping grid of 50 small mammal live traps was nested among the

larger 1ive traps at Site lB during 17-20 November 1972. This square grid

measured 61 m (200 ft) on a side, with one station every 15.24 m (50 ft). Two

traps were placed at each station, one baited with rolled oats and the other with

peanut butter and rolled oats.

5.7.2.5 Sueelemental Collections and Observations

During the June 1971 sampling period, bats were collected at

dusk with a .22 caliber rifle and a .410 gauge shotgun. The .22 shells contained

#12 shot and the .410 shells contained #9 shot.

Mammals killed by vehicles, observed along the Wildlife Survey

Route or seen during the course of other field work, were identified and

recorded. Mammal signs such as tracks and scats were noted. Taxonomy and

published distributional records are from Golley (1966).

A foot-survey was conducted along Frees Creek by a single observer



5.7.2.6

5.7.2.7

in November 1972. The survey began at the Southern Railway Bridge, followed

the south bank, and ended approximately 2.5 km (1.6 miles) upstream. A portion

of the Broad River flood plain from Dawkins north to Terrible Creek also was

examined for evidence of mammals.

A foot-survey was made during the May 1973 sampling period by

two observers following Frees Creek 4.2 km (2.6 miles) from Route 99 southward

to the proposed Virgil C. Summer Nuclear Station site.

.Density Estimates

An estimate of the area that the grid of live traps effectively

trapped is essential for estimating the density of a mammal population. To

compute this area, one-half the diameter of the home range was considered the

effective trap~ing distance from the grid perimeter and the following formula

was utilized (Golley, et al. 1965):

2r (L l+1.,2) + L1L2 + rrr2 area trapped=
In this formu la r is the rad i us of the home range and Ll and L2

represent the lengths of the two sides (i n a rectangular grid).

Stomach Content Analysis

The stomach contents of the preserved mammals were removed and

washed into a 1.0 mm sieve. The sieved material was washed into small petri

dishes and dried at 90°C for two to three hours. All item identifications and

volume percentages were determined from these dried samples using methods

described by Korschagen (1962). Items were grouped according to plant, animal

or miscellaneous components. Within each of these general categories, identifi-

cation to the generic level was attempted by comparing samples with reference

seeds, insect parts, as well as various literature sources (Delorit 1970; u.s.
Forest Service 1948; Smith 1970). Percent frequency of occurrence of all items

was determined for each mammal species collected during the first four sampling



periods.

5.7.3 FINDINGS

A total of 17 species of wild mammals were observed or collected

in the Broad River Study Area. Included in this total was one introduced species,

the house mouse (Mus musculus). Game mammals observed or signs seen in the

area included the white-tailed deer (Odoc6ileus virginiantis); the gray fox

(Urocyon cinereoargenteus); the gray squirrel (Sciuruscarolinensis); the Eastern

cottontail rabbit (Sylvilagus floridanus ; and the raccoon (Procyon lotor).

Ninety-six mammals of 14 species were collected by trapping in the six study

sites during the five sampling periods from June 1971 to November 1972. The
I

number of each species and percent of males collected are presented in Table

5.7. 1.

Free-ranging dogs were abundant in the study area. LikewIse, the

domestic cat is common but it is doubtful that a "feral l' population is present.

Free-ranging swine have not been observed in the project vicinity, although

feral swine have been reported from an adjacent county (Hanson and Karstad 1959).

5.7.3.1 Study Site lA

The cotton mouse was the only small mammal species collected

at this study site. Two were captured during both the June 1971 and March

1973 sampling periods. Live traps for(med'f"um size mammals w~

the November 1972 sampl ing period; however, no mammals were captured.

Study Site lB

One white-footed mouse was caught in a grid of 50 small live traps

over a three-day period. This represents only one mammal per 150 trap-nights.

5.7.3.3 Study Site 2

The relative abundance of small mammals collected by the snaptrap

method along the establ ished trapl ine in Study Site 2 is shown in Table 5.7.2.
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Table 5.7.1 Number of each species and percent of males trapped during four
survey periods.

~S~p~e~c~i~e~s Common Name
Number
Trapped

Percent
Males

Didelphis marsupial is
Sorex ~rostris
Cryptotis Rarva
Blarina brevicauda
Procyon 10 t~!:.. so1utus
Spilogale ~torius

Reithrodontomys humul is
!,er~f!!Y"":;~ 1eucopus
Peromyscus gossypinus
Ochrotomys nuttal1 i
Sigmodon hispidus
Microtus pi~e~9rum

Mus musculus
syTvllagus floridanus

Opossum
'Southeastern shrew
'Least shrew
, Shortta i 1 shrew
Raccoon
Spotted Skunk
Eastern harvest mouse
White-footed mouse
Cotton mouse
Golden mouse
Cotton rat
Pine vole
House mOLlse
Eastern cottontail rabbit

4
7
3
7
1
1
8
1
35
3
12
1

11
2

75
71
67
71
o
?
63
7

54
67
33
?
36
100



IS collected along traplines in Study Sites lA, 2, 3A,

r
~

Relative abundance of smallTable 5.7.2

6/71 Survey 9/71 Survey 1172 Survey 3!72 Survey
iotal Trap- lotal Trap- Total I rap- Total Trap-

Study Site No. nights! No. nights/ No. nights! No. nights!
Animal Caught AnimaP Caught An ima I;': Caught An ima 1;': Caught Ani ma 1;',

SitelA
Total Trapnights 300 360 -240 240

Cotton mouse 2 150 0 -- 0 -- 2 120
Site 2

Total Trapnights 240 360 240 240
Cotton rat 2 120 6 60 2 120 '5
House mouse 4 60 7 51 0 -- 0
Cotton mouse 0 -- I 360 3 80 3 80
Cottontail rabbit 0 -- 2 180 0 -- 0
Harvest mouse 0 -- 0 -- I 240 3 80

\.J1 Site 3A.
'J Total Trapnights 240 360 240 240I
'J Shorttail shrew 1 240 4 90 3 80 1 240

Cotton mouse 4 60 5 72 0 -- 3 80
Cotton rat 0 -- 0 -- 0 -- 1 240

Site 4
Total Trapnights 180 360 240 240

Cotton mouse, 3 60 4 90 1 240 1 240
Go Iden mouse, 2 90 I 360 0 -- 0
Shortta I I shrew 0 -- I 360 0 -- 0
Pine vole 0 -- 0 -- 1 240 0

*Trapnights per animal caught



It should be noted that the best yields occurred during the September 1971 survey.

In addition to the est~b1ished trap1ine, single snaptraps were
(51 ). '"placed near each of the pIt traps. Ten shrew, four harvest mice, and one cotton

rat were collected in pit traps or snaptraps placed near pit traps. The trapping

yield on the grid was as follows: one Southeastern shrew per 231 pit trap nights;

one least shrew per 539 pit trap nights; one harvest mou~e per 231 snaptrap nights;

one cotton rat per 924 snaptrap nights.

One spotted skunk was captured and released on Study Site 2 during

the November 1972 sampling period.

5.7.3.4 Study Site 3A

The shorttai1 shrew, cotton mouse, and cotton rat were the small

mammal species collected along the trapl ine on Study Site 3A (Table 5.7.2). The

greatest number of mammals (nine) was collected during the September 1971 survey.

5.7.3.5 Study Site 4

line on Study Site 4 is shown on Table 5.7.2. The greatest number of mammals

(six) was collected during the September 1971 survey.

5.7.3.6 Study Site Adjacent to Aquatic Transect G

Medium size mammals were 1ive trapped adjacent to aquatic Transect G

during the November 1972 sampl ing period. Four opossum (2 adults) and one

raccoon (adult) were captured, tagged, and released. Three of the four opossum

were recaptured and were the only mammals collected in sufficient number

to obtain an estimate of density.

In a trapping study in 111 inoi5, Holmes and Sanderson (165) found

that the average mean distance traveled from a central area of activity by all

opossums, juvenile and adults, was 212.4 m (697 ft), i.e., radius of home range.



This mean distance was uti1 ized to calculate the area trapped by the

121.9 x 182.9 m (400 x 600 ft) grid. The effective trapping area, therefore,

would be 29.35 ha (72.6 acres) and the density of the four trapped opossum would

be one per 7.3 ha (18 acres) or 36 per square mi Ie.

5.7.3.7 ?upp1emental Collections and Observations

Small game mammals observed on the Wildlife Survey Route included

one gray squirrel in June 1971, no game in September 1971, three gray squirrels

in January 1972, and one gray squirrel in March 1972 and no game in March or
',"

May 1973. One road-killed cottontail rabbit was found in January 1972 and May

1973 and several cottontails were observed in the study area in both January and

March 1972, and March and May 1973.

Three female red bats (Lasiurus borealis) were shot and collected

at dusk over small ponds approximately one mile east of Study Site 3A during the

June 1971 survey.

Few white-tailed deer have been seen on the Broad River Study

Area. One was observed in September 1971, and two in March 1972. In November

1972, fresh tracks were observed near Site lA and a buck was sighted along

Route 16 near the Route 213 junction. One doe was seen swimming across

the Broad River approxmate1y 13.6 km (8.5 miles) north of Parr Dam and another

was observed below the Parr Dam along the Broad River. A fresh trail and

single track of white-tailed deer were observed during the hike along Frees

Creek in November 1972. Old bed sites were observed in an abandoned farm field

along the Broad River between Dawkins and Terrible Creek. Tracks of three

white-tailed deer were observed in March 1973 in an area where all merchantable

timber had been removed.

One set of opossum tracks were observed near an intermittent

creek located between Dawkins and Terrible Creek.

5.7-9



A foot survey was made during the May 1973 sampling period along

Frees Creek southward from Route 99. A hard rainfall the previous day permitted

easy identification of fresh mammal tracks. Within 0.52 km (one-third mile)

of highway 99, fresh tracks and three white-tailed deer were observed near

dense cover of shrubs and herbaceous vegetation. Along the entire 4.2 km (2.6

miles) of Frees Creek examined by the two observers, 26 sets of deer tracks (set

equals one deer) were observed either crossing or paralleling the creek. Some

of the 26 sets of tracks may have been made by the same deer and, therefore do

not represent 26 deer but the movement oJ an undetermined smaller number in the

vicinity of Frees Creek.

5.7.3.8 Stomach Content Items

The stomach contents of small mammals were examined to describe

their food habits. The percent frequency of occurrence of stomach content items

from four cotton mice collected at Site A during the June 1971 and March 1972

____---=s'-=a~mIP--"-I__"__i'_"_ng_Qeriods, indicated that all had unidentified insect Qarts in their

stomachs.

The percent frequency of occurrence of stomach content items of

the mammal species collected from Study Sites 2, 3A, and 4 are shown in

Tables 5.7.3,5.7.4, '5.7.5, respectively.

5.7.3.9 ~are and Endangered Species

No rare or endangered mammal species were found in the Broad

River Study Area, however, a mountain lion (Fel is concolor) was reported to

have been seen in the vicinity (W. Schrader, pers. comm.).

5.7.4

5.7.4.1

DISCUSSION

General Habitat Conditions

A variety of factors can control animal populations, i.e., food,

space, weather, disease, chemical appl ications, etc. The major factor affecting



Table 5.7.3 Percent frequency of occurrence of stomach content items
of small mammals from Study Site 2.

Species Cotton Rat~' Cotton Mouse'"
Survey Period 6/71 9/71 1/72 3/72 9171 1/72 3/72
No. of Animals 2 6 2 1 1 3 3

Percent Frequency

Vegetation
Fungus 50 34 50 0 0 33 0
Blackberries 50 0 0 0 0 0 0
Groundcherry 50 17 0 0 0 0 0
Sorghum 0 34 0 0 0 0 0
Lespedeza 0 100 100 a 0 33 33
Dicot leaf 0 17 0 0 0 66 0
Monocot leaf 0 0 50 o ........ 0 33 0
Unidentified 50 0 50 0 0 0 0

Animal
Insect parts 50 50 50 100 100 100 33
Insect eggs 0 a 0 0 0 33 0
Hair 50 34 50 100 0 0 33
Nematode 50 34 50 0 0 0 0

Misee 11 aneous
Sand 50 67 50 0 0 0 33
Paper 50 a 0 0 0 0 0

*Cotton rat ::: Sigmodon hispidus;
Cotton mouse ::: Peromy.:;cus ,g2ssyP i nus



Table 5.7.3 (Continued)

te t
Species J:lQyse Mouse,'t Harvest Mouse'~ Shrew~ Shrew,'t
Survey Period 6/71 9/71 1/72 3/72 3/72 3/72
No. of Animals 4 6 1 7 7 3

Vegetation
Foxta i 1 50 0 0 0 0 0
Fungus 50 34 100 0 0 0
Blackberries 0 0 0 0 0 0
Groundcherry 0 0 0 0 0 0
Sorghum 0 34 0 0 0 0
Lespedeza 0 17 0 0 14 0
Dicot leaf 0 0 0 0 0 0
Monocot leaf 0 0 0 0 0 0
Unidentified 25 17 100 0 14 11

Animal
Insect parts 50 83 100 86 57 33
Insect eggs 0 0 0 0 0 0
Hair 50 34 0 28 14 33
Nematode 50 17 0 0 0 0

Miscellaneous
Sand 0 0 100 0 29 0
Paper 0 0 0 0 0 0

*House mouse = Mus musculus;
Eastern harvest mouse = Reithrodontomys humulus;
Southeastern shrew = ~~longirostris;

Least shrew = Cryptotis parva



Table 5.7.4 Percent frequency of occurrence of stomach content items 
of small mammals from Study Site 3A.· 

Species Cotton Mouse", Shortta i 1 ShreW": Cot ton Rat", 
Survey Period 6/71 9/71 1/72 3/72 6/71 9/71 3/72 3/72 
No. of Animals 4 5 3 3 1 4 1 1 

Percent Frequency 

Vegetation 
Lcspcdeza 0 0 33 0 0 0 a 0 
Dicot leaf 0 20 33 0 0 0 0 0 
Endosperm 0 0 100 0 0 0 0 0 
Unidentified 50 20 6G 0 0 0 0 0 

Animal 
Insect parts 100 100 0 66 100 100 100 100 
Hair 50 0 66 0 100 0 0 a 
Nematode 0 0 0 0 0 25 0 0 

Miscellaneous 
Glass 0 0 0 33 0 0 ? 0 

,',Cotton mouse - Per~myscus ~ossypi ~~ 

Shorttail shrew = Blarina brelficauda 
Cotton ra t =: S i ~mod.on .!2.l~E.i dU5 
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Table 5.7.5 Percent frequency of stomach content items of small mammals from Study Site 4.

I

Species Cotton Mouse~~ I Golden Mouse* Shorttail Shrew* Pine Vole*
Survey Period 6/71 9/71 1/72 3172 6/71 9/71 9171 1/72
No. of Animals 3 4 1 I 2 1 1 1

Vegetation 1
Sorghum 0 25 0 0 0 0 0 0

I

Lespedeza 0 0 0 100 0 0 0 0
I

Unidentified 33 0 100 100 50 0 0 0

I
Animal

Insect 100 75 100 100 50 100 100 0
66 I

100Hair 25 0 0 0 0 0

I
I

*Cotton mouse = Peromyscus gossypinus
Golden Mouse = Ochrotomys nuttall i
Shortta i 1 shrew = Blarina brevi cauda
Pine vole = Microtus pinetorum



mammalian populations in the Broad River Study Area appear to be changes in the

vegetative community structure. These changes are brought about primarily by

natural succession and the influence of man. UtilizatIon of pine for pulp-

wood and lumber has had a strong influence on the development of soil and

vegetation on the Broad River Study Area.

A closed canopy of loblolly pine at Site lA has limited the

development of adequate cover and, subsequently, the food supply of small
~.

mammals. Site 4, in contrast)~has a more open canopy of primari ly pine that

has permitted the penetration of sunlight to the forest floor and encouraged

the development of a more diverse lower and middle strata that supplies cover

and food for small mammals. Despite suitable habitat the mammals are not

abundant at this site.

The foregoing discussion illustrates that the selective removal

of merchantable pine in the Broad River Study Area will cause changes in sun-

1ight availabil ity, soil moisture, and nutrient exchange resulting in an

increase in lower stata vegetation and, consequently, a change in animal

populations. It is recognized that such changes will be beneficial to some

animal species and yet detrimental to others.

Sites where deciduous trees comprised an important part of the

vegetation (18, 3A, and near G), differences in the vegetational community

structure were considerable. Moisture was one major cause of such differences.

The lack of cover for dens appeared to be the most critical

1imiting factor of medium-sized mammals at Site lB. The trees at the site

were not large, dbh ranging from 7.6 to 20.3 em (3 to 8 in). Large trees with

tree cavities that could be used by squirrels or raccoons were absent from

this site. As the stand matures, its value to the gray squirrel and raccoon

should increase.



5.7.4.2

Grasses and forbes formed a complete ground cover under an open

canopy near aquatic Transect G. Food was plentiful at Sites lB, 3A, and near

Transect G. Oaks, present at all three sites are considered to be one of the

most important food plants for wildl ife. Opossum, raccoon, rabbits, squirrels,

and deer are known to utilize parts of this tree (Martin, et al. 1951).

Site 2 was cultivated in 1967 and loblolly pine seedl ings were

planted. Grasses and forbes dominate the ground cover and provide protective

cover and food for small mammals. Shrubs are increasing in importance and

provide cover for medium-si~e mammals such as cottontail rabbits and browse

for rabbits and white-tailed deer.

Sma 11 Mamm_a.l POpIJ Iat ions

The diversltv of mammals within each of the study sites is, in

part, a function of the habitat requirements of each mammal. The diversity of

vegetation between Study Sites lA and 4, both predominately upland pine commu-

~ -~-----n-i-t-i-e-s-, -i-s-so-tf~iclellt-t 0 res LA j-t-j n a r. appa ren t----c11angeincn ve rsn y o-f sma 1-1

mammals. The lack of diversitv in the flora of Site lA is reflected by the

low diversity of small mammal species and by the few individuals collected.

Study Site 4 has a more diverse mammal population as a result of a

more open canopy and a greater diversity of herbaceous species. A few grasses,

lespedeza, and asteraceous plants, provide a more diverse vegetative food supply,

shelter, and a higher diversity of associated invertebrates.

Invertebrates represent a significant portion of the food items

observed in mammal stomachs. The frequency that a particular plant part or

animal is used as a diet item depends on the abundance of that plant part or

animal as well as the abundance of other palatable plant or animal species.

The availability of plant or animal species is seasonal and, therefore, their

utilization by the mammals is seasonal.



The food and shelter requirements of numerous mammal species

are satisfied by the diverse qual ities of the abandoned field habitat. Study

Site 2 has a high diversity of herbaceous vegetation and associated invertebrates,

both of which are Important food sources for the mammals collected.

Among the three forested study areas, the diversity of overstory

vegetation is greatest on Study Site 3A. This is due in part to a greater slope

and more moist condition; the site is often inundated by water.

Very little is known of the habitat or food requirements of the

southeastern shrew. This species inhabits a variety of conditions; moist areas

near swamps, woods, and open fields (Golley 1962; Gentry, Galley, and Smith_ 1968;

Gentry, Smith, and Chelton 1971). In a study by Gentry, Golley, and Smith (1971),

92 percent of southeastern shrews were trapped in a lowland hardwood swamp

habitat on the U.S. Atomic Energy Commlss1on 1 s Savannah River Project. South-

eastern shrews from the Broad River Study Area were collected in pit traps

near Study Site 2, the old field habitat.

The least shrew was slmllarily col lected in the old field (grass-

land) habitat. This shrew, commonly called the old field shrew, is most often

found in abandoned fields in an early stage of succession (Gol ley 1962;

Golley, et al. 1965).

The shorttail shrew occurs most frequently in moist, deciduous

woodlands (Gal ley 1962) such as Study Site 3A. It also has been collected in

old fields and upland hardwood habitats (Gentry, Galley, and Smith 1968).

The shrews are secondary or tertiary consumers feeding primarily

on a variety of insects.

The eastern harvest mouse is found in abandoned fields that are

in a late herbaceous stage of succession (Golley 1962). The harvest mouse was

only collected on Study Site 2, an old field (grassland).



The cotton mouse inhabits the moist river bottom woodlands that

are " ... often subject to periodic inundation by water" (Golley 1962). The

cotton mouse has also been collected in old fields, upland pine, and lowland

hardwood habitat (Golley, et al. 1965). Forty-four percent of all cotton mice

collected on the Broad River Study Area were from Site 3A, moist river bottom

woodlands. They were not restricted to this habitat, however,_ and were collected

on the four study areas where trapping occurred.

The cotton rat prefers abandoned fields or roadside areas with

a dense growth of vines, shrubs, or herbaceous vegetation that provides security

from predators (Golley 1962). It also occurs in upland and lowland hardwood

habitat (Golley, et al. 1965). Study Site 3A provided the optimum conditions

based on the collectioh of 11 out of 12 rats were from this site.

The pine vole is common in either pine or hardwood forests in

upland or lowland sites (Galley 1962). Only one specimen was collected from

~----St-l.lQy---S-i-t-e-4-wA-i-eA-i-s-rH"ecl0m+nat-e-l-y-an-up-l-sl'ld-p-i-ne-feres-t.-B-i-s-t-r--i-but-iel'l-ancl

abundance of the pine vole within the study area has yet to be determined.

The pine vole, cotton mouse, and cotton rat are omnivorous mammals feeding

on both animal and plant species.

The house mouse commonly occurs in old field communities

(Gentry 1966; Galley, et al. 1965; Ramsey and Briese 1971). This mouse was

collected from Study Site 2, the grassland.

The white-footed mouse occurs in or on the border of deciduous

woodlands. However, they are frequently trapped in grasslands and in areas

dominated by shrubby vegetation. A single individual was collected at Site 16

in November 1972.

The red bat is a migratory species which roosts in trees

(Golley 1962). They frequent small ponds where their principle food, insects,



congregate and drinking water is available.

Although the number of small mammals captured in each habitat

is not sufficient for statistical treatment to express differences and/or

similarities in abundance or diversity, comparisons can be made to the success

of other investigators in South Carol ina (Table 5.7.6). The relative abundance

of small mammals in old field habitat is quite variable between the Broad River

environs and the Savannah River Project. The relative abundance for the cotton

mouse, shorttail shrew, and the harvest mouse in old field habitat is very low

in the Broad River Study Area. The relative abundance of the cotton mouse and

shorttail shrew is similar between the two localities in the lowland hardwood

habitat. The relative abundance for cotton mice in upland pine habitat is higher

in the Broad River Study Area. The cotton rat was not collected in upland pine

habitat on either site.

According to Gentry, Smith, and Chelton (1971), all species trapped

in the Savannah River Project (USAEC) environs were not as abundant in the winter

(December to March) as in the summer (July to October). Gentry (1966) found

similar trends in the small mammal populations with peaks of abundance during

the fall. This trend was also observed among all the Broad River study sites.

Table 5.7.7 shows seasonal abundance of small mammals by habitat including the

number of specimens trapped per season and the percent of the total number of

small mammals collected on the study sites. An analysis of individual species

abundance by season was not possible in the Broad River Study Area because of

the low trapping yield including an absence of mammals in some areas during

some seasons.

Ecological changes, either man-made or through natural community

succession, may also be reflected by changes In small mammal body sizes. Body

measurement means and ranges are determined by the gene pool of the population,
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Table 5.7.6 Tra??ing success of small mammals bt habitat on the Broad River Study Area and Savannah River
Pioje~t (SR?), all seasons combined~ trapping success is one individual ror number of trap-
nights. I

Cotto;, 1-1o'J5e Gotton Rat Shortta i 1 Shreo,-J lola rves t NO:Jse
Hat>ftat A B C A 8 C A B C A B C,.

Old field 344 13,788 120 182 84 NS~~ 0 5,0401 0 222 J ,532 a
lov",] and

hardwoods 77 130 358 1, 080 234 NS* 180 0 137 0 0 0

Upland
hardwoods NS ;80 686 NS 660 NS ~S 0 474 NS 0 0,

Upland pine 166 630 NS 0 0 NS 1,020 0 NS 0 0 0

-.-_.=-

J

*Habitat not samplep
A ~ Broad Rivar Envrrons, B



Table 5.7.7 Seasonal abundance of small mammalslbY habitat during the first four sampling periods.

Pine Area Gr<ilss"land Low"natld deciduo'-lS Total
Season Area No. IA S 4 Percent Area N~. 2 Percent Area No. 3A Percent All Sites Percent

Summer 7 10 6 8 5 7 18 25
Fa 11 6 8 14 19 9 13 29 40
Winter 2 3 6 8 3 4 11 15
Spring _3_ 4 6 8 _5_ ..1_ 14 ..J.2.

Total 18 25 321 43 22 31 72 99



}
the level of nutrition attained by the population, plus other factors. No body

measurements of small mammals from the Broad River Study Area or from Fairfield

County have been recorded in the literature. However, the present study is

beginning to yield baseline data concerning body measurements of local populations

of small mammals.

The separation of sub-adult (sexually immature) from adult

(sexually mature) is necessary if the body measurement 'ranges and their mean

values are to be of value fer comparative purposes. However, the separation of

sub-adults from adults may be difficult. Table 5.7.8 lists the criteria' used

to separate these two groups. South Carolina and Georgia mammals apparently

tend to be smaller at the time of sexual maturity than Individuals of the same

species in more northern parts of their ranges (Golley 196i).

Any collected mammal which was larger in either body weight and/or

total length than the corresponding values in Table 5.7.8 was considered to be

~~----an-aclu-l-t:-.-Means-, -Fan9es,-anr.l-s-tandaFd-dev-iat-i0Fl-s-0f-b0d¥-mea~u~€ments-of-adu-Lt---------------

mammals are in Table 5.7.9. Sample sizes were not large enough to yield data

on sexual dimorphism, seasonal differences, or study site differences.

5.7.4.3 Medium-Sized Mammals

Although the major emphasis in the quarterly surveys was on small

mammal populations, evidence of medium-sized mammals was recorded. Gray squirrel,

gray fox, cottontail rabbit, raccoon, opossum, and skunk are present but they

do not represent a significant sport resource in the Broad River Study Area.

The low abundance of these mammals in the study area was verified by state

personne 1 (Wa 1ter Schrader, pers. comm).

One spotted skunk (Seilogale putorius) was caught during the

72 trapnights. The known range of this animal in South Carol ina was restricted

to the western edge of the state (Golley 1966). Its capture on Study Site 2



Table 5.7.8 Minimum body weight and/or total length of mammals considered to be adults.
I

Body Total
Species Common Name Weight,g Length,mm Source

Sorex longirostris
81arina brevicauda
Cryptotis parva

Reithrodontomys humulis

Peromyscus gossypinus
Ochrotomys nuttalli

Sigmodon hispidus

Microtus pinetorum

Mus musculus

Sylvilagus floridanus

Southeastern shrew
Shorttail shrew
Least Shrew

Eastern harvest mouse

Cotton mouse
Golden mouse

Cotton rat

Pine vole

House mouse

Eastern cottontail 1abbit

3.5
12.0
4.0
3.4

9.4
6.3
20.2

18~8

11.4
4].0
56.2

21.0
14.5
11.3
10.0
907.0

76
92
69
64
107

107
117
150

132
150
119
105
105
81

120
355

Burt and Grossenheider, 1964
Go 11 ey, 1962
Burt and Grossenheider, 1964
Go1ley, 1962
Hall and Kelson, 1959
Burt and Grossenheider, 1964
Go 11 ey, 1962
Go 11 ey, 1962
Ha 11 and Ke 1son, 1959
Burt and Grossenheider, 1964
Go 11 ey, 1962
Sealander and Walker, 1955
Go 11 ey, 1962
Hall and Kelson, 1959
Burt and Grossenheider, 1964
Go 11 ey, 1962
Burt and Grossenheider, 1964
Go 11 ey, 1962
Burt and Grossenheider, 1964
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I

Table 5.7.9 IBody measurements of adult mammals collected from study areas.
I

i Common Name of Adults
Measurement Southeastern Shortta il I Least Harvest Cotton Golden Cotton House

Stat ist ic Shrew Shrew Shrew Mouse Mouse l"louse Rat Mouse

No. of Individuals 7 61 3 8 26 3 12 9
Total length (mm)

Mean 82 93 70 118 160 166 227 164
Range 78-87 77-99 65-75 108-134 140-203 162-170 171-268 150-177
Std. Deviation 3.2 8.5 5.0 9.0 13 .5 4.0 53.0 9.0

Ta ill ength (mm)
Mean 32 18 13 53 67 76 90 79
Range 28-34 16-20 1]-15 50-59 50.,.79 69-80 67-125 75-83
Std. Deviation 2.3 1.4 2.0 3.5 6.6 6.4 17.0 2.5

length of Hind Foot (mm)
Mean 10 11 9.5 i5 20 (25)"d~ 18 28 18
Range 9-il ] 1 9-10 14-16 17-23 17-20 22-31 i6-]9
Std. Deviation 0.1} 0 0.6 1.0 1.8 1.5 2.7 0.9

Ear Length (mm)
Mean r

NW~ 4 10 16(24)h'~ 17 18(10)**12.3(8)**l)

Range 5-7 NM 3-5 11-14 12-20 17 14-22 10-13
Std. Deviation 0.7 -- 1.5 4.0 2.2 0 2.6 1.1

Body weight (g)
24Mean 3.5 10 l-f 8 18 77 21

Range 3-4 8-11 3.5-4.5 7-8.5 17-37 15-21 35-136 17-23
Std. Deviation 0.2 1.0 0.4 0.3 6.3 3. 1 32.0 2.1

I

Sex Ratio (M:F) 2.5 2oS(71*r* 2.0 1.6 1.2 (35) ,'dd~ 2.0 0.5 o.6(II)h·d~

,'~NM

,'d~ (l 0)
i~i~,'~ (7)

= Not measured
No. of animals used for mean

= No. of animals used for ratio



will extend its recorded range approximately 64 km (40 miles) eastward. The

spotted skunk has a home range of 65 ha (160 acres) or less and is omnivorous

(Burt and Grossenheider 1964). The spotted skunk is a secondary or tertiary

consumer eating any available small animal 1ife. During winter and spring it

depends largely on smaller mammals. The rest of the year, insects are its

most important food.

The lone raccoon trapped was an adult female weighing 7,747 g

(14.9 pounds) which was captured adjacent to aquatic Transect G. Raccoons are

omnivorous and mainly nocturnal. Golley (1966) stated that this animal occurs

abundantly throughout South Carolina. They den in hollow trees, rock crevices,

or ground burrows (Burt and Grossenheider 1964). Since there is an absence of

den-size trees near Transect G, it was presumed that raccoons were either ground

dwellers or lived elsewhere. RaccQons may range 3.2 km (2 ml1es) and have a

density of one per six hectares (15 acres) (considered high: Burt and

Grossenheider 1964). The absence of raccoon tracks and other signs along Frees

Creek, however, seem to indicate a low density.

The gray fox is a predator upon other small animals and, hence,

is a secondary and often a tertiary consumer.

The cottontail rabbit may be found throughout the Broad River

Study Area. The gray squirrel is found in the vicinity of hardwood forests,

principally oak and hickory (Golley 1962). The rabbit and squirrel are primary

consumers feeding on vegetation.

Opossum, omnivores found throughout South Carolina, are said

by Galley (1966) to be most abundant in the low tangled woodlands, characteristic

of stream bottoms. This preference was also noted by Llewellyn and Dale (1964).

Holmes and Sanderson (1965) estimated the opossum density in a

favorable habitat in Illinois as about 300 per square mile. Sanderson (1961)
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found the population along a large stream in Illinois to be 230-240 opossum per

square mile, as opposed to ten animals per square mile in cultivated land. The

computed opossum density along Frees Creek is undoubtedly underestimated. A

better estimate would involve sevetal more weeks of trapping data.

None of the recaptured opossum were caught in the same trap.

One opossu~ (tag no. IS 503-504) was recaptured twice. This juvenile male caught

first on 17 November was caught on 20 November in a trap 136 m (447 ft) from

the original capture site. The two others were recaptured in the nearest trap,

approximately 60.9 m (200 feet) from wh~re they were captured previously.

It is likely that mammals such as the cottontail rabbit, raccoon,

and opossum have a low density because of unfavorable habitat. The unaccounted

loss of these mammals to free roaming domestic dogs (Canis familaris) could also

be significant. Many of the people 1iving near the Broad River Study Area have

a pack of hounds.

~-----------5-.-7-.Ji.-4 La I"'ge Mamma 1 ~~u::.l~a~t~i:::o~o:::s:-- _

The white-tailed deer is presently not an abundant game mammal

on the Broad River Study Area. The frequency of white-tailed deer being seen

is increasing and may reflect an increase in deer in the study area. Suitable

habitat is increasing in the area. The white-tailed deer is associated with edge

where both shelter and browse are present. In the compact mature stands of

loblolly pine and deciduous hardwood communities, little middle and lower strata

vegetation occurs. Where the forests are partially open or selective cutting

has increased the size and number of openings among the trees, a mixture of

deciduous shrubs and sapl ings grow and provide both shelter and food. Important

deer foods of the southeast include oak, green briar, ferns, sumac, dogwood,

holly, and other woody shrubs, vines, and herbaceous vegetation.



5.7.4.5 Rare and Endangered Species

The subspecific identify, and hence the official status, of the

mountain I ion is uncertain. The Eastern Cougar, [. £. cougar, formerly thought

extinct, may have re-establ ished itself in this part of its former range, pre-

sumably from Canadian relict populations. Alternatively, the Florida panther,

f.£. coryi, which appears to have extended its range northward into Georgia

recently, may have come to range still farther north. The present distinction

of the Eastern cougar as extinct and of the Florida panther as endangered

(Bureau of Sport Fisheries and Wildl ife 1973) will presumably be clarified in

the next edition.

5.7.5 SUMMARY

Mammals form an important part of the energetics of the Broad

River Study Area. Changes in their abundance and distribution are indicators of

environmental changes. Small mammals are the easiest to sample, therefore, the

____~m~o~st_Ln_t_e1Ls_Lv_e_p_LO_g.r.am_was-cQtld.u.cLed_otl_tb.em_to.-de.s.cLi_b.e_tbeJ_L.-d_i_SLLLbut_i_oo.,_. ._.

diversity, and abundance.

Intensive qual itative small mammal investigations were conducted

on four primary sites during June 1971, September 1971, January 1972, and

March 1972. The diversity, abundance, and distribution of larger mammals were

qual itatively assessed on wildlife survey routes and during other field activities

during the same four sampl ing periods. A quantitative live trapping program was

conducted in'November 1972 for medium sized mammals on four study sites and

small mammals on one study site.

Ninety-six mammals of 14 species were collected by trapping on

six study sites durlng the five sampl ingperiods. An additional two species,

the gray squirrel and white-tailed deer, were observed on the study area.

Habitat and food are two important factors that influence the



abundance and diversity of mammals on each study site. Combining al I four

sampl ing periods, the highest diversity of small mammals was found in the

grassland (Study Site 2). Ground cover, and herbaceous vegetation, were more

abundant at this site than at the other three sites. 'The least diversity

~nd abundance of small mammals occurred In a relatively even aged, closed

canopy stand of loblolly pine (Site lA) with clustered pockets of herbaceous

vegetat ion ina few pIace::, vmere t.he canopy was open, The other two sites

produced intermediate results in the dlvers1ty and abundance of small mammals.

The cotton mouse was the most vJidely distributed as it was collected at all four

small mammal study sites. This mouse adapts to a variety of habitat conditions

and feeds on both vegetation and insects. in contrast, the Eastern harvest

mouse is primarily restricted to a grassland habitat in a late herbaceous stage

of succession and feeds on vegetation and insects.

Game mammals observed on the study area include; opossum, cotton

tai 1 rabbit,_g~y sauirrel, raccoon, spotted skunk, and the white-tailed deer.

The cottontail rabbit was observed In all habitat types, whereas the gray

squlrrel was observed primari iy near deciduous trees. The opossum and raccoon

were live~trapped among dense herbaceous vegetation adjacent to Frees Creek.

A spotted skunk was captured on the grassland site. Only the opossum was

captured in sufficient number to estimate a population density (one per 7.3

hal. This is considered to be an underestlmation of the population. The

opossum and raccoon are omnivores which is characteristic of environs undergoing

continuous change as a result of human activity.

More white-tailed deer were recorded on the study area during later

survey periods. This may be a result of an increase in lower and middle strata

vegetation following selective pine cutting.

The small and medium sized mammal trapping programs were dis-



continued because of the limited numbers of individuals of each representative

species. Statistical analysis would be most difficult to describe significant

changes subsequent to environmental changes from project construction and

operation. The investigations provide a baseline description of the mammals

inhabiting the Broad River Study Area.
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6.0 TERRESTRIAL ECOLOGY OF THE BROAD RIVER STUDY AREA

The Broad River Study Area is located in the Piedmont Region

and bordered on the south by the Coastal Plain. Vegetation of the area is

typical pine-hardwood of South Carolina. Prior to white settlement in 1752,

oak-hickory-pine forest prevailed which was apparently free of brushy under-

growth.

Continuous rotation~type farming since white settlement has

resulted in a change from the original mixed hardwood-pine forest to pine.

While oak-hickory forest would normally be cl imax for the area, routine

removals of trees, eroded topsoils, and recurrent fires have maintained stands

of pine.

Erosion has removed most of the topsoil from the Broad River

Study Area. The soils which currently exist have a very low nutrient status

and a pH of about 5.,. This pH level favors the growth of pine over other

_______________,~lant species. Erosion also has removed many of the traces of agriculture

since only low concentrations of DDT were found in the soils. Cotton was the

major cash crop during the period of extensive agriculture in the area and

DDT was the major insecticide used for cotton boll weevil control.

Succ~s5ion of plant communities in the Broad River Study Area--is in a continuous state of flux with clear-cutting and agriculture disrupting

the successional pattern. Plant succession of the area would normally proceed

from an abandoned field through a community of herbaceous annual weedy forbs

and grasses after one year. The community then becomes dominated by annuals

and perennials in the second year. A transition to perennial grasses with

pine seedl ings occurs between 3 and 10 years after abandonment. The next 10

years result in a closed canopy of loblolly pine at the expense of a well-

developed herbaceous community. The pine community will eventually give way

to a stable stand of hardwood trees dominated by white and red oak which will



last approximately 200 years. 

Three basic habitat types currently exist in the Broad River 

Study Area. The first is a transitional stage from perennial grasses to 

loblolly pine which is a result of clear-cutting and mechanical planting of 

pine. The second type is a loblolly pine community. The third type is 

basically mixed hardwood-pine with oaks and loblolly pine being the important 

species. 

The grassland type community was dominated by broomsedge and 

triple-awned grass while little bluestem occurred on more fertile soil. The 

vegetative cover provided habitat for millipedes, slugs, earthworms, and 

numerous predatory spiders and carabid beetles. The low stature of the vege-

tation created a microhabitat which reduced the dessicating power of the 

atmosphere. Thus, an environment existed in which soft-bodied invertebrates 

such as the slugs and earthworms could survive. 

The American toad and Fowler's toad were the only two herpeto-

faunal species observed in the grass lane ar~c. These toad species were 

probably feeding upon insects which inhabit the grassland area. 

Birds were more abundant in the grassland community than in any 

other community studied. Meadowlark, bobwhite quail, and field sparrows 

occupied this area during all seasons. insects and seeds as well as good 

cover probably attracted these birds to the area. Bobwhite feed mostly on 

seeds, however, during the first few weeks of I ife, the young feed on insects. 

Summer inhabitants of the grassland area include the barn 

swallow, prairie warbler, blue grosbeaks, indigo bunting and red-winged 

blackbird. The red-winged blackbird apparently~moved into the area during 

nesting. 

Birds of prey were not common over the grassland area. This was 

probably due to a low popUlation of prey species such as rodents and herpeto-
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fauna. Vultures were common throughout the Broad River Study Area but their

presence was probably due more to the number of roadkill dogs which occurred

in the area than any abundance of natural prey or carrion.

The grassland area supported the greatest population of rodents

with cotton rats and house mice being the most common species collected.

Insects and vegetation were important food items for these rodents. Lespedeza

was the most common food item found on examination of rodent stomachs.

The pine communities were dominated by loblolly pine which was an

important economic plant species within the Broad River Study Area and

consequently, the age of these pine communities varied considerably. Clear-

cutting and fire have resulted in the development of even-aged stands with

a poorly developed understory except in small open areas. Seedling to

marketable pine timber in this area require 35-50 years.

Plant litter resulting from pine needles was high in lignins and

resins which resist and inhibit decomposition of cellulose. The coniferous

forest soils were characterized by a well-defined unincorporated, compact

organic deposit resting on mineral soil. The layer was a result of slow

mineral ization and ho mixing with the mineral soil. The soil characteristics

support only 1imited populations of small soil organisms, most of which

live at the interface of the decaying organic layer and mineral surface.

The insect fauna were not well represented in the pine community.

Southern pine beetle infestations were observed in the study area, but were

of minor importance.

The Pickerel frog and fence lizard Were the only herpetofaunal

species observed in the pine forest. While these species are principally

aquatic, they do travel away from the aquatic .habitat during moist seasons.

Chickadees, kinglets, bluewinged warblers, and brown-headed



nuthatches were common bird species associated with pine communities. The

chickadee is a multi-habitat bird species which util izes the shrubs in the

pine understory. This species feeds upon insects and seeds. Most of the

other bird inhabitants of the pine community were insect eaters. Prairie

and pine warblers were summer breeders in .this area.

The understory of the pine commun"ity was poor habitat· for rodents

and other small mammals which require cover for protection. The most common

mammal species found was the cotton mouse. Golden mouse, shorttail shrew and

pine vole were captured in limited numbers. Sorghum and lesped~za were the

most common identified plant parts in rodent stomachs. The presence of

sorghum in the diet would indicate the rodents were going outside the area to

feed. Insect parts also were found in stomach analyses.

While hardwood forest would be climax vegetation for the area,

disturbances have kept the pine communities in a seral stage. Most of the

_______ ~pland hardwoods occurred as mixed hardwood-pine communities. Hardwoods

occurred in small scattered stands on the uplands and predominated on the

riverbottom. Important species in these communities included loblolly pine,

eastern red cedar, red maple, and several oak species.

Soils of the mixed hardwood-pine community have a better developed

humus layer than pine forest. Chemical composition of deciduous leaves allows

for faster decomposition and mineral ization of the leaf litter. Thus, the

1itter is incorporated with the mineral soil much faster.

While the 1itter layer and the plant species of the mixed hard-

wood-pine community were capable of supporting a more diverse population of

invertebrates, these populations were not well docume~ted for the Broad River

Study Area. Spiders were the most uniformly distributed insect species in

the area. The majority were found where vegetation was less dense.



The Pickerel ~rog and fence lizard and several turtle species were

found in the mixed hardwood-pine community. The fence lizard prefers logs and

trees for habitat. The Eastern box turtle, a terrestrial species, was an

omnivore in the area which feeds upon seeds, fruits, berries and carrion.

The bird population within the mixed hardwood-pine community

was dependent upon understory vegetation. The bobwhite quail occurred in
. ~

openings in the timber which had a well-developed herbaceous understory.

Other year-round residents included the Carolina wren which feeds on insects,

cardinals, and white-throated sparrows which are seed eaters. Summer residents

included the eastern wood pewee which is an insect eater.

The shorttail shrew, cotton m6use, and the cotton rat were the

most common mammal species in the mixed hardwood-pine community. Opossum and

raccoon were captured adjacent to aquatic habitats within these communities.

These two mammal species probably used the woods for cover during the day and

While small amounts of plant material were found, insects appeared

to be the most common food of small rodents captured in the mixed hardwood-

pine communities.

Red bats were collected around ponds adjacent to the mixed hard-

wood-pine community. This bat is a migratory species which roosts in trees

and frequents small ponds where insects congregate and water is available.

Migratory waterfowl utilize the Broad River and its tributaries

during the fall, winter and spring. The wood duck is of particular interest

because it is a major nesting duck in South Carolina. Wood ducks are abundant

during the fall and spring on the tributaries and embayments created by

Parr Reservoir. Breeding habitat for the wood duck appeared to be abundant

on the Broad River and its tributaries while good habitat for turkey exists



in the Broad River Study Area, this bird is not present in any abundance.

This species requires a mixture of grasslands, mature hardwood, and mixed

hardwood-pine. If clearing of trees occurs at the present rate, the carrying

capacity for turkey will decrease in this area.

Adequate habitat exists to support deer in the Broad River Study

Area. With proper management, the deer population can increase. The clearing

practices can playa major part in increasing the deer population.
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