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EXECUTIVE SUMMARY

1. The 1985 Savannah River ichthyoplankton sampling program ex-

tended from February through July and included 21 river tran-

sects, two intake canals, five oxbows, and the mouths of 17

tributaries between River Mile (RM) 89.3 and RM 187.1. River

transects, intake canals, and oxbows were sampled weekly.

Creeks were sampled weekly when conditions permitted. This

program was a continuation of monitoring begun during 1983

and employed the same sampling sites and methodologies except

for the elimination of all sample sites (3 river transects,

11 creek mouths, and one oxbow) below RM 89.3.

2. The oasic objective of this study was to assess spawning

activity and ichthyoplankton distribution upstream and down-

stream from the Savannah River Plant (SRP) in oroer to

evaluate the possible impact of existing and proposed thermal

discharges and the removal of river water for secondary

cooling of nuclear reactors. Special emphasis was placed on

evaluating ichthyoplankton production in Steel Creek due to

possible future impacts on this stream following the restart

of L-Reactor.

3. A total of 19,926 fish larvae and 15,749 fish eggs were col-

lected during 1985. As in previous years, the dominant group

was the Clupeidae (65% of all ichthyoplankton), which included

the anadromous blueback herring and American shad and the non-
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anadromous threadfin and gizzard shad. Other abundant taxa

were the sunfishes and spotted suckers. While important

during 1983 and 1984, crappie and minnows were comparatively

minor components of the ichthyoplankton during 1985.

4. The most abundant ichthyoplankton in Steel Creek were American

shad, blueoack herring, and darters. The high percentage and

number of American shad and blueback herring indicate that the

lower reaches of Steel Creek are a spawning area for these

anadromous species. American shad and blueback herring have

also oeen collected from Steel Creek during previous years,

although American shad were more abundant during 1985 than in

tne previous years of this study.

5. An estimated 5.2 million fish larvae and eggs were transported

from Steel Creek to the Savannah River during 1985. This was

more than was transported from any other creek in the study

area during 1985. Ichthyoplankton transport from all creeks

was much lower during 1985 than during 1984 or 1983, possibly

due to decreased creek discharges (79% lower during 1985 than

1984) and/or decreased spawning resulting from comparatively

low water levels.

6. Temperatures in the mouth of Four Mile Creek were as much as

20 C higher than in the other creeks, due to reactor

discharge. Ichthyoplankton were only collected from Four Mile
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Creek during several brief periods of reactor outage when

temperatures declined to near-ambient levels. These data

indicate that ichthyoplankton are largely absent from the

mouth of Four Mile Creek when the reactor is operating and

water temperatures are high, but that fish will rapidly move

into Four Mile Creek and begin spawning when the reactor shuts

down.

7. Beaver Dam Creek, the other thermally-impacted SRP creek

sampled during 1985, was approximately 1 - 8 0 C warmer than

most of the creeks in the study area. Ichthyoplankton

densities were unusually low in Beaver Dam Creek during May,

June, and July. Temperatures often exceeded 30 0 C during these

months.

8. Ichthyoplankton densities in the river were characterized by

pronounced temporal changes. Mean ichthyoplankton density for

the entire section of river under study was 0.3 organisms/1000

m3 in February, 18.2/1000 m3 in March, 156.6/1000 m3 in April,

139.4/1000 m3 in May, 42.9/1000 m3 in June, and 3.5/1000 m3 in

July. Statistical analysis indicated that most of the

variability in ichthyoplankton density observed in this study

was associated with sampling date, reflecting the influence of

seasonal changes in temperature and photoperiod on spawning

activity.
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9. Larval densities in the river were generally similar near

the top and bottom of the water column and across the

channel; exceptions occurred at several transects where

densities differed between banks. With the exception of RM

150.4, these differences were probably due to current

patterns or to localized aggregations of spawning fish in

favorable habitats.

10. At RM 150.4, larval densities were reduced near the South

Carolina bank, where temperatures were elevated by thermal

discharges from Four Mile Creek (RM 150.4). Reduced larval

densities at RM 150.4 were most prominent during April and

were due to decreases in the number of spotted sucker larvae;

other taxa were not affected. These decreases were localized

at RM 150.4 and not detectable farther downstream.

11. Unlike larval densities, egg densities were often greater near

the bottom than near the surface. In addition, they were of-

ten unevenly distributed across the river channel. These dis-

tribution patterns were probably due to localized spawning and

hydrological factors. The density of fish eggs was not re-

duced near the South Carolina bank at RM 150.4.
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12. There are three important anadromous species that spawn in

the Savannah River: American shad, striped bass, and blueback

herring. American shad were collectea in large numbers

throughout the river and were far more abundant during 1985

than during 1983 and 1984. Striped bass were about as

abundant during 1985 as during 1984, peaking in numbers near

the SRP. Maximum blueback herring densities occurred in the

upper portion of the study area during 1985 instead of in the

lower portion of the study area as in 1983 and 1984.

Blueback herring densities were fairly similar during 1984

and 1985, but during both years were low compared to 1983.

13. Two nonanadromous taxa, crappie and minnows, were much less

abundant during 1985 than during earlier years, possibly

because of unusually low river levels that eliminated

floodplain spawning sites for these species. Floodplain

spawning sites are not important for species such as American

shad and striped bass, which spawn in the river channel.

14. Spawning trends and ichthyoplankton densities in the five

oxbows sampled during 1985 were generally comparable to

those in the river. The only exception was an oxbow at RM

100.2 that consistently had much higher densities than the

river. Reasons for the apparent productivity of this oxbow

are unknown at present. Gizzard and threadfin shad were the

dominant ichthyoplankton in the oxbows.
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15. Diel collections from the Savannah River and intake canals

during March, April, May, and June indicated significantly

higher ichthyoplankton densities during the night than

during the day. While this pattern was also observed during

1982 and 1984, day - night differences were more consistent

during 1985. In 1983, the diel collections indicated higher

densities during the day, due to exceptionally large numbers

of threadfin and gizzard shad larvae.

16. On the basis of ichthyoplankton samples taken during daylight

hours, an estimated 26.0 x 106 ichthyoplankton (10.8 x 10 6

larvae and 15.1 x 106 eggs) were entrained during 1985. This

is approximately 12.1% of the total number of ichthyoplankton

that drifted past the SRP pumphouses.

17. Total ichthyoplankton entrainment during 1985 (26.0 x 106)

was fairly similar to that in 1977 (26.4 x 106) and 1984

(23.4 x 106), but less than that in 1982 (36.0 x 106) and

1983 (37.2 x 106).
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1.0 INTRODUCTION

The Savannah River watershed includes western South Carolina,

eastern Georgia, and a small portion of southwestern North Caro-

lina. It is formed by the confluence of the Tugaloo and Seneca

rivers in northeast Georgia and flows southeast through the Pied-

mont and Coastal Plain to the Atlantic Ocean. In its mid- and

lower reaches, it is broad with extensive floodplain swamps and

numerous tributaries. The substrate consists of various combi-

nations of silt, sand, and clay. The river is influenced by

dredging, sewage discharge, and industrial inputs, and water flow

is controlled by a system of reservoirs, locks, and dams.

In 1951, the Savannah River Plant (SRP) was established near

Aiken, South Carolina, to produce nuclear materials for national

defense. During the time period covered in this report, the SRP

was operating three nuclear reactors and a coal-fired power plant.

C- and K-Reactors are cooled by water pumped from the Savannah

River and returned to the river through Four Mile Creek or the Pen

Branch/Steel Creek system, respectively. Cooling water pumped

from the Savannah River for the power plant returns to the river

through Beaver Dam Creek. Thermal effluents discharged into these

creeks flow through a floodplain swamp before reentering the

Savannah River through breaks in a natural levee separating the

swamp from the river. P-Reactor utilizes a large, man-made

cooling pond on the upper reaches of Lower Three Runs Creek and

requires only make-up water from the Savannah River to replace

losses by seepage and evaporation. Prior to being placed on
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stand-by in 1968, L-Reactor discharged cooling water into Steel

Creek, which flows into the Savannah River near the southern

boundary of the SRP. The data presented in this report was

collected prior to the October 1985 re-start of L-Reactor.

The thermal plumes created in the Savannah River by SRP

effluents vary in size and temperature as a result of changes in

reactor operation, Savannah River water level, and season of the

year. When water levels are low, effluents from the thermal

creeks discharge directly into the river, producing plumes that

follow the South Carolina shore. Thermal infrared surveys taken

in August 1982 indicate that during midsummer the plume from Four

Mile Creek may be more than 100C above ambient at the egress from

the swamp (Bristow and Doak 1983), but that the plume dissipates

quickly, due to dilution by the much larger Savannah River. The

August infrared survey indicated that the temperature of the Four

Mile Creek plume had dropped to approximately 20 C above ambient at

400 m downstream of the discharge point. During colder months,

however, the 2 C isotherm extends farther downstream because of

the greater temperature difference between the creek and river

waters.

When water level in the Savannah River is high enough to

inundate the SRP floodplain swamp, there are no thermal plumes

discharged directly into the river. Under flood conditions, the

creeks discharge into the flooded swamp, and the water is
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channeled downstream along the upland bank of the swamp by the

river overflow. Dilution and cooling occur in the floodplain

swamp before the SRP effluent is discharged into the main channel

(Shines and Tinney 1983).

Because the Savannah River and its tributaries support a

variety of fishes, there is concern about the effects of SRP

thermal discharges on onsite and offsite fish populations.

Reproductive processes are the most likely aspect of fish life

histories to be disrupted by SRP activities, due to the

correlation of temperature with the initiation of spawning (Wrenn

1984; Nikolsky 1963) and the vulnerability of passively drifting

fish eggs and larvae (collectively termed ichthyoplankton) to

entrainment. Of particular interest are possible impacts on

anadromous fishes -- American shad, striped bass, and blueback

herring. -- which support recreational and commercial fisheries in

the Savannah River during their spawning migration from the

Atlantic Ocean. However, thermal blockage of upstream spawning

sites to migratory fishes does not occur (ECS 1983; Paller et al.

1984), since thermal plumes from tne SRP do not extend completely

across the river (NUS 1982).

Onsite spawning areas may be impacted by reactor operations.

Of particular interest are any effects on the spawning areas in

Steel Creek due to the re-start of L-Reactor. Steel Creek cur-

rently supports a diverse community of resident fishes, and its

lower reaches are used as a spawning area for several anadromous
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species (Paller et al. 1985). Previous studies indicate that

spawning sites, in Steel Creek contribute large numbers of ichthyo-

plankton to the Savannah River (Paller et al. 1984, 1985).

Previous ichthyoplankton studies in regions of the Savannah

River near the SRP were conducted by McFarlane et al. (1978) to

estimate entrainment at the SRP pumphouses. More extensive

studies were undertaken in 1982 by Environmental and Chemical

Sciences, Inc. (ECS) under contract to Savannah River Laboratory

(SRL) to assess both entrainment losses and spatial and temporal

ichthyoplankton distribution in the region of the SRP. These

studies were expanded during 1983 and 1984 to include a 157.5 mile

(253.4 km) section of the Savannah River and associated tribu-

taries upstream and downstream from the SRP (Paller et al. 1984).

Some of the more important findings of the 1983 and 1984 studies

were that

1. Most species (both anadromous and nonanadromous) spawning

near the SRP also had important spawning areas elsewhere

in the river,

2. There were no obvious changes in ichthyoplankton density

near the thermal creek mouths, suggesting no unusual mor-

tality of ichthyoplankton,
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3. Ichthyoplankton entrained at the SRP pumphouses

constituted approximately 9.3% and 8.3% of all

ichthyoplankton drifting past the SRP during 1983 and

1984, respectively,

4. Many creeks, especially those in the downstream half of

the study area, exported large amounts of ichthyoplankton

into the Savannah River, and

5. Steel Creek exported more ichthyoplankton to the Savannah

River than any other creek in the upstream half of the

study area.

Included in this report are the results of the 1985 Savannah

River ichthyoplankton monitoring program. The 1985 program was a

continuation of the 1983 and 1984 program and -- except for the

elimination of 3 river transects, 11 creek mouths and 1 oxbow from

the sampling program and the addition of one river transect to the

program -- incorporated the same sampling sites and methodologies.

The objectives of this study were

1. To determine the density and distribution of ichthy-

oplankton at designated locations in the Savannah River,

tributaries, and intake canals of the SRP between

RM 187.1 (the New Savannah Bluff Lock and Dam) and

RM 89.3 (below Buck Creek);
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2. To evaluate the river and creeks upstream, adjacent to,

and downstream of the SRP for their relative contribution

to the ichthyoplankton community of the Savannah River

system;

3. To provide data to evaluate the impact of the present and

proposed cooling water intake rates on fish eggs and

larvae;

4. To provide data to evaluate the impact of existing and

proposed thermal discharges to the river;.and

5. To provide information on the magnitude of yearly vari-

ations in ichthyoplankton density and abundance in the

mid- and lower reaches of the Savannah River and its

tributaries.

The results section of this report is subdivided into

Ichthyoplankton Distribution, Entrainment, and Diurnal Studies.

Ichthyoplankton Distribution discusses the abundance, time of

occurrence, and spatial distribution of ichthyoplankton in the

Savannah River, tributaries, and associated river oxbows.

Entrainment reports the estimation of ichthyoplankton losses

caused by water withdrawal at the SRP intake structures and

aspects of ichthyoplankton distribution in the intake canals and

nearby river transects that affect these losses. Diurnal Studies
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presents the results of special sampling efforts designed to

assess the magnitude of fluctuations in ichthyoplankton density in

the Savannah River over a 24 h period.

1-7



2.0 METHODS AND MATERIALS

2.1 SAMPLING STATION LOCATIONS

Twenty-one transects across the river, 2 intake canals, 5

river oxbows, and 17 creeks were included in the 1985

ichthyoplankton sampling program. All sample stations were

identical to those sampled during 1984 except for the deletion of

eight creeks, one river oxbow, and three river transects and the

addition of one river transect at RM 145.7 to more closely monitor

ichthyoplankton densities near the SRP. In addition, three creeks

scheduled for sampling during 1985 (Lower Boggy Gut, RM 141.3;

High, RM 171.6, and Pine, RM 180.1) could not be sampled because

of low water. The study area was located between RM 89.3 and

187.1, from just below Buck Creek to just below the New Savannah

Bluff Lock and Dam (Figure 2-1). This distance represents a

decrease from 1984, when the study area included an additional

59.7 miles of river (from RM 29.6 - 89.3). All river, creek, and

oxbow sample stations eliminated during 1985 were in the reach

between RM 29.6 and 89.3.

For descriptive purposes, the river was divided into three

sections: tne upper farfield, upstream of the SRP and including

three river transects between RM 166.6 and 187.1; the nearfield,

adjacent to the SRP and including 14 transects and two intake

canals between RM 128.9 and 157.3; and the lower farfield,

downstream of the SRP and including 10 transects between RM 89.3
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Figure 2-1. Map of the Savannah River showing the location of the
Savannah River Plant, lower farfield, nearfield, and
upper farfield sections of the river. February -
July 1985.
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and 120.0 (Table 2-1). Transects in the upper farfield and lower

farfield were situated at approximate 10-mile intervals, while

transects in the nearfield were more closely spaced to monitor

phenomena associated with SRP activity. Creek sample stations

were located in all three river study sections, with 6 in the

upper farfield, 7 in the nearfield, and 4 in the lower farfield

(Table 2-1). There were two oxbows in the upper farfield, two in

the nearfield, and one in the lower farfield.

Each of the river transects was sampled near the South

Carolina shore, mid-river, and near the Georgia shore. The intake

canal stations were sampled near both shores and in mid-canal.

Creeks and oxbows were sampled only in mid-channel, within 20 m of

their mouths. If water depth exceeded two meters, both surface

and bottom samples were taken. All samples were taken in

duplicate.

2.2 SAMPLING SCHEDULES

The 1985 collecting protocol consisted of sampling all

stations weekly from early February 1985 through July 1985,

although there were weeks when some of the creeks could not be

sampled because high river levels reversed their flow (i.e., from

the river into the creeks) or because low water precluded effec-

tive sampling. Since ichthyoplankton abundance can vary within a

short time frame (ECS 1982), all nearfield ichthyoplankton collec-

tions were taken on the same day to reduce the potential variation

of ichithyoplankton densities between sample dates. Because of the
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Table 2-1. Sampling station locations for the Savannah River
ichthyoplankton monitoring program. February - July
1985.

River Mile Sampling station location

River transect

187.1
176.0
166.6

157.3
157.0
155.4
155.2
152.2
152.0
150.8
150.4
145.7
141.7
141.5
137.7
129.1
128.9

Upper Farfield
River transect above Savannah River Plant

-River transect above Savannah River Plant
River transect above Savannah River Plant

Nearfield
Above IG canal
Below IG canal
Above 3G canal
Below 5G pumphouse
Above Beaver Dam Creek
Below Beaver Dam Creek
Above Four Mile Creek
Below Four Mile Creek
Recovery transect below Four Mile Creek
Above Steel Creek
Below Steel Creel
Recovery transect below Steel Creek
Above Lower Three Runs Creek
Below Lower Three Runs Creek

120.0
110.0

97.5
89.3

Creek transect183.3
180.1
176.1
171.6
164.2
162.2
157.2
152.1
150.6
141.6
141.3
133.5
129.0

Lower Farfield
River transect below Savannah
River transect below Savannah
River transect below Savannah
River transect below Savannah

Spirit Creek
Pine Creek
Hollow Creek
High Bank Creek
McBean Creek
Upper Boggy Gut
Upper Three Runs Creeka
Beaver Dam Creel
Four Mile Cheek
Steel Creek
Lower Boggy Gut
Sweetwater Creek
Lower Three Runs Creek

River Plant
River Plant
River Plant
River Plant

aLocated on the Savannah River Plant.
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Table 2-1. (continued). Sampling station locations for the Sa-
vannah River ichthyoplankton monitoring program. Feb-
ruary - July 1985.

River Mile Sampling station location

Creek transect
126.5
109.0

97.6
92.6

Intake transect
157.1
155.3

Oxbows
183.0
167.4
156.7
153.2
100.2

Smith Lake Creek
The Gaul
Briar Creek
Buck Creek

IG Canala
3G Canala

Fritz Cut
Unnamed
Unnamed
Unnamed
Miller's Old Lake

aLocated on the Savannah River Plant.
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distances involved, upper farfield and lower farfield areas of the

river could not be sampled on* the same day, but were sampled

within two days of the nearfield sampling.

In March, April, May, and June, regular ichthyoplankton col-

lections were supplemented by 24 h samplings at RM 157.3, 157.1,

157.0, 155.4, 155.3, and 155.2 to obtain data on potential diel

variation in ichthyoplankton abundance near the SRP cooling water

intakes. The diel samples were collected every 6 h, with collec-

tion times falling between 0600-1200, 1200-1800, 1800-2400, 2400-

0600 h. A 5 min sampling period enabled collections to be made at

all transects within the allotted 6 h period and provided two day

and two night samples for each location.

To obtain further information on diel variations in ichthyo-

plankton density, collections were made twice daily at RM 141.7 on

11 dates in April, May, June, and July, with the first sample col-

lected in the morning and the second sample collected in the after-

noon. This procedure, done weekly from April - July in conjuction

with regular sampling, was conducted to help explain ichthyoplank-

ton density peaks observed in the region of RM 141.7 during 1983

and 1984 that may have been time related.

2.3. FIELD PROCEDURES

Ichthyoplankton collections were made with two 0.5 m diameter

505p mesh plankton nets mounted side by side in a common frame. In

the river, samples were usually taken by suspending the nets in the

current from an anchored boat. Each conical net was fitted with a
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one-liter plastic bottle to hold the concentrated volume of organ-

isms and detritus filtered from the water. The bottle was labeled

with the sampling location, depth, date, and replicate number. The

label was also coded to the field data book, where additional in-

formation about the collecting conditions was recorded. A General

Oceanics Model 2030 digital flow meter was placed in the center of

the mouth of each net to record the volume of water filtered for

each sample. Low speed impellers were used at current velocities

under 0.3 m/s, and high speed impellers were used at higher current

velocities. The collecting duration was timed so that approx-

imately 50 m3 of water were filtered for each sample. For surface

collections, the center of the nets was maintained approximately

0.5 m below the surface. For bottom samples, the nets were

weighted so that a sample was taken approximately 0.5 m above the

substrate.

In the intake canals, the current velocity was too low (< 0.]

m/s) for an adequate sample to be collected from an anchored boat.

Instead, samples were collected by towing the nets for approximate-

ly three-fourths the length of the canal. The length of the tow

was adjusted so that approximately 50 m3 of water was filtered. In

general, the velocity through the net was maintained at less than

1 m/s. Parallel surface tows were made close to each bank and down

the center of the canal, and a bottom collection was made down the

center of the canal. Bottom collections were not made along the

sides of the canal, because the water was too shallow and the bot-

tom topography too variable.
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Creeks and oxbows with adequate flow were sampled by set net.

Others, with low flow rates, were sampled by towing the net. A

few creeks were blocked by fallen trees and could only be sampled

by setting the nets for a long period of time. Creeks and oxbows

deeper than 2 m were sampled at surface and bottom whenever pos-

sible.

At the end of each collecting period, the nets were retrieved

and rinsed to flush the contents into the collecting bottles.

Enough concentrated buffered (pH 7) formalin was added to the

bottles to bring the formalin concentration to approximately 5%.

Each bottle was then sealed and stored for return to the labo-

ratory. The formalin contained 0.2 g/L Eosin red and 0.2 g/L

Biebrich scarlet stains to color the organisms for easier sepa-

ration from detritus.

2.4 PHYSICAL AND CHEMICAL DATA COLLECTION PROCEDURES

Measurements of surface pH, conductivity, dissolved oxygen,

temperature, flow velocity, and alkalinity were made at each tran-

sect concurrently with each ichthyoplankton sample.

2.4.1 Water Temperature

Water temperature was measured with a Hydrolab Model VI, a

Horiba Model U7, a YSI Model 33 S-C-T Meter, or a YSI Model 54

Oxygen Meter. Surface temperatures were measured at all sample

sites, and bottom temperatures were measured where bottom ichthyo-
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plankton samples were taken. Although the instrument used varied

during the project, each was periodically checked against an NBS

calibrated mercury thermometer, and all data are considered

comparable.

2.4.2 Water Flow Velocity

Water current velocity was measured with a General Oceanics

Model 2030 current meter or a General Oceanics remote reading flow

meter. When the Model 2030 was used, the meter was suspended about

0.5 m from the surface for 100 s. When the remote reading model

was used, the sensor was lowered to approximately 0.5 m below the

surface and the velocity was read directly from the meter control

box. Low speed impellers were used at current velocities under 0.3

m/s. High speed impellers were used at higher current velocities.

Velocities were calculated utilizing calibration constants supplied

by General Oceanics. Meter accuracy was periodically checked by

comparisons with factory-calibrated flowmeters. Current velocity

was measured in the center and ear each bank in both the river and

the creeks.

2.4.3 Alkalinity

Alkalinity determinations were made in the laboratory on sub-

surface samples packed in ice in the field and kept on ice until

processed. Sample volumes of 200 ml were titrated with 0.02 N

H2 SO 4 to a pH of 4.3 to 4.7; the acid volume and exact pH were

recorded; additional acid was added to lwer the pH exactly 0.3

units; and the final acid volume recorded (APHA, 1980; Method 403

for low alkalinity sample). An Orion Model 407 A Specific Ion
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Meter and a Beckman combination electrode were used for the

titrations. The meter system was standardized in buffers of pH 7

and pH 4 before use.

2.4.4 Dissolved Oxygen

Dissolved oxygen was measured with a Hydrolab Model VI or a

Horiba Model U7. Measurements were taken by lowering the sonde to

approximately 0.5 m below the surface, starting the circulating

motor, and recording the readings after a minimum delay of 5 min.

Instruments were calibrated at the beginning of each day by sub-

merging them in air-saturated water.

2.4.5 pH

Both the Hydrolab and Horiba water quality monitors had pH

functions that permitted direct measurement of water pH in the

field. The pH systems of both monitors were calibrated in the

laboratory prior to each day's use, following the procedures given

by the instrument's manufacturer. The pH was measured

approximately 0.5 m below the surface.

2.4.6 Specific Conductance

Specific conductance was measured with a Hydrolab Model VI or

a YSI Model 33 S-C-T Meter. Performance of the instrument was

checked daily with KCl solutions. The specific conductance

measurement system on the Horiba Model U7 was ineffective because

of the low conductance values in the Savannah River.
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2.4.7 Creek Morphometry

The cross-sectional area of each creek was measured at the

location where ichthyoplankton samples were taken. Data from each

creek included depths at 4 to 10 equally spaced intervals on a

transect across the creek, width of the creek at the water line,

width of the creek at the top of the banks, and bank height (i.e.,

height from water line to top of banks). These data were used to

generate a cross-sectional depth profile of each creek. Maximum

depth measurements at each creek mouth were taken with each

ichthyoplankton sample. The maximum-depth readings were used to

adjust the depth profiles to changes in water level. The cross-

sectional area of each creek on each sample date was calculated by

taking the average depth between each pair of depth readings,

multiplying the average depth times the distance (m) between the

depth readings, and summing the areas calculated across the creek.

Calculated cross-sectional areas were multiplied by mean current

velocity to determine the discharge (m3/s) from each creek on each

sample date. Mean current velocity was calculated from current

readings taken at three equally spaced intervals across each creek

and at near-top and near-bottom locations (when depth exceeded 2

m) or at mid-depth (when depth was less than 2 m).

2.5 LABORATORY PROCEDURES

Immediately after the samples were returned to the labora-

tory, they were logged and checked against the field data book to

ensure that the collection was complete. Before a sample was
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processed, formalin was removed by placing the sample in a

505 11 mesh strainer and rinsing the retained material several

times with water.

Fish eggs and larvae were sorted from the detritus, using a

stereo microscope, and placed in ethanol solution. An alcohol-

proof label identifying the sample and the sorter was maintained

with the sample at all times. After analysis, the organisms from

each sample were permanently stored. The detritus was either

saved for the quality assurance checks or discarded (Paller et

al. 1984). All data were recorded on bench sheets, which were

maintained in a central file as part of the overall quality assur-

ance program.

2.6 TAXONOMIC PROCEDURES

Ichthyoplankton samples were examined under a stereomicro-

scope and identified to the lowest practical taxon,. using

taxonomic keys by Geen et al. (1966), Mansuetti and Hardy (1967),

Hogue et al. (1976), Jones et al. (1978), and Wang and Kernehan

(1979). Identifications of particularly difficult or important

taxa, such as the shortnose sturgeon, the perch/darter complex,

and some less well-known sunfishes, were verified by Darrel E.

Snyder of the Larval Fish Laboratory at Colorado State University.

Nomenclature throughout this report follows Robins et al. (1980).

Blueback herring (Alosa aestivalis) and threadfin or gizzard

shad (Dorosoma spp.) larvae are easily distinguished while they
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have yolk sacs, but are difficult to differentiate after the yolk

sack has been absorbed or if the specimen has been damaged. When

possible, these larvae were identified to genus or species; when

positive identification was impossible, they were categorized as

unidentified clupeids. "Unidentified clupeids" also includes small

numbers of other clupeid species. Numerous species of the minnow

family (Cyprinidae) occur in the Savannah River. These fishes are

difficult to differentiate even as adults, and the larval forms of

many species have not been described. For this study, the only

taxonomic distinction made within this group was to place carp (Cy-

prinus carpio) greater than 6 mm in length into a separage cate-

gory. The category "unidentified larvae" generally included all-

larvae too damaged to identify reliably.

All fish eggs collected were assigned to one of the following

categories: American shad (Alosa sapidissima), blueback herring

(Alosa aestivalis), striped bass (Morone saxatilis), yellow perch

(Perca flavescens), darter (Percidae), threadfin or gizzard shad

(Dorosoma spp.), minnow (Cyprinidae), or "others." More refined

identifications were not attempted because of the difficulty in

differentiating the eggs of most species.

2.7 STATISTICAL PROCEDURES

Densities of fish eggs and larvae were calculated by dividing

the number of larvae and eggs captured in each net by the volume

of water filtered through the net. The resulting number was mul-
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tiplied by 1000 to give ichthyoplankton density as number of organ-

isms/1000 n3. Ichthyoplankton densities were compared between

transects, locations across the channel, and location in the water

column, using analysis of variance (general linear model procedure,

SAS 1982), Scheffe's tests, and t-tests. In addition to these

tests, Pearson Product Moment correlation coefficients were calcu-

lated between mean monthly ichthyoplankton density and mean monthly

temperature.

Prior to statistical testing, the distribution of ichthyo-

plankton densities was evaluated using Taylor's Power Law (Greene

1979). The results. of the evaluation indicated that means and

variances were correlated and that a log transformation was needed

to meet the assumption of analysis of variance for homogeneity of

variance. The constant used in this transformation was +10 (i.e.,

X'= logl 0 (x = 10) rather than the more commonly used 0.5 (Sokal

and Rohlf 1981), since it produced a closer approximation to the

normal distribution (William Feller, E. I. du Pont de Nemours sta-

tistician, personal communication).

While log-transformed data was employed in all statistical

tests used in this report, arithmetic means are generally pre-

sented in the texts and tables. The decision to use arithmetic

means as the basic measure of central tendency was. based on

several considerations. First, the sample arithmetic mean is an

unbiased estimator of the population mean even when the

distribution is non-normal (Gilbert 1983). Second, when sample
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size is large, as is the case for many of the comparisons made in

this study, the sample mean is approximately normally distributed

regardless of the form of the underlying distribution (i.e., cen-

tral limit theorem; Sokal and Rohlf 1981). Third, one value of the

geometric mean, another commonly used measure of central tendency,

can be influenced by sample size (Gilbert 1983). Fourth, arith-

metic means are commonly used in studies of ichthyoplankton; hence,

the use of arithmetic means in this study facilitates comparisons

with prior work. Fifth, most readers are familiar with arithmetic

mean; thus, the use of arithmetic means should make this document

more understandable to an expected readership of diverse back-

ground. There are several places in the following pages where sta-

tistical results are best understood when other measures of central

tendency are presented along with the arithmetic mean. in such

cases both measures are presented.

Further evaluation of test designs will be provided at appro-

priate places in the report. The general approach used in statis-

tical testing has been to employ a variety of tests to assess dif-

ferent aspects of ichthyoplankton distribution at different levels

of resolution. This strategy is intended both to detect the pre-

sence of anomalies in distribution and to provide some perspective

on the relative magnitude and importance of these anomalies.
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2.8 TRANSPORT CALCULATIONS

The number of ichthyoplankton transported from each creek in-

to the river on each sample date was calculated by multiplying

ichthyoplankton density (no./m ) times creek discharge (m 3/s).

The cumulative number transported from each creek over the entire

February - July sample period was calculated by a numerical inte-

gration technique that consisted of averaging ichthyoplankton

transport (no./s) between each pair of consecutive sample dates,

multiplying the mean by the time (s) between collection dates, and

summing the values for all intervals.

The number of ichthyoplankton transported past each river

transect (no./s) on each sample date was calculated by multiplying

ichthyoplankton density at that transect (no./m 3) times river dis-

charge (m 3/s) on the same date as measured at the nearest USGS

gauging station. Discharges recorded at Augusta, GA (RM. 187.4),

were used when calculating transport at RM 187.1 through 176.0;

discharges recorded at Jackson, SC (RM 156.8), were used when

calculating transport at RM 166.6 through 141.5; and discharges

recorded at Highway 301 (RM 119.7) were used when calculating

transport at RM 137.7 - 89.3. The total number of icnthyoplankton

transported past each river transect over the entire February -

July sample period was calculated as described for the creeks.

Program listings for all computer-generated analyses are presented

in Appendix 1.

2-16



The transport values presented in this paper should be re-

garded as rough approximations, since detailed hydrological models

are unavailaole for the Savannah River and its tributary creeks,

since ichthyoplankton sampling was conducted only once a week and

since icnthyoplankton data typically exhibit high variability as

they did in this study. The primary function of tne transport

values is to provide a common basis for evaluating the number of

ichthyoplankton contributed to the river by a variety of creeks

that differ in size and discharge by several orders of magnitude.

A second and related function is to provide a common basis for

comparing the amount of ichthyoplankton transported into the river

from the creeks with the amount already present in the river.

Both of these issues must be considered in determining the

relative importance of Steel Creek as a spawning area; however,

neither can be answered using ichthyoplankton-density information

alone.
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3.0 RESULTS AND DISCUSSION

3.1 ICHTHYOPLANKTON DISTRIBUTION

The abundance of ichthyoplankton is one measure of the

reproductive success of fishes, and dense concentrations of ich-

thyoplankton may indicate important spawning areas. In addition,

ichthyoplankton are particularly vulnerable to certain types of

environmental impact, especially those involving water withdrawals

(Hocutt et al. 1980). For these and related reasons, ichthyo-

plankton monitoring is often included in environmental studies

such as those that have been done on the Connecticut River

(Merriman and Thorpe 1976), the Missouri River (Hesse et al.

1982), and the Susquehanna River (Lathrop 1982). The present

study includes a 97.8-mile reach of the Savannah River between

river miles (RM) 89.3 and 187.1, 17 Savannah River tributaries, 5

river oxbows, and 2 intake canals. The report's primary emphasis

is to describe and interpret aspects of ichthyoplankton abundance

and distribution with particular reference to phenomena that might

stem from SRP operations or that might be affected by future SRP

operations. Special emphasis has been placed on evaluating ich-

thyoplankton production in Steel Creek because of possible impacts

on this stream following the re-start of L-Reactor.
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A total of 19,926 fish larvae and 15,749 fish eggs were col-

lected from the Savannah River, Savannah River oxbows, Savannah

River tributaries, and SRP intake canals (Table 3-1; Appendix 2).

The dominant larvae were gizzard and/or threadfin shad (35.5%),

sunfish (unidentified sunfish and Lepomis spp.; 13.2%),

unidentified clupeids (12.7%), spotted sucker (10.7%), carp (5.6%)

and blueback herring (5.4%). The dominant eggs were those of the

American shad (73.0%) and striped bass (7.2%). Both American shad

and striped bass produce drifting eggs that have a higher

probability of capture by ichthyoplankton nets than the adhesive

and/or demersal eggs of most other species.

3.1.1 Creek Ichthyoplankton

3.1.1.1 Ichthyoplankton Densities in Savannah River Tributary

Creeks

This section is subdivided into a general treatment of

ichthyoplankton abundance in all tributaries (3.1.1.1), a dis-

cussion of ichthyoplankton transport from creeks into the river

(3.1.1.2), and a detailed examination of ichthyoplankton abundance

in the creeks on the SRP (3.1.1.3).

The 14 creeks sampled during 1985 (Table 3-2) ranged from

small intermittent streams to major tributaries. The mean Febru-

ary - July discharge of the creeks varied from 0.0 m3 Is at Buck

Creek, The Gaul, and Upper Boggy Gut Creek to 15.1 m3 /sec at Briar

Creek (Table 3-3). Discharge from most of the creeks was highly

variable. The average discharge of the 14 creeks sampled during
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Table 3-1. Ichthyoplankton taxa collected from the Savannah
River, tributaries, oxbows, and the Savannah River
Plant intake canals. The study area was between RM
89.3 and 187.1 and included 22 river transects, 2 in-
take canals, the mouths of 14 tributary creeks, and 5
oxbows. February - July 1985.

Taxa -Number Percent

Larvae
sturgeon 6 <0.1
gar 1 <0.1
unid. Clupeidae 2522 12.7
blueback herring 1076 5.4
American shad 361 1.8
gizzard and/or threadfin shad 7070 35.5
mudminnow 1 <0.1
pickerel 8 0.1
needlefish 2 <0.1
minnow (family Cyprinidae) 856 4.3
carp 1109 5.6
unid. suckers ill 0.6
spotted sucker 2142 10.7
catfish and/or bullhead 3 <0.1
swampfish 1 <0.1
pirate perch 17 0.1
topminnow 4 <0.1
mosquitofish 7 <0.1
brook silverside 144 0.7
striped bass 134 0.7
unid. sunfish 298 1.5
sunfish (Lepomis) 2337 11.7
crappie 373 1.9
darter 675 3.4
yellow perch 387 1.9
unid. larvae 281 1.4

Totals 19,926 100.0

blueback herring 491 3.1
American shad 11,494 73.0
gizzard and/or threadfin shad 339 2.2
minnow 39 0.2
striped bass 1132 7.2
yellow perch 48 0.3
other eggs 2206 14.0

Totals 15,749 100.0

NOTE: RIVICI and RIVIC2 were used to compute the data presented in
the table.
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Table 3-2. Chemical parameters (mean and range) in the mouths of selected Savannah River tributaries. February - July 1985.

Dissolved Number of
oxygen Conductivity Alkalinity dates

Creek (RM) Tsi perature(°C) (mag/) ( M S/am) b (nMaWO3 /L) pH sampled

Buck (92.6) 19.2 ( 6.3 - 28.2) 5.9 1 3.0 - 9.2) 157.7 (67.0 - 260.0) 47.3 ( 6.3 - 74.5) 6.7 ( 4.7 - 8.3) 23
Briar (97.6) 19.3 ( 5.2 - 30.5) 7.1 ( 5.2 - 9.4) 95.4 (51.0 - 134.0) 23.3 ( 5.8 - 29.0) 6.6 ( 5.2 - 7.9) 26
The Gaul (109.0) 10.9 ( 4.0 - 17.8) 5.9 ( 5.5 - 6.5) 69.6 (63.0 - 78.0) 13.0 ( 8.3 - 17.0) 4.9 ( 3.9 - 6.2) 3
Smith Lake (126.5) a 17.6 ( 6.0 - 27.0) 6.1 ( 3.5 - 9.7) 93.5 (28.0 - 178.0) 31.9 (15.8 - 52.8) 6.5 ( 3.7 - 8.6) 26
Lower Three Runs (129.0) 18.3 ( 8.0 - 26.1) 7.2 ( 5.4 - 9.7) 93.9 (64.0 - 124.0) 33.6 (20.5 - 43.0) 6.4 1 4.1 - 7.3) 23
Sweetwater (133.5) 17.1 ( 7.0 - 25.3) 6.1 ( 4.6 - 10.5) 66.0 (33.0 - 84.0) 19.0 (13.0 - 24.3) 6.3 ( 4.2 - 7.3) 20
Steel (141.6) 19.1 ( 6.0 - 27.0) 6.5 2.7 - 10.4) 80.6 (34.0 - 108.0) 18.7 ( 8.0 - 23.5) 6.2 ( 4.2 - 7.3) 26
Four Mile (150.6) 32.7 (11.0 - 40.5) 5.6 ( 3.6 - 8.3) 79.2 (42.0 - 94.0) 14.0 ( 9.3 - 22.7) 6.6 ( 5.7 - 7.5) 25
Beaver Dam (152.1) 25.7 (15.5 - 33.0) 5.4 ( 4.0 - 7.2) 88.5 (24.0 - 125.0) 16.3 (11.8 - 18.5) 6.4 ( 4.9 - 7.6) 25
Uppe, Three Runs (157.2) 17.0 ( 8.0 - 24.9) 7.3 ( 5.2 - 9.3) 23.8 (17.0 - 61.0)b 3.5 ( 1.0 - 6.0) 6.3 4 5.2 - 7.6) 25
Upper Boggy Gut (162.2) 8.0 ( 8.0 - 8.0) 6.9 ( 6.8 - 6.9) 56.0 (40.0 - 72.0) 16.0 (16.0 16.0) 6.1 ( 6.0 - 6.1) 1
McBean (164.2) 19.1 ( 6.5 - 28.1) 6.7 ( 3.6 - 9.6) 53.9 (45.0 - 66.0) 17.9 (11.0 - 21.3) 6.6 ( 4.7 - 9.3) 24
Hollow (176.1) 18.1 ( 6.6 - 26.2) 7.2 (3.1 - 10.2) 18.3 (11.0 - 80.0) 3.9 ( 0.3 -39.0) 6.1 ( 4.8- 9.0) 26
Spirit (183.3) 18.9 ( 6.0 - 28.0) 6.6 ( 4.4 - 10.6) 45.7 (29.0 - 64.0) 5.6 ( 2.3 - 18.3) 6.2 ( 5.0 - 8.3) 26

NOTE: RIVIC16 was used to compute the data presented in this table.

%aUnderscores indicate creeks draining the SRP.
bEquivalent to umho used in eaxlier reports.
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Table 3-3. Discharge and current in Savannah River tributaries.
February - July 1985.

Mean Mean
discharge current

Dates (5ange) (range) Widtg
Creek (RM) sampleda m /sec m/sec (m)

Buck (92.6) 23 0.0(0.0- 0.0) 0.0(0.0-0.0) 23
Briar (97.6) 26 15.1(0.7-125.8) 0.3(0.1-0.9) 28
The Gaul (109.0) 3 0.0(0.0- 0.0) 0.0(0.0-0.0) 5
Smith Lake (126.5) 26 3.7(0.0- 50.0) 0.1(0.0-0.7) 30
Lower Three Runs (129.0) 23 1.2(0.0- 3.1) 0.1(0.0-0.4) 16
Sweetwater (133.5) 20 1.2(0.0- 2.8) <0.1(0.0-0.4) 17
Steel (141.6) 26 8.5(0.9- 29.3) 0.3(0.1-0.5) 26
Four Mile (150.6) 25 1.2(0.0- 4.3) 0.2(0.0-0.4) 9
Beaver Dam (152.1) 25 3.8(0.0- 11.9) 0.4(0.0-0.8) 12
Upper Three Runs (157.2) 25 2.8(0.0- 16.8) 0.1(0.0-0.4) 28
Upper Boggy Gut (162.2) 1 0.0(0.0- 0.0) 0.0(0.0-0.0) 9
McBean (164.2) 24 1.3(0.0- 3.1) 0.2(0.0-0.4) 11
Hollow (176.1) 26 2.4(0.6- 7.2) 0.2(0.1-0.5) 13
Spirit (183.3) 26 1.5(0.5- 4.8) 0.2(0.1-0.3) 9

aSome creeks were not sampled consistently because high water levels
reversed their direction of flow or because low water precluded
effective sampling. Mean discharges and flow rates were calculated

bonly from dates on which samples were taken.
Width at low water.
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3 31985 was 3.1 m /sec compared to 10.5 m /sec during 1984 and

21.3 m3/sec during 1983 for the same 14 creeks (Paller et al.

1984, 1985).

The mean temperature in the non-thermal creeks (i.e., all

creeks except Four Mile and Beaver Dam) varied from 8.0 to 19.3 0 C

(Table 3-2). The low mean temperatures recorded for Upper Boggy

Gut (80C) and The Gaul (10.90C) were due to the fact that these

streams were sampled only during February. The mean temperature

in Four Mile Creek was 32.7 C, 13-16 C above the average temper-

ature in most of the other creeksý. The mean temperature in Beaver

Dam Creek was 25.7 0 C, 7-90C above the average temperature in most

of the other creeks. The average oxygen concentration remained

above 5.0 mg/L (the minimum level recommended by the EPA [19761

for a desirable fish community) in all streams, although lower

concentrations were observed on isolated dates in nine streams.

A total of 1511 larvae and 539 eggs were collected from all

creeks combined during 1985 (Table 3-4). The greatest numbers of

ichthyoplankton were from Smith Lake Creek (716), followed by Buck

Creek (314) and Steel Creek (250). Most of the fish eggs

collected from SRP creeks during 1985 were from Steel Creek, Four

Mile Creek, and Beaver Dam Creek. The eggs collected from Four

Mile Creek and Beaver Dam Creek could not be definitely

identified. Almost all of the eggs taken from Four Mile Creek

were collected on May 7, when C-Reactor was down and temperatures

were moderate (26.80C; Figure 3-1), indicating that fish move into
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Table 3-4. Ichthyoplankton abundanoe in Savannah River tributaries located bebmen
M4 99.3 and 187.1. February - July 1985.

Total
ichthyo--

Mean No. Standard plankton
disfhrge dates Mean density deviation . transported

Creek (1M) (im /sec) sampled Larvae Eggs Taxa (no./000 mi (no./,00,n} (millions)

Buck ( 92.6) 0.0 23 314 0 8 129.7 220.4 0.0
Briar ( 97.6) 15.1 26 82 12 10 21.0 41.7 2.2
The Gaul (109.0) 0.0 3 1 0 1 11.5 28.1 0.0
Smith take (126.5) 3.7 26 714 2 11 212.0 300.7 0.2
Lower Three Runs (129.0) 1.2 23 67 8 7 28.4 36.8 0.5
sweptter 1133.5) 1.2 20 7 0 4 6.1 16.7 0.0
Steel (141.6) 8.5 26 71 179 8 53.0 162.0 5.2
Four Mile (150.6) 1.2 25 6 113 4 37.3 164.4 0.7
Beaver Dam (152.1) 3.8 25 17 136 9 44.0 192.9 4.3
Upper Three Runs (157.2) 2.8 25 73 18 8 41.3 62.5 1.0
Upper Boggy Gut (162.2) 0.0 1 0 0 0 0.0 0.0 0.0
Me9ean (164.2) 1.3 24 39 9 7 28.7 75.1 0.5
Hollow (176.1) 2.4 26 111 32 6 48.3 70.5 2.1
Spirit (183.3) 1.5 26 9 30 6 69.7 398.5 0.7

Total 1511 539

NOTE: RIVIC18 and CRKPORT was used to compute the data presented in this table.
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this creek and spawn when temperatures are suitable. The eggs

collected from Steel Creek were primarily those of American shad

(44.1%) and blueback herring (35.8%, Table 3-5). Steel Creek also

produced large numbers of blueback herring eggs in 1984 (61;

Paller et al. 1985) and 1983 (95; Paller et al. 1984), indicating

that it is a regular spawning area for this species.

Mean ichthyoplankton density in the creeks sampled during

1985 ranged from 0.0 organisms/1000 m3 in Upper Boggy Gut to 212.0

organisms/1000 m3  in Smith Lake Creek (Table 3-4). Steel Creek

had the fourth-highest mean density (53.0/1000 m3 ). This is less

than the mean density recorded in Steel Creek in 1983

(123.0/1000 m3 ) or 1984 (172.5/1000 m3 ; Paller et al. 1984; 1985).

The average density for all creeks sampled during. 1985 was

52.2/1000 m3 . This was less than during 1983

(110.3/1000 m3 ) and similar to 1984 (66.2/1000 m3 ; both, values

adjusted to include only creeks upstream of RM 89.3). The

differences observed could be related to differences in spawning

success or creek discharge. Creek discharge averaged 21.3 m3 /sec

in 1983, 10.5 m3/sec in 1984 (values for creeks upstream of

RM 89.3) and 3.1 m3/sec in 1985. Reduced discharge could result

in fewer larvae being carried from sheltered creek backwaters and

swamps to the main creek channels where all sampling occurred.

Average monthly ichthyoplankton densities for 1985 were

higher in the creeks than in the river during March and July

(Figure 3-2). Mean densities during March and July were
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Table 3-5. Percent abundance of eggs collected from Steel Creek, Four
Mile Creek, and Beaver Dam Creek. February -'July 1985.

Steel Creek Four Mile Creek Beaver Dam Creek
Taxa (RM 141.6) (RM 150.6) (RM 152.1)

blueback herring 35.8 1.8 22.8
American shad 44.1 0.0 1.5
yellow perch 2.8 0.0 0.7
other eggs 17.3 98.2 75.0

Total percent 100.0 100.0 100.0
Total number 179 113 136

NOTE: RIVICl was used to compute the data presented in this table.
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55.7/1000 m 3 and 42.8/1000 m 3, respectively, in the creeks and

18.3/1000 m3 and 3.6/1000 mi3, respectively, in the river. The

relatively high mean density in the creeks during March was due to

an abundance of American shad, darters, blueback herring and other

species, which may have spawned earlier in the creeks because of

slightly higher temperatures (Figure 3-2). The relatively high

mean density in the creeks during July was due primarily to

sunfish spawning. Some sunfish species spawn throughout the

summmer (Pflieger 1975). Except for March and July, river

densities were higher than creek densities, due primarily to an

abundance of American shad ichthyoplankton. While sometimes

spawning in the lower reaches of tributary creeks, American shad

often deposit their eggs in and near the main channel of large

rivers (Jones et al. 1978; Leggett 1976). Taxa that used the

creeks most during 1985 were bluebacki herring (19.3%), sunfish

(13.2%), American shad (13.0%) and darters (12.1%). In contrast,

American shad (50.7%) was the dominant taxon in the river (Figure

3-2; Table 3-6).

3.1.1.2 Ichthyoplankton Transport from Creeks into the

Savannah River

The estimated total number of ichthyoplankton transported

from creeks to the river during February - July 1985 ranged from

approximately 0.0 in Buck Creek, The Gaul, Sweetwater, and Upper

Boggy Gut to 5.2 million in Steel Creek (Table 3-4). The sampled

creeks with the greatest transport during 1985 were Steel (5.2

million), Beaver Dam (4.3 million), Briar (2.2 million), and

Hollow (2.1 million). While Beaver Dam Creek transported nearly
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Table 3-6. Percent abundance and average density (no./1000 m3 ) of fish larvae and eggs col-
lected from the Savannah River, tributaries, oxbows, and the Savannah River Plant
intake canals. February - July 1985.

Rivera Creeksb oxbowsc Intake Canalsd
Percent Percent Percent Percent

Taxa Abundance Density Abundance Density Abundance Density Abundance Density

sturgeon <0.1 <0.1 0.0 0.0 0.0 0.0 0.0 0.0
gar 0.0 0.0 0.0 0.0 0.0 0.0 0.2 (0.1
unid. Clupeidae 3.3 2.0 8.3 4.1 14.9 65.5 10.1 2.7
blueback herring 2.2 1.4 19.3 10.6 6.2 27.6 3.5 1.0
American shad 50.7 30.5 13.0 6.8 0.7 3.4 1.7 0.5
gizzard and/or

threadfin shad 9.9 6.0 8.2 4.3 47.4 221.6 18.5 5.0
mudminnow 0.0 0.0 <0.1 <0.1 0.0 0.0 0.0 0.0
pickerel <0.1 <0.1 0.2 0.1 0.0 0.0 0.2 <0.1
needlefish <0.1 <0.1 0.0 0.0 0.0 0.0 0.0 0.0
minnow (Cyprinidae) 3.7 2.2 1.2 0.5 <0.1 0.1 3.1 0.8
carp 4.6 2.9 0.0 0.0 <0.1 0.2 9.1 2.3
unid. sucker 0.4 0.3 0.5 0.4 0.0 0.0 0.3 0.1
spotted sucker 8.1 4.9 2.8 5.3 <0.1 0.2 41.7 10.8
catfish and/or

bullhead <0.1 <0.1 <0.1 (0.1 0.0 0.0 0.0 0.0
swampfish <0.1 <0.1 0.0 0.0 0.0 0.0 0.0 0.0
pirate perch 0.1 <0.1 0.0 0.0 0.0 0.0 0.0 0.0
topminnow <0.1 <0.1 <0.1 <0.1 <0.1 0.1 0.0 0.0
mosquitofish <0.1 <0.1 0.0 0.0 <0.1 0.2 0.0 0.0
brook silverside 0.1 <0.1 5.1 2.5 0.2 0.6 0.4 0.1
striped bass 5.4 3.3 0.1 <0.1 0.1 0.2 5.6 0.9
unid. sunfish 0.3 0.2 1.8 0.9 1.8 8.8 0.3 0.1
sunfish (Lom~is) 0.7 0.4 11.4 5.8 18.9 87.7 0.2 <0.1
crappie 0.3 0.2 0.9 0.5 2.8 14.5 0.5 0.1
darter 0.7 0.4 12.1 6.9 2.5 11.5 3.0 0.8
yellow perch 0.2 0.1 0.8 0.4 3.6 18.4 0.0 0.0
unid. larvae 9.2 4.6 14.3 8.8 1.0 4.8 1.8 0.5

Totals 99.9 59.6 100.0 58.0 100.1 465.4 100.2 25.9

Number larvae and
eggs collected 22,698 2050 10,322 605

NCTE: RIVIC2, RIVICIO, and RIVICDE were used to compute the data presented in this table.

a a•nty-one transects between RM 89.3 and 187.1.Mouths of 14 tributary creeks.
.Fve oxbows.
dIG (RM 157.1) and 3G (RM 155.3) intake canals.



as much ichthyoplankton into the Savannah River as did Steel Creek,

approximately 88% of the ichthyoplankton from Beaver Dam Creek con-

sisted of nonbuoyant demersal eggs, possibly of blueback herring,

minnows, suckers, and/or sunfish. % The eggs of these species are

not adapted for a pelagic existence and probably exhibit poor sur-

vival when scoured-from their place of deposition. While the ich-

thyoplankton from Steel Creek also consisted largely of eggs (72%),

approximately 44% of these eggs were those of American shad, a spe-

cies whose eggs are well adapted for pelagic transport in river

currents (Jones et al. 1978; Leggett 1976).

With the exception of Hollow Creek, all creeks with high

transport numbers had greater than average discharges (Table 3-4).

This factor, rather than high ichthyoplankton densities, was prima-

rily responsible for the high transport numbers. Conversely, cer-

tain creeks, such as Buck Creek, had high densities but low trans-

port numbers because of their low discharge.

One method of evaluating the contribution of each creek to

the river is to compare its ichthyoplankton transport with the

number of ichthyoplankton transported in the river. Cumulative

transport from Steel Creek (RM 141.6) was 5.2 million, compared

with 212.8 million at the river transect just above Steel Creek

(RM 141.7; Table 3-7). Thus, the ichthyoplankton transported from

Steel Creek increased river ichthyoplankton levels ny approximate-
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Table 3-7. Cumulative number of ichthyoplankton trans-
ported past transects in the Savannah River and
from the mouths of selected Savannah River
tributaries during the period from February -

July 1985.

Location Cumulative transport
(River Mile) (millions)

River transecta

97.5
110.0
120.0
128.9
129.1
137.7
141.5
141.7
145.7
150.4
150.8
152.0
152.2
155.2
155.4
157.0
157.3
166.6
176.0
187.1

Creek transect

121.8
154.8
141.2
167.4
143.5
145.9
129.9
212.8
224.2
115.6

80.5
76.0
93.0

144.4
132.6
119.4
210.7
370.1
169.9
141.1

Buck Creek (92.6)
Briar Creek (97.6)
The Gaul (109.0)
Smith Lake Creek (126.5)
Lower Three Runs Creek (129.0)
Sweetwater Creek (133.5)
Steel Creek (141.6)
Four Mile Creek (150.6)
Beaver Dam Creek (152.1)
Upper Three Runs Creek (157.2)
Upper Boggy Gut Creek (162.2)
McBean Creek (164.2)
Hollow Creek (176.1)
Spirit Creek (183.3)

0.0
2.2
0.0
0.2
0.5
0.0
5.2
0.7
4.3
1.0
0.0
0.5
2.1
0.7

NOTE: RIVTRA3 and CRKPORT were used to compute the data

a presented in this table.
Transport at the river transects is based on discharge
data taken at RM 119.7, RM 156.8, and RM 187.4. Discharge
was calculated individually for each creek.
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ly 2%. Most other creeks made smaller contributions than Steel

Creek, indicating that all creeks made minimal contributions to

the river ichthyoplankton assemblage during 1985. During 1984, in

contrast, ichthyoplankton transported from large creeks such as

Briar, increased river ichthyoplankton levels by as much as

approximately 70% (Paller et al. 1985). Steel Creek transport

raised river ichthyoplankton levels by an estimated 13% during

1984. In general, creek-to-river transport during 1985 was very

low in comparison with previous years. Mean transport from the

creeks sampled during all three years (i.e., those above RM 89.3)

was 53.4 million during 1983, 17.8 million during 1984, and 1.2

million during 1985. Steel Creek transport dropped from 77.2

million during 1983 (Paller et al. 1984) to 53 million during 1984

(Paller et al. 1985) to 5.2 million during 1985. Mean discharges

from these creeks were 21.3 m 3/s in 1983, 10.5 m 3/s in 1984, and

33.1 m /s in 1985 (Table 3-8).

Reduced creek-to-river transport during 1985 was a function

of aecreased discharge and possibly of decreased spawning (Table

3-8). Decreased discharge would tend to result in larvae

remaining in the creeks rather than being passively transported

into the river. In addition, the relatively low larval densities

observed in the creeks during 1985 may be an indication of

decreased spawning. Water levels were low during the 1985

spawning season. Many species spawn most successfully when flood

waters inundate terrestrial areas, thus producing more spawning

habitat (i.e., flooded terrestrial vegetation) and providing more
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Table 3-8. Mean February - July discharge (m3 /s) and density
(no./1000 m ) in Savannah River tributaries sampled
during 1983, 1984, and 1985.

Creeks (RM)

Buck (92.6)

Briar (97.6)

The Gaul (109.0)

Smith Lake (126.5)

Lower Three Runs (129.0)

Sweetwater (133.5)

Steel (141.6)

Four Mile (150.6)

Beaver Dam (152.1)

Upper Three Runs (157.2)

Upper Boggy Gut (162.2)

McBean (164.2)

Hollow (176.1)

Spirit (183.3)

1983
Dis Den

'28.1 383

86.4 140

6.7 75

48.5 90

2.7 187

33.4 51

26.2 123

4.1 50

8.3 74

15.8 25

9.5 43

5.1 93

14.5 53

8.6 157

1984
Dis Den

1985
Dis Den

3.3

62.4

2.2

24.3

1.0

9.1

16.3

3.0

2.1

9.2

5.8

2.1

2.7

2.8

69

158

83

51

14

18

173

46

40

25

5

23

45

113

0.0

15.1

0.0

3.7

1.2

1.2

8.5

1.2

3.8

2.8

0.0

1.3

2.4

1.5

130

21

12

212

28

6

53

37

44

41

0

29

48

70

Mean 21.3 110 10.5 62 3.1 52
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shelter and greater food supplies (i.e., zooplankton blooms) for

larval fish (Martin et al. 1981; Krykhtin 1975).

While creek-to-river transport was highly variable between

years, Steel Creek consistently demonstrated high transport in

relation to the otner creeks in the upper half of the study area.

Steel Creek was the fourth most productive creek (in terms of

transport number) above RM 89.3 in 1983, the second most

productive in 1984, and the most productive in 1985. Relatively

high ichthyoplankton transport from Steel Creek during three years

with dissimilar river hydrologic patterns strengthens the

contention that this creek is an important spawning area.

Calculation of the transport of ichthyoplankton from the

creeks to the river can provide a useful indication of the contri-

bution of various creeks to total river icnthyoplankton. However,

the significance of the calculated transport values of ichthyo-

plankton from any creek should be interpreted cautiously for

several reasons. First, because of the variability in ichthyo-

plankton densities and the difficulties in determining river and

creek discharges, transport numbers should be regarded as approxi-

mations only. Second, the most important function of the creeks

for resident fish populations may be to serve as nursery areas

rather than as spawning areas. As nursery areas, the creeks may

provide habitat where larval fishes can grow to less vulnerable

sizes before entering the river. Last, it is difficult to
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evaluate the significance of a localized 8 - 10%' increase or

decrease in ichthyoplankton on a river fish community because

biological communities are able to compensate for population

losses and because density-dependent mortality increases with

abundance (Odum 1971; Goodyear 1980).

3.1.1.3 Ichthyoplankton Abundance in Selected SRP Creeks

The major SRP streams that discharge directly into the Savan-

nah River are Lower Three Runs Creek (RM 129.0), Steel Creek (RM

141.6), Four Mile Creek (RM 150.6), Beaver Dam Creek (RM 152.1),

and Upper Three Runs Creek (RM 157.2; Figure 3-3). Steel Creek

received thermal effluent for 14 years until discharge ceased 18

years ago. During the four years of this study, it has been re-

covering from the impact of the heated discharge. The upper reach

of Steel Creek carries natural runoff and ambient temperature pro-

cess effluents from P-Reactor. Under normal water conditions, the

lower reach of the creek drains a large portion of the SRP river

floodplain swamp. Pen Branch carries thermal discharge from K-Re-

actor and joins Steel Creek upstream from the sample station after

flowing through approximately 7 km of swamp. By the time Pen

Branch water reaches the Steel Creek swamp, it has cooled consi-

derably, although the water temperature can still be slightly

above ambient under flood conditions (Shines and Tinney 1983).

Therefore, water at the Steel Creek confluence with the Savannah

River, where the ichthyoplankton samples were collected, is a com-

bination of natural drainage from Steel Creek, process effluents
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Figure 3-3. Map of the Savannah River Plant showing the location of Savannah
River tributary creeks.
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from P-Reactor, and ambient or near-ambient temperature reactor

cooling water from Pen Branch.

Four Mile Creek and Beaver Dam Creek receive heated effluents

from C-Reactor and the coal-fired power station in D-Area, respec-

tively (Figure 3-3). Four Mile Creek is the hotter of the two

streams (Table 3-2; Ashley et al. 1984). Both creeks receive some

natural swamp drainage in their lower reaches before discharging

into the Savannah River. In addition, some discharge from Four

Mile Creek flows into the lower reaches of Beaver Dam Creek when

water levels are low. During river flooding, both creeks can flow

through the onsite swamp and enter the SR south of Steel Creek.

Lower Three Runs Creek and Upper Three Runs Creek are located

at the southeast and northwest boundaries of the SRP, respectively

(Figure 3-3). Upper Three Runs Creek is the only major SRP stream

that is not thermally impacted. Lower Three Runs does not receive

thermal effluent directly, but receives overflow from Par Pond, a

cooling reservoir for P-Reactor.

The impacts of cooling water effluents on fish spawning habi-

tats in the creeks on the SRP was an important consideration of

this study. Of particular concern were potential impacts on

spawning areas in Steel Creek that would result from the re-start

of L-Reactor. This report section presents an evaluation of the

importance of the major creeks on the SRP as spawning areas within

the Savannah River drainage by comparing their ichthyoplankton
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density, taxonomic composition, time of ichthyoplankton

appearance, and number of ichthyoplankton transported into the

river to other Savannah River tributaries. While these were

important measures of the value of each creek as a spawning area,

they did not take into account larval mortality or the importance

of each creek as a nursery area for juvenile fish.

Steel Creek - Ichthyoplankton (primarily darters) were first

collected from Steel Creek in early February (Figure 3-4). Den-

sities increased steadily throughout February and March, rising to

a peak of 587.5 organisms/1000 m3  in early April. This peak

strongly influenced mean density and total transport values in

Steel Creek (Table 3-4). Densities subsequently fell to approxi-

mately 37.7/1000 m3 in late April, peaked again briefly in May,

then declined during the rest of the study period. By late July,

3densities had dropped below 10/1000 m3, indicating that most of

the spawning in Steel Creek during 1985 was over.

The taxonomic composition of the ichthyoplankton from Steel

Creek differed somewhat from the ichthyoplankton composition of

the other creeks. Steel Creek had the highest percentage of

blueback herring (27.2%) and American shad (33.2%) of any creek

sampled during 1985 (Tables 3-9, 3-10, and 3-11). The only other

creek with nearly comparable percentages of these species was Buck

Creek (26.1% blueback herring and 30.3% American shad). Beaver

Dam Creek had a fairly high percentage of blueback herring (20.3%)

but few American shad (1.3%), as did Spirit Creek (25.6% blueback
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Figure 3-4. Mean ichthyoplankton density (no./1000 m3 ) and
temperature ( 0C) of Steek Creek and other nonthermal
(all creeks except Four Mile Creek and Beaver Dam*
Creek) Savannah River tributary creeks (RIVIC13).
February - July 1985.
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Table 3-9. Percent composition of ichthyoplankton in the nearfield creeks of
the Savannah River (RM). February - July 1985.

Lower Sweet- Four Beaver Upper
Three Runs water Steel Mile Dam Three Runs

Creek Creek Creek Creek Creek Creek
Taxa (129.0) (133.5) (141.6) (150.6) (152.1) (157.2)

gar ..- -.
unid. Clupeidae a 1.3 - 1.6 - - -
blueback herringa 8.0 - 27.2 1.7 20.3 12.1
American shada - - 33.2 - 1.3 6.6
gizzard and/or

threadfin shada - - - 2.2
pickerel )a - - - 0.7 -

minnow (Cyprinidae 1.3 - 4.0 - 2.6 1.1
carp - - - - -

unid. sucker 6.7 - 0.4 - - 5.5
spotted sucker 1.3 14.3 1.2 - - 44.0
catfish and/or

bullhead - - - - 0.7 -

pirate perch .- - -

topminnow - - - - 0.7
brook silverside - - 0.4 0.8 - -

striped bassa - - - - -

unid. sunfish 20.0 14.3 3.6 - 0.7 2.2
sunfish (Lepomis) - 14.3 1.2 1.7 1.3 -
crappie 6.7 - - 0.8 - 1.1
darter 41.3 28.6 12.0 - 2.0 14.3
yellow perch 4.0 28.6 2.0 - 2.6 -
unid. larvae 4.0 - 0.8 1.7 0.7 -

other eggs 5.3 - 12.4 93.3 66.7 11.0

Total percent 99.9 100.1 100.0 100.0 100.3 100.1

Total larvae
and eggs 75 7 250 119 153 91

Number of
sample dates 23 20 26 25 25 25

NOTE: RIVIC10 was used to compute the data presented in this table.

aThese categories include larvae and eggs. Other categories include
larvae.

only
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Table 3-10. Percent abundance of ichthyoplankton in the lower
farfield creeks of the Savannah River (RM).
February - July 1985.

Smith
Buck Briar The Lake
Creek Creek Gaul Creek

Taxa (92.6) (97.6) (109.0) (126.5)

gar - - - -
unid. Clupeidae 12.4 11.7 - 16.1
blueback herringa 26.1 10.6 - 19.8
American shada 30.3 3.2 - 8.7
gizzard and/or

threadfin shada 2.2 2.1 - 18.7
mudminnow - - - 0.1
pickerel - 1.1 - 0.3
minnow (Cyprinidae)a 0.3 4.3 - -

carp - - - -

unid. sucker - - - -

spotted sucker - 4.3 - 0.1
catfish and/or

bullhead - - - -

pirate perch ....
topminnow ....
brook silverside 1.9 1.1 - 12.4
striped bassa - 2.1 - -
unid. sunfish 0.3 5.3 - 0.3
unid. sunfish (Lepomis) 23.2 2.1 - 20.7
largemouth bass .- -

crappie - - - 1.5
darter 1.3 41.5 - 0.6
yellow percha 0.3 - - 0.1
unid. larvae 1.6 1.1 100.0 0.5
other eggs - 9.6 - -

Total percent 99.9 100.1 100.0 99.9

Total larvae
and eggs 314 94 1 716

Number of
sample dates 23 26 3 26

NOTE: RIVIC10 was used to compute the data presented in this
table.

aThese categories include larvae and eggs. Other categories in-

clude only larvae.
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Table 3-11. Percent abundance of icithyoplankton in the upper
farfield creeks of the Savannah River (RM).
February - July 1985.

McBean Hollow Spirit
Taxa (164.2) (176.1) (183.3)

gar
unid. Clupeidae - -
blueback herringa 20.8 16.8 25.6
American shada 16.7 4.9 -
gizzard and/or

threadfin shada 2.1 2.8 46.2
mudminnow - - -
pickerel a..
minnow (Cyprinidae)a 4.2 2.6
carp -
unid. sucker - -
spotted sucker 2.1 10.3
catfish and/or

bullhead - -
pirate perch
topminnow - -
brook silverside 4.2 7.7
striped bassa - -
unid. sunfish -
sunfish (Lepomis) 4.2
crappie - - -
darter 45.8 69.2 2.6
yellow percha - 1.4 -
unid. larvae 2.1 2.1 -
other eggs - 0.7 5.1

Total percent 100.1 100.0 100.1

Total larvae
and eggs 48 143 39

Number of
sample dates 24 26 26

NOTE:

aThese

clude

RIVIC10 was used to compute the data presented in this
table.
categories include larvae and eggs. Other categories in-

only larvae.
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herring, 0.0% American shad). The collection of large numbers of

blueback herring from Steel Creek during 1985 is consistent with

the findings from 1983 and 1984. More blueback herring were

collected from Steel Creek than from any other creek in the

nearfield or upper farfield (Paller et al. 1984, 1985). American

shad, however, were collected in much greater numbers during 1985

(83) than during 1983 (20) or 1984 (19).

Four Mile Creek - Ichthyoplankton were first collected from

Four Mile Creek in mid-February (Figure 3-1). However, densities

3
were low (under 10 ichthyoplankton/1000 m ) until March 19, when

densities briefly peaked at 63.2/1000 m3 . This peak was associ-

ated with a temporary drop in temperature to approximately 11 C,

due to a brief C-Reactor shut down. When C-Reactor began

operating again, temperatures rapidly climbed to approximately

33 0 C, and ichthyoplankton densities declined to zero. Another

stronger ichthyoplankton density peak (672/1000 m 3) was observed

in early May, again associated with a brief C-Reactor shutdown.

The last major density peak in Four Mile Creek occurred in early

July when C-Reactor shut down again (and remained down for the

rest of the study period). These data suggest that ichthyoplank-

ton are largely absent from the mouth of Four Mile Creek when the

reactor is operating and water temperatures are high, but that

fish will rapidly move into Four Mile Creek and begin spawning as

soon as the reactor shuts down. This general pattern of low or

zero densities punctuated by a few brief peaks was also observed

in Four Mile Creek during 1984 (Paller et al. 1985).
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Most of the ichthyoplankton collected from the mouth of Four

Mile Creek were unidentified eggs (93.3%, Table 3-9). The

majority of these eggs were collected during the density peak on

May 7. Other taxa found in Four Mile Creek were blueback hlerring

(1.7%), brook silverside (0.8%), unidentified sunfish (1.7%), and

crappie (0.8%). The predominance of "other" fish eggs in the Four

Mile Creek collection may be due to the relatively high current

velocities in this stream (42.5 cm/s on May 7, when most of the

eggs were collected) and to the lack of submerged vegetation, leaf

accumulations, or other substrates that many fishes use to attach

or shelter eggs (Breder and Rosen 1966). These materials are gen-

erally scoured out of Four Mile Creek by C-Reactor discharge.

Beaver Dam Creek - Ichthyoplankton were first collected from

Beaver Dam Creek during early February (19.3/1000 m 3; Figure 3-5).

Densities progressively increased during March, reaching a peak of

692/1000 m3 in early April. This peak strongly influenced the

mean density and total transport values in Beaver Dam Creek (Table

3-4). Ichthyoplankton densities subsequently declined, reaching

very low levels (4/1000 m3 ) by late April. During May, June, and

July, densities were either Very low (under 13/1000 m3 ) or zero.

The predominant taxa in Beaver Dam Creek were blueback herring

(20.3%) and unidentified eggs (66.7%; Table 3-9). As in Four Mile

Creek, the predominance of unidentified eggs was probaoly due to
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strong currents (mean of 77.5 cm/s on April 2, when most of the

eggs were collected) that dislodged eggs from spawning areas.

Temperatures in Beaver Dam Creek were approximately 1 - 8 C

above the average temperatures of the other creeks. There were

indications that spawning may have been reduced in Beaver Dam

Creek during May, June, and July, when temperatures were highest

(up to 33 C). Average density in Beaver Dam Creek was

approximately 3.6 organisms/1000 m3  during June and July in

contrast to 40.1/1000 m3 in the other creeks during these months.

Reduced spawning in Beaver Dam Creek in relation to the other

creeks was also observed during June and July 1984 (Paller et al.

1985).

3.1.2 River Ichthyoplankton

3.1.2.1 Chemical and Physical Parameters in the River

Water chemistry measurements in the Savannah River (including

intake canals) indicated that the river water was generally well

oxygenated. Average oxygen concentrations over the entire

February - July sample period varied from 6.6 mg/L at RM 110.0 and

RM 120.0 to 8.8 mg/L at RM 187.1 (Table 3-12). The water was

slightly acidic (mean pH of 6.5 over all transects). Alkalinities

averaged 18.3 mg CaCO 3 over all transects.

The average temperature over the entire Fezruary - July study

period varied from 15.90C at RM 187.1 to 19.00C at RMs 97.5 and

89.3. Temperatures demonstrated a progressive decrease from the
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Table 3-12. Chc0ical arx!. physical parameters
February - July 1905.

I(ean (range)) aM each Savannah River transect.

Dissolved or dates
River mile Tenperature (°(.) Cxynen (ayg/L) Conductivity (tU9/cm) P11 Alkalinity (.rog/L) sampled

89.3 19.0 (6.3-26.5) 6.9 (4.9- 9.2) 88.1 (60.0-124.0) 6.6 (4.7- 8.4) 18.8 (10.9-22.0) 26
97.5 19.0 (5.6-26.5) 6.8 (5.1- 9.5) 87.3 (56.0-126.0) 6.5 (4.0- 8.4) 18.9 ( 7.0-38.0) 26

110.0 18.9 (6.5-25.5) 6.6 (4.4- 8.3) 82.2 (38.0-110.0) 6.5 (4.3- 8.2) 18.2 (11.5-22.0) 26
120.0 18.5 (6.0-26.0) 6.6 (4.4- 8.4) 63.1 (38.0-114.0) 6.5 (4.7- 7.9) 19.4 (13.3-34.9) 2C
128.9 18.4 (7.0-25.3) 6.8 (4.8-12.3) 85.4 (46.0-121.0) 6.3 (4.1- 7.9) 18.1 (11.0-21.0) 26
129.1 18.3 (7.0-25.2) 6.8 (4.8-12.3) 85.4 (46.0-121.0) 6.3 (4.2- 7.8) 18.1 (11.0-21.0) 26
137.7 18.0 (7.0-24.7) 6.7 (4.4-11.4) 84.6 (44.0-116.0) 6.2 (4.5- 7.8) 18.2 (11.0-21.0 2F.
141.5 17.8 (6.0-24.9) 6.8 (4.4-11.5) 83.4 (43.0-118.0) 6.3 (4.3- 9.1) 18.2 (11.0-21.3) 26
141.7 16.8 (7.0-25.1) 6.6 (4.8-11.3) 84.4 (43.0-126.0) 6.4 (4.3- 7.3) 18.0 (11.0-21.5) 26
145.7 18.0 (7.5-24.4) 6.9 (4.8- 9.1) 84.3 (68.0- 95.0) 6.7 (5.4- 7.9) 18.3 (11.3-21.5) 25
150.4 18.5 (6.9-26.0) 6.9 (5.3- 9.2) 86.8 (70.0-101.0) 6.6 (5.5- 7.9) 18.0 (13.8-27.5) 26
150.8 16.2 (6.8-24.6) 7.0 (5.4- 9.3) 87.3 (68.0-100.0) 6.6 (5.6- 8.0) 18.1 (10.0-21.5) 26
152.0 18.1 (6.6-25.1) 7.0 (4.7- 9.4) 87.8 (69.0-100.0) 6.5 (5.5- 8.1) 18.3 (10.0-22.0) 26
152.2 17.8 (7.4-24.5) 7.1 (5.1- 9.3) 87.2 (70.0-100.0) 6.5 (5.2- 8.2) 18.6 (11.5-22.3) 26
155.2 17.4 (6.6-24.0) 7.4 (4.8-10.2) 84.4 (50.0-100.0) 6.6 (5.3- 8.0) 18.6 (11.8-21.3) 26
1 5 5 . 3a 17.6 (7.0-26.1) 7.0 (4.7-10.2) 81.5 (36.0- 98.0) 6.6 (5.3- 7.8) ]8.7 (11.3-27.5) 26
155.4 17.3 (7.0-23.8) 7.3 (4.8-10.1) 83.7 (49.0-100.0) 6.5 (4.7- 8.4) 18.2 (11.3-25.0) 26
157.0a 17.1 (7.0-23.5) 7.3 (4.6-10.2) 83.6 (42.0-109.0) 6.5 (5.4- 7.7) 18.7 ( 9.0-27.0) 26
157.1 17.6 (7.0-26.4) 7.0 (4.3- 9.5) 69.8 (28.0- 06.0) 6.6 (5.2- 7.8) 15.4 ( 7.3-20.5) 26
157.3 17.0 (7.1-23.5) 7.3 (4.7- 9.8) 84.8 (45.0-102.0) 6.6 (5.4- 7.7) 19.2 (11.5-22.0) 26
166.6 16.6 (6.7-22.5) 7.5 (5.2-10.2) 83.3 (50.0-108.0) 6.5 (4.6- 8.4) 18.7 (12.5-22.0) 26
176.0 16.6 (6.8-23.7) 8.2 (5.3-13.6) 81.3 (51.0-110.0) 6.5 (4.5- 8.3) 19.3 (13.3-34.0) 26
167.1 15.9 (6.8-23.0) 8.8 (5.5-11.6) 5E.2 (39.0- 88.0) 6.5 (4.5- 7.6) 15.8 (13.3-20.4) 26

alntake canals.
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downstream to the upstream end of the study area, indicating the

presence of a temperature gradient in the Savannan River. The

gradient is probably due to a combination of cool hypolimnetic

discharge from Clarks Hill Reservoir at RM 221.7 and gradual

warming due to solar insolation as the water moves downstream.

Similar temperature gradients were observed during 1983 and 1984

(Paller et al. 1983, 1984).

Examination of average temperatures at transects near the SRP

indicates that the average temperature at RM 150.4 (downstream

from FMC mouth) was slightly higher (0.3 - 0.5°C) than at the

transects immediately preceding and following it (Table 3-12).

This difference is probably due to the discharge of heated water

from Four Mile Creek into the river at RM 150.6. Temperatures in

the mouth of Four Mile Creek over the entire study period averaged

32.7 0 C, and flow from the creek to the river was relatively strong

(Tables 3-2 and 3-3). Since Four Mile Creek discharges on the

South Carolina side of the Savannah River, temperatures would be

expected to be highest near the South Carolina bank. Mean

temperatures were calculated for each transect during each month

of the study, using South Carolina bank data only (Figure 3-6).

Temperature increases along the South Carolina bank were prominent

at RM 150.4, reaching several degrees above ambient river

temperatures during April.
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3.1.2.2 Analysis of Variance for River Ichthyoplankton
Density

The distribution of ichthyoplankton in rivers tends to be

spatially and temporally heterogeneous, varying from bank to bank,

top to bottom, transect to transect, and date to date (Marcy 1976;

Lathrop 1982; and Hergenrader et al. 1982). To provide a general

overview of the relative importance of these sources of

variability, analysis of variance (GLM procedure; SAS 1982) was

conducted on total ichthyoplankton density (all taxa) using net

(i.e., the paired nets were separated into net A and net B), bank,

depth (i.e., top or bottom), transect, sample date, and various

two-factor interaction terms as the classification variables.

(Higher-level interaction could not be tested because of limited

computer space.) In other sections of this report, less general

testing procedures are used to resolve specific questions

concerning ichthyoplankton distribution.

Analysis of variance indicated that differences between the

independent variables accounted for 83% of the variability of the

nearfield ichthyoplankton data (Appendix 3 Table 1). Most of the

variability was associated with density differences between samp-

ling dates. An F test indicated that sampling date was statisti-

cally significant at p < 0.0001. While no other variable accounted

for nearly as much variability in ichthyoplankton density, many

were statistically significant at p < 0.05. Significant variables

other than date were depth, transect, bank, net/depth interaction,

bank/transect interaction, transect/sampling date interaction,
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bank/sampling date interaction, bank/depth interaction, and depth/

sampling date interaction.

For the upper farfield, the GLM procedure indicated that dif-

ferences between independent variables accounted for 89% of the ob-

served variability in ichthyoplankton density (Appendix 3 Table 2).

Sampling date accounted for most of this. Other statistically sig-

nificant factors (p < 0.05) were bank, depth, transect, bank/depth

interaction, bank/sampling date interaction, depth/sampling date

interaction, and transect/sampling date interaction.

In the lower farfield, independent variables accounted for 83%

of the observed differences in ichthyoplankton density (Appendix 3;

Table 3). Again, sampling date was the most important variable.

Other significant (p < 0.05) variables were net, bank, depth, tran-

sect, bank/transect interaction, transect/sampling date interac-

tion, depth/sampling date interaction, and net/depth interaction.
0

The occurrence of a significant net/depth interaction suggests that

the relative performance of the individual nets in the paired-net

configuration differed somewhat with depth. However, since the

variance associated with this factor was less than 0.1% of the

total variance, any bias associated with this potential performance

difference is of little practical importance.
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Most of the variability in ichthyoplankton density observed in

the study was associated with sampling date (Appendix 3, Tables 1 -

3). This was expected because of the influence that seasonal

changes in photoperiod, temperature, water level, and other factors

have on spawning activity (Nikolsky 1963). The next most important

factor was the transect/sampling date interaction, indicating that

a significant portion of the total variability was associated with

temporal changes among transects. Other factors of less importance

were horizontal (bank) and vertical (depth) position in the water

column and transect location. The same pattern was observed in the

1984 data, with most of the variance attributable to sampling date,

followed by the transect/sampiing date interaction. In the follow-

ing discussion, differences observed between transects, banks and

depths will be scrutinized in greater detail.

3.1.2.3 Vertical Distribution of Ichthyoplankton

Ichthyoplankton densities in near-surface and near-bottom

samples were compared at each transect over all sampling dates to

identify vertical distribution patterns. This series of tests was

done, to identify transects where consistent long-term vertical

density differences occurred. Top/bottom comparisons were also

done with the sampling dates divided into monthly intervals to

identify locations where short-term vertical density differences

occurred. Because larvae may actively avoid the bottom and

because larvae and eggs differ in shape (which may affect their

rate of settling), their two life stages were analyzed separately.
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Analysis of larval densities over all dates (t-test) showed

an absence of significant (p < 0.05) differences between top and

bottom samples at all transects except RM 120.0 (Table 3-13).

Tests of top/bottom differences at each transect during each month

indicated generally similar results, with only a few significant

findings. To conserve space, the results of these tests will not

be presented. The generally uniform vertical distribution of the

fish larvae was probably due to the mixing action of the river.

These finding corroborate the results of the 1982, 1983, and 1984

sampling programs (ECS 1983; Paller et al. 1984, 1985), which

indicated that larvae were uniformly distributed in relation to

depth in the Savannah River.

In contrast to larval densities, egg densities exhibited

significant differences between top and bottom at 12 of 23 tran-

sects (Table 3-13). In all cases, bottom densities were higher

than top densities. The tendency of the eggs to be concentrated

near the bottom was also indicated by average egg density over all

dates and transects, which was 48.4 eggs/1000 m3 near the bottom

and 28.1/1000 m3 near the top. This difference was significant at

p 1 0.05.

Greater fish egg densities near the bottom are probably a

result of the tendency of eggs to sink through the water. column.

Larvae, in contrast, can avoid the bottom by swimming. In addi-

tion, larvae possess a greater surface area per unit volume than
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Table 3-13. Mean top and bottom ichthyoplankton densities in the
Savannah River and intake canals. Means underscored by
the same line are not significantly different (p < 0.05)
as indicated by t-test. Tests were done on log-trans-
formed data, but means are presented as arithmetic
averages. February - July 1985.

Mean density of3  Mean density of
River eggs (no./1000 rn) larvae (no./1000 m3)
Mile Top Bottom Top Bottom

89.3 38.0 70.1 14.6 12.9
97.5 T37 9.1 1

110.0 34.0 54.7 11.0 11.6
120.0 23.9 53.2 16.8 9.8
128.9 37.8 59.6 16.6 15.4
129.1 28.5 46.7 T5-.9 18.7
137.7 30.4 46.0 17.5 16.5
141.5 21.1 435 20.8 16.5
141.7 47.4 70.0 29.1 19.8
145.7 46.5 86.7 25.5 18.4
150.4 22.1 46.2 10.9 10.6
150.8 14.5 23.5 13.3 12.3
152.0 12.0 23.3 13.0 11.7
152.2 15.1 27.3 16.9 14.9
155.2 33.8 45.3 19.9 15.6
1 55 . 3a 1.6 7.0 31.4 16.7
155.4 3•T. 3T.T 20.0 14.6
157.0 20.2 39.6 19.4 15.9

0.1 2.2 22.7 18.0
157.3 50.5 747 18.6 19.4
166.6 83.6 107.8 58.2 48.9
176.0 16.0 27.3 45.7 52.8
187.1 12.5 18.4 40.2 46.0

All Transects 28.1 _48.4 22.0 19.6

NOTE: RIVIC6 was used to ccaltpute the tests presented in this table.

aIntake canals.
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do eggs, which may facilitate the larvae's support by turbulent

currents. The pattern of higher egg density near the bottom was

also observed during 1983 and 1984 (Paller et al. 1984).

3.1.2.4 Horizontal Distribution of Ichthyoplankton

The distribution of ichthyoplankton across the river was

evaluated by sampling near the South Carolina bank, the Georgia

bank, and in mid-river. Larvae and eggs were treated separately

because of differences in motility and hydrodynamic character-

istics that might affect their horizontal distribution.

Two methods of statistical testing were used to identify

horizontal differences in ichthyoplankton density. The first-was

to compare (by analysis of variance and by Scheffe's tests)

density near the Georgia bank, South Carolina bank, and mid-river

at each transect during each month of the study. These tests

identified horizontal density differences of a relatively short-

lived nature. The total number of tests generated by this

procedure was fairly large, resulting in a relatively high

probability of some significant findings by random chance. We did

not consider this a problem, since the principal objective of the

test was to identify points of potentially non-uniform

distribution for further scrutiny rather than to prove that non-

uniform distribution occurred. Transects identified as having

lateral differences were examined further to determine if sub-

stantive causes, such as larval inputs from major spawning creeks,

were responsible for the non-uniform horizontal distribution.
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The second testing procedure compared the Georgia bank, mid-

river, and South Carolina bank densities at each transect over all

dates. These tests provided a summary measure of horizontal den-

sity differences at each transect over the entire study period and

detected transects where consistent, relatively long-term hori-

zontal density differences occurred.

Tests of horizontal differences in egg density at each

transect during each month of study indicated 43 significant dif-

ferences out of 138 tests (Table 3-14). At a few transects, where

ichthyoplankton distributions were highly skewed, the results of

tests on log-transformed data do not indicate the same ordering as

suggested by comparing arithmetic means. Where such test results

are reported (Table 3-14), both arithmetic means and the mean of

the log-transformed data are presented (the latter in parentheses)

for greater clarity. The most significant horizontal differences

in egg density were in April (14) and May (14), when densities

were highest; however, some were in March -(7) and June (8). Sig-

nificant differences occurred at all transects, and some transects

showed the same horizontal density differences month after month.

Further testing indicated that 15 transects exhibited horizontal

density differences that were consistent enough to produce a sig-

nificant finding when the data were grouped across all six months

of the study (Table 3-15).
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Table 3-14. Savannah River transects with significant (p < 0.05)
differences in egg and larval densities across transects
during some months of the study. Means underscored by
the same line are not significantly different(p < 0.05),
as indicated by Scheffe's test. Tests were done on log-
transformed data, but means are presented as arithmetic
averages. February - July 1985.

Mean density (no./1000 m3)
South

Carolina Georgia
Month River Mile (RM) bank Center bank

March

March

March

March

March

March

March

April

April

April

April

April

April

89.3

97.5

110.0

129.1

141.5

145.7

155.4

89.3

97.5

120.0

129.1

137.7

141.5

47.8 75.2 21.6
75.2

48.3 23.7 17.9

15.2 33.0

9.4 27.8

15.3 40.2

8.3*

0.0

36.7

0.0

3.8 3.0

19.9 3.6

183.7 291.1

156.0 127.2

180.1 174.5

78.7 155.5

148.0 153.2

134.4 139.2

137.5

57.3

45.7

114.6*

46.9

27.1

*An absence of any lines indicates that the ANOVA indicated signifi-
cant differences, while the range test did not.
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Table 3-14. (continued). Savannah River transects with significant
(p ( 0.05) differences in egg and larval densities a-
cross transects during some months of the study. Means
underscored by the same line are not significantly dif-
ferent (p < 0.05), as indicated by Scheffe's test.
Tests were done on log-transformed data, but means are
presented as arithmetic averages. February - July
1985.

Mean .density (no./1000 m3 )

South
Carolina Georgia

Month River Mile (RM) bank Center bank

Eggs (continued)

April

April

April

April

April

April

April

April

141.7

145.7

150.4

150.8

152.2

155.4

157.0

187.1

89.3

97.5

120.0

128.9

129.1

257.5 250.2

319.4 170.8

112.9 219.3

43.9 97.4

89.5 (1.69) 81.1

49.7

56.5

42.1

30.7

(1.89) 31.2 (1.53)

36.2

131.8

31.5

39.8

26.2

78.7

80.2

140.1

121.7

May

May

May

May

May

13.4

90.9

48.2

6.1*

40.6*

16.8

27.9

44.2

101.9 87.9

67.3 112.5

24.4 112.8 56.9

*An absence of any lines indicates that the ANOVA indicated signifi-
cant differences while the range test did not.

** Mean of the lOg 1 0 -transformned data.
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Table 3-14. (continued). Savannah River transects with significant
(p < 0.05) differences in egg and larval densities a-
cross transects during some months of the study. Means
underscored by the same line are not significantly dif-
ferent (p < 0.05), as indicated by Scneffe's test.
Tests were done on log-transformed data, but.means are
presented as arithmetic averages. February - July
1985.

Mean density (no./i000 m 3

South
Carolina Georgia

Month River Mile (RM) bank Center bank

Eggs (continued)

May

May

May

May

May

May

May

May

May

137.7

141.5

141.7

145.7

150.4

150.8

157.0

157.3

166.6

97.5

137.7

141.7

145.7

96.0 74.4

54.7 85.4

107.4 125.2

195.9 158.2

34.8 75.5

34.4 (1.43) 37.3 (1.57) 11.6 (1.231

29.6

15.7

38.8

55.2

13.6

22.5

39.2

163.3

57.4 63.8

89.3 72.0

260.8 122.2

June

June

June

June

31.0 11.2 3.9

33.3 11.4 10.4

52.9 39.6 5.3

98.5 47.6 15.2

Mean of the logl 0 -transformed data.
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Table 3-14. (continued). Savannah River transects with significant
(p < 0.05) differences in egg and larval densities a-
cross transects during some months of the study. Means
underscored by the same line are not significantly dif-
ferent (p < 0.05), as indicated by Scheffe's test.
Tests were done on log-transformed data, but means are
presented as arithmetic averages. February - July
1985.

Mean density (no./1000 m 3

South
Carolina Georgia

Month River Mile (RM) bank Center bank

Eggs (continued)

June

June

June

150.8

157.0

176.0

187.1

5.4

5.5

34.0 11.0

21.9 19.7

19.5

18.8

56.2

28.6

15.4

4.8June

February

Larvae

April

April

April

April

April

141.5

1 5 5 . 3 a

157.5 a

141.5

141.7

3.5 0.0

24.5 (1.44)

0.0*

27.5 (1.38) 98.7 (1.88)

48.7 25.4 72.7

35.5 (1.56) 51.8 (1.67) 18.0 (1.34)

38.2 (1.59) 93.3 (1.84) 32.8 (1.49)

150.4 2.9 16.7 30.8

a Intake canals. The two banks are north and south of the canal.
*An absence of any lines indicates that the ANOVA indicated signifi-

,Vant differences, while the range test did not.
Mean of the logl 0 -transformed data.
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Table 3-14.
0

(continued). Savannah River transects with significant
(p < 0.05) differences in egg and larval densities a-
cross transects during some months of the study. Means
underscored by the same line are not significantly
different (p < 0.05), as indicated by Scheffe's test.
Tests were done on log-transformed data, but means are
presented as arithmetic averages. February - July
1985.

Mean density (no./1000 m 3

South
Carolina Georgia

Month River Mile (RM) bank Center bank

Larvae (continued)

May 1 5 5 .3a 63.2 64.0 122.8*

May 155.2 79.0 65.8 44.9*

May 187.1 261.0 203.8 102.2

June 187.1 66.9 28.1 79.5

July 187.1 21.4 0.0 20.2

NOTE: RIVIC4 and RIVIC6 were used to compute
in this table.

the tests presented

aIntake canals. The two banks are north and south of the canal.
An absence of any lines indicates that the ANOVA indicated signi-
ficant differences, while the range test did not.
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Table 3-15. Mean ichthyoplankton densities near the Georgia bank,
the South Carolina bank, and in the center of the Sa-
vannah River at each transect over all months of the
study. Means underscored by the same line are not sig-
nificantly different (p < 0.05), as indicated by
Scheffe's test. Tests were done on log-transformed
data, but means are presented as arithmetic averages.
February - July 1985.

River
Mile

. Mean density o•
eggs (no./1000 m

SC bank Center GA bank

Mean
larvae

SC bank

density of 3
(no./1000 m

Center GA bank

89.3

97.5

110.0

120.0

128.9

129.1

137.7

141.5

141.7

145.7

150.4

150.8

152.0

152.2

155.2

53.6 75.5

52.1 34.2

33.1

15.4

16.2 12.1 13.0

12.4 8.0 10.3

9.7 11.5 12.829.9 62.9 40.2

52.4 48.5 14.8

27.2 69.3 49.7

22.2 54.7 35.9

52.9 45.8 15.8

38.7 49.0 9.1

78.1 80.0 18.0

112.4 65.2 22.1

30.6 59.7 12.1

15.2 32.0 9.8

16.2 21.4 15.3

21.6 29.7 12.3

36.4 49.2 33.1

19.2 10.1 10.5*

13.5 18.1 16.4

16.4 16.7 19.0

18.8 13.9 18.4

17.3 22.2 16.4

21.4 33.2 18.8

19.2 26.7 20.0

6.0 10.3 15.9

8.9 13.0 16.5

9.6 11.2 16.3

17.1 13.6 17.0

18.4 18.6 16.3

*An absence of lines indicates that the ANOVA indicated significant
differences, while the range test did not.
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Table 3-15. (continued). Mean ichthyoplankton densities near the
Georgia bank, the South Carolina bank, and in the
center of the Savannah River at each transect over
all months of the study. Means underscored by the
same line are not significantly different (p < 0.05),
as indicated by Scheffe's test. Tests were done on
log-transformed data, but means are presented as
arithmetic averages. February - July 1985.

Mean density o• Mean density of
River eggs (no./1000 m ) larvae (no./1000 m
Mile SC bank Center GA bank SC bank Center GA bank

155. 3 a 0.0 4.8 2.3 23.0 21.9 44.2

155.4 22.9 53.4 32.4 22.5 16.1 13.2

157.0 13.3 36.7 39.7 22.4 16.5 14.1

1 5 7 .1a 0.0 1.1 0.4 17.8 19.4 29.7

157.3 74.0 80.4 33.5 18.5 19.5 18.9

166.6 69.6 149.0 68.5 67.3 46.5 46.9

176.0 17.8 30.6 16.6* 50.0 41.7 56.1

187.1 23.1 16.0 7.3* 57.9 37.5 33.9

All
transects 39.1 50.0 24.4 22.0 19.9 20.8

NOTE: RIVIC6 was used to compute the tests presented in this table.

*An absence of lines indicates that the ANOVA indicated significant
differences, while the range test did not.
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While the specific causes of most of the horizontal differ-

ences in egg density observed during 1985 are unknown, it can be

inferred that they were due to the uneven distribution of American

shad eggs, since these eggs constituted 75.7% of all eggs in the

river (Table 3-16). Uneven distribution of American shad eggs may

be due to localized spawning or to eddies and currents that con-

centrated American shad eggs in mid-river or along the river

banks. Uneven horizontal distribution of fish eggs was also

observed during 1983 and 1984 (Paller et al. 1984, 1985). There

was no evidence during any year of this study of low egg densities

near the South Carolina bank in the region where SRP thermal

discharges occur (RM 150.4 and 152.0; Paller et al. 1984, 1985).

Fish larval densities were subjected to the same testing

procedures as fish eggs. Tests of horizontal differences in lar-

val density at each transect during each month of the study

identified 11 significant differences (Table 3-14). Substantive

causes for the 11 cases in which significant horizontal dif-

ferences occurred were generally lacking, with two exceptions.

The occurrence of significantly higher densities on the South

Carolina bank at RM 141.5 in February was probably due to

ichthyoplankton transported from Steel Creek. Ichthyoplankton

densities in Steel Creek (mean of 11.6/1000 m 3 ) were higher than

in the river above Steel Creek (0.0/1000 m 3 ) during February, re-

sulting in strong ichthyoplankton contributions from the creek to

the river.
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Table 3-16. Percent abundance of fish eggs in the Savannah River,
selected Savannah River tributaries, selected river
oxbows and SRP intake canals. February - July 1985.

Taxa

blueback herring

American shad

gizzard and/or
threadfin shad

minnow (Cyprinidae)

striped bass

yellow perch

other

Total Percent

Total Number

Savannah
River

2.3

75.7

1.7

0.3

7.2

0.3

12.6,

100.1

15058

Tributary
Creeks

26.9

17.4

3.3

0.0

0.4

1.9

50.1

100.0

539

River
Oxbows

0.9

1.9

63.0

0.9

5.6

0.0

27.8

100.1

108

Intake
Canals

0.0

13.6

0.0

0.0

77.3

0.0

9.1

100.0

44

NOTE: RIVICI was used to compute the data presented in this table.
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The second potentially important horizontal difference in

larval density occurred at RM 150.4, where thermal discharge from

Four Mile Creek (RM 150.6) flows near the South Carolina bank of

the river. Larval densities were significantly lower near the

South Carolina bank (2.9/1000 mn3 ) than in the center

(16.7/1000 m 3) or near the Georgia bank (30.8/1000 m3 ) at RM 150.4

during April (Table 3-14).

To determine the cause of the horizontal density pattern at

RM 150.4, larval densities near the South Carolina bank at RM

150.4 were compared to larval densities near the South Carolina

bank at RM 150.8. The objective of this comparison was to

determine whether there was an actual reduction in larval density

between RM 150.4 and RM 150.8 or whether the low density at RM

150.4 was merely the continuation of a pattern already established

farther upstream. Mean density over the entire study period was

6.0/1000 m3  near the South Carolina bank at RM 150.4 and

8.9/1000 m3 near the South Carolina bank at RM 150.8 (Table 3-15).

These numbers suggest that larval densities were reduced on the

South Carolina side during the passage from RM 150.8 to RM 150.4.

More resolution on this density reduction was' obtained by

comparing densities between RM 150.4 and 150.8 on a date-by-date

basis (Table 3-17). This comparison indicated that densities on

the South Carolina side decreased by up to 100% between RM 150.8

and 150.4 on the April sample dates. Density reductions occurred

both near the top and near the bottom during April. Lesser
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Table 3-17. Density (no./1000 m3 ) of fish larvae and tanperature ( C) near the
surface and near the bottom along the South Carolina bank of the
Savannah River at RM 150.4 and 150.8, that bracket the mouth of
Four Mile Creek which receives thermal effluent from C-Reactor.
February - July 1985.

Density (no./1000 m3 ) Temperature (0C)

RM 150.8 RM 150.4 RM 150.8 RM 150.4
Near Near Near Near Near Near Near Near

Date surface bottom surface bottom surface bottom surface bottom

2/05 0.0 0.0 0.0 0.0 - - - -
2/12 0.0 0.0 0.0 0.0 7.0 6.9 7.8 7.8
2/19 0.0 0.0 0.0 0.0 8.1 7.8 9.8 9.1
2/26 0.0 0.0 0.0 0.0 12.5 12.0 13.0 12.5
3/05 0.0 0.0 0.0 0.0 12.5 12.5 13.0 13.0
3/12 0.0 0.0 8.5 0.0 13.5 13.5 17.5 16.0
3/19 0.0 0.0 0.0 9.1 11.0 10.5 10.5 10.0
3/26 0.0 0.0 0.0 0.0 13.9 13.8 16.2 15.7
4/02 26.3 11.1 0.0 0.0 16.5 16.5 17.5 17.5
4/09 42.9 9.3 7.2 0.0 15.5 15.5 17.5 17.5
4/16 0.0 7.1 0.0 0.0 16.5 16.5 20.0 17.5
4/23 0.0 0.0 0.0 0.0 19.5 19.5 22.0 21.5
4/30 40.6 21.2 14.6 6.9 20.0 20.0 22.0 22.0
5/07 0.0 29.2 9.1 8.0 18.5 18.0 19.5 19.5
5/14 38.4 51.0 10.1 44.2 21.0 21.0 23.0 22.5
5/21 13.3 52.0 20.3 73.6 21.5 21.5 22.5 22.5
5/28 58.7 25.3 27.2 29.4 22.0 22.0 22.5 22.5
6/04 9.6 18.9 7.9 8.0 24.0 24.0 24.5 24.5
6/11 0.0 0.0 0.0 10.5 24.5 24.5 26.0 25.5
6/18 0.0 8.0 0.0 0.0 23.0 23.0 24.0 24.0
6/25 0.0 0.0 0.0 0.0 22.0 22.0 22.0 22.0
7/02 0.0 0.0 8.9 0.0 23.0 23.0 22.5 22.5
7/09 0.0 0.0 0.0 8.5 22.5 22.5 22.3 22.0
7/16 0.0 0.0 0.0 0.0 24.0 24.0 24.0 24.0
7/23 0.0 0.0 0.0 0.0 24.6 24.6 24.8 24.7
7/30 0.0 0.0 0.0 0.0 22.5 22.5 23.0 22.5

NOTE: RIVIC8 was used to compute the data presented in this table.
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density reductions at RM 150.4 also occurred during May and early

June.

C-Reactor was operating throughout the April, May, and early

June period, when density reductions occurred on the South

Carolina side between RM 150.4, as indicated by elevated

temperatures at RM 150.4, while temperatures recorded at RM 150.4

were generally only several degrees above ambient (Table 3-17).

It is important to recognize that these temperatures are not a

measure of maximum water temperature near the mouth of Four Mile

Creek. Thermal-imagery studies have shown that temperatures in

the Four Mile Creek thermal plume are spatially variable and can

be in excess of 10 C higher directly in front of the creek mouth

(RM 150.6) than in the river immediately upstream (Shines and Tin-

ney 1983). Thus, fish drifting past the mouth of Four Mile Creek

may have been exposed to considerably warmer temperatures than in-

dicated in Table 3-17.

There are at least two possible explanations for the

reductions in the density of fish larvae between RM 150.4 and

150.8. One is the displacement and/or dilution of relatively

"larvae rich" water in the river with "larvae poor" water from

Four Mile Creek (larval densities in the mouth of Four Mile Creek

were zero or very- low throughout the study period). This does not

presuppose larval mortality in order to account for the density

reduction. The second mechanism involves an actual loss of larvae

from the water column, due either to mortality and subsequent
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settling to the bottom or possibly, in the case of more strongly

swimming larvae, to avoidance of the plume area. If dilution and/

or displacement is the mechanism, all taxa would be expected to

show about the same density reduction. If thermal impact is the

mechanism, more temperature sensitive larvae might undergo density

reductions, though the density of less sensitive types might be

unaffected.

An analysis of density changes between RM 150.4 and RM 150.8

for each larval species showed that the density reduction between

transects was due almost solely to the absence of spotted sucker

larvae. The density of spotted sucker larvae at RM 150.8 averaged

12.9, 7.1, and 2.4/1000 m 3 during the months of April, May, and

June, respectively (the only months when larvae were collected

from RM 150.4 and 150.8 in substantial numbers; Table 3-18). Com-

parable values at RM 150.4 were 0.7, 2.4, and 0.0/1000 m3 . The

density of other types of larvae did not undergo such reductions

between transects. Average gizzard and/or threadfin shad den-

sities during April, May, and June were 0.8, 13.8, and

2.2/1000 m3 , respectively, at RM 150.8; and 0.7, 8.9, and

1.0/1000 m3  at RM 150.4. Average sunfish densities during April,

May, and June respectively, were 0.0, 0.0, and 0.0/1000 m3 at

RM 150.8; and 1.4, 1.0, and 0.0/1000 mi3 at RM 150.4. Average carp

densities during April, May, and June, respectively, were 0.0,

7.6, and 0.0/1000 m 3 at RM 150.8; and 0.0, 10.0, and 1.3/1000 mi3

at RM 150.4.
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Table 3-18. Density (no./1000 mi3 ) of fish larvae by taxa near the
South Carolina bank of the Savannah River at RM 150.4
and 150.8 during April, May, and June 1985. RM 150.4
and RM 150.8 bracket the mouth of Four Mile Creek, which
receives thermal effluent from C-Reactor. Only April,
May, and June are shown, since nearly all the larvae
were collected during these months. February - July
1985.

April

April
4/02 4/09 4/16 4/23 4/30 mean
0.0 0.0 0.0 0.0 0.0 0.0

RM 150.8
unid. Clupeidae
gizzard and/or
threadfin shad

minnow
carp
spotted sucker
sunfish
unidentified

0.0
0.0
0.0

18.7
0.0
0.0

18.7Total

RM 150.4
unid. Clupeidae
gizzard and/or
threadfin shad

minnow
carp
spotted sucker
sunfish
unidentified

Total

0.0
0.0
0.0

26.1
0.0
0.0

26.1

0.0

0.0
0.0
0.0
0.0
3.1
0.0

3.1

0.0
0.0
0.0
0.0
0.0
3.6

3.6

0.0

0.0
0.0
0.0
0.0
0.0
0.0

0.0

0.0
0.0
0.0
0.0
0.0
0.0

0.0

0.0

0.0
0.0
0.0
0.0
0.0
0.0

0.0

4.2
0.0
0.0

19.7
0.0
7.1

31.0

0.0

3.7
0.0
0.0
3.5
3.7
0.0

10.9

0.8
0.0
0.0

12.9
0.0
2.1

15.8

0.0

0.7
0.0
0.0
0.7
1.4
0.0

2.8

0.0

0.0
0.0
0.0
0.0
0.0
0.0

0.0
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Table 3-18. (continued). Density (no./1000 m3 ) of fish larvae by
taxa near the South Carolina bank of the Savannah River
at RM 150.4 and 150.8 during April, May, and June 1985.
RM 150.4 and RM 150.8 bracket the mouth of Four Mile
Creek, which receives thermal effluent from C-Reactor.
Only April, May, and June are shown, since nearly all
the larvae were collected during these months. February
- July 1985.

May

May
5/07 5/14 5/21 5/28 mean
0.0 0.0 0.0 4.3 1.1

RM 150.8
unid. Clupeidae
gizzard and/or
threadfin shad

minnow
carp
spotted sucker
sunfish
unidentified

Total

RM 150.4
unid. Clupeidae
gizzard and/or
threadfin shad

minnow
carp
spotted sucker
sunfish
unidentified

7.3
0.0
0.0
7.4
0.0
0.0

14.7

4.6

4.0
0.0
0.0
0.0
0.0
0.0

8.6

9.0
4.3

14.0
9.1
0.0
8.5

44.9

0.0

13.3
0.0
4.5
9.5
0.0
0.0

27.3

18.0
0.0
3.8
7.5
0.0
3.3

32.6

13.4

13.2
0.0

16.4
0.0
4.1
0.0

47.1

20.9
0.0

12.6
4.3
0.0
0.0

42.1

13.8
1.1
7.6
7.1
0.0
3.0

33.6

4.6 5.7

4.9
0.0

18.9
0.0
0.0
0.0

28.4

8.9
0.0

10.0
2.4
1.0
0.0

27.9Total
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Table 3-18. (continued). Density (no./1000 m 3) of fish larvae by
taxa near the South Carolina bank of the Savannah River
at RM 150.4 and 150.8 during April, May, and June 1985.
RM 150.4 and RM 150.8 bracket the moutn of Four Mile
Creek, which receives thermal effluent from C-Reactor.
Only April, May, and June are shown, since nearly all
the larvae were collected during these months. February
- July 1985.

June

June
6/04 6/11 6/18 6/25 mean
0.0 0.0 0.0 0.0 0.0

RM 150.8
unid. Clupeidae
gizzard and/or

threadfin shad
minnow
carp
spotted sucker
sunfish
unidentified

4.8
0.0
0.0
9.5
0.0
0.0

Total 14.3

RM 150.4
unid. Clupeidae
gizzard and/or

threadfin shad
minnow
carp
spotted sucker
sunfish
unidentified

0.0
0.0
0.0
0.0
0.0
0.0

0.0

0.0

0.0
0'0
5.3
0.0
0.0
0.0

5.3

4.0
0.0
0.0
0.0
0.0
0.0

4.0

0.0

0.0
0.0
0.0
0.0
0.0
0.0

0.0

0.0
0.0
0.0
0.0
0.0
0.0

0.0

2.2
0.0
0.0
2.4
0.0
0.0

4.6

0.0

4.0
0.0.
0.0
0.0
0.0
4.0

8.0

0.0

0.0
0.0
0.0
0.0
0.0
0.0

0.0

0.0

1.0
0.0
1.3
0.0
0.0
1.0

3.1Total

NOTE: RIVIC8 was used.to compute the data presented in this table.
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Spotted sucker larvae were more abundant during 1985 (10.8%

of all larvae) than during 1983 (5% of all larvae) or 1984 (3.3%

of all larvae). Because they were a major component of the ich-

thyoplankton collected at RM 150.4 and 150.8 during 1985, their

absence caused a significant change in overall ichthyoplankton

abundance at RM 150.4. In earlier years, there were no obvious

reductions in ichthyoplankton abundance near the South Carolina

bank between RM 150.8 and 150.4, possibly because spotted suckers

were comparatively rare and any losses among, this species would

have been overshadowed by the high variability typical of ichthyo-

plankton density data. Another factor that may have contributed

to the ichthyoplankton losses observed below Four Mile Creek

(i.e., at RM 150.4) during 1985 was low river level. River levels

were lower during 1985 than during 1983 and 1984. During 1983 and

1984, the Savannah River flooded its banks for extended periods

(Paller et al. 1984, 1985), causing the Four Mile Creek plume to

disperse and cool in the floodplain prior to entering the river.

We could find no information in the literature concerning the

temperature tolerances of spotted suckers. Previous field studies

on the SRP indicate that spotted suckers avoided the thermal

creeks to a greater extent than did most species, suggesting sen-

sitivity to high temperatures (Paller et al. 1985). In addition,

spotted sucker larvae have been particularly abundant in Lower

Three Runs Creek, the coolest of the SRP creeks (Paller 1984;

Paller et al. 1985). Spotted suckers are common in the Savannah

River (Paller et al. 1984, 1985) and widely distributed in eastern
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North America (Scott and Crossman 1973). They have limited

ecological importance when young as forage fish for predatory

species, but have little or no economic or recreational

importance.

The preceding data indicate that the statistically significant

decrease in ichthyoplankton density at RM 150.4 was due to a

decrease in the density of spotted sucker larvae. Such a decrease

could be due to mortality, avoidance, various unidentified factors,

or random chance. It is important to note that the number of

spotted sucker larvae upon which the April, May, and June density

estimates at RM 150.8 were based was approximately 12 - 15. Thus,

the number of ichthyoplankters included in the analysis is small.

For better understanding of the influence of Four Mile Creek dis-

charge, we recommend future studies incorporating more sample sta-

tions in the vicinity of RM 150.4, live table techniques for

separating dead from living larvae, and laboratory studies to

assess the temperature tolerances of the larvae of potentially

sensitive species such as the spotted sucker.

3.1.2.5 Spatial and Temporal Distribution of Ichthyoplankton

Localized changes in river ichthyoplankton density were iden-

tified by averaging data from each transect on a monthly basis and

comparing (with t-tests) the mean monthly density at each transect

with the monthly mean density at each neighboring transect. This

analysis was designed to identify locations in the river where

ichthyoplankton densities changed significantly due to such fac-
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tors as inputs from local spawning areas or losses due to environ-

mental disturbances. This procedure generated 23 t-tests for each

month of sampling. Multiple-testing procedures of this sort that

involve repeated testing of the same data are susceptible to a

high Type I error rate due to the occurrence of false significant

findings by random chance. To avoid this problem, Boniferoni's

inequality theorem (SAS 1982) was used to calculate a corrected

critical level for each test as follows:

T = F/K

where T is the corrected critical level for each test in

the group of multiple tests, F is the critical level

applying to the entire test group, and K is the number

of tests.

The corrected critical level applicable to each t-test in the

group of 23 tests was 0.0022 (i.e., 0.05/23). Use of this

critical level for each individual test reduced the error rate for

the entire group of 23 tests to p ( 0.05. In contrast, an

uncorrected critical level of p < 0.05 for each individual test

would have made the probability of a type I error (i.e.,

acceptance of a false significant finding; Sokal and Rohlf 1981)

in the entire group of 23 tests much higher than p ( 0.05. Type I

errors involving differences between river transects in the

vicinity of the SRP could lead to false conclusions about the

impacts of the SRP on river ichthyoplankton. An alpha level

3-59



correction was not applied to the horizontal and vertical

distribution tests (Section 3.1.2.3 and 3.1.2.4) because each

transect was evaluated separately in the procedures. In the

spatial distribution tests used in this section, however, all 23

tests are linked together, since density at each transect was

evaluated by comparing it with densities at the preceding and

following transects.

In addition to the tests described above, broader trends in

ichthyoplankton density were evaluated by comparing the monthly

averages at lower farfield transects, nearfield transects, and

upper farfield transects. Analysis of variance and Scheffe's

tests were used to make these comparisons; test results were

considered significant at an uncorrected probability of p j 0.05.

For the purpose of all statistical comparisons made in this

section, fish eggs and larvae were combined into total ichthy-

oplankton.

Ichthyoplankton was collected in small numbers at all of the

transects in the lower farfield and at some of the transects in

the nearfield and upper farfield during February (Figure 3-7;

Table 3-19). While there was an absence of statistically signi-

ficant differences between adjacent transects during February,

total ichthyoplankton densities below RM 141.7 (0.0 - 1.2/1000 m3 )

were higher than those above (0.0 - 0.4/1000 m3 ). This may have

been related to slightly warmer temperatures below RM 141.7 (8.8 -

9.4 0 C, compared with 7.8 - 9.2 0 C above RM 141.7). Mean ichthyo-
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Table 3-19. Mean ichthyoplankton densities (no./1000 m3) and temperatures ( C) at Savannah River transectsduring February 1985.

Total
blue- ichthyo-

River TBmP American back striped othes unid. minnows spotted planý-
Mile (-C) shad herring bass shad Clupeidae (Cyprinidae) suckers sunfish crappie ton

Lower Farfield

89.3 9.4 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7
97.5 9.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4

110.0 9.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.4
120.0 8.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3

Nearfield

128.9 9.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8
129.1 9.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8
137.7 9.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
141.5 8.8 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 1.2
141.7 8.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
145.7 8.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4
150.4 9.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
150.8 8.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
152.0 9.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
152.2 9.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
155. 2 c 8.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

•155.3 8.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
155.4 8.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
157.0 8.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4
157.1c 8.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4
157.3 8.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (.0 0.0 0.0

Upper Farfield

166.6 8.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
176.0 8.3 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.3
187.1 7.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

NOTE: RIVICI8 was used to compute the data presented in this table.
TTEST85 was used to compare density differences between transects.

bGizzard and/or threadfin shad.
Totals include taxa shown plus taxa not shown.CIntake canals.



plankton density was higher in the lower farfield (0.5/1000 i 3 )

3than in the upper farfield (0.2/1000 m3) or nearfield

(0.2/1000 m3 ; Table 3-20) during February, although the difference

was not significant at p < 0.05.

Some of the ichthyopiankton (principally darters) collected

below RM 141.7 during February were probably transported into the

river from Steel Creek at RM 141.6. Ichthyoplankton densities

3
averaged 11.6/1000 m3 in S~teel Creek during February 1985,

compared with 0.0/1000 m3 at the river transect just above Steel

Creek (RM 141.7). It is possible that the relatively high

densities observed in Steel Creek during February were the result

of slightly accelerated spawning because of elevated swamp temper-

atures. The mean temperature in Steel Creek during February was

10.5°C (Figure 3-4), compared with 8.9OC (Table 3-19) at the river

transect immediately above Steel Creek. This slight temperature

elevation was probably due to insolation rather than SRP activ-

ities. Steel Creek does not receive thermal discharge unless Pen

Branch water flows into the Steel Creek delta, which occurs only

when the Savannah River is high enough to inundate the floodplains

(approximately 91 feet; Scott et al., in press). The Savannah

River was below flood stage during all of the February - July

sample period except for a few days in early February.

Ichthyoplankton densities in the Savannah River increased

during March, ranging from a mean of 0.7 organisms/1000 m3 at RM

187.1 to a mean of 55.7/1000 mi3 at RM 89.3 (Figure 3-8; Table 3-
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Table 3-20. Mean ichthyoplankton densities at upper farfield (RM 166.6
- 187.1), nearfield (RM 128.9 - 157.3, excluding intake
canals), and lower farfield (RM 89.3 - 120.0) Savannah
River transects. Means were analyzed with Scheffe's test.
Tests were conducted on transformed data [x = log1 0 (x +
10)], but mean densities shown are arithmehic averages.
Means underscored by same line are not significantly dif-
ferent (p < 0.05). February - July 1985.

Mean density (no./1000m )

Grand

Month Upper farfield Nearfield Lower farfield Mean

February 0.2 0.3 0.5 0.3

March 2.0 16.5 36.5 18.2

April 134.9 150.7 193.6 156.6

May 297.4 119.6 90.4 139.4

June 122.0 34.8 11.7 42.9

July 11.1 2.5 1.1 3.5

February - July 92.9 56.7 54.8 61.5

NOTE: RIVTRANI and RIVIC5a
this table.

were used to compute the tests presented in
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21). This increase was associated with rising temperatures that

averaged 12.5 C over all the river sample stations during March,

compared with an average of 8.8 0C during February. Spatial trends

in ichthyoplankton density were similar to those in February, with

lowest densities in the upper farfield (mean of 2.0/1000 m 3),

intermediate densities in the nearfield (mean of 16.5/1000 m 3),

and highest densities in the lower farfield (mean of 36.5/1000 m3

Table 3-20). Density differences between the regions were

significant at p C 0.05. This density trend was associated with a

temperature gradient in the Savannah River. Mean temperature

increased from 10.90C at RM 187.1 to 13.60C at RM 89.3, and was

directly correlated with mean ichthyoplankton density (r = 0.57; p

< 0.05). Another factor that contributed to the low densities in

the upper farfield was a lack of American shad ichthyoplankton.

Average American shad densities at river transects upstream from

RM 1.57.3 ranged from 0.0 - 1.2/1000 m3 , compared with 2.4 -

34.8/1000 m3 at the river transects (excluding the intake canals;

Table 3-21) downstream from RM 157.3.

Statistically significant changes in ichthyoplankton density

occurred between two sets of adjacent- transects during March

(Table 3-21). Ichthyoplankton density at RM 157.3 (18.4/1000 m3 )

was significantly higher than at RM 166.6 (2.5/1000 m3 ), and

ichthyoplankton density in the 1G intake canal (RM 157.1,

2.9/1000 m3 ) was significantly lower than at the river transect

just upstream from it (RM 157.3, 18.4/1000 m3). The density

difference between RM 157.3 and 166.6 was due to fewer American
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Table 3-21. Mean ichthyoplankton densities (no./1000 m 3 and temperatures ( C) at Savannah River transects dur-
ing March 1985.

-j

Total
blue- ichthyo-

River Temp American back striped othej unid. minnows spotted planE-
Mile (-C) shad herring bass shad Clupeidae (Cyprinidae) suckers sunfish crappie ton

Lower Parfield

89.3 13.2 34.8 0.8 0.4 0.3 1.9 0.3 0.4 1.5 0.0 55.7
97.5 13.4 20.6 0.4 0.0 0.0 4.5 0.3 0.0 0.4 0.3 38.8

110.0 13.6 14.9 0.0 0.0 0.0 0.6 0.3 0.0 0.0 0.4 24.9
120.0 13.2 22.6 0.6 0.0 0.0 0.0 0.0 0.0 0.4 0.0 26.6

Nearfield

128.9 13.3 11.2 0.3 0.0 0.0 0.7 1.3 0.0 0.7 0.7 17.7
129.1 13.2 12.2 0.4 0.0 0.0 0.0 0.0 0.0 1.5 0.3 22.3
137.7 13.0 12.5 0.4 0.0 0.0 0.0 1.3 0.4 2.1 0.0 26.4
141.5 12.5 15.0 1.4 0.0 0.0 0.2 0.9 0.0 0.7 0.4 22.8
141.7 12.3 24.4 0.0 0.0 0.0 0.4 4.3 0.0 2.2 0.7 34.5
145.7 12.5 14.2 0.0 0.0 0.0 0.0 1.8 0.4 1.5 1.5 21.5
150.4 12.8 11.5 0.0 0.0 0.0 0.0 0.4 0.0 0.4 0.0 12.9
150.8 12.4 6.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.0
152.0 12.4 2.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 3.3
152.2 12.6 5.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.1
155.2 12.0 7.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 23.1
155.3 12.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.5 1.7
155.4 11.9 7.8 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 8.5
157:0c 11.6 6.9 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.8
157.1 12.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 2.9,
157.3 11.4 15.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 18.4,

Upper Farfield

166.6 12.4 1.1 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 2.5"
176.0 11.7 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 2.7
187.1 10.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.7

NOTE: RIVIC18 was used to compute the data presented in this table.
TTEST85 was used to compare density differences between transects.

aGizzard and/or threadfin shad.
Totals include taxa shown plus taxa not shown.

CIntake canals.

Density values separated by asterisks are significantly different from each other at p < 0.0022.



shad spawning above RM 157.3. The low average density in the IG

intake canal was largely due to an absence of American shad ichthy-

oplankton in the canal. The same situation occurred at the 3G

canal (RM 155.3), although the difference between it and the neigh-

boring river transects was not great enough to be statistically

significant. The lack of American shad ichthyoplankton in the in-

take canals is probably due to the tendency of American shad eggs

to settle to the bottom in the slow currents in the intake canals

(McFarlane 1983). Shad eggs that settle to the bottom probably

suffocate in the bottom sediment. Another possible reason for low

American shad densities in the intake canals is that the intake

canals do not present the riverine spawning conditions that shad

prefer (Leggett 1976).

The low ichthyoplankton densities in the intake canals during

March 1985 (1.7 and 2.9/1000 m3 : 3G and 1G canals, respectively)

contrast with the high densities in the intake canals during March

1984 (37.0 and 54.3/1000 m3 : 3G and IG canals, respectively; Paller

et al. 1985). Most of the ichthyoplankton in the intake canals

during March 1984 were crappie larvae. Crappie larvae were scarce

throughout the Savannah River during 1985.

3
Ichthyoplankton densities averaged 156.6 organisms/1000 m

throughout the entire river study area (excluding the intake

canals) during April (Figure 3-9; Table 3-22), suggesting a 9-fold
3

increase in spawning activity after March (mean of 18.2/1000 m3).

This increase was associated with water temperatures that in-
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Table 3-22. Mean ichthyoplankton densities (no./1000 m3 ) and temperatures ( C) at Savannah River transects dur-
ing April 1985.

Total
blue- ichthyo-

River T~mp Amierican back striped othei unid. minnows spotted planý-
Mile ( C) shad herring bass shad Clupeidae (Cyprinidae) suckers sunfish crappie ton

Lower Farfield

89.3 17.3 185.5 3.2 5.5 1.9 2.0 10.3 15.8 1.3 0.9 241.9.
97.5 17.4 101.1 5.0 6.7 2.7 1.0 3.1 10.8 0.4 0.0 139.5

110.0 17.8 169.7 2.7 9.4 0.0 0.9 8.3 11.9 0.0 0.5 220.9
120.0 17.3 120.3 2.4 8.3 0.7 9.4 5.5 14.5 1.4 2.2 172.1

Nearfield

128.9 18.0 151.5 1.6 17.9 1.7 0.0 14.3 15.8 3.0 0.0 215.5
129.1 18.0 91.7 1.1 14.4 0.0 1.7 10.9 12.4 5.4 0.9 151.3
137.7 17.7 104.8 7.0 1.3 0.5 0.8 5.4 21.0 2.8 0.0 150.9
141.5 17.7 94.5 3.2 0.6 0.3 0.6 2.8 25.5 1.5 0.2 135.3,
141.7 17.9 170.4 2.3 2.8 2.8 0.0 3.9 45.1 1.4 0.9 240.6
145.7 16.9 170.7 2.3 2.9 0.8 0.2 1.1 35.4 1.3 0.3 224.3
150.4 18.0 69.5 2.3 12.6 0.8 0.0 0.5 14.2 0.5 0.5 141.5
150.8 17.4 37.5 3.6 1.8 1.4 0.2 0.5 15.4 0.3 0.0 75.7
152.0 17.2 35.9 2.6 19.1 3.1 0.9 2.4 13.2 0.0 0.0 82.8
152.2 16.8 52.2 3.2 8.9 0.9 0.5 0.9 17.1 0.0 0.4 88.1
155.2 16.6 58.6 11.5 27.6 0.3 0.6 0.4 20.5 0.0 0.0 124.8,
155,3c 16.6 6.7 1.0 3.0 3.9 0.0 1.0 38.2 0.0 0.0 48.8,
155.4 16.5 60.3 2.2 2.4 3.0 0.0 2.9. 17.4 0.0 0.0 95.5
157:0 16.1 76.1 0.8 2.4 0.8 0.3 0.3 10.8 0.0 0.0 118.7
157.1 16.5 3.2 4.1 0.6 1.6 0.0 0.8 33.3 0.0 0.0 46.4,
157.3 16.1 109.5 1.9 11.2 1.1 0.0 2.0 19.4 0.4 0.3 265.0

Upper Farfield

166.6 16.1 170.8 7.7 44.9 3.2 0.3 1.1 7.8 0.3 0.3 310.1,
176.0 16.2 33.5 7.6 0.0 1.4 0.9 5.3 4.5 0.2 0.4 65.2,
187.1 15.1 3.8 9.1 0.0 2.4 1.2 4.6 0.6 0.3 0.9 29.2

NOTE: RIVIC18 was used to compute the data presented in this table.
TTEST85 was used to compare density differences between transects.

bGizzard and/or threadfin shad.
Totals include taxa shown plus taxa not shown.

CIntake canals.

Density values separated by asterisks are significantly different from each other at p < 0.0022.



creased from a mean of 12.50 during March to 17.1 0 C during April.

Mean water temperature at each transect was not significantly cor-

related with mean ichthyoplankton density during April (r = 0.24,

not significant at p < 0.05), suggesting that temperatures were

appropriate for spawning throughout the study area. Mean density

was highest in the lower farfield (193.6/1000 m3 ), intermediate in

the nearfield (150.7/100 m3 ), and lowest in the upper farfield

134.5/100 m3 ; (Table 3-20). All differences were significant at

p < 0.05 (Table 3-20). The relatively high densities observed in

the nearfield and lower farfield were related to the presence of

large numbers of American shad eggs. Excluding the intake canals

(RM 155.3 and 157.1), American shad density accounted for 41 - 77%

of the total ichthyoplankton density at the transects in the

nearfield and lower farfield.

Statistical testing indicated significant differences in

density between the following pairs of transects during April:

RM 89.3 - 97.5, 141.5 - 141.7, 155.2 - 155.3, 155.3 - 155.4, 157.1

- 157.3, 166.6 - 176.0, and 176.0 - 187.1 (Table 3-22). All of

these differences were due to large changes in American shad

density between transects and are the result of localized American

shad spawning. The only exception is the differences between the

intake canals (RM 155.3 and 157.1) and the neighboring river

transects (RM 155.2, 155.4, and 157.3), where differences may be

due both to a lack of spawning in the canals and to the settling

of American shad eggs to the canal bottoms.
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Ichthyplankton densities declined slightly during May,

averaging 139.4 organisms/1000 m3 (excluding the intake canals),

compared with 156.6/1000 m3' during April (Figure 3-10; Table 3-

23). Mean temperature averaged 20.1 0 C during May, compared with

17.1 0C during April. Densities averaged 297.4/1000 m3 in the

upper farfield, 119.6/1000 m3 in the nearfield, and 90.4/1000 rr.3

in the lower farfield (Table 3-20).

Mean temperature and mean density at each transect (excluding

the intake canals) were significantly (p < 0.05) correlated during

May (r = -0.77). The negative correlation probably occurred be-

cause spawning activity was beginning to subside in the lower far-

field had exceeded optimal spawning temperatures by May. American

shad was the dominant taxon in the lower farfield and nearfield

during May, whereas American shad and gizzard and/or threadfin shad

(i.e., other shad) were the dominant taxa in the upper farfield.

Statistical testing indicated significant differences in den-

sity between the following pairs of transects during May: RM 155.3

- 155.4, 157.0 - 157.1, 157.1 - 157.3, 157.3 - 166.6, and 166.6 -

176.0. As in the previous months, the statistically significant

differences between RM 155.3 - 155.4, 157.0 - 157.1 and 157.1 -

157.3 were due to low American shad densities in the intake

canals. The statistically significant density difference between

RM 157.3 and 166.6 was due to high densities of American shad

(mean of 143.3/1000 m!) and other shad (primarily gizzard and

threadfin shad, 83.5/1000 m 3) at RM 166.6. The statistically

significant difference between RM 166.6 and 176.0 was due to much
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Table 3-23. Mean ichthyoplankton
during May 1985.

densities (no./1000 m3) and temperatures (°C) at Savannah River transects

-,J

Total
blue- ichthyo-

River Tamp American back striped other unid. minnows spotted plant-
Mile (-C) shad herring bass shada Clueeidae (Cyptinidae) suckers sunfish crappie ton

Lower Farfield

89.3 21.7 67.9 0.6 5.6 5.2 2.7 4.1 6.2 4.2 0.0 101.2
97.5 21.7 39.6 4.3 0.6 11.2 2.2 5.2 2.5 0.3 0.0 70.2

110.0 21.8 55.7 0.8 0.3 4.9 2.5 9.8 4.2 0.7 0.0 87.2
120.0 21.3 68.1 1.7 0.3 7.2 3.9 6.8 7.0 0.9 0.3 103.0

Nearfield

128.9 20.9 64.8 6.6 0.4 9.1 1.4 6.9 6.6 0.0 0.0 101.7
129.1 20.8 63.5 1.1 0.0 10.9 2.6 4.9 6.3 0.0 0.0 97.6
137.7 20.4 62.7 0.7 0.4 12.2 3.9 3.2 7.6 1.9 0.4 104.6
141.5 20.1 51.7 1.0 0.0 13.6 5.8 3.8 7.6 0.8 0.0 101.2
141.7 20.0 90.7 1.3 0.0 16.1 2.9 2.1 13.0 2.1 0.0 145.2
145.7 20.3 134.4 1.0 0.0 12.6 6.3 5.1 18.6 4.0 0.0 199.0
150.4 20.9 35.1 2.7 0.0 10.5 4.3 2.2 8.3 0.0 1.1 79.8
150.8 20.5 20.9 3.4 0.0 16.0 3.0 4.1 16.5 0.0 0.0 77.7
152.0 20.4 18.5 3.1 0.0 13.5 2.5 4.7 11.5 0.3 0.0 62.7
152.2 20.0 17.2 4.7 10.2 18.0 3.7 10.3 14.6 0.0 0.0 93.9
155.2 19.2 30.7 1.9 69.5 15.7 6.7 5.9 10.3 0.0 0.9 168.2
155.3c 19.3 0.4 0.0 12.2 21.5 12.0 3.3 22.5 0.0 0.7 92.2,
155.4 19.1 34.1 1.1 85.5 22.9 9.4 5.6 12.7 0.0 0.3 189.9
157.0 19.1 46.9 0.7 0.0 12.B 4.2 8.5 15.3 0.0 0.7 114.3,
157.1 19.2 1.2 0.0 0.0 13.5 7.4 1.9 22.3 0.0 0.0 59.0.
157.3 19.0 62.1 0.7 0.0 19.2 1.0 6.3 19.4 0.0 0.0 138.2,

Upper Farfield

166.6 18.0 143.3 2.8 13.7 83.5 12.6 13.4 15.0 0.3 0.4 371.7,
176.0 19.0 29.7 1.2 0.4 156.0 15.8 19.8 5.9 0.7 1.1 268.5
187.1 18.3 10.4 2.1 0.0 126.6 11.6 17.7 1.9 0.8 1.1 251.9

NOTE: RIVIC18 was used to calculate the data presented in this table.
TTEST85 was used to compare density differences between tcansects.

aGizzard and/or threadfin shad.
bTotals include taxa shown plus taxa not shown.

.intake canals.
Density values separated by asterisks are significantly different from each other at p < 0.0022.



lower American shad densities (mean of 29.7/1000 m3) at RM 176.0

than at RM 166.6 (mean of 143.3/1000 m 3 ).

Spawning activity declined in June, with mean densities

ranging from 196.8 organisms/1000 m3 at RM 166.6 to 6.5/1000 m3 at

RM 110.0 (Figure 3-11; Table 3-24). Densities averaged

122.0/1000 m3  in the upper farfield, 34.8/1000 mn3  in the

nearfield, and 11.7/1000 mi3  in the lower farfield (Table 3-24).

Densities were significantly greater in the upper farfield than in

the nearfield and significantly greater in the nearfield than in

the lower farfield, indicating that spawning was ending in the

lower river but continuing in the upper river. This phenomenon

was also observed during June 1983 and 1984 (Paller et al. 1984,

1985). River temperatures averaged 23.1 0 C during June. The

correlation between mean temperature and mean density at each

transect was significant and negative (r = -0.65; p < 0.05),

indicating more spawning at the cooler transects in the upper

farfield than elsewhere in the river.

Statistical testing indicated significant differences in den-

sity between the following transect pairs during June: RM 120.0 -

128.9, 157.1 - 157.3, and 157.3 - 166.6. The relatively high mean

3density at RM 128.9 (29.8/1000 m3), compared with RM 120.0

(7.2/1000 m3 ), was due to higher densities of striped bass and

American shad at RM 128.9. The high density at RM 166.6

(196.8/1000 m3 ), compared with RM 157.3 (40.0/1000 m 3 ), was
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Table 3-24. Mean ichthyoplankton
during June 1985.

densities (no./1000 mi3 ) and temperatures {°C) at Savannah River transects

WJ

-J

Total
blue- ichthyo-

River TSmp American back striped other unid. minnows spotted planO-
Mile (-C) shad herring bass shada Clupeidae (Cyprinidae) suckers sunfish crappie ton

Lower Farfield

89.3 25.3 2.4 0.0 0.0 5.3 0.5 0.0 0.0 1.3 0.0 13.8
97.5 25.1 1.8 0.0 0.7 13.8 0.0 0.3 0.0 0.0 0.0 19.3

110.0 24.5 3.2 0.0 0.0 1.5 0.0 0.0 0.8 0.0 0.0 6.5
120.0 24.6 1.6 0.0 0.0 1.5 0.3 0.4 0.4 1.2 0.0 7.2,

Nearfield

128.9 23.9 5.6 0.0 11.6 3.6 0.0 0.7 1.1 1.4 0.4 29.8
129.1 23.9 12.8 1.7 23.2 1.2 0.0 0.4 0.8 0.7 0.0 44.8
137.7 23.2 15.1 1.2 0.4 5.7 6.3 0.8 0.8 1.4 0.0 35.1
141.5 23.0 10.4 1.7 0.0 7.5 3.2 0.9 2.0 2.3 0.0 30.8
141.7 22.9 26.3 1.7 0.0 4.4 6.5 0.2 0.4 5.4 0.0 53.4
145.7 23.0 48.5 0.4 0.0 5.7 1.2 1.9 1.7 1.0 0.9 67.4
150.4 23.3 8.7 0.7 0.0 2.5 1.8 1.0 0.7 0.0 0.0 19.1
150.8 23.1 7.6 4.7 0.0 1.8 0.7 1.5 4.4 0.4 0.0 27.1
152.0 22.7 3.3 3.1 0.0 3e6 4.6 2.5 1.8 0.0 0.0 22.7
152.2 22.5 4.5 5.2 0.0 4.4 4.1 1.3 2.2 0.0 0.0 29.8
155.2 23.0 6.7 0.9 0.0 3.9 2.3 0.3 1.5 0.0 0.0 24.3
155.3 23.3 0.6 4.4 0.0 19.0 9.7 1.8 5.7 0.0 0.0 44.9
155.4 22.8 7.9 0.7 0.0 4.3 2.0 0.8 2.0 0.5 0.0 27.3
157.0 22.4 11.0 0.6 0.3 10.9 2.3 2.0 1.6 1.2 0.0 35.4
157.1c 23.3 0.0 1.8 0.0 4.0 4.1 1.1 3.9 0.7 0.0 17.9,
157.3 22.3 19.4 0.3 0.0 4.2 2.8 1.5 2.0 0.0 0.0 40.0.

Upper Farfield

166.6 21.3 27.7 8.2 0.0 57.2 53.8 0.7 1.2 0.4 0.0 196.8
176.0 21.3 22.7 4.0 0.0 18.8 16.4 2.8 1.6 1.0 0.0 93.7
187.1 20.4 5.4 4.4 0.5 17.7 10.3 8.2 0.7 1.2 0.0 75.6

NOTE: RIVICl8 was used to compute the data presented in this table.
TTEST85 was used to compare density differences between transects.

aGizzard and/or threadfin shad.
Totals include taxa shown plus taxa not shown.

,Intake canals.

Density values separated by asterisks are significahtly different from each other at p 1 0.0022.



largely due to higher densities of American shad, "other" shad,

and unidentified clupeids at RM 166.6 than at 157.3. The low mean

density in the IG intake canal RM 157.1 (17.9/1000 m3 ), compared

with the neighboring river transect (RM 157.3; 40.0/1000 m3 ), was

due to a lack of American shad ichthyoplankton in the intake

canal.

Spawning activity in the river was low during July, with mean

ichthyoplankton densities ranging from 0.0 organisms/1000 m 3 at RM

110.0 and 155.3 to 12.7/1000 m 3 at RM 187.1 (Figure 3-12; Table 3-

25). As in June, densities were significantly (p < 0.05) higher

in the upper farfield (mean of 11.1/1000 M 3 ) than in the nearfield

(2.5/1000 m ) or lower farfield (1.1/1000 m ; Table 3-20). Mean

temperature in the Savannah River was 23.2 0 C, with the highest

temperatures at the downstream end of the study area (mean of

25.1°C at RM 89.3) and lowest temperatures at the upstream end of

the study area (mean of 21.5 0 C at RM 187.1). The correlation be-

tween mean temperature and mean density at each transect was sig-

nificant and negative (r = -0.67; p < 0.05), suggesting that

spawning was only occurring in cooler, upriver reaches.

Ichthyoplankton densities over the entire February - July

sample period ranged from a mean of 22.2/1000 m3 in the IG intake

canal (RM 157.1) to a mean of 149.3/1000 m3 at RM 166.6 (Table 3-

26). Densities were significantly higher in the upper farfield

(mean of 94.6/1000 m 3) than in the nearfield (mean of
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0

Table 3-25. Mean ichthyoplankton densities (no./1000 m3 ) and temperatures ([C) at Savannah River transects
during July 1985.

0,0o

Total
blue- ichthyo-

River Tgmp American back striped othei unid. minnows spotted plagk-Mile (-C) shad herring bass shad Clupeidae (Cyprinidae) suckers sunfish crappie ton

Lower Farfield

89.3 25.1 0.0 0.8 0.0 0.0 0.0 0.3 0.0 0.0 0.0 1.7
97.5 25.1 0.0 0.3 0.0 0.3 0.0 0.3 0.0 0.0 0.0 1.1

110.0 24.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
120.0 23.8 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.6 0.0 1.5

Nearfield

128.9 23.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 1.1
129.1 23.7 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.4 0.0 2.0
137.7 23.5 0.2 0.3 0.0 0.0 0.0 0.3 0.0 0.3 0.0 3.3
141.5 23.3 0.0 0.6 0.0 0.3 0.0 0.3 0.0 0.9 0.0 4.6
141.7 23.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 5.4
145.7 23.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.3 5.4
150.4 23.2 0.7 0.3 0.0 0.0 0.0 0.7 0.0 0.0 0.0 2.3
150.8 23.3 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0..3
152.0 23.3 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.3 0.0 2.3
152.2 23.1 0.0 0.5 0.0 0.3 0.0 0.3 0.0 0.3 0.0 1.8
155.2 22.6 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.6
155.3' 23.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
155.4 22.7 0.0 0.3 0.0 0.0 0.0 0.3 0.0 0.3 0.0 2.0
157.0 22.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.1
157.1c 23.1 0.0 0.0 0.0 0.0 1.7 0.5 0.0 0.4 0.0 4.9157.3 22.3 0.0 0.0 0.0 0.0 0.7 0.3 0.0 0.6 0.0 2.2

Upper Farfield

166.6 21.4 0.7 0.4 0.0 0.3 0.5 0.8 0.0 0.4 0.0 9.2
176.0 22.1 6.5 0.8 0.0 0.4 1.0 0.0 0.0 0.3 0.0 11.5
187.1 21.5 1.1 0.6 0.0 0.4 1.1 3.6 0.0 0.9 0.0 12.7

NOTE: RIVICI8 was used to compute the data presented in this table.
TTEST85 was used to compare density differences between transects.

bGizzard and/or threadfin shad.Totals include taxa shown plus taxa not shown.clntake canals.



0

Table 3-26. Miean ichthyoplankton densities (no./1000 m 3) and temperatures ( C) at Savannah River transects
during February - July 1985.

Total
blue- ichthyo-

River Tsmp American back striped othes unid. minnows spotted plang-
Mile (-C) shad herring bass shad Clupeidae (Cyprinidae) suckers sunfish crappie ton

Lower Farfield

89.3 19.0 47.4 0.9 2.0 2.2 1.2 2.5 3.7 1.4 0.1 67.8
97.5 19.0 .26.6 1.7 1.2 4.7 1.3 1.6 2.1 0.2 0.1 44.1

110.0 18.9 39.6 0.6 1.5 1.2 0.7 3.2 2.7 0.2 0.1 55.6
120.0 18.5 35.3 0.8 1.3 1.7 2.3 2.2 3.6 0.7 0.4 51.7

Nearfield

128.9 18.4 41.7 1.4 5.3 2.2 0.3 4.1 4.2 1.0 0.2 64.2
129.1 18.3 31.3 0.8 6.3- 1.9 0.7 2.9 3.5 1.4 0.2 54.7
137.7 18.0 11.I 1.8 0.4 2.9 1.7 1.9 5.4 ) 1.4 0.1 55.2
141.5 17.8 30.0 1.4 0.1 3.4 1.5 1.5 6.4 1.1 0.1 50.9
141.7 17.7 54.6 0.9 0.5 3.7 1.5 1.8 10.6 1.8 0.3 83.2
145.7 18.0 63.2 0.7 0.6 3.0 1.2 1.6 10.0 1.5 0.5 84.3
150.4 18.5 22.0 1.0 2.4 2.1 1.0 0.8 4.1 0.2 0.3 44.7
150.8 18.2 12.6 1.9 0.3 3.0 0.6 1.0 6.2 0.1 0.0 31.8
152.0 18.1 10.6 1.4 3.7 3.2 1.3 1.6 4.6 0.1 0.1 28.7
152.2 17.8 14.2 2.2 3.3 3.6 1.3 2.0 5.9 0.1 0.1 43.1
155.2 17.2 18.2 2.6 16.0 3.1 1.5 1.0 5.8 0.0 0.2 67.1
155.3 17.4 0.3 0.9 2.5 7.0 3.4 1.0 11.7 0.1 0.2 30.7
155.4 17.1 19.3 0.8 13.6 4.8 1.7 1.6 5.7 0.1 0.0 57.0
1570oc 16.9 24.6 0.4 0.5 3.8 1.0 1.7 4.7 0.2 0.1 47.5
157.1 17.3 0.8 1.1 0.1 3.0 2.1 0.7 10.4 0.2 0.1 22.2
157.3 16.7 36.0 0.5 2.1 3.8 0.7 1.6 7.0 0.2 0.2 81.6

Upper Parfield

166.6 16.6 59.4 3.2 10.7 22.3 10.4 2.5 4.0 0.2 0.1 149.3
176.0 16.6 15.7 2.4 0.1 27.2 5.3 4.5 2.0 0.4 0.2 70.9
187.1 15.9 3.3 2.8 0.1 22.7 3.8 5.4 0.6 0.6 0.4 58.6

NOTE: RIVIC18 was used to compute the data pre'sented in this table.

aGizzard and/or threadfin shad.-Totals include taxa shown plus taxa not shown.CIntake canals.

CD
I-



56.7/1000 43) or lower farfield (mean of 54.8/1000 m 3) which were

not significantly different from each other (p < 0.05; Table 3-

20).

An examination of the average density at each transect over

all dates indicates that densities were lower at RM 150.8 and at

RM 152.0 than at the rest of the transects (excluding the intake

canals), primarily due to a relative scarcity of American shad

ichthyoplankton (Figure 3-13). RM 150.8 and RM 152.0 are upstream

from the mouth of Four Mile Creek (RM 150.6), hence not exposed to

reactor discharge. Although these stations are downstream from

Beaver Dan, Creek (RM 152.1), the discharge from this stream was

only moderately heated. Thermal-imagery studies in done in August

1982 indicated that Savannah River temperatures directly in front

of the mouth of Beaver Dan, Creek were only several °C above

ambient river temperature (Bristow and Doak 1983), and temperatures

measured near the South Carolina bank just downstream from Beaver

Dam Creek during the present study (RM 152.0) were, at most, l°C

above ambient (Figure 3-6). It is unlikely that the relatively low

average ichthyoplankton densities at RM 150.8 and RM 152.0 are due

to SRP impacts.

This analysis of the spatial and temporal distribution of

ichthyoplankton in the Savannah River did not indicate that in

total ichthyoplankton (i.e., all species combined) abundance de-

creased below the mouth of Four Mile Creek (RM 150.6). This con-

clusion contradicts the findings of the horizontal distribution
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analysis, which indicated that larval densities were significantly

reduced near the South Carolina bank just below Four Mile Creek

,(Tables 3-15 and 3-17). This discrepancy occurred because larval

densities near the South Carolina bank were treated separately

from egg densities and from mid-river and Georgia bank densities

in the horizontal distribution analyses, whereas banks and life

stages were averaged together in the spatial and temporal distri-

nution analysis. In the latter analysis, the reduction in larval

density near the South Carolina bank was of insufficient magnitude

to cause a noticeable effect at RM 150.4. Together, the results

of the comparatively high-resolution horizontal distribution

analysis and the more general spatial and temporal distribution

analysis suggest that the density reduction below the mouth of

Four Mile Creek was real, but was so localized and species-

specific (only spotted sucker larvae were reduced; Table 3-17)

that its effect on overall river ichthyoplankton abundance was

undetectable.

3.1.3 Oxbow Ichthyoplankton

Five oxbows were sampled during 1984: two in the upper far-

field (at RM 167.4 and 183.0), two in the nearfield (at RM 156.7

and 153.2), and one in the lower farfield (at RM 100.2). The

average depth of the oxbows (in the area where they were sampled)

ranged from 2.0 - 3.6 m (Table 3-27), and all were approximately

equal to the river in width or slightly narrower. Although all the

oxbows were connected to the river (some at both ends), current

velocities in the oxbows during 1985 were usually too low to
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.Table 3-27. Mean (and range)
River. February

of chemical and physical parameters in five oxbows on the Savannah
- July 1985.

02

Oxbow Dissolved
River Tempebature Oxygen Conductivity Alkalinity Depth Number ofMile (MW) ( C) (mg/L) P11 (IjS/cm) (ing/L) (m) dates sampled

100.2 Topa 21.3 7.9 7.0 92.0 25.5 2.8 26
(5.5-30.0) (3.6-12.0) (4.3-9.6) (63.0-118.0) (12.5-36.0) (2.1-5.2)

Bottomb 19.3 4.3 6.4 94.8 c

(5.5-28.0) (0.1- 8.7) (4.2-7.5) (64.0-144.0)

153.2 Top 19.9 8.3 6.8 84.9 19.7 2.7 26
(6.6-30.4) (5.9-11.3) (5.8-8.5) (62.0-108.01 (13.8-22.5) (l.8-4.El

Bottom 17.3 5.4 6.6 97.1
(6.6-25.8) (0.1- 9.0) (5.8-7.8) (56.0-187.0)

156.7 Top 17.8 6.4 6.3 81.8 19.0 2.1 26
(6.9-26.6) (2.8- 9.9) (5.3-7.1) (49.0-112.0) (11.3-25.1) (1.5-3.0)

Bottom 12.1 6.4 6.1 79.2
(6.9-19.5) (3.1- 9.5) (4.2-7.0) (41.0-122.0)

167.4 Top 18.8 8.8 6.7 84.3 19.0 3.6 26
(6.7-31.2) (4.9-12.2). (4.9-8.3) (53.0-120.0) (11.8-21.3) (2.1-6.4)

Bottom 16.7 7.7 6.6 81.7
(6.7-28.3) (4.0-15.7) (5.0-8.8) (51.0-106.0)

183.0 Top 21.8 8.9 6.6 49.7 14.6 2.0 26
(6.8-33.1) (4.5-19.7) (5.1-9.3) (39.0- 70.0) (9.3-50.0) (1.5-4.0)

Bottom 18.8 5.3 6.2 51.6
(6.8-27.8) (0.8- 8.6) (4.9-7.8) (34.0- 72.0)

NOTE: RIVIC7 was used to compute the data presented in this table.

aTop samples taken approximately 1 m below the surface.
Bottom samples taken approximately 1 m above the bottom.Samples not taken.



measure (< 0.1 m/s). In 1984, *in contrast, mean current Velocities

in the oxbows ranged between 2.5 and 13.4 m/s (Paller et al. 1985).

In 1984, Savannah River levels were higher than in 1985, resulting

in greater water exchange between the oxbows and the river.

Chemical and physical parameters in the oxbows were in most

respects similar to those in the river (Table 3-27 and 3-28).

Exceptions were current velocity, which was much lower (generally

too low to measure in the oxbows vs. 71.3 cm/s in the river), and

depth, which was slightly less (mean of 2.6 m in the oxbows vs.

3.3 m in the river). Unlike the river, some of the more slowly

flowing oxbows tended to stratify in the summer. The average

near-top temperature (19.90C) was approximately 3.0 C higher than

the average near-bottom temperature (16.80C) in the oxbows.

Oxygen concentration, too, was higher near the top (mean of

8.1 mg/L) than the bottom (mean of 5.8 mg/L) in the oxbows.

Stratification is generally associated with standing or slow-

flowing waters (Wetzel 1983) and was not observed in the more

rapidly flowing and turbulent Savannah River (Table 3-28).

A total of 10,214 larvae and 108 eggs were collected from the

five oxbows sampled during 1985 (Table 3-29). Species composition

was dominated by gizzard and/or threadfin shad (47.4%) and

unidentified Clupeidae (14.9%; Table 3-6). It is probable that

most of the unidentified clupeids were gizzard and/or threadfin

shad at developmental stages where definitive identifications were

not practical. Other dominant taxa in the oxbows were the sun-
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0 0

Table 3-28' Mean (and range) of chemical and physical parameters of the mid- and lower reaches of the Savan-
nah River. Weekly samples were taken at 21 transects between RM 89.3 and 187.1. February - July
1985.

Parameters
Dissolved

Tempgrature Oxygen Conductivity Alkalinity Current Depth
River Depth C) (mg/L) pH (PS/cm) (mg/L) (cm/s) (,m)

Mean 17.8 7.1 6.5 83.4 18.3 76.6 3.3
Top (Range) (5.6-26.5) (2.2-13.6) (4.0-8.4) (38.0-179.0) (4.0-38.0) (20.0-160.0) (0.9 - B.8)

S.D. 5.5 1.3 0.7 14.1 2.8 16.7 1.2

b Mean 17.8 7.0 6.5 83.0 19.5 66.1

Bottom (Range) (5.6-26.5) (2.0-13.5) (4.1-8.4) (38.0-126.0) (16.3-21.0) (16.0-140.0)
S.D. 5.5 1.2 0.7 14.3 2.0 15.5

NOTE: RIVIC7 was used to calculate the data presented in this table.

b~pproximately 1 m below the surface.
Approximately 1 m above the bottom.
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Table 3-29. Numbers of ichthyoplankton collected and average ichthyoplankton
densities in Savannah River oxbows. February - July 1985.

Mean ich- Density
Oxbow thyoplankton coefficient

location Number Number Numbgr density 3 Density of variation
(RM) larvae eggs taxa (no./1000 m ) range (%)

100.2 7711 0 8 1556.2 0.0 - 17190.5 189.7
153.2 185 10 10 38.6 0.0 - 352.4 168.7
156.7 148 1 6 57.2 0.0 - 469.3 205.4
167.4 1760 40 9 289.7 0.0 - 3837.4 276.1
183.0 410 57 11 108.1 0.0 - 791.1 141.4

Total 10,214 108

NOTE: RIVIC18 was used to compute the data presented in this table.

0J



fishes (20.7% of all ichthyoplankton collected) and the blueback

herring (6.2%). While these taxa apparently spawned in the

oxbows, others made little use of them, most notably striped bass

(mean of 0.2 individuals/1000 m3  in the oxbows, compared with

3.3/1000 m3  in the river; Table 3-6) and American shad

(3.4/1000 M3  in the oxbows, compared with 30.5/1000 m3 in the

river; Table 3-6).

Ichthyoplankton density varied between oxbows and was

particularly high in the oxbow at RM 100.2. Average density in

the oxbow at RM 100.2 was 1556.2 ichthyoplankton/1000 m3 , compared

with 38.6 - 289.7/1000 m3 in the other oxbows (Table 3-29). The

density difference between the oxbow at RM 100.2 and the other

oxbows was consistent across all dates and not due solely to a few

extremely high peaks (Figure 3-14). Except for the fact that

spawning began about two weeks earlier in the oxbow at RM 100.2

than in the other oxbows (possibly due to slightly elevated

temperatures), seasonal trends in the oxbow at RM 100.2 were

similar to those in the other oxbows and the river. In addition,

taxonomic composition was similar between the oxbows, indicating

that the high densities in the oxbow at RM 100.2 were not due to

an unusual level of spawning by a single species (Table 3-30).

The occurrence of extremely high densities in the oxbow at RM

100.2 was also observed during 1983. Reasons for the apparent

productivity of the oxbow at RM 100.2 are unknown at present.
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Table 3-30. Percent abundance
oxbows. February

of ichthyoplankton in Savannah River
- July 1985.

Oxbows (RM)
Taxa 100.2 153.2 156.7 167.4 183.0

unid. Clupeidae 10.3 26.2 22.1 35.6 3.4
blueback herring 5.6 12.8 9.4 8.1 5.4
American shad 0.1 2.1 43.6 - 0.2
gizzard and/or

threadfin shad 48.4 35.4 10.7 53.9 21.6
minnow (Cyprinidae) 0.0 0.0 0.7 0.1 0.2
carp 0.0 0.5 0.0 0.1 0.2
spotted sucker 0.0 1.5 0.0 0.1 0.0
topminnow 0.0 0.0 0.0 0.1 .0.0
mosquitofish 0.0 0.0 0.0 0.0 0.9
brook silverside 0.1 0.0 0.0 0.1 1.7
striped bass 0.0 3.1 0.0 0.0 0.0
unid. sunfish 1.6 1.0 5.4 0.0 10.9
sunfish

(Lepomis spp.) 23.2 0.5 4.7 0.1 31.3
crappie 3.2 3.1 1.3 0.0 7.3
darter 2.5 10.8 0.0 0.1 8.4
yellow perch 4.5 1.5 0.0 0.0 5.1
unid. larvae 0.6 1.0 1.3 0.3 3.4
other eggs 0.0 0.5 0.7 1.6 0.0

Total percent 100.1 100.0 99.9 100.2 100.0
Total ichthyoplankton 7711 195 149 1800 467
Number of sampling dates 26 26 26 26 26

NOTE: RIVIC10 was used to compute the data presented in this table.
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In addition to being important spawning areas, some oxbows

may function as nurseries where larvae can remain until they

become less-vulnerable juveniles. Characteristics of the oxbows

that might contribute to the survival and growth of larvae to

juvenile size are reduced current (hence reduced probability of

transport to unfavorable areas) and possibly greater amounts of

forage in the form of zooplankton. The importance of backwater

areas as nursery zones has been noted by Hergenrader et al. (1982)

and Holland and Huston (1984, 1985).

3.1.4 Spatial and Temporal Distribution of Selected

Ichthyoolankton Taxa

3.1.4.1 American shad

American shad support a sport and commercial fishery in the

Savannah River during their spring spawning migrations. Adult

fish spawn at varying distances upstream of the brackish-water

zone and have been captured at least as far upstream as the

Augusta Diversion Dam (Osteen et al. 1984). The eggs are

transported downstream with the current until they hatch or sink

to the bottom. Larval shad grow to juvenile size in the river and

generally migrate to the sea in the fall of the year they were

spawned (Leggett 1976).

Eleven thousand four hundred and ninety four (11,494)

American shad eggs and 361 American shad larvae were collected

from the study area during 1985 (Table 3-1). This is considerably

more than were collected during 1984 (196 larvae and 2520 eggs;

Paller et al. 1985) or 1983 (653 larvae and 3612 eggs; Paller et
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al. 1984), in spite of the fact that sampling effort was reduced

during 1985. American shad were abundant enough during 1985 to

make them the dominant taxa in the river ichthyoplankton

assemblage (50.7% of all ichthyoplankton collected; Table 3-6) and

responsible for many of the major spatial and temporal trends in

total ichthyoplankton abundance observed during 1985 (Section

3.1.2.5). The abundance of American shad ichthyoplankton

(primarily eggs) during 1985 may be due to greater egg survival or

to the migration of more spawning adults into the study area

during spring 1985 than during previous years of the study.

Greater concentration of eggs into a more limited area due to

reduced river discharge during 1985 (Figure 3-15) may also be a

contributing factor, although unlikely to account for more than a

relatively small percentage of the several-fold increase in

American shad ichthyoplankton abundance between 1985 and earlier

years.

American shad ichthyoplankton were first collected in

February at temperatures as low as 10 0C (Table 3-19). Densities

increased in later months, peaking-in April and May at temper-

atures of 16 - 22 0 C (Figure 3-16; Tables 3-22 and 3-23). American

shad ichthyoplankton were largely absent from the study area by

July (Table 3-25). Very few shad were collected at temperatures

above 26 C.

The total number of American shad ichthyoplankton transported

through the river over the entire study period ranged from an
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estimated 160 million at RM 145.7 and nearly 160 million at RM

166.6 to 8 million at RM 187.1 (Figure 3-17). The peaks at RM

145.7 and 166.6 probably reflect localized concentrations of

spawning fish. Average transport over all river sample stations

was 80 million, approximately 28 times higher than the average

transport during 1984. Most American shad spawning occurred in

the river. With the exception of Steel Creek, transport from the

creeks was minimal (Tables 3-9, 3-10, and 3-11). Steel Creek

transported approximately 1.6 million American shad larvae and

eggs (primarily eggs) into the Savannah River (Table 3-31). As in

earlier years, American shad spawning occurred in the vicinity of

the SRP, but also in other portions of the river.

3.1.4.2 Striped Bass

Adult striped bass are most abundant in coastal areas but

often are found in freshwater, particularly during winter and

spring. Upriver spawning migrations along the East Coast gen-

erally occur between winter and midsummer (Merriman 1950). Eggs

and larvae drift downstream to nursery areas, which are generally

in estuaries and the lower portions of rivers. Some current is

important in striped bass spawning areas, since egg survival is

dependent upon sufficient current to keep then, suspended in the

water column (Stevens 1967; Bayless 1968).

Striped bass ichthyoplankton were first observed in low

numbers in March (Table 3-21). Densities peaked in April and May,

declined during June, and were zero by July (Tables 3-22 through

3-96



0

200r LOWER FARFIELD I NEARFIELD I UPPER FARFIELD

w

40
0

w
m

z

150I

100

I
50F I

I
II

0!
0

Ii

90 100 110 120 130 140 150 160 170 180 190

RIVER MILE

Figure 3-17. Number of American shad ichthyoplankton transported through Savannah River sampling transects
(RNTRAN-X). February - July 1985.



Table 3-31. Total number of ichthyoplankton (x 103 ) transported from
the mouths of selected Savannah River tributaries. Feb-
ruary - July 1985.

American blueback striped
Creek (PM) shad herring bass

Buck (92.6) 0 0 0
Briar (97.6) 90 229 71
The Gaul (109.0) 0 0 0
Smith Lake (126.5) 0 0 0
Lower Three Runs (129.0) 0 39 0
Sweetwater (133.5) 0 0 0
Steel (141.6) 1623 1340 0
Four Mile (150.6) 0 15 0
Beaver Dam (152.1) 12 567 0
Upper Three Runs (157.2) 62 201 0
Upper Boggy Gut (162.2) 0 0 0
McBean (164.2) 59 137 0
Hollow (176.1) 61 272 0
Spirit (183.3) 0 60 0

NOTE: CRKPORT was used to compute the data presented in this table.
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3-25). The greatest striped bass ichthyoplankton densities were

associated with river temperatures of 17 - 25 0 C (Figure 3-18).

These temperatures are comparable to striped bass spawning temper-

atures reported by other researchers (Merriman 1950). Striped

bass spawning began earlier and lasted somewhat longer during 1985

than during 1983 or 1984 (when it was largely confined to May;

Paller et al. 1984, 1985).

Striped bass transport exhibited three peaks, suggesting lo-

calized aggregations of spawning fish. The peaks occurred at RM

166.6 (28 million larvae and eggs, RM 155.4 (39 million larvae and

eggs), and RM 129.0 (16 million larvae and eggs; Figure 3-19). The

transport increase that contributed to the peak at RM 155.4 actual-

ly began at RM 152.2, indicating considerable striped bass spawning

just above and below the 3G intake canal at RM 155.3. In 1984,

striped bass transport peaked at RM 141.7, and in 1983, striped

bass transport peaked at RM 120.0 and 152.2. Very few striped bass

larvae or eggs were collected from the tributary creeks during

1985, which indicates their relative unimportance as striped bass

spawning areas (Tables 3-9, 3-10, 3-11, and 3-31).

The collection of striped bass ichthyoplankton at and above

RM 141.7 contrasts with the findings of earlier researchers.

McFarlane et al. (1978) found neither striped bass larvae nor eggs

in ichthyoplankton collections from the vicinity of the intake

canals (RM 155.3 and 157.1). Dudley et al. (1977) studied the

movements of striped bass tagged with ultrasonic and radio
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transmitters and suggested that spawning fishes congregated in the

lower portion of the Savannah River (approximately RM 18 - 19).

These differences may be due in part to methodological differ-

ences. McFarlane used 760 1 mesh nets, which may have extruded

striped bass ichthyoplankton, rather than the 505 P mesh nets used

in this study (see Paller et al. 1984 for a comparison between

505 vand 760 v mesh nets). It is also possible that there are

different striped bass populations in the river, one which spawns

in the lower portion of the study area and one which spawns

farther upstream. This latter possibility was indicated by Dudley

et al. (1977), who suggested that the Savannah River may possess a

riverine population whose anadromy is greatly reduced in relation

to coastal populations.

3.1.4.3 Blueback herring

Blueback herring support bait, food, and commercial fisheries

in east coast rivers during their spawning migrations (Curtis

1981). Adults move from coastal waters into brackish and fresh-

water, where they deposit mildly adhesive eggs in swamps, creeks,

and floodlands (Adams and Street 1969; Frankensteen 1976). Juve-

niles generally migrate downstream when they are approximately

50 mm in total length (Jones et al. 1978).

Blueback herring ichthyoplankton were first observed in the

study area during March, peaked in abundance during April and May,

declined in abundance during June, and were present in very small

numbers during July (Tables 3-21 through 3-25). Spawning largely
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occurred at temperatures between 130 C and 27 0 C, with nmaxinun,

activity between 14°C and 24°C (Figure 3-20). This temperature

range is somewhat broader and higher than in 1984, when nmaximrum

spawning occurred between 14 and 18°C.

Blueback herring transport averaged approximately 2.6 million

in the lower farfield, approximately 3.2 million in the nearfield,

and approximately 7.1 million in the upper farfield (Figure 3-21).

This distribution pattern differed from those exhibited during

1983 and 1984, when blueback herring were most abundant in the

lower farfield. Reasons for this change are at present unknown.

Unlike the other anadronfous species, blueback herring were

abundant in the creeks (mean density of 10.6/1000 it,3 compared to
3.

1.4/1000 m, in the river; Table 3-6). Steel Creek contributed

large amounts of blueback herring ichthyoplankton to the Savannah

River during 1985 (Table 3-9), as it did during 1983 and 1984

(Paller et al. 1984, 1985).

The number of blueback herring larvae in the Savannah River

(excluding transects below RM 89.3) during 1985 (mean of 1.4/1000

3a,) was roughly equivalent to that during 1984 (mean of

1.7/1000 a3, excluding transects below RM 89.3) but much lower

than during 1983 (mean of 7.1/1000 m3, excluding transects below

RM 89.3). Much of this difference is probably attributable to

river level. River levels were well below flood stage during most

of April 1984 and April 1985. In contrast, the Savannah River was

flooded during April 1983, which was that year's peak spawning
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month for blueback herring. Flood conditions increase the availa-

bility of swamps and flooded lowlands, both of which constitute

important spawning areas for blueback herring (Frankensteen 1976).

3.1.4.4 Gizzard and/or Threadfin Shad

Gizzard and/or threadfin shad larvae were the most abundant

taxonomic group in the study area composing 35.5% of all larvae

and 2.2% of all eggs collected during 1985 (Table 3-1). In addi-

tion, the category "unidentified Clupeidae" (12.7% of all larvae)

probably consisted mainly of gizzard and/or threadfin shad, since

blueback herring, the only other important taxon in this category,

were not abundant (5.4%). Gizzard and threadfin shad are impor-

tant because they serve as a link between predatory fishes and the

energy sources at the base of the food web, such as detritus and

plankton (Pflieger 1975).

Gizzard and/or threadfin shad larvae were not collected in

any numbers until April (Table 3-22). Densities were low in April

(mean of 1.5 organisms/1000 n 3 ), peaked in May (27.5/1000 ,3),

then declined in June (8.8/1000 m 3) and July (0.1/1000 M3). most

spawning occurred between 16 0 C and 25 0 C (Figure 3-22). These

temperatures and spawning times are comparable to those observed

in 1984 (Paller et al. 1985).

Gizzard and/or threadfin shad densities averaged

221.6/1000 m in the oxbows, 6.0/1000 ml3 in the river, 4.3/1000 m3
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in the creeks, and 5.0/1000 m3 in the intake canals (Table 3-6).

These data indicate that gizzard shad spawned in all the major

habitats in the study area, but made particular use of the oxbows,

particularly the oxbow at RM 100.2. High gizzard and/or threadfin

shad densities were also observed in the oxbows during 1984

(Paller et al. 1985). Gizzard and/or threadfin shad density in

the. Savannah River was 6.0/1000 m 3 during 1985, slightly higher

than during 1984 (4.0/1000 in3 , excluding transects below R 89.3),
but less than during 1983 (14.3/1000 i 3, excluding transects below

RM 89.3).

3.1.4.5 Sunfish

Sunfish (Lepomis and unidentified sunfishes) larvae were one

of the most abundant types in the study area, constituting 13.2%

of all larvae collected (no eggs were identified as those of

sunfish; Table 3-1). Sunfish spawning peaked in April, May, and

June, and was still occurring at decreased levels in July (Tables

3-21 through 3-25). Sunfish spawning in July is not unusual,

since some species (such as bluegill) normally spawn throughout

the summer (Pflieger 1975).

Sunfish larvae occurred over a wide range of water tempera-

tures (11 - 300C; Figure 3-23), probably because the category

"sunfishes" includes many species with varied optimal spawning

temperatures. A few sunfish larvae were collected at temperatures

of approximately 33 0 C in the thermal creeks. While some of these

larvae may have drifted into thermal areas from other sources, the
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sunfishes may make greater use of mildly thermal areas than most

other species. A fairly similar relationship between sunfish

density and temperatures was observed during 1984, with most

spawning occurring between 14 and 28°C and a few larvae being

collected at temperatures exceeding 30 °C.

Sunfish (unidentified plus Lepomis) densities averaged

96.5/1000 M3 in the oxbows, 0.6/1000 m 3 in the river, 6.7/1000 m3

in the creeks, and 0.2/1000 m 3 in the intake canals (Table 3-6),

indicating that the oxbows are important spawning areas for sun-

fish (especially the oxbow at RM 100.2). Sunfish larvae were also

observed in high densities in the oxbows during 1984. Their mean

densities in 1984 were 49.2/1000 m3 in the oxbows, 17.2/1000 m3 in

the creeks, 4.0/1000 m 3 in the river (3.2/1000 m 3 excluding the

transects below RM 89.3), and 1.4/1000 M 3 in the intake canals

(Paller et al. 1985).

Except at the oxbows, sunfish densities were lower in 1985

than in previous years. This decrease may be related to low water

levels in 1985 (Figure 3-15). Low water levels in the rivers and

creeks would tend to reduce spawning habitat by eliminating coves,

backwaters, and shallows where larvae and eggs are sheltered from

strong currents. Low water levels in the oxbows would not

necessarily have a deleterious effect, however, since currents are

minimal in most of the oxbows at all but the highest water levels.
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3.1.4.6 Minnows and crappie

Neither minnows nor crappie were abundant in the study area

during 1985. Minnows constituted 4.3% of all the ichthyoplankton

collected during 1985, and crappie, 1.9% (Table 3-1). Mean

density in the Savannah River was 2.2/1000 m3 for minnows and

0.2/1000 n3 for crappie (Table 3-6). However, both taxa were very

abundant during 1984, with minnows and crappie each composing

13.5% of all ichthyoplankton collected (Paller et al. 1985). Mean

density for minnows and crappie in the Savannah River (excluding

transects below RM 89.3) were 6.2/1000 m3 and 3.2/1000 n3,

respectively, during 1984. The reduced abundance of minnows and

crappie during 1985 may be due to low water levels. Both taxa

peaked in abundance during flood periods in 1984 (crappie during

March and minnows during May). Flooding did not occur in 1985

except for a brief period during early February, before spawning

really began (Figure 3-15). Studies show that the spawning

success of many fishes is increased when water levels are high

(Martin et al. 1981, Krykhtin 1975). This provides favorable

habitat for species that spawn over vegetation and those that

require quiet waters for nursery habitat.

3.1.4.7 Sturgeon

Two species of sturgeon, the Atlantic sturgeon and the short-

nose sturgeon, occur in the Savannah River. The Atlantic sturgeon

is a large fish often exceeding 3 m in length (Jones et al. 1978).

The shortnose sturgeon is smaller, seldom exceeding 1.3 m in total
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length. Extremely rare, it is listed as an endangered species by

the federal government and by both South Carolina and Georgia. In

the past several years, adult shortnose sturgeon have been col-

lected in the Savannah River about 10 miles south of the SRP

boundary (T. Smith, South Carolina Wildlife and Marine Resources

Department; pers. coffan.).

Seven sturgeon larvae were collected from the study area

during 1985 (Table 3-32). Two were probably shortnose sturgeon and

five were probably Atlantic sturgeon. However, differentiating

the larvae of shortnose sturgeon and Atlantic sturgeon can be dif-

ficult because of their similar appearance and because of the pau-

city of information concerning the early life stages of these spe-

cies. The sturgeon larvae were taken from the river at RMs 155.4,

166.6, 157.3, 141.7, 157.0, 120.0, and 176.0. The shortnose

sturgeon larvae were taken during March, and the Atlantic sturgeon

larvae during April (Table 3-32). The total number of sturgeon

larvae collected by ECS since 1982 is 43 (14 during 1982, 13 dur-

ing 1983, 9 during 1984, and 7 during 1985). Most were collected

during the routine daytime sampling program.
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Table 3-32. Larval sturgeon collected from the Savannah River by ECS during L982, 1993, 1984
and 1985.

1982 ]9!3
Coliec- Sample River River Collec- Sample River River

tion River ota b t 8 mp. elev. tion River loca- b tgmp. elev.
date mile tion Identity ( C) (ft.) date mile tiona Identity ( C) (ft.)

3/12 157.3 CT Sh 12.5 85.9 3/09 79.9 WD Sh 16.0 94.9

3/26 157.3 CB Sh 13.2 84.2 3/22 155.4 CB Sh 12.5 91.9

4/21 150.8 CB AtU 17.8 83.5 3/22 157.1 WT Sh 11.5 92.5

4/22 155.2 EB ALI 15.2 86.3 3/22 155.3 ET Sh 11.5 92.5

4/22 155.2 ET Atl 15.2 86.3 3/22 155.2 ET Sh 11.3 92.5

4/22, 155.2 ED Atl 15.2 86.3 3/23 97.5 WT Sh 12.6 92.5

4/22 157.0 WB Atl 15.2 86.3 3/29 155.2 CT ALI 12.5 90.6

4/22 157.0 EB Atl 15.3 86.3 4/26 129.1 CB Atl 14.4 94.0

5/21 155.4 CB ALI 20.3 83.2 5/03 157.0 WB Atl 18.1 86.5

5/21 155.4 CB ALL 20.3 U3.2 5/10 155.4 CB ALt 17.5 84.5

5/21 157.0 CB AtI 20.2 83.2 5/17 150.4 EB ALI 22.5 04.3

5/21 157.3 CT Atl 20.2 83.2 5/18 69.9 ED ALI 21.5 84.6

5/21 157.3 CB Atl 20.2 83.2 6/14 150.8 CB Atl 20.5 83.8

8/12 157.3 CT AtU 21.0 84.7

I-

wd

aSamples were taken in mid-channel (C), near the Soauth Carolina bank (L) and near the Georgia bank
near the bottom (B) of tII.2 water column.b(W). Samples were also taken near the top (T) and

Sh = shortriose sturgeon. Atl = Atlantic sturgeon.
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Table 3-32. (continued). Larval
1983, 1984 and 1985.

sturgeon collected [fom the Savannah River by ECS during 1982,

1984 1985
Collec- Sample R iver--'RIe Collec- Sample River River

tion River loca- temp. elev. tion River loca- tgmp. elev.
date Mile tiona Identityb (-C) (ft.) date Mile tiona Identityb ( C) (ft.)

3/28 120.0 EB Sh 15.0 89.3 3/19 155.4 WO Sh 12.0 83.6

4/04 110.0 Ca Sh 15.5 88.6 3/26 166.6 RB Sh 12.8 83.3

4/23 176.0 14D AtI 14.0 92.9 4/09 157.3 En Atl 14.1 83.3

4/24 152.0 Ca At1 14.5 93.3 4/16 141.7 EB Atl 16.5 83.3

5/02 176.0 We Atl 15.8 94.5 4/16 157.0 WD Atl 16.0 83.3

5/23 110.0 WB AtI 20.5 86.6 4/24 120.0 Ce AtI 20.5 84.1

5/29 157.0 We Att 20.4 86.1 4/30 176.0 WT Atl 18.6 82.8

5/29 152.2 Wa Atl 20.5 86.1

5/29 152.2 EB Atl 20.5 86.1

asamples were taken in mid-chamnel (C), near the South Carolina bank (E) and near the Georgia bank

b(W). Samples were also taken near the top (T) and near the bottom (B) of the water column.
Sh = shortnose sturgeon. Atl a Atlantic sturgeon.

I-

I-,



3.2 ENTRAINMENT

Cooling water for SRP C- and K- Reactors and make-up water

for Par Pond is pumped from the Savannah River at the IG and 3G

pumphouses, while the D area coal-fired power plant receives

cooling water from the 5G pumphouse. Ichthyoplankton front the

rivet are entrained into the cooling water system with the water.

Entrainment of the ichthyoplankton depends on several factors,

including the density of organisms in the river, the amount of

spawning in the intake canals, the volume of water withdrawn by

each pumphouse, and in the case of the IG intake, the density of

organisms in Upper Three Runs Creek.

3.2.1 Methods for Calculating Entrainment Estimates

A description of the sampling methods for ichthyoplankton is

presented in Section 2.0 of this report. The average density of

larvae (no./1000 m ) in the six surface (two from each bank and

mid-channel) and two bottom samples front each intake canal was

used to calculate entrainment of larvae at the 1G and 3G

pumphouses. The average density of larvae in six surface and six

bottom samples (three duplicates from top and bottom) collected at

RM 155.4 (the upstream river transect closest to the 5G intake)

was used to calculate entrainment of larvae at the 5G pumphouse,

which has no intake canal. Weekly samples were collected in the

intake canals and the river from February through July 1985. The

number of larvae entrained per weekly interval (sample day to

sample day) was calculated by multiplying the volume of water

pumped at each pumphouse during the week by the mean density of
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larvae from the appropriate canal or river transect for the san,ple

days beginning and ending each week-long interval. The total en-

trainment of larvae for each pun,phouse was calculated by surning

the entrained larvae for each interval.

The calculation of entrainment of fish eggs from, the Savannah

River into the three pumphouses was not as direct as the calcula-

tion of larval entrainment. Few eggs were actually collected in

the canals. Generally, freshwater fish have demersal rather than

planktonic eggs. The only exceptions to this in the Savannah

River drainage are American shad (Jones et al. 1978) and striped

bass (Hardy 1978). The reduced current velocity in the intake

canals allows the suspended eggs to settle out of the water column

(McFarlane 1982). Silt settles overý these eggs and they are

assumed to die. The entrainment losses were calculated assuming

that fish eggs that settle out of the water column and those

actually entrained by the pumps are assumed to be lost. Thus, egg

entrainment estimates are based not on egg densities within the

canals (which would not include eggs that already settled to the

bottom), but on egg densities at the river transects just above the

canals.

The density of eggs entering the 1G canal was not calculated

directly front the upstream river transect (RM 157.3), because a

portion of the water entering the iG canal (RM 157.1) comies from,

Upper Three Runs Creek (RM 157.2). The relative contribution of

Upper Three Runs Creek and the river to the 1G intake canal water
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was estimated in 1985 by measuring sodium concentrations in the

river upstream of Upper Three Runs Creek, in Upper Three Runs

Creek, and in the mixed water coming out of the pump (Appendix 4).

Sodium concentrations in the river are ordinarily higher than in

Upper Three Runs Creek; therefore, the relative contributions of

these sources of water to the IG intake canal can be calculated

from these data. During the six-month sampling period, Upper

Three Runs Creek contributed an average of 29.52% of the water in

the iG canal, while the remainder was Savannah River water. The

percentage of water from each source was multiplied by the density

of eggs from each source to get a weighted average density of fish

eggs entering the 1G canal.

To test the adequacy of using the average egg density at all

six sampling points in the river (i.e., near-top and near-bottom at

right bank, left bank, and center locations) for estimating egg en-

trainment at the lG, 3G, and 5G pumphouses, two-way analysis of

variance was used to determine if there were any vertical or horl-

zontal differences in the egg density at RM 157.3 and RM 155.4.

When 'the analysis included all eggs, there were significant

differences (p 1 0.05) in horizontal egg distribution at RM 155.4

(above the 3G and 5G intakes) in March and April (Table 3-33) and

at RM 157.3 (above the 1G intake) in May (Table 3-34). There were

no significant vertical density differences. When only American

shad eggs were considered, there were significant horizontal

density differences (p < 0.05) at RM 155.4 in March and April

(Table 3-35) and at RM 157.3 in April (Tables 3-36), but no
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3Table 3-33. Mean monthly densities (no./1000 m ) for all fish
eggs at RM 155.4. Locations underlined by the same
line are not significantly different (p < 0.05).
February - July 1985.

Top Bottom

Month

February

Marcha

April a

May

June

July

Ca
South
rolina Georgia
bank Center bank

0.0 0.0 0.0

0.0 19.2 5.3

25.8 109.4 43.4

97.4 106.6 157.1

16.5 11.0 23.4

0.0 3.9 0.0

Ca
South
rolina Georgia
bank Center bank

0.0 0.0 0.0

0.0 20.5 1.8

37.4, 170.8 29.0

95.1 157.6 120.1

9.3 25.5 17.6

0.0 0.0 4.7

NOTE: RIVIC15 was used to compute the data and tests presented in
this table.

aHorizontal density differences are significant (p < 0.05).
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Table 3-34. Mean monthly densities (no./1000 m ) for all fish

eggs at RM 157.3. Locations underlined by the same
line are not significantly different (p < 0.05).
February - July 1985.

Top Bottom
South South

Carolina Georgia Carolina Georgia
Month banx 'Center bank oanI Center bani

February 0.0 0.0 0.0 0.0 0.0 0.0

March 4.0 14.2 10.9 21.0 32.9 12.9

April 178.0 252.3 56.4 374.1 344.9 120.1
a

May 35.8 77.8 52.4 42.7 100.9 91.6

June 17.6 26.1 12.6 25.3 47.0 35.0

July 0.0 0.0 0.0 0.0 0.0 0.0

NOTE: RIVIC15 was used to compute the
presented in this table.

data and the tests

aHorizontal density differences are significant (p j 0.05).
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Table 3-35. Mean monthly densities (no./1000 m 3) for American
shad eggs at RM 155.4. Locations underlined by the
same line are not significantly different (p < 0.05).
February - July 1985.

Top Bottom
South South

Carolina Georgia Carolina Georgia
Month bank Center bank bank Center bank

February 0.0 0.0 0.0 0.0 0.0 0.0

Marcha 0.0 19.2 5.3 0.0 20.5 1.8

Aprila 24.8 101.6 27.2 29.4 157.1 21.9

May 15.1 31.2 32.2 25.0 62.0 34.4

June 7.1 4.3 8.5 6.9 18.7 2.0

July 0.0 0.0 0.0 0.0 0.0 0.0

NOTE: RIVIC15 was used to compute the data and the tests

presented in this table.

aHorizontal density differences are significant (p < 0.05).
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Table 3-36. Mean monthly densities (no./1000 m3) for American
shad eggs at RM 157.3. Locations underlined by the
same line are not significantly different (p ( 0.05).
February - July 1985.

Top Bottom

Month

February

March

Aprila

May

June

July

Ca

Ca
South
rolina Georgia
bank Center bank

0.0 0.0 0.0

4.0 14.2 10.9

59.7 111.2 52.1

35.8 74.2 41.4

17.6 14.6 10.8

0.0 0.0 0.0

Ca

Ca
South
rolina Georgia
bank Center bank

0.0 0.0 0.0

18.5 32.9 12.9

50.9 281.2 107.0

40.7 88.9 82.3

14.3 40.9 18.0

0.0 0.0 0.0

NOTE: RIVIC15 was used to compute the data and
presented in this table.

aHorizontal density differences are significant

the tests

(p j 0.05).
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significant vertical density differences. When only the density

of striped bass eggs was analyzed, there were no significant

vertical or horizontal differences (p < 0.05). For months when

there were significant density differences between the South

Carolina bank and the center and Georgia bank sampling locations,

only South Carolina bank densities were used in the egg

entrainment calculations. When such differences were lacking, the

average of the data at the South Carolina bank, center, and

Georgia bank locations was used in the entrainment estimates.

The egg entrainment per interval was calculated by multi-

plying the total volume of water pumped during the sampling

interval by the appropriate mean egg density. The total

entrainment of fish eggs was estimated by summing the entrained

eggs during each sampling interval.

3.2.2 Larval Entrainment

Larval fish collected during entrainment sampling were

identified to the lowest possible taxon; in some instances it was

difficult to identify larval fish to the species level. There

were, however, at least 6 taxa entrained at the SRP pumphouses in

1985 (Table 3-37). The most common larval fish entrained were

suckers, which constituted 43% of the larval fish entrained (Table

3-37). The single most abundant taxon was spotted sucker, with a

total of 4.6 x 106 larvae (42.7%) entrained at the three pump-

houses. Other abundant taxa were gizzard and/or threadfin shad

(22.0%), unidentified Clupeidae (11.4%), and carp (10.3%; Table 3-

3-122



Table 3-37. Number and percent composition of larval fish entrained at the IG,
3G, and 5G pumphouses. February - July 1985.

IG 3G 5G Total

Percent Percent Percent Percent
No cam- No. com- No cam- No. com-

Taxa x10 3 position x10 3 position x10 3 position xl03  position

unid. Clupeidae 379 9.9 797 12.5 69 10.1 1245 11.4
blueback herring 195 5.1 198 3.1 21 3.1 414 3.8
American shad 46 1.2 9 0.1 5 0.7 60 0.6
gizzard and/or
threadfin shad 563 14.7 1660 26.0 171 25.2 2394 22.0

unid. Cyprinidae 122 3.2 225 3.5 61 8.9 408 3.8
carp 341 8.9 687 10.8 89 13.1 1117 10.3
spotted sucker 1,835 48.0 2585 40.5 223 32.8 4643 42.7
unid. suckers - - 24 0.4 6 0.9 30 0.4

Others 341 8.9 195 3.0 39 5.3 575 5.1

Total 3,822 99.9 6,380 99.9 684 100.1 10,882 100.1

NOTE: RIVIC14 was used to campute the data presented in this table.
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37). Generally, there were no differences in species composition

between the three pumphouses. On 19 March 1985 at RM 155.4, a

single sturgeon larva was collected. Since larvae collected at

this river transect were used to calculate entrainment at the 5G

pumphouse, it is possible that sturgeon larvae were entrained

during 1985. However, since this was only a single larva on a

single occasion, no estimate of the total number of sturgeon

larvae entrained can be made.

Total larval fish entrained due to SRP activities from

February - July 1985 was calculated to be 10.9 x 106. The 1G

pumpnouse entrained 3.8 x 106 larvae (35%), 6.4 x 106 larvae (59%)

were entrained at the 3G pumphouse, and 0.7 x 106 larvae (6%) at

the 5G pumphouse (Tables 3-38, 3-39 and 3-40).

Maximum larval entrainment occurred during the interval

between 28 May and 4 June, with a combined entrainment at all

three pumphouses of 2.0 x 106 larval fish (Tables 3-38, 3-39, and

3-40). During this period, the most abundant taxa were gizzard

and/or threadfin shad, unidentified Clupeidae, carp, and spotted

suckers, which represented 37.8%, 20.1%, 17.7%, and 13.4% of the

total, respectively (Tables 3-41 through 3-43). Peak entrainment

resulted from high larval densities coupled with large amounts of

water pumped from the river. The average daily intake for the

three pumphouses combined was 2.3 x 106 m3 of water. During this
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Table 3-38. Estimate of total larval fish entrainment at the
IG pumphouse. February - July 1985.

Total volume Mean larval
pumped3 density 3 Total

Interval (xl000 m3 ) (No./1000 m a Larvae

2/05 - 2/12 6,930 0.8 5,544
2/12 - 2/19 7,358 0.8 5,886
2/19 - 2/26 8,406 0.0 0
2/26 -3/05 8,320 0.0 0
3/05 - 3/12 7,903 0.0 0
3/12 - 3/19 5,526 5.8 32,051
3/19 - 3/26 6,441 5.8 37,358
3/26 - 4/02 7,473 24.6 183,836
4/02 - 4/09 6,345 47.6 302,022
4/09 - 4/16 6,401 39.4 252,199
4/16 - 4/23 7,938 31.4 249,253
4/23 - 4/30 6,272 43.7 274,086
4/30 - 5/07 6,102 53.6 327,067
5/07 - 5/14 6,907 33.1 228,622
5/14 - 5/21 6,668 44.7 298,060
5/21 - 5/28 7,601 84.9 645,325
5/28 -'6/04 7,561 78.8 595,807
6/04 - 6/11 7,230 34.5 249,435
6/11 - 6/18 7,088 5.3 37,566
6/18 - 6/25 4,937 1.3 6,418
6/25 - 7/02 4,032 5.4 21,773
7/02 - 7/09 4,641 6.7 31,095
7/09 - 7/16 4,478 3.8 17,016
7/16 - 7/23 3,674 2.5 9,185
7/23 - 7/30 4,338 3.2 13,882

Total number of fish 3,823,486b

NOTE: Data from RIVIC12 was used to
presented in this table.

compute the data

aMean density was calculated with Upper Three Runs contri-
buting 29.52% of the iG intake water and Savannah River

bcontributing 70.48% of the intake water at IG.
Due to rounding errors in the calculation of the values
presented in this table, totals in this table and Table
3-41 do not agree.
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Table 3-39. Estimate of total larval fish entrainment at the
3G pumphouse. February - July 1985.

Total volume Mean larval
pumped 3  density 3 Total

Interval (x1000 m ) (No./1000 ) Larvae

2/05 - 2/12 7,413 0.0 0
2/12 - 2/19 8,017 0.0 0
2/19 - 2/26 7,770 0.0 0
2/26 - 3/05 7,701 1.1 8,471
3/05 - 3/12 7,249 2.2 15,948
3/12 - 3/19 7,137 2.4 17,129
3/19 - 3/26 8,399 1.3 10,919
3/26 - 4/02 9,205 23.4 215,397
4/02 - 4/09 9,485 48.8 462,868
4/09 - 4/16 6,281 31.6 198,480
4/16 - 4/23 7,138 33.2 236,982
4/23 - 4/30 8,640 56.4 487,296
4/30 - 5/07 8,017 59.5 477,012
5/07 - 5/14 8,970 52.3 469,131
5/14 - 5/21 8,485 60.9 516,736
5/21 - 5/28 9,052 104.7 947,744
5/28 - 6/04 9,717 136.8 1,329,286
6/04 - 6/11 9,605 85.8 824,109
6/11 - 6/18 8,566 17.1 146t479
6/18 - 6/25 3,243 3.3 10,702
6/25 - 7/02 4,482 1.1 4,930
7/02 - 7/09 5,808 0.0 0
7/09 - 7/16 5,935 0.0 0
7/16 - 7/23 6,435 0.0 0
7/23 - 7/30 7,117 0.0 0

Total number of fish 6 , 3 7 9 , 6 2 0 a

NOTE: Data from RIVIC12 was used to compute
presented in this table.

the data

aDue to rounding errors in the calculation of the values
presented in this table, totals in this table and Table 3-42
do not agree.
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Table 3-40. Estimate of total larval fish entrainment at the
5G pumphouse. February - July 1985.

Total volume Mean larval
pumped density 3 Total

Interval (xlOOr (No.1000 m ) Larvae

2/05 - 2/12 1,520 0.0 0
2/12 - 2/19 1,520 0.0 0
2/19 - 2/26 1,520 0.0 0
2/26 - 3/05 1,520 0.0 0
3/05 - 3/12 1,520 0.0 0
3/12 - 3/19 1,520 0.9 1,368
3/19 - 3/26 1,520 1.5 2,280
3/26 - 4/02 1,520 11.3 17,176
4/02 - 4/09 1,520 29.8 45,296
4/09 - 4/16 1,520 27.0 41,040
4/16 - 4/23 1,520 21.1 32,072
4/23 - 4/30 1,520 28.0 42,560
4/30 - 5/07 1,520 28.7 43,624
5/07 - 5/14 1,520 50.3 76,456
5/14 - 5/21 1,520 78.7 119,624
5/21 - 5/28 1,520 84.8 128,896
5/28 - 6/04 1,520 55.8 84,816
6/04 - 6/11 1,520 19.1 29,032
6/11 - 6/18 1,520 6.8 10,336
6/18 - 6/25 1,520 1.1 1,672
6/25 - 7/02 1,520 0.8 1,216
7/02 - 7/09 1,520 0.8 1,216
7/09 - 7/16 1,520 0.7 1,064
7/16 - 7/23 1,520 0.7 1,064
7/23 - 7/30 1,520 0.7 1,064

Total number of fish 6.1,872a

NOTE: Data from RIVIC12 was used to
presented in this table.

compute the data

aDue to rounding errors in the calculation of the values

presented in this table, totals in this table and Table 3-43
do not agree.
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Table 3-41. Larvae taxa entrained at the IG pumphouse. February - July 1985.

threadfin
unid. blueback American and/or giz- unid. spotted unid. unid.

Interval Clupeidae herring shad zard shad Cyprinidae carp suckers crappie darters other total

2/05-2/12 0 0 0 0 0 0 0 0 0 5370 5370
2/12-2/19 0 0 0 0 0 0 0 0 0 5701 5701
2/19-2/26 0 0 0 0 0 0, 0 0 0 0 0
2/26-3/05 0 0 0 0 0 0 0 0 0 0 0
3/05-3/12 0 0 0 0 0 0 0 0 0 0 0
3/12-3/19 0 0 0 0 0 0 0 5796 20194. 5796 31786
3/19-3/26 0 0 0 0 0 0 0 6756 23538 6756 37050
3/26-4/02 0 76359 0 0 0 0 87847 0 19320 0 183526
4/02-4/09 0 64833 0 0 0 0 221067 0 16404 0 302304
4/09-4/16 0 0 0 0 0 0 230483 0 21566 0 252049
4/16-4/23 0 0 0 0 0 0 213365 0 35919 0 249284
4/23-4/30 0 0 6330 24791 13001 0 222682 0 7250 0 274054
4/30-5/07 0 0 11693 39189 12648 0 252478 0 5535 5535 327078
5/07-5/14 0 0 6265 23143 18256 6085 157763 0 6265 10722 228499
5/14-5/21 25577 0 10004 68445 24995 40588 123981 0 0 4302 297892
5/21-5/28 112239 0 11403 180314 8404 150269 165740 0 8404 8404 645177
5/28-6/04 145187 27458 0 169115 9317 127243 83314 0 8359 25826 595819
6/04-6/11 59804 26526 0 58042 16373 16378 55783 0 0 16703 249339
6/11-6/18 0 0 0 0 7317 0 20694 0 0 9398 37409
6/18-6/25 0 0 0 0 0 0 0 0 0 6546 6546
6/25-7/02 16881 0 0 0 0 0 0 0 0 4888 21769
7/02-7/09 19431 0 0 0 5887 0 0 0 0 5634 30952
7/09-7/16 0 0 0 0 5680 0 0 0 11247 0 16927
7/16-7/23 0 0 0 0 0 0 0 0 9227 0 9227
7/23-7/30 0 0 0 0 0 0 0 0 9424 4312 13736

Totals 379119 194906 45695 563039 121878 340563 1835197 12552 202652 125893 .3821494

Percent 9.9 5.1 1.2 14.7 3.2 8.9 48.0 0.3 5.3 3.3 99.9

NOTE: RIVKEY was used to cwpute the data presented in this table.
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Table 3-42. Larvae taxa entrained at the 3C pumphouse. February - July 1985.

threadfin
unid. blueback American and/or giz- unid. spotted unid. unid. unid.

Interval Clupeidae herring shad zard shad Cyprinidae carp suckers suckers crappie darters other total

2/05-2/12 0 0 0 0 0 0 0 0 0 0 0 0
2/12-2/19 0 0 0 0 0 0 0 0 0 0 0 0
2/19-2/26 0 0 0 0 0 0 0 0 0 0 0 0
2/26-3/05 0 0 0 0 0 0 0 0 0 0 8694 8694
3/05-3/12 0 0 0 0 0 0 0 0 7829 0 8184 16013
3/12-3/19 0 0 0 0 0 0 0 0 7708 9100 0 16808
3/19-3/26 0 0 0 0 0 0 0 0 0 10709 0 10709
3/26-4/02 0 0 0 0 0 0 215350 0 0 0 0 215350
4/02-4/09 0 0 0 0 9729 0 443375 0 0 0 9729 462833
4/09-4/16 0 0 0 14769 6443 0 170560 0 0 0 6443 198215
4/16-4/23 0 0 0 37468 10000 0 180878 0 0 0 0 228426
4/23-4/30 0 8477 0 64676 12200 0 388028 0 0 0 0 473381
4/30-5/07 24811 20613 0 86533 0 10333 344157 0 0 11827 0 486447
5/07-5/14 38231 0 0 72297 10282 64980 271924 0 0 11188 0 469541
5/14-5/21 84430 0 0 118640 47476 104559 139374 0 12501 0 0 518168
5/21-5/28 179532 0 0 315443 49098 256810 133339 0 13337 0 0 947559
5/28-6/04 243939 66674 0 563544 33051 213803 175341 0 0 0 44320 1340672
6/04-6/11 176022 84991 0 364319 34729 19112 98868 12797 0 0 32983 823821
6/11-6/18 46265' 17021 0 22724 11491 17045 20551 11413 0 0 0 146510
6/18-6/25 3516 0 3638 0 0 0 3516 0 .0 0 0 10670
6/25-7/02 0 0 5028 0 0 0 0 0 0 0 0 5028
7/02-7/09 0 0 0 0 0 0 0 0 0 0 0 0
7/09-7/16 0 0 0 0 0 0 0 0 0 0 0 0
7/16-7/23 0 0 0 0 0 0 0 0 0 0 0 0
7/23-7/30 0 0 0 0 0 0 0 0 0 0 0 0

Totals 796746 197776 8666 1660413 224579 686642 2585261 24210 41375 42824 110353 6378845

Percent 12.5 3.1 0.1 26.0 3.5 10.8 40.5 0.4 0.6 0.7 1.7 99.0

NOTE: RIVKEY was used to campute the data presented in this table.
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Table 3-43. Larvae taxa entrained at the 5(G pumphouse. February - July 1985.

threadfin
unid. blueback American and/or giz- unid. spotted unid. unid. unid.

Interval Clupeidae herring shad zard shad Cyprinidae carp suckers suckers crappie -darters other total

2/05-2/12
2/12-2/19
2/19-2/26
2/26-3/05
3/05-3/12
3/12-3/19
3/19-3/26
3/26-4/02
4/02-4/09
4/09-4/16
4/16-4/23
4/23-4/30
4/30-5/07
5/07-5/14
5/14-5/21

* 5/21-5/28
5/28-6/04

o 6/04-6/11
6/11-6/18
6/18-6/25
6/25-7/02
7/02-7/09
7/09-7/16
7/16-7/23
7/23-7/30

Totals

0
0
0
0
0
0
0
0
0
0
0
0

1293
3512

15487
24956
16690
6087
1086

0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

1374
4856
3482
1020
2276
1257

0
1042
2036
994

0
1249
1249

0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0

1094
2403
1309

0
0
0
0
0
0
0
0
0

0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 5453

1989 9260
9397 5657

17181 3847
21246 15459
32619 14878
46904 1416
32807 1088
8134 2296
1086 1208

0 0
0 0
0 0
0 0
0 0
0 0

0 0
0 0
0 0
0 0
0 0
0 0
0 886
0 15958
0 44118
0 31721
0 11862
0 19263
0 16112

10890 18331
23406 25586
29567 20271
17951 12175

3220 6042
2320 999

0 0
0 0
0 0

1040 0
1040 0

0 0

0
0
0
0
0
0
0
0
0
0
0

1987
1987

0
0

1034
1034

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

977
977

0
0
0
0
0
0
0
0
0
0
0

0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 1360 1360
0 1360 2246

1135 0 17093
1135 0 45253
2472 0 41020
4097 0 32064
1624 1151 42561

0 1151 43568
0 2664 76449
0 5188 120824

870 5281 131608
870 0 83657

0 1097 28912
0 2710 10403
0 1613 1613
0 0 1249
0 0 1249
0 0 1040
0 0 1040
0 989 989

69111 20835 4806 171363 60562 89434 223324 6042 1954 12203 24564 684198

Percent 10.1 3.0 0.7 25.0 8.9 13.1 32.6 0.9 0.3 1.8 3.6 100.0

NOTE: RIVKEY was used to compute the data presented in this table.



interval, 3G pumphouse had its highest larval density (136.8

larvae/1000 mi3 ) and the largest total intake volume (9.7 x 106 m3)

for 1985.

The period of maximum entrainment at the IG pumphouse oc-

curred from 21 May through 28 May (Table 3-38). The 0.6 x 10 6

larvae entrained during this period represented 16.9% of the total

larvae entrained at the IG pumphouse. During this period, the

larvae consisted mainly of gizzard and/or threadfin shad, spotted

suckers, and carp, which represented 27.9%, 25.7%, and 23.3% of

the total, respectively. The mean density during this period was

84.9 larvae/1000 m3 , which was the highest mean density that

occurred at IG during the 1985 sampling season.

At the 3G pumphouse, the period of maximum entrainment was 28

May through 4 June (Table 3-39). Approximately 1.3 x 106 larvae

were entrained during this period, which represents 20.8% of all

of the larvae entrained at 3G pumphouse (Table 3-42). The most

common taxa during this period were gizzard and/or threadfin shad

(42.3%), unidentified Clupeidae (18.2%), carp (15.9%), and spotted

suckers (13.1%, Table 3-42),

Maximum entrainment at the 5G pumphouse occurred during the

interval between 21 May and 28 May (Table 3-40). The 0.1 x 106

larvae entrained during-this interval constituted 18.9% of all the

larvae entrained at the 5G pumphouse. The major taxon during the

interval was gizzard and/or thread'fin shad, which represented
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35.6% of the total for the interval (Table 3-43). Other common

taxa were carp (22.4%), unidentified Clupeidae (19.0%), and

spotted suckers (15.4%)

The estimated total number of larval fish entrained by the

Savannah River Plant during February through July 1985 (10.9 x

106) was the lowest in five years. of available entrainment infor-

mation (Table 3-44). Relatively low entrainment of larvae during

1985 was due to fewer larvae being present in the intake canals.

Larval densities in the intake canals are determined by the amount

of spawning in the canals and by larval densities in the river

(and in Upper Three Runs Creek for the iG canal). In 1983 and

1984, at least two taxa--gizzard and/or threadfin shad and

crappie--appeared to be spawning in the intake canals, since the

larvae of these species were present in higher densities in the

canal than in the river. In 1985, most taxa, except spotted

suckers, exhibited lower densities in the intake canals than in

the river, possibly because the intake canals were recently

dredged, thus reducing their value as spawning habitat. Larval

densities were also comparatively low in the Savannah River during

1985. The low densities may have been related to low river level,

which reduced the spawning and nursery habitat for species that

prefer to spawn in flooded or sheltered areas.

3.2.3 Egg Entrainment

The total fish egg entrainment from February through July was

estimated to be 15.1 x 106, of which 7.8 x 106 eggs (51.4%) were
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Table 3-44. Summary of available estimates of fish larvae and
eggs entrained from the Savannah River by the SRP
pumphouses.

Year Larvae Eggs Total Ichthyoplankton

1985a 10.8 x 106 15.1 x 106 25.9 x 106

1 9 8 4 b 17.6 x 10 6 5.8 x 106 23.4 x 106

1983 28.1 x 106 9.1 x i06 37.2 x 106

1982d 17.9 x 106 18.1 x 10 6  36.0 x 106

1977e 19.6 x 106 6.8 x 10 6  26.4 x 106

aThis report
Paller et al. 1985
SPaller et al. 1984

dECS 1983
eMcFarlane et al. 1978
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entrained at the IG pumphouse, 6.2 x 106 (41.4%) at the 3G

pumphouse, and 1.1 x 106 eggs (7.3%) at the 5G pumphouse (Table 3-

45). American shad eggs represented 46.8% of the total eggs

entrained, followed by striped bass eggs (26.2%) and other eggs

(24.7%, Table 3-45).

The relative abundance of entrained eggs differed between

pumphouses. American shad eggs represented 53.2% (4.1 x 106 eggs)

of the total eggs entrained at IG pumphouse (Table 3-45) and were

the most common taxon, both at IG and at all three pumphouses

combined. The next most commTon taxon at IG was "other eggs",

which represented 40.5% (3.1 x 106 eggs) of the total entrainment

at the IG pumphouse. "Other eggs" consisted of unidentifiable eggs

and a few identifiable eggs other than the four most abundant

species. While striped bass represented 26.2% of the total egg

entrainment, the taxon made up only 3.6% of the entrainment at 1G.

Striped bass was the dominant species at the 3G and 5G pumphouses,

representing 50.4% (3.1 x 106 eggs) of the total eggs at the 3G

pumphouse and 48.4% (0.5 x 106 eggs) of the total eggs at the 5G

6
pumphouse. American shad eggs represented 39.8% (2.5 x 10 eggs)

of the eggs entrained at the 3G pumiphouse and 41.6% (0.5 x 106

eggs) of the eggs entrained at the 5G pumphouse.

Maximum entrainment (all pumphouses summed) occurred between

16 April and 23 April 1985, when the total number of eggs
6

entrained was 3.3 x 10 eggs (Tables 3-46, 3-47, and 3-48). The

dominant taxa during this period were other eggs and American shad
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Table 3-45. Number and percent composition of fish eggs entrained at
the IG, 3G and 5G pumphouses. February - July 1985.

IG Pumphouse 3G Pumphouse 5G Pumphouse Total
Percent Percent Percent Percent

No. Compo- No.- Compo- No. 3 Compo- No.3 Compo-
Taxa X1 sition xl sition xlO sition xl sition

blueback herring 122 1.6 11 0.2 2 0.2 135 0.9
American shad 4122 53.2 2485 39.8 457 41.6 7064 46.8
gizzard and/or
threadfin shad 91 1.2 98 1.6 17 1.6 206 1.4

striped bass 280 3.6 3145 50.4 531 48.4 3956 26.2

Other 3138 40.5 508 8.1 90 8.3 3736 24.8

Total 7753 100.1 6247 100.1 1097 100.1 15097 100.1

NOTE: RIVKEY and RIVIC14 were
this table.

used to compute the data presented in
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Table 3-46. Estimate of total fish egg entrainment at the IG
pumphouse. February - July 1985.

Total volume Mean egg
pumped 3  density 3 a Total

Interval (x1000 m ) (No./1000 m ) Eggs

2/05 - 2/12 6,930 0.0 0
2/12 - 2/19 7,358 0.0 0
2/19 - 2/26 8,406 0.0 0
2/26 - 3/05 8,320 0.9 7,488
3/05 - 3/12 7,903 2.1 16,596
3/12 - 3/19 5,526 5.7 32,498
3/19 - 3/26 6,441 72.0 141,702
3/26 - 4/02 7,473 30.8 230,168
4/02 - 4/09 6,345 32.3 204,944
4/09 - 4/16 6,401 66.0 422,466
4/16 - 4/23 7,938 363.4 2,884,669
4/23 - 4/30 6,272 354.6 2,224,051
4/30 - 5/07 6,102 55.4 338,050
5/07 - 5/14 6,907 37.8 261,085
5/14 - 5/21 6,668 33.0 220,044
5/21 - 5/28 7,601 21.9 166,462
5/28 - 6/04 7,561 24.3 183,732
6/04 - 6/11 7,230 25.2 182,196
6/11 - 6/18 7,088 20.9 148,139
6/18 - 6/25 4,937 13.2 65,163
6/25 - 7/02 4,037 2.5 10,080
7/02 - 7/09 4,641 1.6 7,426
7/09 - 7/16 4,478 1.6 7,165
7/16- 7/23 3,674 0.0 0
7/23 - 7/30 4.338 0.0 0

Total 7,754,124b

NOTE: Data from RIVIC12 was used to
presented in this table.

calculate the data

aMean density was calculated with Upper Three Runs contri-
buting 29.52% of the 1G intake water and Savannah River

bcontributing 70.48% of the intake water at 1G.
Due to rounding errors in the calculation of values presented
in this table, totals in this table do not agree with Table
3-49.
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Table 3-47. Estimate of fish total egg entrainment at the 3G
pumphouse. February - July 1985.

Total volume Mean egg
pumped 3 density 3 Total

Interval (x1000 m (No./1000 m ) Eggsa

2/05 - 2/12 7,413 0.0 0
2/12 - 2/19 8,017 0.0 0
2/19 - 2/26 7,770 0.0 0
2/26 - 3/05 7,701 0.0 0
3/05 - 3/12 7,249 0.0 0
3/12 - 3/19 7,137 0.0 0
3/19 - 3/26 8,399 0.0 0
3/26 - 4/02 9,205 2.2 20,251
4/02 - 4/09 9,485 9.0 85,365
4/09 - 4/16 6,281 31.3 196,595
4/16 - 4/23 7,138 45.9 327,624
4/23 - 4/30 8,640 45.3 391,392
4/30 - 5/07 8,017 48.7 390,428
5/07 - 5/14 8,970 146.1 1,310,517
5/14 - 5/21 8,485 132.5 1,124,263
5/21 - 5/28 9,052 98.6 892,527
5/28 - 6/04 9,717 104.8 1,018,342
6/04 - 6/11 9,605 32.4 311,202
6/11 - 6/18 8,566 15.7 134,486
6/18 - 6/25 3,243 2.1 6,810
6/25 - 7/02 4,482 2.8 12,550
7/02 - 7/09 5,808 1.5 8,712
7/09 - 7/16 5,935 0.8 4,748
7/16 - 7/23 6,435 1.4 9,009
7/23 - 7/30 7,117 0.6 4,270

Total 6,249,091

NOTE: Data from RIVIC12 was
this table.

used to compute the data presented in

aDue to rounding errors in the calculations of values presented in

this table, totals in this table do not agree with Table 3-50.
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Table 3-48. Estimate of total fish egg entrainment at the 5G
pumphouse. February - July 1985.

Total volume Mean egg
pumped 3  density 3 a TotalInterval (x1000 m ) (NO.11000 m-) Eggsa

2/05 - 2/12 1,520 0.0 0
2/12 - 2/19 1,520 0.0 0
2/19 - 2/26 1,520 0.0 0
2/26 - 3/05 1,520 0.0 0
3/05 - 3/12 1,520 0.0 0
3/12 - 3/19 1,520 0.0 0
3/19 - 3/26 1,520 0.0 0
3/26 - 4/02 1,520 2.2 3,344
4/02 - 4/09 1,520 9.0 13,680
4/09 - 4/16 1,520 31.3 47,576
4/16 - 4/23 1,520 45.9 69,768
4/23 - 4/30 1,520 45.3 68,856
4/30 - 5/07 1,520 48.7 74,024
5/07 - 5/14 1,520 146.1 222,072
5/14 - 5/21 1,520 132.5 201,400
5/21 - 5/28 1,520 98.6 149,872
5/28 - 6/04 1,520 104.8 159,269
6/04 - 6/11 1,520 32.4 49,248
6/11 - 6/18 1,520 15.7 23,867
6/18 - 6/25 1,520 2.1 3,192
6/25 - 7/02 1,520 2.8 4,256
7/02 - 7/09 1,520 1.5 2,280
7/09 - 7/16 1,520 0.8 1,216
7/16 - 7/23 1,520 1.4 2,128
7/23 - 7/30 1,520 0.6 912

Total 1,096,960

NOTE: Data from RIVIC12 was
this table.

aDue to rounding errors in
this table, totals in this

used to compute the data presented in

the calculation of values presented in
table do not agree with Table 3-51.

3-138



eggs (50.7% and 42.1% of the total, respectively; Tables 3-49, 3-

50, and 3-51). At the 3G and 5G pumphouses, the dominant species

was American shad, which represented approximately 76% of the

entrained eggs at both pumphouses during this interval.

Maximum egg entrainment at the IG pumphouse occurred between

16 April and 23 April, when 2.9 x 106 eggs were entrained (Table

3-46). The most abundant taxa during this interval was other eggs

(55.8% of the total) and 'American shad (37.4%; Table 3-49).

Maximum entrainment at 3G and 5G pumphouses occurred between 7 May

and 14 May 1985, when 1.3 x 106 eggs and 0.2 x 106 eggs,

respectively, were entrained at the pumphouses (Tables 3-47 and 3-

48). Since egg entrainment estimates for both pumphouses were

based on samples from the same river transect, percent composition

was the same at both pumphouses. The dominant species during the

peak entrainment period were striped bass (62.5% of the total eggs

entrained) and American shad (35.4% of the total eggs entrained;

Tables 3-50 and 3-51).

3.2.4 Impact of Entrainment on River Ichthyoplankton

In evaluating the impact of the SRP on the Savannah River

fisheries, the relationship between entrained ichthyoplankton and

river ichthyoplankton susceptible to entrainment was examined.

The total ichthyoplankton entrained at the 1G pumphouse was

11.5 x 106 organisms. A rough estimate of the total

ichthyoplankton that passed the 1G canal was 211.6 x 106 organ-

isms, which includes total ichthyoplankton calculated to be at
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Table 3-49. Egg taxa totals entrained at the IG pumphouse. February - July 1985.

IA

I-*

0

Threadfin
Blueback American and/or Striped

Interval herring shad gizzard shad bass Other Total

2/05 - 2/12 0 0 0 0 0 0
2/12 - 2/19 0 0 0 0 0 0
2/19 - 2/26 0 0 0 0 0 0
2/26 - 3/05 0 7,488 0 0 0 7,488
3/05 - 3/12 0 16,596 0 0 0 16,596
3/12 - 3/19 0 31,498 0 0 0 31,498
3/19 - 3/26 0 127,940 0 0 13,875 141,815
3/26 - 4/02 26,537 153,149 0 0 50,375 230,061
4/02 - 4/09 31,584 135,415 0 0 38,155 205,154
4/09 - 4/16 18,508 381,482 6,763 0 15,478 422,231
4/16 - 4/23 30,480 1,078,700 8,386 156,364 1,610,899 2,884,829
4/23 - 4/30 14,895 812,829 0 123,546 1,272,517 2,223,787
4/30 - 5/07 0 324,277 0 0 13,848 338,125
5/07 - 5/14 0 251,649 0 0 9,150 260,799
5/14 - 5/21 0 " 220,150 0 0 0 220,150
5/21 - 5/28 0 155,840 10,644 0 0 166,484
5/28 - 6/04 0 135,966 34,513 0 13,090 183,569
6/04 - 6/11 0 112,616 26,833 0 42,917 183,366
6/11 - 6/18 0 114,629 3,880 0 29,801 148,310
6/18 - 6/25 0 57,990 0 0 7,163 65,153
6/25 - 7/02 0 4,122 0 0 5,850 9,972
7/02 - 7/09 0 0 0 0 7,514 7,514
7/09 - 7/16 0 0 0 0 7,250 7,250
7/16 - 7/23 0 0 0 0 0 0
7/23 - 7/30 0 0 0 0 0 0

Total 122,004 4,122,336 91,019 279,910 3,137,882 7,753,151

NOTE: RIVKEY was used to compute the data presented in this table.



Table 3-50. Egg taxa totals entrained at the 3G pumphouse. February - July 1985.

W~.

Threadfin
Blueback American and/or Striped

Interval herring shad gizzard shad bass Other Total

2/05 - 2/12 0 0 0 0 0 0
2/12 - 2/19 0 0 0 0 0 0
2/19 - 2/26 0 0 0 0 0 0
2/26 - 3/05 0 0 0 0 0 0
3/05 - 3/12 0 0 0 0 0 0
3/12 - 3/19 0 0 0 0 0 0
3/19 - 3/26 0 0 0 0 0 0
3/26 - 4/02 0 20,251 0 0 0 20,251
4/02 - 4/09 0 85,365 0 0 0 85,365
4/09 - 4/16 0 170,789 8,511 0 17,031 196,331
4/16 - 4/23 0 248,844 9,672 25,044 44,284 327,844
4/23 - 4/30 0 330,664 0 30,320 30,176 391,160
4/30 - 5/07 5,378 384,873 0 0 0 390,251
5/07 - 5/14 6,018 463,832. 0 818,556 21,717 1,310,113
5/14 - 5/21 0 329,634 0 774,297 20,542 1,124,473
5/21 - 5/28 0 135,015 8,447 722,095 27,137 892,688
5/28 - 6/04 0 131,874 26,595 775,143 84,493 1,018,105
6/04 - 6/11 0 132,037 31,971 0 146,944 310,952
6/11 - 6/18 0 39,252 13,059 0 82,244 134,555
6/18 - 6/25 0 6,791 0 0 0 6,791
6/25 - 7/02 0 5,861 0 0 6,613 12,474
7/02 - 7/09 0 0 0 0 8,570 8,570
7/09 - 7/16 0 0 0 0 4,633 4,633
7/16 - 7/23 0 0 0 0 8,892 8,892
7/23 - 7/30 0 0 0 0 4,278 4,278

Total 11,396 2,485,082 98,255 3,145,455 507,554 6,247,742

NOTE: RIVKEY was used to compute the data presented in this table.
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Table 3-51. Egg taxa totals entrained at the 5G pumphouse. February - July 1985.

W

IQ

Threadfin
Blueback American and/or Striped

Interval herring shad gizzard shad bass Other Total

2/05 - 2/12 0 0 0 0 0 0
2/12 - 2/19 0 0 0 0 0 0
2/19 - 2/26 0 0 0 0 0 0
2/26 - 3/05 0 0 0 0 0 0
3/05 - 3/12 0 0 0 0 0 0
3/12 - 3/19 0 0 0 0 0 0
3/19 - 3/26 0 0 0 0 0 0
3/26 - 4/02 0 3,411 0 0 0 3,411
4/02 - 4/09 0 13,670 0 0 0 13,670
4/09 - 4/16 0 41,331 0 0 4,121 47,512
4/16 - 4/23 0 52,990 2,060 5,334 9,430 69,814
4/23 - 4/30 0 58,172 2,060 5,334 5,309 68,815
4/30 - 5/07 1,020 72,969 0 0 0 73,989
5/07 - 5/14 1,020 78,598 0 138,707 3,680 222,005
5/14 - 5/21 0 59,051 0 138,707 3,680 201,438
5/21 - 5/28 0 22,672 1,418 121,253 4,557 149,900
5/28 - 6/04 0 20,629 4,160 121,253 13,217 159,259
6/04 - 6/11 0 20,895 5,059 0 23,254 49,208
6/11 - 6/18 0 6,944 2,318 0 14,594 23,856
6/18 - 6/25 0 3,183 0 0 0 3,183
6/25 - 7/02 0 1,986 0 0 2,243 4,229
7/02 - 7/09 0 0 0 0 2,243 2,243
7/09 - 7/16 0 0 0 0 1,187 1,187
7/16 - 7/23 0 0 0 0 2,101 2,101
7/23 - 7/30 0 0 0 0 914 914

Total 2,040 456,501 17,075 530,588 90,530 1,096,734

NOTE: RIVKEY was used to compute the data presented in this table.



RM 157.3 and at the mrouth of Upper Three Runs Creek (Table-- 3-7).

At IG, 5.5% of the total ichthyoplankton that passed the intake

canal was entrained.

The ichthyoplankton that passed just upstream of the 3G canal

6and the 5G pumphouse was calculated to be 132.8 x 10 organisms.

6-The 12.6 x 10 ichthyoplankton entrained at the 3G pumphouse was

9.5% of the total ichthyoplankton. At the 5G punaphouse, the

1.6 x 106 ichthyoplankton entrained represented 1.2% of the

ichthyoplankton that passed the intake structure.

The inpact of entrainment on the Savannah River ichthyo-

plankton that passed by the SRP was estimated by calculating the

total entrainment for all three punmphouses (25.7 x i06 organisms)

as a percent of the total ichthyoplankton upstream of all three

intake structures (211.6 x 106 organisms). In 1985, 12.1% of the

total susceptible ichthyoplankton was entrained. This was more

than the 8.3% of the total ichthyoplankton entrained in 1983

(Paller et al. 1984). In a comparison of SRP activities with

other industrial operations on large rivers, the 1985 entrainment

value of 12.3% of the total ichthyoplankton is substantially

higher than the 4% entrainment observed by Marcy (1976) at the

Connecticut Yankee Plant on the Connecticut River and the 3.2%

average daily entrainment observed by Hergenrader et al. (1982) at

the Fort Calhoun Station on the Missouri River.
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During the 1985 spawning season, the percentage of river

water withdrawn for SRP operations ranged from 0.4% at the 5G

intake on 9 February 1985 to 10.6% (percentages calculated from

data provided by SRL) at the 3G pumphouse on 26 May 1985. The

total percent of river water pumped by all three pumphouses ranged

from 3.2% on 8 February 1985 to 20.7% 26 May 1985. For all dates,

the average volume taken in by all three pumphouses was 12.2% of

the river flow. This average is consistent with the 13.3%

reported for 1982 by ECS (1983), but was higher than the 7.7%

observed in 1983 (Paller et al. 1984) and the 7% in 1984 (Paller

et al. 1985). The relatively high withdrawals during 1982 and

1985 are partly due to the fact that river discharge was low

during both years.

With the reactivation of L-Reactor and with all reactors

operating, there will be a 42.3% increase in water pumped from the

Savannah River through iG and 3G pumphouses (DOE 1984). Based on

this projected increase in water intake, the 1985 entrainment

estimates would be increased from 10.8 x 106 larvae to 15.4 x 106

larvae and from 14.9 x 106 eggs to 21.2 x 106 eggs.

3.3 DIURNAL STUDIES

Ichthyoplankton densities in large turbulent rivers reflect

both riverine spawning and the transport of eggs and larvae out of

feeder streams, oxbows, and floodplain swamps along the length of
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the river. The density of ichthyoplankton often varies over 24 h

as a result of behavioral characteristics of the fish species

present in the ichthyoplankton (Gale and Mohr 1978).

Fish spawning is temporally regulated. Some species,

including American shad and striped bass, spawn near dusk or dawn

(Breder and Rosen 1966; Williams and Bruger 1972), while other

species, such as gizzard shad, spawn primarily during daylight

hours (Grasser 1979). These differences in spawning times can

strongly influence the density of ichthyoplankton, particularly

eggs, in the water column at any given time.

While most larvae have limited motility in rapidly flowing

water, many can swim sufficiently well to leave protected areas

and be caught in the current. The movement of larvae from pro-

tected areas generally occurs at night (Gale and Mohr 1978;

Hergenrader et al. 1982) and is reflected in higher nighttime

densities in ichthyoplankton collections.

Because there is natural diurnal variation in the density of

ichthyoplankton in a river, daily production and transport rates,

as well as entrainment calculations based on ichthyoplankton den-

sities taken once during daylight hours and extrapolated to a 24 h

period, are commonly underestimated.

As part of this study of the Savannah River, the diurnal

variation in ichthyoplankton density was examined in the area of
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the SRP intakes. While it is recognized that the limited diurnal

sampling done during this study is insufficient to justify recal-

culation of entrainment rates and total density of ichthyoplankton

in the river, it does provide an indication of the magnitude of

the bias of the estimates.

3.3.1 Methods

Diurnal collections were made once during March, April, May,

and June 1985 at four river transects between RM 155.2 and 157.3

(RM 155.2, RM 155.4, RM 157.0, and RM 157.3) and in the IG (RM

157.1) and 3G (RM 155.3) intake canals. The sampling methodology

used for these collections is described in Section 2.0 of this

report. The diurnal collections were made during four 6-h

intervals in a 24 h period: 0600 - 1200 h, 1200 - 1800 h, 1800 -

2400 h, and 2400 - 0600 h. Periods 0600 - 1200 h and 1200 - 1800

h were day collections, while periods 1800 - 2400 h and 2400 -

0600 h were night collections.

3.3.2 Diurnal Distribution of Ichthyoplankton

In March, the ichthyoplankton comatunity was dominated by

American shad eggs during the day and sunfish larvae during the

night (Table 3-52). The appearance of American shad eggs in the

daylight collections was probably the result of an early morning

spawn, since American shad typically spawn near dawn or dusk

(Williams and Bruger 1972). Sunfishes and pirate perch, were

numerous at night. Analysis of variance and of Scheffe's tests

indicated that night densities were significantly (p < 0.05)
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Table 3-52.

S

Relative abundance of ichthyoplankton collected during the diel sampling program in March.
February - July 1985.

March
0600 - 1200 h 1200 - 1800 h 1800 - 2400 h 2400 - 0600 h

Taxa Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae
Common Name No. % No. % No. % No. I No. I No. S No. S No. S

unid. Clupeidae
unid. herring/

shad
American shad
gizzard and/or
threadfin shad

minnow
(Cyprinidae)

carp
spotted sucker
unid. sucker
unid. catfish
swampfish
pirate perch
brook silverside
striped bass
unid. sunfish
unid. crappie
yellow perch
unid. darter
sturgeon
unknown

0

0
37 100.0

0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

1 9.1
0

0
0

0
0
0
0
0
0
0
0
0

2 18.2
0

6 54.5
1 9.1
1 9.1

0

0
16 100.0

0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

0
0

0
0

0
0
0
0
0
0
a
0
0
0
0

1 100.0
0
0

0 1 2.4 0 1 5.6

I-

p-J

0
8 100.0

0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0

0
0

0
0
0
0
0

15 36.6
0
0

24 58.6
0
0

1 2.4
0
0

0
14 77.8

0
0

0
0
0
0
0

0
0

0
0
0
0

4 22.2

0
0

0
0

0
0
0
0
0

10 55.6
0
0

5.6
0
0

6 33.2
0
0

Total 37 100.0 11 100.0 16 100.0 1 100.0 8 100.0 41 100.0 18 10010 18 100.0

Mean Temperatures 10.5 10.9 11.1 10.8

NOTE: RIVICDIU was used to compute the data presented in this table.



higher than day densities (Table 3-53). Temperatures during the

March diel sample ranged from 10.5 to ll.1 0 C.

In April, densities were significantly greater (p < 0.05)

during the night than during the day (p < 0.05; Table 3-53). Peak

densities were from 1800 through 2400 h. American shad consti-

tuted most of the eggs, and spotted suckers most of the larvae

from all time periods (Table 3-54). April ichthyoplankton den-

sities were over 20 times higher than those in March, indicating

much greater spawning (Figure 3-24). Temperatures during the

April diel sample ranged from 18.0 to 18.5 0 C.

In May, fish larvae constituted over 50% of the total ichthy-

oplankton density in each diel collection (Table 3-55). Predomi-

nant types of larvae included spotted suckers, gizzard and/or

threadfin shad, unidentified Clupeidae, and carp. American shad

eggs were abundant in the 2400 - 0600 h sample (45.% of all

ichthyoplankton). As in preceding months, densities were signifi-

cantly higher during the night than during the day (p ( 0.05;

Table 3-53). Mean water temperatures during this series of

samples ranged from 19.0 to 20.1 0 C.

In June (the last month of diel sampling), a relatively large

number of American shad eggs was collected in the 2400 to 0600

diel period (Table 3-56). This made night ichthyoplankton

densities 6 times higher than day densities (significant at

p < 0.05; Table 3-53). The general reduction in total density
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Table 3-53. Results of icheffe's test for average density
(no./1000 m ) of ichthyoplankton during four diurnal
time periods. Tests were conducted using transformed
data but mean densities are presented as arithmetic
averages (no./1000 m ). Time periods underscored by
the same line are not significantly different
(p < 0.05). February - July 1985.

Sampling Hours Time Periods
0600- 1200- 1800- 2400- Day Night

Month 1200 1800 2400 0600 (0600-1800) (1800-0600)

March 15.1 5.2 21.4 12.6 10.1 17.0

April 180.6 512.6 575.0 531.8 346.6 553.4

May 119.8 92.3 246.7 493.6 106.0 370.1

June 11.9 6.9 29.8 92.2 9.4 61.0

NOTE: DIURGLM was used to compute the tests presented in this
table.
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Table 3-54. Relative abundance of ichthyoplankton collected during the diurnal sampling program in April.
February - July 1985.

vi
0n0

April ...
0600-1200 h 1200-1800 h 1800-2400 h 2400-0600 h

Taxa Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae
Ccnmon nane No. % No. % No. % No. % No. % No. % No. % No. %

unid. Clupeidae 1 1.0 1 0.3 5 1.4
unid. herring/

shad 9 2.3 18 18.6 2 0.3 3 3.8 9 1.0 4 1.4 6 0.4 7 1.9
American shad 294 73.7 2 2.1 560 83.2 2 2.6 391 42.7 8 2.7 1133 79.8 2 0.6
gizzard and/or
threadfin shad 1 0.2 4 4.1 *2 0.3 8 10.3 1 0.1 5 1.7 6 0.4 12 3.3

unid. minnow 6 6.2 2 0.7 10 2.8
carp
spotted sucker 61 62.9 54 69.2 247 84.0 302 83.9
unid. sucker 1 1.0 3 3.8 8 2.7 9 2.5
unid. catfish
swampfish 1 0.3
pirate perch 3 1.0
brook silverside
striped bass 60 15.0 46 6.8 76 8.3 107 7.5
unid. sunfish 2 0.7
unid. crappie 1 0.3
yellow perch 1 1.3 2 0.7 1 0.3
unid. darter 3 3.1 5 6.4 2 0.7 7 1.9
sturgeon
unknown 35 8.8 1 1.0 63 9.4 2 2.6 439 47.9 9 3.1 168 11.8 4 1.1

Total 399 100.0 97 100.0 673 100.0 78 100.0 916 100.0 294 100.0 1420 99.9 360 100.0

Mean Temperature( C) 18.5 18.5 18.2 18.0

NNrE: RIVICDIU was used to compute the data presented in this table.
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Figure 3-24. Density of larvae and eggs collected during the
diel sampling program in March, April, May, and
June (RIVICDIU). February - July 1985.
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Table 3-55. Relative abundance of ichthyoplankton collected during the diurnal sampling program in May.
February - July 1985.

Ln
N-

May
0600-1200 h 1200-1800 h 1800-2400 h 2400-0600 h

Taxa Bggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae
Common Name No. % No. % No. % No. % No. % No. % No. % No. %

unid. Clupeidae 20 8.7 13 7.3 135 18.9 72 8.3
unid. herring/
shad 1 2.4 5 0.7

American shad 90 96.8 6 2.6 35 97.2 1 0.6 40 95.2 4 0.6 693 99.3 4 0.5
gizzard and/or
threadfin shad 71 30.7 1 2.8 50 27.9 1 2.4 362 50.8 3 0.4 302 34.7

unid. minnow 11 4.8 12 6.7 23 3.2 31 3.6
carp 59 25.5 50 27.9 119 16.7 112 12.9
spotted sucker 57 24.7 48 26.8 60 8.4 340 39.0
unid. sucker 1 0.4 2 1.1 1 0.1 2 0.2
unid. catfish
swampfish
pirate perch
brook silverside 1 0.1
striped bass
unid. sunfish 1 0.1 1 0.1
unid. crappie 2 0.9 3 0.4
yellow perch
unid. darter 2 1.1 1 0.1
sturgeon
unknown 3 3.2 4 1.7 1 0.6 2 0.3 2 0.3 2 0.2

Total 93 100.0 231 100.0 36 100.0 179 100.0 42 100.0 713 99.9 698 100.0 870 100.0

Mean Temperature(°0Q 19.0 19.7 19.7 20.1

NOTE: RIVICDIU was used to compute the data presented in this table.



Table 3-56. Relative abundance of ichthyoplankton collected during the diel sampling program in June.
February - July 1985.

Ln
W

June
0600 - 1200 h 1200 - 1800 h 1800 - 2400 h 2400 - 0600 h

Taxa Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae
Common Name No. I No. I No. I No. I No. -No. I No.- No. 1

unid. Clupeidae 1 16.7 2 18.2 4 17.4
unid. herring/

shad 3 5.1 1 4.4
American shad 25 96.2 8 80.0 31 52.5 4 17.4 266 100.0 3 8.1
gizzard and/or
threadfin shad 1 9.1 6 26.0

unid. minnow 1 9.1 1 4.4 3 8.1
carp 1 16.7 4 36.4 1 4.4 2 5.4
spotted sucker 3 27.3 1 4.4
unid. sucker 1 16.7
unid. catfish 3 13.0 22 59.5
swampfish
pirate perch
brook silverside
striped bass
unid. sunfish 3 50.0 2 8.7 7 18.9
unid. crappie
yellow perch
unid. darter
sturgeon
unknown 1 3.8 2 20.0 25 42.4

Total 26 100.0 6 100.1 10 100.0 11 100.1 59 100.0 23 100.1 266 100.0 37 100.0

Mean Temperatures 21.5 22.3 22.1 22.1

NOTE: RIVICDIU was used to compute the data presented in this table.



during June indicated an end to the spawning season for most

species. The water temperature during the June diel samples

ranged fron, 21.5 to 22.3 0C.

In 1985, diel collections in all months sampled indicated sig-

nificantly higher densities at night than during the day. This

pattern of diel distribution is similar to results found by other

investigators (Gale and Mohr 1978; Hergenrader et al. 1982) and is

consistent with the findings from this portion of the Savannah

River during 1984 (Paller et al 1985). During 1983, in contrast,

diel collections from the Savannah River indicated higher densities

during the day (Paller et al. 1985).

3.3.3 Effect of Time on Ichthyoplankton Sampling

The occurrence of relatively high ichthyoplankton densities

at night and low densities during the day suggests that samples

taken near dawn or dusk might contain more ichthyoplankton than

samples taken during full daylight. The vast majority of ichthyo-

plankton samples taken during the regular sampling program were

taken during full daylight, hence were not subject to this

potential bias. However, because of logistic constraints, samples

taken at RM 141.7 during the 1983 and 1984 regular sampling

programs were generally collected early in the morning (mean

military time equaled 0846 during 1983 and 0800 during 1984).
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Collecting samples just after dawn at RM 141.7 may have been

responsible for the comparatively high densities observed at this

transect during 1983 and 1984 (Paller et al. 1984, 1985).

To obtain information on the magnitude of the time-related

bias associated with density values at RM 141.7, this transect was

sampled both early in the morning (mean military time equaled

0733) and in the afternoon (mean military time equaled 1511) on 11

dates during April, May, June, and July 1985. Mean density values

at RM 141.7 were consistently higher in the morning than in the

afternoon, with the greatest difference occurring during April

(Table 3-57). Mean density at RM 141.7 during April was 267.8

organisms/1000 m3 in the morning and 84.4/1000 m3  in the after-

noon. Differences between morning and night were somewhat smaller

3
during May (160.5 and 108.4 organisms/1000 m3 respectively) and

June (53.4 and 32'.6 organisms/1000 m3, respectively). Reduced

densities in the afternoon samples were exhibited by nearly all

taxa (Table 3-58).

The preceding data suggest that the relatively high ich-

thyoplankton densities observed at RM 14.1.7 during 1983 and 1984

may have been to some degree due to temporal bias rather than

spatial variations in spawning intensity. The exact magnitude of

the time-related differences between RM 141.7 and adjacent

transects cannot be accurately estimated, however, because the

relationship between ichthyoplankton density and time of day is

imperfectly understood. Thus, it is possible that time-related
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Table 3-57. Ichthyoplankton densities (no./1000 m 3) in the morn-
ing (0700 - 0800 h) and afternoon (1200 - 1700 h) at
RM 141.7. The samples were taken during April, May,
June, and July 1985.

0700 - 0800 h 1200 - 1700 h
Date Larvae Eggs Total Larvae Eggs Total

4/09 64.0 143.2 207.1 14.2 30.0 44.1
4/16 104.9 269.2 374.1 11.3 46.9 58.2
4/30 46.8 175.5 222.3 28.7 122.4 151.0
Apr mean 71.9 196.0 267.8 18.1 66.4 84.4

5/07 30.6 162.7 193.3 24.7 78.1 102.8
5/21 83.8 72.1 155.9 63.0 68.3 131.2
5/28 56.7 75.7 132.4 25.5 65.8 91.3
May mean 57.0 103.5 160.5 37.7 70.7 108.4

6/04 56.8 72.2 128.9 22.0 85.9 107.8
6/11 6.0 47.1 53.2 3.2 11.9 15.1
6/18 17.4 5.2 22.7 0.0 3.6 3.6
6/25 3.0 5.8 8.8 1.2 2.8 3.9
Jun mean 20.8 32.6 53.4 6.6 26.1 32.6

7/02 21.3 2.9 24.2 4.7 0.0 4.7

Grand mean 44.7 93.8 138.4 18.0 46.9 64.9

NOTE: RIVICDE
table.

was used to compute the data presented in this
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Table 3-58. Ichthyoplankton species densities (no./1000 m3) in
the morning (0700 - 0800 h) and afternoon (1200 -
1700 h) at RM 141.7. The samples were taken during
April, May, June, and July 1985. February - July
1985.

Species 0700 - 0800 1200 - 1700

American shad 88.1 45.7
blueback herring 1.0 1.0
gizzard and/or
threadfin shad 8.1 3.8

minnows (Cyprinidae) 1.4 1.5
spotted sucker 20.8 6.3
carp 6.7 2.3
Centrarchidae 0.7 0.2
sunfish (Lepomis) 2.4 0.5
unid. sunfish 3.1 0.8

All taxa 132.3 62.1

NOTE: RIVICDE was used to compute the data presented in this
table.
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differences between RM 141.7 and transects sampled somewhat later

in the morning were smaller than the differences between RM 141.7

and transects sampled in the afternoon.

Steel CreeK, as well as RM 141.7, may have exhibited

inflated densities during 1983 and 1984 due to time of sampling.

On the average, Steel Creek was sampled at 0837 in 1983 and 0716

in 1984. While early morning sampling may have inflated the

estimates of ichthyoplankton abundance in Steel Creek, it is

important to recognize that ichthyoplankton transport from Steel

Creek into the Savannah River was many times higher than from most

of the other creeks in the nearfield or upper farfield during 1983

and 1984 (Paller et al. 1984, 1985). Such differences are too

great to be accounted for by temporal biases of the sort suggested

by the morning and afternoon density measurements at RM 141.7. In

substantiation of this, it is important to recognize that Steel

Creek was sampled at an average time of 1119 during 1985 (Table 3-

59), somewhat later than during 1983 (0837) or 1984 (0716), and

during full daylight hours. In spite of this later sampling time,

ichthyoplankton transport from Steel Creek was greater than from

all other streams sampled during 1985.

3-158



Table 3-59. Mean time of sample collection at each transect during
the regular sampling program. February - July 1985.

Mean Standard
Military Deviation Range

River Mile Time (minutes) (military time)

River Transects

89.3
97.5

110.0
120.0
128.9
129.1
137.7
141.5
141.7
145.7
150.4
150.8
152.0
152.2
155.2
155.4
157.0
157.3
166.6
176.0
187.1

Buck Creek (92.6)
Briar Creek (97.6)
The Gaul (109.0)
Smith Lake Creek (126.5)
Lower Three Runs (129.0)
Sweetwater Creek (133.5)
Steel Creek (141.6)
Four Mile Creek (150.6)
Beaver Dam Creek (152.1)
Upper Three Runs Creek
Upper Boggy Gut Creek

(162.2)
McBean Creek (164.2)
Hollow Creek (176.1)
Spirit Creek (183.3)

1054
1230
1200
1054
1424
1324
1200
1024
0854
0936
1100
1312
1418
1548
1442
1324
1036
0918
1236
1230
1218

48
42
66
42

126
90
84

102
108

42
48
78
78
66

132
108
108
114
168

66
144

1000
1100
1000
1000
0900
.1000
0900
0800
0700
0800
1000
1200
1300
1400
1000
0900
0700
0600
0900
1000
0900

- 1300
-1400

- 1400
- 1200
- 1700
- 1600
- 1500
- 1500
- 1600
- 1100
- 1300
- 1800
- 1900
- 1800

2000
1700
1500
1600

- 1600
- 1400
- 1600

Creeks

1206
1330
1348
1030
1512
1324
1118
1212
1524
1036

1700
1448
1324
1312

54
54

108
96

108
108
102

66
60

132

0
186

60
84

1100 -
1100 -
1200 -
0900 -
1100 -
1100 -
0800
1100 -
1400 -
0600

1500
1500
1600
1600
1800
1800
1700
1700
1800
1700

1700
1800
1600
1500

1700
0900
1200
1100
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4.0 SUMMARY

The 1985 Savannah River ichthyoplankton sampling program

extended from February through July and included 21 river

transects, 'two intake canals, five oxbows, and the mouths of 17

tributaries between RM 89.3 and RM 187.1. River transects,

intake canals, and oxbows were sampled weekly. Creeks were

sampled weekly when conditions permitted. This program was

a continuation of monitoring begun during 1983 and employed

the same sampling sites and methodologies except for the

elimination of all sample sites (3 river transects, 11 creek

mouths, and 1 oxbow) below RM 89.3. The basic objective was

to assess spawning activity and ichthyoplankton

distribution upstream and downstream from the Savannah River

Plant (SRP) in order to evaluate the possible impact of

existing and proposed thermal discharges and the removal of river

water for secondary cooling of nuclear reactors. Special

emphasis was placed on evaluating ichthyoplankton production

in Steel Creek in light of possible future impacts on this

stream following the re-start of L-Reactor.

A total of 19,918 fish larvae and 15,749 fish eggs were col-

lected during 1985. As in previous years, the dominant group was

the Clupeidae (65% of all ichthyoplankton), which included the

anadromous blueback herring and American shad and the non-

anadromous threadfin and gizzard shad. Other abundant taxa were
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the sunfishes and spotted suckers. While important during 1983

and 1984, crappie and minnows were comparatively minor components

of the ichthyoplankton during 1985.

The most abundant ichthyoplankton in Steel Creek were American

shad, blueback herring, and darters. The high percentage and

number of American shad and blueback herring indicate that the

lower reaches of Steel Creek below the swamp are a spawning area

for these anadromous species. American shad and blueback herring

have also been collected from Steel Creek during previous years,

although American shad were never as abundant as during 1985.

An estimated 5.2 million fish larvae and eggs were transported

from Steel Creek to the Savannah River during 1985. This was more

than were transported from any other creek in the study area

during 1985. Ichthyoplankton transport from all creeks was much

lower during 1985 than during 1984 or 1983, possibly due to de-

creased creek discharges (79% lower during 1985 than 1984) and/or

decreased spawning resulting from comparatively low water levels.

Temperatures in the mouth of Four Mile Creek were as much as

20 0C higher than in the other creeks, due to reactor discharge.

Ichthyoplankton sampling indicated that ichthyoplankton were

largely absent from the mouth of Four Mile Creek when the reactor

was operating and water temperatures high, but that fish rapidly

moved into Four Mile Creek and began spawning when the reactor

shut down.
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Beaver Dam Creek, the other thermally-inipacted SRP creek

sampled during 1985, 'was approximately 1 - 80 C warmer than most of

the creeks in the study area. Ichthyoplankton densities in Beaver

Dam, Creek were roughly equivalent to densities in most other

creeks during March and April, but lower than in most other creeks

during May, June, and July. Temperatures often exceeded 30 C

during May, June, and July.

Ichthyoplankton densities .in the river were characterized by

pronounced temporal changes. Mean ichthyoplankton density for the

entire section of river under study was 0.3 organisns/1000 m3 in

February, 18.2/1000 m3 in March, 156.6/1000 m 3 in April,

139.4/1000 as3 in May, 42.9/1000 m3 in June, and 3.5/1000 m3 in

July. Statistical analysis indicated that most of the variability

in ichthyoplankton density observed in this study was associated

with sampling date, reflecting the influence of seasonal changes

in temperature and photoperiod on spawning activity.

Larval densities in the river were generally similar near the

top and bottom of the water column and across the channel; excep-

tions occurred at several transects where densities differed

between banks. With the exception of RM 150.4, these differences

were probably due to current or to localized aggregations of

spawning fish in favorable habitats. At RM 150.4, approximately

0.2 km below the point fwhere thermal discharge from C-Reactor

leaves the mouth of Four Mile Creek, larval densities were reduced
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near the South Carolina bank. Reduced larval densities at RM

150.4 were most notable during April and were due to decreases in

the number of spotted sucker larvae; other taxa were not affected.

These decreases were localized at RM 150.4 and not detectable

farther downstream.

Unlike larval densities, egg densities were often greater near

the bottom than near the surface. In addition, they were often

heterogeneously distributed across the river channel. These dis-

tribution patterns were probably due to localized spawning and

hydrological factors. The density of fish eggs was not reduced

near the South Carolina bank at RM 150.4.

There are three important anadromous species that spawn in the

Savannah River: American shad, striped bass, and blueback herring.

American shad were collected in large numbers throughout the river

and were far more abundant during 1985 than during 1983 .or 1984.

Striped bass were about as abundant during 1985 as during 1984,

peaking in numbers near the SRP. Blueback herring abundance

peaked in the upper portion of the study area during 1985 instead

of in the lower portion of the study area as in 1983 and 1984.

Blueback herring densities were fairly similar during 1984 and

1985, but during both years were low compared to 1983. Two

nonanadromous taxa, crappie and minnows, were much less abundant

during 1985 than during earlier years, possibly because of

exceptionally low river levels that eliminated floodplain spawning

sites for these species. Floodplain spawning sites are not

4-4



important for species such as American shad and striped bass,

which spawn in the river channel.

Spawning trends and ichthyoplankton densities in the five

oxbows sampled during 1985 were generally comparable to those in

the river. The only exception was an oxbow at RM 100.2, which

consistently had much higher densities than did the river.

Reasons for the apparent productivity of this oxbow are unknown at

present. Gizzard and threadfin shad were the dominant ichthyo-

plankton in the oxbows.

Diel collections fron, the Savannah River and intake canals

during March, April, May, and June indicated significantly higher

ichthyoplankton densities during the night than during the day.

While this pattern was also observed during 1982 and 1984, day-

night differences were more consistent during 1985. In 1983, the

diel collections indicated higher densities during the day due to

exceptionally large numbers of threadfin and gizzard shad larvae.

On the basis of ichthyoplankton samples taken during daylight

6 6
hours, an estimated 25.9 x 10 ichthyoplankton (10.8 x 10 larvae

and 15.1 x 106 eggs) were entrained during 1985. This is

approximately 12.1% of the total number of ichthyoplankton that

drifted past the SRP pumphouses. Total ichthyoplankton

entrainment during 1985 (25.7 x 10 6) was fairly similar to that in

1977 (26.4 x 106) and 1984 (23.4 x 106), but less than that in

1982 (36.0 x 10 6) and 1983 (37.2 x 10 ).
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5.0 THREE-YEAR SYNTHESIS

SRL/ECS studies on the ichthyoplankton of the mid and lower

reaches of the Savannah River began in 1982 and ended in 1985.

The 1982 studies were restricted in scope and included 7 river

transects between RM 141.5 and 157.3, the two SRP intake canals,

and the mouths of Steel Creek, four Mile Creek, and Upper Three

Runs Creek. The 1983 and 1984 studies included more sample

stations: 26 river transects beween RM 29.3 and 187.1, 27 - 28

creek mouths, two intake canals and, in 1984, six river oxoows.

The 1985 study was slightly truncated and included 21 river

transects between RM 89.3 and 187.1, five river oxbows, two intake

canals, and 14 creek mouths.

The Savannah River ichthyoplankton assemblage consists of a

variety of species that differ in recreational, economic, and eco-

logical importance. Among the most abundant taxa in the Savannah

River are the gizzard and/or threadfin shad, American shad,

blueback herring, sunfishes, crappie, minnows, and striped bass.

American shad and striped bass are. particularly important; both

are anadromous species that support recreational and, in the case

of American shad, commercial fisheries. The blueback herring,

while somewhat less important, is another anadromous species used

for commercial purposes in some coastal areas. Some species, such

as the largemouth bass, while comparatively abundant as adults in

the Savannah River (Paller et al. 1984, 1985), were scarce in the

ichthyoplankton collections because their eggs and larvae reside
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in sheltered areas where they are unlikely to become entrained in

currents and carried into open water. Such species are less

susceptible to SRP impacts than those that produce drifting eggs

and larvae.

Seasonal factors substantially influence spatial and temporal

patterns of ichthyoplankton distribution in the Savannah River.

Statistical analyses indicated that most of the variability in

ichthyoplankton abundance observed during 1984 and 1985 was asso-

ciated with sampling date, reflecting the importance of seasonal

changes in temperature and photoperiod on spawning intensity

(similar analyses were not performed on the 1982 and 1983 data).

River level also seemed to be an important factor influencing the

abundance of species such as blueback herring, minnows, and

crappie which spawn most effectively in flooded areas. River

level, however, had less influence on the abundance of species

such as American shad and striped bass, which spawn directly in

the main river channel.

The potential impacts of the SRP on the Savannah River

ichthyoplankton assemblage can be categorized as follows:

1) Plume entrainment. Plume entrainment occurs when larvae

drifting down the Savannah River pass through the thermal

plumes leaving the mouths of Four Mile and Beaver Dan,

Creeks.

2) Impacts on Steel Creek. Steel Creek is one of the major

tributaries in the mid-reaches of the Savannah River;
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therefore, impacts on spawning in Steel Creek due to SRP

operations potentially could influence the abundance of

ichthyoplankton in the Savannah River.

3) Intake entrainment. Intake entrainment occurs when fish

larvae and eggs are withdrawn from the Savannah River

with water used to cool the SRP reactors.

Several factors mitigate the impact of plume entrainment on

the Savannah River ichthyoplankton assemblage. One of the most

important of these is river flooding. During flood periods, the

Savannah River overflows its banks, causing the discharge from

Four Mile Creek and Beaver Dam Creek to disperse and cool in the

floodplain before entering the Savannah River. Since flooding

generally occurs in the spring, it often coincides with major

spawning periods, thus reducing the number of larvae exposed to

the SRP thermal discharge. Another factor that mitigates plume

entrainment is dilution of the thermal plumes with Savannah River

water. Thermal-imagery studies indicate that temperatures in the

Four Mile Creek plume may drop as much as 10 0C within 400 m of the

creek mouth due to mixing with relatively cool Savannah River

water (Bristow and Doak 1983).

Investigations of ichthyoplankton distribution and abundance

provided no evidence of, plume entrainment impacts on the Savannah

River ichthyoplankton assemblage during 1982, 1983, or 1984. The

Savannah River was in flood stage during February - April 1983 and

in March and May 1984, thus contributing to the lack of impact
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during these years. During 1985 there were indications that one

species, the spotted sucker, was reduced in abundance due to pas-

sage through the Four Mile Creek plume. Two factors appeared to

contribute to the apparent plume entrainment impacts observed

during 1985. One was lack of flooding by the Savannah River.

Lack of flooding meant that there was a thermal plume at the mouth

of Four Mile Creek throughout the spawning season. The second

factor was the unusual abundance of spotted sucker larvae during

1985 compared to 1983 and 1984. Spotted suckers may be more sen-

sitive to elevated temperatures than other taxa. Thus, in years

when they are more abundant, plume impacts to the taxon may be

more noticeable. To put things in perspective, it is important to

recognize that the plume entrainment impacts observed during 1985

were localized and species-specific. While density reductions

were observed near the South Carolina bank directly downstream of

the mouth of Four Mile Creek, they were not detectable farther

downstream. In addition, only one species was involved. Reduc-

tions were not observed among anadromous species such as American

shad and striped bass, nor among nonanadromous species such as

sunfish, gizzard shad, and threadfin shad. In summary, plume en-

trainment does not impact the Savannah River ichthyoplankton

assemblage during years when the Savannah River floods during the

spawning season. During years when the Savannah River does not

flood during the spawning season, sensitive taxa may experience

localized impacts.
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Results of the 1982-1985 studies indicate that a variety of

anadromous and nonanadromous species use Steel Creek as a spawning

area. Sunfishes, blueback herring, minnows, and darters were the

dominant taxa during 1983 and 1984. During 1985, the ichthyo-

plankton assemblage in Steel Creek was largely dominated by

American shad and blueback herring. Blueback herring, in

particular, were abundant duringall years, suggesting that Steel

Creek is one of the more important spawning areas for this species

in the mid-reaches of the study area. However, all the taxa

collected from Steel Creek, including blueback herring, were

abundant at several locations in the Savannah River and in some of

the other tributary creeks under study. Blueback herring were

especially abundant in the lower reaches of the study area during

1983 and 1984.

While ichthyoplankton densities were not particularly high in

Steel Creek, the total number of ichthyoplankton transported into

the Savannah River from Steel Creek was consistently high in

relation to the other tributaries sampled during this study.

During 1983, 1984 and 1985, ichthyoplankton transport from Steel

Creek was higher than from any other creek in the mid- and upper

portion of the study area (transport calculations were not made on

the 1982 data), although there were several large creeks in the

lower portion of the study area that transported inore ichthyo-

plankton into the Savannah River than did Steel Creek. High

transport from Steel Creek was primarily due to Steel Creek's

large size and high discharge volume. Ichthyoplankton transport
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from Steel Creek raised river ichthyoplankton numbers by an

estimated 10% in 1983, 13% in 1984, and 2% in 1985. All streams

sampled had low transport numbers during 1985, due to low

discharge and to low water levels that possibly reduced successful

spawning. Some species of ichthyoplankton not transported to the

river may have better survival potential in nursery areas of the

swamp,

In summary, the results of this study indicate that Steel

Creek is an important spawning area for both anadromous and non-

anadromous species. Steel Creek probably produces more ichthyo-

plankton than any other Savannah River tributary in the mid- and

upper reaches of the study area and contributes a significant

amount of ichthyoplankton to the Savannah River. It is also

important to recognize, however, that none of the ichthyoplankton

taxa collected from Steel Creek were rare or endangered species

and that all were found in large numbers at many locations in the

river and in other tributaries.

The mechanism of intake entrainment loss at the SRP pumphouse

differs for fish eggs and fish larvae. Larvae are probably killed

by temperature increases and shear forces after being drawn into

the reactor cooling systems. While some eggs are also destroyed in

this fashion, most are probably lost as they settle to the canal

bottom in the relatively quiescent canal waters. Eggs that settle

out in the canals probably suffocate in the soft sediment on the

canal bottom (McFarlane 1982).
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A number of factors influence intake entrainment at the SRP

pumphouses, including spawning in the intake canals, pumping rate,

river level, ichthyoplankton density in the river, ichthyoplankton

distribution in the river, and (for the IG pumphouse) spawning in

Upper Three Runs Creek. Several taxa -- most notably gizzard shad

in 1982 and i983, crappie in 1983 and 1984, and spotted suckers in

1985 -- occurred in unusually high densities in the intake canals,

suggesting they were spawned there. Species that spawn in the

intake canals tend to suffer increased entrainment. Similarly,

when drifting eggs are more abundant in the river, there is the

potential for more to be entrained, although percentage losses may

remain the same. The distribution of the fish eggs in the river

can also influence entrainment losses. During May 1984, American

shad eggs were less abundant near the South Carolina side of the

river, where the intake canals are located, thus decreasing

entrainment losses for this species. Spawning in Upper Three Runs

Creek can also influence entrainnment losses at the IG intake

canal. High densities of blueback herring in Upper Three Runs

Creek discharge increased the entrainment loss for this species

during 1983. Lastly, pumping rate can have an impact, as higher

pumping rates may increase water withdrawal and, consequently,

ichthyoplankton entrainment. This can be especially important

when river levels are low and SRP water withdrawals represent a

greater proportion of the total river discharge. Water withdrawal
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for all pumphouses summed, expressed as a percentage of Savannah

River flow, was 13.3% in 1982, 7.7% in 1983, 7.0% in 1984, and

12.2% in 1985.

The number of fish eggs and larvae lost to intake entrainment

has been calculated by ECS for 1982, 1983, 1984, and 1985.

McFarlane et al. (1978) calculated intake entrainment for 1978.

Total estimated intake entrainment for these years (based on sam-

ples taken during daylight hours, was 26.4 million in 1977, 36.0

million in 1982, 37.2 million in 1983, 23.4 million in 1984, and

25.9 million in 1985. In 1983, 1984, and 1985, these numbers were

expressed as a percentage of the total number of ichthyoplankton

drifting past the intake canals; estimated entrainment was 9.3%,

8.3%, and 12.3%, respectively, of the total ichthyoplankton that

drifted past the canals. These numbers are somewhat higher than

the estimated 4% entrainment at the Connecticut Yankee nuclear

plant on the Connecticut River (Marcy 1976) and 3.2% entrainment at

the Fort Calhoun Station on the Missouri River (Hergenrader et al.

1982).

A complete assessment of intake entrainment at the SRP neces-

sitates consideration of several mitigating factors. First, all

of the species entrained at the SRP have numerous spawning sites

in the Savannah River, including downstream of the SRP. Thus, at

least some of their spawn is not vulnerable to intake entrainment.

Second, most of the entrainment losses among the important

anadromous species, striped bass and American shad, involve eggs
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rather than larvae. Eggs generally have a lower probability of

survival than larvae. Thus, the loss of a given number of eggs is

not as serious as the loss of a comparable number of larvae

(Goodyear 1978). It is also important to recognize that there has

been no evidence of decreasing numbers of American shad or striped

bass ichthyoplankton in the Savannah River during this four-year

study. In fact, the abundance of American shad eggs and larvae

was much higher during 1985 than during previous years of the

study. While entrainment reduces the number of American shad eggs

and larvae in the Savannah River, the presence of large numbers of

early life stages are suggestive of populations that are currently

healthy and possibly expanding.
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APPENDIX 1

Appendix 1 contains listings of
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