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ABSTRACT

The Comprehensive Cooling Water Study (CCWS) was initiated.. in
1983 to evaluate the ,environmental effects of the intake',and
release of cooling water on the structure and function of aquatic
ecosystems' at the Savannah River Plant. The. initial report
(Gladden'et a1., 1985) described the results from ,the first year of
the study.. This document is the final report and concludes the
program. The report 'comprises eight volumes. The first is a
summary of environmental effects. The other seven volumes address
water quality, radionuclide and' heavy metal transport, wetlands,
aquatic ecology, Federally en~angered species, ecology of Par Pond;
and waterfowl. .

FOREWORD

This study was initiated in response to a commitment by the
U.S. Department of Energy (DOE) Savannah River Plant Operations
Office to the U.S. Senate Armed Services Committee and the State of
,South Carolina•. T~e study was a joint effort undertaken by DOE,
Du Pont, and the. Savannah River Ecology Laborato~y of the
University of Georgia.

The broad scope of. this ·.project and size of, the report
.necessi tated that it be subdivided into smaller,. coherent subject
areas. The resulting document 'contains eight volumes:'

Volume
Number

, ·1
II

III
IV
V'

VI
V.II

VIII

DP Number

1739-1
1739-2
1739-3
1739-4
1739-5
1739-6
1739-7

'1739-8

. ,

Summary of Environmental Effects·
Water QUality
Radio~uc1ide and Heavy Metal Transport
Wetlands .
Aquatic Ecology
Federally Endangered Species
Ecology of Par Pond
'Waterfowl

Only Volume I is being generally distributed. Readers desiring to
obtain additional' volumes may do so by writing to the National
Technical Information Service.



ACltNOWLEDGMENTS

The authors of this report are indebted to numerous
individuals from the Savannah River Ecology Laboratory of· the
University of Georgia, the University of' South Carolina, Columbia,'
South Carolina, the Du Pont Savannah River Laboratory, and to the
Energy Measurements Group, EG&G, Inc., of Las. Vegas, Nevada, who'
prepared draft material for incorporation into this report.

Contributors from the Savannah River Ecology L~boratory,.

included: J. M. Aho, C. S. Anderson, K.' L. Anderson, R. Bayer,
P. Bertsch, J. D. Congdon, H. C. Coulter, A. Dancewicz, B. Davis,
M. A. Elrashidi, T. D. Fontaine, J. W., Gibbons, J. D. Haddock,
F. R•. Hauer, R. T. Hoppe, L. F. Huenneke, R. A. Kennamer,
J. L. Knight, J. N. Knox, R. Lew, C. Loehle (now with the Du Pont
Savannah River Laboratory) ,. J. J. Hayer, M. Meader, .R. ' Mealy,
G. Mills, S. S. Morreale, R. ,M. Muzika, M. C. Newman, S. ·S. Novak,
S. Presnell, S. S. Sandhu,· R. L. Schneider,' D. E•.Scott,
R. A. Siegel, R. R. Sharitz, M. H. Smith, and A•. L. Towns.
Contributors from the Savannah River Laboratory included:
E. J. Christensen (now with EG&G), D. W.' Hayes, and C. F. Muska
(now with the Du Pont Savannah River Plant).



TABLE OF CONTENTS

V.' AQUATIC ECOLOGY

Volume Summary

V.I Introduction

V.~.l . Report Structure

V.2 Study Area

V.2.1 Streams and Swamps of the SRP

V.2.1.1 Upper Three Runs Creek
V.'2.1. '2 Beaver Dam Creek

• V.2.l.3 Four Mile Creek
V.2.l.4 Pen Branch
V.2.l.S Steel Creek-Meyers Branch

. V.2.1.6 Lower Three Runs Creek

V.3 Lower Food Chain

V.3.l Introduction

V.·3.1.1 Energy Sources and Pathways
V.3.l.2 .Stream Structure
V.3.l.3 Primary Producers
V.3.1.4 Organic Matter
V.3.I.S Macroinvertebrates
V.3.1.6 Stress Effects

V.3.2 Study Sites

V.3.2.1 Upper Three Runs Creek
V.3.2.2 Beaver Dam Creek
V.3.2.3 Four Mile Creek
V.3.2.4 Pen Branch Creek
V.3.2.5 Steel Creek-Meyers Branch
V.3.2.6 Lower Three Runs Creek
V.3.2~7' Savannah River

V.3.3 Physical Measurements

V.3.3.l Introduction
V.3.3.2 Materials, and Methods
V.3.3.3 Results and Discussions

- i ..

'Page

V-I·

V-14.

V-IS

V-17

V-20

V-20
V-20
V-21
.V-21
V-22
V-23

V-25

V-25

, V-25
V-26
V-28

. V-28
V-29 ,
V-30

V-31

V-34
V-34
V-40
V-41
V-42
V-43
V-43

V-44

V-44
V-44
V-45



V.3.4 Stream Structure

TABLE OF COlttBRTS. Contd

V.3.S.3 Results and Discussion

V.3.6.3 Results and Discussion

~
Page

. V--45
V-54
V-54
V-54

V-59.

V-59
V-6I
V-61

V-62
V-73
V-73
V-79

V-79

V-79
·V-83

V-83 ~V-84

V-85

V-85
V-98

V-lIi

V-Ill
V~1l2

. V-112
V-lIS

V-lIS

V-US
V-I24
V-127
V-I32
V-137
V-141

...

1983-1984 Particulate Matter Studies
1983-1984 Four Mile Creek Study
1983-1984 Swamp Study
1983-1984 Leaf Decomposition
1984-1985 Leaf Litter Collection
1984-1985 Particulate Matter Study

Temperature
Volume Discharge
Current Velocity
Channel Morphometry

Nonthermal Streams
'lbenual Streams
Deltas
Swamps

V.3.6.3.1
V.3.6.3.2
V.3.6.3.3
V.3.6.3.4
V.3.6.3.5
V.3.6.3.6

V.3.4.3.1
V.3.4.3.2
V.3.4.3.3
V.3.4.3.4

V.3.3.3.1
V.3.3.3.2
V.3.3.3.3
V.3.3.3.4

V.3.6.2.1 1983-1984 Studies
V.3.6.2.2 1984-1985 Studies

V.3.S.3.1 Periphyton
V.3.5.3.2 Macrophytes

V.3.S.2.1 Periphyton
V.3.S.2.2 Macrophytes

V.3.6.1 Introduction
V.3.6.2 Materials and Methods

V.3.S.1 Introduction
V.3.S.2 Materials and Methods

V.3.4.1 Introduction
V.3.4.2 Materials and Methods
V.3.4.3 Results and Discussion

V.3.6 Organic Matter

V.3.5 . Primary Producers

- ii -



TABLE OF CONtENTS t Colltd

Page

v.3.7 Macroinvertebrates

V.3.7.1 Introduction'
V.3.7.2 Methods

V.3. 7.2.!
V.3.7.2.2

1983-1984 Sampling Program
1984-1985 Sampling Program

.V-ISl

V-lSI
V-153

V-157·
V-IS7

V.3.7~3 Result~ and Discussions

V.3.7.3.l Taxa Richness
. V.3.7.3.2 Macroinvertebrate Density

V.3.7.3.3 Average Annual »iomass 'of Invertebrates'
V.3.7.3.4 Macroinvertebrates Functional Groups

.' V.3~ 7.3.5 Grouped Comparisons .
V.3.7.3.6 River and Creek Mouth Studies

V.3.8 Summary of the Effects of Thermal Effluent
on the Lower Food Chain Communities

V.3.8.!· Introduction
V.3.8.2 Nonthermal Streams

. V.3.8.3 Steel Creek
V.3.8.4 Thermal' Streams
V.3.8.5 Deltas
V.3.8.6 Swamps
V.3.8.7. Savannah River

V.3.9 Conclusions

Y.4 Fish Communities of·the SRP Streams, Swamp, and
the Savannah River

V.4.1 Introduction

V.4.2 Adult Fish

V.4.2.1 Introduction
V.4.2.2 Materials and Methods

V.4.2.2.1 Quarterly Study
V.4.2.2.2 Overwintering Study
V.4.2.2.3 Impingement Study

V.4.2.3 Results and Discussions

- iii ..

V-1S8

V-IS8
V-178

.\"-184
V-l89
V-195
V~198

V-230

V-230
V-230

. V-231
V-232
V-235
V-236
V-237

V-237

V-241

·V-241 .

V-243

V-243
V-243 .

V":'243
V-249
V-249

V-250



Literature Cited

TABLE OF CONTENTS t Contd

V.4.3.1 Introduction
V.4.3.2 Materials and Methods

V.4.3.3 Results and Discussion: SRP Creek and
Swamp Ichthyoplankton Studies

-
.~

Page

V-250
V-28I
V-296
V-305

V-3I8

V-321 .

V-321
V-322

V-322

V-329

V-335

V-335
V-344 -V-403
V-403
V-415

·V-416

V-416

V-422

V-422
V-4S4
V-466

V-478
V-504
V-SIB

V-531

V-549

SRP Creek and Swamp Stations
Savannah River and Associated
Tributaries Studies

Chemical and Physical Parameters
Ichthyoplankton Distribution
Temperature 'Effects
Microhabitat Study
Diel Distribution
Gear Comparison Study

V.4.3.3.1
V.4.3.3.2
V.4.3.3.3
V.4.3.3.4
V.4.3.3.5
V.4.3.3.6

V.4.3.2.1
V.4.3.2.2

V.4.3.5.l Creek lchthyoplankton
V.4.3.S.2 River lcbtbyoplankton
V.4.3.S.3 Oxbow Icbthyoplankton
V.4.3.5.4 Spatial and Temporal Distribution

of Selected Ichthyoplankton Taxa
V.4.3.S.5 Entrainment
V.4.3.5.6 Diel Study

V.4.3.6 Summary: Savannah River and Associated
Tributaries Study

V.4.3.4 Summary: SRP Creek and Swamp
Ichtbyoplankton Studies

V.4.3.5 Results and Discussion: 1984-1985 Savannah
River and Associated T~ibutaries Studies .

V.4.2.3.1 Quarterly Study
V.4.2.3.2 Overwintering Study
V.4.2.3.3 Temperature and Fish Occurrence
V.4.2.3.4 Impingement

V.4.2.4 Summary

V.4.3 Ichthyoplankton

- iv -



.'.

TABLE OF CONTENTS t Contd

Appendix V-3.1 A Checklist of the Aquatic and Semi
Aquatic Vascular Macrophytes and
Rtparian Flora of the Lower Food Chain
Study Sites (1983-1984)

Appendix V-4.l Common and Scientific Names 'of Adult
Fishes Collected in the Savannah River
(November 1983-August 1985)

- v -

Page

V-563

V-566



- vi -

.-.,



LIST or TABLES

Page

V-3.l

V-3.2

V-3.3

V-3.4

V-3.5

V-3.6

V-3.7

V-3.8

V-3~9

V-3.l0

CCWS Lower Food Chain Sampling Stations,
Numbers, Location, and Themal Regime .

Study Program Elements at Each Station and
Frequency.of Sampling .

MOnthly Minimum and Maximum Temperature
Recorded at all 1984-1985 Stations
(October 1984-September 1985)

"MOnthly Average Water Temperatures Recorded at
Streams Draining the. Savannah River Plant

.(October 1984-September 1985)

.Minimum, Maximu1ll', Mean, Coefficient of Variation'
and Number of Times the Measurement was Taken are
Given for Volume Discharge
(Octobe'r 1984-September 1985)

Mean, Coefficient of Variation, Number, of Station
Averages Used to Compute Mean, and Number of
Individual Measurements Used to Compute Station"
AveTages are Given for CUTrent Velocity
(October 1984-September 1985)

Mean, Number of Station Averages Used to Compute
Mean, and Number of Individual Measurements Used

. to'Compute Station.Averages are Given for Stream
Depth and Water Depth at Stream Shore
(October 1984-Sept~ber 1985)

Mean, Coefficient of Variation and Number. of·
Measurements are Given for Channel Width. and.
Channel Cross Section Area
(October 1984-September 1985)

The Annual Mean and Standard Deviation are
Given for the Following Wood Volume Parameters
at Each Mapped 1984-1985 Station: .Total Wood
Volume; ,Volume of Logs; and Volume of, Sticks
<October 1984-September 1985) "

The Annual Mean ~nd Standard Deviatio~ ar~ Given
for the Following Wood Density Parameten at Each
Mapped 1984-1985 Station: Total Wood Density;
Log Dens i ty; St ick Dens i ty
(October 1984-September 1985)

- vii -

V-32

V-36.

V-47

'V-50

V-55

V-56

V-58

V-'60 .

V-68

V-'69



LIST or TABLES J Contd

Page

V-3.11

V-3.12

V-3.13

V-3.14

V-3.15

V-3.16

V-3.17

V-3.18

V-3.19

V-3.20

The Annual Mean and Standard Deviation are Given
for the Following Parameters at Each Mapped 1984
1985 Station: Trailing Vegetation Area and
Trailing Root Volume (October 1984-September 1985)

The Annual Mean and Standard Deviation are Given
for Debris Area (mg/m2) at Each Mapped 1984-1985
Station (October 1984-September 1985)

Annual Mean and Standard Deviation are Presented
for the Following Vegetation Parameters on a
per m2 Basis at Each Mapped 1984-1985 Station:
Aquatic Vascular Plant (AVP) Area; AVP Volume;
AVP Biomass. and AVP Percent Cover
(October 1984-September 1985) .

Periphyton Biomass at Each 1983-1984 Station
During Winter and Spring Sampling

Organic Standing Crop at Each 1983-1984 Station
(Winter and Spring 19~4)

Periphyton Biomass (chlorophyll a mg/m2) from the
Savannah River and Tributary Creek Hauth Stations
Sampled Monthly During October 1983-September 1984

Periphyton Standing Crop (AFDW mg/m2) from
the Savannah River and Tributary Creek Hauth
Stations Sampled Monthly During
Octo~r 1983-September 1984

Periphyton Biomass Mean. Standard Error. Coefficient
of Variation and Minimum and Maximum Values are
Presented for Each 1984-1985 Station Over All Months
(October 1984-September 1985)

Summary of Blue-Green Algal Biomass-C. Percent
Blue-Green Algal-C. Algal Biomass-C. Percent
Algal-C. Diatom-C at Algal-C. and Summary of Total
Biomass-C on Slides for Each Season with Mean
Values for Each Station and for Each Thermal Class
of Streams Each Season

Number of Macrophyte Taxa at Each 1983-1984
Sampling Station (November 1983-Hay 1984)

- viii -

V-70

V-71

V-72

V-86

V-87

V-88

V-89

V-90

V-91

V-99



- ix -



V-3.37

V-3.38

V-3.39

Seston Coarse-to-Fine Ratios for Organic Weight
and Total Weight are Given for Each Station
(October 1984-September 1985)

Macroinvertebrate Functional Groups and Their
Mode of Feeding

Total Number of Macroinvertebrate Taxa at Each
Stream Sampling Station and Average Density of
Hacroinvertebrates Collected on Leaf Bags,
Artificial Snags, Plant Haterial Associated with
Artificial Snags, Multiplate Samplers, and
Sediment Cores (November 1983-Hay 1984)

- x -

V-148

V-152

V-159



•

LIST OF TABLES, Contd

Page

V-3.40

V-3.41

V-3.42

V-3.43

V-3.44

.V-3.45

V-3.46

V-3.47

V-3.48

Total Number of Macroinvertebrate Taxa at Each
Swamp Sampling Station and Average Dens ity of
Macroinvertebrates Collected on Leaf Bags;
Artificial Snags, Plant Material Associated with
Artificial Snags, Multiplate Samplers, and
Aquatic Macrophytes'(November 1983-May 1984)

An Annotated Checklist of the Aquatic
Macroinvertebrates of Steel Creek, Steel Creek
Swamp, Meyers Branc~, and Pen Branch Delta

Average Density, Biomass, Biomass per Individual
and Numb~r of Taxa, Total Num~er of Taxa, and
Number of Common Taxa Collected on Multiplate
Samplers (October 1984-September 1985)

List of Taxa With More Than Ten Individuals
That Were Collected .for More Than One Month
During the Study (October 1984~September 1985),

Composition of Stream Macroinvertebrate Community.
Presented as Average Densities at Station 5
(Beaver Dam Creek); 13A and 14 (Four Mile Creek);
21 (Pen Branch); 26 and 28 (Steel Creek);
39 and 40 (Meyers Branch). (January~August 1984)

Composition of Swamp Macroinvertebrate Community •
Presented as Average Densities at Stations 22
and 23 (Pen Branch Swamp), and Stations 33 and
3S (Steel Creek. Swamp) (January-August 1984)

Mean.Biomass of Invertebrate Functional Groups on
Multiplate Samplers (October 1984-September 1985)

Macroinvertebrate Data Collected on the Multiplate
Samplers in the Creek Mouth Stations: Average
Number of Taxa per. Sampler. Average Annual Density
of Macroinvertebrates, .and Average Biomass
(October 1983-September 1984)

Total Densities (no./m2 of sampler) of
Macroinvertebrate Taxa Collected from Multiplate
Samplers in the Savannah River and at the Mouths
of Tributary Creeks That Drain the SRP
(October 1983~September 1984)

- xi -

V-1S9

V-161

V-171

V-172

V-180

V-lSI

V-200

V-203



LIST or TABLIS J Colltd

Page

V-3.49

V-3.S0

Biomass (g AFDW/m2 of sampler) of Macroinvertebrte
Taxa on Multiplate Samplers in Savannah River and
at the Mouths of Tributary Creeks that Drain
the SRP (October 1983-September 1984)

Average Percentage Density of Important
Taxonomic Groups on Multiplate Samplers Located
in the Mouths of Creek Draining theSRP
(October 1983-September 1985)

V-204

V-20S

V-3.S8

V-3.Sl . Average Percent of Total Density (no./m2 of
sampler) of Hacroinvertebrate Functional Groups
from Multiplate Samplers in the Savannah River
and the MOuths of Tributary Creeks

V-3.5Z Average Percent of Total Biomass (g AFDW/m2 of
sampler) of Macroinvertebrate Functional Groups
from Multiplate Samplers in the Savannah River and
the MOuths of Tributary Creeks

V-3.53 Average Number of Taxa per Sampler, Average Annual
Density of MScroinvertebrates and Average Biomass
of Macroinvertebrates Collected from Multiplate . .
Samplers at 1983-1984 Savannah River Sites
(South Carolina Side; Samplers Located 0.5 m
Below Surface)

V-3.54 Drift Densities of Macroinvertebrates at River
and Creek Sites (October 1983-July 1984)

V-3.SS Average Annual Density (no./1,000 m3 ) of
Hacroinvertebrate Drift Collected at Locations
in the Savannah River (October 1983-September 1984)

V-3.56 Average Annual Density (no./1,000 m3 ) of
Hacroinvertebrate Drift Collected at Locations
in the Savannah River (October 1984-September 1985)

V-3.57 Average Annual Density (no./l,OOO m3 ) of
MScroinvertebrate Drift Collected at Locations
in SRP Creek Mouths and Intake Canals
(October 1983-September 1984)

Average Annual Density (no./1,000 m3 ) of
MScroinvertebrate Drift Collected at Locations
in SRP Creek Mouth and Intake Canals
(October 1984-September 1985)

- xii -

V-206

V-208

V-209

V-210

V-213

V-218

V-222

V-22S



LIST OF TAlLES t Contd.

Page

, V-3.59

V-4.1

. V-4.2

V-4.3

V-4.4

V-4.5

V-4.6

, V-4.7

V-4.8

Hean Number of Hacroinvertebrate Taxa Collectedl
50 m3 Drift 'Sample and Mean Density of Organisms I
1,000 m3 (February, May, and July 1983)

Sampling Stations for the Savannah River Adult
Fisheries Study (November 1983-August 1984)

Sampling Stations for the Savannah River Adult
and Juvenile Fisheries Study .
(November 1984-August 1985)

Adult and Juvenile Fish Quarterly Electrofishing
Stations in the Channels and Swamps of Upper Three
Runs Creek, Beaver Dam Creek, Four Mile Creek, .
Pen Branch, and Lower Three Runs Creek Which were
Added to the Sampling Program for the 1984/1985
Study Period (November. 1984-August 1985)

Species, Excluding Minnows and Small Fishes,
Caught by Electrofishing and Hoopnetting in the
Savannah River, Intake Canals, and Tributary
Creeks on the Savannah River Plant
(November 1983-August 1984)

Minnows and Other Small Fishes Collected by
Electrofishing in the Savannah River, Intake
'Canals on the Savannah'River Plant and tributary
Creeks (November 1983-August 1984)

Species, Excluding Minnows and Small Fishes,
Caught by Electrofishing and Hoopnetting in. the
Savannah River, Intake Canals, and tributary.
Creeks on the SRP' (November 1984-August 1985)

Minnows and Other Small Fishes Collected by
E1ectrofishing in the Savannah River, SRP
Intake Canals and tributary Creeks
(November 1984-August 1985)

Mean (and range) of Physical-Chemical Parameters
Measured at Each Sampling Site on or Near.the
SRP.During the Quarterly Sampling Program
(November 1984-August. 1985)

- xiii -

V-228

V-244

V-247

.V-248

V-254

. V-255

V-258

V-260





LIft or TABLES. Col1td

Page

V-4.17

V-4.18

V-4.19

V-4.20

·V-4.21

V-4.22

V-4.23

V-4.24

Seasonal Changes in the Relative Abundanee (pereent
number) of the MostC01l11llOn Fishes Captured by
Eleetrofishing in Thermal and Nonthermal Areas of
the Savannah River, Intake Canals, and the Thermal
and Nonthermal Tributary. Creeks on the SRP
(November 1984-August 1985)

Seasonai Changes in the Relative Abundance (percent
number) of the Most Common Fishes Captured by
Hoopnetting in Thermal and Nonthermal Areas of the
Savannah River, Intake Canals~ and the Thermal and
Nonthermal Tributary Creeks on the SRP
(~ovember 1984-August 1985)

Seasonal Changes in 'the Catch per Unit Effort (CPUE)
of Dominant Fishes Captured by Electrofishing in
the Savannah River, Intake ,Canale, Thermal Creeks,
and Nonthermal Creeks of the Savannah River Plant
(November,1983-August ,1984)

Seasonal Changes in the Catch per Unit Effort (CPUE)
of Dominant Fishes Captured by Electrofishing in
the Savannah River, Intake Canals, Thermal Creeks,
and Nonthermal Creeks of the Savannah River Plant
(November 1984-August 1985)

Mean (and range) of Physical-Chemical Parameters
Me'asured at Each Sampling Station During the
Fisheries Overwintering Sampling Program
(November 1984-April 1985)

Abundance of Fishes Caught by Electrofishing'
During the Overwintering Program .
(November 1983-April,1984)

Abundance of 'Fishes Caught by HoopnettingDuring ,
the Overwintering Program (NoveU1ber 1983-April,1984)

Number, Relative Abundance, and Catch per Unit
Effort (CPUE; no./100 m) of Fishes Caught by
Electrofishing During the Overwintering Program'
in Thermal and Nonthermal Areas of the Savannah
River, and Thermal and Nonthermal Tributary ~reek8
on the SRP (November 1984-August 1985)

- xv -

V-278

V-279

V-280

V-282

V-284

V-286

V-288

V-29 0



LIST OF TABLIS. Contd

Page

V-4.25

V-4.26

V-4.27

V-4.28

·V-4.29

V-4.30

V-4.31

V-4.32

V~4.33

V-4.34

Number, Relative Abundance, and Catch per Unit·
Effort (CPUE; no./net/day) of Fishes Caught by
Boopnetting During the Overwintering Program in
Thermal Areas and Nonthermal Areas of the Savannah
River, and The~al and Nonthermal Tributary Creeks
on the SRP (November 1984-August 1985)

Catch per Unit Effort in Thermal and Nonthermal
Creeks During Winter (November 1983-April 1984)
and Summer (June and August 1984)

Total Number and Relative Abundance of Fish
Species Impinged at IG, 3G, and SG Pumphouses
(September 1983-August 1984)

Number and Total Weight (g) of Fish Impinged by
IG, 3G, and SG Pumphouses on ~07 Sampling Dates
(September 1983-August 1984)

Total Number and Relative Abundance of Fish
Species Impinged at IG, 3G,and SG Pumphouses'
(September 1984-September 1985)

Number and Total Weight (g) of Fish Impinged at
IG, 3G, and SG Pumphouses on 97 Sampling Dates
(September 1984-September 1985)

Location of the 1984 and 1985 Ichthyoplankton
Sampling Sites in"the Creeks and the Savannah
River Swa~p Which Drain the SRP and the Numbers
Used to Identify Them in Compute~ Analyses

Sampling Station Locations for the Savannah
River Ichthyoplankton Monitoring Program
(February-July 1984)

Sampling Station Locations for the Savannah River
Ichthyoplankton Monitoring Program
(February-July 1985)

Mean (and Range) of Chemical and Physical
Parameters Measured at Eac:h Ic:hthyoplankton
Sampling Site on the Savannah River Plant
(February-July 1985)

- xvi -

V-292

V-294

"V-306

V-31 0

V-313

V-316

V-324

V-330

V-333

V-339



LIST OF TABLES, Contd

Page

V-4.3S

V-4.36

V-4.37

V-4.38

V-4.39

V-4.40

V-4.41

Number and Percent Composition of Ichthyoplankton
Collected from Seven Creeks and Swamp Areas on the
Savannah River Plant (March l4-July 31, 1984)

Number -and Percent Composition of Ichthyoplankton
Collected from Creek Mouth, Swamp and Creek
Habitats on the Savannah River Plant
(February-July 1985)

Number and Percent- Composition of Ichthyoplankton
Collected from Creek Mouth, Swamp and Creek
Habitats on the Savannah River Plant
(February-July 1985)

Number and Percent Composition of Ichthyoplankton
Collected from All Sample Sites on Steel Creek
(March 14-July 31, 1984)

Number and Percent Composition of Ichthyoplankton
Collected from the Mouth of Steel Creek, Steel
Creek Swamp, and Upper Steel Creek
(March 14-July 31, 1984)-

Number and Percent Composition of Ichthyoplankton
Collected from all Sampling Sites on Ste~l Creek
(February-July 1985)

Number and Percent Composition of Ichthyoplankton
Collected from the Mouth of Steel Creek, Steel
Creek Channel, Steel Creek Swamp, and Upper Steel
Creek (February-July 1985)

V-345

V::-346

V-347

V-350

V-351

V-354

V-357

V-4.42 Number and Percent Composition of Ichthyoplankton
Collected from Meyers Branch
(March 14-July 31, 1984)

V-4.43 Number and Percent Composition of Ichthyoplankton
Collected from Meyers Branch (February-July 1985)

V-4.44 Number and Percent Composition of Ichthyoplankton
Collected from Pen Branch (March 14-July 31, 1984)

V-4.45 Number and Percent Composition of Ichthyoplankton
Collected from Pen Branch (February-July 1985)

- xvii -

V-366

V-369

V-373

V-376



LIST or TABLES. Contd

Page

V-4.46

V-4.47

V-4.48

V-4.49

V-4.50

V-4.S1

V-4.S2

V-4.53

V-4.S4

V-4.55

V-4.56

V-4.S7

Number and Percent Composition of Ichthyoplankton
Collected from Four Mile Creek
(March 14-July 31, 1984)

Number and Percent Composition of Ichthyoplankton
Collected from Fo~r Mile Creek (February-July 1985)

Number and Percent Composition of Ichthyoplankton
Collected from Beaver Dam Creek
(March l4-July 31, 1984)

'Number and Percent Composition of Ichthyoplankton
Collected from Beaver Dam Creek (February-July 1985)

Number and Percent Composition of Ichthyoplankton
Collected from Lower Three Runs Creek
(March l4-July 31, 1984)

Number and Percent Composition of Ichthyoplankton
Collected from Lower Three Runs Creek
(February-July 1985) .

Number and Percent Composition of Ichthyoplankton
Collected from Upper Three Runs Creek
(March 14-June 3, 1984)

Number and Percent Composition of Ichthyoplankton
Collected from Upper Three Runs Creek
(February-July 1985)

Ichthyoplankton Catch During the Day in Open
Qlannel, Channel/Weed Bed Interface and 'Weed Bed
Habitats (February-July 1985)

Ichthyoplankton Catch at Night in Open Channel,
Channel/Weed Bed Interface and Weed Bed
Habitats (February-July 1985)

Relative Abundance and Mean Catch per Unit Effort
of Identified Ichthyoplankton Collected from Open
Channel (C), Channel/Macrophyte Bed Interface (E),
and Macrophyte Bed (W) Habitats (February-July 1985)

Numbers of Ichthyoplankton Collected by Pump,
Stationary, or Towed Net Sets in the Gear
Comparison Study (1985)

- xviii -

V-379

V-382

V-388

V-392

V-394

V-397

V-401

V-404

V-412

V-413

V-414

V-418



LISt or tABLES. COlltd

Page

.,
\

V-4~58

V-4.59

V-4.60

V-4.61

V-4.62

V-4.63

V-4.64

V-4~6S

V-4.66

V-4.67

V-4.68

Ichthyoplankton Taxa Collected from the Savannah
River, tributaries, OXbows, and the Savannah
River Plant Intake Canals (February-july 1984)

Icbthyoplankton Taxa Collected from the Savannah
River, tributaries, Oxbows, and the Savannah 'River,
Plant Intake Canals (February-J~ly 1985)

Chemical Parameters (Mean and Range) ,in the 'Mouths
of Selected'Savannah River Tributaries
(February-July 1984)

Chemical Parameters (Mean 'and Range) in tbe 'Mouths
of Selected Savannah River Tributaries
,(February-July 1985)

Icbthyoplankton Abundance in Savannah River
Tributaries Located Between RM 30.0 and 183.3,
(February-july 1984)

Ichthyoplankton Abundance in Savannah River
Tributaries Located Between RM 89.3 and 187.1
(February-july 1985)

Percent Abundance and Average Density (no./l,OOO mS)
of Fish Larvae' and Eggs Collected from the
Savannah River 'tributaries, Oxbows, Intake Canals,

,and the Savannah River (Februarr-July 1984)

Percent Abundance and Average Density (no./l~OOO m3)
of Fish Larvae and Eggs Collected from the
Savannah River Tributaries, Oxbows, 'Intake'Canals,
and the Savannah River (Februarr-July 1985)

Percent Abundance of Ichthyoplankton in the
Nearfield Creeks of the Savannah River
(February-july 1984)

Percent Abundance of Ichthyoplankton in the Lower
Farfield Creeks of the Savannah River
(February-July 1984)

Percent Abundance of Ichthyoplankton in the Upper
Farfield Creeks of the Savannah River
(February-July 1984)

- xix -

V-423

V-424

V-426

V-427

,'V-428

V-429

V-432

V-434

V-440

V-441

V-443



LIST OF TABLES, C01ltd ~
Page

V-4.69 Percent Abundance of Ichthyoplankton in the
Nearfield Creeks of the Savannah River
(February-July 1985) V-446

V-4.70 Percent Abundance of Ichthyoplankton in the
1.ower Farfield Creeks of the Savannah River
(February-July 1985) V-447

V-4.71 Percent Abundance of Ichthyoplankton in the'
Upper Farf ield Creeks of the Savannah River
(February-July 1985) V-448

V-4.72 Mean Ichthyoplankton Densities (no./l.OOO mS)
and Temperatures (·C) in the Savannah River
During February 1984 V-455

V-4.73 Mean Ichthyoplankton Densities <no./l,OOO m3)
and Temperatures (·C) in the Savannah River
During March 1984 V-457

V-4.74 Mean lcbthyoplankton Densities (no./I.OOO m3)

~and Temperatures (·C) in the Savannah River
During April 1984 V-458

V-4.75 Mean Ichthyoplankton Densities (no./I,OOO mS)
and Temperatures (·C) in the Savannah River
During Hay 1984 V-459

V-4.76 Mean Ichthyoplankton Densities (no./l.000 m3)
and Temperatures (·c) in the Savannah River
During June 1984 V-460

V-4.77 Hean Ichthyoplankton Densities (no./l.OOO mS)
and Temperatures (·C) in the Savannah River
During July 1984 V-461

V-4.78 Mean Ichthyoplankton Densities (no./I,OOO m3)
and Temperatures (·C) in the Savannah River
During February-July 1984) V-464

V-4.79 Mean (and Range) of Chemical and Physical
Parameters at Each Savannah River Transect
(February-July 1985) V-465

V-4.80 Mean Ichthyoplankton Densities (no./I,OOO mS)
and Temperatures C·C) at Savannah River

--Transects (February-July 1985) V-467

- xx -



LIST OF UBLIS. Contd

Page

,

V-4.81

V-4 •.82

V-4.83

V~4.84

V-4.85

V-4.86

V..Jt.87

V-4.88

V-4.89

V-4.90

V-4.91

V-4.92

V-4.93

V-4.94

Mean (and Range) 'of Chemical and Physical
Parameters in six Oxbows ·on the Savannah River
(February-july 1984)

Numbers of Ichthyoplankton Collected and Average
Ichthyoplankton Denslties in Savannah River
Oxbows (February-3uly 1984)

Percent Abundance of Ichthyoplankton· in Savannah
River Oxbows (February-July 1984) .

Mean (and range) of Chemical and Physical
Parameters in Five Oxbows on the Savannah River
(February-July 1985)

Numbers of Ichthyoplankton Collected and Average
Ichthyoplankton Densities in. Savannah River Oxbows'
(February-July 1985). .

Percent Abundance ,of Ichthyoplankton in Savannah
River Oxbows (February-J~ly 1985)

Number of Ichthyoplankton (xl03 ) Transported from
the Mouths of Selected Savannah River Tributaries'
(February-3uly 1985)

Number and Percent Composition ·of Larval F~sh·

Entrained at lG, 3G, and 5G Pumphouses
(February-3uly 1984) . ' ,

Estimated Entrainment of Larval Fish at the'lG
PuDlphouse (February-July 1984)

Estimated Entrainment of Larval Fish at the 30
Puznphouse (F~bruary-July 1984)

Estimated Entrainment of Larval Fish at the ~O

Puznphouse (February-July 1984)

Estimated Entrainment of Fish Eggs at the IG
Pumphouse (February-July 1984)

Estimated 'Entrainment of Fish Eggs at the 3G
Pumphouse (February-July 1984)

Estimated Entrainment of Fish Eggs at the 5G
P~phouse (February-July 1984)

- xxi -

V-469

V-471

V-474

V-47S

V-476

.V-477

V-484

V-50S

V-S07

V-50s

V-"509

V-SIO

V-Sll

V-'512



LIST or %ABLES, Contd

V-4.95 Number and Percent Composition of Fish Egg
Entrainment at 1G, 3G, and 5G Pumphouses
(February-July 1985)

V-4.96 Number and Percent Composition of Larval Fish
Entrainment at the lG, 3G, and 5G Pumphouses
(February-July 1985)

V-4.97· Estimated Entrainment of Fish Larvae at the IG
Pumphouse (February-July 1985)

V-4.98 . Estimated Entrainment ofFish Larvae at the 3G
Pumphouse (February-July 1985)

V-4.99 Estimated Entrainment of Fish Larvae at the 5G
Pumphouse (February-July 1985)

V-4.100 Estimated Entrainment of Fish Eggs at the IG
Pumphouse (February-July 1985)

V-4.101 Estimated Entrainment of Fish Eggs at the 3G
Pumphouse (February-July 1985)

V-4.102 Estimated Entrainment of Fish Eggs at the SG
Pumphouse (February-July 1985)

V-4.103 Duncan's Multiple Range Tests for Average Density
of Ichthyoplankton During Four Diel Time Periods

V-4.104 Relative Abundance of Ichthyoplankton Collected
During the Diurnal Sampling Program in March
(February-July 1985)

V-4.10S Relative Abundance of Ichthyoplankton Collected
During the DielSampling Program in April
(February-July 1985)

V-4.106 Relative Abundance of Ichthyoplankton Collected
During the Diel Sampling Program in May
(February-July 1985)

V-4.107 Relative Abundance of Ichthyoplankton Collected
During the Diel Sampling Program in June
(February-July 1985)

V-4.108 Sources of Juvenile Fishes for Cold Shock
Experiments

- xxii -

Page

V-s13

V-51~

V-SIS

V-516

V~517

V-S19

V-520

V~521

V-523

V-526

V-527

V-528

V-530

V-540



LIST or TABLES, Cootd

V-4.109 Temperature Conditions for Cold Shock Experiments

V-4.110 Results of Cold Shock Exposures

V-4.111 Predicted Monthly Mean Discharge Temperatures
(·C) for SRP C- and K-Reactor Cooling Towers

.Compared to Associated Cold Shock Temperature
Limits Recommended by the USEPA and Mean Amblent
Savannah River Temperatures

Page

'V-54!

V-543

V-547

App V-3.1

App V-4.1

A Checklist of the Aquatic and semiaquatic
Vascular Macrophytes and Riparian Flora of the
Lower Food Chain Study Sites (1983-1984)

Common .and Scientific Names of Adult Fishes
Collected in the Savannah River
(November 1983-August 1985)

- xxiii -



- xxiv -



LIst or YlGUIlES

Page

, V-2.1

V-2.2

V-3.1

V-3.2'

V-3.3

V-3.4

V-3.5

V-3.6'

V-3.7

V-3.8

V-3.9

V-3.10

V-3.ll

V-3.12

V-3.13

A Map' of the Savannah River from Clarks Hill
Reservcdr to Savanna~. Georgia

The Savannah River Plantsite '

Diagram Flow Model of the Interrelationships
of Various Important Components of a Stream
or Wetland Ecosy~tem

Map of. Savannah River Plant Study Area Showing
Station Numbers and Locations

Wood and Other Retentive Structures of a 25 111

ReaCh of Meyers Branch (Station 40)

Wood arid Other Retentiye Structures of a 25 m
Reach of Steel Creek (Above Station 28)

Map of· Stream Channel at Station 39 on,
Meyers BranCh (Fall 1984)

Map of Stream Channel at Station 26 on
Steel Creek (Fall 1984)

Map of Stream Channel at Station 42 on
Lower Three Runs Creek, (Fall 1984)

Map of Stream Channel at Station 21 on
Pen BranCh (Fall 1984)

Map of Stream Channel at Station 14 'on
Four Mile Creek (Fall 1984)

Map of Stream Channel at Station IS on
Four Mile Creek (Fall 1984)

Map of Stream Channel' at Station 22 on
Pen Branch (Fall 1984)

Map of Stream Channel at Station 33 on '
Steel Creek (Fall 1984)

Map of Stream Channel at Station 24 on
Pen Branch (Fall 1984)

- xxv -

V-18

V-19

V-27

V-3S

V-63

.V-64

V-66 ,

V-74

V-75

V-76

V-77

V-78

v-so



LIST or·rIGURlS. COlltd

Page

V-3.14

V-3.1S

V-3.16

V-3.17

V-3.18

V-3.19

V-3.20

Hap of Stream Cbannel at Station 34 on
Steel Creek (Fall 1984)

Hap of Stream Channel at Station 3S on
Steel Creek (Fall 1984)

Location of Sampling Stations for Leaf
Decomposition'Studies

Hean Percent Organic Matter (AFDW) and Current
Velocity at 1 m Intervals Along Three Transects
at Steel Creek Above Station 28

Hean Percent Organic Hatter (AroW) and Current
Velocity at 1 m Intervals Along Three Transects
at Meyers Branch Station 40

Perceut of Total AFDW in the Large, Fine, and
Ultrafine Size Classes of POM at Each Sampling
Site During Cold Flow .

Percent of Total AFDW in the Large, Fine, and
Ultrafine Size Classes of POM at Each Sampling
Site During the Early Hot'Flow

V-81

V-82

V-I 14

V-122

V-123

V-I 28

V-129

V-3.21 Percent of Total AFDW in the Large, Fine, and
Ultrafine Size Classes of POM at Each Sampling
Site During Late Hot Flow

V-3.22 Mean POM Concentrations in the Savannah River
Swamp and Selected Tributary Creeks and
Output Channels

V-3.23 Fraction of Initial, Total AFDW of Leaves
Remaining from Four Study Sites After Time-Series
Incubations (1983-1984)

V-3.24 Fraction of Initial, Total AFDW of Leaves
Remaining from Four Swamp Study Sites After
Time-Series Incubations (1983-1984)

V-3.2S Diagram of the Multiplate Sampler Used in
This Study

V-130

V-131

V-133

V-134

V-154

V-3.26 Total Number of Invertebrate Taxa Collected from'
Multiplate Samplers at Stations in Thermal
and Nontbermal Streams and Swamps
(October 1984-September 1985)

- xxvi -

V-177



- xxvii -



LIST OF FIGURES, Contd

V-3.36 Average Monthly Density of Macroinvertebrates
on Multiplate Samplers Suspended 0.5 m Below
the Surface in Savannah River Tributary Creek
Mouth Stations Which·Drain the SRP
(October 1983-September 1984)

V-3.37 Average Monthly Biomass of Macroinvertebrates
on Multiplate Samplers Suspended 0.5 m Below
the Surface in Savannah River Tributary Creek
Mouth Stations Which Drain the SRP

. (October 1983-September 1984)

V-4.1 A Map of the Savannah River Plant Indicating the
Sampling Locations on. the Streams Which Drain
the SRP (November 1984-August 1985) .

V-4.2 Electrofishing Catch per Unit Effort and Temperature
in Thermal and Nonthermal Habitats on the Savannah
River Plant (November 1983-April 1984)

V-4.3 Mean Number of Fish/lOO m Collected by
Electrofishing and Mean Temperature (·C) in
Thermal Habitats (Four Mile Creek, Beaver Dam
Creek, and the River Transects Just Below Them)
and Nonthermal Habitats (Steel Creek, Lower Three
Runs Creek, and River Transects Without Thermal
Influence) (Novembe~ 1984-April 1985)

V-4.4 Electrofishing Catch per Unit Effort and Temperature
in Four Mile Creek (October 1982-August 1984)

V-4.5 Mean Number of Fish/lOO m Collected by Electro
fishing at Different Temperatures in the Mouth
of Four Mile Creek (November 1984-August 1985)

V-4.6 Mean Number of Fishes/IOO m for Common Species
Collected by Electrofishing at Different
Temperatures (·C) in the Mouth of Four Mile
Creek (November 1984-August 1985)

V-4.7 Shannon-Weaver Species Diversity for Fishes
Collected by Electrofishing at Different
Temperatures in the Mouth of Four Mile Creek
(November 1984-August 1985)

- xxviii -

Page

V-201

V-202

V-245

V-297

V-298

V-300

V-30l

V-302

V-303

.~



LISt 01 lIGuRES. Contd

Page

V-4.8

V-4.9

V-4.10

Species Richness for Fishes Collected by
Electrofishing at Different Temperatures in
the Mouth of Four Mile Creek
(November 1984-Augu8t 1985)

Number of Fish Impinged at IG, 3G, and 5G
Pumphouses Compared to Savannah River LeveIs
(September 1983-August 1984)

Average Number of Fish Impinged at the IG, 3G,
and 5G Pumphouses Compared to Savannah River
Water Levels (September 1983-August 1984)

V-304

V-308

V-309

V-4.11 Relative Number of Selected Fish Species' Impinged
,atlG, 3G, and 5G Pumphouses and ,Colle~ted Near'
the Pumphouses by Electrofishing
(September 1983-August 1984) V-3l2

V-4.12 Number of Fish Impinged by the SRP.Pumphouses
in Relation to Savannah River Levels

~,
(September 1984-September 1985) V-314

V-4.13 Average Number of Fish Impinged Daily at the IG,
3G, and 5G Pumphouses, and Mean River Levels
(September 198~-September 1985) V-315

V-4.14 Species Percent Composition for Fishes Impinged
·at 'the IG, 3G, and 5G Pumphouses and Those
Collected by Electrofishing in ~he Vicinity of
the Pumphouses (September 1984-September 1985) V-317·

V-4.1S A Map of the Savannah River Plant 'Indicating'the
Creeks Which Drain ·the Site and the Ichthyoplankton'
Sampling Sites (February-July 1985) V-323

·V-4.16

V-4.17

Mean Temperatures of Upper Three Runs Creek, Lower
Three Runs Creek, Steel Creek, and Meyers Branch
for Each Week of the 1985 Ichthyoplankton Sampling
Program (February-July 1985)

Mean Temperatures of Beaver Dam Creek, Four Mile
Creek, and Pen Branch for Each Week of the 1985
Ichthyoplankton Sampling Program
(February-July 1985) .

- xxix -

V-336

V-337



LIST 01' PIG1JB!S, Conte!

Page

V-4.18

V-4.19

V-4.20

V-4.21

The Steel Creek Delta Indicating the Location
of the Ichthyoplankton Sampling Sites
(February-July 1985) V-349

Average Ichthyoplankton Density and Water Temperature
at Six Sampling Stations Along Steel Creek
(March-July 1984) . V-352

Monthly Mean Water Temperature and Ichthyoplankton
Density at Each Sampling Site on Steel Creek
(February-July 1985) V-355

Mean Ichthyoplankton Densities at Steel Creek
Locations During the 1984 and 1985 Sampling
Programs' V-359

V-4.22 A Comparison of the Ichthyoplankton Density in
the Reduced Canopy and Natural Swamp Sites of the
Steel Creek Swamp with Water Temperature and
Savannah River Level (March-July 1984) V-360

V-4.23 Average Ichthyoplankton Density and Water Temperature
at Eight Sampling Stations in the Steel Creek Swamp
(March-July 1984) V-361

V-4.24 MOnthly Mean Water Temperature and Ichthyoplankton
Density at Each Sampling Site in the Steel Creek
Swamp (February-July 1985) V-363

V-4.25 Hean Ichthyoplankton Densities at Steel Creek .
Swamp Locations During the 1984 and 1985 Sampling
Programs V-365

V-4.26 . Average Ichthyoplankton Density and Water Temperature
at Two Sampling Stations in Meyers Branch
(March-July 1984) V-367

V-4.27 Average Ichthyoplankton Density and MOnthly Mean
Water Temperature Density at Two Sampling Stations
in Meyers Branch (February-July 1985) V-370

V-4.28 Mean Ichthyoplankton Densities at Meyers Branch
Locations During the 1984 and 1985 Sampling
Programs V-372

- xxx -



LIST 01' PICURIS. Coutd

Page

V-4.29 Average Iehthyoplankton Density and Water
Temperature at Three Sampling Stations Along
Pen Branch (March-July 1984) V-374

V-4.30 Monthly Mean Water Temperature and Ichthyoplankton
Dens ity at Each Sampling Site on Pen Branch
(February-July 1985) V-377

V-4.31 Average Ichthyoplankton Density and Water
Temperature at Four Sampling Stations Along
Four Mile Creek (March-July 1984) V-380

V-4.32 Monthly Mean Water Temperature and Ichtbyoplankton
Dens ity at Each sam)ling Site, in Four Mile Creek

, (February-July 1985 " V-383

V-4.33 Total 'Ichthyoplankton Densities at Four Mile
Creek Locations During the 1984 and 1985 Sampling
Programs . V-385

- V-4.34 Average Icbthyoplankton Density and Water Temperature
at Five Sampling Stations Along Beaver Dam Creek
(March-July 1984) V-387

V-4.35 Monthly Mean Water Temperature and Ichtbyoplankton
Dens ity at Each Sampling Site on Beaver Dam Creek
(February, March, and,April 1985) V-389

V-4.36 Total Ichthyoplankton Densities at Beaver Dam
Creek Locations During the 1984 and 1985 Sampling
PrograllS V-393

V-4.37 Average Ichthyoplankton Density and Water Temperature
at Three Sampling Stations Along Lower Three Runs
Creek (March-july 1984) V-395

V-4.38 Monthly Mean Water Temperatures and Ichthyoplankton
Density at Each Sampling Site in Lower Three Runs,
Creek (February-July 1985) , V-398

V-4.39 Total Ichthyoplankton Densities at Lower Three Runs
Creek Locations During the 1984 and 1985,Sampling
Programs V-400

V-4.40 Average Ichthyoplankton Density and Water Temperature

If
at Three Sampling Stations Along Upper Three Runs
Creek (March-July 1984) V-4<J2,

- xxxi -



LIST or rIGURlS, Coatd
~

Page

V-4.41 MOnthly Mean Water Temperature and Ichthyoplankton
Dens ity at Each Sampling Site on Upper Three Runs
Creek (February-July 1985) V-405

V-4.42 Total Ichthyoplankton Densities at Upper Three Runs
Creek Locations During the 1984 and 1985 Sampling
Programs V-407

V-4.43 Ichthyoplankton Density Versus Temperature at the
Time of Sampling in the SRP Creeks and Swamps
(February-July 1985) V-408

V-4.44 The Density of Ichthyoplankton Larvae Collected at
Different Temperature Intervals (February-July 1985) V-409

V-4.'45 Hap of the Area in Steel Creek Swamp Sampled for
the Microhabitat Study Indicating the Location
of Each Sample Area (February-July 1985) V-41 0

V-4.46 Densities of Individual Taxa Collected at Six
Stations in Steel Creek During the Diel Study
(February-July 1985) V-417

V-4.47 Comparison of Average Monthly Ichthyoplankton
Dens ity and Water Temperature in the Savannah River
and 26 of Its Tributaries (February-July 1984) V-431

V-4.48 Average Monthly Ichthyoplankton Density
(no./1.000 m3 ) and Taxonomic composition. and
Hean Monthly Temperatures (·C) for the Savannah
River (R) and Tributary Creeks (C)
(February-July ~985) V-433

V-4.49 Total Number of Fish Larvae and Eggs Transported
Past Transects in the Savannah River and from the
Mouths of Selected Savannah River Tributaries
(February-July. 1984) V-436

V-4.50 Mean Ichthyoplankton Density and Temperature in
Steel Creek and All Other Savannah River Tributaries
Sampled (February-July 1984) V-439

V-4.S1 Mean Ichthyoplankton Density (no./l.000 m3) and
Temperature (·C) of Steel Creek and Other Nonthermal
(all creeks except Four Mile Creek and Beaver Dam
Creek) Savannah· River Tributary Creeks

41(February-July 1985) V-444

- xxxii -



.LIn OP PIG1JllES. Colltd

Page

V~4.52

V-4.53'

V-4.54

V-4.5S

V-4.S6

V-4.S7

,V-4.58

V-4.S9

V-4.60

V-4.61

V-4.62

Mean Ichthyoplankton Density and Temperature in
Four Mile Creek and the Other Savannah River
Tributaries Sampled During February-July 1985

Mean Ichthyopl~nkton Density (no./1,OOO,m3) and
Temperature (·C) of Four Mile Creek and the
Nonthermal (all cree~ except Steel Creek and
Beaver Dam Creek) Savann'ah River Tributary Creeks
(February-July 1985),

Mean Ichthyoplankton Density 'and Temperature in
Beaver Dam Creek and All Other Savannah River
Tributar~es Sampled During February-July 1984

Mean Ichthyoplankton'Density (no./1,OOO m3) and
Temperature (·C) of Beaver,Dam Creek and.the
Nonthermal (all cree~ except Four Mile Creek
'and Steel Creek) Savannah River Tributary .
Creeks (February-July 1985) ,

Average Ichthyoplankton Density at Transects in.
the Savannah River (February-July 1984)

Average Density of Ichthyoplankton Taxa at
Savannah River Transects (February-July 1985)

Mean Ichthyoplankton Density and Water Temperature
in the Savannah River ,and the ,Savannah River Oxbows
(February-July 1984)

Density of American Shad Ichthyoplankton and
Water Temperature in the Savannah River
(February-July 1984) ,

Traniport of American Shad Ichthyoplankton at
Transects in'the Savannah River and from the
Mouths of Savannah River Tributaries
(February-July 1984)

Density of American Shad Ichthyoplankton
(no./I,OOO m3) Collected at Different Temperatures
(·0) in the Savannah River (February-July 1985)

Number of American Shad Ichthyoplankton Transported
'l1lrough Savannah River Sampling Transects
(February-july 1985)

- xxxiii -

V-449

V-450

V-452

V-453

V-463

V-468

V-473

. V-479

V-48 0

V-482.

V-483



'LIST' OF FIGUUS, Coutd

V-4.63 Density of Striped Bass Ichthyoplankton and
Water Temperature in the Savannah River
(February-July 1984) .

V-4.64 Transport of Striped Bass Ichtbyopl~nkton at
Transects in the Savannah River and from the
Mouths of the Savannah River Tributaries
(February-J~ly 1984)

V-4.65 Density of Striped Bass Ichthyoplankton
(no./I,OOO m3 ) Collected at Different Temperatures

, (·C) in the Savannah River Study. Area
(February-July 1985)

V-4.66 Number of Striped Bass Ichthyoplankton Transported
Through Savannah River Sampling Transects
(February-July 1985) ,

Page

V-485

V-487

V-488

V-489

V-4.67

V-4.68

V-4.69

V-4.70

V-4.71

V-4.72

V-4.73

Density of Blueback Herring Ichthyoplankton and
Water Temperature in the Savannah River
(February-July 1984)

Transport of Blueback Herring Ichthyoplankton at'
Transects in the Savannah River and from the Mouths
of the Savannah River Tributaries
(February-July 1984)

Density of Blueback Herring Ichthyoplankton
(no./1,OOOm3 ) Collected at Different Temperatures
(·C) in the Savannah River Study Area
(February-July 1985)

Number of Blueback Herring Ichthyoplankton
Transported Through Savannah River Transects
(February-July 1985)

Density of Gizzard and Threadfin Shad
Ichthyoplankton and Water Temperature in the
Savannah River (February-July 1984)

Density of Gizzard and Threadfin Shad (no./I,OOO m3 )
Collected at Different Temperatures C·C) in the
Savannah River Study Area (February-July 1985)

Density of Sunfish Ichthyoplankton and Water
Temperature in the Savannah River
(February-July 1984)

- xxxiv -

V-490

V-49 I

V-493

V-494

V-495

V-497

V-498



LIST or rIGulES. Contd

Page

If.

V-4.74

V-4.75

V-4.76

V-4.77

V-4.78

V-4.79

V-4.80

V-4.81

V-4.82

V-4.83

Density of Sunfish Ichthyoplankton (no./l,OOO m3)
Collected at Different Temperatures C·C) in the
Savannah River Study Area (February-July 1985)

Density of Crappie Ichthyoplankton and Water
Temperature in the Savannah River
(February-July 1984)

Density of Minnow Ichthyoplankton.and Water
Temperature in the Savannah River
(February-July 1984). '

Differences in Diurnal Ichthyoplankton Densities .
(March-July 1984)

Density of Larvae and Eggs Collected During the
Diurnal Sampling Program in March, April, May,
and June (February-July 1985)

Laboratory Floor Plan for Cold Shock Study

Test System Schematic for Cold Shock Study

Percent Mortality for Three Species of Fish
Following 24 Hours of Exposure to 9-12·C Water
After s Sudden Drop from Acclimation Temperature
of 23-32·C

Cold Shock Mortality With Four Cold Shock Regimes

Cold Shock Mortality Percentages Observed in
Relat ion to a Nomograph to Determine the Maximum
Weekly Average Temperature of Plumes for Various
Ambient Temperatures

- xxxv -

V-499

V-SOl

V-S03

V-524

. V-529

V-S38

V-S39

V-544

V-S4S

V-546



- xxxvi -



• '

V. AQUA-lIC lCOLOGY

VOLUMB stJMKAU

This report documents the results of the Aquatic Ecology
PrograDl of the Comprehensive Cooling Water Study (CCWS). The
purpose of the Aquatic Ecology Program was todete~ine the
environmental impacts of cooling water intake and, release on the
biological communities of SRP streams and swamps and. the Savannah
River, and the significance of these impacts on the SRP
environment.

Lover Pooel Chain

The lower food chain studies were conducted over a two' year
'period, from September 1983' to September 1984, and from October
1984 to September 1985, and included sampling of, the SRP the~al,

nont~el:mal, and post-thermal stt'eams and swamps, as well as the
Savannah River. Stream structure and habitat, primary production,
organic matter processing and, transport, and macroinvertebrates,
~ere studied either MOnthly or quarterly.

, '

The major objective of the lower food chain studies was to
determine ,the thermal impact of cooling water discharges on the .
structure and dynamics of, nonvertebrate communities in surface
~ater systems at the SiP (excluding Par-Pond Which is reported in
Volume VII of the. cows Final Report) and in the Savannah River.
The lower food chain studies were designed to investigate the
mechanisms and processes which regulate and influence this impor
tant part of the' aquatic environment in order to address this
objective. '

The- nonthe~al streams included Upper Three Runs Creek, Lower,
Three _Runs Creek, Meyers' Branch, 'and the' nonthermal port ions of
Four Mile Creek and Pen Branch. These nonthermal streams served as
reference streams against which thermal and post-the~al streams of
similar size could be compared to assess impacts. Water tempera
tures in these reference streams varied seasonally, but usually
remained below 33·C. - Stream structure was dominated by logs and
sticks, but macrophytes an~ trailing vegetation were abundant at
some of the 1argernontherma1 ,sites, where stream structure was
nost diverse. There were no obvious and consistent seasonal trends
in stream structure' parameters at most sites. In the nonthermal
streams, the energy, base was primarily allochthonous and leaf
litter input was high. Leaves that fell into the stream were
colonized by microbes and rapidly broken down by macroinvertebrate
shredders. The seston, had a high percentage of organic matter.
Often the canopy provided by the stream-side trees was complete and
dense; as a result, periphyton and macrophyte biomass were low,
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especially in the summer when light was most limiting. There were
no significant differences in periphyton biomass (on a unit' area
basis) between large· and small reference streams. . Most of the
reference streams failed to indicate any significant seasonal
changes in macrophyte biomass. The periphyton that did occur was
dominated by green algae and diatoms. The macroinvertebrate
communities were diverse (56 to 70 taxa) and included pollution
sensitive taxa.

Steel Creek, a post-themal stream, still shows some effects
from reactor effluents, primarily related to the damage to its
riparian zone. During this study, vegetation along the S~eel' Creek
channel consisted of small trees and shrubs. There was less wood
in the channel than in the nonthermal reference streams, and most
structure was provided by less permanent features, such as sticks
and macrophytes. The energy sources in Steel Creek varied between
sites. Litter inputs were low at the upstream sites because of the
lack of stream-side trees, while the downstream sites had litter
inputs equivalent to the nonthermal streams. Leaves decomposed
faster in Steel Creek than in the reference streams presumably due
to the abundance of macroinvertebrate shredders in Steel Creek.
Leaf weight loss was higher in Steel Creek compared to nonthermal
reference streams, but the differences were not significantly
different for any leaf species. At the upstream Steel Creek sites,
there was a high concentration of suspended solids with lo.w percent
organic content. In general, the higher current velocity of Steel
Creek and the lack of retention structures resulted ina higher
inorganic silt load. Autochthonous .energy sources were more
important in Steel Creek than in the shaded reference streams.
Periphyton biomass were generally high, and one Steel Creek station
had a high macrophyte biomass. .Macroinvertebrate dens ities, taxa
richness, and biomass of functional groups were similar to those of
the reference streams, indicating a substantial post-thermal
recovery of the macroinvertebrate community.

The thermal streams which received reactor effluents were Four
Mile Creek and Pen Branch. Their water temperatures varied with
season, reactor operation, and proximity to the effluent outfall,
but exceeded 50·C at some sampling stations during reactor. opera
tions. Stumps and logs were more abundant in the thermal streams
than in the reference streams. Debris was also abundant, but
trailing roots and macrophytes were scarce. The thermal streams
had temperatures that excluded many platits and animals when the
reactors were operating. Over a sixteen month period, decomposi
tion of sycamore and sweetgum leaves in these streams was signifi
cantly lower compared to nonthermal and post-thermal streams, due·
to the absence of macroinvertebrate shredders. The total suspended
solids (TSS) loads were higher than in the reference streams,' but
the organic content of the particulates was very low. Periphyton
biomass was low at the hottest stream sites, while at cooler
thermal sites biomass was high and was dominated by blue-green
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algae. Hacroinvertebrate populations had low biomass and low
densities except for a few tolerant forms such as oligochaetes "
nematodes. and some chironomids. When the reactors were not
operating. the streams were rapidly colonized by·macroinvertebrates
and algae. including forms other than blue-greens. The taxa rich
ness. density. and biomass of many macroinvertebrates which had
been absent or present in low numbers while the reactor was
operating increased in Four Mile Creek during the summer of 1985
following shutdown of C .Reactor in June. Organisms with short
generation times, multiple generations per year, high' growth rates
and relatively high vagility (such as chironomid midges and
beptageneiid mayflies) were abundant on the samplers in Four Mile'
Creek during the first three months of reactor outage. Other taxa
would be expected to reinvade the stream if reactor outage was of
sufficiently long duration.

Beaver .Dam Creek receives heated effluent from a coal-fired
power plant in D Area. As a result, the creek had moderately
elevated temperatures (usually <35 ·C), increased discharge, and
inputs of coal ash effluent. 'Stream characteristics in Beaver Dam
Creek varied cons iderably from the headwaters to the mouth. The
upstream stations had abundant woody debris and trailing vegeta
tion, but turbidity ·and high current velocity li$ited the growth of
macrophytes. Farther downstream, a slough area had low velocity,
and abundant macrophyte beds. At the stations downstream from the
slough, large logs were abundant and high current velocity and
turbidity precluded macrophyte growth. Litterfall and periphyton
production varied with percent canopy. Litterfall at the upstream
station was high, and instream primary production was low. Farther
downstream, where the canopy was more open, periphyton biomass was
high. In the slough area. macrophyte biomass was high and litter
inputs were low. Particulate matter (especially the large size
fractions) imported from upstream settled out in the low velocity,
luxuriantly vegetated slough area, contributing greatly to the
retentiveness of the ecosyitem. Although macroinvertebrate density
in much' of Beaver Dam Creek was comparable to referenc~ stream
densities, macroinvertebrate biomass was lower. Taxa richness was
also relatively low, except in the slough area, were growth of
macrophytes probably enhanced macroinvertebrate production.

, .
The SRP deltas are areas that have suffered extensive tree

loss due to increased water temperatures and sedimentation caused
by reactor effluents. The post-thermal Steel Creek Delta had high
macrophyte and periphyton biomass. Litterfall was lower than in
the forested swamp areas. The TSS concentrations were low,
although the organic matter percentages were higher than in some of
the streams. sampled. Macroinvertebrate taxa richness, biomass, and
densities were high. The abundant macrophytes in the Steel Creek
Delta exerted a major influence on the macroinvertebrate community
by providing habitat, substrate for periphyton growth, and
detritus.
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In the thermal deltas ·of Four Mile Creek and Pen Branch, high
water temperatures excluded macrophytes in the channels at' some
sites, and where aquatic plants did occur they did n~t .form exten
sive beds as they did in the Steel Creek Delta. Without macro
phytes, the organic matter retention characteristics, habitat, and
energy base were very different from those of the Steel Creek

'Delta. Wood was abundant in both thermal deltas. Slow current
velocities allowed deposition of particulate matter, especially
evident in the Four Mile Creek Delta, where TSS concentrations and
the size of particles in suspension decreased from the upstream to
the downstream end of the delta. The energy base for the food
chain in the thermal deltas included particulate organic matter
transported from upstream and autochthonous production of blue
green algae. Litter inputs were low. Macroinvertebrate diversi
ties were low when the reactors were operating. The communities
were' dominated by thermally-tolerant taxa such as oligochaetes,
chironomids, and nematodes. Soft substrates in these thermal
deltas may provide some protection for taxa which are able to
burrow into the bottom. With' C Reactor shutdown in June 1984,
densities and biomass of invertebrates increased rapidly,' in Four
Mile Creek Delta during the following summer~ Organisms with
shorter life cycles and high reproductive potential (e.g. ~

chironomids) were observed to recolonize the delta areas more
quickly than invertebrates which have longer generation times
(e.g., caddisflies and stoneflies). Since K Reactor operated
almost , continuously during 1984-1985, there was little opportunity
to study recovery time in Pen Branch.

The effects of SRP operations on the Savannah River swamp
included thermal effects, increased discharge, and sedimentation.,
The Pen Branch swamp resembled a natural swamp forest. Its canopy
was dense, resulting in a high litterfall rate and low primary
production. In comparison, the Steel Creek swamp had a more open
canopy, lowerlitterfall rate, and higher macrophyte and periphyton
biomass than the Pen Branch swamp. The TSS concentrations were 'low
and the percentage of organic matter in the seston was high in both
swamps. Both swamp systems retained particulate matter from
upstream. Both systems had high macroinvertebrate biomass,
density, and taxa richness. '

Macroinvertebrates and periphyton samples were collected, at
ten Savannah River stations in the vicinity of the SRP (river miles
128.9 to 157.3). The results showed no impact from SRP thermal
effluents, with the exception of periphyton biomass, which was
higher immediately downstream of Four Mile Creek during the' winter.
However, annual mean periphyton biomass generally did not differ
among river transects, and was generally higher than at the SRP
stream sites. The macroinvertebrate communities consisted
primarily of true fl ies " mayfl ies , caddis f1 ies • stonefl ies • and
beetles. Neither the multiplate sampling nor the drift sampling of
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macroinvertebrates spowed significant differences .among river
. stations. Functional group densities and the taxonomic .composition
of macroinvertebrate communities were similar among the river
stations. Most differences in invertebrate densities and .biomass
were attributable to sesson, with highest values in October, 'lowest
values in 'winter and' relative high densities in summer. These
trends were consistent over both years of the study. The rela"",:
tively greater importance. of collector-filterers in the Savannah
River as compared to the creek mouths was probably attributable to
the stronger currents in the river.

Adult Fish and Ichthyoplankton

A study of the juvenile and .adult fish community in streams
draining' the SRP and in the Savannah River in the vicinity' of the
SRP was conducted over a two-year period, from September 1983 to
September 1984, and from' Sept~mber 1984 to September 1985 "Most
stations were sampled quarterly but a few stations were also
sampled weekly during the winter of both sampling years to deter~
mine if fish congregated in the thermal areas of the creeks and
river when ambient river temperatures were relatively low.

The major objectives of this study were to examine the
abundance and. distribution of fishes near the SRP in relation to
thermal discharges into the river, creeks, and floodplain swamps,
and to determine the rate of impingement of adult and juvenile
fishes on the intake screens of the three SRP pumphouses.

Approximately 12,160 adult and juvenile fishes representing
68 'species were· collected by electrofishing and hoopnetting at·
19 sample .stations in the SRP study area in the 1983-1984 sampling
year. The most abundant fishes (excluding minnows) taken. by
electrofiahing were the redbreast sunfish (16.7%), bluegill
(14.1%), largemouth bass (8.9%), spotted sucker (8.5%), spotted
sunfish (7.9%), chain pickerel (5.0%), and bowfin (5.0%). The most
abundant fishes taken by hoopnetting were the flat bullhead
(29.2%), channel catfish (21.0%), redbreast sunfish (9.7%).,' white
catfish (9.0%), black crappie (6.8%), longnosegar (5.6%), and
bluegill (5.2%). Shiners (Notropis spp.) were the 1IIOst abundant
small fish collected, accounting for 88.9% of all minnows and other
small fish.

Approximately 10,000 adult and juvenile fishes were collected
by e1ectrofishing and hoopnetting in the 1984-1985 sampling year.'
The most abundant fishes (exclUding minnows) takenby,electrofish
ing were the redbreast sunfish (41.6%), spotted sucker (8~8%),

spotted sunfish (8.2%) , largemouth bass (5.7%), bluegill (5.6%) ,
. and American eel (5.4%). The most abundant fishes taken by hoop
netting were the flat bullhead (38.0%). channel catfish (11.9%).
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·bluegill (9.4%), white catfish (7.9%), black crappie (6.5%), and ~
redbreast sunfish (5.5%). In comparing total numbers and relative
abundance estimates between the 1983-1984 and 1984-1985 sampling
years, it should· be noted that 15 new electrofishing sample
stations were added in 1985 to characterize the fish communities in
the channels and swamps of major SRP creeks, and that the sampling
intensity were reduced from that of the 1983-1984 study.

To evaluate habi tat preferences, the study area was divided
into four habitats in the 1983-1984 sampling year:· intake' canals,
the .river, nonthermal creek stations, and thermal creeks. The
nonthermal creeks were Upper Three Runs, Lower Three Runs, and
Steel Creek. The thermal creeks included those in relatively hot
Four Mile Creek, those in moderately hot Beaver Dam Creek, and the
refuge areas in Pen Branch (the only locations where Pen Branch was
sampled) • The dominant species in the intake canals were the
bluegill, black crappie, and chain pickerel. Redbreast sunfish,
spotted sucker, channel catfish, and flat bullhead were dominant in
the river and nonthe~al creeks. In the thermal creeks, redbreast
sunfish, largemouth bass, redear sunfish, channel catfish, and gar
were the dominant species.

Species numbers in the the~al creeks exhibited a seasonal
cycle, with the greates t numbers occurring in the winter· and
spring, and the lowest numbers occurring in the SUDlmer and fall
when temperatures became excessive (particularly in Four Mile
Creek). Species numbers exhibited· a different pattern in the non
thermal creeks, peaking in the spring and dropping in the winter.

To evaluate habitat preferences in the 1984-1985 saupling
year, the study area was divided into five habitats. The habitat
designations were the same as 1983-1984 except that the river
habitat was designated nonthermal or thermal, with the South
Carolina side of the river at the transects ~mediately downstream
from Four Mile Creek and Beaver Dam Creek constituting the thermal
river habitat. In 1984-1985, the dominant species in the intake
canals .were the bluegill, redbreast sunfish, and black crappie.
Bluegill and black crappie comprised a greater percentage of the
total catch in the intake canals than the river or creeks, possibly
reflecting a preference for quieter water. As in 1984, the weight
of fish captured in iritake canals was relatively low. The red
breast sunfish, spotted sunfish, spotted sucker, largemouth bass,
bluegill, nat bullhead, and channel catfish were the dominant
species at the nonthermal river sites. The relative composition of
the dominant species in the nonthermal creeks was similar to that
in the river, except that the species richness was greater in the
river. In general, the fish communities in the river were more
diverse than those in other habi tats, due, presumably to greater
habitat diversity (Paller &Osteen, 1985). The thermal river and
creek habitats differed from the nonthermal habitats in that they
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had a higher percentage (although often lower numbers) of channel
catfish, white catfish, largemouth bass, and coastal sbiner and a
lower percentage of flat bullhead. Exceptions occurred in the Pen
Branch refuge areas and portions of Four Hile Creek where mosquito
fish were the dominant, and sometimes only, species present.

Fish collected by electrofishing were used to es timate catch
per unit effort (CPUE) or the· number of fish/lOO m of shoreline.
The CPUE at stations in the Savannah liver in 1983-1984 ranged from
1.0' to 10.8 fish/IOO m during November, 0.3 to 2.6 fisb/lOO m
during .January, ,0.7 to 10.2 fish/IOO m during .June, and 0.2 to
3.4 fish/ 100 m during August. The low CPUEs in January and August
were probably due to relatively high water 'levels' that not only
permitted fish to disperse through the swamps, but also made
sampling more difficult.

In 1983-1984, the CPUE in the intake canals was higher
than in the other habitats, averaging 5.3 fish/lOO m over the
entire sampling period, compared to 2.7 fish/IOO m in the river,

,3.4 fish/IOO m in the nonthermal creeks, and 1. 3 fish/lOO m in the
thermal creeks. .The comparatively high catches from the intake.
canals were probably attributable to the presence of large numbers
of bluegill. chain pickerel. and other taxa in the .exten~ive

macrophyte beds in the canals. During 1985, these beds did not
develop to nearly the same extent due to dredging activities.

The ,CPUE was consistently low (mean of 1.1 fish/lOO m) in
thermally influenced Four Mile Creek· in 1983-1984. Higher catch
rates only occurred when temperatures were low. 'Electrofishing
catch rates (1~6 fish/laO m) in moderately thermal Beaver Dam Creek

. were only s~ightly lower than those in the nonthermal creeks •

. Combining all sample'stations in 1984-1985, the CPUE averaged
" 3.8 fish/100 m during November, .1.5 fiah/l~O m during February,.

4.1 fish/IOO m during May, and 7.2 fish/100'm during'August.

In 1984-1985, the CPUE in the nonthermal creeks was higher
than in the other habitats, averaging 6.3 fish/lOa m over the
entire sampling period. compared to 5.6 fish/lOa m in the ,intake
canals, 4.0' fish/lOO 'm in the thermal and nonthermal river, and
1.8 fish/IOO m in the thermal creeks. Generally, the CPUE in Four
Mile Creek was zero· fish/IOO m.' The only exception was in August
1985 when 'c R.eactor was shut down and creek temperatures subse
quently dropped. Then, the CPUE in Four Mile Creek was similar to
the CPU! for the other cTeeKs. The CPUE in moderately thermal
BeaverDam Creek was variable and exhibited no obvious relationship
to temperature. The CPUEwas highly variable at most of the other
sampling stations.

V-7



Fish collected by hoopnetting were also used to estimat~ the
CPUE (number of fish/net day). . For both 1983-1984 and 1984-1985,
the hoopnetting CPUE was highly variable, ranging .from zero to
2.5 fish/net day, but the observed seasonal trends were similar to
those observed with electrofishing. The only consistent' indication
of thermal impacts on the hoopnetting CPUE was in Four Mile Creek,
where the CPUE ranged from zero to 0.5 fish/net day for both 1983
1984 and 1984-1985.

In the overwintering study it was found that some species
congregated in the thermal habitats during the winter months and
some did not. In the 1983-1984 and 1984-1985 study years, the
species that did congregate in the thermal habitats significantly
more than in the nonthermal habitats were the redbreast sunfish,
channel catfish, longnose, and spotted gar, white catfish, and
gizzard shad. Fish appeared to congregate to the greatest extent
in the thermal river habitat that was heated only 2 to 3·C above
ambient temperatures. In 1984-1985, fish avoided Four Mile Creek,
where temperatures occasionally exceeded 3S·C. Species that did
not congregate in the thermal habitats during the winter (and may
have avoided the thermal areas) were the spotted sucker. flat
bullhead, and American eel. CPUE for all species combined was
approximately twice as high in the thermal habitats as in the
nonthermal habitats during the winter, which indicates· an overall
attraction to the thermal areas during the winter. Based on ratios
of CPUE in thermal and nonthermal habitats, three major overwinter-'·
ing trends emerged from the 1984 study. Spotted suckers· and flat
bullheads strongly avoided thermal creeks during summer and weakly
avoided them in winter. Channel and white catfish avoided thermal·
creeks in summer, but congregated in them in winter. Redear sun-.
fish and longnose gar did not avoid thermal creeks in summer and
congregated in them in winter. Considering all species combined,
there appeared to 'be an overall' attraction. to thermal streams in
winter. With the exception of gizzard shad and channel catfish,
species which congregated in thermal streams in winter did not
exhibit reduced condition (based on a coefficient of condition).
Lower condition for these two species in the thermal creeks may be
related to increased metabolic rates, and hence greater food demand
in relation to supply.

A total of 1,938 fish representing 50 species were collected
from· intake screens during the 1983-1984 impingement study. ,The
majority of the fish impinged were sunfish. gizzard shad, and
threadfin shad. The highest impingement rates occurred in May and
December. The 3G intake canal had the highest impingement rate of
9.5 fish/day while the IG intake canal had the highest number
impinged by volume of water pumped (8.9/106 m3). Results indicated
that species varied considerably in susceptibility to impingement,
and the most abundant species were not necessarily the most
frequently impinged.
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A total of 745, fish representing 33 species were collected
,from intake screens during the 1984-1985 impingement ,study. The
same taxa predominated in 1985. as in 1983-1984 (the shad/herring
the sunfishes). The IG intake canal had' the highest 'impingement
rate of 0.9 fish/day. 'The river levels were lower in the spawning
season of 1985 than "in 1984 when greater numbers of fishes were
impinged on the intake screens. In addition, the spawning habitats
in the IG, 3G, and 5G canals were altered in the 1984-1985 season
by extensive dredging. From both the 1983-1984 and 1984-1985
impingement studies, the data indicated that species 'abundance in
the canals and susceptibility to impingement were not closely
associated, and that the most abundant fishes did not necessarily
appear in l~rge numbers on the intake screens.

Weekly ichthyoplankton collections were made in the SRP creeks
and swamp from February through July in 1984 and 1985. The' creeks
that were sampled included Upper Three Runs, Beaver Dam Creek, Four
Mile Creek, Pen Branch, Steel Creek, Meyers Branch. and Lower Three
Runs. In 1984, 3,708 fish larVae and 448 fish eggs were collected. '
The dominant taxa were sunfishes and bass (centrarchids; 38.8%),
minnows (13.8%), darters ,(12.0%)~ spotted suckers (7.0%), and brook
silverside (4.0%). The most common identifiable eggs were those of
blueback herring. The three significant anadromous species in the
SRP study area (blueback herring, American shad, and striped bass)

.were found in varying densities in the mouth of Steel Creek"but in'
relatively low densities in' the other locations within 'the study
area., The perio'd of maximum spawning for most of the species' in
the creeks and swamps was April through May~

In 1985, 1,109 fish'larvae and 710 fish eggs were collected in
the SRP creeks and swamp. The most abundant larvae were' darters'
(31.3%), centrarchids (16.9%), 'minnows (15.0%), spotted suckers
(19.7%), and brook silversides (9.9%). The most common identifi
able eg8s were those of blueback herring and American shad.
Relative composition of the ichthyoplankton was very similar, over
the two years of the study. However, there were some distinct
differences. For example, American shad was five times' more
abundant in 1985.

Ichthyoplankton densities were highly variable at all loca
tions throughout the study period. In the Steel Creek,' system, high
ichthyoplankton densities were observed in the post-thermal Steel
Creek swamp and in the creek mouth, with especially high densities
in 1985 in the creek mouths. tchthyoplankton densities were

,considerably lower in the nonthermal swamp adjacent to the post
thermal area and, in 1984, lowest in the sections of Steel Cr.eek
upstream from the swamp. During 1984 and 1985, the dominant' .taxa
in the upper reaches of Steel Creek were minnows and darters; in

, the Steel Creek swamp the species composition was more diverse but
was dominated by centrarchids, minnows, and darters. Ameri-can
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shad, blueback herring, and darters predominated in the creek
mouths. Most of the spawning in Steel Creek occurred between
temperatures of approximately 17 to 25·C.

Ichthyoplankton were generally absent from the mid-reacbes of
Four Mile Creek and Pen Branch (below the reactor outfall) and in
the delta, both of which were characterized by high water tempera
tures due to reactor discharges. During periods of river flooding,
when temperatures at Four Mile Creek swamp and lIX)uth were cooler,
ichtbyoplankton were collected. The collect ion of large numbers of
eggs.on a single day in May 1984 when C Reactor was down indicates
that fish will move into the thermal creeks to spawn during reactor
outages as soon as water temperatures become tolerable. Bigher,
ichtbyop1ankton dens ities were observed in the cooler swamps of
Four Mile Creek and Pen Branch. Beaver' Dam Creek exhibited no
evidence of theDDal impact. Ichthyoplankton densities were low to
moderate throughout the creek. In Four Mile Creek, centrarchids,
brook silvers ide, and blueback herring were the dominant taxa in
1984 and minnows, centrarchids, carp, and darters were the dominant
,taxa in 1985. In Pen Branch, minnows and darters were the dominant
taxa during both years. In Beaver Dam Creek, centrarchids,
crappie, darters, and gizzard and threadfin shad were the dominant
taxa in 1984 while blueback herring was the dominant taxa in 1985.

In both nonthermal Meyers Branch and Upper Three Runs,
ichthyoplankton densities were low. Ichthyoplankton densities in
Lower Three Runs were low in the downs tream reaches of the creek
and extremely high (averaging approximately 620/1 ,000 m3 during
1984 and 1985) iu the upstrean reach just downstream from the
tailwaters of Par Pond. The high densities in the tailwaters were
probably due to ichthyoplankton transported over the spillway from
Par Pond as well a8 spawning in the Par Pond tailwaters. In Meyers
Braneb, darters and centrarchids were the dominant taxa during both
years. In Upper Three Runs, spotted suckers and crappie were the
dominant taxa during 1984, and spotted suckers and darters were the
dominant taxa during 1985. In Lower Three Runs, centrarebids,
crappie, and darters were the .dominant taxa in 1984, while brook
silvers ide, darters, centrarebids, and crappie were the dominant
taxa in 1985.

In the 1985 sample period, ichthyoplankton dens ities were
again highly variable. The mean dens ity values in Four Mile Creek
and Pen Branch, the two streams receiving reactor effluent, were
much lower than in the nonthermal creeks.

Analyses of the 1985 data revealed that most species in SRP
waters spawn at temperatures from 12 to 26·C. Ichthyoplankton
densities de,creased above 26·C and ichthyoplankton were largely
absent at temperatures above 35·C.
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The anadromous species, American shad and blueback herring,
, were collected primarily in the creek mouths, which. indicated the

importance of the creek mouths in the life cycles of these species.
They were particularly well-represented in the mouth of'Steel Creek
during both years of the study. The numbers of American shad and
blueback herring collected from the creek mouths were much higher
during 1985, when the Savannah River levels remained below flood
stage. During 1984, when the floodplain was inundated during the
spring, spawning could take place in the floodplain.

In 1985, fish larvae were collected from different habitats in
Steel Creek (macrophyte beds, open water habitats, and the inter
face between the macrophyte beds and open water) to compare rela
tive densities between these microhabitats. Larvae were collected
in the greatest abundance in the ~crophyte beds, indicating these
vegetated areas are important, to the reproduction and early life
stages of many fishes in the SRP streams and swamps.

Diel,samples taken in the Steel Creek swamp showed that larval'
densities in the open channels were approximately 18 times high~r
during the night than during the day. Larvae entering the open
channels at night probably came from the macrophyte beds where
larvae were concentrated in large numbers. These results indicate
that the potential for entrainment of larvae, via cooling water
intake is higher at night, at least in areas with macrophyte beds. '

:In 1984, weekly ichthyoplankton collections were made at a
total of 62 stations including transects in the Savannah River
upstream and downstream from the SRP, as well as adjacent to the
SRP, and in the mouth of 28 associated tributaries from Augusta to
Savannah, GA. In 1985,· weekly ichthyoplankton collections were
taken from a reduced study area: ichthyoplankton was collected
from the mouth of only 17 associated tributaries, with a total of
4S stations sampled. The primary objective of the 1985 study was
to assess spawning activity and ichthyoplankton distribution in the
Savannah River in relation to the influence' of the' SRP. The sam
pling program for 1984 and 1985 focused on the effects of thermal
discharges and the entrainment of ichthyoplankton in river water
removed for SRP reactor operations. The evaluation of, ichthyo-
'pla~kton production in Steel Creek was emphasized in this study.

A total of 24,289 fish larvae and '4,756 fish eggs were
collected from February through July 1984. The dominant taxa
collected were the Clupeidae, which included the anadromous
American shad, blueback herring, nonanadromous threadfin shad, and
the gizzard shad. Other taxa collected in abundance were'sunfish,
crappie, and minnow. American shad and striped bass' wer'e the
dominant eggs collected in 1984.
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A total ,of 19,926 fish larvae and 15,749 fish eggs were
collected from February through July 1985. The dominant taxa
collected were gizzard and threadfin shad, centrarchids, and,
spotted sucker.' American shad were the dominant eggs collected in
1985. Large numbers of American shad and blueback herring were
collected from the lower reaches of S.teel Creek, indicating that
the lower reaches of Steel Creek were an important spawning area
for these anadromous species. These results are consistent with
those from the creek and swamp study.

Of the major streams draining the SRP, Steel Creek transported
the greatest number of fish eggs and larvae (53.0 million) to the
Savannah River in 1984. Three large streams located downriver from,
the SRP, Briar Creek, Lake Parachuchia, and Coleman Lake (the
latter two were not sampled in 1985) exceeded ichthyoplankton
transport from Steel Creek (142.7 million, 102.4 million, and
95.9 million, respectively). In 1984, Steel Creek increased the
ichthyoplankton densities of the Savannah River immediately down
stream of the creek by 15%.

The 1985 sampling program did not include any stations dowu"7
stream of River Mile 89.3, thereby eliminating five creeks that
contributed large numbers of ichthyoplankton to the river in 1984.
In 1985, .Steel Creek transported more fish eggs and larvae to the
Savannah River than any of the other creeks sampled (5.2 million),
followed by Beaver Dam Creek (4.3 million). In May, June, and
July, when temperatures in the mouth of Beaver Dam Creek often
exceeded 30·C, ichthyoplankton densities were usually low compared
to the other creeks. Overall, numbers of ichthyoplankton trans
ported from Steel Creek and other major contributors decreased
substantially in 1985, possibly due to decreased creek discharges
and reduced spawning. Results of the sampling in the mouth of Four
Mile Creek during both years indicates that fish move rapidly into
thermal creek mouths to spawn when the reactors are down. The
abundance of blueback herring eggs in the mouths of Beaver Dam and
Four Mile Creeks may be attributable to dislodging of eggs from
spawning areas by strong currents.

Spawning trends and ichthyoplankton densities in the five
oxbows sampled during 1984 and 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 the river.
During 1984 and 1985, gizzard and threadfin shad were the dominant
ichthyoplankton in the oxbows.

Shortnose sturgeon, a federally listed endangered species,
have been collected in small numbers in the Savannah River;' nine
sturgeon larvae were collected during 1984 and seven were collected
in 1985. Of the 16 larvae, four were provisionally identified as
shortnose sturgeon, and the remainder as Atlantic sturgeon.
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During 1984. an estimated 23.4 ~llion ichthyoplankters (eggs
and larvae) were entrained, which was 8.5% of the total ichthyo-,
plankton that' were transported pas t the SRP. Of these. 17.6
million were larvae and 5.8 million were eggs. In 1984, 8.3% of,
the total susceptible ichthyoplankton was entrained (Paller et a1.·,
1985). During 1985 J an estimated 2S. 9 million icbtbyoplankters
were entrained. Total number of larvae entrained, (10.9 million)
was low. compared to 1984 and prior years of sampling. Low numbers
of larvae in 1985 may be attributable to the lack of Savannah River
flooding during the spring, thereby precluding spawning in 'flood
plain habitats. American shad and'striped bass eggs dominated the
ichthyoplankton samples during both years of the study. This total,.
represented approximately 12,.1% of the total' ichthyoplankton that
drifted past'the SRP pumphouses. .

While a substantial fraction of the Savannah 'River ichthyo
plankton are. entrained at the SRP cooling water intake structures,
there appears to be no effect on the fishery of the river. Impacts
may be mitigated by the fact that all of the species entrained have
numerous spawning sites in tbe Savannah River and tbe fact that
ichthyoplankton have high rates of natural mortalities. There has
been no evidence, to indicate that numbers of American shad or
striped bass ichthyoplankton in the Savannah River have decreased
during the CCWS or d~ring previous years 'studied~
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·V.1 INtRODUCtION

The Comprehensive Cooling Water Study (CCWS) was, initiated in
October 1983 to evaluate the environmental impacts associated with
the intake and release of cooling water from, Savannah River Plant
(SRP) operations. The CCWS was initiated in response to a commit
ment by the Department of Energy Savannah River Operations (DOE-SR)
to the u.S. Armed Services Committee and the State of South
Carolina. The study is a joint effort of DOE-SR, E. 1. du Pont
de Nemours and Company (Savannah River Laboratory), and the
University of Georgia (Savannah River Ecology Laboratory).

One of the major program elements of the CCWS is the Aquatic
Ecology Program, which is summarized in this volume, "Volume V-
Aquatic Ecology, Comprehensive Cooling Water Study Final Report."
This volume includes a summary of existing data reports that were
generated during the CCWS from 1983 to 1985. Results of. some
previously initiated studies and long-term monitoring programs are
also included. For an historical perspective on the life histories
and distributions of semi-aquatic vertebrates on the SRP, see
Gibbons et al., 1986~

The overall objective of the Aquatic Ecology Program was to
assess the effects of cooling water intake and releases on the
structure and dynamics of the biological communities of the SRP
streams and swamp, and the Savannah River. To address this
objective integrated studies of primary producer populations,
organic matter, macroinvertebrates, and fish populations were
conducted.

The specific objectives of the Aquatic Ecology Program
(excluding Par Pond, which is reported on in Volume VII of this
report) can be summarized as follows:

• Determine thermal impacts of cooling water discharges on the
structure and dynamics of lower food chain (i.e., nonvertebrate)
communities including periphyton. macrophytes. and
macroinvertebrates;

o Assess fish spawning and location of nursery grounds on the SRP;

o Determine the relative importance of SRP streams to spawn,ing
fish. as compared to other Savannah River tributaries;

o Determine rates of ichthyoplankton entrainment and impingement
of adult ,fishes at the cooling water intakes and assess the
impacts of impingement and entrainment losses on the Savannah
River fish community; and,

o Determine thermal plume effects on anadromous and resident
fishes, including overwintering effects in the SRP swamp.
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V.1.1 RepOrt Structure

Chap'ter V.2 of this volume provides a general' description of
the surface water systems located 'on the ,SIP site 'or .in its
vicinity. 'Chapter V.3 is a report of the lower food chain studies
conducted in· the ons1te streams and swamp and. in the Savannah
River. It includes studies of physical characteristics and stream
stTUcture, primary producers (algae and macrophytes)" organic
matter, and macroinvertebrates. Chapter V.4 reports on the studies
of the fish populat ions in the Savannah River and the SRP' ons ite
streams and swamp.
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V.2 STUDY AREA

The SRP occupies a
Coastal Plain in Aiken,
Carolina (Figure V-2 .1) •
the Savannah River for 27

778 km2 (77,800 hal site on the Upper
Barnwell, and Allendale countIes, South
The SRP is bordered on the southwest by

laD.

f·

Five main drainage basins are located on the SRP (Figure
V-2.2). Upper Three Runs Creek is a relatively unperturbed black
water stream 'in the northwestern portion of the SRP. Beaver Dam
Creek and Four Mile Creek receive thermal inputs from two different
sources: Beaver Dam Creek receives thermal effluent from a coal
fired power plant and Four Mile Creek receives once-through cooling
water from C Reactor. The Pen Branch system is also thermally
perturbed. It receives once-through cooling water from X Reactor.
The Steel Creek-Meyers Branch system consists of a post-thermal
stream (Steel Creek) and its tributary (Meyers Branch), which has
never received heated water. . Lower Three Runs is located in the
southeastern portion of the SRP. The upper reaches of Lower Three.
Runs stream are impounded to form a 1,012 ha cooling water reser
voir for P Reactor.

Four Mlle, Beaver Dam, Pen Branch, and Steel Creeks flow. into
a contiguous 30.2 km2 (3,020 hal river floodplain swamp which
drains into the Savannah River. The swamp is separated from the
main flow of the .Savannah River by a natural levee along ·the river
bank.' Water moves through the swamp in a shallow sheet flow with
well-defined channels .where streams enter the upper side of. the
swamp, and exits through natural breaks in' the levee. Throughout.
most of the year, water levels are maintained in the swamp by flow
from the creeks. Periodically (usually during winter and spring),
the Savannah River floods and spills over the levee that separates
it from the swamp. When the river floods into the swamp. the flow
in the creeks is reversed and many physiochemical features of' the
swamp are substantially altered.

The water used to cool the SRP reactors and to provide' cooling
water to the D-Area power plant is withdrawn from the Savannah
River at three pumphouses located at River Miles (RM) 157.1, 155.3,
and 15:5.2. The withdrawal rate of 'river water by the SRP varies
from an estimate of 8.5 m3/sec to 26.0 m3/sec, depending on. the
number of reactors operating and the corresponding reactor power
levels. After the cooling water flows through the reactor heat
exchangers, the heated water is discharged to the river via one of
the onsite streams or discharged into Par Pond via a series of
canals and precooling ponds.
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V.4 FISH COMMUNITIES OF THE SAVANNAH JUVEa PLAN'r STREAMS.
SWAMP SYSTEM. AND THE SAVANNAH UVEa

V.4.1 Introduction

This chapter reports the results of the two-year ecws
(September 1983 to September 1985)" on the fish communities that
inhabit the streams· and swamp system of the Savannah River Plant
(SRP) and the Savannah River. Although the fishes of the Savannah
River have been the subject 'of nutUerous ecological investigations
(see Matthews, 1982, for a compilation and review of the fisheries
literature for the Savannah River between 1951 and 1976), only
recently have efforts been directed towards understanding the
effects of SRP discharges on fish movement and distribution. In
1978, McFarlane et ale '(1978) and the Georgia Game and Fish
Division (1982) examined fish communities near the SRP for species
occurrence and relative abundance as part of an assessment of
impingement rates at the SRP pumphouses. In 1982, a more compre
hensive quarterly sampling program was initiated to determine
species occurrence, relative abundance and distribution· of adult'
fishes in the Savannah River, intake canals and the lower reaches
of thermal and nonthermal creeks draining the SRP, and impingement
rates on the intake screens of SRP pump stations (ECS, 1983). This
study, with additions and refinements, was conducted quarterly from
October 1982 through August 1985. In addition to the quarterly
sampling program, a weekly program was initiated in 1984 to obtain
more data on fish congregation and distribution in and around the
mouths of the thermal creeks during the winter. Studies were also
conducted during the 1982-1985 spawning seasons (February-July) to
determine spatial and temporal patterns of ichthyoplankton
abundance and species composition in the Savannah River and
tributary streams.

All material in this chapter, including literature citations,
is ·taken from the following reports:

1983-1984

Paller,. 1985
Paller and Osteen, 1985

. Paller et al., 1985

1984-1985

Paller and Saul, 1986
Paller et al.~ 1986a
Paller et a1., 1986b

The primary objectives of the fisheries studies were: (1) to
characterize the fish communities of the SRP and the Savannah
River and (2) to assess the direct and indirect effects of SRP
cooling water intakes and discharges on the fish communities.
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The results of the 'two-year study' are divided into discussions \. ~
of adult fish and ichthyoplankton (fish eggs and larvae). The .,.
major objectives of the adult fish study were to examine the
abundance and distribution of fishes near the SRP in relation to'
thermal discharges ,into the river, creeks, and floodplain ,swamps,
and to determine the rate of impingement of adul t and juvenile
fishes on the intake screens at the SRP pumphouses, and to utilize
this information to assess impacts of cooling water intake and
release on fish populations of the SRP. The adult fish study was
comprised of two programs: (l) the quarterly program, which was
designed to assess annual patterns of distribution and abundance of
adult 'and juvenile fish throughout the study area by sampling each
station once during each quarter; and (2) the overwintering
program. which was designed to assess fish distributions near the'
thermal discharges during the winter by sampling each station once
or twice weekly from November through April.

The other half of this chapter discusses the ichthyoplankton
communities of the Savannah River, between River Miles (RM) 187.1
and 29.6 in 1983-1984 and between RM 187.1 and 89.3 in 1984-1985,
and the SRP swamp creeks. The Savannah River was divided into
three sections for describing the ichthyoplankton community, as
follows: the upper farfield (RMs, 166.6-187.1), the nearfield
(RMs 128.9-157.3), which was adjacent to the SRP, and the lower
farfield (RMs 29.6-120.0 in 1983-1984; lUis 89.3-120.0 in 1984
1985).

The major objective~ of the' ichthyoplankton studies were:
(1) to evaluate the relative contribution of the three river
sections and their tributary streams to the ichthyoplankton commun
ity of the Savannah River system; (2) to examine the abundance and
distribution of ichthyoplankton in SRP streams and swamps in
relation to temperature and habitat; (3) to quantify ichthyoplank
ton entrainment at the cooling water intakes; and, (4) to assess
the effects of SRP thermal discharges on the ichthyoplankton
communities of the SRP and adjacent Savannah River. 'Ibis section
also includes the results from three studies conducted'concurrently
with the. ichthyoplankton sampling program. A gear comparison study
and a diel study were completed in the Steel Creek mouth and swamp,
and a comparison of larval distributions between microhabitats was
done in the Savannah River.

This chapter also reports on laboratory studies that were
conducted to determine acceptable maximum temperatures and rates of
temperature change in the swamp that allow critical early life
stages of fish characteristic of the SRP to survive and grow
successfully. Early life stages of fish were exposed to thermal
regimes reflecting actual ,conditions in the swamp due to reactor
startups and shutdowns during the spawning and post-hatch growth
period.
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V.4.2 Adult rish

V.4.2.1 Introduction
" "

There are several potential direct and indirect thermal
discharge and cooling" water withdrawal effects at the SRP that
could impact Savannah River fish populations. For example, the SRP
can impact the Savannah River fish community directly by impinge
ment of adult fish at the cooling water intakes. Thermal dis
charges from the SRP may produce lethal temperatures in some "areas
of the creeks and swamp adjacent to the Savannah River. Fish will
usually avoid areas ·of high water temperature; however, during
cooler seasons, areas with moderately elevated temperatures can
attract fish. During periods of reactor shutdown, cold shock may
result in fishes that have become acclimated to the warmer water in
the thermal effluent. Also, because spawning in most species is
largely controlled by water temperature, thermal discharges can
alter the spawning activities o~fish.

This chapter reports the results from adult fish collections
taken quarterly in the Savannah River adjacent to the SRP, in the
intake canals, and in the: lower reaches of the thermal and non
thermal creeks draining the SRP. Sampling began in September "1983
and ended in August 1985. This chapter also contains the results
from the overwintering study of adult fishes conducted weekly and
biweekly between November 1983 and April 1984, and between'November
1984 and April 1985. The quarterly and overwintering studies of
adult fishes were designed to determine species occurrence, rela
tive abundance, and distribution of fishes in the SRP study area.

V.4.2.2 Materials and Methods

V.4.2.2.1 Quarterly Study

The quarterly study was designed to determine species
composition, relative abundance, and distribution .of adult and
juvenile fishes in the vicinity of SRP. Two different collection
techniques were utilized in order to compensate for the selective-

.ness of each technique: electrofishing (which selects for surface
dwelling fishes) and hoopnetting (which selects for bottom-dwelling
fishes) •

The first year of the quarterly adult and juvenile fish
sampling program began in November 1983 and continued through
August 1984. Four collections were made at each station within a
10- to 12-day period ,during November 1983, January 1984, June 1984,
and August 1984. The study area included the mouths of the five

"major onsite creeks, two intake canals leading to the SRP pump
houses, and 12 sample. stations in the Savannah River (Table V-4.1;
Figure V-4.1).
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TABLE V-4.1

Sampling Stations for the Savannah River Adult Fisheries Study
(November 1983-August 1984)

River Mile

River Transect*

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

Intake Canal*

157.1
155.3

Creek Mouth**

129.0
141.6
150.6
152.1
157.2

Sa~pling Station Location

Below Lower Three Runs Creek
Above Lower Three Runs Creek
Below Steel.Creek
Below Steel Creek
Above. Steel Creek
Below Four Mile Creek
Above Four Mile Creek
Below Beaver Dam Creek
Above Beaver Dam Creek
Below 5G pumphouse
Below IG canal
Above lG canal and Upper Three

Runs' Creek

IG canal
3G canal

Lower Three Runs Creek
Steel Creek
Four Mile Creek. .
Beaver Dam Creek
Upper Three Runs Creek

* 300 m along each bank.
** 150 m along each bank.

Source: Paller and Osteen, 1985.
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Source: Paller and Saul. 1986.
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The quarterly adult and juvenile fish sampling program was \. .JIII
continued in November 1984 through August 1985. All of the ~
sampling stations monitored in the 1983 through 1984 quarterly
study were sampled during the 1984-1985 period. One additional
river station (River Transect 145.7, Table V-4.2) was added. In
addition, 15 new stations were added in the channels and swamps of
the major SRP creeks (Table V-4. 3; Figure V-4.1). However in the
1984-1985 program, each transect was sampled once per quarter
rather than four times within a 10-12 day period as was done in
1983-1984.

Electrofishing procedures were identical for the two years
of sampling. At each sample station, electrofishing was conducted"
from an aluminum boat equipped with electrodes mounted on a boom
and suspended in the water approximately 3 m from the boat.' Each
electrofishing sample station consisted of 300 m of shoreline sub
divided into contiguous 100' m transects. All, river and intake
canal sample stations consisted of a right and left shoreline,
while creek mouth, creek and swamp stations consisted of, a single
300 m transect. If a' sample station was too hot (>35 ·C) or too
shallow to support fish. the area was qualitatively sampled with a
backpack electrofisher (Paller & ~aul, 1986).

Hoopnet collections were made at all of the sample stations
listed in Tables V-4.1 and V-4.2 during the sampling period. This
method was added to the fisheries sampling program specifically to
obtain data on catfishes because they were not effectively
collected by the electrofishing technique. All nets were checked
72 hours after they were placed in the field. Catch per unit
effort (CPUE) wa~ expressed as number of individuals/net/day.

All fish coll~cted by electrofishing or hoopnetting were
identified to specles. Fishes over ISO IDDl (200 mm for some
species) were tagged by inserting a numbered dart tag (FloyModel
68B) in the subdorsal area.' Fishes under 150 mm (200 mm for some
species) were marked by excision of a pelvic fin. . After being
measured and marked or tagged. all fish were released in their
respective sample locations. Taxonomic keys used for identifica
tion included: Smith (1907)" Blair et a1. (1957), Smith-Vaniz
(1968), Carr and Goin (1969), Dahlberg (1974), Menhinick (1975),
and Bennett and McFarlane (1983). Nomenclature is consistent with
Robins et a1. (I980>. Common names are used in this report and
corresponding scientific names are presented in Appendix k-4.1.

Other parameters measured in conjunction with electrofishing
were temperature, dissolved oxygen, pR, conductivity, alkalinity.
and water velocity. Chemical and physical parameters were measured
near the surface along both banks at each river and canal sample
station. Water velocity and chemical measures were measured in
mid-channel at each station (see Paller & Saul. 1986 for detailed
methodologies).
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TABLE V-4.2

Sampling Stations for the Savannah River Adult and Juvenile
Quarterly Fisheries Study (November 1984-August 1985)

Sampling Station Location

Below Lower Three Runs Creek
Above Lower Three Runs Creek
Below Steel Creek
Below Steel Creek
Above Steel Creek
Below Four Mile Creek
Below Four Mile Creek
Above Four HileCreek
Below Beaver Dam Creek
Above Beaver Dam Creek
Below 5G pumphouse
Below IG·canal
Above IG canal and Upper Three

Runs Creek

IG canal
3G canal

Lower Three Runs Creek
Steel Creek
Four Mile Creek
Beaver Dam Creek
Upper Three Runs Creek

. * 300 m along each bank.
** 150 m along each bank.

Source: Paller and Osteen, 1985.

V-247



TABLE v-4.3

Adult and Juvenile Fish Quarterly Electrofishing Stations in the Channels and
Swamps of Upper Three Runs Creek, Beaver Dam Creek, Four Kile Creek, Pen Branch,
and Lover three Run8 Creek Which were Added to the Sampling Program for the
1984/1985 Study Period (November 1984-August 1985)

Station
Designation =L.:;.o.:;.ca::.t;:.:1;:.:·o:,:n:::- _ Method

1
2
5
6
7
8

13
14
15
16
17
21
22
53
44

'Upper Three Runs Creek - Road C
Upper Three Runs Creek - Road A
Beaver Dam Creek - Road A-12.2
Beaver Dam Creek - just above slougb
Beaver Dam Creek - slough
Beaver Dam Creek - swamp .
Four Mile Creek - Road A
Four Mile Creek - Road A-I3
Four Mile Creek - swamp 1
Four Mile Creek - swamp 2
Four Mile Creek - swamp 3
Pen Branch'- Road A-13.2
Pen Branch Delta - boardwalk
Lower Three Runs Creek - Road A-lS
Lower Three Runs Creek - Road A

3 - 100 m sections, boat
3 - 100 m sections, boat
3 - 100 m sections, boat
3 - 100 m sections, boat
3 - JOO m sections, boat
3 - 100 m sections, boat
Refuge area - backpack
Refuge area - backpack
3 - 100 m sections, boat
3 - 100 m sections, boat
3 - 100 m sections, boat
Refuge area - backpack
Backpack from.boardwalk
3 - 100 m sections, boat i__
3 - 100 m sections, boat ...

Source: Paller and Saul, 1986.
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V.4.2.2.2 Overwintering Study

. The primary objective of· the overwintering study was to
determine the extent to Which fishes congregated in and around the
thermal discharges during the cooler months (November-April). . To
evaluate overwintering in the thermal plumes, the study area was
divided into four habitats: (1) Savannah River thermal stations
(downstream from the thermal discharges from Four Mile and Beaver
Dam creeks on' the South Carolina bank of the river) j (2) Savannah
River nonthermal stations j (3) nonthermal creek stations' (Steel
Creek and Lower Three Runs Creek) j and (4) thermal creek stations
(Four Mile Creek and Beaver Dam Creek).

In ·the 1983-1984 overwintering study, moving sampl'e stations
were 'used in the thermal creeks to track 'fish movement in relation
to temperature. In the 1984-1985 overwintering study, the moving
sample, stations were abandoned because of difficulties in separat
ing the effects of temperature and habitat on catch rate. Instead,
three fixed sample s~ations were established in ,the thermal creeks.'

J,

During both years of the
stations were sampled weekly in
March. Biweekly sampling was
months of November and April.
procedures and equipment were
program.

overwintering study, all sampie
December, January, February,. and
conducted during the transition

Electrofishing and hoopnetting
the same as for the quarterly'

Fisheries data were collected as described for the quarterly
sampling program and included species identification, length, and
weight. In the overwintering study, measurements of chemical and
physical parameters were taken, at the creek or river bottom, in
addition to the surface measurements.

V.4.2.2.3 Impingement Study

From September 1983 through September 1985, collections were
made of fish impinged in a 24-hour periOd on the traveling screens
at the 1G, 3G, and SG pumphouses. Data were collected on randomly
chosen sample days for a total of 107 days in the 1983-1984 period
and 97 days in the ~984-1985 period. ,Each collection was made by
clamping a 5-mm mesh tubular net approximately 7.5 m long and 1.0 m
in diameter to the O.3~diameter pipe that carries the debris from
the traveling screens at the pumphouses to the nearby Savannah
River floodplain swamp. The distal end of the net was tied closed
and the debris that was washed from the screens over a 24-hour
period was collected. Fish were removed from the debris and
returned to the laboratory for analysis.
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In the laboratory each fish was identified, weighed, and ~
measured for length when possible. Some specimens were badly
decayed, suggesting that they had died before they were impinged.
Because their time of death was unknown, these fish were included
in the counts but not in the total weight of fish impinged.

The Savannah River Plant Power Department provided information
on pumping rates, number of pumps, and volumes of water pumped each
sampling day. The impingement rate was calculated by dividing the
number of fish collected over a 24-hour period.by the total volume
of water pumped during the same time period. These values are
expressed as the number of fish per 106 m3 (million cubic .meters)
to allow for comparisons of impingement rates among pumphouses.

V.4.2.3 Results and Discussion

This section contains the results from the adult and juvenile
fish studies for the 1983-1984 and 1984-1985 sampling years.
Results from the quarterly and overwintering programs will be
discussed separately because the objectives. of the two programs
were different.

V.4.2.3.1 Quarterly·Study

The quarterly study was designed to assess annual patterns of
distribution and abundance of adult and juvenile fishes throughout
the study area. During the 1983-1984 quarterly study, 12,160 adult
and juvenile fishes were collected. The following year, 10,000
adult and juvenile fishes were collected during the same sample
period. These total annual catches are not directly comparable
because of the different numbers of stations sampled and the
differing sampling intensities for the two years of the study. A
total of 75 species were collected (Appendix V-4.1), including
three species that were collected during the 1984-1985 sampling
year that had not been captured as adults during the previous
sampling period: needle~ish (Strongylura marina), river goby
(Awaou8 tajesica), and sailfin shiner (Notropis hypselopterus).

On the basis of ·the total electrofishing catch from all
stations, the most numerically abundant fishes· in the 1983-1984
sampling period (excluding minnows and other small fishes) were the
redbreast sunfish (Lepomis auritus), bluegill (L. macrochirus),
largemouth bass (Micropterus salmoides), spotted sucker (Minytrema
melanops), spotted sunfish (Lepomis punctatus), chain pickerel
(Esox niger), and bowfin (Amia calva; Table V-4.4). The remaining
species that. were collected each represented less than 4.5% of the
total. .

·tI
V-250



V-251



V-252

Source: Paller and Osteen, 1985.

TABLE V-4.4, Contd

Species

Flat bullhead
Brown bullhead
Yellow bullhead
Snail· bullhead
Chain pickerel
Redfin pickerel
Unid. pickerel
Longnose gar
Spotted gar
Florida gar
Bowfin
Hogchoker

Total percent

Total number

Total weight (kg)

Number of species

~
Etectrofishing Hoopnetting
Percent Percent Percent Percent
Number Weight Number Weight

0.2 <0.1 29.2 10.8
<0.1 <0.1 0.7 0.3
0.0 0.0 0.1 <0.1
0.0 0.0 0.1 <0.1
5.0 .. 1.1 0.0 0.0
1.9 0.8 0.0 0.0
0.0 0.0 0.2 0.1
1.0 1.5 5.6 13.4
0.1 0.4 0.4 0.7
0.0 0.0 0.1 <0.1
5.0 34.8 1.4 5.8
0.4 <0.1 0.1 <0.1

100.0 99.8 100.1 100.0

3844 1816

1301.7 260.1

~44. 29



Approximately 4;890 shiner's (genus Netropis) were collected,
'making them the most abundant type of small fish (88.9%) in the

study area (Table V-4.5). The' relative abundance of the minnows
and other small fishes collected by electrofishing was 'only' an
estimate because many of the small fishes that were electroshocked
were not captured.

The most abundant fishes captured by hoopnetting during the
1983-1984 sampling period were 'the flat bullhead (Ictalurus
platycephalus), channel catfish (1. punctatus), redbreast sunfish,
white catfish (1. catus), black crappie (Pomoxis nigromaculatus),
longnose gar (Lepososteus oculatus), and bluegill. None of the
other species captured by hoopnetting represented more than 3.0% of
the total catch.

In the 1984-1985 sampling period, the most abundant fishes
collected by electrofishing (excluding minnows and other small
fishes) were the redbreast sunfish. spotted sucker, spotted sun
fish, largemouth bass, bluegill, and the American eel (Anguilla
rostrata; Table V-4.6). Each 'of the other species collected by
electrofishing represented less than 5% of the total.

The relative abundance estimates for 1984-1985 were influenced
by large numbers of fish captured at new electrofishing sample,
stations added to the program in 1985 (see Section V.4.2.2 for a
list. of the stations). As a result. the 1985 relative abundance
estimates could not be compared directly to the relative abundance,
estimates for previous' years. In order to make comparisons between
1984-1985 and previous years, relative abundances were calculated
separately for the "old" (1983-1984) electrofishing stations (those
in the river. intake canals, and creek mouths).

, The numerically dominant species at the old electrofishing
stations included redbreast sunfish. spotted sucker, bluegill.
largemouth bass, and bowfin (Table V-4.6). A total of 1.666 fish
were captured' from the old sample stations during 1984-1985;
considerably fewer than during previous years (Paller 'et a1., 1984;
Paller &Osteen. 1985). The reduced catch during 1984-1985 was due

. to the fact that each sample station was sampled only once, per
quarter rather than four times as in previous years (see Section
V.4.2.2)'

Approximately 2.647 shiners were collected in 1984-1985,
making them the most abundant type of small fish (94%) in the study
area (Table V-4.7). As in 1983-1984, the relative abundance ,of the
minnows and other small fishes collected was only an estimate
because many fish that were electroshocked were not captured.
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TABLE V-4.S

Minnow. and Other Small Fishes Collected by Electrofisbing
in the Savannah River, Intake Canal. on the Savannah River
Plant and TributarY Creeks (November 1983-August 1984)

Taxa Number Percent

Shiners' (Notropis spp. )* 4,890 88.9
Golden shiner 84 1.5
Eastern silvery minnow 31 0.6
Mississippi silvery minnow 3 0.1
Pugnose minnow 40 0.7
llosyface chub 14 0.3
Bluehead chub 2 <0.1
Creek chub 1 <0.1
Lined topminnow 98 1.8
Mosqui tofish 57 1.0

Savannah darter 1 <0.1
Tesselated darter 75 1.4
Swamp darter 1 <0.1 {

Blackbanded darter 18 0.3 '-Speckled madtom 6 0.1
Tadpole 1Dadtom 1 <0.1
Swampfish 1 <0'.1
Brook silvers ide 120 2.2
American shad 45 0.8
Blueback herring 14 0.3
Banded pygmy sunfish 1 <0.1

Total 5,502 100.0

* Species included the bannerfin shiner, coastal shiner,
whitfin shiner, spottail shiner, yellowfin shiner,
ironcolor shiner, dusky shiner, and taillight shiner.

Source: Paller and Osteen, 1985.
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TABLE V-4.6

Species. Excluding Minnows and S••11 Fiehes s Caught by Electrofishing and Boopnetting in the Ssyannah River.
Intake Canals and Tributary Creeks on the SRP (Rovember 1984-August 1985). Samples 'were Taken Quarterly
in November, February. May. and August

Old Electro- New Electro- Total
fishing Stations* fishing Stations" E1ectrofishing Hoopnettingt
Percent Percent Percent Percent Percent Percent Percent Percent

Species Number Yeight. Number Weight Number Weight Number Weight

Longnose gar 0.7 0.9 0.4 5.7 0.5 2.3 3.0 7.0
Bowfin 5.3 36.4 1.0 14.1 2.7 29.5 2.5 16.6 .
American eel 3.3 1.8 6.8 6.7 5.4 3.3 0.0 0.0
Blueback herring 0.3 <0.1 0.0 0.0 0.1 <0.1 0.0 0.0
Aiuerican shad 0.8 0.2 0.2 1.1 0.4 0.5 0.5 0.4

;:: Gizzard shad 1.8 1.5 0.2 0.9 0.9 1.3 0.7 0.7

""
Redfin pickerel 0.8 0.1 . 0.7 0.3 0.7 0.1 0.0 0.0

VI . Chain pickerel 1.3 1.0 0.6 1.3 0.9 1.1 0.0 0.0VI
Unid. pickerel 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.2
Go Iden shiner 0.2 <0.1 0.1 <0.1 0.2 <0.1 0.0 0.0
Quillback carpsucker 0.1 2.8 Q.O 0.0 0.1 1.9 0.0 0.0
Unid. carpsucker 0.1 <0.1 0.0 0.0 0.1 <0.1 0.0 0.0
Creek chubsucker 0.1 0.1 1.7 1.8 1.1 0.6 0.2 0.1
Lake chubsueker 0.1 <0.1 0.1 0.2 0.1 0.1 0.0 0.0
Unid. chubsucker 0.1 <0.1 0.4 0.6 0.3 0.2 0.0 0.0
Spotted sucker 12.6 34.3 6.3 28.2 8.8 32.4 2.2 4.6
Silver redhorse 0.5 2.4 <0.1 0.7 0.2 1.9 0.7 1.7

* Old stations were sample stations in the Savannah River, intake canals and creek mouths that were
sampled during previous years of the study (1983-1984).

** New stations.were sample stations in the swamps and upper reaches of the Upper three Runs Creek,'
Beaver Dam Creek, Four Mile Creek, Pen Branch, and Lower Three Runs Creek that were added to the
program in 1984-1985•.

t Stations in the Savannah River, intake canals and the mouths. of SRP tributary creeks.

Source: Paller· and 8au1,1986.
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TABLE V-4.6. Contd

Old Electro- New Electro- Total
fishing Stations* fishing Stations** Electrofishing Hoopnettingf
Percent Percent Percent . Percent Percent Percent Percent Percent

s)?ecies Number Weight Number Weight Number Weight Number Weight

Snail bullhead 0.2 <0.1 0.1 <0.1 0.1 <0.1 0.0 0.0
White catfish 0.1 0.1 0.0 0.0 <0.1 0.1 7.9 22.7
Yellow bullhead 0.0 0.0 1.0 0.6 0.6 0.2 0.0 0.0
Flat bullhead 0.5 0.1 0.4 0.3 0.5 0.1 38.0 15.9
Channel eat fish 0.8 2.3 0.4 5.2 0.6 3.2 11.9 18.2
Pirate perch 1.7 <0.1 5.0 0.2 3.6 0.1 0.0 0.0
Needlefish 0.1 <0.1 0.1 <0.1 0.1 <0.1 0.0 0.0
Striped bass 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.6 .
Flier 0.1 <0.1 0.0 0.0 <0.1 <0.1 3.2 0.7

<l Bluespotted sunfish 0.2 <0.1 0.2 <0.1 0.2 <0.1 0.0 0.0I
N Redbreast sunfish 23.9 3.3 53.7 13.7 41.6 6.5 5.5 1.9V1
0- Pumpkinseed 0.4 <0.1 O~O 0.0 0.1 <0.1 0.2 0.1

Warmouth 1.4 0.2 2.3 1.7 1.9 0.7 0.5 0.2
Bluegill 9.5 0.8 3.0 1.2 5.6 0.9 9.4 2.7
Dollar sunfish 2.5 0.1 3.4 0.4 3.0 0.2 0.0 0.0
Redear sunfish .2.6 1.0 0.6 0.7 1.4 0.9 3.0 1.3 .
Spotted sunfish 12.9 . 1.5 5.0 1.3 8.2 1.4 1.5 0.2
Lepomis spp. 0.0 0.0 1.6 <0.1 1.0 <0.1 0.5 0.2
Unid. sunfish 0.0 0.0 0.2 <0.1 0.1 <0.1 0.0 0.0
Redeye bass 0.1 <0.1 0.0 0.0 0.1 <0.1 0.0 0.0

* Old stations were sample stations in the Savannah River. intake canals and creek mouths that were
sampled during previous years'of the study (1983-1984).

** New stations were sample stations in the swamps and upper reaches of the Upper 'Three Runs Creek,
Beaver Dam Creek. Four Mile Creek. Pen Branch. and Lower Three Runs Creek that were added to the
program in 1984-1985. .

f Statiol1s in the Savannah River. intake canals and the mouths of SRP tributary creeks •.

Source: Paller and Saul. 1986.
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TABLE V-4.6. Contd

Old Electro- New Electro- Total
fishing Stations* fishing Stations** Electrofishing Hoopnettingt
Percent Percent Percent Percent Percent Percent Percent Percent

Species Number Weight Number Weight Number Weight Number Weight

Largemouth bass 8.7 3.9 3.7 12.4 5.7 6.6 0.2 0.3
Black crappie 0.8 0.4 <0.1 <0.1 0.3 0.3 6.5 2.7
Yellow perch 2.8 0.8 0.9 0.3 1.6 0.7 0.7 0.5
Striped mullet 2.5 3.8 0.1 0.4 1.0 2.8 0.2 0.5
Hogchoker 0.1 <0.1 0.0 0.0 0.1 <0.1 0.0 0.0
Unknown 0.0 0.0 <0.1 <0.1 <0.1 <0.1 0.0 0.0

Total weight (kg) 402.7 180.8 583.5 164.0
Total number 1666 2460 4126 403

1 Total percent 100.0 99.8 100.0 100.0 99.8 99.9 99.7 100.0
N Number of speciestt 35 30 36 23
VI
~

* Old stations were sample stations in the Savannah River, intake canals and creek mouths that were
sampled during previous years of the study (1983-1984).

** New stations were sample stations in the swamps and upper reaches of Upper Three Runs Creek, Beaver
Dam Creek, Four Mile Creek, Pen Branch, and Lower Three Runs Creek that.were added to the program
in 1984-1985.

t Stations in the Savannah River, intake canals and the mouths of SRP tributary creeks.
tt Unidentified pickerel are not included in taxa counts if identified pickerel are present;

unidentified carpsuckers" are not included if identified carpsuckers are present; unidentified
chubsuckers are not included if identified chubsuckers are present; unidentified sunfish are not
include~ if identified sunfish are present; unknown fish are not included.

Source: "Paller and. Sa.ul, 19"86.



TABLE V-4.7

Minnows and Otber Small Fisbes Collected by Electrofishing
in the Savannah River, SRP Intake Canals and Tributary
Creeks (November 1984-August 1985)

Number Percent

!lueback herring 5 0.2
American shad 9 0.3
Eastern silvery minnow 2 0.1
Rosyface chub 20 0.7
Bluehead chub 34 1.2

. Golden shiner 6 0.2
Ironcolor shiner 135 4.8
Dusky shiner 488 17.4
Pugnose minnow 25 0.9
Spottail shiner 292 10.4
Sailfin shiner 74 2.6
Bannerfin shiner 131 4.7
Yellowfin shiner SO 1.8
Whitefin shiner 101 3.6
Coastal shiner 1112 39.6
Notropis spp. 233 8.3

~Tadpole madtom· 4 0.1
Margined madtolll 1 <0.1
Unid. madtom 1 <0.1
Lined topminnow 5 0.2
Mosquitofish 4 0.1
Brook silvers ide 15 0.5
Banded pygmy sunfish 3 0.1
Savannah darter 16 0.6
Tesselated darter .24 0.9
Blackbanded darter 13 0.5
Etheostoma spp. 1 <0.1
River goby 2 0.1

Total 2806 99.9

Source: Paller and Osteen, 1985.
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The most abundant fishes collected by hoopnetting in 1984-1985
were the flat bullhead, channel catfish, bluegill, white catfish,
black crappie, and redbreast sunfish (Table V-4.6). None of the
other fishes captured by hoopnetting represented more than '3.2% 'of
the total catch. Hoopnetting relative abundance values were
directly comparable between 1983-1984 and 1984-1985 because the
same sample stations were studied during both years (hoopnetting
collections were not made at the new sample stations in the swamps
and upper reaches of the creeks).

From the data gathered during the 1983-1984 and 1984-1985
sampling years, it has been determined that the study area
supports a diverse fish community with representatives from all
the trophic levels (Scott & Crossman. 19~3). The dominant preda
tors included largemouth bass, bowfin, channel catfish, pickerel
(Esox spp.), longnose gar, and white catfish. Fishes found in the
intermediate trophic level included sunfishes, flat bullheads, and
the American eel. Threadfin shad (Dorosoma petenense), gizzard,
shad (~. 'cepedianum), spotted sucker, silver redhorse (Moxostoma
anisurum)J and quillback carpsucker (Carpiodes cyprinus) comprised
the lower trophic level that utilizes plankton and detritus as a
food source. The smallest forage fishes, such as minnows, shiners,
and brook silversides, feed on zooplankto~ and macroinvertebrates,
and then are fed upon by larger fish.

,To evaluate habitat preferences, the SRP study area was
divided into four habitat types; thermal creeks, nonthermal creeks"
intake canals, and the Savannah River. The thermal creeks included
Four Mile Creek, Beaver ,Dam Creek, and refuge areas in Pen Branch;
,The nonthermal creeks included Upper Three Runs Creek, Lower Three
Runs Creek" and Steel Creek. ' In 1984-1985, the river habitat
designation was divided into thermal sites (those stations just
downstream' from the mouths of thermal creeks along the South
Carolina bank) and nonthermal sites (the remaining river sample
stations). Table V-4.8 lists means and ranges for water tempera
ture and five other water quality parameters measured at each
sampling site during the quarterly sampling program'conducted from
November 1984 through August 1985.

, For both 1983-1984 and 1984-1985, the relative abundance's ,of
fishes found within each type of habitat were similar '(Tables V-4.9
through V-4 '.12) • However, the species composit ion found in the
intake canals was different than the species composition found in
other habitats. For example, larger fishes were comparatively
scarce in the canal habitat during both sampling years. . Chain
pickerel were common in the canals in 1983-1984; but relatively
uncommon in this habitat in 1984-1985, probably because the canal
habitat had been altered when' the macrophyte beds were removed by
dredging in the summer of '1985 (Paller & Osteen, 1985).
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TABlE V-'.8 ~
Mean (and range) of Phyaical-ehe.ic,11 Par_ten Measured at Each Supllng Site on or Hear
the SRP During the Quarter~y Soallpl1ng Pr... (Ho¥ellber 19M-August 1985)

Dissolved
Oxygen CondJctlvi ty Alkalinity Current

TeJI'4). ·C mg 02/L pH lis/em mg CaCo3 /L em/sec
Station .!i- (min-max) (min-lllax) (min-max) (min-max) (llin-lllaX) (min-max)

River Transects

128.9 24 15.6 6.7 6.1 76.8 17.8 77.5
(6.0-22.8) (6.3-7.8) (4.8-6.8) (60.0-89.0) (14.0-20.3) (77.0-78.0)

129.1 24 15.8 6.3 6.0 77.4 16.9 65.5
(6.0-23.1) (5.0-7.2) (4.8-6.8) (60.0-90.0) (13.5-19.0) (48.0-83.0)

137.7 22 16.2 6.7 6.5 . 76.2 17.7 80.1
(6.5-23.8) (6.4-7.0) (4.9-7.5) (63.0-91.0) (13.8-20.4) (72.0-88.0

141.5 22 15.6 7.8 6'.5 77.3 17.6 66.4
(6.5-23.5) (6.0-10.6) (5.7-7.5) (64.0-92.0) (14.0-20.5) (62.0-69.0)

141.7 .23 16.0 7.7 6.6 78.1 17.5 72..7
(6.0-23.7) (6.2-10.2) (6.2-7.4) (62.0-92.0) (14.5-20.0) (64.0-84.0). .

145.7 16 15.9 7.1 6.4 78.1 17.0 74.5

~(6.0-23.7) (5.7-10.6) (6.0-6.9) (62.0-87.0) (13.1-18.5) (74.0-75.0)

150.4 (CA) . 12 16.1 8.1 6.4 86.5 18.4 70.3
(6.6-23.5) (7.5-9.2) (6.1-6.7) (69.0-100.0) (15.0-20.8) (61.0-82.0)

150.4 (SC) 12 17.9 7.3 6.3 81.8 18.1 70.3
(7.5-24.5) (6.4-8.4) (6.2-6.4) (70.0-91.0) (13.8-20.5) (61.0-82.0)

150.8 22 15.8 7.9 6.4 ·90.5 20.9 •. 67.7
(6.5-23.5) (6.6-9.5) (6.0-7.1.) (71.0-99.0) (15.0-28.0'- (57.0-76.0)

152..0 (CA) 12 15.8 7.7 6.4 85.3 20.5 67.0
(.6.4-23.5) (6.7-8.6) (6.2-6.7) (71.0-95.0) (15.3-27.3) (58.0-77.0)

152.0 (SC) 12 16.6 7.5 6.6 83.0 17.4 67.0
(6.5-23.5) (6.7-8.8) (6.4-6.8) (62.0-95.0) (14.8-19.8) (58.0-77.0)

152.2 20 15.3 7.7 6.6 86.0 18.1 67.2
(5.3-23.0) (6.7-8.9) (6.2-7.1) (68.0-97.0) (15.3-20.9) (59.0-80.0)

155.2. 23 15.9 7.3 6.1 76.4 17.7 71.3
(6.0-24.1) (5.9-7.9) (5.2-7.0) (60.0-90.0) (15.0-20.8) (62.0-80.0)

. Source: Paller and Saul, 1986•
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TABLE V-4.9

Relative Abundance of Fi.hes Caught by E1ectrofishing in the Savannah River, Intake Canal.,
Ambient Temperature creekS; and Thermal Creeks on the Savannah River Plant
(November 1983-Augu8~ 1984 .

Percent Number Percent Weight
Aiii61ent Thermal Amlnent thermal

Taxa River Canal Creeks* Creeks** River Canal Creeks* Creeks**

American shad 1.2 0.0 0.4 0.8 0.2 0.0 . 0.9 1.3
Blueback herring 1.8 1.1 0.4 0.8 0.1 <0.1 <0.1 <0:1
Gizzard shad 1.8 3.6 0.2 1.5 1.6 5.3 0.3 1.1
Threadfin shad 0.7 0.2 0.2 3.8 0.1 <0.1 <0.1 1.6
American eel 2.9 0.2 12.2 . 2.3 1.6 0.2 6.2 0.8
Striped bass 0.6 0.5 0.2 1.5 0.5 1.4 0.3 . 2.2
Striped mullet 2.8 2.6 0.4 0.8 3.1 6.0 0.9 0.9
Spotted sucker 8.9 5.2 14.1 3.1 23.0 35.2 31.3 12.5
Sitver redhorse 2.1 0.1 0.2 0.0 6.6 0.5 1.5 0.0

'f
Lake chubsucker <0.1 0.0 0.2 0.0 <0.1 0.0 <0.1 0.0
Unid. chubsucker <0.1. 0.0 0.0 0.0 <0.1 0.0 0.0 0.0

N Hi$hfin carpsucker <0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0C\
~ QU11lback carpsucker 0.4 0.1 0.0 0.0 8.0 5.3 0.0 0.0

Golden shiner 0.3 0.9 0.2 0.0 <0.1 0.2 <0.1 0.0
Yellow perch 0.7 6.3 1.9 0.0 0.3 2.6 1.1 0.0
Pirate' perch 2.5 0.8 5.0 0.0 <0.1 <0.1 0.1 0.0
Mud sunfish <0.1 0.0 0.0 0.0 <0.1 0.0 0.0 0.0
Bluespotted sunfish' 0.3 2.0 2.1 0.8 <0.1 0.1 <0.1 <0.1
Flier 0.1 0.1 0.0 1.5 <0.1 <0.1 0.0 0.2
Redbreas t sunfish~r.:·" 19.6 8.3 14.1 15.4 2.5 2.9 1.9 4.7
Pumpkinseed 0.2 1.0 0.0 0.0 <0.1 0.2 0.0 0.0
Warmouth 1.3 1.4 3.2 1.5 0.2 1.2 0.4 0.7
Bluegill ·:·'~;"!"'~·"':ft.....:'..~· -.. ..lI :.~. 10.9 29.5 6.9 4.6 0.9 1.7 0.4 1.0
Redear sunfisli~~':""~~·· '3.4 4.6' 1.1 16.2 1.6 3.7 0.6 10.5
Spotted sunfish .(-~~ ... 9.7 . 2.9 6.7. 3.1 1.0 0.2 1.0 0.3

* Steel Creek, Upper Three Runs, and Lower Three Runs.
** Four Mile Creek and Beaver Dam Creek.

Source: Paller and Osteen, 1985.
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TABLE V-4. 9. Contd

Percent Number Percent Weight
Ambient Thermal Ambient Thermal

Taxa River Canal Creeks* Creeks** River Canal Creeks* Creeks**

Dollar sunfish 2.2 5.1 4.8 0.8 0.1 0.4 0.1 <0.1
Unid. sunfish <0.1 0.1 0.2 0.0 <0.1 <0.1 <0.1 0.0
Black crappie 2.5 1.7 1.5 2.3 0.9 0.8 0.6 1.1
White crappie 0.0 0.1 0.0 0.0 0.0 <0.1 0.0 0.0
Largemouth bass ~:':~":.:.:~~::~~~~~ 9.6 5.8 8.0 16.9 7.0 2.8 5.9 19.1
Redeye bass <0.1 0.0 0.0 0.0 <0.1 0.0 0.0 0.0
White bass <0.1 0.0 0.0 0.0 <0.1 0.0 0.0 0.0
Hybrid (striped & "hite bass) 0.1 0.0 0.0 0.0 <0.1 0.0 0.0 0.0
Channel catfish 0.3 0.2 0.4 6.2 0.8 0.7 2.1 8.5
White catfish <0.1 0.0 0.0 0.0 0.1 0.7 0.0 0.0

1 Flat bullhead 0.2 0.1 0.0 0.0 <0.1 <0.1 0.0 0.0
N Brown bullhead 0.1 0.0 0.0 0.0 <0.1 0.0 0.0 0.0
0\ Chain pickerel .;~~~~~}~i~:',~,~:':,;:~:·:r::~~!f-':·~:f"-3• 3 10.7 5.3 3.1 0.7 2.7 .2.5 0.9\It

Redfin piCkerel f'"~·J"$.~.... 1.2 2.7 4.4 5.4 0.3 1.3 3.4 2.5
.. ~·"'l.""_"·"1-'1.!.·""'·~

Longnose gar 1.2 0.2 1.1 2.3 1.7 0.5 1.1 3.2
Spotted gar 0.1 0.1 0.4 0.8 0.2 0.1 0.9 3.0
Bowfin--':~.i.~·:~::·:';~"~A~~..~f..~~~' 6.0 1.8 4.2 4.6 36.8 23.8 36.3 23.9
HogchC?ker 0.6 0.0 0.0 0.0 <0.1 0.0 0.0 0.0

Total-percent 99.6 100.0 100.0 100.1 100.0 99.8 99.8 100.0
Total number 3268 969 476 130
Total weight (kg) 1006.9 154.8 98.4 -41.6
Average weight (kg) 0.31 0.16 0.21 0.32
Number of species 42 32 29· 24

* Steel" Creek, Upper Three Runs, and Lower 'lbree Runs.
** Four Mile Creek and Beaver Dam Creek.-

Source: Paller and Osteen, 1985.



TABLB V-4.10

Relative Abundance of Fishes Caught by Uoopnetting in the Savannah River, Intake Canals, Ambient
Temperature Creeks, and Thermal Creeks on the Savannah River.Plant (November 1983-August 1984)

Percent NtDDber Percent Weight
Ambient Thermal Ambient Thermal

Taxa River Canal Creeks* Creeks*'" River Canal Creeks* Creeks*'"

American shad 0.3 0.0 2.5 1.7 0.2 0.0 3.0 '<0.1
Gizzard shad 0.2 3.9 0.0 0.0 0.2 5.2 0.0 0.0
American eel 3.0 0.6 5.1 1.7 3.5 2.8 6.5 2.0
Striped bass' 0.5 0.0 0.0 0.0 1.5 0.0 0.0 0.0
Spotted sucker 1.3 2.2 0.4 1.7 2.7 10.6 1.0 3.4
Silver redhorse 0.5 0.0 1.1 0.0 0.9 0.0 3.1 0.0
Quillback carp8uck~~ 0.1 0.0 0.0 0.0 0.9 0.0 0.0 0.0
Yellow perch 0.5 0.6 0.0 0.0 0.2 0.2 0.0 0.0

<l Flier. 0.1 0.6 0.0 0.0 <0.1 0.1 0.0 0.0
I

'" Redbreast sunfish 10.4 19.0 2.2 1.7 3.4 16.3 0.8 0.6
0\
0\ Pumpkinseed 0.2 0.6 0.4 0.0 <0.1 0.1 0.1 0.0

Wannouth 0.2 0.0 0.0 0.0 0.1 0.0 0.0 0.0
Bluegill 3.8 22.3 2.2 0.0 1.0 8.6 0.6 0.0
Redear sunfish 2.1 0.0 0.7 3.3 1.1 0.0 0.4 2.0
Spotted sunfish 1.1 0.6 1.1 8.3 0.1 0.3 .0.2 1.4
Black crappie 4.8 25.7 5.1 3.3 1.4 12.5 1.5 1.7
Hybrid (striped & white bass) 0.2 0.0 0.0 0.0 0.2 0.0 0.0 0.0
Channel catfish 19.0 5.6 32.7 58.3 31.2 19.9 50.0 78.1
White catfish 10.0 0.6 11.3 3.3 16.3 0.7 14.6 1.4

* Steel Creek, Upper Three Runs, and Lower Three Runs.
** Four Mile. Creek and Beaver Dam Creek.

Source: Paller and Osteen, 1985.
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TABLE V-4.10. Col1td

Percent Number Percent Weight,

Ambient Thermal Ambient Thermal
Taxa River Canal Creeks* Creeks** River Canal . Creeks* Creeks**

Flat bullhead 31.7 14.5 32.0 5.0 10.5 14.4 13.2 1.7
Brown bullhead 0.8 0.0 1.1 0.0 0.4 0.0 0.2 0.0
Yellow bullhead .0.2 0.0 0.0 0.0 0.1 0.0 0.0 0.0
Snail bullhead 0.1 0.0 0.0 0.0 <0.1 0.0 0.0 0.0
Unid. pickerel 0.0 1.7 0.0 0.0 0.0 1.3 0.0 0.0

"Longnose gar 7.5 0.6 0.7 3.3 17 .1 3.6 <0.1 4.5
Spotted gar 0.2 0.0 0.7 5.0 0.7 0.0 0.9 <0.1
Florida gar 0.0 0.0 0.0 1.7 0.0 0.0 0.0 <0.1
Bowfin 1.5 1.1 0.7 1.7 6.4 3.4 4.0 3.4
Hogchoker 0.1 0.0 0.0 0.0 <0.1 0.0 0.0 0.0

1 Total percent 100.4 100.2 100.0 100.0 100.0 100.0 100.1 100.2N
0'\ Total number 1302 179 275 60" Total weight (kg) 567.3 35.6 56.5 25.0

Number of species 27 16 17 14

* Steel Creek, Upper Three Runs, and Lower Three Runs.
** Four Mile Creek and Beaver Dam Creek.

Source: Paller and Osteen, 1985.

,"



TABlE V-'.11

Rel.Uve Abundance of fishes C.ught by Eleotntlahlnt In the T.....l ad HontherMl Areas of tho Sav...... River,
the Intake Can.la, and the Th~lIlIl and Honthenlil Tl'1buhl'y Creeks on ~ SRP (HO\'IllIIbel' 17M-August 1785)

Percent HUllber Percent Weight
River Creeks River Creeks

Hen- Hen-
Hon- Intake therlllal TherlllCll Non- Intake thermal Thermal

Taxa thel'lllal* Thermal" Canal Creekst Creekstt thermal Thel'lllal Canal Creeks Creeks
Spotted gar
lengnose gar 0.7 1.0 0.4 0.2 3.2 0.7 2.3 0.1 5.2 5.2
Bowfin &.7 2.1 1.8 0.8 &.3 38.2 12.9 37.8 13.3 2&.0
American eel 2.6 7.4 5.8 1.2 9.3 2.4
Blueback herring 0.3 2.1 <0.1 0.1
American shad 1.1 2.1 0.1 0.5 0.2 0.1 1.2 <:0.1
Gizzard shad 1.5 1.0 4.0 3.7 1.4 1.8 4.3 3.3
Threadtln shad
Unld. clupeld
Redtln pickerel 0.4 2.1 1.8 0.7 1.1 <0.1 0.2 0.2 0.3 0.2
Chain pickerel 1.2 2.& 0.6 O.S 1.1 0.8 1.1 1.4
Golden shiner 0.3 1.0 0.1 <0.1 0.2 <0.1
Quiliback carpsucker 0.2 3.5

<: Unld. carpsucker 0.2 <0.1.,
N Creek chubsucker 0.1 1.8 0.2 -2.1
0\ lake chubsucker 0.1 0.1 <0.1 0.3(X)

Spotted sucker 14.8 15.5 4.4 &.4 7.4 35.2 53.1 32.0 29.5 17.0
Unld. chubsucker 0.1 0.4 <0.1 0.7
Sliver redhorse 0.7 0.4 <0.1 2.8 3.3 0.8
SnaU bullhead 0.1 0.1 0.5 <0.1 <0.1 <0.1
White cattlsh 0.1 0.1
Yellow bullhead 1.0 0.5 0.5 0.5
Brown bullhead
flat bullhead 0.7 0.4 0.5 0.1 0.4 0.2
Channel catfish 0.3 2.1 0.1 8.4 0.9 9.1 1.6 19.8
Pirate perch 1.8 1.0 0.4 5.2 <0.1 <0.1 <0.1 0.2
Heedletlsh 1.0 0.1 0.4 <0.1
StrIped bass
Mud suntlsh
FUel' 0.1 <0.1
81uespotted sunfish 0.2 0.4 0.3 <0.,. 0.1 <0.1
Redbreast sunfish 25.2 21.6 19.6 53.7 23.2 2.& 1.2 2.0 17.0 4.5

• All river transects except those Just below Beaver Dall Creek·and Four Hl1e Creek•
•• RHs 152.0 below Beaver Dalll Creek and ISO.4 below Four HUe Creek.
t Upper Three Runs, Steel Creek, and Lower Three Runs.

tt Beaver Dall Creek, Four HUe Creek, and Pen Branch.

Source I Paller and Saul, 198&.
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TABLE V-'.1Z .~.
Rel.tlve Abunduee of nahes Caught b)' Hoopnettlng In the Thenlal and Nonthenal Areas of the sav.....'" River,
the Intake Cu..., and the Theraal and Nanther_l Tributary Creeks CIt tIHt SRP (Nov__ 1'M-Auguat 1"5)

Percent Hunber Percent Welght
River Creeks River Creeks

Nan- Non-
Non- Intake thermal Thermal Hon- Intake thermal Therntal

Taxa thermal· Thermal*· Canal Creekst Creekstt thermal lherlllal Canal· Creeks Creeks
Spotted gar
langnose gar 3.8 - ".0 8.6 ".8
Bowfin 2.1 16.0 15.9 52.9
'AIIlerlcan eel
Blueback herring
Alllerican shad 8.0· ".6
Gizzard shad 1.0 0.9
Threadfln shad
Redrin pickerel
Chain pickerel
Unld. pickerel 0.7 0.3
Golden shiner
Quiliback carpsucker

-r Unid. carpsucker
N 1reek chubsucker 0.4 0.1

" ute chubsucker0
Spotted sucker 2.4 2.1 2.6 5.7 1.7 2.1
Unld. chJbsucker
SUver redhorse 1.0 2.2
Snail bullhead
White catfish 6.3 23.4 4.0 33.3 20.3 42.4 . 18.7 55.6
Yellow bullhead
Brown bullhead
Flat bullhead 48.4 10.6 2.6 32.0 19.0 4.6 4.7 10.3
Channel catflsh 10.5 34.0 33.3 18.2 34.4

.-
32.4

Pirate perch
Heedleflsh
Striped bass 0.4 0.8
Mud sunfish .
FUel' 2.8 13.2 0.6 9.0
Bluespotted sunfish.-
* All river transects except those.Just below Beaver Dam Creek and Four Mile Creek.

** RHs 152.0 below Beaver Dalll Creek and 150.4 below four HUe Creek.
t Upper Three Runs, Steel Creek, and lower Three Runs.

tt Beaver Dam Creek, four HUe Creek, .and Pen Branch.

Source: Paller and Saul, 1986.
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TABlE V-If.12, Contd

Percent Nunber Percent WeIght
River Creeks River Creeks

Non- Non-
Non- Intake therlllill Therlllill Non- Intake therlllc11 Thermal

Taxa themal* Themal**. Canal Creekst Creekstt thermal Thermal Canal Creeks Creeks

Redbreast sunfish 4.2 10.& 10.5 4.0 1.3 4.4 13.3 1.4
Pumpkinseed 2.& 2.0
WarlllOuth 2.1 4.0 1.6 0.7
Bluegill 8.0 4.) 26.3 12.0 1.8 1.8 28.0 4.7
Dollar sunflsh 2.2 1.0 5~2 3.4 1.1 0.1 0.1 0.6 0.4 <0.1
Redear sunfish 2.4 1.0 5.5 0.5 2.1 1.0 1.0 2.4 0.3 1.3
Spotted sunf Ish 15.5 17.5 1.1 5.2 8.9 1.4 2.7 0.4 1.8 0.6
lepamis sp. 1.6 <0.1
Unld. sunfish 0.2 <0.1
Redeye bass 0.2 <0.1
largemouth bass 8.7 16.5 8.5 .2.8 16.3 3.8 7.3 4.0 9.7 14.8
White crappIe
Black crappIe 1.0 0.4 0.1 0.4 0.5 0.1

-r Yellow perch 1.1 1.0 10.0 1.1 0.3' 0.5 4.0 1.0
N StrIpped 1IlJ11et 3.0 4.1 1.1 1.6 4.0 .&.6 3.3 1.2
'" Hogchoker 0.2 <0.1·- Unknown <0.1 <0.1

Total percent 100.0 100.0 100.1 99.9 100.0 99.9 99.9 100.1 99.9 100.0
Total ",JIlber 1125 97 271 2453 190
Total weIght (g) 324,220 21,350 .26,347 154,165 57,4"

NlJIlber of taxat 33 21 ZO 28 20

* All river transects except those Just below Beaver Dam Creek and Four Hlie Creek•
.. RHs·'52.0·below Beaver Dam Creek aI'ld 1SO.1f below Four HUe Creek.
t Upper Three Runs, Steel CreeIC, and lower Three Runs.

tt Beaver Dam Creek, Four HUe Creek, and Pen Branch.
I UnIdentIfIed Clupeldae were not Included In taxa counts If ldentlfled Clupeldae were present; unIdentified

suckers were not Included If Identltled suckers were present; unldentlt1ed sunfish were not Included If
···ldentlfled sunfIsh were presen~; unknown taxa were not included.

Source: Paller and Saul, 1986.
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The relative abundance of fish species in the river was
comparable between 1983-1984 and 1984-1985. Differences were
noted, however, between the thermal and nonthermal river stations
in 1984-1985. Largemouth bass, channel catfish, and white catfish
comprised a greater percentage of the total collection at the
thermal river sample stations while flat bullheads were collected
in greater percentages in the nonthermal river habitat. In
general, the fish cOJIIDunities in the river were more diverse than
those in the other habitats (Paller & Osteen, 1985).

In 1983-1984, largemouth bass, channel catfish, redbreast
sunfish, redear sunfish, and gar <longnose, spotted, and Florida)
were the dominant species in the thermal creeks. In 1984-1985, the
most abundant species in these thermal habitats were the largemouth'
bass, redbreast sunfish, channel catfish, .and white catfish. (It
should be noted that even though these species occurred in greater
percentages in the thermal creeks, they occurred in fewer numbers
than in nonthermal habitats.) Fewer species were collected from
the thermal creeks than from the nonthermal habitats, probably due
to· avoidance of the thermal streams by most fishes (Paller &
Osteen, 1985). In 1983-1984, for example, in refuge areaS in Pen
Branch and in portions of Four Mile Creek, mosquitofish were the
dominant, and sometimes the only species present.

Tables V-4.9 through V-4.12 show that the species composition
in the nontherma1 creeks was similar for the 1983-1984 and 1984
1985 sampling years. The species composition in the nonthermal
creeks was similar to that of the' nonthermal river habitat, with
both being numerically dominated by redbreast sunfiSh, spotted
sucker, bluegill, spotted sunfish, American eel, black crappie,
flat bullhead, and largemouth bass •. However, species richness was
greater in the river, probably due to the greater habitat diversity
there.

The relative abundance .of minnows and other small fishes also
differed between the major habitats in the study area (Tables
V-4.13 and V-4.14). Shiners were dominant in the Savannah River,
thermal creeks, and nonthermal creeks in 1983-1984, and in all five
habitats in 1984-1985. By comparison, shiners were surpassed in
abundance by topminnows (Fundulus spp.) in the intake canals in
1983-1984. In 1984-1985, coastal shiners (Notropis petersoni)
comprised the greatest' percentage of small fish in the thermal
river and creeks. Thus, like the largemouth bass, channel catfish,
and white catfish, the coastal shiner appears to be an' important
species in the thermal habitats (Paller & Saul, 1986).

Species composition exhibited considerable seasonal variation
during both years of the study. For example, largemouth bass
comprised 17 .8% of the electrofishing catch from the nonthermal
creeks in June 1984, but zero percent in August 1984. Similarly,
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TABLE V-4.13

Relative Abundance of Minnows and Other Small fishes Collected
by Ilectrofi.hiul in the Savannah liver, Intake Canals, Ambient
Creeks, and Thermal Creeks on the Savannah River Plant
(November 1983-Auguat 1984)

Taxa

Shiners (Notropis spp.)
Bannerfin shiner
Coastal shiner
Whitefin shiner
Spottail shiner
Yellowfin shiner
Ironcolor shiner
Dusky shiner
Taillight shiner

Golden shiner
Eastern silvery minnow
Mississippi silvery minnow
Pugnose minnow
Rosyface chub
Bluehead chub
Li·ned topminnow
Hosquitofish
Savannah darter
Tesselated darter
Swamp darter
Blackbanded darter
Speckled madtom
Tadpole madtom
Swampfish
Brook silvers ide
American shad
,Blueback herring
Banded pygmy sunfish

Total percent
Total number
Total species

River

91.9
xt
x
x
x
x
x
x

0.6
0.6
0.1
0.7
0.3

<0.1
0.1
0.8

<0.1
0.9

<0.1
0.3
0.1

<0.1
<0.1
2.0
0.9
0.3
0.0

99.6
4571

26

Intake
Canals.

26.0

x
x
x

x

x

18.6
0.0
0.0
1.9
0.0
0.0

33.8'
4.8
0.0

11.5
0.0
0.4
0.0
0.0
0.0
1.5
1.5
0.0
0:0

100.0
269

14

Ambient*
Creeks

86.3
x
x
x

x
x

0.4
0.4
0.0
0.8
0.0
0.0
1.2
0.0
0.0
1.2
0.0
1.6
0.0
0.0
0.0
8.3 "
0.0
0.0
0.4

100.2
253
13

Thermal**'
Creeks

93.2
x
x

,x
x

x

1.9
0.0 .
0.0
0.0
0.0
0.0
0.5
3.4
0.0
0.0
0.0
0.5
0.0
0.0
0.0
0.5
0.0
0.0
0.0

100.0
2.08

11

.,Steel Creek, Upper Three Runs, and Lower Three Runs.
** Four Mile Creek and Beaver Dam Creek.

t The presence of individual shiner species was noted but not
quantified.

Source: Paller and Osteen, 1985.
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TA8LE v....,.

Relative Abundance of Minnows _d Other SMU Fishes Collected by Electroflahlng In the Therul and
Nonther..l Area. of .the saYannah liber, Inuke Canals, and the TherUl and Nonthenlal Tributary
Creeks on the SAP (NoY"" 1'S'-August 1'85) .

Riyer Creeks
NORtherNI* Thermal·* Intake Canals Nonthermalt Thermaltt
Nunber Percent Nunber Percent Nunber Percent Nunber Percent . Numer Percent

Blueback herring 5 0.5 0 0.0 0 0.0 0 0.0 0 0.0
AmerIcan shad 9 O.S 0 0.0 0 0.0 0 0.0 0 0.0
Eastern slivery mInnow 2 0.2 0 0.0 0 0.0 0 0.0 0 0.0

. Rosyface chub 19 1.8 0 0.0 0 0.0 . 1 1.0 0 0.0
Bluehead chub 2 0.0 0 0.0 0 0.0 32 2.2 '0 0.0
Colden shiner 3 0.3 1 0.& 0 0.0 2 0.1 0 0.0
Ironcolor shiner 27 2.5 1 0.& 3 20.0 104- 7.1 0 0.0
Dusky shiner ItO 3.7 1. 0.6 0 0.0 445 30.6 2 2.0
Pugnose mInnow 16 1.5 4 2.6 . 1 6.7 4 0.3 0 0.0
Spottall shIner 274 25.4 13 8.3 2 13.3 2 0.1 1 1.0
Salltln shIner 0 0.0 0 0.0 0 0.0 73 5.0 1 1.0
BannertIn shIner 113 10.5 12 7.7 0 0.0 3 0.2 3 2.9
YellowtIn shIner 0 0.0 0 0.0 0 0.0 50 3.4 0 0.0

1 Whltetln shIner 92 8.5 5 3.2 0 0.0 4 0.3 0 0.0
N Coastal shIner 379 35.2 101 64.7 5 33.3 538 37.0 89 87.3..... Notropls spp. 75 7.0 17 10.' 1 6.7 135 9.' 5 4.9.to- Tadpole madtom 0 0.0 0 0.0 0 0.0 4 0.3 0 0.0

MargIned madtom 0 0.0 0 0.0 0 0.0 1 0.1 0 0.0
UnIdentified madtom 1 0.1 0 0.0 0 0.0 0 0.0 0 0.0
lined topmlnnow 0 0.0 0 0.0 1 6.7 4 0.3 0 0.0
Iobsqultoflsh 0 0.0 0 0.0 0 0.0 4 0.3 0 0.0
Brook silverside 7 0.7 1 0.6 0 0.0 7 0.5 0 0.0
Banded plygmy sunfish 0 0.0 0 0.0 2 13.3 1 0.1 0 0.0
Savannah darter 0 0.0 0 0.0 0 0.0 16 1.1 0 0.0
Tesselated darter 11 1.0 0 0.0 0 0.0 13 0.9 0 0.0
Blackbanded darter 0 0.0 0 0.0 0 0.0 13 0.9 0 0.0
Etheostoma spp. 0 0.0 0 0.0 0 0.0 1 0.1 0 0.0
River gOOy 2 0.2 0 0.0 0 0.0 0 0.0 0 0.0

Total tlsh 1077 100.1 15& ".8 15 100.0 145& 100.2 101 99.1

• All river transects except those just below Beaver Dam Creek and Four MIle Creek.
** RMs 152.0 below Beaver Dam Creek and 150.4 below Four' HUe Creek.
t Upper Three Runs Creek, Steel Creek, and lower Three Runs Creek.

tt Beaver Dam Creek, Four MIle creek, and Pen Branch.

Source: Paller and Saul, 1986.
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flat bullhead dominated the nonthermal river hoopnetting collec
'tions during November and February in the 1984-1985 study (63.5 and
62.9%, respectively), but were less abundant during May and August
(28.4 and 12.9%, respectively; Tables V-4.lS through V-4~l8). Some

'of the factors affecting the seasonal variations in abundance
include migration, mortality, 'recruitment of juvenile fish, changes
in water level that affected collection efficiency, and seasonal
changes in behavior and habitat preference that affected the
susceptibility to' capture. Some of the most important beh~vioral

changes were the increased movement and activity that' accompanied
spawning during May. The behavioral changes brought migratory
fishes into the study area and made some of the resident fishes
more susceptible to capture as they moved into shallower water to
spawn (Paller & Osteen, 1985).

Fish collected by electrofishing were used to estimate catch
per unit effort (CPUE) or the number of fish per 100 m of shore
line. TheCPUE at sample stations in the Savannah River in
1983-1984 ,ranged from a high of 1.0 to 10.8 ,fish/100 m during
November to a low of 0.3 to 2.6fish/100 m during August. The low
CPU!s during August and also January were probably the 1:'esult of
high water levels that enabled fish to move out of the river and
creeks and into the floodplain swamp. There were statistically
significant differences between the river sample stations during
'all months, probably due to habitat variation' and the tendency of '
fishes to congregate in areas with food or shelter. However, there
were no significant differences between river sample stations that
indicated SRP impacts (Paller &Osteen, 1985).

The CPU! in the intake canals was higher than in the river
and creeks in 1983-1984 averaging 5.3 fish/lOO m over the ..entire
sampling period compared to 2.7 fish/lOO m in the river, 3.4 fish/
100 m in the nonthermal creeks and 1.3 fish/lOO m in the thermal
creeks. The comparatively high catches from the intake canals
were linked to the presence of large numbers of bluegill, chain
pickerel, and other fishes in the extensive macrophyte beds in the
intake canals.

Seasonal trends in the intake canals were generally similar to
,'those in the river, with high values in November and June, and low

values in January and August (Table V-4.19). Catch ,rates 'in the
nonthermal creeks in 1983-1984 were generally similar to those in
the river (Table V-4.l9), with low CPUEs in January (mean of 1.5
fish/lOO m) and in August (mean of 0.8 fish/IOO m) and relatively
high CPUEs in November (mean of 7.4 fish/IOO m) and June (mean of
4.0 fish/lOO m).

In thermally influenced Four Mile Creek, catch rates were low'
in November (zero fish/IOO m) when the mean temperature was 35.8·C
and low in June (0.7 fish/lOO m) when the mean temperatur-e was
36.6·C (Table V-4.19). Higher catch rates occurred at lower ~reek
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TABlE V"-.15

Sea.onal CNnges In the Relative AbundanCe (percent m-ber) of DoIIinant n.hes Captured by Electroflahlng
~ in the savannah River, Intake tanals, 1'herIuIl Creeks, ..d Honthenial Creeks on the sav..... River Plant

(Nov_er 198:J-August 198'~

November 1983 :January 1984 Jme 1984 Atgust 1984
TC* ~.!f!...- SRtt .!L .!!!.L .!L. J!.- .!L IDL. .!L- SR .!L. !!£.. .!L-~

HonandrOlllous Flshes

SUnfish 64.3 44.2 75.4 52.9 SO.O 38.9 116.7 32.9 42.1 32.7 31.6 52.0 26.9 7.1 "2.9 21.1
largemouth bass· 7.1 4.2 3.7 10.2 6.7 S.6 5.4 7.4 35.3 17.4 6.7 10.0 ·0.0 0.0 10.2 7.9
Black crappie 0.0 0.0 0.3 1.2 0.0 1.9 8.6 2.6 2.0 3.5 1.1- 3.1 3.8 7.1 0.7 7.2
Bowfin 0.0 3.1 1.1 6.1 6.7 1.9 2.3 8.7 2.0 4.9 2.5 4.5 11.5 14.2 1.4 10.2
American eel 0.0 17.7 0.5 3.4 6.7 . 9.3 0.0 2.9 0.0 5.6 0.0 2.4 0.0 0.0 0.0 3.0
Spotted sucker 0.0 13.5 1.3 8.3 6.7 33.3 10.1 26.1 2.0 9.7 8.1 6.8 0.0 3.6 2.0 2.3
Yellow perch 0.0 0.8 2.1 0.6 0.0 1.9 10.9 0.8 0.0 4.2 9.2 0.8 0.0 0.0 4.8 0.4
Pickerel 0.0 6.5 6.5 1.8 13.3 1.9 5.4 3.5 2.0 10.4 25.1 7.4 19.2 50.0 15.6 6.0
Shad 0.0 0.0 1.6 1.4 10.0 1.9 4.7 7.1 0.0 0.0 3.6 1.3 15.4 3.6 8.8 8.6

.= AnadrOlllous Flshes

N American shad 0.0 0.0 0.0 1.3 0.0 0.0 0.0 0.0 2.0 0.7 0.0 0.3 0.0 3.6 0.0· 6.8-.J
~ Blueback herrIng 0.0 0.0 2.7 2.1 0.0 0.0 0.0 0.3 0.0 0.0 0.0 . ·0.1 3.8 7.1 0.7 9.4

StrIped bass 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.3 0.0 0.0 ·0.0 0.3 7.7 3.6 2.7 6.0

Other 28.6 10.0 4.8 10.7 0.0 3.4 5.1 7.4 12.6 10.9 ·'2.1 11.0 11.7 0.0 10.2 11.1

Total nunber 14 260 ·355 1453 30 54 128 310 &0 135 326 1224 26 28 147 265
Total specIes 5 19 21 28 11 14 21 28 12 22 24 32 14 11 24 30

* Thermal creeks: Four Mlle Creek and Beaver Dam Creek.
** Honthermal creeks: Upper Three Runs, Steel Creek, and lower Three Runs Creek.
t Intake canals.

tt Savannah Rlver.

Sourcer Paller and Osteen, 1985.
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TABLE V"-.16

SeaSONI Changes In the RelatIve Abundance (percent 1UIber) at Fishes Captured by Hoopnettlng In the Sav...'" River,
Intake Canals, Therul Creeks, ..d Honthenal Creeks on the Savannah RIver Plant (NoveIIber. 1,aJ-August 1*)

November 1983 :January 1984 :Jme 1984 "'!Just 1984
~ ~.!EL.. SRtt· .!L .!!!£.. .!£.- J!!L. TC HTC .!£- SR .!L .!!!£.. ..!L.-~--

Honandromous Fishes

Sun;1sh 0.0 0.0 53.6 19.7 20.0 0.0 23.3 7.2 21.7 21.2 4\.8 29.5 16.7 1+.7 16.7 3.2
American eel 0.0 . 7.1 1.8 3.9 0.0 3.0 0.0 0.8 1+.3 12.1 0.0 4.4 0.0 0.0 0.0 0.1+
Spotted sucker 0.0 0.0 0.0 0.0 0.0 6.7 11.2 1+.3 1.5 2.3 0.5 0.0 0.0 0.0 0.1+
Black crappIe 0.0 0.0 10.7 5.3 20.0 0.0 20.0 0.0 0.0 18.2 37.9 8.1 0.0 2.3 16.7 1.4
Channel catfish 95.2 39.3 11+.3 20.5 20.0 0.0 0.0 7.2 43.5 25.8 2.3 10.7 50.0 59.3 0.0 32.9
White catfish 0.0 7.1 0.0 9.7 10.0 28.1+ 0.0· 1+.0 0.0 3.0 1.1 13.8 16.7 7.0 0.0 7.9
Flat bullhead 0.0 42.9 17.9 34.7 10.0 61.2 36.7 58.1+ 1+.3 3.0 1.1 5.5 16.7 24.1+ (;6.7 50.4 .
Car 4.8 0.0 0.0 2.5 10.0 0.0 0.0 0.0 17.4 4.5 1.1 20.8 0.0 1.2 0.0 2.1,

Anadromous Fishes

American shad 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1+.3 10.6 0.0 1.0 0.0 0.0 0.0 . 0.0
~

Blueback herrIng 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 .
N StrIped bass 0.0 0.0 0.0 0.0 0.0 0.0 0.8 3.2 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.4
-..J
-..J

3~6Other 0.0 1.7 3.7 10.0 7.4 13.3 8.0 0.0 0.0 9.4 5.4 0.0 1.1 0.0 0.9

Total nunber 21 56 56 ·513 10 67 30 125 23 66 87 384 6 86 6 280
Total specIes 2 5 7 13 8 . 5 8 12 9 14 11 24 4 9 3 16

• Thermal creeks: FOur Hlle Creek and Beaver Dam Creek.
•• Nonthermal creeks: Upper Three Runs, Steel Creek, and Lower Three Runs Creek•
t Intake canals.

tt savannah River.

Source: Paller and Osteen, 1985.



TABLE V....17

Seaa";"l ChMges in the Relatlve AbuI'lduce (percent n.-ber) of the Moat C_ Flshes Captured by Electroflshlng
In Thor_l and Nonthel'llal Are.. ot the sav""" River, Intake Canals, Mel the Ther..1 and "anther_ Tributary
Creeks an the SRP (Hovalber 1'''-Auguat 1"5)

Novenber 1984 February 1985 Hay 1985 A19ust 1985
NTR· TR" ICt .!!!£!!. ..!£!... !illL .!!L 1L. .!llL .!L .!mL .!!L .!L- !!!L .!L m!L .!!L .!L- !llL .!L---

Nonandromous Fishes

Bowfin 1.4 0.0 1.3 0.3. 8.0 8.5 14.3 10.0 0.5 7.1 5.0 0.0 0.0 1.1 10.0 9.0 3.6 2.6 1.0 3.1
American eel 3.6 0.0 0.0 10.5 10.0 0.0 0.0 0.0 8.0 5.4 3.8 0.0 0.0 7.4 10.0 1.9 0.0 0.0 4.2 1.6
Shad 1.8 0.0 0.0 0.0 2.0 2.1 0.0 0.0 0.0 8.9 .0.8 0.0 0.0 0.0 0.0 1.6 3.6 9.6 0.0 1.6
Pickerel. 3.2 2.8 9.3 1.8 2.0 8.5 0.0. 10.0 0.5 3.6 0.8 . 3.8 2.8 1.7 0.0 1.0 O~O 1.7 0.8 0.0
Spotted Sucker 9.5 11.1 0.0 6.7 2.0 48.9 71.4 20.0 10.3 10.7 21.8 19.2 11.3 7.7 0.0 11.5 3.6 1.7 3.2 10.9
Sunfish 54.5 61.1 74.7 59.9 42.2 14.9 0.0 110.0 63.0 48.2 52.7 34.6 57.7 67.6 110.0 54.0 53.6 63.5 84.7 ·42.2
largemouth bass 15.5 11.1 9.3 2.2 30.0 2.1 0.0 20.0 4.9 5.4 4.6 15.4 1.4 2.6 10.0 8.4 28.6 11.6 2.3 17.2
Black crappie 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 1.4 0.2 ·0.0 1.3 0.0 0.0 0.1 0.0
Yellow perch 1.4 0.0 4.0 0.3 0.0 0.0 0.0 0.0 0.3 0.0 2.5 3.8 23.9 3.5 0.0 0.5 0.0 6.1 0.3 0.0

<:
I

Anadromous FishesN
'-J
00

Blueback herrIng 0.0 5.6 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 0.5 0.0 0.0 0.0 0.0
American shad 2.3 5.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.5 0.0 1.0 0.0 0.0 0.0 1.6
StrIped bass 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

Other 5.9 2.8 1.3 18.2 4.0 14.9 14.3 0.0 12.4 10.7 7.1 23.1 1.4 7.9 30.0 9.4 7.1 3.5· 3.3 21.9

Total mlllber 220 36 75 626 50 47 7 10 387 56 239 26 71 660 20 619 28 115 780 64
Total species 21 11 12 21 13 14 3 5 18 15 25 12 14 23 10 29 9 14 Z3 14

* All river transects except those Just below Beaver Dam Creek and Four Hlle Creek•
.. RHs 152.0 below Beaver Dam Creek and 150.4 below Four HUe Creek.
t Intake canals.

tt Upper Three Runs Creek, Steel Creek, and Lower Three Runs Creek.
t Four HUe Creek, Beaver Dam Creek, and Pen Branch.

Source: Paller and Osteen, 1985.
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TABlE V-'.18

Seasonal CMnges In the Relative Abundance (percen1: ndlber) or the Hos1: Co-. f.bhes Captured by Hoopnettlng In Thenal and Hontherul Areas
of the Savannah River, Intake Canals, ..d the T~l and Hanther.l Tributary Creeles an the SRP (Nov.. 1'M-Augua1: 1785)

November 1984 February 1985 Hay 1985 Atgust 1985
~ ~.!£L .!!!£!!. .!£L .!!!!L .TIL .!£.:.... me .!L. .!!!!L .!L Ie .!!I£- lL- .!mL .TIL .!L. .!IT£.. .!L--

Ho~andromous Fishes

Car 3.1 0.0· 0.0 0.0 0.0 0.0 0.0 0.0 O~O 0.0 21.9 0.0 0.0 14.3 0.0 1.6 0.0 0.0 0.0 0.0
Amerlcan eel 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
Spotted sucker 1.0 0.0 0.0 0.0 0.0 6.2 6.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.9 0.0 0.0
White catfish 6.3 33.3 0.0 0.0 0.0 1.0 )3.3 0.0 0.0 0.0 9.4 33.3 0.0 14.3 100.0 12.9 0.0 0.0 0.0 0.0
Flat bullhead 63.5 l).3 0.0 75.0 0.0 62.9 20.0 14.3· 40.0 0.0 28.4 0.0 0.0 0.0 0.0 12.9 7.1 0.0 0.0 0.0
Channel catfish 7.3 0.0 0.0 0.0 0.0 6.2 20.0 0.0 0.0 0.0 0.0 33.3 0.0 0.0 0.0 27.4 57.1 0.0 . 0.0 100.0
Sunrlshtt 9.•4 :J3.3 100.0 25.0 100.0 13.4 13.3 ·85.7 0.0 0.0 25.0 26.7 50.0 14.3 0.0 30.6 28.6 76.5 83.3-: 0.0
Black crappie 1.0 0.0 0.0 0.0 0.0 2.1 0.0 0.0 0.0 0.0 12.5 6.7 50.0 0.0 0.0 11.3 7.1 17.7 16.7 0.0

Anadromous Fishes

1 8lueback herring 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 0.0N .American shad 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 28.6 0.0 0.0 0.0 0.0 0.0 0.0"\0 Striped bass 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Other 8.3 0.0 0.0 0.0 0.0 7.2 6.7 0.0 60.0 0.0 3.1 0.0 0.0 28.6 0.0 3.2 0.0 0.0 0.0 0.0

Total nUllber 96 3 2 8 2 97 1S 7 5 0 32 15 12 7 2 62 14 17 (, 2
Total species 21 ) 1 2 1 14 7 ,. 2 0 8 6 3 5 1 10 ·7 (, 5 1

* All river transects except those just below Beaver Dam Creek and four Hlle Creek.
** AHs 152.0 below Beaver Dam Creek and 150.4 below Four HUe Creek.
t Intake canals.

tt Upper Three Runs Creek, Steel Creek, and Lower Three Runs Creek.
, Four HUe Creek, Beaver Dam Creek, and Peh ~ranch.

tt Includes several species or lepomis.

SOurce: Paller and Osteen, 1985.
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TABLE V__.'9

.Seasonal Changes In the Catch per ~lt Effort (CPt£) of no.tnant FIshes Captured. by ElectrofJshlng In the Savannah
River, Intake Canals," Themal Creeks, and Nonthenal Creek. of the SavaMah River Plant (Noveliber 1983 - August 19A)

November 1983 :January 1984 :June 1984 August 1984
Habitat Hean CPUE* Hean ·C Hean CPUE Hean ·C Hean CPUE Hean ·C Hean CPUE Hean ·C

Hontherml river 4.9 to. 3** 18.0 to. 1 . 1.0 ±o.1· 8.1 to.1 4.2 ±0.2 20.9 10.2 0.8 to. 1 21.0 ±0.1

River therml
plume area 7.7 ±1.3 ZO.2 to.S '.8 ±O.S '.4 fO.6 4.3 ±0.9 Z1.4 to.4 1.8 to.& 20.8 ±0.3

Intake canals 7.9 :t1~) 17.5 :to.1 Z.8 ±0.5 7.' fO.Z 7.5 to.7 0.8 to.3 3.1 to.S 21.Z to.Z

Honthermal creek 1.4 ±1.7 14.7 :to.4 1.5 ±0.4 8.0 fO.4 4.0 :to.7 21.2 :to.'. 0.8 :to.l 21.9:t0.4

Thermal creek***

-r Four HUe Creek ·0.0 :to.O 35.8 ±1.5 1.9 :to.6 ZO.7 ±4.9 0.7 :to.4 36.6 t1.4 1.6 to. 5 21.0 ±0.3t
N
00 Beaver Dam Creek 1.l ±O.l ll.8 ±o.6 0.8 to.) 13.3 ±3.Z 3.6 ±0.9 20.2 ±l.O 0.8 ±0.4 20.7 ±0.4t0

* Catch per Ulit effort. .
** Approximately 264 sanples were tciJcen eadt quarter in the nonthel'll81 river habitat, 24 In the therll81 river habltat~

48 In the Intake canals, 36 In the nonthermal creek habitat, 12 In Four Hlle Creek, and 1l In Beaver Dam Creek.
Value Is mean ± 1 S.E. .

*** Four HUe and Beaver Dam Creek are separate because they differed In tenp~rature.

t High river levels reversed the flow In the thermal creeks during August re~ult1ng In _lent .temperatures ne~r .the
creek mouth.

. ...



temperatures: 1.9 fish/100 m were caught in January'When the mean
temperature was 0.7·C, and 1.6' fish/lOO m were caught in August
when the mean' temperature was 2l.0·C (high river levels had pushed
the thermal plume back into the swamp; Paller and Osteen, 1985).

Beaver, Dam Creek was, on the average, much cooler' than Four
Mile Creek (Table V-4.19). Beaver Dam 'Creek averaged 19.2·C over
the entire' 1983~ 1984 sampling period, Four Mile, Creek averaged
28.S·C~ and ,the nonthermal creeks combined ave1:'aged 16.S·C. The
CPUE' in Beaver Dam Creek ranged from a mean of 0.8 fish/lOO m in
January and August to 3.6 ~ish/100 m in Ju~e. '

The only indication of. SRP impacts discernible from the
hoopnetting' data in 1983-1984 was the low CPUE in Four Mile' Creek•.
In November (when the creek 'had a mean temperatu1:'e ,of 35~8·C)the '
catch rate averaged zero fish/net day while ·in. June (when the

. creek had a mean tempe1:'ature of 36.6,·C) the catch rate averaged
0.5 fish/net day.

'As in 1983-1984, the electrofishing CPUE results from' the
, '1984-1985 sampling period (Table V-4,.20) indicate that thermally

influenced Four Mile Creek had the lowest catch rates. Generally,
·the CPUE in Four Mile, was zero fish/lOO'm. The only exception was,
in August 1985 when C Reacto1:' was shut down and creek temperatures
subsequently 'dropped. ' Then the CPUE in Four Mile Creek,was similar
to 'the CPUE for the other creeks. CPUE in moderately ,thermal
Beave1:' Dam Creek was 'variable and exhibited no obvious relationship
to temperature (Paller & Os teen ~ 1985) • The CPUE was highly
variable at most of the othe~ sample stations (Table ·V-4.20).

In, general, the 'hoopnetting CPUE in 1984-1985 was highly
variable and exhibited, no consistent habitat or temperature-related
patterns (Paller & Osteen,' 1985). The major exception' to this was
Four Mile 'Creek where the CPUE was consistently low, ranging from,
zero to 0.3 fish/net, day. In addition, the CPUE, in Beaver Dam
C1:'eek was often below that in the nonthermal ' c1:'eeks, 1:'anging from
zero t'o. 0.7 fish/net day. 'There was no evidence of a reduced CPUE
in the thermal river habitat.

, V.4.2.3.2' Overwintering St':ldy

The basic objective' of the overwintering study was to deter
mine the extent 'to which fishes congregated in and around the
thermal discharges from Four Mile Creek and Beaver Dam Creek during
the winter months. During the 1983-1984 overwintering study, 2,744
adult and 'juvenile' fishes were collected, 1226 by electrofishing
and 1518 by hoopnetting. '
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TAII.E V-'.ZO

Seuonal Changes In the Catch Per ~lt Effort (CPIE) of o-lnant Fishes Captured by Dectroflshlng In the Savannah River,
Intake Canals, The~l Creeks, and Nonthemal Creeks of the Savannah River Plant (tbve.r "at -August "85)

November 1984 February 1985 Hay 1985 August 1985
Habitat Hean CPUE Hean ·C Hean CPUE Hean ·C Hean CPUE Mean ·C Hean CPUE Mean ·C

Hontherll8l river 3.1 (0.0)· 14.5 (0.1) 0.9 (0.0) 6. 2 (0.0) 3.& (0.0) 18.8 (0.1) 8.&(0.1) 23.1 (0.1)

Rher therllBl
plume area 6.0 (0.7) 17.5 (0.4) 1.2 (0.5) 7.0 (0.2) 4.4 (1.8) 20.5 (0.3) 4.7 (0.4) 24.0 (0.2)

Intake canals 6.3 (O.l) 14.0 (0.0) 0.8 (0.0) 6.1 (0.0) 5.9 (0.1) 18.6 (0.0) 9.6 (0.2) 22.5 (0.0)

tbntherllBl creek 6.7 (1.4) 14.0 (0.5) 3.8 (0.9) 11.8 (1.7) 10.4 (1.8) 20.0 (0.4) 4.5 (1.0) 24.5 (0.4)

.Thermal creek*·

-r Four HUe Creek 0.0 (0.0) 35.7 (1.1) 0.0 (0.0) 24.0 (5.6) 0.0 (0.0) 38.3 (0.4) 2.3 (0.2) 24.6 (0.0)
N
00 Beaver Dam Creek 3.3 (0.7) 22.4 (1.3) 3.7 (0.3) 14.5 (2.2) 1.3 (0.7) 27.9 (0.9) 3.8 (0.3) 28.3(1.6)I\)

• Approximately 7Z samples were taken each quarter In the nonthermal river habitats six In the themal rIver habitat,
12 In the intake canals, 21 In the nontherllBl creek habitat, 12 In Four HUe Creek, and 15 In Beaver Dam Creek•

• * Four Hile and Beaver Dam Creek are separate because they dUfered In temeperature.



During February'and March of.1984, C Reactor. was ·off line. As
a. result, Four Mile Creek, the warmer of the two thermal streams

,being studied, was at ambient. temperatures d~ring mid~inter when
.the attractive effects· of the heate'd discharge were 'expected 'to' be
greates t. This should be cons idered when reviewing the results.
Furthermore, ambient water temperatures were relatively warm during
early November (1983-1984 sampling year) so ,responses to' the

'thermal effluents were more typical of those expected during summer
than those expected during the winter (Paller & Osteen,. 1985).
Therefore, the early November data were not included in the follow
ing analysis. To evaluate overwintering in the thermal plumes, the
study area was divided into four habitats as in the electrofishing
and hoopnetting .studies: the river thermal' plume area, the non
thermal river, the 'nonthermal creeks, and the thermal creeks.'

To obtain information on overwintering in the heate~ ~rea~,
the CPU! was compared between the thermal and. nonthermal creek
mouths. 'In, the 1984-1985 overwintering study, water temperature.
and' five' other water quality parameters were measured at each
sample station and are listed ·in Table V-4.21.' 'Four Mile Creek
ranged in temperature from 1l.S·C at all three sections of the
creek to 39.8·C at the station furthest upstream. The 'mean temper
ature in Four Mile Creek during the 1984-1985 overwintering'study
was ,30.I·C. Beaver Dam Creek experienced the greatest temperature
range at its 'mouth, ranging from 10.0 to 25.5·C. The mean tempera-'
ture in Beaver 'Dam Creek for all stations was 19.0·C. Several
species exhibited' marked differences in th'eir CPU! value between'
the thermal and nonthermal habitats. Based on electrofishing and
hoopnetting CPUE, data from the 1983-1984 and 1984-1985 overwinter~ .
ing programs, ~he species that appeared to congregate· in. the.
thermal habitats were redear sunfish, 'channel catfish, longnose and
spotted gar~ gizzard and thieadfin shad, white catfish, largemouth
bass (collected. in greater numbers in the thermal river stations
only), and black' crappie. It should be' noted that while gizzard
shad were relatively abundant in the thermal habitats compared to
the nonthermal habitats 'in the 1983-1984 overwintering collections,
they were' l1lOre abundant in' the nonthermal ha~itats '. duri~g' ,1984
1985. 'Tables V-4.22 through V-4!25 list the' CPU! dat~ from ·the
thermal and nonthermal sampling sta~ions for both years of study.

,To obtain more information on the use of the thermal habitats
by the species mentioned in this section, CPUE for thermal, and
nonthermal creeks calculated from the 1983-1984 overwintering. study
(November 1983 - April 1984) were compared with similar. data from
the quarterly study (June and August 1984). These data are
presented in Table V-4.26 along with ratios of CPU! in. thermal and
nonthermal creeks. It should be noted that the lower reaches of
the thermal creeks were not heated during August due to 'unusually
high river levels. Thus, the following comparisons, ,although they
provided information'on the thermal responses of important Savannah
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'tABLE V-4.21

Mean (and range) of Phyaical-Chemical Parametera Heaaured at Bach 9"'liD& Station
"_. During tbeFiaberiea Overwintering Sampling Program.(Rovember 1984-April 1985)

Dissolved
Oxygen Conductivity Alkalinity Current

Temp. ·C mg 02/L pH pS/cm mg CaC03 /L em/sec
River Mile N (min-max) (min-max) (min-max) (min-max) (min-max) (min-max)

River Transects

128.9 104 12.5 1.5 6.4 18.9 18.0 81.6
(6.0-21.3) (5.5-10.6) (4.8-8.9) (15.0-94.0) (12.3-39.5) (34.0-107.0)

129.1 108 12.5 1.3 . 6.4 79.6 17 .1 16.4
(6.0-19.3) . (5.2-10.2) (4.8-7.7) (40.0-113.0) (12.0-19.8) (38.0-120.0)

141.5 110 12.5 8.1 6.7 79.3 17.2 15.2
(5.1-19.0) (4.9-12.0) (5.7-8.3) (55.0-98.0) (9.5-21.0) (41.0-110.0)

'<::
141.1 105 12.6 8.0 6.1 76.5 17.3 82.-8

I (6.0-19.5) . (5.6-11.3) (5.8-8.4) . (20.0-99.0) (I 1. 0-22. 3) (47.0-115.0)
N
co

(GA) il.6J:'o 150.4 53 8.0 6.5 74.1 17 .7 .19.9
(6.5-17.5) (6.1-10.2) (4.3-8.2) . (11.0-96.0) (12.8-20.0) (45.0-122.0)

150.4 (SC) 53 15.6 7.6 6.4 72.5 16.4 81.3
(6.0-36.6) (5.6-9.4) (4.3-8.0) (35.0-93.0) (11.5-18.8) (45.0-122.0)

150.8 113 . 12.2 7.9 6.5 76.3 17.8 79.8
(6.0-18.4) (6.0-10.2) (4.8-8.2) (9.0-99.0) (13.3-22.3) (41.0-133.0)

152.0 (GA) 60 11.6 8.0 6.3 72.9 17.8 79.2
(6.0-11.6) (4.5-10.4) (4.9-7.5) (17.0-94.0) (13. 0-22~ 3) (43.0-109.0)

152.0 (SC) 47 13.7 7.5 6.3 73.6 17.1 78.9
(6.5-18.5) (5.7-9.8) (4.8-7.5) (30.0-92.0) (12. 3-19. 8) (43.0-109.0)

152.2 96 11.7 7.9 6.3 72.6 18.2 79.4
(5.3-17.2) (4.8-10.0) (4.7-8.3) (16.0-94.0) (I 2.5-27.8) (48.0-125.0)

Source: Paller and Saul, 1986.
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TABLE V-4.21. Contd

,,~,

~ .

River Mile
. Temp. ·C

N (min-max)

Dissolved
OXygen
mg02/L pH
(min-max) . (min-max)

'Conductivity
pS/cm

'. (min-max)

Alkalinity
mg CaC03 /L
(min-max)

Current
em/sec
(min-max)

Creek Transects·

Lower Three Runs Creek

129.0 54 . 11.8 7".3 6.4 79.8 . 30.0 _22.8
(mouth) (5.0-18.7) (4.7-11.2) (4.9-7.7) (20.0-96.0) (11.8-39.5) (4.0-44.0)

Steel Creek

141.6 56 12.1 .7.6 . 6.8 74.3 17.2 34.2(mouth- (4-.4-21.0) (2.2-12.4) (5.8-8.l) (49.0-98.0) (9.5-21.5) (5.0-64.0)

Four Mile Creek

1
Zone.3 19 31.1 5.7 6.8 70.0 13.6 . 28.1

(11.5-39.8) (4.0-8.2) (5.6-7.9) (17.0-86.0) (5.3-18.5) ., (2. 0-67.0)
N
OQ

Zone 2 18 30.1 6.6 70.1 13·.7VI 5.7 31.0
(11.5-38~0) (1.2-8.3) (5.6-8.0) (17.0-87.0) (5.3-18.5) (10.0-67.0)

Zone 1 16 28.8 '5.8 6.3 68.4 . 13.7 32.7
(mouth) (11.5-38.0) (4.1~7.5) (5.2-6.8) (20.0-84.0) (5.3-18.5) .00.0-67.0)

Beaver Dam Creek

Zone -.3.:;.. ~ .__ ,c .18 . 19.8- 6.6 5.9 79.3 16.1' 46.6
(11.5-24.6) . (2.8-8.5) (4.0-7.9) (39.0-104.0) (11.3-18.0) . (26.0-78.0)

- ... _.
. ..

Zone -2.:~-- -.---- 19 -18.7..-c. 6.2 6.2 80.9 15.4 32.1
(l0.9-24.·3) (3.0-8.7) (4.8-8.0) (40.0-99.0) (7.3-18.0) (22.0-78.0)

Zone·l 17 . '.-·18.6 -.. '. 6.2 .. 6.2 80.·5 15.2 . 48~1 .
(mouth) <fa. 0-25. 5) (2.8-8.6) (4.8-7.2) (40.0-99.0) 0.3-18.0) (l0. 0-98. 0)

Source: Paller and Saul, 1986.



TABlE V-'.Z2

Abundance of FIshes Caught by ElectroflahIng During the Overwintering Progr•• (Novaber 1J83-Aprll 1'M)
'. ..

Rlver Creek
HQnthel"lllal* Thermal** Honthemalt TherMaltt

Species HUllber Percent ~ Hunber Percent ~ Nunber Percent ~ Nunber Percent ~

American shad 6 0.8 0.01 0 0.0 0.00 3 3.2 0.02 1 0.6 0.01
Blueback herring 2 0.3 <0.01 2 0.' 0.02 a 0.0 ,0.00 0 0.0 0.00
Gizzard shad 104 14.2 0.12 2l 10.4, 0.18 8 8.& 0.0& 30 16.8 0.24
Threadfln shad 13 1.8 0.01 60 27.1 0.48 2, 2.2 0.02 3 1.7 0.02
Unld. shad 2 0.3 <0.01 0 0.0 0.00 0 0.0 0.00 2 1.1 0.02
American eel 15 2.0 0.02 3 1.4 0.02 ,. 4.3 0.03 0 0.0 0.00
Striped bass 1 0.1 <0.01 1 0.5 <0.01 a 0.0 0.00 0 0.0 0.00
WhIte bass 1 0.1 <0.01 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00
HybrId - (white I

stripped bass) 1 0.1 <0.01 0 0.0 0.00 ' 0 0.0 0.00 0 0.0 0.00
Striped mullet 24 3.3 0.03 0 0.0 0.00 1 1.1 0.01 2, '1.1 0.02
Spotted sucker 147 ,20.1 0.17 12 5.4 0.10 20 21.5 0.16 13 7.3 0.11

'f Sllver redhorse 52 7.1 0.06 1 0.5 0.01 0 0.0 0.00 0 0.0 0.00
N Qu1l1back
00 carpsucker 5 0.7 0.01 0 0.0 0.00 0 0.0 0.00 '1 0.6 0.010\

Golden shiner 5 0.7 0.01 1 0.5 0.01 0 0.0 0.00 1 0.6 0.01
Creek chubsucker 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 1 0.& 0.01
lake chubsucker 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 1 0.6 0.01
Vellow perch 12 1.6 0.01 1 0.5 0.01 2 2.2 0.02 0 0.0 0.00
PIrate perch 22 1.2 0.03 0 0.0 0.00 0 0.0 0.00 1 0.6 0.01
Logperch 1 0.1 <0.01 0 0.0 0.00 0 0.0 O~oo 0 0.0 0.00
Bluespotted sunfish 3 0.4 <0.01 1 0.5 ' 0.01' 1 1.1 0.01 2 1.1 0~02

* All sample stations on the river except those below Four HUe and Beaver Dam Creeks.
** River sample stations just below Four Mile Creek and Beaver Dam Creek.
t Steel Creek and lower Three Runs Creek.

tt Four HUe Creek and Beaver Dam Creek.
, Catch per'unlt effort was,calculated by dIvIdIng totai catch of each species ,by total effort expended during

overwIntering program. "

Source: Paller and Oste~, 1985.
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TABlE V-".23

Abundance of F1shes Caught by Hoopnettlng During the Overwintering Progr•• (Novellber. 1983-Aprll 19M)

RIver Creek
Nonthel'lllal* Thel'lllal** Nonthemalt Thermaltt

SpecIes Nunber Percent CPUE1 Nunber Percent CPUE Nunber Percent ~ Nunber Percent ~

American shad 3 0.3 <0.01 0 0.0 0.00 6 5.7 0.05 0 0.0 0.00
Blueback herring 16 1.5 ,0.02 3 2.0 0.03 O. 0.0 . 0.00 0 0.0 0.00
Gizzard shad 21 1.9 0.03 2 1.4 0.02 0 0.0 0.00 1 0.5 0.01
American eel 3 0.3 <0.01 1 0.7 0.01 2 1.9 0.02 0 0.0 0.00
StrIped bass 5 0.5 0.01 1 0.7 0.01 1 1.0 0.01 0 0.0 0.00
White bass 1 0.1 <0.01 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00
HybrId - (striped

4: white bass) 3 0.3 <0.00 1 0.7 0.01 0 0.0 0.00 1 0.5 0.01
Striped IIlUllet 5 0.5 0.01 ·0 0.0 0.00 0 0.0 0.00 0 0.0 0.00
Spotted sucker 54 5.0 0.07 3 2.0 0.03 4 3.8 0.04 .3 1.6 0.03
Sllver redhorse 14' 1.3 0.02 0 0.0 0.00 2 1.9 0.02 0 0.0 0.00

1 Qulliback
N carpsucker 0 0.0 0.00 1 0.7 0.01 0 0.0 0.00 4 2.2 0.04
00 Creek chubsucker 5 0.5 0'.01 2 1.4 0.02 0 0.0 0.00 0 0.0 0.0000

Lake chubsucker 8 0.7 0.01 2 1.4 0.02 0 0.0 0.00 1 0.5 0.01
Yellow perch 7 O.G 0.01 1 0.7 0.01 1 0.0 0.01 0 0.0 0.00
Hud sunfish 3 0.3 <0.01 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00
FUer 17 1.G 0.02 2 1.4 0.02 1 1.0 0.01 8 4.3 0.07
Redbreast sunfIsh 43 4.0· 0.06 ,; 4.1 0.05 6 5.7 . 0.05 13 7.0 0.12
Green sunflsh 1 0.1 <0.01 O· 0.0 0.00 0 0.0 ·0.00 0 0.0 . 0.00
Warmouth 37 3.4 0.05 3 2.0 0.03 0 0.0 0.00 10 5.4 . 0.09
Bluegill 29 2.7 0.04 4 2.7 0:04 4. 3.8 0.04 .12 6.5 0.11

* All sample stations on. the river except those below Four HUe and Beaver Dam Creeks.'
** River sample stations just below Four Hile Creek and Beaver. Dam Creek.
t Steel Creek and lower Three Runs Creek.

tt Four HUe Creek and Beaver Dam Creek.
t Catch per unit effort was calculated by dividing total catch of each species by total effort expended during

overwinterlng·program•.

Sources Paller and Osteen; 1985.
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TABlE Y-'.Z3, Contd

River Creek
Honthel'lllal* Thermal** Honthel'lllait Thel'lllaltt

Species HUllber Percent ~ HUllber Percent ~ Hunber . Percent ~ Humer Percent .~

Redear sunfIsh 18 1.7 O.oz 16 10.8 0.14 1 1.0 0.01 22 11.9 0.19
Spotted sunfish 11 1.0 0.01 . 1 0.7 0.01 2 1.9 0.02 5 2.7 0.04
White crappie 1 0.1 <0.01 0 0.0 0.00 0 0.0 0.00. 0 0.0 0.00
Black crappie 38 3.5 0.05 4 2.7 0.04 3 2.9 0.03 10 5.4 0.09
largemouth bass 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 3 1.6 0.03
Channel catfish 119 11.0 0.15 41 27.7 0.37 1 1.0 0.01 41 22.2 0.36
Whlte catfish 43 4.0 ·0.06 14 9.5 0.13 2 1.9 0.0l 9 4.9 0.08
Flat bullhead 525 48.6 0.67 35 23.6 0.32 64 61.0 0.58 23 12.4 0.20
Brown bullhead 6 0.6 0.01 0 0.0 0.00 1 1.0 0.01 0 0.0 0.00
Yellow bullhead 3 0.3 <0.01 1 0.7 0.01 0 0.0 0.00 0 0.0 0.00
Snall bullhead 3 0.3 <0.01 0 0.0 0.00 1 1.0 0.01 1 0.5 0.01
Chain pickerel 0 0.0 0.00 1 0.7 0.01 0 0.0 0.00 0 0.0 0.00
Redtln pickerel 1 0.1 <0.01 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00

<:l. Unid. pickerel 0 0.0 0.00 1 0.7 0.01 0 0.0 0.00 0 0.0 0.00
I longnose gar 19 1.8 0.02 0 0.0 0.00 O· 0.0 0.00 15 8.1 0.13t\.)

(Xl Spotted gar 4 0.4 0.01 0 0.0 0.00 0 0.0 0.00 1 O.s 0.01
\0 Bowtln ~ ·7 0.6 0.01 2 1.4 0.02 3 2.9 0.03 2 1.1 0.02

Hogchoker 1 0.1 <0.01 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00

Unid. tbh 7 0.6 0.01 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00.

Total percent 1080 100.3 1.39 148 100.4 1.37 105 100.4 0.97 185 99.8 1.65.
Humber ot specIes 35 24 18 20
-- . ---" .._- -_.._-_.-..

* ·All sample stations on·the river except those below Four Hlle and Beaver Oam Creeks.
** RIver sample statIons.just below Four HUe Creek and Beaver Dalll Creek.
t Steel. Creek and lower Three Runs Creek.

tt Four HUe Creek and Beaver Dall Creek.
'·Catch per unit effort was. calculated by dIvidIng total catch of each specles by total effort expended durIng

overwIntering program.

Sourcez Paller and Osteen, 1985.



TABlE V-'.Z'
tbaber, Relative Abundance, and Catch per ~lt Effort (CPlEI no./100 .) or Fishes Caught by Eleetrof1shlng During
the Overwintering Progra. In Thenal and HonthOftlll Areas of the Savannah River, and Themal and Honthemal
Tributary Creeks on the SRP (HoWliber 1'M-August 1'85)

River Creek
Nonthe['lllal* Thermal-* Honthermalt Thermaltt

Species Number Percent ~ Number Percent CPUE Humber Percent CPlE Humer Percent CPt£-
Spotted gar 3 0.2 <0.01 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00
Long'lose gar 13 0.8 0.01 4 0.7 0.03 1 0.3 0.01 4 7.1 0.10
Bowfin 106 6.6 0.12 19 3.3 0.15 16 5.4 0.13 4 7.1 0.10
American eel 35 2.2 0.04 4 0.7 0.03 58 19.7 0.46 1 1.8 0.02
Blueback herring 6 0.4 0.01 1 0.2 . 0.01 0 0.0 0.00 1 1.8 0.02
American shad 18 1.1 0.02 6 1.1 0.05 4 1.4 0.03 0 0.0 0.00
Clzzard shad 28 1.8 0.03 48 8.4 0.38 14 4.8 0.11 11 19.6 0.26
Threadl'ln shad 0 0.0 0.00 94 16.5 0.75 0 0.0 0.00 0 0.0 0.00
Redfln pickerel 12 0.8 0.01 2 0.4 0.02 3 1.0 0.02 0 0.0 0.00
Chain pickerel 13 0.8 0.01 4 0.7 0.03 1 0.3 0.01 1 1.8 0.02

f Quiliback carpsucker 1 0.1 <0.01 1 0.2 0.01 0 0.0 0.00 0 0.0 0.00
N Hig.tln carpsucker 1 0.1 <0.01 0 0.0 0.00' 0 0.0 0.00 0 0.0 0.00\0
0 Lake chubsueker 1 0.1 <0.01 1 0.2 0.01 0 0.0 0.00 .. 1 1.8 0.02

Spotted sucker 207 13.0 0.23 99' 17.3 0.79 56 19.0 0.44 9 16.1 0.21
Unid. chubsueker 1 0.1 <0.01 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00
Northern hogsudcer 1 0.1 <0.01 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00
Silver redhorse 3 0.2 <0'.01 1 0.2 0.01 0 0.0 0.00 1 1.7 0.02
Snail bullhead 1 0.1 <0.01 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00
""Ite catfish 2 0.1 <0.01 1 0.1 0.01 0 0.0 0.00 0 0.0 0.00
Yellow bullhead 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00
Brown bullhead 0 0.0 0.00 1 0.2 0.01 0 0.0 0.00 0 0.0 0.00
flat bullhead 5 0.3 0.01 0 0.0 0.00 7 2.4 0.06 2 3.6 0.05
Channel catfish 3 0.2 <0.01 3 0.5 0.02 0 0.0 0.00 0 0.0 0.00

- All sa~le stations on the river except those below four Hile and Beaver Dam Creeks•
• - RHs 150.4 below Four HlIe Creek, and 152.0 below Beaver Dam Creek.

t Mouths of' Steel Creek and lower Three Runs Creek.
tt Mouths of' Four Hlle Creek and Beaver Dam Creek.

Source: Paller and saul, 1986.
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TABlE V-'.Z', Contd

River Creek
Nonthermal* Thermal** Nonthermalt Thel'lllaltt

Species Number Percent CPUE, Number Percent ~ Humber Percent CPlE Humber Percent CPlE

Pirate perch 62 3.9 0.07 5 0.9 0.04 15 5.1 0.12 0 0.0 0.00
Striped bass 15 0.9 0.02 15 2.6 0.12 2 0.7 0.02 1 1.8 0.02
Flier 3 0.2 <0.01 1 0.2 0.01 1 0.3 0.01 1 1.8 0.02
Bluespotted sunfish 2 0.1 <0.01 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00
Redbreast smflsh 355 22.2 0.40 74 13.0. 0.59 37 12.6· ·0.29 4 7.1 0.10
Pumpkinseed 2 0.1 <0.01 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00
Warmouth 38 2.4 0.04 2 0.4 0.02 8 2.7 0.06 0 0.0 0.00
Bluegill 102 6.4 0.12 24 4.2 0.19 20 6.8 0.16 0 0.0 0.00
Dollar smflsh 15 0.9 0.02 6 1.1 0.05 0 0.0 0.00 0 0.0 0.00.
Redear sunf ish 42 2.6 0.05 18 3.2 0.14 3 1.0 0.02 1 1.8 0.02
Spotted smflsh 250 15.7 0.28 35 6.1 0.28 12 4.1 0.10 5 8.9 0.12
lepomls sp. 5 0.3 0.01 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00

-r Redeye bass 3 0.2 <0.01 . 1 0.2 0.01 0 0.0 0.00 0 0.0 0.00
~

largellQUth bass 140 8.8 0.16 ·47 8.2 0.37 26 8.8 0.21 9 16.1 0.21
\0 Black crappie 18 1.1 0.02 8 1.4 0.06 0 0.0 0.00 0 0.0 0.00,..,

Ye llow perch 33 2.1 . 0.04 4 0.7 0.03 10 3.4 0.08 0 .0.0 0.00
Striped mullet 44 2.8 0.05 42 7.4 0.33 0 0.0 0.00 0 0.0 0.00
Hogsudcer 7 0.4 0.01 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00

Total 1596 100.2 1.81 571 100.3 4.53 294 99.8 2.33 56 100.0· 1.31
ft,IIDber of species 36 30 19 ·16

* All sanple stations on the river except those below Four HUe and Beaver Dam .Creeks.
** RHs 150.4 below Four.Mile Creek, and 152.0 below Beaver Dam Creek.

t Mouths of Steel Creek and lower Three RUM Creek.
tt Mouths of Four Mile Creek and Be·aver Dam Creek.

Source: .. Paller and Saul, ·1986•
.. - ~.. - - ,..
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TAll.E V-'.Z5

tblber, Relative Abundance, and Catch per ~It Effort (CPt£J no./net/day) of Fishes Caught by Hoopnettlng DurIng
the Ovendnterlng PrograM In TherMal and Nonthenal Areas of the Savannah River, and lher.al and Nonthenal
TrllxJtary Creeks on the SRP (No~r 19M-August 1985)

RIver Creek
Honthermal* Thermal·* Honthermalt Thermaltt

Species Number Percent ~ Number Percent CPIE Humber Percent CPIE Humber Percent CPtE

Spotted gar 1 0.1 <0.01 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00
longlose gar 11 0.7 0.01 5 2.3 0.04 3 1.7 0.02 8 8.2 0.06
Bownn 17 1.1 0.02 3 1.4 0.02 Z 1.1 0.02 4 4.1 0.03
American eel 8 0.5 0.01 1 0.5 0.01 0 0.0 0.00 0 0.0 0.00
Blueback herrIng 2 0.1 <0.01 0 0.0 0.00 0 0.0 0.00 6 6.1 0.05
American shad 7 0.4 0.01 0 0.0 0.00 1 0.6 0.01 0 0.0 0.00
Clzzard shad 23 1.5 0.03 0 0.0 0.00 4 2.2 0.03 1 1.0 0.01
ltlid. pldcerel Z 0.1 <0.01 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00

'f Chain pickerel 0 0.0 0.00 1 . O.S 0.01 1 0.6 0.01 0 0.0 0.00
N Creek dnJbsudcer 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 1 1.0 0.01
'0 Spotted sucker 46 2.9 0.05 3 1.4 0.02 7 3.9 0.06 0 0.0 0.00
N

tbrthern hogsudcer 1 0.1 <0.01 0 0.0' 0.00 0 0.0 0.00 0 0.0 0.00
Silver redhorse 8 0.5 0.01 1 0.5 0.01 0 0.0 0.00 0 0.0 0.00
White catt ish 48 3.1 0.05 10 4.5 0.08 0 0.0 0.00 0 0.0 0.00
Yellow bullhead 2 0.1 <0.01 Z 0.9 0.02 0 0.0 0.00 0 0.0 0.00
Brown bullhead 5 0.3 0.01 2 0.9 0.02 0 0.0 0.00 3 3.1 0.02
Flat bullhead 966 61.5 1.10 73 33.2 0.58 8S 47.S 0.67 13 13.3 0.10 .
Channel catfish 74 4.7 0.08 40 18.2 0.32 11 &.1 0.09 21 21.4 0.17
Striped bass 4 0.3 <0.01 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00
FUel' 10 0.6 0.01 4 1.8 0.03 1 0.6 0.01 4 4.1 0.03

• AU sa~le stations on the river except those below four HUe and Beaver Dam Creeks.
** RHs 150.4 below Four Mile Creek, and 1S2.0 below Beaver Dam Creek.
t Mouths ot Steel Creek and lower Three Runs Creek.

tt Mouths of Four Mile Creek and Beaver Dam Creek.

Source: Paller and Saul, 1986.



--- '-,



TABLE V-4.26

Catch per Unit Effort Between Thermal and Nonthermal Creeks During Winter
and Summer (November 1983-April 1984)*

Summer** Wintert
Species Thermal Nonthermal Thermal Nonthermal

Spotted suckertt 1.0 (0.02)" 10.5 (0.21) 1.0 (0.11) 1.5 (0.16)
Redear sunfishtt 3.5 (0.21) 1.0 (0.06) 10~5 (0.21) 1.0 (0.02)
Channel catfish' 1.0 (0.27) 3.5 (0.94) 36.0 (0.36) 1.0 (0.0l)
White catfisht 1.0 (0.02) 5.6 (0.11) 4.0 (0.08) 1.0 (0.02)
Flat bullheadt 1.0 (0.04) 8.0 (0.32) 1.0 (0.20) 2.9 (0.58)
Longnose gartt 1.0 (0.06) 1.0 (0.06) 8.0 (0.08) . 1.0 (0.0l)

* Thermal creeks were Four Mile Creek and Beaver Dam Creek.
Nonthermal creeks were Steel Creek and Lower Three Runs Creek.

** Data were collected during June and August 1984.
t Data were collected between November 1983-April 1984.

tt Collected by electrofishing.
, Collected by hoopnetting.

" Actual catch per unit effort (CPUE).

Source: Paller and Osteen, 1985.
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River species to thermal effluents, were not necessarily indicative
of conditions when water levels were normal. The' summer/winter
comparisons were not made during the 1985 study, although they
would be relevant because the overwintering CPU!' data 'between
1983-1984 and 1984-1985 sample years were so similar.

Based on the results shown in Table V-4.26, there were three
types of responses by fish populations in the thermal creeks during
the 1983-1984 sample year. The first type was displayed by spotted
suckers and flat bullheads (Table V-4.26); each strongly avoided
the thermal creeks during the summer (thermal/nonthermal ratios
less than 0.15) and weakly avoided them during the winter (thermal!
nonthermal ratios between 0.3 and 1.0). The second type of
response' was exhibited by channel catfish and white catfish; both
avoided the thermal creeks during the summer (thermal/nonthermal
ratios less than 0.3), but congregated in them during the winter
(thermal/nonthermal ratios greater than 3.5)•.. These' fishes
appeared to be avoiding extremes of either heat or cold in. order to.
maintain an optimum body temperature (Paller & Osteen, 1985). The
third type of response was exhibited by redear sunfish and longnose
gar. These species did not avoid the thermal creeks during the
summer (thermal/nonthermal ratios ranging from 1.0 to 3.5) and
congregated in them during the winter (thermal/nonthermal ratios
greater than 3.5). This trend was more pronounced with theredear
sunfish, which exhibited the highest catch 'rates in the thermal'
creeks compared' to the nonthermal creeks during both summer and
winter. As will be discussed in Section V.4.2.3.3, members of .the
sunfish family are among the most thermally tolerant of the species
on the SRP. The temperatures measured in the thermal creeks during
the summer were as high as 38·C, several" degrees higher than the
generally. accepted limit for survival of fish populations. These
results Buggest that temperatures above 35·C were . trans ient in
occurrence. The congregation of this species in the thermal creeks
during both summer and winter .suggests that factors other than
temperature, such as habitat preferences, may have been influen
tial. The CPUE for the longnose gar was equal in', the 'thermal and
nonthermal creeks during the winter. During years of.'average river
levels, temperatures would be higher and avoidance, probably

.greater, particularly in Four Mile Creek where temperatures in the
. mouth can exceed 40·C (Paller &Osteen, 1985). .

Table V-4.24 shows that the CPUE for all species combined. was
approximately twice as high in the thermal habitats· as' in 'the
nonthermal habitats during the winter. This denotes an overall
attraction to the thermal areas during the winter. : The. total
hoopnetting CPUE was the same in the thermal and nonth·ermal. river
habitats and only 60% higher in the thermal creeks 'than in the
nonthermal creeks (Table V-4:2S). The differences between the
electrofishing and hoopnetting results may have been due in part to
the selectivity of each technique (Paller & Osteen, 1985).
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A summary of the eiectrofishing results was provided by
averaging results from all thermal areas together (Four Mile Creek,
Beaver Dam Creek, and the thermal river stations), averaging all
nonthermal areas together (Steel Creek, Lower Three Runs Creek, and
the nonthermal river stations), and plotting the results against
the sample date. Figures V-4.2 and V-4.3 depict this for the
1983-1984 and 1984-1985 overwintering programs, respectively. The
mean CPU! in the thermal areas was higher than the mean CPUE in the
nonthermal areas on 18 of the 21 overwintering sample dates in
1983-1984 and 17 of the 21 sampling dates in 1984-1985. Based on
these results ~ thermal habitats 'on the SRP appear to serve as
winter refugia for several taxa.

Congregation of fishes in thermal areas during winter suggests
the possibility of negative. effects due to crowding, competition,
and temperature-induced increases in metabolic rate.. The overall
condition of species in thermal and nonthermal areas in winter was
calculated using a coefficient of condition defined as weigbt (mg)
x 100/length· (em). The only species that exhibited significantly
lower condition in the thermal creeks during 1983-1984 study year

. was the redear sunfish, while only the gizzard shad and channel
catfish showed lower condition in thermal creeks during the
1984-1985 study year. None of the fishes exhibited obvious
external differences in disease or parasitism between the thermal
and nontbermal habitats.

·Fish overwintering in thermal habitats can be adversely
affected by either cold shock following a reactor shutdown or
thermal shock due to rapidly increasing temperatures following
reactor startup. Only one fish kill was observed in the thermal
creeks during the course of this 'study. In late March 1984,
following startup of C Reactor after an extended period of down
time, a fish' kill was observed in the lower reaches of Four Mile
Creek.

V.4.2.3.3 Temperature and Fish Occurrence

The relationship between elevated temperatures and the
distribution of adult and juvenile fishes was illustrated by
plotting the electrofishing CPUE against temperature. All data
used in this analysis were collected only from the sample station
in the mouth of Four Mile Creek in order to minimize the effects of
habitat differences between sampling s~ations.

Data from the Four Mile. Creek mouth were collected on 74
sample dates over a three-year period involving both the quarterly
and overwint.ering study programs. From one to three contiguous
100 m zones were sampled on each sampling date. When more than one
zone was sampled on a given date, the CPUE values for each zone
were averaged together to give a single mean value for that date.
Unlike the CPUE values that were calculated for all sampling dates)
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the species number 'and Shannon-Weaver diversity (HI) were only
calculated for dates on which three zones were sampled. '

In the mouth of Four Mile Creek, the CPUE was highly variable
at temperatures below approximately 30·C for the three years' of
monitoring (Figures V-4.4 and V-4.5). While relatively high CPUEs
occurred at temperatures from 30 to 3S·C, the percentage of zero
catches was considerably higher (60%) than the percentage of zero
catches at temperatures below 30·c (10.5%). At temperatures above
3S·C, the CPUE was generally zero fish/IOO m. These data indicate
that 35·C is the upper temperature limit for the fishes that occur
in Four Mile Creek. Temperatures between 30 and 3S·C appear to be
able to support relatively large numbers of some species. Occa
sional t'emperatures in excess of 3S·C n~ar the time of sampling
may have temporarily driven fish from the mouth of Four Mile Creek
even though temperatures were' slightly below 35·C at the time of
sampling. Zero catches may be 'related to the temperature fluctua
tions that occur in Four Mile' Creek due to changes in reactor,
activity. '

The taxa most abundant at temperatures approaching 3S·0 ~re

sunfishes, largemouth bass, gar, and shad. Centrarchids (sunfish
and bass) were particularly dominant at high temperatures, although
most centrarchids collected near 3S·C were also" collected at rela
tively low temperatures (Figure V-4.6). Bluegill ,were not
collected at temperatures above 30·C even though the reported
temperature tolerance for bluegill is as high as 32.2·C (Fry ,and
Pears,on, 1952; cited in Brown, 1974). Despite the differences'
observed in species abundances at the various temperatures, the
Shannon-Weaver diversity index and species richness showed no
significant relationship with temperatures below 3S·C. Above 3S·C,
very few' fishes of any species were collected (Figures V-4. 7 and
V-4.8; Paller & Saul, 1986).

The 3S·C upper temperature limit suggested for adult and
juvenile fishes in Four Mile Creek corresponded with the 3S·C upper
temperature limit previously suggested for ichthyoplankton in the
SRP creeks and swamps (Paller etal., 1986a) • However, lchthyo-

,plankton catch rates were also depressed at temperatures ranging
from 27·C to 3S·C, with some taxa absent from this temperature
range and most others reduced in abundance. As with the adult
fishes, centrarchids were the most abundant identificable ichthyo
plankton at temperatures approaching 3S·C. These data suggest that
temperatures in the 30 to 3S·C range are able to support a rela
tively diverse community of adult fishes, but lower temperatures
may be required for the reprOduction of some species, particularly
species other than centrarchids. Results similar to those observed
in Four Mile Creek were reported by Marcy (1976) for fishes in the
heated discharge canal of a nuclear power plant on the Connecticut
River. Marcy found 'that the majority of the fishes left the canal
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when the water temperature reached approximately 35·C, but returned
immediately when water temperatures dropped as little as one
degree.

The
estimates
cOlD:lllunity
screens.

Impingement

objective of the impingement study was to provide
of the number of fish lost from the Savannah River fish'
through impingement on the SRP cooling water. intake

Impingement of juveniIe and adul t fishes on the SRP cooling
water intake screens was monitored between September 1983' and
September 1985. Rates of fmpingement were influenced by a.variety
of factors including river water level, the volume of water pumped
to the reactors and the D-Area pumphouse, water temperature in the
intake canals, and fish species (and their densities) in the.
canals.

Between September 1983 and August 1984 (107 sampling ~ays), a
total of 1,938 fish, representing SO species, were collected from
the SRP' intake screens (Table V-4. 27). The number of fish impinged
daily ranged from zero to 190, with an average 'of 18 fish/day.' In
addition to the total numbers~ Table V-4.27 lists the relative'
abundance for all species impinged on the pumphouse screens from
September 1983 to August 1984. The majority of the fish impinged
on the screens were in the sunfish family (46.4%), but the most
abundant species in the impinged collection was the threadfin shad
(12.2%).

Generally, the number of fish impinged was lowest during the
summer and early fall and highest in the spring (Figures V-4.9 and
V-4.10; Table V-4.28). Higher impingement Tates in the spring
'corresponded closely to elevated river levels. However, elevated
river levels in August did not 'result in la'rge numbers of impinged
fish indicating that a combination of factors such as' water temper
ature and fish migration patterns were involved in determining
impingement rates.

In.comparing relative rates of impingement between the intake
canals, the lG intake was found to have the highes t number of
impinged fish; a mean of 8.9 fish/lOG m3 (million cubic meters) of
water (Paller & Osteen, 1985). The mean impingement rate at the 3G
intake was 8.7 fish/106 m3 and at the 5G intake, the mean impinge
ment rate was 3.2 fish/106 m3 • The relative abundance of the
dominant species impinged during this study at -the 1G, 3G, and SG
pumphouses was compared to the relative abundance of fishes sampled
by electrofishing in the 1G and 3G intake canals, and in the. river
in the vicinity of' the 5G intake structure. The data indicated
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TABLE V-4.27

Total Number and Relative Abundance of Fish Species Impinged
at IG, 3G, andSG P~phouses (September 1983-August 1984)

Taxa

Bowfin
American eel
Blueback herring
American shad
Alosa sp.
Gizzard shad

, Threadfin shad
Unid. clupeid
Eastern mudminnow
Redfin pickerel
Chain pickerel
Spottail shiner
Golden shiner
Carp
Pugnose minnow
Bannerfin shiner
Whitefin shiner
Notropis ap.
Cyprinidae spp.
Creek chubsucker
Lake chubsucker
Spotted sucker
Snail bullhead
White catfish
Yellow bullhead
Brown bullhead
Flat bullhead
Channel catfish
Unid. catfish
Tadpolemadtom
Margined madtom
Speckled madtom
Unid. madtom
Pirate perch
Mosquitofish
Brook silvers ide
Striped bass
Flier

Total

153
14
80,
41

1
73

236
3
7

38
23
30

8
3
2
4
2
6
2
1
5
4
1

31
3
2

'22
,23

2
2
1

13
5

20
4
1
3

108

Percent Abundance

7.89
0.72
4.13
2.12
0.05
3.77

12.18
0.15
0.36
1.96
1.19
1.55
0.41
0.15
0.10
0.21
0.10
0.31
0.10
0.05
0.26
0.21
0.05
1.60
0.15
0.10
1.14
1.19
0.10
0.10
0.05
0.67
0.26
1.03
0.21
0.05
0.15
5.57

Source: Paller and Osteen. 1985.
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TABLE V-4.27, Contd

Taxa

Bluespotted sunfisb
Redbreast sunfish
Green sunfish
Pumpkinseed
Warmouth
Bluegill
Dollar sunfish
Redear sunfish
Spotted sunfish
Mud sunfish
Lepomis sp.
Largemouth bass
White crappie
Black crappie
Unid. crappie
Swamp darter
Tesselated darter
Yellow perch
Blackbanded darter
Hogchoker

Total

Total

206
112

3
18
86
65
60
20

109
42
12
9
3·

45
1
1
2

14
8

145

1938

Percent Abundance

10.63
5.78
0.15
0.93
4.44
3.35
3.10
1.03
5.62
2.17
0.62
0.46
0.15
2.32
0.05
0.05
0.10
0.72
0.41
7.48

99.95

Source: Paller and Osteen, 1985.
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TABLE V-4.28

Number and Total Weisbt (8) of Pish I.pinged by IG. 3G. and 5G Pumpbousea
on 107 Sampling nates (September 1983-August 1984)

IG 3G 5G Total
Month Number Weight Number Weight • Number Weight Number Weight

1983

September (8)* 19 790 lQ 186- 4 35 33 1.011
October (9) 15 1.089 6 . 516 6 231 27 1.836
November (6) 52 6.106 12 274 1 6- 65 6.386
December (10) 132 4.424 244 8.598 2 6 378 12.928

1984
<
I January (11) 47 812 64 1.680- 2 10 113 2.502w.... February (7) 36 1.018 8 74 0 0 - 44 1.0920

March (10) 80 1.941 71 1.258 9 181 160 3.380
April (8) 80 2.972 78 1.839 6 46 164 4.857
May (16) 285 13.253 456 9.946 25 137 766 23.336
June (7) -24 2.860 24 1.205 1 21 49 4.086
July (7) 25 1.216 7 608 1 5 33 1.829
August (8) 29 1.107 36 845 8 98 73 . 2.050

* Number of sampling dates per month.

Source: -Paller and Osteen. 1985.
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that species vary considerably in their susceptibility to impinge
. ment, and the most abundant fish were not necessarily the most

frequently impinged (Figure V-4.~1)•.

Between September 1984 and September 1985 (97 sampling' dates'),
a total of 745 fish representing 33 species were impinged on the
SRP intake screens (Table V-4.29). The number of fish impinged
daily ranged from zero to 99, with an average of 7.7 fishlday. In
addition to· the total numbers impinged, Table V~4.29 lists the
relative abundance for all species impinged from September 1984 to
September 1985. The majority of the fish collected were in the
shad and herring family (53.7%) •. The most abundant species in the
impingement. collection, as in the p-revious sample year, was the
th-readfin shad (23.5%). During the two years prior to the. 1984
1985 .study, the sunfish family dominated the impingement collec
tions. The shad/herring family became the most abundant species
collected in the intake canals in 1984-1985, most likely due to the
canal dredging that took place in this sample· year. Dredging
removes the submerged macrophytes that serve as excellent cover and'
food for many species of sunfish (Paller et al.,' 1986a).

The 1984-1985 seasonal trends for fish impingement were some
what different than in 1983-1984. In 1984-1985, the number of fish
impinged was lowes t during the spring and fall and highes t in the
summer and winter (Figures V-4.12 and V-4.13; Table V-4.30). The.
high numbers of fish impinged in the summer of 1985· were not
correlated with river elevations. This may have been related· to.
the presence of large' schools of shad, a member of the dominant'
family impinged that study year.

Impingement. rates in the IG. 3G, and 5G intakes were lower
overall for the 1984-1985 sample year, probably because fish were
tess abundant in the intake canals due to low river levels and
habitat alterations caused by dredging. As in 1983-1984. the IG
intake bad the greatest number of fish impinged, a mean of
7.0 fish/lOG m3 (million cubic meters) of water, compared to a mean
of 3.0 fish/106 m3 at the 5G.intake (Paller & Saul, 1986).

The relative abundance of the dominant species impinged during
,this study at thelG, 3G, and 5G pumphouses was compared to the
relative abundance of the fishes sampled by electrofishing· in the
IG and 3G intake canals, and in the river in the vicinity of the 'SG
intake. As in 1983-1984, the data again indicated that species
abundance and susceptibility were not closely associated' and that
the ' mos t abundant fishes did not necessa-rily appear in large
numbers on the intake screens (Figure V-4 .14). The dissimilarity

. between the abundant taxa collected by electrofishing and ,those
impinged on the intake screens has been observed in other Savannah
River studies (McFarlane et a1., 1978; .Paller et a1., 1984; Paller\
and Osteen, 1985). .
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V.4.2.4 Summary

A study of the juvenile and adult fish community in streams
draining the SRP and in the Savaimah River in the vicinity of the
SRP was conducted over a two-year period (September 1983 - August
1985). The study included sample stations in the Savannah River,
the SRP intake canals, and the major onsite creeks. The majo'r
objectives of this juvenile and adult fish study. were to examine
the abundance and distribution of fishes near the SRP in relation
to thermal discharges into the river, creeks, and floodplain
swamps, to determine the rate of ~pingement of adult and juvenile
fishes on the intake screens 'at the three SRP pumphouses, and to
utilize this information to assess impacts of cooling water intake
and release on fish populations of the SRP.

In the. 1983-1984 sampling year, approximately 12,160 adult
and juvenile fishes representing 72 species were collected. by
electrofishing and hoopnetting at 26 sample stations in the SRP
study area. ,The most abundant fishes (excluding minnows) taken by
electrofishing were the redbreast sunfish (16.7%), bluegill
(14.1%), largemouth 'bass (8.9%), spotted sucker (8.5%). spotted
sunfish (7.9%), chain pickerel (5.0%), and bowfin (5.0%). The
most abundant fishes taken by hoopnetting were the flat bullhead.
(29.2%). channel catfish (21.0%), redbreast sunfish (9.7%), white
catfish (9.0%), black crappie (6.8%). longnose gar (5.6%), 'and
bluegill (5.2%).

In the 1984-1985 sampling year, approximately 10,000 adult and
juvenile fishes were collected by electrofishing and hoopnetting at
41 sampling stations in the SRP study area. The most abundant
fishes (excluding minnows) taken by electrofishing were the red
breast sunfish (41.6%), spotted sucker (8.8%), spotted sunfish
(8.2%), largemouth bass (5.7%), bluegill (5.6%), and American eel
(5.4%). The most abundant fishes taken by hoopnetting were the
flat bullhead (38.0%), channel catfish (11.9%), bluegill (9.4%),
white catfish (7.4%), black crappie (6.5%), and redbreast sunfish
(5.5%). In comparing relative abundance estimates' between the
1983-1984 and 1984-1985 sampling years, it should be noted that 15
new electrofishing sample stations were added in 1984-1985.

To evaluate habitat preferences, four habitats were sampled
during the 1983-1984 sampling year: intake canals, the river,
nonthermal creeks, and thermal creeks. The dominant species in the
intake canals were the bluegill, black crappie, and chain pickerel.
Redbreast sunfish, spotted sucker, channel catfish, and flat bull
head were dominant in the river and nontherrnal creeks. In the
thermal creeks, redbreast sunfish, largemouth bass, redear sunfish,
channel catfish, and gar were the dominant species.
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The number of species collected from each habitat in the study
area was 44 in the river, 33 in the intake canals, 32'in the non
thermal creeks, and 27 in the thermal creeks. The relatively few
species collected from the thermal creeks probably reflected fish
avoidance of the heated effluents. Species numbers in the thermal
creeks did not exhibit consistent seasonal cycles over the two
study years. The only obvious trends were the low number of
species in fall 1983 and spring 1985 collections. Species numbers
exhibited a more consistent pattern' in the nonthermal creeks, being
highest in spring lowest in winter.

The study area was divided into five habitats in the 1984-1985
juvenile and adult fish study in order to evaluate habitat prefer
ences. The·habitat designations were the same as 1983-1984 except
that ·the river habitat was designated nonthermal or thermal, with
the South Carolina side of the river at the transects immediately
downstream from Four Mile Creek and Beaver Dam Creek constituting
the thermal river habitat. In '1984-1985, the dominant species in.
the intake canals wet'e tbe bluegill, t'edbreas t . sunfish, and black
crappie. The redbreast sunfish, spotted sunfish,· spotted sucker,
largemouth bass, channel catfish, white catfish, and flat bullhead
were the dominant species at the nonthermal river sites. The
dominant species in the nonthermal creeks were similar to the 'river
species except that the catfishes wet'e not as well represented.
The thermal river and creek habitats differed from the nonthermal'
habitats in that they had a higher percentage (although often lower
numbers) of channel catfish, white catfish, largemouth bass, and
coastal shiner, and a lowet' percentage of flat bullhead. Excep-'
tions occurred in the Pen Branch refuge areas and portions of Four
Mile Creek where mosquitofish were the dominant, and sometimes
only~ species pr~sent.

In the overwintering study it was found that some species
congregated in the thermal habitats during the winter lDOnths and
some did not. During February and March of the 1983-1984 sampling
year, C Reactor was shut down so Four Mile' Creek' was nonthermal
during midwinter when the attractive effects of the heated dis
charge would have been greatest. Species that congregated in the
thermal habitats in 1983-1984 were the' redbreast sunfish, channel

'catfish, longnose and spotted gat', white catfish, and gizzard sbad.
Of 'the species studied, only the redear sunfish showed signifi
cantly lower condition (based on the condition coefficient) in the
thermal creeks during winter as compared to the nonthermal creeks.
There were no indications of abnormal rates of disease or parasit
ism in the thermal habitat. Species that did not congregate in the
thermal habitats during the winter (and may have avoided the
thermal areas) were the spotted sucker and flat bullhead. American
eels also tended to exhibi t lower ,catch rates in the thermal creeks
in the winter.
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In 1984-1985. many of the same' species congregated in the l... 1i.J
thermal creeks as were observed in 1983-1984. Redear sunfish. ~

channel catfish, longnose gar, black crappie. and gizzard shad
congregated in moderately heated areas. In 1984-1985, fish'
appeared to congregate to the greatest extent in the thermal river
habitat that was heated only 2 to 3·e above ambient temperatures.
Several species, including the American eel, spotted sucker, and
flat bullhead. avoided the thermal habitats. In 1984-1985, fish
avoided Four 'Mile Creek, where temperatures occasionally exceeded
35 ·C·. Of the species studied, only the gizzard shad and channel
catfish showed significantly lower condition (based on the
condition coefficient) in the thermal creeks during winter as
compared to the nonthermal creeks. There were no' indications of
abnormal rates of disease or parasitism in the thermal habitat.

A total of 1.938 fish representing 50 species were collected
from intake screens during the 19~3-1984 impingement' study. The
majority of the fish impinged were sunfish and shad. The highest
impingement rates occurred in Hay and December. The 3G intake
canal had the highest impingement rate of 9.5 fish/day while the IG
intake canal had the highest number impinged by volume of water
pumped (8.9/106 m3 ).

A total of 745 fish representing 33 species were collected
from intake screens during the 1984-1985 impingement study. The
same species predominated in 1984-1985 as in 1983-1984 (the shad/
herring group and the sunfishes) • The IG intake' canal had the
highest impingement rate of 7.0 fish/day. The numbers and weights
of ',fish impinged during the 1985 study period were significantly
lower than those impinged in the previous years of study, which may
have been attributed to differences in the river level and canal
habitat. The river levels were lower in the spawning season of
1985 than in 1984 when greater numbers of fishes were impinged on
the intake screens. In addition, the spawning habitats in the 1G,
3G, and 5G canals were altered in the 1984-1985 season by extensive
"dredging. The removal of macrophyte beds was linked to the lower
impingement rates in the canals in 1984-1985.

The relative abundances of the fishes impinged at the IG, 3G,
and 5G pumphouses were compared with the relative abundance of the
fishes sampled by electrofishing the areas near the pumphouses.
The data indicate that species abundance and susceptibility are not
closely associated and that the most abundant fishes. did not
necessarily appear in large numbers on the intake screens;

In summary, results of the adult fish studies indicated that
distributions and abundances of fish species in the Savannah River
were not adversely impacted by SRP activities. In the SRP thermal
creeks and swamps, most fish species were eliminated when water
temperatures exceeded 35·C. At water temperatures of 30-35·C,
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reduced numbers of fish species were collected and the fish commun
ities were dominated by thermally tolerant taxa, such, as sunfish,
largemouth bass, gar, and gizzard shad. Fish which overwinter in
thermal streams may be ,subject to cold shock 'when the reactors are
shut down,' and to thermal shock when reactors are restarted. One
such instance of thermal shock occurred in Four Mile Creek in late
March 1984 shortly after restart of C Reactor, resulting in, the
death of many fish. While thermal effluents can eliminate fish
populations, the mobility of fishes'and the substantial populations
of most taxa inunimpacted areas of the SRP allow for rapid inva
sion of thermal habitats once temperatures decline to tolerable
levels. Results from the study indicated that a number of species
congregate in thermal streams in winter. Several of these species
showed lower condition factors than populations in nonthermal
8 treams • poss ibly the result of, temperature-induced increases in
metabolic rate. However, there was no evidence during either year
of the study of abnormal incidences of disease or parasitism of
these taxa ,in the thermal ,streams during the winter months.
Impingement of SRP water intake structures resulted in the 108S of'
an average of ·18 fish/day or less, which had an average total
biomass (wet weight) of less than one-half kilogram. Shad,
herring, and sunfish were the most commonly impinged taxa.' These
taxa were impinged at rates disproportionate to their' populations
(compared to other taxa). These losses are small compared to the
large populations in the ,Savannah River and probably have no'
deleterious effects on the ecosystem.

V.4.3 Ichthyoplankton

V.4.3.1 Introduction

Because some of the streams on the SRP receive thermal
eff'luents, there is concern about the effects of temperature
increases on spawning success and larval fish distributions. Water
temperatures can influence the reproductive' success 'of fishes by
affecting gonadal maturation, the onset of spawning, and the
development rate of eggs and larvae (Nikolsky, 1963). Also, fish
eggs and larvae that drift are vulnerable to entrainment into

, cooling water intakes or thermal plumes, which can result in injury
or death to, the eggs and larvae. Previous studies have shoWn that
several of the SRP streams serve as spawning areas for many species
of resident and migratory fishes (Paller, 1985). Fish larvae
produced in these streams replenish resident stream populations or
drift into the Savannah River to augment riverine and anadromous
fish populat ions. '

This section of the report discusses ichthyoplankton studies
that were conducted during the 1983-1984 and 1984-1985 sampling
years, the same sampling years during which the adult and juvenile
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fish studies were conducted. Ichthyoplankton collections were
taken during the spawning season, February through July 1984, and
February through July 1985.

One principal study investigated the distribution and
abundance of ichthyoplankton (fish eggs and larvae) in the creeks
and associated swamps that' drain the SRP. The objectives of the
study were (1) to determine the density, distribution, and species
composition of ichthyop1ankton in relation to habitat and tempera
ture, and (2) to identify the effects of elevated temperatures of
ichthyoplankton distribution, abundance, and the time of spawning.
In 1985, two smaller sampling programs were also undertaken. A
microhabitat study in Steel Creek was designed to assess the rela
tive abundance of ichthyoplankton in three different habitat types

'and a gear comparison study,was conducted' to compare the effici
encies of four different gear types of capture ichthyop1ankton.

The second principal study measured the distribution and
abundance ofichthyoplankton in a 253.4 km section of the Savannah
River . (including SRP intake canals) and associated tributaries
upstream and downstream from' the SRP. This study was designed to
provide information on the importance of the section of the river
adjacent to the SRP for fish spawning relative to the reaches of
river upstream and downstream from the SRP. As part of .the
Savannah River Study~ diel fluctuations in ichthyoplankton densi
ties in the Savannah River were examined over a 24-hour period,
once during each of the two years.

The primary objectives of the river ichthyoplankton studies
were (1) to assess spawning activity and ichthyoplankton distribu
tion in SRP streams and swamps and the Savannah River upstream and
downstream from the SRP in order to evaluate the possible impacts
of existing 'and proposed thermal discharges; (2) to estimate
entrainment of ichthyoplankton at SRP cooling water intakes and its
impact on Savannah River fisheries; and (3) to characterize diurnal
trends in ichthyoplankton distributions and densities in the
Savannah River. Emphasis was placed on evaluating ichthyoplankton
distribution in the mouth of Steel Creek,' as compared to other
similar creeks, because of the potential thermal impacts that would
result in Steel Creek following the restart of L Reactor.

V.4.3.2 Materials and Methods

V.4.3.2.l SRP Creek and Swamp Studies

The 1984 creek and swamp sampling program included 35 ichthyo
plankton sampling stations on six creeks and in the SRP swamp
(Figure V-4 .15). The 1985 program included all the stations' that
were sampled in 198~ plus seven additional stations (Table V-4.31).
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FIGURE V-4.15. A Map of the Savannah River Plant Indicating the
Creek. Which Drain the Site and the IchthyoplaDkton
Sampling Site. (February-July 1985). Location.
Marked with Star. were New Sampling Site. in 1985.
Source: Paller et al., 1986a.
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TABLE V-4.31

Location of the 1984 and 1985 Ichthyoplankton Sampling Sites
in the Creeks and the Savannah River Swamp Which Drain the
SBP and the Numbers Used to Identify them in Computer Analyses.
The Sites are Listed from the Host Upstream Station to the
Creek Mouth.

Sampling Site

Upper Three Runs Creek
Road C
Road A
Mouth

Beaver Dam Creek
Road A-12.2
Stream
Slough
Swamp
Mouth

Four Mile Creek
Road A-7 above C Reactor*
Road A
Road A-13
Four Mile swamp 1
Four Mile swamp 2
Four Mile swamp 3
Mouth

Station Number
Used in
Computer Analyses

1
2

C157.2

5
6
7
8

C152.1

12
13
14
15
16
17

C150.6

Pen Branch
Road B above K Reactor 20
Road A-13.2 21
Delta (at swamp boardwalk) 22

Steel Creek
Road B 26
Road A-14 27
Road A-13.1 28
Cypress bridge* 29
Swamp above the islands 62
Swamp above the islands 31
Swamp between the islands 63
Swamp between the islands 32
Swamp between the. islands 33

* New site in 1985.

Source: Paller et al., 1986a.
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TABLE V-4.31, Contd

Sampling Site

Steel Creek (contd)
Swamp below the islands
Swamp below the islands
Swamp below the islands
Channel below the swamp
Channel below the swamp*
Mouth

Meyers Branch
. Road B-6.2
Confluence with Steel Creek

Station Number
. Used in

Computer Analyses

·34
35
64
36
61

C141.6

39
40

Lower Three Runs Creek
Spillway at Par Pond dam*'**
Road B
200 m below Road B*.**
Railroad trestle at Donoar Station*
Road A-1S*
Road A (Route 125)
Mouth

65
42
66
67
53
44

C129.0

* New site in 1985.
** These three 'sites are sometimes combined under the

term tailwater.

Source: Paller et a1., 1986a.

'0, '

i'
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The microhaQitat and gear comparison studies conducted in 1985 will
be discussed separately because the methods for each were different
than for the main sampling program.

The creek and 'swamp samples were collected weekly during day
light hours at each sample station between March and July in 1984,
and between February and July in 1985. In the 1985 study, addi
tional diel samples were taken at six sampling stations in Steel
Creek on March 22, April 24, May 23, and June 20. Diel sapling
procedures were the same as for the regular weekly samples except
that. the dielsamples were taken every 6 hours for 24 hours.

In the 1984 and 1985 creek and swamp sampling programs, most
. of the ichthyoplankton samples were collected using paired 0.5 m··
diameter 505 p mesh circular .plankton nets, mounted side by side in
a common frame. Each of the paired 0.5 m plankton nets was approx
imately 2 m in length and fitted with aiL bottle at the cod end,
which held organisms and detritus' filtered from the water. Nets
were set, towed or pushed depending upon depth, current velocity
and quantity of submerged vegetation. Nets were set at locations
where the current velocity exceeded approximately 20 em/sec, depth
exceeded approximately 0.5-1.0 m and there were few obstructions'.
Most samples were taken within 1" m of the surface since the water
was generally shallow «2 m). Exceptions were the creek mouths
where depths samet imes exceeded 4 m. At these deeper creek mouth
stations four samples were taken, two approximately 0.5.m below the
surface and two approximately 0.5 m above the substrate. Nets were
pushed or towed at stations where depths were sufficient for
passage of the nets but current velocities inadequate to set the
nets «20 em/sec). When towing, the nets were hung from the front
of the boat on· a short line and the motor operated in reverse to
pull the nets through the water. When pUShing, the nets were held
in front of· the boat and the boat directed forward. Pushing
permitted the nets to be operated in slightly shallower .water than
towing. Collections were timed to allow approximately 50 m3 of
water to filter, or until 30 minutes had elapsed.. 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. In areas where shallow water, submerged vegetation,
or slow flow precluded the use of the paired plankton nets, samples
were collected either by pumping water through 505 J.l mesh nets
using a 833 L per minute trash pump (1984) or by setting paired,
rectangular, 505 J.l mesh ichthyoplankton drift nets (1985). Pumped
samples were collected from a depth of approximately 0.5 - 1.0 m.
Approximately 12.5 m3 of water were filtered over a 15 minute
period. Two replicates were taken at each station on each sampling
date. Drift net samples were collected using a 30.5 x 45.7 tmn

drift net that was fitted with a General Oceanics Model 2030 digi
tal reading .flowmeter. Paired drift nets were used in the upper
reaches of the streams, particularly during the June-August period
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to collect'duplicate ,samples concurrently. The
, to the stream bed perpendicular to the current.

could be fished at a time, a second set usually
first set was completed. '

nets were anchored
Where only one net
was made after the

,At the end of each collection, the nets were retrieved and
'rinsed to flush the contents into the collecting bottles. Buffered

formalin was added to produce a final formalin concentration of 5%.
Each bottle was then sealed and returned to the laboratory. ,Organ
isms were stained with 0.2 gIL Eosin red and 0.2 gIL Biebrich
scarlet for easier separation from the detritus. '

Other parameters measured concurrently with the ichthyoplank
ton collections were temperature, dissolved oxygen, pR, conductiv
ity, alkalinity, and water velocity. ' Water temperature was
measured with a Rydro1ab Model, VI, a' Horiba Model U7, or a mercury
thermometer. The mercury thermometer was used at stations where
temperatures were high enough' to impair instrument performance
(>40·C). ' Dissolved oxygen, pH, and specific conductance were'
measured in the field using the Hydrolab Model VI or Horiba U7
water quality monitors. ,Alkalinity determinations were made in the
laboratory using APHA method 403 for low alkalinity samples (APHA,
1980). Water quality measurements were taken approximately O.Sm
below the surface and, when depth exceeded approximately 1. 5 m,
0.5 m above the bottom. (See Paller et al .. , 1986a for detailed'
methodologies.)

Water velocity was measured with a General Oceanics Model 2030
current meter or a General Oceanics remote reading flow meter.,
Readings were taken approximately 0.5 m below the surface.

Ichthyoplankton samples were examined under a stereomicroscope
and identified to the lowest practical taxon using taxonomic ,keys
by 'Geen et a1. (1966), Mansuetti and Hardy (1967), Rogue et a1.
(1976), Jones et ale (1978), and Wang and Kernehan (1979). Identi
fications of particularly difficult or important taxa~ such as the
perchldarter complex, were 'verified by Darrel E. ,Snyder of the
Larval Fish Laboratory at Colorado State University. Nomenclature
throughout this report follows Robins et' a1. (1980).

In the ,following discussion of results of SRP creek and swamp
ichthyop1ankton studies, the category "unidentified clupeids)
(C1upeidae) was comprised primarily by blueback herring and thread
fin or gizzard shad. These larvae, while easily distinguishable
with an attached yolk sac, are difficult to differentiate after the
yolk sac has been absorbed or if the specimen is damaged. '

Numerous species of the minnow family (Cyprinidae) occur in
the creeks and swamps. These fishes are not only difficul t to
differentiate as adults, but ,also the larval forms of. many species
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have not been described. For this study, the only taxonomic
distinction made within this group was to place carp greater than
6 mm total length into a separate category. The category
"unidentified larvae" included all larvae too damaged to identify·
reliably.

All collected fish eggs were assigned to one of the following
categories: American shad, blueback herring, striped bass, yellow
perch, darter, threadfin or gizzard shad,· minnow,or "others."
Further taxonomic differentiation was not practical.

A special sampling program was undertaken in 1985 in Steel
Creek to assess the relative abundance of fish larvae and eggs in
macrophyte beds, open channels, and the macrophyte bed/open channel
interface. A 833 L/min trash pump was used to collect .these
samples because the nets were not effective in the weed beds.
Samples were collected by pumping water into a 0.5 111 diameter,
505 IJ mesh circular plankton net held over the side of the boat.
The opening of the net was suspended 5 to 10 em above the water;
the remainder of the net was submerged. The discharge pipe of the
pump opened into the net approximately 25 em below the water
surface. This arrangement minimized turbulence and lessened the
damage to fragile eggs and larvae~ The intake hose was fitted with
a 13 mm mesh hardware cloth cylinder to prevent entrainment of
plant material into the pump.

Each sample was collected by filtering 4.2 m3 of water during
a 5 minute period. Samples were collected from weed beds by
placing the intake hose directly into Ceratophyllum! Polygonum
beds. Macrophyte bed/open water interface samples were collected
by using the intake hose in the center of the open channels between
the macrophyte beds. Replicate samples were collected in four
separate locations of each microhabitat on each sampling date. All
samples were taken from a depth of approximately 0.3 to 0.8 m.
Temperature, dissolved oxygen, pH, alkalinity, and conductivity
readings were taken in each microhabitat on each .sample date.
Current velocity was measured at the open water sample sites.
Samples were collected from March 16 to June 21, 1985. Day samples
were collected weekly and night samples were collected biweekly.

The objective of the 1985 gear comparison study was to compare
the efficiencies of set circular plankton nets, pushed plankton
nets, set rectangular plankton nets .(drift nets), and an 833 L/min
trash pump to capture fish eggs and larvae. Samples were taken in
the mouth of Steel Creek during daylight hours on April 30 and
May 23, 1985. Both dates were. divided into seven consecutive time
periods. Duplicate samples using each teChnique were taken during
each time period.
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The set net collection efficiency was evaluated by suspending
paired 0.5 m, 505 p mesh circular plankton nets from a boom extend
ing from the port side of an anchored boat. While the circular
plankton nets were being fished off the port ,side, the 'rectangular
set, nets were arranged in a paired configuration similar to the
circular nets and were fished from a boom extending from the star
board side. Both the circular and rectangular set nets were
suspended approximately 1 m below the surface and approximately
50 m3 of water was filtered through, each net.

After retrieving the set nets, pump samples were taken by
pumping water from a depth of approximately 0.5 to 1.0 m into a
0.5 m diameter, 505 ~ mesh circular plankton net held over the side
of the boat. The opening of the net was suspended 5 to 10 cm above
the water; the remainder of the net was ·submerged. The discharge
pipe of ' the pump opened into the net approximately 25 em below the
water surface. Samples were, collected by filtering 12.5 m3 of
water during a 15 minute period.

Upon' completion of the pump sampling, push net samples were
taken by suspending paired 0.5 m, 505 p mesh circular plankton nets
beneath the bow' of the boat while traveling against the, current for
a distance sufficient enough to filter approximately 50 m3 .of
water. All samples were preserved and identified as described ,for
the creek and swamp studies.

V.4.3.2.2 Savannah aiver and Associated Tributaries Studies

The 1984 river an'd tributary sampling program included 62
ichthyoplankton sampling stations. Of these 62 stations, 26 were
river transects, 28 were creek transects, two were intake tran
sects, and six were oxbows (Table V-4.32). The river transects
were further divided into three categories for the purpose of
providing a reference to the SRP area. The "upper farfield"
section was upstream from the SRP and included ,river transects
between RMs 187.1 and 166.6. The "nearfield" section, which was
adjacent to the SRP, encompassed RM 166.6 to RM 128.9. The "lower
farfie1d" section extended from RM 128.9 to RM 29.6. Transects in

. the upper farfield and lower farfield were at approximate 16 km
(10 mi) intervals while the transects in the nearfield were ,more
closely spaced to monitor phenomena associated with SRP activities.
Creek sample stations were located in all three river study
sections, with 6 in the upper farfield, 7 in the nearfield, and 15
in the lower farfield.

In the 1985 river and tributary sampling program, the number
of sampling stations was Teduced to 45 because collections were not
made at the 1984 stations downstream of RM 89.3. Of these -45
stations, 21 were river transects, 17 were creek transects,. two
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TABLE V-4.32

Sampling Station Locations for the Savannah River Ichthyoplankton
Monitoring Program (~ebruary-July 1984)

River Mile

River Transect

187.1
176.0

'166.6

157..3
157.0
155.4
155.2
152.2
152.0
150.8
150.4
141.7
141.5
137.7
129.1
128.9

120.0
110.0
97.5
89.3
79.9
69.9
60.0
50.2
40.2
29.6

Sampling Station Location

Upper Farfield

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

Nearfield

Above 1G canal
Below IG canal
Above 3G canal
Below 5G pumpbouse
Above Beaver Dam Creek
Below Beaver Dam Creek
Above Four Mile Creek
Below Four Mile Creek
Above Steel Creek·
Below Steel Creek
Recovery transect below Steel Creek
Abo've Lower Three Runs Creek
Below Lower Three Runs Creek

Lower Farfield

River transect below Savannah River Plant
River transect below Savannah River Plant
River transect below Savannah River Plant.
River transect below Savannah River Plant
River transect below Savannah River Plant
River transect below Savannah River Plant
River transect below Savannah River Plant
River transect below Savannab River Plant
River transect below Savannah River Plant
River transect below Savannah River Plant

Source: Paller et al., 1985.
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.TABLE V-4.32. Contd

. River Mile

Creek Transect

183.3
180.1
176.1
171.6
164.2
162.2
157.2
152.1
150.6
141.6
141.3
133.5
129.0
126.5
109.0
97.6
92.6
88.6
84.1
78.4
64.2
51.1
47.7
44.8
43.2
40.3
.35.4
30.0

Intake Transect

157.1
155.3

. ·Oxbows

183.0
167.4
156.7
153.2
100.2
51.3

Sampling Station Location

Spirit Creek
Pine Creek
Hollow Creek
High »ank Creek
McBean Creek
Upper Boggy Gut .
Upper Three Runs Creek*
Beaver Dam Creek*
Four Mile Creek*
Steel Creek*
Lower Boggy Gut
Sweetwater Creek
Lower Three Runs Creek*
Smith Lake Creek
The Gaul
Briar Creek
Buck Creek
Ware Creek
Pike Creek
Black Creek
Lake Parachuchia Outlet
Plank Creek
Seines Landing
Ebenezer Creek
Lockner' 8 Creek
Coleman Lake
Meyers Lake
Collin Creek

1G Canal*
3G Canal*

Fritz Cut
Unnamed
Unnamed
Unnamed
Miller's Old Lake
Unnamed

* Located on the Savannah River Plant.

Source: Paller et al., 1985.·
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were intake transects, and' five were oxbows (Table V-4.33). The
upper farfield and nearfield designations were the same in 1985 as
in 1984, but the lower farfield section extended from RM 128.9 to
RM 89.3, rather than to RM 29.6.

Each of the river transects was sampled near the South
Carolina shore, in 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, the mouth. If the water depth exceeded 2'm, both surface
and ,bottom samples were· taken. All samples were taken in
duplicate. '

All stations were sampled weekly from early February through'
July during both years of study. Because ichthyoplankton abundance
can vary within a short time frame (Paller et al., 1986b), all
nearfield ichthyoplankton collections were taken on the same day to
reduce the potential variation of ichthyoplankton densities between
sample dates. Because of the distance 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.

Ichthyoplankton collections' were made from an anchored boat
with two 0.5 diameter 505 ~ mesh plankton nets mounted side by side
in a common frame similar to the gear used for collecting creek 'and
swamp ichthyoplankton. The collections were timed so that approxi
mately 50 m3 of water was filtered; 5 minute sets were usually
adequate. For surface collections, the center of the net was
maintained approximately 0.5 m below' the surface. For bottom
samples, the nets were weighted so that a sample was taken approxi
mately 0.5 m above the substrate. 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.

In the intake canals, the current velocity was too low for an
adequate sample to be collected from an anchored bo~t. Instead,
samples were collected by towing the nets for approximately three
fourths ,the length of the. canal. The length of the tow was
adjusted so that approximately 50 m3 of water was filtered. 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. Parallel surface tows were made close to
each bank and down the center of the canal: 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 bottom topography was too variable.

Creeks and oxbows with adequate flow were sampled using set
nets. Areas' 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.
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TABLE V-4. 33

Sampling Station Location8 for the Savannah River Ichtbyoplankton
Monitoring Program (February-July 1985)

River Mile

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

120.0
110.0
97.5
89.3

Creek Transect

183.3
180.1
176.1
171.6

Sampling Station Location

Upper Farfield

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

Nearfield

Above lG canal
Below 1G canal
Above 3G canal
Below 5G pumpbouse
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 Creek
Recovery transect below 'Steel Creek
Above Lower Three Runs Creek
Below Lower Three Runs Creek

Lower Farfield

River transect below Savannah River Plant
River transect below Savannah River ·Plant
River transect below Savannah River Plant·
River transect below Savannah River Plant

Spirit Creek
Pine Creek
Hollow Creek
High Bank Creek

* Located on the Savannah River Plant.

Source: Paller et al., 1986b~
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TABLE V-4. 33, Contd

~
River Mile Sampling Station Location

Creek Transect (contd)

164.2 McBean Creek
162.2 Upper Boggy Gut
126.5 Smith Lake Creek
109.0 The Gaul
97.6 Briar Creek
92.6 Buck Creek

Intake Transect

157.1 1G Canal*
155.3 3G Canal*

Oxbows

183.0 Fritz Cut
167.4 Unnamed
156.7 Unnamed
153.2 Unnamed

I100.2 Miller's Old Lake --* Located on the Savannah River Plant.

Source: Paller et al •• 1986b.

V-334



Samples were preserved and processed as described in Section
. V.4.3.2.l. Other parameters measured concurrently with ichthyo-
plankton collections were temperature,dissolved oxygen, pH,
conductivity, alkalinity, and water velocity. (See .Section
V.4.3.2.1 for detailed methodologies.) The cross-sectional area of
each. creek mouth was calculated at the location where ichthyoplank
ton samples were taken, based on the width of the creek and depth
measurements along a transect across the creek. Calculated cross
sectional areas were multiplied by. water velocity measurements to
determine the discharge (m.3 /sec) from each creek on each· sample
date. Savannah River discharge data (m3/sec) were taken from
records collected at USGS gauging stations for the same dates that
ichthyoplankton samples were collected. The number of ichthyo
plankton. transported past· each river transect (no./sec) on each
sample date was calculated by multiplying ichthyoplankton density
at that transect (no. 1m3 ) times river discharge. . .

V.4.3.3 Results and Discussion: SRP Creek and Swamp
Ichthyoplankton Studies

V.4.3.3.1 Chemical aDd Physical Parameters

Although chemical and physical parameters were measured con
currently with ichthyoplankton· collections at all sample stations"
during both years of study, only the results frOm the 1985 program
were "available for this report (Paller, 1985). Water temperature
was measured with a Hydrolab Model VI, a Horiba Model U7, or a"
mercury thermometer. The mercury thermometer was used at stations
where temperatures were· high enough to impair ins trument perform
ance (>40·C). Dissolved oxygen, pH, and specific conductance were
measured ·in the field using the Hydrolab Model VI or Horiba U7
water quality monitor. Alkalinity determinations were made in the
laboratory using APHA method 403 for lov alkalinity samples (APHA,
1980). Water quality measurements were taken approximately 0.5 m
below the surface and, when depth exceeded approximately 1.5 m,
0.5 m above the bottom.

Water velocity was measured with a General Oceanics Model 2030
""current meter or a General Oceanics remote reading flow meter.

Readings were taken approximately 0.5 m below the surface.

Water temperatures in the study area were eval~ated by
calculating the mean temperature over all sample dates at each
station (Table V-4.3) and mean temperature in each creek during
each week of the study (Figures V-4.l6 and V-4 .11). These data
were used to describe the basic thermal conditions and relative
temperature differences between the streams. Because of its
significance in this study, water temperature will be discussed in
detail. Data for the other chemical and physical parameters are
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listed in Table V-4.34, and are summarized below. The highest
water temperatures among the study sites were in Four Mile Creek
and Pen Branch, both of which receive thermal effluents from SRP
reactors. Temperatures at Road A in Four Mile Creek (closest to·
the C-Reactor outfall) averaged 39.4°C, and. on one occasion
measured as high as 57.6·C. Temperatures in the nonthermal section
of Four ~lile Creek above the C-Reactor outfall (at Road A-7)
averaged approximately 19.5·C. Temperatures in the section of Pen
Branch located upstream from K Reactor (Road B) averaged 19.8·C,
while the thermally influenced downstream stations averaged 37.0·C
and 35.1·C at Road A and the delta, respectively.

Beaver Dam. Creek, which receives thermal discharge from a
coal-fired power plant, was cooler than Four Mile Creek and Pen·
Branch. However, the average temperature In Beaver Dam Creek was
24.4·C, which was approximately 4·C warmer than the average temper
atures in Steel Creek, Meyers Branch, Upper Three Runs Creek,and
Lower Three Runs Creek. The only other stream that exhibited
evidence of reactor-related warming during 1985 was Lower Three
Runs Creek, which receives the overflow from Par Pond. Mean
temperatures at sample stations in the upper reaches of Lower Three
Runs Creek ranged from 22.3 to 27.2·C, compared to 19.5·C in Four
Mile Creek at Road· A-7 and 19.8·C in Pen Branch at Road B, while
the three sample stations in the lower reaches of Upper Three Runs
Creek ranged from 17.5°C to 18.1·C. Four· sample stations in the
upper reaches of Lower Three Runs Creek were located close to the
Par Pond spillway. Par Pond receives heated effluents from
P Reactor in addition to being heated by solar isolation.

Average dissolved oxygen concentrations exceeded·5 mg 02/L at
all sample stations. Five mg 02/L is the minimum level generally
considered necessary to support cODUDunities of desirable fishes
(EPA, 1976). While average oxygen concentrations were within the
acceptable range at all sample stations, lower values (minimum of
2.5 mg 02/L) were occasionally observed in the Steel Creek swamp,
which does not receive thermal discharge [except possibly during
periods of river flooding (Shines & Tinney, 1983)], and at the
sample stations downstream from the reactor outfalls in Four Mile
Creek and Pen Branch.

The average pH at most sample stations was less than 7.0 and
ranged from 5.8 to 8.0. Average alkalinities for all sample
stations ranged from 3.5 to 35.6 mg CaCOg/L and average ~onductiv

ity ranged from 24.0 to 145.3 liS/em. The alkalinity and conduc
tivity of Upper Three Runs Creek differed from those of the other
streams. Mean alkalinity values in Upper Three Runs Creek ranged
from 3.5 to 3.8 mg CaC03/L compared to 7.1 to 35.6 mg CaCOg/L in
the other streams. Mean conduc tivi ty values ranged from 24.0 to
27.5 llSlcm in Upper .Three Runs Creek and from 37.0 to 1345.3 llS/cm
in the other creeks on the SRP.
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~TABLE V-4.34 'l. --Mean (and range) of Chemicai and Physical Parameters Measured at Each Ichthyoplankton S8Dlpli~ Site on
the Savannah River Plant (February-July 1985) .

Dissolved
Oxygen Conductivity Alkalinity Current

Temp.· ·C mg 02/L' pH pS mg CaC03 /L em/sec Depth, m
Station (min-max) (min-max) (min-max) (min-max) (min-max) (min:':max) (min-max). ,

Upper Three Runs Creek

Road C . 18.0 8.0 5.8 27.5 3.8 4i.5 1.1
n ... 27 (7.0-22.9) (5.1-13.4) (4.3-8.4) (7.0-80.0) (0.8-22.0) (32.0-61.0) (0.3-1.8)

Road A 18.0 7.8 6.1 25.8 3.5 62.5 1.1
n ... 27 (6.3-28.2) (4.8-12.4) (4.5-7.5) (2.0-80.0) (0.1-5.0) (40.0-160.0) (6.4-1.8)

Mouth 15.7 7.2 6.3 . 25.3 3.0 29.6 1.3
n ... 17 (8.0-23.5) (5.2-9.1) (S .2-6.9) (17.0-32.0) (I.0-4;,3) (20.0-41.0) (0.6-3.3)

Beaver Dam Creek

< Road A-12.2 25.6 6.9 6.5 98.5 16.5 78.2 . 1.1I n "" 25 (13.7-33.2) (3.9-11.2) (5.1-7.5) (64.0-133.0) (8.3-19.8) (62.0-120 .0) (0.6-2.7)w
(.oJ
\0

16.6 41.2Swamp 25.0 6.3 6.5 96.3 1.3
n = 25 (9.1-33.0) (4.6-10.1) (5.4-7.3) (52.0-131.0) 02.8-19.5) (22.0-86.0) (0.9-1.8)

Slough 23.6 5.9 6.4 88.7 16.8 30.3 1.4
n = 25 (5.4-32.1) (3.7-10.6) (5.4-7.3) 04.0-128.0) 02.5-18.8) (5.0-45.0) (0.6-2.4)

Swamp 23.0 6.2 6.3 86.7 16.4 74.6 1.4
n ... 25 (5.8-33.1) (3.8-17 .5) (5.2-7.5) 06.0-123.0) 02.0-18.6) (31.0-115.0) (0.9-3.0)

Mouth 24.7 5.2 6.3 89.5 15.8 60.2 1.6
n ::I 26 (15.5-34.0) (4.0-7.2)· (4.9-7.6) (82.0-98.0) (11.8-18.5) (23.0-88.0) (0.9-3.0)

Four Mile Creek

Road A-7· 19.5 7.8 6.3 71.7 7.1 16.1 0.9
tl ... 18 (7.9-26.9) (5.2-15.0) (4.0-7.6) (26.0-97.0) (2.5-12.0) (8.0-25.0) (0.6-1.5)

Road A 39.4 6.1 . 6.9 72.1 . 14.3 119.7 1.1
n ... 26 (14.2-57.6) (3.5-10.5) (5.2-8.8) (50.0-99.0) 00.0-17 .3) (39.0-160.0) (0.6-2.7)

Source: .Paller et al. , 19868.



TABLB v-4.34. Contd

Dissolved
Oxygen Conductivity Alkalinity Current

Temp...C mg 02/L pH pS mg CaC03 /L em/sec Depth, m
Station (min-max) (min-max) (min-max) . (uiin-max) (min-max) (min-max) (min-max)

Steel Creek (contd),

Road A-13.1 21.3 7.9 6.7 66.7 18.6- 46.4 0.3
n ... 7 (9.9-23.3) (5.6-11.3) (5.8-7.6) (25.0-86.0) (13.5-22.5) . 00.0-100.0) (0.3-0.3)

Cypress 19.8 7.3 6.5 64.7 18.8 40.2 0.6
Bridge (7.7-27.6) (4.8-10.9) (4.3-7.4) (20.0-84.0) (6.0-26.8) <25.0-52.0) (0.3-1.3)

n ... 26

Above 12.2 6.5 6.1 37.0 13.4 -* 0.8
Island 62 (10.1-14.0) (6.0-6.9) (5.6-6.5) (8.0-66.0) (12.3-14.5) (0.6-0.9)

n" 2

Above 20.1 5.8 6.3 67.2 19.6 26.8 0.9
Island 31 (11.2-27.3) (3.5-8.8) (5.4-7.4) (9.0-102.0) (11.5-22.5) (10.0-44.0) (0.6-1.5)

n .. 24

Between 15.5 6.4 6.2 49.3 15.8 24.0 1.0
1 Island 63 (10.0-23.7) (5.6-6.9) (5.7-6.7) (9.0-68.0) (12.0-18.8) . (11.0';'35.0) (0.6-1.8)
w n .. 5
~

0'

Between 20.3 5.9 6.1 67.3 20.0 20.3 1.0
Island 32 (7.2-29.9) (2.8-10.6) (4.6-7.4) (8.0-93.0) (14.5-25.3) 00.0-40.0) (0.6-1.8)

n .. 25

Between 19.8 5.3 6.3 74.9 19~1 28.0 1.2
Island 33 (5.5-28.8) (3.0-9.0) (5.2-7.4) (9.0-103.0) (11.5-22.5)" (18.0-40.0) (0.9-2.4)

n .. 25

Below 19.3 5.9 6.2 71.7 19.0 14.4 1.2
Island 34 (4.9-27.2) (3.8-11.8) (5.2-7.4) (9.0-105.0) (9.3-34.5) (10.0-25.0) (0.6-2.1)

n • 25

Below 19.4 5.8 6.2 76.3 18.2 25.5 1.2
Island 35 (4.6-27.1) (3.6-10.9) (5.2-7..4) (9.0-108.0) (8.8-22.5) (16.0-42.0) . (0.6-2.1)

n .. 26

Below 20.2 5.7 6.2 77.1 19.9 38.1 1.7
Island 64 (10.1-27.1> (3.8-9.1) (5 ~2-7 .4) (8.0-109.0) (11. 5-48 .0) (16.0-56.0) (0.9-2.4)

* Not measured.
Source: Paller et aI., 1986a.

~ .. .--. C



..... ~- .

TABLE V-4.34. Contd

Dissolved
Oxygen Conductivity Alkalinity Current

Temp•.·C mg 02!L pH uS mg CaCOg!L em/sec Depth, 111
Station (min-max) . (min-max) {min-max) . (min-max) (min-max) (min-max) (min-max)'

Steel Creek (contd)
, 1

Below 19.2 9.8 6.2 77.2 10.0 71.0 1.9
Swamp 36 (6.1-26.8) (3.7-11.6) . (5.1-7.4) (9.0-106.0) (9.J-26~0) (28.0-95.0) (0.9-2.4)

n - 27

Below 19.4 5.7 6.5 77.4 19.7 73.8 1.7
Swamp 61 (7.4-26.7) (J .9-8.4) (5.0-7.4) (9.0-105.0) (10.5-26.9) (22.0-94.0) (0.6-J .0) .

n = 26

Mouth 17 .4 6.6 5.8 79.8 16.2 39.1 2.3
n = 32 (6.0-25.7) (3.9-10.4) (4.1-7~0) (52.0-108.0) (8.0-22.7) . (l0.0-60.0) 0.5-4.3)

Meyers Branch

Road 8-6.2 16.9 7.1 6.0 41.9 13.0 52.7 0.5
1 n - 13· (7.4-24.0) (4.3-11.3) .(4.1-7.7> 04.0-60.0) (5.5-20.3) (10.0-150.0) (0.3-0.9)
w
J:'o Steel Creek 20.2 7.2 6.4 45.8 18.5 30.9 0.4....

confluence (7.8-28.5) (5.2-11.4) (3.9-7.6) <2.0-81.0) (7.0-23.0) (18.0-63.0) . (0.3-0.6)
n - 25

Lower Three Runs,

Spillway 27.2 6.6 7.1 72.2 15.4 31.0 0.4
n = 11 09.5-32.8} (4.4-8~5) (6.7-7.9) (52.0-85.0) (12.3-17 ~O) (2.0-64.0) (0.3-0.6)

Road B . 22.3 7..1 6.4 68.9 20.3 53.8 0.6
n .. 25 (7.5-31.2) (4.3-13.0) (4.7-7.8) 03.0-130.0) (14.3-50.6) (7.0-130.0) (0.0-1.5)

Below . 25.4 6.5 6.4 79.9 18.0 0.6
Road B (18.3-31.4) (4.6-7.7> (4.1-7.3) . (42.0-138.0) (9.5-49.8) (5.0~40.0) (0.3-0.9)

n .. 17

Trestle 23.7 6.2 6.4 80.8 25.2. .22.0 0.5
n .. 17 (15.0-30.7) (4.2-7.7) (4.1-7.5) (34.0-123.0) (13.8-48.0) (l0.0-60.0) .(0.J-O.9)

Source: Paller et ~l. , 1986a~
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V.4.3.3.2 Ichtbyoplanktou Diatribution

A total of 3,708 fish larvae and 448 fish eggs were collected
from the SRP creeks and swamps between March 14 and July 31, 1984·
(Table V-4.35; Appendix V-4.l). The relative scarcity of eggs in
the collection reflects the fact that the eggs of mOst species· of
that fish reside near the SRP are either adhesive or deposited in
nests (or other protected locations) and are not readily collected
by sampling the water column. The majority of the eggs (77.2%)
could not be identified but were probably those of minnows or
suckers (Paller, 1985). . Eggs from three of· the most important
anadromous species, blueback herring, American shad. and striped
bass, were poorly represented in the collection from the creeks and
swamps. Of these three. blueback herring were the best repre-·
sented, with 13.2% of the total ·egg col1ection~ American shad eggs
totaled only 3.3% of the collection, and striped bass were repre
sented by a single egg. The most abundant larvae were centrarchids
(sunfish and bass), minnows, darters, spotted suckers. and brook
silvers ide.

A total of 1,109 fish larvae and 710 fish eggs were collected
from the SRP creeks and swamps between February and July 1985
(Table V-4.36). The most abundant larvae were darters, centrar
chids (sunfish and bass). minnows, spotted suckers, and brook
silverside. As in 1984, more than half of the eggs (56.3%) could
not be unequivocally. identified but were probably those of minnows
and suckers (Paller et al., 1986a). The most abundant identifiable
eggs were those of blueback herring and American shad. Again,
striped bass were represented by only a single egg.

There were several similarities between the 1984 and 1985
ichthyoplankton collections from the creeks and swamps. Darters,
minnows, andcentrarchids were the most abundant larvae during both
years of study; while blueback herring were the mos.t abundant
identifiable eggs. The number of taxa collected each year were
fairly similar; 20 taxa during 1984 and 18 taxa during 1985.
However, there were some differences in species· composition.
Darters· comprised 12.0% of the ichthyoplankton larvae during 1984
and 31.3% during 1985; centrarehids (excluding crappie) comprised
38.8% of the larvae during 1984 and 16.9% during 1985. American
shad, an important commercial and recreational species, comprised
3.3% of the eggs during 1984 and 15.4% during 1985.

To provide general information on the relationship between
habitat and species composition, the sampling stations in the SRP
creeks and swamps were partitioned into five basic habitat groups
in 1985 (Table V-4.37). The "creek mouth" group included the five
sampling stations at the mouths of the SRP creeks that enter the
Savannah River. The "swamp" group included the 14 sampling
stations in the swamps of Beaver Dam Creek, Four Mile Creek, Steel
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TABLE V-4.35

Number and Percent Composition of Ichthyoplankton
COllected from Seven Creeks and Swamp Areas on the
Savannah River Plant (March l4-July 31, 1984)*

Taxa Number Percent

Larvae

American shad 2 0.1
Gizzard and/or threadfin shad 83 2.2
Blueback herring 92 2.5
Unid. herring or shad 46 1.2
Spotted.sucker 259 7.0
Unid. suckers 84 2.3
Pirate perch 46 1.2
Sunfish andI or bass 1.437 38.8
Crappie 381 10.3
Yellow perch 40 L1
Darters 445 12.0
Mud minnow 5 0.1
Swamp fish 8 0.2
Minnows 512 13.8
topminnow 3 0.1

• Carp 6 0.2
Mosquitofish 4' 0.1
Pickerel 3 0.1
Brook siiverside 150 4.0
Catfish and/or bullhead 5 0.1
Needlefish 3 0.1
Unid. ichthyoplankton 94 2.5

Total 3.708 100.0

.!&&!.

Blueback herring 59 13.2
American shad 15 3.3
Striped bass 1 0.2
Yellow perch 19 4.2
Minnow 8 1.8
Other** 346 77 .2

Total 448 99.9

* Upper Three Runs. Beaver Dam. Four Mile. Pen Branch.
Steel Creek. Meyers Branch. and Lower Three Runs creeks.

** Most were probably minnow and sucker eggs.

Source: Paller. 1985.
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TABLE V-4.36

Number and Percent composition of Ichthyoplankton Collected
from Creek Mouth, Swamp and Creek Habitats on the Savannah
River Plant (February - July 1985)

Taxa Number Percent

Larvae

Unid. herring or shad 11 1.0
Blueback herring 23 2.1
American shad 9 0.8

.Pickerel 2 0.2
Minnows 166 15.0
Carp 10 0.9
Unid. suckers 5 0.5
Spotted suckers 119 10.7
Catfish and/or bullhead 2 0.2
Swampfish 1 0.1
Pirate perch 1 0.1
Topminnow 2 0.2
Mosquitofish 5 0.5
Brook silvers ide 110 9.9

"
Sunfish and/or bass 187 16.9
·Crappie ·71 6.4
Yellow perch 6 0.5
Darters 347 31.3
Unid. larvae 30 2.7
Largemouth bass 2 0.2

Total 1,109 100.2

!U!.
Blueback herring 183 25.8
American shad 109 15.4
Striped bass 1 0.1
Yellow perch 17 2.4
Unid. eggs 400 56.3

Total 710 100.0

Source: Paller et a1., 1986a.
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---TABLE V-4.37

Number and Percent Composition of Icbthyoplankton Collected from Creek Hout~, Swamp and Creek Habitats on
tbe Savannab River Plant (February-~uly 1985)

Taxa
Creek Mouth*
Number Percent

Swamp**
Number Percent

Creekt
Number

Channel tt .
Percent Number Percent

Tailwaters'
Number Percent

609 100.1

Unid. herring or shad
Blueback herring
American shad
Pickerel
Minnows
Carp
Unid. sucker
Spot ted sucker
Catfish and/or bullhead
Swampfish
Pirate perch

.Topminnow
Mosquitofish
Brook silvers ide
Striped bass
Sunfish and/or bass
Largemouth bass
Crappie
Yellow perch
Darters
Unid. ichthyoplankton

TotaU

7
116
87

1
10
o
3

28
1
o
o
1
o
3
o

25
o
3
6.

68
250

1.2
19.1
14.3
0.2
1.6
0.0
0.3
4.6
0.2
0.0
0.0
0.2
0.0
0.5
0.0
4.1
0.0
0.5
1.0

11.2
41.1

3
44

6
o

35
8
1
3
1
1
o
1
2
9
o

68
2

24
1

63
30

302

1.0
14.6
2.0
'0.0

11.6
2.6
0.3
1.0
0.3
0.3
0.0
0.3
0.7
3.0
0.0

22.5
0.7
7.9
0.3

20.9
9.9

99.9

o
o·
2'
1

92
o
1

86
o
o
o
o
1
2
o

36
o
2
9

161
34

427

0.0
0.0
0.5
0.2

21.5
0.0
0.2

20.1
0.0
0.0
0.0
0.0
0.2
0.5
0.0
8.4
0.0
0.5
2.1

37.7
8.0

1
45
23
o

25
2
o
2
o
o
1
o
o
2
1

15
o
1
4

34
10

166

0.6
27.1
13.9

0.0
15.1
1.2
0.0
1.2 .
0.0
0.0
0.6
0.0
0.0
1.2
0.6
9.0
0.0
0.6
2.4

20.5'
6.0

100.0

o
1
o
o
4
o
.0
o
o
o
o
o

.2
94
o

43
o

41
3

21
106

315

0.0
0.3
0.0

. 0.0
1.3
0.0
0.0
0.0
O.O~

0.0
0.0
0.0
0.6

29.8
0.0

13.7
0.0

13.0
1.0
6.7

33.7

100.1

* Upper 'three Runs, Beaver Dam, Four Mi.le, Steel, and Lower Three Runs" creeks.
** Swamp habitats were in Beaver Dam, Four Mile, Pen Branch, and Steel creek.

t Creek habitats were relatively narrow and well channelized with limited or no floodplain development
and moderate currents. They were upstream. from the 8wamp.

tt Lower Steel Creek channel.
, The three stations in the Par Pond tailwaters or· Lower Three.Runs Creek.

Sburce: Paller et a1., 1986a.



Creek, and Pen Branch. The "creek" group· 'included the 18 sampling
stations above the river floodplain swamp in the upper reaches of
Steel Creek, Meyers Branch, Pen Branch, Four Mile Creek, Upper
Three Runs Creek, and Lower Three Runs Creek. Creek habitats were
in relatively' narrow, well-defined channels with little or no
floodplain development. .The "channel" group included the two
stations in the Steel Creek channel below the Steel Creek swamp.
The "tailwaters" gr.oup included the three stations just below the
Par Pond spillway (refer to Table V-4.3l for stat10n numbers of
these sample sites).

The remainder of this section discusses . ichthyoplankton
distribution by individual creeks •. For a comprehensive description

. of the morphological and hydrological characteristics of each creek
monitored, see Section V.2 Study Sites. .

V.4.3.3.1.1 Steel Creek

In 1984, there were 13 ichthyoplankton sampling stations in
Steel Creek (Table V-4.31 and Figure V-4.1S). The two stations
farthest upstream (Station 26 and 27) were at Road B and Road A-14',
approximately 15.5 km and 10.5 km, respectively, from the mouth of
Steel Creek. Both stations were located in channelized portions of
the stream. The next station (Station 28) was located approxi
mately 300 m above the confluence of Steel Creek and Meyers Branch.
The creek channel was more braided and marshy at thts point. Eight
stations (Stations 62, 31, 63, 32, 33, 34, 35, and 64) were located
in the delta/swamp area (Figure V-4.18), one station (Station 36)
was located in the main channel draining the delta/swamp, (300 'm
downstream from the swamp), and one station (Station CI41.6) was
located in the mouth of Steel Creek.

·A total of 1,519 ichthyoplankters were collected .from Steel
Creek between March 14 and July 31, 1984. The predominant taxa
were centrarchids, minnows~ and darters (Table V-4.38). The taxo
nomic composition varied along the length of the creek, however.
In the upper reaches of Steel Creek, minnows and darters comprised
almost all of the ichthyoplankton(Table V-4.39). Downstream, in
the swamp, there were considerably more taxa (16 compared to 3),
and centrarchids, minnows, and darters dominated the collections.
The increased diversity in the swamp was probably the result of a
more varied habitat as well as the influx of riverine species which
enter the swamp to spawn. The taxonomic composition irithe mouth
of Steel Creek was similar to that in the swamp except that the
creek mouth had larger numbers of anadromous species.

From the data collected in Steel Creek (Figure V-4.19), it was
determined that maximum spawning activity in Steel Creek occurred
when the water temperatures ranged from 17 to 2S·C. Temperatures
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FlGUII V-4.18. The Steel Creek Delta ludicatins the Location'of
the Ichthyoplankton Sampling Site. ' ,
(February-Jaly 1985) ,
Source: Paller et al., 1986a
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TABLE V-4.38

Number of Percent Composition of IchthyoplanktoD Collected
from All Sites·on Steel Creek (March 14-Ju11 31, 1984).

Taxa Number Percent

American shad 15 1.0
Gizzard andlor threadfin shad 12 0.8
Blueback herring 65 4.3
Unid. herring or shad 14 0.9
Spotted sucker 14 0.9
Unid. suckers 57 3.8

. 'Pirate perch 42 2.8
Sunfish and/or bass 449 29.6
Crappie 34 2.2
Yellow perch 14 0.9
Darters 186 12.2
Mud minnow 5 0.3
Swamp fish 8 0.5
Minnows 420 25.7
Catfish andlor bullhead 4 0.3
Pickerel 2 0.1
Needlefish 2 0.1 -.Brook silverside 32 2.1
Unid. ichthyoplankton* 138 9.1

Total 1,519 99.5

* 'Principally eggs.

Source: Paller, 1985.
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TABLE V-4.39

Number and Percent Compo8ition of Icbtbyoplankton Collected from
the Houth of Steel Creek,. Steel Creek Swamp, and Upper Steel Creek

.(Karch 14-July 31, 1984)

Creek Mouth* Swamp** Creekt
Taxa Number Percent Number Percent Number Percent

American shad 15 2.1 0 0.0 0 0.0
Gizzard and/or threadfin shad 4 0.6 8 1.1 0 0.0
Blueback herring 63 8.7 2 0.3 0 0.0
Unid. herring or shad 10 1.4 4 0.6 0 0.0
Spotted sucker 0 0.0 14 1.9 0 0.0
Unid. sucker 7 1.0 50 6.9 .0 0.0
Pirate perch 1 0.1 41 5.7 0 0.0
Sunfish and/or bass 236 32.6 213 29.4 0 0.0
Crappie 27 3.7 7 1.0 0 0.0
Yellow perch 1 0.1 10 1.4 3 4.6

,: Darters 70 9.7 94 13.0 22 33.8
w Mud minnow 0 0.0 5 0.7 0 0.0
V1..... Swampfish 0 0.0 8 1.1 0 0.0

Minnows 275 38.0 106 14.6 39 60.0
Catfish and/or bullhead 0 0.0 4 0.6 0 0.0
Pickerel 0 0.0 2. 0.3 0 0.0
Needlefish 0 0.0 2 0.3 0 0.0
Brook silvers ide 8 1.1 24 3.3 0 0.0
Unid. ichthyoplankton 7 1.0 130 18.0 1 1.5

Total 724 100.1 687 100.0 65 99.9

* One sampling station.
** Nine sampling stations.
t Three sampling stations above the confluence with Meyers Branch.

Source: Paller, 1985.
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in the creek mouth were commonly several degrees cooler than in the
'upper portions of Steel Creek. As a result, the 17 ,to 25·C temper
atures were reached· earlier in, the year in the swamp and nearby
creek channelstationa than in the creek 'mouth. The 'temperature
differential between the creek mouth and swamp was attributed to
solar heating of the relatively shallow water in the open canopy
Steel Creek swamp, as well as the inflow of heated waters into,the
Steel Creek swamp from Pen Branch. The warming in the swamp was
occasionally influenced by the inflow of cool water into the creek
mouth from the Savannah River during high river levels.

The data collected from Steel Creek suggest that tbe swamp and
creek mouth. were the most important spawning areas in Steel Creek
during 1984. The swamp appeared to be particularly important,early
in the spawning season, with the creek mouth becoming more, impor
tant later in tbe season, as it warmed to temperatures suitable for
spawning. Ichthyoplankton densities in the portion of Steel Creek
between the swamp'and the creek mouth were relatively low. '

The relatively small number of ichtbyoplankton collected from
the sections of Steel Creek above the swamp suggests that this area
was a spawning area only for resident populations. The ichthyo
plankton from this region were typical creek taxa, such as darters
and minnows.

Two sampling stations were added in Steel Creek in '1985; one
at Cypress Bridge (Station 29) and one in the. creek channel below
the swamp (Station 16). The thirteen other sampling stations' in'
Steel Creek were the same stations sampled in 1984 (Table V-4.31). '

A total of 680 ichtbyoplankters were collected from Steel
Creek between February ,and 'Juiy 1985. The dominant taxa were
darters, blueback herring, minnows, American shad, and centrarchids
(Table V-4.40; Figure·V-4.20).

To assess ichthyoplankton occurrences along the length of the
creek in 1985, the Steel, Creek sampling stations were separated
into four groups based on proximity to the river: 'upper creek,
swamp, creek channel, and creek mouth. In the upper reaches of
'Steel Creek, minnows and darters comprised almost all of'the
ichthyoplankton (41.7 and 45.8%, respectively; Table V-4.41).
Farther .downs tream in the swamp there were more taxa; darters
(32.4%), centrarcbids (32.4%), and minnows 03.5%) predominated.
In the channel connecting the swamp to the creek mouth, the
anadromous species were strongly represented. Blueback herring
comprised 23.3% of the collection and American, shad comprised
11.4%. Resident species, including darters' (24.8%), minnows
(18.8%), and centrarchids (9.4%), were also abundant. Anadromous
species comprised the majority of the ichthyoplankton in the mouth

, of Steel Creek; American shad comprised 34.2% of the collect~on and
blueback herring comprised 29.1%.
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TABLE V-4.40

Number and Percent Compo8ition of Ichthyoplankton
Collected from.All Sampling Sites on Steel Creek
(February-July 1985)

Taxa

Unid. herring or shad
Blueback herring
American shad
Pickerel
Minnows
Carp
Spotted sucker
Unid. suckers
Catfish and/or bullhead
Swampfish
Pirate perch
Topminnow
Brook silverside
Striped bass
Sunfish and/or bass
Crappie
Yellow perch
Darters
Unid. ichthyoplankton

Total

Number

6
116
103

1
lOS

2
7
2
1
1
1
1

11
1

79
7

11
170

55

680

Percent

0.9
17 .1
15.1
0.1

15.4
0.3
1.0
0.3
0.1
0.1
0.1
0.1
1.6
0.1

11.6
1.0
1.6

25.0
8.1

100.0

Source: Paller et al., 1986a.
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TABLE V-4.41

Number and Percent Compo8ition of Ichthyoplankton Collected from the Mouth'of Steel Creek.
Steel Creek Channel. Steel Creek Swamp. and Upper Steel Creek (Pebruary-July 1985)

Creek Mouth* Creek Channel** Swampt Upper Creekt t
Taxa Number Percent Number Percent Number Percent Number Percent

Unid. herring or shad 5 2.1 1 0.5 0 0.0 0 0.0
Blueback herring 68 29.1 45 22.3 3 2.0 0 0.0
American shad 80 34.2 23 ·11.4 0 0.0 0 0.0
Pickerel 0 0.0 1 0.5 0 0.0 0 0.0
Minnows 7 3.0 38 18.8 20 13.5 40 41.7
Carp 0 0.0 2 1.0 0 0.0 0 0.0
Spotted sucker 0 0.0 2 1.0 0 0.0 2 2.1
Unid. sucker 3 1.3 0 0.0 1 0.7 0 0.0
Catfish and/or bullhead 0 0.0 0 0.0 1 0.7. 0 0.0
Swampfisb ,0 0.0 0 0.0 1 0.7 0 0.0
pirate pe~ch 0 0.0 1 0.5 0 0.7 0 0.0

<: Topminnow 0 0.0 0 0.0 1 0.7 0 0.0
I Brook silverside 1 0.4 2 1.0 9 6.1 0 0.0W

\11 Striped bass 0 0.0 1 0.5 0 0.0 .0 0.0
" Sunfish and/or bass 12 5.1 19 9.4 48 32.4 0 0.0

Crappie 0 0.0 1 0.5 6 4.1 0 0.0
Yellow perch 0 0.0 4 2.0 2 1.4 5 5.2
t>arters 28 12.0 50 24.8 48 32.4 44 45.8
Unid. ichthyoplankton 30 12.8 12 5.9 8 5.4 5 5.2

Total 234 100.0 202 100.1 148 100.1 96 100.0

* One sampling station.
** Two sampling stations.

t Eight ,sampling stations.
tt Four sampling statiods.'

Source: Paller et aI., 1986a.



An analysis of mean ichthyoplankton densities over all sample
dates in 1985 indicated that the densities were. highest in the
mouth of Steel Creek, but also fairly high in the Steel Creek
channel and farther upstream at Road A-14 and Road B (Figure·
V-4.20. The species composition differed between these areas,
with American shad, blueback herring, and darters predominating in
the creek mouth and channel, and minnows and darters predominating
farther upstream. These patterns differed somewhat from those
observed during 1984, when densities were approximately as high in
the swamp as in the creek mouth; and densities farther upstream
were generally low (Paller, 1985). Furthermore, blueback herring
and American shad comprised a much smaller percentage of the total
catch in 1984 than in 1985.

The Steel Creek swamp has a diversity o·f habitats including
different vegetation types, temperatures, water depth. and current
velocities. To assess ichthyoplankton distributions in these
varied habitats, eight ichthyoplankton sampling stations were
established in the Steel Creek swamp (the 1984 and 1985 sampling
stations were identical). Three stations (Stations 34. 35, and 64;
Figure V-4.18) were located in a nonthermal cypress-tupelo swamp
located downstream from the post-thermal recovery area. Three
additional stations (Stations 32~ 33, and 63) were located between
two small islands in the post-thermal recovery area that .had
extensive submerged and emergent herbaceous and shrubby vegetation,
but lacked a cypress-tupelo canopy. The two remaining sample
stations (Stations 31 and 62) were located just downstream from
the islands in the post-thermal recovery area. This area lacked
the cypress-tupelo canopy, and had extensive sediment deposits
that accumulated during previous periods of reactor operation
(Figure V-4 .18).

During March and the first half of April 1984, temperatures at
Stations 63 and 32 (stations. between ·the islands with reduced
canopY' in the post-thermal recovery area) were elevated approxi
mately 2 to 6·C above ambient temperatures, probably due to thermal
discharges from Pen Branch (Figure V-4. 22). These thermal addi
tions appeared to have raised temperatures· enough to induce early
spawning in the area between the islands before temperatures were
high enough to permit active spawning elsewhere in the swamp
(Figure V-4.23; Paller, ·1985).

When temperatures reached levels suitable for spawning,
habitat seemed to become a significant factor in ichthyoplankton
distribution in 1984. For example. the stations between the
islands (with reduced canopy) were in poorly defined channels that
contained dense mats of. submerged and emergent aquatic vegetation.
This type of aquatic vegetation can support large numbers of fish
larvae (Holland and Huston, 1984; Floyd et a1., 1984), which may
have been responsible for the high ichthyoplankton densities
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measured in 1984 at these stations. "Aquatic macrophyte beds were
far more extensive in the reduced canopy, post-thermal areas of the
Steel Creek swamp than in the closed-canopy swamp. A scarcity of
submerged and emergent vegetation may have been responsible for the"
relatively low ichthyoplankton densities observed in 1984" in the
closed canopy swamp.

Average ichthyoplankton densities from February through July
1985 were fairly similar between, upstream, "and downstream from the
islands (Figure V-4.24). In contrast, the densities were tllUch
higher above and between the islands than downstream from the
islands during 1984 (Paller, 1985). Densities were especially high
at Stations 62 and 63 during 1984 (Figure V-4.25). These two"
stations were sampled infrequently during 1985 because low water"
levels made them inaccessible.

Much. of the difference in ichthyoplankton densities between
1984 and 1985 could have been due to changes in the sampling
methodology. During 1984, samples were occasionally collected in
the Steel Creek swamp by towing plankton nets along the edges of
macrophyte beds or by pumping water from submerged macrophyte beds
with a 833 L/min pump. These procedures resulted in the capture of
large numbers of larvae from the "macrophyte beds. During 198~, all
samples were taken by setting nets in the "center of the channels in
the swamp. The 1985 Microhabitat Study was conducted to quantify
differences in larval fish abundance between macrophyte bed and
open channel uU.crohabitats in the .Steel Creek swamp. The results
of the microhabitat study are presented later in this report;
hoWever, they indicated that the macrophyte beds provided shelter
and food for the developing larvae and, therefore, greater densi
ties of larvae were collected there.

V.4.3.3.2.2 Heyers Branch

Two sample stations were located in Meyers Branch, a tributary
of Steel Creek, for the 1984 and 1985 sample periods (Table V-4.31
and Figure V-4.l5). One sample station (Station 39) was in the
upper reaches of the tributary and the other (Station 40) was just
upstream from the confluence with Steel Creek.

A total of 156 ichthyoplankters were collected from Meyers
Branch in 1984, the majority of which were centrarchids and darters
(Table V-4.42). Ichthyoplankton· were generally more abundant at
Station 39 in the upper reach of Meyers Branch than at Station 40
near the confluence with Steel Creek, especially during April
(Figure V-4.26). The" greater ichthyoplankton densities a~ the
upstream station may have been due to several beaver dams located
upstream from the collection site. The pools behind these dams
provided favorable habitat for some species, particularly
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TABLE V-4.42

Number and Percent Compo8ition of Ichthyoplankton Collected
from Meyers Branch (March 14-July 31, 1984)

Taxa Number Percent

Gizzard and/or threadfin shad 3 1.9
Suckers 4 2.6
Sunfish and/or bass 66 42.3
·Darters 45 28.8
Minnows 22 14.1

Brook silverside 1 0.6
Unid. ichthyoplankton 15 9.6

Total 156 99.9

Source: Paller, 1985.
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centrarchids, which were well-represented' in the ichthyoplankton l J
from the upstream Meyers Branch station (Paller, 1985). The ....
relatively low number of ichthyoplankton collected from the station
near the confluence with Steel Creek suggests that ichthyoplankton
transport from'Meyers ~ranch into Steel Creek was minLDal.

In 1985, a total of 51 larvae and eggs were collected from
Meyers Branch, most: of which were darters and centrarchids (Table
V-4.43). The first indications of reproductive activity appeared
in March, with darter eggs and larvae being captured at both
stations (Figure V-4.27). April was the main mOnth of reproductive
activity for most taxa. As was the case in 1984, total density was
higher, at the more upstream Station 39 during April. This was
attributable primarily to higher densities of darter and sunfish"
eggs and larvae, a trend similar to that seen in 1984. In May,
reproductive activity was higher at the more downstream Station 40.
This trend was far less obvious during May 1984.

A comparison of annual results between 1984 and 1985 ichthyo
plankton collect ions from Meyers Branch is shown in Figure V-4. 28
and indicated that ich thJtoplankton dens ities were greater during
both years at the upstream station (Station 39) than at the station
located ,near the confluence with Steel Creek (Station 40).

V.4.3.3.2.3 Pen Branch

Three 8aDpiing stations were' located on Pen Branch for the
1984 and 1985 icbthyoplankton study' (Table V-4.31 and 'Figure
V-4.15). Station 20 was situated near Road B in the undisturbed
headwaters upstream from the confluence with Indian Grave Branch.
This station had a well-defined channel, a complete canopy, sand
and gravel substrate, and moderate amounts of in-stream cover, such
as log jams and leaf accumulations. The second station (Station
21) was located at Road A-13.2, approximately 7.0 Ian 'downstream
from K Reactor. This station was characterized by greatly elevated
temperatures (up to 40·C) and by greater depth and' width, high
current, velocities, and sand and silt substrates. The third
station (Station 22) was located in Pen Branch Delta, and was
characterized by numerous standing dead cypress and tupelo trees,
many braided channels, ,and large amounts of emergent vegetation.
Temperatures were elevated at Station 22, but not to the extent
that they were at Station 21 (Table V-4.34).

A total of 53 ichthyoplankters were collected from Pen Branch
between March and July 1984 (Table V-4.44). Most of the minnows
and darters were collected upstream from. the reactor. With the
exception of a few unidentifiable eggs, ichthyoplankton were absent
from the site at Road A-13.2 'Where water temperatures reached as
high as 49·C (Figure V-4.29). The eggs that were collected at Road
A-13.2 probably drifted in from cooler refugia located in side
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Number and Percent Composition of Ichtbyoplankton
Collected from Meyer8 Brancb (February-July 1985)

Taxa Number Percent

Minnows 5 9.8
Spotted suckers 1 2.0
Sunfish and/or bass 20 39.2
Darters .23 45.1
Yellow perch I 2.0
Unid. ichthyoplankton 1 2.0

Total· 51 100.1

Source: Paller, 1986a.
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FIGURE V-4.27. Average Ichthyoplankton Den.ity and MOnthly Mean
Water Temperature at Two Stationa iu Meyer. Branch
(February-3uly 1985)

V-37 0



, MEYERS BRANCH
~ MAY Creek Temperature

(,) •• ,1iJ Darters0

~ Minnows
fl')e

Above ~ Suckers.
0 Steel oOther0 Creek Road0 Taxa,- 8-6.2......
0

,.,.
'Z

0.3 5.8

30 JUNE
0 250 •

20

fl')e
0
0
0--......
ci *z

0.3 5.8

•• JULY
30 ~.. •(,) 25

0
20

It)

e
8
'"d .*z

0.3 .. 5.8
Distance from Conf rue nee with Steer Cre'ek '(miles)

rIGtJIlE V-4.27 J Colltd

V-371



.w

Road
B-6.2

Road
8-6.2

MEYERS BRANCH

~ Sunfish
mil Darter

~ Minnows

ill Spotted Sucke,

o Other Taxa

Above
Steel
Creek

1985

Above
Steel
Creek

1984

If)

<5 I
~ O....-...~---r--~--,.--__-_-~iI-.
"
a: 100w
CD
:E
~
Z

OII---liT......--r'--~--....,...--~---- __-~::L-
0.0 O.! 5.8

01 STANCE FROM CONFLUENCE WITH STEEL CREEK (miles)

FIGURE V-4.28. Mean Icbtbyoplankton Densities at Meyers Branch
Location. Duriug the 1984 and 1985 Sampling Progr8lll8
Source: Paller et al., 1986a.

V-372



, .

Ir' TABLE V-4.44

Hamber and Percent Composition of Ichth1OplaDkton Collected
from. Pen BrallCh (March 14-.1uly 31, 1984)... .

Taxa Number Percent

Suckers 4 7.5
Sunfish and/or bass 2 3.8
Darters 16 30.2
.Swampfish :1 1.9
Minnows 19 35.8

.Mosqu·itofish 3 5.7
Topminnow 1 1.9
Catfish and/or bullhead 1 1.9
Unid. ichthyoplankton 6 11.3

Total 53 100.0.: Source: . Paller, 1985•

,,'
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channels and shallow pools off the main channel. The delta sam
pling station was somewhat cooler than the station at Road A-13.2,

. but temperatures still reached. 45·C. The lDOsquitofish (Gambusia
affinis) comprised the most abundant taxon collected at the delta
sampling station in April 1984, the only lDOnth of reproductive
activity. at Stat ion 2·2. '.

A total of 22 ichthyoplankters were collected from Pen Branch
between February and July 1985 (Table V-4.45). The only pla·ce in '
Pen Branch where ichthyoplankton were· consistently' collected in
1985 was upstre~ from the reactor. In ·1985, ichthyoplankton were·
never collected from the site at Road A-13.2 (Figure V-4.30).

V.4.3.3.2.4 Four Hile Creek

Six stations were sampled on Four Mile Creek during the
1983-1984 sampling program: ,one in the midreaches (at'Road A
approximately ,8 tan downs tream from C Reactor), one at the inflow'
into the delta, three in the thermal swamp downstream from the
delta, and one in'the creek mouth (Table V-4.3l and Figure V-4.15).
The ,three thermal swmnp stations were grouped together' in . the
following ~nalY8is because they had similar habitats 'and tempera
tures. One additional station was added to the ..sampling program in
1985 at Road A-7, which is located approximately 1.5' \an upstream'
from C-Reactor outfall.

A total of 206 ichthyoplankters were collected from Four Mile
Creek between March 14 and July 31, 1984~ Centrarchids were the
most abundant taxa, although brook silvers ide and blueback herring
were also well-represented (Table V-4.46).

C Reactor was operating at full power throughout 'April and May
(although· it operated only intermittently during March). As a
result, temperatures at Road A ranged from 33.9 to 50.1·0 and
temperatures at the inflow into the delta' ranged :from 30.1 to
44.8·C (Figure V-4.3l). Ichthyoplankton were absent from' these
sites with the exception of some brook sLlverside eggs ,and
unidentifiable eggs collected from the'Road A sample site in May

,1984. These eggs probably drifted into the channel of Four ,Mile
Creek from cooler side-channel waters (Paller, 1985).,'

Temperatures in the Four Mile Creek thermal swamp and 'Creek
mouth ranged from 18 to 42·C, and were lower and much more variable
than at the inflow into the Four Mile Creek Delta and at the Road 'A
sample stations. The temperature variability in the thermal swamp
was due to the intermittent intrusion of relatively cool ',river
water during periods of high water in the Savannah River. During
these periods, the river water 'displaced the thermal plume and
created suitable habitats for fishes in areas that normally were
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TABLE V-4.45

Number and Percent Composition of.lchthyoplaDktoD
Collected from' Pen Branch (February-3uly 1985)

Taxa Number Percent

Minnows 10 45.5
Sunfish and/or bass 1 4.5
Darters 8 36.4

. Yellow perch 1 4.5
Unid. ichthyoplankton 2 9.1

Total 22 100.0

Source: Paller et a1 •• 1986a.
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TABLE V-4.46

Number and Percent·Compo8ition of Ichthyoplankton Collected
from Four Mile Creek (March 14-July 31, 1984) . '

Taxa

Gizzard and/or tbreadfin sbad

Blueback herring
.' . .

Unid. herring or shad

Sunfish and/or bass

Crappie

.Yellow perch

D'arters

Minnows

Carp
. .

Jrook silvers ide

Unid. ichtbyoplankt~n*

Total

* Principally eggs.

Source:. Pa~lerJ 1985.

Number Percent·

16 7.8.

21 10.2

4 1.9

66 32.0

5 2.4

1 0.5

2 .. 1.0'

14 6~8

.3 1.5

28 13.6

46 22.3

'206 100.0

V-379



FOUR NILE CREEK
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hot. MOst of the larvae collected from the Four Mile Creek thermal
swamp during April and May were spawned during periods of high
river water levels when the swamp was inundated with cool river
water. These larvae were pritlcipally centrarehids, but also
included blueback herring and threadfin or gizzard shad. Some
larvae were also collected when temperatures' were relatively high
(37·C) in mid-April 1984. These larvae may have drifted into the

1I18in swamp channels from the cooler backwater areas .(Paller, 1985) •

. Atotal of 174 ichthyoplankters were collected frOlll Four Mile
Creek, between February and July 1985 (Table V-4.47). Unidentified
icbthyoplankton (primarily eggs) were most common. Mean densities
of ichthyoplankton upstream from C Reactor were 'generally low
«15/1,000 m3 ), and most of ·the organisms collected were minnows or
c:entrarchids (Figure V-4.32). Throughout the sampling period,
ichthyoplankton were largely absent from the sample station near
'Road A where water temperatures sometimes exceeded 40·C when
C' Reactor was operating. Farther downs tream in the delta, some
cooling had occurred, but temperatures still remained near 40·C
,during much of the sampling period. Only in May were any eggs or
larvae collect ed ,from the. delta (i.e., Road A-13) station, and
these were carp larvae.

. ,

Seasonal trends in ichthyoplankton density in Four Mile Creek
swamp during '1985 (Figure V-4.32) were fairly consistent among the
three stations. Highest ichthyoplankton densities were found
during February and July, the only two months when temperatures
averaged less than 30·C. However,' some ichthyoplankton were
collected from at leas tone SW8lllp station during every month of
sample collection. During February, darters, minnows, crappie, and
sunfish.were collected, while in July, the ichthyoplankton were all
sunfish. .

During April and .June no larvae or eggs were collected from.
the muth of Four Mile Creek (Figure V-4.32). Icbthyoplankton
dens ities in the mouth of Four Mile Creek were greatest in May.
MOst of the icbthyoplankton collected during May were unidentifi
able eggs, Which were taken on a single sample date when C Reactor
was briefly shut down and the water temperature was 27·C. ,These
data suggest that fish'began spawning in the creek mouth as soon as
temperatures became tolerable (Paller et al., 1986a).

Except' for the dens ities at the creek 1IIOuth, ichthyoplankton
were less abundant in Four Mile Creek during 1985 than during 1984
(Figul'e V-4 .33). The differences in tbe swamp and creek mouth
icbthyoplankton densities were probably due to differences, in the

. level of the Savannah River during these years. During the spring
of 1984, the swamp was . intermittently flooded by cool river water
(Paller, 1985). Most of the larvae taken from the swamp during
1984 were collected when the swamp was flooded. Conversely, the
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. TABLE V-4.47

Number and Percent Composition of Ichthyoplankton Collected
from Pour Mile Creek (PebruarrJuly 1985) .

Number Percent

Blueback herring 3 1.7

Minnows 14 8.0

Carp 7 4.0

Mosquitofish 2 1.2

Brook silvers ide 2 1.2

Sunfish and/or bass 14 8.0

Crappie 3 1.7

Darters 6 3.4

Unid. ichthyoplank~on 123 70.7

Total 174 99.9
.........

Source: Paller et a1., 1986a.
~
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. Savannah River generally remained below flood stage during ,1985,
and relatively few ichthyoplankton were collected from Four Mile
Creek.

V.4.3.3.2.5 Beaver Dam Creek

Beaver Dam Creek begins in D Area and flows south, parallel to
Four Mile Creek, to the Savannah River. Beaver Dam Creek receives
thermal effluent from the coal-fired power station in D Area and
formerly received npnthennal effluent water from the heav~ water
production facility.

In 1984 and 1985, there were five ichthyoplankton sampling
stations in Beaver Dam Creek (Table V-4.3l and Figure V-4.15). The
uppermost (Station 5) was located just below D Area (ne~r Road
A-12.2) in a deeply channelized (mean depth of 1.1 m) reach with
very abrupt banks and a substrate of shifting sand, fly ash,
organic ooze, and occasional clay outcroppings. Station 6 was in a
narrow, vegetation-lined channel flowing through the upper flood~ ,
plain. Station 7 was farther downstream in a' broad slough with
large amounts of submerged and emergent vegetation. The last swamp
station (Station 8) was approximately 0.6 Jan from the river in a
swampy channel lined by willows (Salix sp.) and a few cypress. The
remaining station (Station CI52.1) was located in the creek mouth.

From March through July 1984, water temperatures in Beaver Dam
Creek, (Figure V-4.34) were not as high as in Pen Branch or Four
Mile Creek (Figures V-4.29 and V-4.31, respectively). The upper'
reaches of Beaver Dam Creek (Road A-12) averaged approximately 7°C,
warmer than the Savannah River, while the swamp station averaged
approximately 4·Cwarmer.

In general, temperatures in Beaver Dam Creek decreased' from
Road A-12 to the lowermost swamp station due to gradual downstream
cooling. 'However, temperatures increased at the mouth, probably
due to an influx of heated water through a channel connecting Four
Mile Creek with Beaver Dam Creek.

A total of 334 ichthyoplankters were collected from Beaver Dam
Creek between March 14 and July 31, 1984. The dominant tax~ were
centrarchids. Other taxa present in relatively large ,numbers ~ere

crappie, threadfin and gizzard shad, minnows, and dart ers (Table
V-4.48). Figure V-4.34 illustrates the relationship between
average ichthyoplankton dens ities and water temperature in Beaver
Dam Creek.

In 1985, as in 1984, water temperatures in Beaver Dam Creek
were not as high as in Four Mile Creek or Pen Branch. The highest
average monthly water temperature in Beaver Dam Creek was 32.5·C at

. Station 6 which was recorded during July 1985 (Figure V-4.35).
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· TABLE V-4.48

Humber and Percent cO-position of Icbthyoplankton Collected
from Beaver Dam Creek (March 14~July 31, 1984)

Taxa Number . Percent

American shad

Striped bass

Gizzard and/or threadfin shad

Blueback herring

Unid. herring or shad

Spotted sucker

Pirate perch

Sunfish and/or bass

Crappie

Yellow perch

Darters

Minnows

Topminnow

Carp'

Brook s i1ve rs ide

Unid. ichthyoplankton

Total

Source: Paller. 1985.

1

1

19

9

5

4

3

177

25
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21

19
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334
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A total of 253 ichtbyoplankters were collected from Beaver Dam
Creek between February and July. 1985. The most abundant species
was blueback berring (Table V-4.49). Centrardhids, which dominated
tbe ichthyoplankton collections in Beaver Dam Creek in 1984,
comprised only a small percentage of ichthyoplankton collected in
1985.

A comparison of the average ich tbyoplankton dens i ties in
Beaver'Dam Creek during 1984 and 1985 (Figure V-4.36) indicated
that 'most of the spawning act.ivity occurred in the creek mouth and
downstream stations during both years (Paller, 1985).

V.4.3.3.2.6 Lower Three Runs Creek

In 1984, there were three. sampling stations on Lower Three
Runs Creek (Table V-4.31 and Figure V~4.15). The first station was
in'a pool in the Par Pond tailwaters (Station 42). The depth and
flow rate at this station were governed by overflow from Par Pond.
The second sampling station (Station 44) was located ,near Road A,
approximately two-thirds of t~e distance from Par Pond to the
Savannah River. The tbird station sampled in 1984 was in tbe mouth
of Lower Three Runs (Station CI29.0).

A total. of 1,483 ichthyoplankters were collected from Lower
Three Runs Creek between March and July 1984 (Tabie V~4.50). The
vast majority were eollected in the tailwater pool below Par Pond
at Road, B where ichthyoplankton densities averaged 625/1,000 mS
compared to 14/1,000 m3 at Road A and 24/1,000 10 3 in the creek
moutb (Figure V-4.37). MOst of the larvae collected in tbe tail
water pool were sunfish/bass, crappie, and yellow perch. These
larvae probably originated in Par Pond and entered Lower Tb~ee Runs
via the Par Pond overflow (Paller, 1985). The low icbtbyoplankton
densities at Road A, approximately 22.5 km downstream from tbe Par
Pond tailwaters, suggested that few of the.larvae in .the tailwaters
were transported that far downstream. During June, when the creek
mouth station showed the highest density, sunfish/bass dominated
the catcb.

In tbe 1985 ichtbyoplankton study there were seven sampling
,stations on Lower Three Runs. Three of the stations (Stations 65,
42, and 66) were located upstream, in the Par Pond tailwaters. The
babitat at tbe tbird station (Station 66) was more representative
of Lower Three Runs Creek than Stations 65 and 42 (upstream from
Station 66), both of which were modified by Par Pond construction
and Par Pond discharges. The three other sampling stations were
located at. tbe railroad trestle (Station 67), Road A-18 (Station
53), and at Road A (Station 44). The sample station farthest down
stream was located in tbe creek mouth.
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'TABLE V-4.49

Number and Percent composition of Icbthyop1ankton Collected
. from Beaver Dam Creek (P'ebruarrJu1y 1985) .

Taxa

Unid. herring or shad

Blueback herring

American shad

Pickerel

Minnows

Carp
Spotted sucker

Catfish and/or bullhead

Topminnow

Mosquitofish

Sunfish and/or bass

Crappie

Darters

Yellow perch

Unid. ichthyop1ankton

Total

Nmnber

3

74

7

1

2

1

5

1

1

1

13

16

9

1

118

253

Percent

1.2

29.2

2.8

0.4

0.8

0.4
2.0

0.4

0.4
0.4

5.1
6.3

3.6

0.4

46.6

100.0

Source: Paller et a1., 1986a.
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V-394

Number and Percent Composition of IcbtbyoplaDkton Collected
. from Lower Three Runs Creek (March 14-July 31, 1984) .

Number Percent

1 0.1

shad 23 1.6

20 1.3

16 1.1

7 . 0.5

15 1.0

671 45.2

266 17.9

29 2.0

160 10.8

24 1.6
. 1 0.1

78 5.3

172 11.6

1,483 100.1

American shad

Gizzard and/or threadfin

Blueback herring

Unid. herring or shad

Spotted sucker

Unid. suckers

Sunfish and/or bass

Crappie

Yellow perch

Darters

Minnows

Mosquitofish

Brook silvers ide

Unid •. ich thyoplankton*

Source: Paller, 1985.

* Principally eggs.

Total

Taxa

.
·TABLE V-4.50
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A total of 446 ichthyoplankters were collected from Lower
Three Runs. between February and July 1985 (Table V-4.51). MOst of
the ichthyoplankton from Lower Three Runs Creek were' collected at
the three tailwater sanple stations in the Par Pond tailwaters
(Figure V-4.38). As in 1984, the ichthyoplankton collected at t~is

site appear to have originated in Par Pond and entered Lower Three
Runs Creek via the Par Pond spillway. During February, minnows and
darters numerically dominated the tailwater samples, and as the
season progres sed, crappie, sunfish/bass, and silvers ides became
relatively more important. The exception was in June, when minnows
were the most abundant ichthyoplankters. In contrast, minnow eggs
or larvae were not collected in May and July. Densities were
consistently low at the station 'located approximately 50 m below
Road B, indicat ing that few of the ich thyoplankton conveyed from
Par Pond to Lower Three Runs Creek were transported farther than
approximately 400-500 m doWnstream from t~e Par Pond dam. Ichthyo
plankton densities at the four sample stations downstream from the
Par Pond tailwater stations were low to moderate (0 to 70/1,000
m3), and consisted primarily of darters, sunfish, and suckers.

Comparisons between the 1984 and 1985 data indicate that
ichthyoplankton dens ities were fairly similar in the lower half of
Lower Three Runs Creek during both years (Figure V-4.39). However,
densities in the Par Pond tailwaters were approximately five times
higher during 1984 than 1985. The higher dens ities in the 'tail-
waters during 1984 were probably due to greater discharges from Par,l~
Pond into Lower Three Runs Creek in 1984, as observed. by field •
personnel (Paller et al., 1986a).

V.4.3.3.2.7 Upper Three,Ruus Creek

Upper Three Runs Creek does not receive thermal effluent and
is the largest Savannah River tributary on the SRP. Upper Three
Runs had three sampling stations located on it for the 1984 and
1985 ichthyoplankton studies (Table V-4.31 and Figure V-4.15). ,The
station farthest upstream (Station 1) was near Road. C, a second
station (Station 2) was downstream at Road B, and the last station
(Station C1572) was in the mouth of Upper Three Runs Creek.

In 1984, a total of 358 ichthyoplankters were collected from
Upper Three Runs Creek between March 14 and July 31, 1984 (Table
V-4.52). The predominant taxa were spotted suckers and crappie.
Spotted suckers were particularly dominant at the stations near
Road A and C (Stations 1 and 2) where they comprised almost all of
the ichthyoplankton catch (Figure V-4.40). Spotted suckers were
most abundant during the middle of the study period (i.e., April
June). At the creek mouth station, crappie dominated the ichthyo
plankton in Hay. Overall, ichthyoplankton densities in Upper Three
Runs Creek (mean of 29/1,000 m3 ) were similar to those in other
undisturbed SRP creeks sampled during the same period.
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TABLE V-4.S1

Number and Percent Composition of Ichthyoplankton Collected
from Lower Three Ruu Creek (February-July 1985)

Taxa Number Percent

Blueback herring 5 1.1

American shad 2 0.4

Minnows 26 5.8

Spotted sucker 5 1.1

Sucker 1 0.2

Mosquitofish 2 0.4
Brook silvers ide 96 21.6

Sunfish and/or bass 57 12.8

Crappie 46 10.3

Yellow perch ·7 1.6

Darters 84 18.9, Unid~ icbtbyoplankton 115 25.8

Total 446 100.0

Source: Paller et a1. , 1986a.
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TABLE V-4.52

Number and Percent Compo8ition of Ichthyoplankton Collected
from Upper Three Run8 Creek (March 14-Juue 3, 1984)

Taxa

Gizzard· and/or threadfin shad

Blueback herring

. Unid. herring or shad

Spotted sucker

Unid. suckers

Sunfish and/or bass

Crappie
Yellow perch

Darters

Minnows

Carp
Unid. lch thyoplankton

Total

Source: Paller, 1985.

NlUDber Percent

12 3.4

4 1.1 .

4 1.1

234 65~4

3 0.8

4 1.1

51 14.2
2 0.6

20 5.6

17 4.7

2 0.6

5 1.4

358 100.0
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In 1985, a total of 193 ichthyoplankters were collected from
Upper Three Runs Creek between February and July 1985 (Table
V-4.53). Spot ted suckers dominated the ichthyoplankton collect ion
in 1985 (Figure V':'4.4l) as they did in 1984. Darters were also
important, comprising 24.4% of the ichthyoplankton collected during
1985. In 1984, darters constituted only 5.6% of the ichthyoplank
ton. As was . the. case in 1984, suckers were most well-represented
during the April~June period. The mean density of ichthyoplankton
from all sample stations in Upper Three Runs in 1985 was lower than
in 1984. Mean density over all sample dates in 1984 was 29/1,000
m3 in the creek mouth, 69/1,000 m3 near Road A, .and 60/1,000 m3

near Road C (Figure V-4 .42). Comparable values for 1985 were
38/1,000 m3 , 23/1,000 m3, and 21/1,000 m3, respectively.

V.4.3.3.3 Temperature Effects

.. The relationship between temperature and ichthyoplankton
density during 1985 .was determined by plotting the mean density at
each . sample station on each date agains t temperature (Figure
V-4.43). Some very high densities that distorted the scales used
in. Figure V-4.42 were omitted from the plot. Their omission in no
way alters the interpretation of the data (Paller et al., 1986a).

Larval dens ities in the creeks and swamps were generally
higbes t (greater than 100 organisms/1,000 m3 ) at temperatures
ranging from 10 to 26·C. With few exceptions, there were no larvae
collected at water temperatures ·above 35·C. In Four Mile Creek,
unidentified eggs and larva~ were collected in densities as high as
40 organisms/l~OOO m3 at approximately 45·C. These eggs and larvae
were almost certainly transported fromeooler backwaters or tribu
taries and were probably dead when they were collected (Paller
et al., 1986a). The same may have been true for other blueback
herring collected from Four Mile Creek at temperatures between 37
and 38·C.

The temperature/dens ity relat ionships are summarized for the
major taxonomic groups in Figure V-4.44. Of the anadromous
species, almost all blueback herring were collected at temperatures
between 9 and 26'C, while most American shad were collected at
temperatures between 9 and 20·C. At temperatures from 27 to 3S'C,
centrarchids, darters, and minnows comprised most of the identifi
able ichthyoplankton. Very few ichthyoplankters were collected at
temperatures above 35·C•

.V.4.3.3.4 Microhabitat Study

Three habitats were sampled for ichthyoplankton densities in
the Steel Creek swamp (Figure V-4.45): macrophytebeds, open
channels, and. the macrophyte bed/open' channel interface. From
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TABLE V-4.53

Number and Percent Composition of Ichthyoplankton Collected
from Upper Three luns Creek (February-July 1985)
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March 16 to June 21, 1985, daytUne samples (0600 to 1800 hr) were
taken at weekly intervals and nighttime samples (l800 to 0600 hr),
were taken at' biweekly intervals. Four duplicate samples were
taken in each habitat on each sample date. All samples were taken
by pumping and filtering 12.5 m3 of water.

A total of 5,367 fish were collected: '3,175. from daytime
sampling and 2,192 from nighttUne sampling {Tables V-4.54 and
V-4.S5r. Five different Hfestages were collected: eggs, pro
larvae (yolk-sac larvae) ~ larvae, juveniles, and adults.' Only
small species such as mosquitofish, swampfish,' and pirate perch
were collected as adults.

The dis tribut ion of the five lifes tages differed among the
three habitats. All of the identified fishes collected from the
open channel during both day and night were larvae or pro-larvae
(Tables V-4.54 and V-4.55). In contrast, eggs, pro-larvae, larvae,
and, juveniles were all collected from the macrophyte bed/open
channel interface, with larvae predominanting.

All five lifestages were collected from the macrophyte beds,
with larvae predominating the coilections. Many of the fish larvae
were unrecognizable due to damage caused by passage through, the
pump. Based on a comparison of "unidentifiable taxa'" to "total
ichthyoplankton," one-third to one-half of . the .ichthyoplankton
larvae may have been damaged beyond recognition. The dominant,
identifiable larvae, pro-larvae, and eggs were minnows, chub
suckers, unidentified sunfish, sunfish (Lepomis spp.), and darters.
The relative abundance of these taxa var1ed, depending on habitat
and time of day.

Relative abundance of identified ichthyoplankton are presented
in Table V-4.56. Chubsuckers were found in the greatest abundance
in the macropbyte bed habitat, comprising 24.7% of the total catch
during the day and 25.7% during the night. In the macrophyte
bed/open channel interface, chubsuckers were less abundant,
compris'ing only 11.6% of the catch during the day and 5.5% at
night. Chubsuckers were leas t abundant in the open channel,
comprising only 4.1% of the catch during the night; only one was
caught during the day. . '

Like the chubsuckers; unident ified sunf ishes were more
abundant in' the macropbyte bed habitat than the ~other habitats.
The percent abundance of unident ified sunfish in' the macrophyte
beds was 37.9% during the day and 34.5% during the night. In the
interface habitat, the. percent abundance of sunfishes was 27.9%
during the ,day and '22.0%' during the night. In the open ch~nnel,
the percent abundance was zero percent during the day and· 10.8%
during the night. While mainly associated with the macrophyte
bed/open channel interface and in the open channel than the
chubsuckers.
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TABLE V-4.54

Icbtbyoplankton Catch Durins tbe Day in Open Channel. Channel/Week Bed Interface
and Weed Bed Habitats (February-July 1985)

Channe l/Weed Bed"
Open Channel Interface Weed Bed

Species E* P L J E P "L J E P L J A

Gar 0 0 0 0 0 0 0 0 0 0 6 0 0
Pickerel 0 0 0 0 0 0 0 0 0 0 2 0 0
Unid. minnow 0 0 1 0 0 2 54 0 0 4 335 0 0
Chubsucker 0 0 1 0 2 0 IS 0 0 1 313 0 0
Madtom 0 0 0 0 0 0 0 3 0 0 0 2 0
Swampfish 0 0 0 0 0 0 0 0 0 0 10 3 6
Pirate perch 0 0 0 0 0 0 1 2 0 0 13 30 2

-r Topminnow 0 0 0 0 0 0 0 '0 0 0 2 0 0
.I:"- Mosquitofish 0 0 0 0 0 0 0 0 O. 0 3 2 0....
N Brook silvers ide 0 O. 0 0 2 0 0 0 0 0 8 0 0

Sunfish and/or bass 0 0 0 0 0 0 41 1 4 3 474 2 0
Sunfisb
. (Lepomis spp.) 0 0 4 0 0 0 11 0 0 0 16 2 0

Sunfish
(Elassoma spp.) 0 0 0 0 0 0 0 0 0 0 9 6 4

Largemouth bass 0 0 0 0 0 0 0 0 0 0 12 0 0
Crappie 0 0 0 0 0 0 0 0 0 1 47 0 0
Darter

(Etheostoma· sp. ) 0 0 0 0 2 0 17 0 2 3 5 0 1·
Unidentifiable taxa 0 0 10 0 11 0 83 0 9 1 1,569 0 O·

Total ichthyoplankton 0 0 16 0 17 2 '222 6 15 13 2,824 47 13

Source: Paller et al., 1986a.



TABLE V-4.SS

lcbtbyoplankton Catcb at Right in Open Channel. Channel/Week. Beel Interface anel
Weed Bed Habitats (February-July 1985)

Channel/Weed Bed
Open Channel Interface Weed Bed

Species E* P L J E· P L J E P L oJ ·A-.-
Pickerel 0 0 0 0 0 0 0 0 0 0 0 1 1
Unid. minnew 0 0 19 0 00 1 23 0 2 6 265 0 0
Chubsucker 0 0 3 0 0 1 6 0 0 0 312. 0 0
Madtom 0 0 1 0 0 0 0 1 0 0 0 1 2
SWSlnpfish 0 0 0 0 0 0 0 0 0 0 0 1· S S
pi rate perch 0 0 0 2 0 0 0 2 0 0 .0 .21 60 3
Topminnow 0 0 0 0 0 0 0 0 0 0 5 1 0

c::: Mosquitofish 0 0 0 0 0 0 0 0 0 0 2. 4 0
I Brook silverside 0 0 2 0 0 0 0 0 0 0 .40 0 0J:-.... Sunfish and/or bass 0 0 8· 0 1 0 27. 0 1 1 417 20 0w

Sunfish
(Lepomis spp.) 0 0 32 0 0 0 46 0 0 0 100 0 0

Sunfish
(Elassoma spp.) 0 0 0 0 0 0 0 0 0 0 14 13 1

Crappie 0 0 0 0 0 0 0 0 0 0 4 0 0
Darter

(Etheostoma sp.) 0 3 4 0 1 6 13 0 2 3 4 0 0
Unidentifiable taxa 0 2 63 0 12 0 52 0 6 4 492 O. 0

Total ichthy~plankton 0 5 134 0 14 8 169 1 11 13 1,695 105 37

* Fisd life stage. E - egg; P .. pro-larvae (yolk-sac larvae); L • larvae;
J a juvenile; and A = adult~

SOurce: Paller et aI., 1986a.



TABlE V-'.56

Relative Abundance and HeM Catch Per Unit Effort of Identified IchthypolMIctGn Collected tl'Oll Opeft ChaMel (C),
Channel/tt.c:rophyte Bed Interface (E), Iftd Hlcrophyte Bed (W) Habitats (Februlry-3uly 1985)

Day Night
C E W C E W

Specles* Percent CPlE Percent ~ Percent !!!!... Percent -~ Percent ~ Percent ~

Car 0.0 0.00 0.0 0.00 0.5 0.10 0.0 0.00 0.0 0.00 0.0 0.00
Pickerel 0.0 0.00 0.0 0.00 0.2 0.03 0.0 0.00 0.0 0.00 0.0 0.00
Unld. minnow 16.7 0.02 38.1 0.93 2&.7 5.65 25.7 0.79 18.9 1.00 22.5 11.38
Chubsucker 16.7 0.02 . 11.6 0.28 24.7 5.23 4.1 0.13 5.5 0.29 25.7 13.00
MadtOl!l 0.0 0.00 0.0 0.00 0.0 0.00 1.4 0.04 0.0 0.00 0.0 0.00
Swampfhh 0.0 0.00 0.0 0.00 0.8 0.17 0.0 0.00 0.0 0.00 0.1 -0.04
Pirate perch 0.0 0.00 0.7 0.02 1.0 0.22 2.7 0.08 1.6 0.08 1.7 0.88
Topmlnnow 0.0 0.00 0.0 0.00 0.2 0.03 0.0 0.00 0.0 0.00 0.4 0.21
Brook sllverslde 0.0 0.00 1.4 0.03 0.6 0.13 2.7 0.08 0.0 . 0.00 3.3 1.67
Unld. sunfish 0.0 0.00 27.9 0.68 37.9 8.02 10.8 0.33 22.0 1.17 )4.5 17.46
SUnflsh

l' (lepOllis spp.) 66.1 0.07 7.5 0.18 1.3 0.27 43.2 1.33 36.2 1.92 8.2 4.17
.I:"- (ElasSOlIla spp.) 0.0 0.00 0.0 0.00 0.7 0.15 0.0 0.00 0.0 0.00 1.2 0.58....
.I:"- largemouth bass 0.0 0.00 0.0 0.00 0.9 0.20 0.0 0.00 0.0 0.00 0.0 0.00

Crappie 0.0 0.00 0.0 0.00 3.8 0.80 0.0 0.00 0.0 0.00 0.3 0.17
Darter

(Etheostoma spp.) 0.0 0.00 . 12.9 0.32 0.8 0.17 9.5 0.29 15.7 0.83 2.3 1.08

Totals 100.1 0.11 100.1 2~44 100.1 21.17 100.1 3.07 99.9 5.29 100.2 50.64

Total ntnber of
fish Identlfled* 147 1,273 74 127 1,217

* Only those individuals are Included In discussions In the text. C =open channels E =channel/macrophyte bed
interface; W= macrophyte bed.

Source,- Paller et al., 1986a.



Minnows were collected in their greatest abundance in the
macrophyte beds; however, they were also well-represented in the
macrophyte bed/open channel interface and in the open channel. The
abundance of udnnows in the open channel was second only to' that of
Lepomis spp., and together, these two taxa comprised 68.4% of the
drift taken from the open channel at night. Darters were also an
important component of the open channel fauna at night, comprising
9.5% of the catch. No darters were caught in the open channel
during the day.

Host of the taxa exhibited marked differences in their
relative and absolute abundances between the macrophyte bed and
open channel habitats. Virtually all taxa had highest CPU! in the
macrophyte beds, and lowest ·CPUE· in the open channel habitat. The
dominant taxa in the macrophyte bed habitat at night were unidenti
fied sunfish (34.5%), chubsuckers. (25.7%), and unidentified udnnows
(32.5%). The dominant taxa in the open channel at night were
tepomis spp~ (43.2%), unidentified minnows (25.7%), unidentified
sunfish (10.8%), and darters (9.5%). The only taxa that maintained
the same proportional abundance in both the macrophyte bed and open
'channel habitats were the minnows. The dominant taxa in the macro
phyte beds during the day (chubs~ckers, unidentified sunfishes, and
minnows) were also the dominant taxa in the macrophyte beds at
night.

These results indicate that regardless of adult habitat
preferences, larvae of virtually all .species seek out macrophyte
beds. As such, .thermal discharges that reduce or eliminate
macrophyte growth may be very detrimental to the fish communities
of SRP creeks. At the sametime,post-thermal Steel Creek, where
macrophyte growth has been enhanced by destruction of the tree
canopy, has extensive vegetated areas for larval development.

V.4.3.3.5 Diel Di8tribution

To assess ichthyoplankton distributions over a 24 hr period,
diel samples were taken at four sample stations (Stations 32, 33,
35, and 64) in the Steel Creek swamp and two sample stations
(Stations 36 and 31) in the channel connecting ;tlie swamp to the

.creek mouth (Figure V-4.l8). Each station 'was! sampled at 6 hr
intervals over a 24 hr period on March 22, April 24, May 23, and
June 20, 1985. Diel sampling procedures were the same as those for
the regular weekly samples (see Section V.4.3.2.1).

\

Average densities· over all sample dates and stations were
.25 organisms/1,000 m3 between 0600 to 1200 hr, 17/1,000 m3 between
1200 to 1800 hr, 195/1,000 m3 between 1800 to 2400 hr, and
576/1 ,000 m3 between 2400 to 0600 hr. The trend of low densities
from 0600 to 1800 hr, higher densities from 1800 to 2400 hr, and
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'extremely high densities from 2400 to 0600, hr was observed at all
sample stations except Station 35, where the highest density
occurred during the 1800 to 2400 hr period. Nearly ,all species

'were more abundant at night, especially Lepomis spp., unidentified
sunfishes, and minnows (Figure V-4.46).

In summary, diurnal samples taken in the Steel Creek swamp
showed that larval densities in the open channels were approxi
mately 18 times higher during the night than during the day.
Larvae entering the open channels at night probably came from the
weed beds where larvae were concentrated in high densities, as seen
in the microhabitat study (see Section V.4.3.3.4>. These results
indicate that the potential for entrainment of larvae via cooling
water intake is higher at night, at least in areas with macrophyte
beds. The small differences in densities during daylight hours
would indicate that time of day is not a large source of variation
in sampling design.

V.4.3.3.6 Gear Comparison Study'

The gear comparison study was conducted on April 30 and
May 23, 1985. Four sampling methods were evaluated: stationary
set 30.5 x 45.7 em rectangular plankton nets, stationary set 0.5m
diameter circular plankton nets, pushed 0.5 diameter plankton nets,
and pumping through a plankton net with a 833 ,L/min pump. Method
ologies are discussed in greater detail in Section V.4.3.2.1.

Six taxa were collected during this study: American shad, .
darters, minnows, silversides, sunfishes, and blueback herring,
(Table V-4.57). The stationary rectangular plankton nets captured
all six taxa. The stationary circular plankton nets captured all
the taxa except blueback herring and silversides. The pumped
ichthyoplankton sampling method captured American shad, darters,
and minnows. The pushed plankton nets captured the silversides as
well as the taxa collected by pumping.

Mean densities of ichthyoplankton collected for the. four
methods were 39.6 organisms/l,OOO m3 for the rectangular net,
28.7/1,000 m3 . for the pumped collections, and 19.7/1,000 m3 for the
pushed plankton net. A statistical analysis of the gear comparison
study, designed to test for differences in ichthyoplankton density,
revealed no significant differences between the four methods' of
collection that were tested (Paller et al., 1986a).

V.4.3.4 Summary: SRP Creek and Swamp Ichthyoplankton Studies

Weekly ichthyoplankton collections were made in the SRP creeks
. and swamp at 35 sample stations in 1984 and 42 sample stations in
1985 • The creeks that were sampled inc luded Upper Three Runs
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Creek, Beaver Dam Creek, Four Mile Creek, Pen Branch, Steel Creek,
Meyers Branch, and Lower Three Runs Creek. Sample stations were
located in the upper and lower reaches of each stream and encom
passed a variety of habitats and thermal regimes.

In 1984, 3,708 fish larvae and 448 fish eggs, representing at
least 21 taxa, were collected from March 14 through July 31. The
dominant taxa were sunfishes· and bass (centrarchids; 38.8%),
minnows (13.8·%), darters (l2.0%), and crappie (l0.3%). Two. of the
three significant anadromous species in the SRP study area
(blueback herring and American shad) were relatively well repre
sented in the mouth of Steel Creek, but were collected in rela-:-.
tively low densities in the.other locations within the study area.
American shad were collected only in the mouth of Steel Creek and
accounted for 2.1% of theichthyoplankton that were collected.
Blueback herring showed a similar pattern, but ·was collected in
greater numbers. .This species constituted 8.7% of the ichthyo
plankton coilected in the creek mouth, but only 0.3% in the swamp.
Striped bass were represented only by a single egg in both the 1984
and 1985 collections. The period of maximum spawning for most of
the species in the creeks and swamps was April through May. Sun
fish, however, continued spawning at moderate levels through July.

In 1985, 1,109 fish larvae and 710 fish eggs were collected
from February through July. The most abundant larvae were darters
(31.3%), centrarchids (16.9%), minnows (IS.0%), spotted suckers
(19.7%), and brook silversides (9.9%). The most common identifi
able eggs were those of blueback herring (25.8%) and American shad
OS.4%). Unidentifiable eggs comprised 56.3% of the· collection in
1985.

Ichthyoplankton densities were highly variable at all loca
tions during the 1984 study period.· In the post-thermal Steel
Creek swamp, ichthyoplankton densities were relatively high in·
March and April (averaging· 218 organisms/I.OOO m3 and 510/1,000 m3,
respectively) and declined through .July. This area experienced
canopy tree kill from reactor discharge, Which result~d in an open
canopy. and had developed extensive submerged and emergent macro
phyte beds. The water temperature was slightly elevated by thermal
discharges from Pen Branch and from solar insulation. lchthyo
plankton densities in the mouth of.Steel Creek were·relatively high
in April and highest in May (averaging 226/1.000 m3 and
449/1,000 m3 , respectively). The data collected from Steel Creek
suggest that the swamp and creek mouth were the most: important
spawning areas in Steel Creek· during 1984. Most of the spawning in
Steel Creek occurr~d between temperatures of approximately 17 to
25·C. ..
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Except fora few sampling dates in 1984, ichthyoplankton were
absent from the upper reaches of Four Mile Creek and Pen Branch,
both of which were characterized by high water temperatures due to
reactor discharges. The few larvae and eggs that were collected
from the upper reaches of these streams were probably washed into
the sample areas from" tributaries and other cool water' refugia
outside the main creek channels. Higher ichthyoplankton densities
were observed in the cooler swamps of Four Mile Creek and Pen
Branch, particularly when these areas were inundated by flood
waters from the Savannah River.

Beaver Dam Creek, which receives thermal effluents from' the
coal-fired power plant in D Area, averaged approximately 7·C warmer
than the Savannah River. In general, temperatures decreased from
the uppermost reaches of the creek (at" the D-Area effluent
outfalls) to the swamp station, due to gradual downstream cooling.
However, temperatures increased ,a"t the mouth. This increase was
probably due to an influx of heated water through a "channel
connecting Four Mile Creek to Beaver Dam Creek at a point approxi
mately 100 m from the mouth of Beaver Dam Creek (see Figure"
V-4.15). In the upper reaches of the creek, ichthyoplankton
densities were low. They were also low or moderate in the lower
swampy reaches and in the mouth of Beaver Dam Creek.

Ichthyoplankton densities in Meyers Branch were generally
higher in the upper reaches of the creek (averaging 58/1,000 m3)
where beaver dams provided habitat more favorable to some species
of fish, than at the sampling station near the. confluence with
Steel Creek (averaging 20/1,000 m3). In Ujper Three Runs, ichthyo-"
plankton densities (averaging 29/1,000 m ) were similar to other
undisturbed SRP creeks.

Ichthyoplankton densities in Lower Three Runs were low in the
downstream reaches of the creek (averaging 24/1,000 m3 ·in the creek
mouth) and highest (averaging 625/1,000 m3) in the upstream reach
just downstream from the tailwaters of Par Pond. The high densi
ties in the tailwaters were probably due to ichthyoplankton trans
ported over the spillway from Par Pond as well as from spawning
in the Par Pond tailwaters.

. In the 1985 sample period, ichthyoplankton densities were
. again highly variable. Mean densities over all sample dates were
28/1,000 m3 in Upper Three Runs Creek, 24/1,000 m3 in Steel Creek,
39/1,000 m3 "in Meyers Branch, and 52/1 ,000 m3 in Lower Three Runs
Creek. The high average density in Lower Three Runs Creek was
partially due to the transport of larvae into this stream from the
Par Pond spillway. The mean density in Four Mile Creek and Pen
Branch, the two streams receiving reactor .effluent, was 13/1,000 m3
and 4/1,000 m3 , respectively. These values were significantly
lower than the densities in the other nonthermal streams. Beaver
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Dam'Creek, where the mean density was 21/1,000 mS, was not signifi
cantly lower than the nonthermal creeks.

The 1985 analysis of the relationship 'between ichthyoplankton
density and temperature revealed that most species in SRP waters
will spawn at temperatures from 12 to 26°C. Ichthyoplankton
densities decreased above 26·C and ichthyoplankton. were largely
absent at temperatures above 35·C. The taxa mos t abundant at high
temperatures were centrarchids and, to a lesser.extent, minnows ~nd

darters. The anadromous species were collected at lower tempera
tures: American shad reached maximum densities at 9 to 20·C and
blueback herring reached maximum densities at 9 to 26·C.

The anadromous species,' American shad and blueback herring,
were mainly located in the creek mouths, which indicated the impor
tance of the creek mouths in the life cycles of these species. In
the SRP creeks, densities of anadromous species were highest in the
mouth of Steel Creek during both years of the study. The impor
tance of the creek mouths as spawning areas for anadromous species
may be partly dependent on river level. The numbers. of American
shad and blueback herring collected from the creek mouths were much
higher during 1985~ when the Savannah River levels remained below
flood stage, than during 1984, when the' floodplain was inundated
during much of the' spring. During low water years, potential
spawning areas on the floodplain are unavailable. At these times,
anadromous species may use the 'creek mouths more heavily for
spawning.

The influence of microhabitat on ichthyoplankton distributi~n
was ·examined in the Steel Creek swamp. Fish larvae were collected
from macrophyte beds, open water habitats, and the interface
between the macrophyte beds and open water to compare relative
densities. Most taxa exhibited marked differences in their rela
tive abundance between the macrophyte beds and the open channel
habi tats. Larvae, in gener'al, were' caught ,in the greates t abun
dance in the macrophyte bed habitat. Tbehigher' catch in the
macrophyte beds may have been due to shelter seeking behavior by
the larvae, the presence of zooplankton forage for the' larvae in
the macrophyte beds, and the deposition of eggs in the' macrophyte
beds by spawning adult fishes. The abundance of fish larvae in the
macrophyte beds indicated that macrophyte beds contributed to the
reproduction of many of the fishes in the SRP streams and. swamps.

Diel samples taken in the Steel Creek swamp showed that larval
densities in the open channels were approximately 18 times higher
during the night than during the day. Larvae entering the open
channels at night probably came from the macrophyte beds where
larvae were concentrated in large numbers. Their movement into the
channels at night is probably a response to reduced light with a
corresponding increase in movement and feeding activity.
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V 4 3 5 R Its nd Dl·SCulll·on· Savannah ~l·ver and Associated• •• elu a • a

Tributaries Studiel

In the 1984 sampling period a total of 24,289 fish' larvae and
4,756 fish eggs were collected from the Savannah River, the
Savannah River oxbows, selected Savannah River'tributaries, and SRP

'intake canals (Table V-4.58). Dominant ichthyoplankton taxa (eggs
and larvae, combined) included gizzard and/or' threadfin shad
(21.0%), crappie 05.3%), unidentified clupeids (14.4%), Lepomis
(12.4%), and minnows (11.1%). Clupeids (including American shad,
blueback herring, gizzard and/or threadfin shad, and unidentified
clupeids), comprised 41. 6% of all the larvae and 59.8% of all the
eggs collected from the entire study area. Other important larval
taxa wer~ sunfish (17.3%), crappie (15.3%), and minnows (11.1%).
Two taxa comprised the majority of the egg' collection: American
shad (51.3%) and striped bass (24.1%). ,It should be noted' that
both American shad and striped bass produce drifting eggs that have
a higher probability of capture by ichthyoplankton nets than the
adhesive or demersal eggs of mos,t other fish species found in the
SRP area.

In the 1985 sample period a total of 19,926 fish larvae and
15.749 fish eggs were collected from the Savannah River, the
Savannah River oxbows, selected Savannah River tributaries, and
SRP intake canals (Table V-4.59). The dominant taxa were gizzard
and threadfin shad (35.5%), sunfishes (unidentified sunfish and
Lepomis spp.; 13.2%), unidentified cluepids (12.6%)" spotted
sucker, (10.7%), carp (5.6%), and blueback herring (5.4%). The
dominant eggs were those of the American shad (73.0%) and of the
striped bass (7.2%).

V.4.3.5.l Creek Mouth Ichthyoplankton

,This section presents an evaluation of the importance of the
major creek mouths on the SRP as spawning areas 'within the Savannah
River drainage by comparing their ichthyop1ankton 'density, taxo
nomic composition, .time of ichthyop1ankton 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 nursery
areas for juvenile fish. '

As described om Section V.4.3.2.2, ichthyoplankton were
collected from 28 creek mouths in 1984. In 1985, the number of
creeks that were sampled was reduced to 14, with 11 creeks
eliminated from the lower farfield region (those creeks below
RM 89.3), one from the nearfield (due to low discharge) and two
from the upper farfield (due to low discharge).
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TABLE V-4~58

• Ichthyoplankton Taxa Collected from. the Savannah lliver,
Tributaries, Oxbows~ and the Savannah lliver Plant Intake Canals
(February-July. 1984 * .

Taxa Number Percent

Larvae

American shad 196 0.7
Blueback herring 1,574 5.7
Gizzard and/or threadfin shad' 5,800 21.0
Unid. clupeids 3,987 14.4
Striped bass 199 0.7
Spotted sucker 913 3.3
Unid. suckers 163 0.6
Pirate perch 60 0.2
Yellow perch 223 0.8 .
Darter 887 3.2
Sunfish (genus Lepomis) 3,437 12.4
Unid. sunfish 1,361 4.9
Crappie 4,236 15.3
Largemouth bass 13 <0.1
Mud minnow 1 <0.1
Swampfish 8 <0.1
Minnow (family Cyprinidae) 3,060 11.1
Carp 690 2.5
Mosquitofish 2 <0.1

J Topminnow 4 <0.1
Needlefish 9 <0.1
Brook silverside 92 0.3
Catfish and/or bullhead 7 <0.1
Pickerel 34 0.1 .
Sturgeon 9 <0.1
Gar 8 <0.1
Bowfin 2 <0.1
Unid. larvae 670 2.4

Total 27,643 99.6

!H!.
American shad 2,520 51.3
Blueback herring 191 3.9
Gizzard and/or threadfin shad 225 4.6
Striped bass 1,182 24.1
.Yellow perch 63 1.3
Minnow 27 0.6
Other eggs 708 14.4

Total 4,916 100.2

* Study area was between RM 29.6 and 187.1·and included
2 intake canals, the mouths of 28 tributary creeks,
and 6 oxbows.

Source: Paller et al., 1985.
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.TABLE V-4.S9 .

Icbthyoplankton Taxa Collected from the Savannah River,
Tributaries, oxbows

S
and the Savannah River Plant Intake Canals

(February-July 1985

.. Taxa

Larvae

Number Percent

Sturgeon
Gar
Unid. Clupeidae
Blueback herring
American shad
Gizzard and/or threadfin shad
Mudminnow
Pickerel
Needlefish
Minnow (family Cyprinidae)
Carp
Unid. suckers
Spotted sucker
Catfish and/or bullhead
Swampfish
Pirate perch
Topminnow
Mosquitofish
Brook silvers ide
Striped bass .
Unid. sunfish
Sunfish (Lepomis)
Crappie
Darter
Yellow perch
Unid. larvae

Total

!n!.
Blueback herring
American shad
Gizzard and/or threadfin shad
Minnow
Striped bass
Yellow perch
Other eggs

Total

Source: Paller et al., 1986a.
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6 <0.1
1 <0.1

2,522 12.7
1,076 5.4

361 1.8
7,070 35.5

1 <0.1
8 0.1
2 <0.1

856 4.3
1,109 5.6

111 0~6

2,142 .10.7
3 <0.1
1 <0.1

17 0.1
4 <0.1
7 <0.1

'"
144 0.7
134 0.7
298 1.5

2,337 11.7
373 1.9
675 3.4
387 1.9
281 1.4

19,926 100.0

.491 3.1
11 ,494 73.0

339 2.2
39 0.2

1,132 7.2
48 0.3

2,206 14.0

15,749 100.0



The 28 creeks sampled during 1984 ranged from small inter
mittent streams to major tributaries. Discharge rates from most of
the creeks were highly variable. The mean temperature also varied
among the creeks (TableV-4.60). Four of the creeks (Lockner's,
Ebenezer, Lake Parachuchia Outlet, and Hollow) occasionally experi
enced very low «1.0 mg/L) oxygen levels. This generally occurred
during June and July when the ,spawning season ~as nearly over
(Paller et al., 1985). ' ,

'The 14 creeks sampled ,during 1985 also ranged in' size,
discharge rate, and mean temperature. In the nonthermal creeks,
the mean temperatures varied from 8.0 to 19.3·C (Table V-4.61)",
while the mean temperatures in the thermal creeks were considerably
higher: Four Mile Creek had a mean temperature of 32.7·C,. which
was 13 to l6·C above' the average temperature inmost of the other
creeks, and Beaver Dam Creek had a mean temperature of 25.7·C,
which was approximately 7·C above most of the other creeks. The
average oxyg'en conc'entrations remained above 5.0 mg/L (the minimum
level recommended by the EPA for a sustainable fish community) in
all 'streams, although lower concentrations were" observed C?n
isolated dates in most streams. ,

A total of 5,3?9 larvae and 363 eggs ~ere collected from all
creek mouths combined during '1984 (Table V-4.62.). The greatest
densities of ichthyoplankton were from Steel Creek, (871/1,000 m3 ),
Bri~r Creek (858/1,000 mS), 'and Lake Parachuchia Outlet
(856/1,000 m3 ). The majority of the eggs collected in 1984 were
from Steel Creek and Spirit Creek.

A total of 1,511 fish larvae and 539 fish eggs were '~ollected
from the, creek mouths during 1985 (Table V-4.63). Most of the eggs
taken from Four Mile Creek were collected on May 7, 1985 when
C Reactor was shut down and the creek temperature had dropped to
26.S·C. These data indicated that fish 'lDOved into the tllOuth of
this creek and spawned when temperatures 'were suitable (Paller
et al., ,1986b). The eggs collected from Four Mile ,Creek and Beaver
Dam Creek could not be positively identified. The eggs collected
from Steel Creek were primarily those of American shad (44.1%) ,and
blueback herring (35.8%). Steel Creek also produced large numbers
of blueback herring eggs in 1984 (Paller et al., 1985) and in 1983
(Paller et a1., 1984), indicating that it was a regular spawning
area for this species. '

'The average density for all creek mouths sampled in 1984,
including those located downstream of RM 89.3), was 85.4/1,000 m3•
The average ichthyoplankton density in the creek mouths sampled
during 1984 ranged from 5.0/1,000 m3 in Upper Boggy Gut to
2.32..5/1,000 m3 in Seine's Landing (Table V-4.63). '
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TABlE V-'.&O

Chell1cal Parameters (lieU and range) In the Mouths of Selected Savannah Rber Tributaries (Februuy-:laly 19M)

Dissolved Conductivity.
Creek (RH) Temperature (·C) Oxygen (mg/L) (ll mhos) Alkalinity (mg/L) pH

Collin (30.0) 18.5 (7.4-27.5) 6.7 (4.4-10.3) 66.4 (41.0-96.0) 1.48 (3.3-20.5) 6.1 (5.1-8.5)
Meyers lake ()5.4) 18.& (7.4-28.5) &.0 (3.2-8.7) 63.5 (41.0-91.0) 13.5 (2.6-19.3) 5.9 (4.9-8.3)
Coleman Lake (40.3) 18.2 (7.3-27.0) 6.1 (3.1-8.8) 65.4 (26.0-89.0) 15.4 (3.3-20.8) 5.9 (5.0-7.1)
Lockner's (43.2) 16.9 (6.5-20.5) 3.6 (0.1-8.4) 56.3 (20.0-85.0) 5.1 (0.0-17.5) . 4.6 (3.5-&.9)
Ebenezer (44.8) 18.3 (7.0-26.1) 3.1 (0.0-8.0) 53.3 (42.0-84.0) 4.8 (0.0-18.0) 4.Z (3.0-6.9)
Seines landing (47.7) 15.8 (5.9-25.5) 5.0 (2.0-7.6) &O~ 1 (48.0-87.0) 7.3 (0.0-18.3) 4.9 (4.2-7.0)
Plank (51.1) 16.9 (7.4-24.2) 6.5 (3.0-8.7) &6.4 (50.0-100.0) 16.& (13.0-ZZ.5) 5.5 (4.8-7.1)
Lake ParadlUchia (64.2) 17.9 (&.4-27.0) 5.8 (0.5-8.9) 67.2 (42.0-100.0) 15.9 (9.0-22.5) &.0 (4.9-7.8)
Black (78.4) 14.7 (8.0-23.9) 7.8 (4.7-9.9) 69.6 (52.0-140.0) 23.2 (11.5-65.3) 6.6 (6.3-6.8)
Pike (84.1) 17.& (&.5-27.5) 6.2 (3.2-9.6) 81.8 (40.0-170.0) 23.4 (11.5-56.3) 6.2 (5.1-7.2)
Ware (8B.6) 21.3 (16.5-27.5) 6.9 (5.9-8.5) 69.3 (50.0-81.0) 19.1 (17.3-20.5) 6.5 (5.8-6.9)

1
Buck (92.6) 17.1 (5.6-26.8) 6.3 (3.7-10.0) 84.4 (54.0~194.0) 22.9 (8.8-Bo.O) 5.9 (1.1-7.2)
Briar (97.6) 17.6 (5.2-25.2) &.7 (4.3-9.5) 67.9 (42.0-101.0) 17.0 (10.0-24.8) 6.1 (5.2-7.0)

l:'- The Caul (109.0) 15.0 (5.9-20.6) 6.2 (3. Z-9. 0) 61.7 (40.0-78.0) 14. 1 (3.8-24.8) 5.9 (5.1-6.9)to.)
0\ Smith Lake (lZ6.5) 16.9 (5.6-25.8) 6.8 (Z.9-9.6) 61.7 (36.0-120.0) 18.9 (1'.5-Z9.0) 6.Z (5.3-7.6)

Lower Three Runs (129.0)* 1B.0 (5.o-Z4.2) 6.9 (5.1-8.4) 78.1 (41.0-130.0) 24.1 (11.8-29.3) 6.3 (5.5-7.5)
Sweetwater (133.5) 16.5 (7.1-24.5) 7.5 (4.7-9.8) 69.6 (45.0-120.0) 15.4 (11.5.19.8) 4.9 (3.6-7.&)
lower Boggy OJt (141.3) 16.1 (11.4-25.4) 6.7 (5.0-7.6) 45.3 (38.0-60.0) 9.5 (9.5-9.5) 6.1 (6.1-6.1)
Steel (141.6) 17.8 (5.2-25.5) 6.6 (3.8-10.4) 60.7 (44.0-B6.0) -14.1 (10.5-17.9) 5.& (4.3-7.0)
Four Hlle (150.6) 30.7 (6.0-39.9) 5.3 (3.5-9.4) 71.8 (50.0-145.0) 11.6 (6.0-15.8) 6.7 (5.9-8. 1)
Beaver Dam (152.1) 25.1 (12.0-32.0) 5.1 (3.3-8.2) 73.4 (40.0-92.0) 13.1 (3.8-2.8) 6.4 (5.5-7.2)
Upper Three Runs (157.2) 16.4 (6.2-23.5) 6.9 (4.5-9.7) 37.9 (10.0-100.0) 5.9 (1.0-16.8) 5.6 (4.4-7.2)
upper Boggy Gut (16Z.Z) 12.4 (6.6-20.5) 6.8 (4.0-9.0) 59.3 (46.0-90.0) 14.6 (9.4-19.3) 4.9 (7.3-7.4)
HcBean (164.2) 18.0 (5.5-26.9) 6.4 (3.9-8.9) 65.Z (47.0-100.0) 17.3 (11.9-21.5) 6.Z (3.6-8.6)
HIgh Bank (171.9) 12.7 (7.5-20.0) 6.5 (Z.0-10.5) 64.4 (55.0-100.0) 15.7 (1Z.8-18.5) 6.4 (5.5-7.1)
Hollow (176.1) 16.7 (4.~26.0) 7.0 (0.8-10.4) 39.1 (13.0-130.0) 5.7 (1.5-13.6) 5.5 (6.1-6.8)
Pine (1BO.1) 16.6 (16.5-16.6) 6.3 (6.3-6.3) 51.0 (50.0-52.0) 13.3 (13.3-13.3) 6.5 (9.6-8.2)"
SpIrit (1~3.3) 16.3 (4.9-27.2) 6.5 (1.6-9.0) 48.6 (24.0-140.0) 8.0 (2.8-8.0) 5.9 (5.2-8.1)

* ll1derscores Indicate creeks draining the SRP.

Sources Paller et al., 1985.
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Chealcal Para_ten (_an and range) In the Mouths of selected Savannah River Tributaries (February-:"ly 1'85)

Number
Dissolved Conductivity Alkalinity of Dates

Creek (RH) Te~erature (-C) Oxygen (1Ilg/L) (lIS/CIll)t (lDgCaCOa/l) pH Sa~led

Buck (9l.&) 19.2 (&.3-28.1) 5.9 (3.0-9.2) 157.7 (&7. 0-2&0~ 0) 47.3 (&.3-74.5) &.7 (4.7-8.3) 23
Briar (97.&) .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 (5.2-7.9) 2&

The Caul (109.0) 10.9 (4.0-17.8) 5.9 (5.5-&.5) 69.& (63.0-78.0) 13.0 (8.3-17.0) 4.9 (3.9-6. 2) 3
Smith Lake (126.5) 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.&)' 2&
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) &.4 (4.1-7.3) 23
Sweetwater (133.5) 17.1 (7.0-25.3) 6.1 (4.&-10.5) &6.0 (33.0-84.0) 19.0 (13.0-24.3) 6.3 (4.2-7.3) 20
Steel (141.6) 19.1 (&.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) 2&

Four Ml1e (150.6) n.7 (11.0-40.5) 5.6 (3.6-8.3) 79.2 (42.0-94.0) 14.0 (9.3-22.7) 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.J" (11.B-18.~) 6.4 (4.9-7.6) 25

1 ypper Three Runs (157.2) 17.0 (8.0-24.9) 7.3 (5.2-9.3) 23.8 (17.0-61.0) 3.5 <1.0-6.0) 6.3 '(5.2-7.6) 25

.t:- l%Jper Boggy Qlt (1&2.2) B.O (B.0-8.0) 6.9 (6.8-6.9) 5&.0 (40.0-n.0)- . 1&.0. (1&.0-16.0) 6.1 (6.0-6.1) ·1
N McBean (1&4.2) 19.1 (6.5-28.1) 6.7 (3.6-9~6) 53.9 (45.0-&6.0) 17.' (11.0-21.3) 6.& (4.7-9.3) 24
'!

Hollow (176.1) 18.1 (&.6-2&.2) 7.2 (3.1-10.2) 1B.3 (11.0-80.0) 3.9 (0.3-39.0) 6.1 (4.8-9.0) 26

Spirit (183.3) 18.9 (6.0-2B.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

• U'lderscores indicate creeks draIning the SfP.
*. Thls large conductivIty range on a single sample date was due to top/bottOlll differences.
t Equivalent to \fIIlho used 1n earlIer reports.

Source: Paller et al., 1986b.



TABlE V-'.'2
Ichthyoplankton Abundance In Savannah River Tr.lbutarles Located Bebeen AN 30.0 and 181.)
(February-:lIly ,'M)

Hean HudJer Ichthyoplankton
DIJc:harge Dates Hean DensIty Hax. DensIty Tra~ported

Creek (RH) (m Isec) _ Sanpled Larvae §m!.~ (no./1,OOO ;,.3) (no./1,000 ;,.3 x 10

CollIn (30.0) 20.6 26 282 1 11 43.3 307.6 23.2
Heyers Lake (l5.4) 11.6 26 266 0 12 43.4 ·323.1 18.0
ColellBn Lake (40.3) 23.7 26 435 0 13 64.4 292.6 '5.5
Lockner's (43.2) 0.4 21 264 0 14 225.8 - 3,690.8 <0.1
Ebenezer (44.8) 8.4 26 313 0 13 60.3 604.7 21.8
Seines landing (47.7) 0.0* 15 31' 1 11 232.5 781.2 0.0
Plaric (51.1) 4.7 12 154 1 10 110.0 363.2 3.5
lake Parachuchia (64.2) 27.7 26 822 34 12 182.6 622.1 102.4
Blade (78.4) 4.8 4 31 0 7 52.7 134.9 0.'
Pike (84.1) 11.0 21 128 3 11 59.4 416.3 5.1
Ware (88.6) 0.0* 3 47 0 6 190.6 461.9 0.0
Buck (92.6) 3.3 25 204 2 12 68.8 668.2 1.7
Briar (97.6) 62.4 26 853 5 12 157.7 612.2 142.7

'f The Caul (109.0) 2.2 9· 56 0 7 83.0 747.2 0.2
.po

SmIth Lake (126.5) 24.3 26 Z4Z 0 13 50.8 257.0 26.4N
00 lower Three Rms (129.0) 1.0 14 27 1 7 14.1 106.3 0.3

Sweetwater (133.5) 9.1 19 48 5 11 18.1 75.0 2.3
Lower Buggy Cut (141.3) 5.2 2 36 0 6 133.2 303.5 0.8
Steel (141.6) 16.3 26 801 70 14 112.5 1,288.2 53.0
Four HUe (150.6) 3.0 18 38 12 6 45.5 547.6 3.9
Beaver Dam (152.1) 2.1 17 115 4 10 39.' 149.7 0.9
~per Three Rms (157.2) 9.2 23 113 4- 12 2~.6 211.3 10.3
tpper Boggy ~t (162.2) 5.8 7 6 0 4 5.0 18.1 0.5
McBean (164.2) 2.1 13 22 7 10 22.6 112.1 0.7
HId' Baric (171.6) - 0.0* ·3 14 0 4 39.1 81.3 0.0
Hollow (176.1) 2.7 24 115 29 10 44.5 278.0 0.2
Pine (180.1) 0.0* 1 5 0 2 93.1 93.1 0.0
Spirit (183.3) 2.8 17 59 184 10 113.1 1,786.2 5.4

Total 5,379 363

* Although some or the slIBll creeks had no dIsdlarge, when sanpled they had Idlthyoplaricton. larvae In
these creeks were not transported Into the rIver with creek discharge.

Source: Paller et al., 1985.

e C' C



~ {'

~

TABLE V-4.63

Icbtbyoplankton Abundance in Savannah River Tributaries Located Between
8M 89.3 and 187.1 (February-July 1985)

Mean Number Icbtbyop1ankton-
Discharge Dates Mean DensitI Transported

Creek (RM) (m3 /sec) Sampled Larvae !s&!. Taxa (no/1,OOO m ) (millions)

Buck (92.6) 0.0 23 314 0 8 129.7 0.0

Briar (97.6) 15.1 26 82 . 12 to 21.0 2.2

The Gaul (109.0) 0.0 3 1 0 1 11.5 0.0

Smith Lake (126.5'- ·3.7 26 714 2 11 212.0 0.2

Lower Three Runs (129.0) 1.2 23 67 8 7 28.4 0.5

1 Sweetwater (133.5) 1.2 20 7 0 4 6.1 0.0
~
N Steel (141.6) 8.5 26 71 179 8 53.0 5.2\.0

Four Mile (150.6) 1.2 25 6 113 4 373.3 0.7

Beaver Dam (152.1) 3.8 25 17 136 9 44.0 4.3

Upper Three Runs (157.2) 2.8 25 73 18 8 41.3 1.0

Upper Boggy Gut (162.2) 0.0 1 0 0 0 0.0 0.0

McBean (164.2) 1.3 24 39 9 7 28.7 0.5

Hollow (176.1) 2.4 26 111 32 6- 48.3 2.1

Spirit (183.3) 1.5 26 9 30 6 69.7 0.7

Total 1,511 539

Source: Paller et a1., 1986b.



The average density for all creek mouths sampled during .1985
was 64.6/1,000 m3 • This was less than the average for 1983
(99.9/1,000 m3) or 'for 1984 (66.2/1,000 m3) for .those creeks

'upstream from RM 89.3. The differences observed between years may
have been related to differences in spawning success or creek
discharges. Reduced discharges in a creek could result in fewer
larvae being carried from the sheltered, creek backwaters and
adjacent swamps into the main creek channels, where all sanpling
occurred.

Average monthly ichthyoplankton dens ities in 1984' were
consistently higher in the creek mouths than in the 'river
(Figure V-4.47). The higher densities in the creeks'may have been
related to slightly higher temperatures whiCh could have stimulated
spawning (Nikolsky, 1963). ,However, water level may have also, been
a factor' since fishes can spawn in areas. of the floodplain which
have been inundated by the river. River elevation was relatively
low during late March and throughout April, when the difference
between densities in the creek mouths and river was greatest, so
many of the spawning sites in the floodplain were unavailable,'
during these months. Consequently, spawning in the creek mouths
may have been greater than what would be expected when flooding was
prevalent. During May, 'when the Savannah River was above flood
level, ichthyoplankton dens ities were more similar between the
c"reek mouths and river (Figure V-4.47). Taxa that appeared to
utilize the creek mouths 'most during 1984 were blueback herring,
gizzard and threadfin shad, other clupeids, centrarchids, and
crappie. In contrast, American shad and striped bass densities
were generally higher. in the river than in the creek mouths
(Table V-4.64), primarily in May.

During 1985,. the average monthly ichthyoplankton .densities
were higher in the creek mouths than in the river during March and
July (Figure V-4.48). The relatively high mean density in the
creeks during March was due to an abundance of American sbad,
darters, blueback herring, and other species, which may have
spawned earlier in the creek because of slightly higher tempera-
tures. The relat ively high mean dens ity in the creek mouths during
July was due primarily to sunfish spawning. When river densities
were higher than creek mouth densities (April-June), they were due
primarily to an abundance of American shad ichthyoplankton, which
were, more abundant during 1985 than during 1984. American shad
often deposit their eggs in and near the main channel of large
rivers (Jones et al., 1978; Leggett, 1976), although they sometimes
spawn in the lower reaches of tributary creeks. They are not known
to utilize floodplain habitats for spawning. Densities of American,
shad eggs and larvae should be less dependent on river levels,than
those taxa (e.g., crappie, minnows, and blueback herring) which
utilize floodplain habitats to spawn. Dominant taxa in the creek
mouths in 1985 were blueback herring, sunfish, American shad, and
'darters (Table V-4.6S).
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TAIl.E V-'.A '-4
Percent AbuRdance and Average Density (no./1,OOO .,3) of fish Larvae and Eggs Collected
froll the savannah River Tributaries, Oxbows, and SRI' Intake Canals (February-:JIIly 1'")

River* Creeks** Oxbowst Intake Cana15tt

.Taxa Percent Density Percent Density Percent Density Percent Density

American shad . 14.0 5.2 2.1 4.9 0.2 0.5 0.4 0.2

Blueback herring 4.5 1.6 8.0 . 8.4 4.6 9.4 12.6 5.6

Gizzard and/or
threadt In shad 10.8 3.9 14.3 11.8 42.2 85.9 11.6 5.0

lklid. clupeld 7.6 2.6 14.6 11.4 21.4 48.8 24.2 10.0

Striped bass 3.0 2.9 <0.1 <0.1 0.2 0.4 3.2 1.5

Spotted sucker 4.3 1.7 0.7 0.6 0.3 0.6 5.9 2.S
lklld. sucker 0.7 0.3 0.6 2.0 <0.1 <0.1 ·0.1 <0.1
Pirate perch 0.3 0.1 0.1 0~1 0.0 0.0 0.0 0.0
Yellow perdl 1.1 0.4 0.6 0.4 0.3 0.6 2.1 0.9
Darter 2.7 1.0 '5.7 4.7 0.4 0.8 2.0 0.8
Sunfish (Legomls) 6.9 2.6 1Z.8 11.0 19.0 43.2 1.5 . 0.7

Unld. sLI'lt'lsh 4.0 1.4 7.4 6.2 2.3 6.0 1.5 0.7
Crappie 13.5 4.7 20.5 15.0 3.7 7.6 24.1 10.5
Largemouth bass 0.0 0.0 <0.1 <0.1 (0.1 <0.1 0.0 0.0
Hudllllnnow <0.1 <0.1 0.0 0.0 0.0 0.0 0.0 0.0

~SWaqJflsh <0.1 <0.1 0.0 0.0 0.0 0.0 0.0 0.0
Minnow (Cyprlnid) 13.5 5.2 7.4 6.0 1.2 2.2 6.5 2.7
Carp 3~'2 1.1 1.2 0.8 0.3 0.6 2.0 0.9
Hosquitot ish <0.1 <0.1 0.0 0.0 <0.1 <0.1 0.0 0.0
TOplllinnow <0.1 <0.1 <0.1 <0.1 0.0 ·'0.0 0.0 0.0
Needlefish 0.1 <0.1 0.0 0.0 0.0 0.0 0.0 ·O~O

SU~erslde 0.2 0.1 0.8 0.7 0.1 0.2 0.0 0.0
Catf ish and/or
. bullhead' <0.1 <0.1 (0.1 <0.1 0.0 0.0 0.0 0.0
Pickerel 0.1 <0.1 0.1 0.1 <0.1 <0.1 0.3· 0.1
Sturgeon <0.1 <0.1 0.0 0.0 0.0 0.0 0.0 0.0
Gar <0.1 <0.1 <0.1 <0.1 0.0 ~.O 0.1 <0."
Bowfin <0.1 <0.1 <0.1 <0.1 0.0 0.0 0.0 0.0
lklld. larvae 1.5 0.6 2.0 1.7 3.6 . 9.4 1.2 0.5
lklid. eggs 3.5 1.3 1.1 0.8 0.1 0.2 0.4 0.2

Total 99.9 36.7 100.0 86.6 99.9 216.4 99.8 42.8
Total number 18,267 6,159 7,235 978

* Twenty-six transects betwe-:n RH 29.6 and 187.1.
** Mouths of 28 tributary creeks.

t Six oxbows.
tt 1C (RH 157.1) and 3C (RH 155.3) intake canals.

Source: Paller et al., 1985. I.,
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TABLE V'-.'5 '.,
Percent Abundance and Average Density (no.Il,OOO ..3) of nsh Larvae and Eggs Collected fl'Olll the
savannah Rber Tributaries, Oxbows, and the savannah River Canals (februarY-~ly 1'85)

River* Creeks** Oxbowst Intake Canalstt
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
lklid. Clupeidae 3.3 2.2 8.3 3.' 14.9 65.5 10.1 5.0

Blueback herring 2.2 1.4 19.3 10.2 5.9 27.6 3.5 1.0
American shad 50.8 37.8 13.0 10.3 0.7 3.4 1.7 1.4
Gizzard and/or

threadfin shad 9.9 7.1 6.5 4.2 47.6 221.6 18.5 12.0
~dminnow 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

Needlef1sh <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 1.3
Carp 4.6 3.1 0.0 0.0 <0.1 0.2 9.1 6.5
t.hId. sucker 0.4 0.3 0.5 0.5 0.0 0.0 0.3 0.3
Spotted sucker 8.1 8.4 0.0 9.1 <0.1 0.2 41.7 23.4
Catfish and/or 14.1

bullhead <0.1 <0.1 <0.1 <0.1 0.0 0.0 <0.1 0.2 ,~
Swa~f1sh <0.1 <0.1 0.0 0.0 0.0 0.0 <0.1 <0.1
Pirate perch 0.1 0.1 <0.1 <0.1 0.0 0.0 0.0 0.6
Topminnow <0.1 <0.1 <0.1 <0.1 <0.1 0.1 0.0 ·0.0
Hosquitof1sh <0.1 <0.1 0.0 0.0 <0.1 0.2 0.0 0.0
Brook sliverside 0.1 <0.1 3.9 2.5 0.2 0.6 0.4 0.1
Striped bass 5.4 3.7 0.1 <0.1 0.1 0.2 ·5.6 1.8
lklid. sWlfish 0.3 0.3 1.8 0.9 1.8 8.8 0.3 0.2
Sunf ish (lepOlll1s) 0.7 0.4 11.4 5.6 18.9 87.7 0.2 0.2
CrappIe 0.3 0.2 0.9 0.5 2.8 14.5 0.5 . 0.1
Darter 0.7 1.0 12.1 7.0 2.5 11.5 3.0 1.0
Yellow perch 0.2 0.1 0.8 0.4 3.6 18.4 0.0 0.1
t.hid. larvae 9.2 6.4 14.3 8.9 1.0 4.8 1.8 1.5
lklid. eggs

Total 99.9 74.8 100.0 64.6 100.1 465.4 100.2 56.7

Number larvae
and eggs
collected 22,698 2,050 10,322 60S

* Twenty-one transects between RM 89.3 and 187.1.
** Mouths of 17 tributary cr.eeks.

t F1\Ie oxbows.
tt 1G (RM 157.1) and 3G (RM 155.3) intake canals.

Source: Paller et al., 198Gb. --V-434



The number of ichthyoplankton transported from creeks to the
river during February through July 1984 ranged from approximately
0.0 for several of the smaller creeks to 142.7 million for Briar
Creek (Table V-4.62). With the exception of Steel Creek, all
creeks with total transport numbers 'in excess of 20.0 million were
in the lower farfield. Steel Creek, whiCh transported 53.0 million
ichthyoplankton into the river, had the fourth highest transport
value for all creeks and the highest transport value for any creek
in the 'nearfield and the,upper farfie1d. All of the creeks with
high" transport numbers were -large and had relatively high dis
charges. These factors, rather than high ichthyoplankton dens i
ties, 'were primarily respons ible 'for the high transport numbers"
(Paller et al., 1985). Conversely, small creeks such as Lockner's
and Seine's' Landing had high dens ities but low transport _numbers
because of their low discharge rates.

The average number of ichthyoplankton transported from the
creeks into the river varied dramatically during the 1985 sampling
period. The creeks with the greatest transport of ichthyoplankters
were Steel Creek (5.2 million), Beaver Dam Creek (4.3 million),
Briar Creek (2.2 million), and, Hollow Creek (2.1 million; Table
V-4.63). Approximately 88.0% of the ichthyoplankton from Beaver
Dam Creek consisted of, eggs from species such as blueback herring,
minnows, sunfishes, 'and others that deposit their eggs on the creek
bottom. Once'scoured from the bottom, these nonpelagic eggs have a
poor survival rate, whereas the 'eggs from American shad (nearly
half the eggs transported from Steel Creek were those of American
shad) are well adapted for pelagic transport in river currents
(Jones et al., ,1978; Leggett, 1976)~

All the creeks with high transport numbers in 1985 had
relatively high discharges (Table V-4.63). As in 1984, a few
creeks, such as Smith Lake,'Creekand Buck Creek, had high ichthyo
plankton dens ities but low transport numbers because of their low
discharge rates.

To determine the relative contribution of ichthyoplankton from
each creek to the tot al Savannah Rive rich thyoplankton count, the
numbers of ichthyoplankton transported from each creek were com
pared to the numbers of ichthyoplankton transported by the Savannah
River. From the 1984 study, it was concluded that the largest
contributor to river ichthyoplankton was Briar Creek (RM 110.0),
with an estimated 143.0 million ichthyoplankters transported,
compared to 470.0 million at the river transect just downstream
from Briar Creek. Thus, the ,ichthyoplankton transported ,from this
lower farfield creek increased river ichthyoplankton levels by an
estimated 70.0% or more (Figure V-4.49). Lake Parachuchia Outlet
(RH 64.2> also made large ich thyoplankton contributions to the
river (102.0 million), as did Coleman Lake (RM 40.3; 95.0 million).
Other creeks which made subs tant ial ic~ thyoplankton cont ribut ions
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to the river were Collins· (RM 30.0), Meyers Lake (RM 35.4),
Ebenezer (RM 44.8), Smith Lake' (RM 126.5), and Steel Creek,
(RM 141.6). Steel, Creek, which contributed 53.0 million ichthyo
plankton, increased river ichthyop1ankton densities immediately
below the creek by an estimated 15.0%.

From the 1985 study, it was concluded that, of the tributaries
sampled, Steel Creek was the largest contributor of ichtbyoplankton
to the river, with an estimated 5.2 million ichthyoplankters
transported. '!be ichthyoplankton transported from Steel' Creek
increased river ichthyoplankton levels by an estimated 2.4%, after
comparing the creek's 5.2 million'to the 212.8 million ichthyo-"
plankters counted at the river transect just downstream from Steel
Creek (Paller et a1., 1986b). Similar comparisons for the' other
creeks exhibiting relatively high transport during 1985, Beaver Dam
Creek, Briar Creek, and Hollow Creek, indicated,that these creeks
increased river ichthyoplankton levels by an estimated 3.5%, 1.4%,
and'l.5%, respectively (Paller et alo, 1986b). In general, creek
transport to the river 'during 1985 was very low compared to
previous years (Paller et a1., 1986b).

, When makin~ cOmparisons between 1984 and 1985, it should be
noted again that the 1985 sampling program did not include, any
stations downstream of RM 89.3. This is significant because five
of the creeks ,that contributed large numbers of ichthyoplankton to
the river in 1984 (Lake Parachuchia Outlet, Ebenezer, Coleman Lake,
Meyer's Lake, and Collins) were not sampled in 1985. In addition,
numbers of icbthyoplankton transported from two major contributors
in 1984, Briar Creek and Steel Creek, had diminished considerably
in 1985. The reduced ichthyoplankton transport during 1985 was
probably, a function' of decreased creek discharges and possibly of
decreased spawning activity. Decreased creek discharges would tend
to result in larvae remaining in the creeks rather, than, being
passively transported into' the river ... If the' larvae remained in
sheltered backwaters, dens ities would appear lower in the creeks
because ,only larvae, in the open channels would be sampled.
However~ the lower larval densities observed in the creeks during
1985 might have been a reasonable indication of decreased spawning,
especially because water levels were low during the 1985 spawning
season and many species spawn most successfully when flood waters
inundate terrestrial areas (Paller et al., 1986b).

Calculations of the, transport of ichthyoplankton' from the
creeks to the Savannah River can provide a useful indication of the
contribution of various creeks to the total river ichthyoplankton
densities. However, the, significance of the calculated transport
values of ich thyoplankton from any creek should be interpreted
cautiously for several reasons. Firs t, due to the variabi li ty in
ichthyoplankton densities and the difficulties in determining river
and creek discharges (see Sect ion V.3.2.2), transport numbers
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should be regarded at only approximations. Second, the tD)st
'important. funct ion of the 'creeks for fish populations may be to
serve as nursery areas rather than spawning areas. As nursery
areas, the creeks may provide habitat where larval fishes can grow
to less vulnerable sizes before entering the river. Finally, it is
difficul t to evaluate the significance of a localized 8 ,to 10%
increase or decrease in ichthyop1ankton on a river fish community

, because biological' communities are able to compensate for popu1a
tionlosses and because density dependent mortality increases with
abundance (Odum, 1971; Goodyear, 1980).

The impacts of cooling water, effluents on fish spawning
habitats in the creek mouths on the SRP was an important considera
tion of this two-year study. Of particular concern were the
potential impacts on spawning areas in Steel Creek that would
result frpm the restart of L Reactor.

In the mouth of Steel Creek, ichthyoplankton densities were
low, except in late February and again from late April through May;
when densities peaked at 1,288.2 organisms/1,OOO m3 (Figure
V-4.50). These very high dens ities .were primarily due to large,
numbers of sunfishes and unidentified cyprinids. Although moderate
ichthyoplankton dens ities were observed through July, the peaks
were lower than in earlier months, which indicated that most spawn
ing had been completed. The major species collected during 1984
were unidentified cyprinids, sunfishes, darters, and blueback
herring.

The taxonomic compos ition of the ichthyop1ankton in Steel
Creek differed somewhat from the other creeks. Steel Creek had the
highes t percentage of cyprinids and the third highes t. percentage of ,
darters of any creek sampled during 1984 ,(Tables V-4.66, V-4.67,
and V-4.68). Cyprinids and darters are abundant in the dense
aquatic vegetation in areas of' the' Steel Creek swamp that' are
recovering from former reactor impact (Paller, 1985). FUrthermore,
more' bluebaCk herring ichthyoplankton were collected from St'eel
Creek than any other creek in the upper farfield and nearfield.

Ichthyoplankton were firs t collected in the mouth of Steel
Creek in the 1985 study in early February (Figure V-4.5l). ·Densi
ties steadily increased throughout February and March and peaked in
early April (it should be noted that the high dens ities in Steel
Creek depicted in Figure V-4.51 are due primarily to a single large
collect ion; Paller et a1., 1986b). As in 1984, the dens ities of
ichthyop1ankton were relatively low in July, indicating that most
of the spawning in Steel Creek was over.

Compared to the other creek m:>uths sampled in 1985, Steel
Creek was again somewhat of an anomaly in taxonomic composition of
ichthyoplankton. Steel Creek again had the highest percentage of
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TAIl.E V-4."
I

W
.Percent Abundance of Ichthyoplankton in the Neartleld Creeks of
the savannah River (februu'y-:lIly 1'1')

Lower Four Beaver Upper
Three Sweet- Lower Steel HUe Dam Three
Roos water Boggy Cut Creek Creek Creek Rms

Taxa (129.0) (133.5) (141.3) (141.6) (150.6) (152.1) <157.2) .

American shad 3.6 5.7 0.0 2.2 4.0 0.8 0.9
Bluebadc herring 7.1 0.0 0.0 6.9 0.0 4.2 3.4
Clzzard and/or

threadf'ln .shad 3.6 7.5 0.0 0.5 0.0 0.0 . 13.7
lklid. clupeld 0.0 1.9 0.0 ·1.1 0.0 1.7 3.4
Striped bass 0.0 1.9 0.0 0.0 0.0 0.8 . 0.0
Spotted sucbr 14.3 9.4 0.0 0.0 0.0 0.8 12.8·
lklid. sudcer 0.0 0.0 0.0 0.8 0.0 0.0 2~6

Pirate perch 0.0 1.9 0.0 0.1 0.0 0.0 0.0 .
Ye How perch 0.0 7.5 0.0 0.2 0.0 0.0 0.9
Darter 7.1 1.9 19.4 17.7 0.0 10.1 10.3
SUnfish (Lepomls) 42.9 13.2 63.9 17.5 30.0 46.2 2.6
lklid. smtlsh 0.0 3.8 2.8 9.8 30.0 19.3 2.6
CrappIe 0.0 7.5 8.3 3.1 2.0 8.4 37.6 --Hinnoe (Cyprinidae) 17.9 24.5 . 2.8 37.8 2.0 0.8 6.8
LargellOuth bass 0.0 0.0 0.0 0.2 0.0 0.0 0.0
Carp 0.0 0.0 2.8 0.0 0.0 0.0 1.7
Topmlnnow 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Brook s 11verside 0.0 7.5 0.0 0.9 8.0 4.2 0.0
Catfish and/or

bullhead 0.0 0.0 0.0 0.0 0.0 0.0 0.0
PlcJaerel 0.0 1.9 . 0.0 0.1 0.0 0.0 0.0
Gar 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Bowfin 0.0 0.0 0.0 0.0 0.0 0.0 0.0
lhid. ic:hthyoplarlcton 3.6 3.8 0.0 1.1 24.0* 2.5 0.9

Total percent 100.1 99.9 100.0 100.0 100.1 99.8 . ·99.9
Total fish 28 53 36 871 50 119 117
Total samples 14 19 2 26 18 17 23

• Prlll8rUy eggs.

Source: Paller et al., 1985.
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Ir TABlE V.....fi1

Percent Abundance of Ichth)'oplankton In the Lower Fartleld Creeks
of the savannah River (February-1Ily 19M)

Meyers Coleman Seines
Collin Lake Lake Lockner's Ebenezer Landing Plark

Taxa (30.0) (35.4) (40.3) (43.2) (44.8) (47.7) (51.1)

AllIer lean shad 0.0 6.4 1.2 1.9 0.0 2.8 0.0
BluebaCk herring 1.8 9.4 3.0 3.4 0.3 28.8 3.2
Gizzard and/or

threadt in shad 6.4 4.9 5.8 0.4 0.3 22.2 . 14.2
Unid. clupeid 11.4 . 10.6 8.7 3.4 0.3 15.7 27.7
Striped bass 0.0 0.0 ·0.0 0.0 0.0 0.0 . 0.0
Spotted sucker 0.0 0.0 0.0 0.0 0.0 0.0 0.6
thld. sucker 0.4 0.0 0.9 2.3 1.9 1.3' 0.0
Pirate perch 0.4 0.0 0.0 0.4 0.0 0.0 0.0
Ye llow perch 0.0 0.8 0.7 0.8 0.3 0.0 0.0
Darter 1.4 1.5 0.9 18.9 6.1 10.0 1.3
Sunfish (LepOl1lis) 16.3 18.1 25.8 15.2 1.3 3.4 16.1
Unid. smf1sh 24.0 3.4 8.7 33.0 10.9 5.9 .10.3
Crappie 32.5 27.1 38.9 17.0 76.7' 7.2 20.'

~
Minnow (Cyprinidae) . 2.8 1.5 0.0 0.4 0.0 0.6 1.9
LargellOuth bass 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Carp 1.8 13.5 0.2 0.0 0.0 0.0 0.0
Topmlnnow 0.0 0.0 . 0.0 0.0 0.3 0.0 0.0
Brook allverside 0.0 0.0 0.2 1.5 0.0 0.9 0.6
Catfish and/or

bullhead 0.0 0.0 0.0 0.0 0.3 0.0 0.0
Pickerel 0.0 0.4 0.5 0.4 0.0 0.0 0.0
Car 0.0 0.0 0.0 0.0 0.0 6.0· 0.0
Bowfin 0.0 0.0 0.0 0.0 0.0 0.0 0.0
U11d. lchthyoplancton 1.1 2.6 3.9 1.1 0.6 1.2 3.2

Total percent 100.3 100.2 100.3 100.1 99.9 100.0 99.7
Total number 283 266 435 264 313 320 155
Total samples 26 26 26 21 26 15 12

Source: Paller et al., 1985.
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fAILE. V-,.g, Contd

Snllth

Parachuchia Black Pike Ware Buck Briar Gaul lake

Taxa (64.2) (78.4) (84.1 ) (88.6) (92.6) (97.6) (109.0) (12&.5)

American shad 0.7 0.0 3.8 0.0 18.4 . 0.6 0.0 0.4

Bluebadc herring 7.8 0.0 29.0 4.3 13.6 4.8 0.0 10.7
Cizzard and/or

threadf'ln shad 17.4 9.7 3.8 2.1 18.9 28.6 5.4 21.9
\)lid. clupeld 17.3 3.2 7.6 19.2 26.2 43.8 3.4 21.9
Striped bass 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Spotted sucker 0.0 0.0 0.8 0.0 0.5 0.2 7.1 0.8
\)lid. sudcer 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pirate perch 0.0 0.0 0.0 0.0 0.0 0.0 ~.O 0.0
Yellow perch' 1.4 6.5 0.0 0.0 . 0.0 0.6 0.0 . 0.4
Darter 0.6 0.0 3.8 0.0 1.9 1.5 1.8 2.5
Sunfish (lepomis) 12.7 32.3 19.1 19.2 5.8 2.9 0.0 10.'7
\)lid. sU\f1sh 1.1 25.8 2.3 21.3 0.0 1.0 1.8 1.7
Crappie 31.3 9.7 24.4 8.5 7.8 . 8.7 67.9 18.2
Hlnnow (Cyprinidae) 3.6 0.0 2.3 0.0 2.4 1.' 8.9 2.5
largenouth bass 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Carp 0.7 0.0 0.8 0.0 1.0 1.6 0.0 0.0
Topllinnow 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Brook slivers Ide 0.6 12.9 0.0 0.0 1.0 0.0 0.0 '0.5

~Catfish and/or
bullhead 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Pickerel 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4
Gar 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0
Bowfin 0.0 . 0.0 b.o 0.0 0.0 0.0 0.0 0.0 .
l.hid. lchthyoplaricton 4.5 0.0 2.3 25.5 2.0 3.7 3.6 5.4

'Total percent 100.1 100.1 100.1 100.1 100.0 99.9 99.9 98.0
Total nulllber 856 31 131 47 206 858 56 242
Total samples 2& .. 21 3 25 26 9 26

Sources Paller et al., 1985.
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~ TABLE V-4.68

. Percent Abundance of Ichthyoplankton in the Upper Farfield Creeks
of the Savannah River (February-July 1984)

Upper
Boggy Gut McBean High Bank Hollow Pine Spirit

Taxa (162.2) (164.2) 071.9) (176.1) (180.1) (183.3) .
p .

American shad 0.0 13.8 0.0 3.8 0.0 1.3
Blueback herring 0.0 10.3 0.0 17.7 0.0 18.1
Gizzard and/or

threadfin shad 0.0 : 13.8 7.1 33.1 80.0 66.0
Unid. clupeid 0.0 3.4 0.0 10.0 20.0 5.0
Striped bass 0.0 0.0 0.0 0.0 0.0 0.0
Spotted sucker 0.0 3.4 0.0 4.6 0.0 0.4
Unid. sucker 0.0 0.0 0.0 0.0 0.0 0.0
Pirate perch 0.0 0.0 0.0 0.0 0.0 0.0
Yellow perch 16.7 0.0 0.0 0.0 0.0 0.4
Darter' 16.7 3.4 7.1 5.4 0.0 0.8
Sunfish (Lepomis) 33.3 31.0 7.1 0.0 0.0 2.9
Unid. sunfish 0.0 0.0 78.6 1.5 0.0 0.0
Crappie 33.3 13.8 0.0 10.0 0.0 0.0

~.
Minnow (Cyprinidae) 0.0 3.4 0.0 6.2 0.0 i.3
Largemouth bass 0.0 0.0 . 0.0 0.0 0.0 0.0
Carp 0.0 . 0.0 0.0 0.8 0.0 1.3
Topminnow 0.0 0.0 0.0 0.0 0.0 0.0
Brook silvers ide 0.0 3.4 ·0.0 0.0 0.0 0.0
Catfish and/or

bullhead . 0.0· 0.0 0.0 0.0 0.0 0.0
Pickerel 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
Bowfin 0.0 0.0 0.0 0.0 0.0 0.0
Unid. ichthyoplankton 0.0 0.0 0.0 6.9 0.0 2.3

Total percent 100.0 99.7 99.9· 100.0 100.0 99.8
Total number 6 29 14 130 5 238
Total samples 7 13 3 24 1 17

Source: Paller et al •• 1985.
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blueback herring of any creek sampled in 1985. . It also had the
highest percentage of American shad of any creek sampled (Tables
V-4.69, V-4.70, and V-4.7l).

These high dens ities during both years of the study indicate
that Steel Creek is an important producer of blueback herring.
Only Seine's Landing and Lake Parachuchia OUtlet (lower farfield
creeks) exported more blueback herring ichthyoplankton than Steel
Creek." The lower reaches of Steel Creek also serve as a spawning
area for American shad. Although American shad have been collected
from the mouth of Steel Creek during previous years, they were more
abundant by far during 1985. There was no indication that 8tripe~
bass utilize the lower reaches of Steel Creek .for spawning.

Ichthyoplankton were first collected from the .'mouth of Four
Mile Creek in late February 1984 (Figure V-4.52). Throughout the
study period, densities were low, with peaks occurring in mid-April
and a small"one in"May. Apart from these peaks, densities in Four
Mile Creek were low or ichthyoplankton were absent. During two
periods, late February through late March, and mid-April through
mid-May, samples were not taken in Four Mile Creek due to high
river levels. At these times" river water was flowing into Four·
Mile Creek and sanpling the creek 100uth would have provided no
information on spawning act ivity in the creek (Paller et a1.,
1985) •

Temperatures in the mouth of Four. Mile Creek in 1984 exceeded
the average temperature in the· other creeks by as much as 15·C
(Figure V-4.52). "The extremely low numbers of ichthyoplankton
col~ected in Four Mile Creek during June and July have been attrib
uted to creek temperatures as high as 40·C. Early spawning was not
observed in Four Mile Creek despite its elevated temperature,
possibly because of extreme temperature variabili ty which repelled
spawning fishes or disrupted spawning cycles (Paller et al., 1985).

The dominant ichthyoplankton in the mouth of Four Mile Creek
in 1984" were sunfish larvae and brook silvers ide • Sunfish were
also predominant in several of the other creeks sampled including·
Lower Boggy Gut, Beaver Dam Creek, High Bank Creek, and Black Creek
(Tables V-4.66, V-4.67, and V-4.68).

In 1985, ichthyoplankton were first collected from the mouth
of Four Mile Creek in mid-February 1985 (Figure V-4.53)~· Densities
were low until mid-March when a temporary drop in temperature (due
to C-Reactor shutdown) was .followed by an increase in ichthyo
plankton densities. When C Reactor began operating again, tempera-
tures rapidly climbed to approximately 33·C and ichthyoplankton
densities declined.to zero. The other two density peaks shown in
Figure V-4.53 occurred· during C-Reactor shutdown. In early July
1985, when the last density peak occurred, C Reactor was placed on
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~. TABLE V-4.70

Percent Abundance of Icbtbyoplankton in the Lover Farfield Creeks of
the Savannab River (February-July 1985)

Buck Briar The Gaul Smith Lake
Taxa (92.6) . (97.6) (109.Q) (126.5)

Gar·
Unid. Clupeidae 12.4 .11.7 16.1

. Blueback herring 26.1 10.6 19.8
American shad 30.3 3.2 8.7
Gizzard and/or

threadfin shad 2.2 2.1 .18.7
Mudminnow 0.1
Pickerel 0.3
Minnow (Cyprinidae) . 1.1
Carp 0.3 4.3
Unid. sucker
Spot ted sucker 4.3 0.1
Catfish and/or

bullhead
Pirate perch, Topminnow
Brook silvers ide 1~9 1.1 l2~4

Striped bass 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 perch 0~3 0.1
Unid. larvae f.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
Total number

of sample dates 23 26 3 26

Source: Paller et a1. t 1986b.
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standby and did not dischar~ thermal effluent for the rest of the
study period. These data suggest ,that ichtbyoplankton were largely
absent from the mouth of Four Mile Creek when the reactor was
operating and water temperatur~s were high, but that fish rapidly
moved into 'Four Mile Creek and began spawning as soon as the
reactor shut down. This general pattern of low or zero densities,
contrasted by a few brief peaks, was also observed in Four Mile
Creek in 1984 (Paller et al., 1985).

'Most of the ichthyoplankton collected from the mouth of Four
Mile Creek in 1985 were unidentified eggs (Table' V-4.69) from a

,single'large collection (May 7,1985). Other taxa found· in Four"
Mile Creek were blueback herring, brook sil...,erside, unidentified
sunfish, and crappie (Table V-4.69). The abundance of fish eggs in
the Four Mile Creek collection may have been due to the relatively
high current velocities in this stream, or to the 'shortage of sub
merged vegetation, ,leaf accumulations, or other substrates that
many fishes use to attach or shelter eggs (Breder & Rosen, 1966).
These materials are generally scoured out of Four Mile Creek by
high water velocities from C-Reactor discharges.

In 1984, ichthyoplankton were first collected from the mouth
of Beaver Dam Creek, in low densities in February (Figure V-4.54).
During the latter weeks of April, dens ities increased. Sampling
was often interrupted in Beaver Dam Creek in 1984 due to high river
levels. At these times river water was flowing into Beaver Dam
Creek and sampling the creek 1J¥)uth would have provided no informa
tion on spawning activity in the creek.

Temperatures at the trOuth of Beaver Dam Creek were approxi
mately 7·C above the average temperature of the other creeks.
The greatest temperature differences occurred during May, June,
and July when Beaver Dam Creek temperatures averaged 28 to 32·C,
compared to average temperatures of 22 to 26·C in the other
creeks. Ichthyoplanktondensities were lower in ,the D)uth of
Beaver Dam Creek than in the other creek mouths during June and
July, possibly indicating that spawning was reduced due to the
higher temperatures.

In 1985, ichthyoplankton in the mouth of Beaver Dam Creek were
firs t collected in early February 1985 (Figure V-4.55). The
seasonal distribution of ichthyoplankton densities was ,similar to
that of Steel Creek; densities peaked in April ,and were low the
rest of the study period, despite the differences in temperature
between the creeks. The major taxa in the mouth of Beaver Dam
Creek were blueback herring and unidentified eg'gs (Table V-4 .69).
As in Four Mile Creek, the abundance of eggs could have been due to
strong currents that may have dislodged eggs from the spawning
areas, making them more vulnerable to collection.
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Temperature trends at· the mouth of Beaver Dam Creek were
similar to those observed in 1984. Throughout the sample period,
Beaver Dam ,Creek was approximately 1 to 8°C abo~e ,the average
temperature of the other creeks. There was some eV1dence of early
spawning in Beaver Dam Creek due to elevated water temperatures
early in the year (Figure V-4.55). There were also indications
that spawning may have been reduced in Beaver Dam Creek during May,
June, and July when temperatures were highest (as high as 33°C).
Average dens ities in Beaver Dam Creek in June and July were consid
erably lower than the average dens ities in the mouths of other
creeks during these months (Paller et al., 1986b). This decline in
densities during June and July was also observed in 1984.

V.4.3.5.2 River IchthyoplaOkton

During 1984, data collected at the 26 transects on, the
Savannah River between RM 29.6 and 187.1 indicated that the
ichthyoplankton assemblage was numerically dominated by American
shad 04.0%), gizzard and/or' threadfin shad 00.8%) ,crappie,
(13.5%), arid minnows (13.5%), with blueback herring, unidentified
clupeid~, Lepomis spp. ,spot ted suckers, and striped bass also
well-represented (Table V-4.64). In the SRP intBke canals, crappie
(24.1%), unidentified clupeids (24.2%), gizzard or threadfin shad
(11.6%), and blueback herring (12.6%), and to a lesser extent,
striped bass, spotted suckers, and minnows were the most abundant
taxa (Table V-4.64). Comparing the two habitats, American shad and
minnows were considerably more abundant in the river, while blue
back herring, unidentified clupeids, and crappie were more abundant
in the intake canals (Table V-4.64).

In 1984, ichthyoplankton were collected in small numbers in
February at all transects except those in the upper farfield.
Mean densities ranged from 0.0 ichthyoplankters/l,OOO m3 to
6.2/1,000 m3 • Some of the ichthyoplankton collected below RM 141.7
during February were probably transported from Steel Creek at
RM 141.6. It is possible that the high densities observed in Steel
Creek in February were the result of early' spawning induced by
thermal discharges from the SRP (Paller et a1." 1985)'. Ichthyo
plankton densities in the nearfield and lower farfield were signif
icantly higher than in the upper farfield during February. The
absence of spawning in the upper farfield may have been related to
temperature, which was slightly lower in the upper farfield (mean
of 8.7°C) than in the nearfield and lower farfield (means of 9.4°C;
Table V-4.72).

Ichthyoplankton densities increased during March, ranging' from
a mean of 2.1/1,000 m3 to 62.0/1,000 m3 • This increase was associ
ated with rising temperatures which averaged 12.9°C over the entire
,study area during March. Spatial trends in icb thyoplankton density
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Iar· TABLE V-4.7Z

Mean IchthyoplanJcton Densities (no./1,000 .3) and T~atures (·C) In the Savannah River
During february 19M

Blue Total
River Te ll1'. American bade Striped Other lhid. lch thy0-

!!!!!..~ Shad Herring Bass ~ Cyprinids Sunfish Crappie plankton**

Lower fartield

29.6 9.6 0.2 0.0 0.0 0.0 0.0 0.0 0.7 1.3
40.2 9.4 0.5 0.0 0.0 0.0 0.0 0.0 2.3 5.3

. 50.2 9.6 0.0 0.0 0.0 0.0 0.0 0.8 2.2 3.1
60.0 9.4 0.0 0.0 0.0 0.0 0.0 0.6 3.9 . 6.2
69.9 9.2 0.0 0.0 0.0 0.0 0.0 0.4 0.9 4.4
'79.9 9.2 0.0 . 0.0 0.0 0.0 0.0 0.0 1.7 3.0
89.3 9.5 0.0 0.0 0.0 0.0 0.0 0.0 0.8 2.0
97.5 9.6 0.0 0.0 0.0 0.0 0.0 0.0 0.2 1.0

110.0 9.2 0.0 0.0 0.0 0.0 0.0 0.0 0.3 2.0
120.0 8.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.2

Hearfleld

ri 128.9 9.9 0.0 0.0 0.0 ·0.0 0.0 0.0 0.0 3.0
129.1 9.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.8
137.7 9.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.9
141.5 9.4 0.0 0.0 0.0 0.0 0.0 0.0 0.2 2.9
141.7 9.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9
150.4 9.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5
150.8 9"3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3
152.0 9.3 0.0 0.0 0.0 0.0 0.0 0.0 .0.0 0.8
15Z.Z 9.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6
155.2 9.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5
155.3 9.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 .. 0.4..
155.4 9.2 0.0 0.0 0.0 0.0 0.0 . 0.0, 0.0 : 0.0
157.0 9.1 0.0 0.0 0.0 0.0 0.0 0.0 I 0.3· 0.3
157.1 9.6 0.0 0.0 0.0 . 0.0 0.0 0.0 0.0 0.9
157.3 9.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

l%Jperfarfleld

166.6 8.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
176.0 9.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
187.1 8.4 0.0 0.0. 0.0 0.0 0.0 0.0 0.0 0.0

. * Gfzzard and threadt In shad.
** Totals include taxa shown plus not shown.

I, Source: Paller et al., 1985.
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were similar to those in February with lowest densities in the
upper farfield, intermediate densities in the nearfield, and high
est densities in the lower farfield. Again, the increase in
ichtbyoplankton density downstream was correlated with 'an overall
increase in temperature downstream (Paller et al., 1985). Mean
temperature increased from 11.2·C at RM 187.1 'to 14.5·C at RM 29 ~6

. (Table V-4.73).

. lchthyoplankton densities averaged 37.7 ichthyoplankters/
1,000 m3 throughout the entire study area during April, indicating
a 40.0% increase in spawning activity from March. This increase
was associated with water temperatures which increased from a mean
of 12.9·C during March to 15 .3·Cduring April. Mean dens ity was
highest in the nearfield, intermediate in the lower farfield, and
lowest in the upper farfield. The increase in densities from MarCh
at the nearfield transects was assoeiat~d with .the presence of
large numbers of American shad eggs. lchthyoplankton transported
from Steel Creek (RM 141.6) may also have contributed to the
increase in dens ities in the nearfield (Paller et aI., 1985). At
RM 141.7, just upstream from Steel Creek, ichthyoplankton densities
were 56.6/1,000 m3 , compared to 76.9/1,000 m3 at the river transect
just downstream from Steel Creek(RM 141.5; Table V-4.74).

lchthyoplankton dens itiesattained their highes t levels during
May, ranging from a mean of 37.2 ichthyoplankters/l,OOO m3 at
RM 89.3 to 237.1/1,000 m3 at RM 141.7. Temperatures ranged from
17.0 to 20.7·C, increasing in a downstream direction (Table
V-4.75). lchthyoplankton densities were highest in the nearfield
due to an abundance of striped bass ichthyoplankton. American shad
ichthyoplankton, which dominated the nearfield collect ions during
April, were also abundant during May.

Spawning activity declined in June, with mean densities
ranging from 50.3 ichtbyoplankters/1,000 m3 at RM 141.7 to
1.2/1,000 m3 at RM 29.6 (Table V-4.76). During June, densities
averaged 30.2/1,000 m3 in the upper farfield, 24.3/1,000 m3 in the
nearfield, and 9.6/1,000 m3 in the lower farfield. .Compared to
trends observed in the February through April collection period,
densities in June were significantly greater in the upper farfield
than in the lower farfield and nearfie1d, indicating that spawning
act ivity was declining in the lower reaches of the Savannah River
study area, but was contim.ting in the upper reaChes of the study
area. River temperatures averaged 24.2·C in the lower farfield,
22.7·C in the nearfield, and 20.8·C in the upper farfield during
June (Table V-4.76).

Spawning act ivity in the river was low during July. . Mean
ichthyoplankton dens ities ranged from 0.0/1,000 m3 at RM 152.0 to
8.5/1,000 m3 at RM 60.0 (Table V-4.77). As in June, densities were
significantly higher in the upper farfield than in the nearfield
and lower far field.
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TABlE V~.73

~ Mean Ichthyoplanktan Densities (no./1,OOO .3) and Temperatures (·C) in the Savannah River
~1ng March 19M

Blue- Total
Rher Tell\'. American back Striped Other lhid. Ichthyo-

!!!!!- .1:£L Shad Herring Bass ~ Crprinids Sunfish Crappie J!lankton-

Lower Farfleld

29.6 14.5 1.7 1.7 0.0 0.0 1.4 9.2 25.0 . 52.6
40.2 14.5 2.6 2.9 0.0 0.6 0.0 3.7 36.6 51.4
50. Z . 14.5 2.3 2.3 0.0 0.0 0.3 1.3 13.2 25.8
60.0 14.1 1.5 10.3 0.0 0.0 0.0 1.1 42.1 62.0t
69.9 13.8 1.4 3.1 0.0 0.0 2.4 1.9 16.2 32.1tt
79.9 13.8 2.2 6.7 0.0 0.0 0.0 0.6 13.2 30.7
89.3 14.1 2.7 3.4 0.0 0.0 0.3 0.8 11.0 .31.4
97.5 13.9 5.5 15.8 0.0 0.7 0.0 0.0 11.0 43.0

110.0 13.2 0.9 4.3 0.0 0.8 0.3 0.0 8.5 27.0
120.0 13.1 2.3 2.2 0.0 0.0 1.5 0.2 3.0 22.5

Nearfleld

.128.9 13.1 1.1 1.1 0.0 0.0 0.0 0.2 6.7 21.6
1Z9.1 13.1 1.1 1.3 0.0 0.0 2.9 0.3 6.0 17.5

~
137.7 12.8 0.6 ·0.3 0.0 0.0 0.7 0.7 10.9 19.5
141.5 12.6 0.7 0.9 0.0 ·0.0 0.0 0.3 14.7 22.2
141.7 12.4 1.8 0.0 0.0 0.0 0.0 0.0 21.9 32.0
150.4 12.5 0.0 1.1 0.0 0.0 0.0 0.8 18.4 25.4
150.8 12.4 0.3 0.0 0.0 0.3 0.4 0.4 16.8 23.2
152.0 12.5 0:0 0.0 0.0 0·.0 0.0 1.5 14.3 17.7
152.2 12.5 0.3 0.0 0.0 0.0 0.0 1.3 9.5 12.9
155.2 12.3 0.3 0.0 0.0 0.0 0.0 0.0 15.2 16.4
155.3 12.5 0.0 1.7 0.0 0.0 0.0 0.6 .41.2 54.3'
155.4 12.3 . 0.3 0.7 0.0 0.0 0.0 0.9 15.8 20.4
157.0 11.7 0.0 0.0 0.0 0.0 0.0 0.7 18.7 22.8
157.1 12.4 0.0 0.0 0.0 0.•0 0.0 0.7 31.6 37.0
157.3 11.4 0.9 0.6 0.0 0.0 0.3 0.0 19.9 22.7

l%'per farfleld

166.6 11.7 0.4 0.0 0.0 0.0 0.0 0.0 3.1 5.3
176.0 11.5 0.2 0.0 0.0 0.0 0.0 0.0 ·1.5 2.4
187.1 11.2 ·0.0 0.0 0.0 0.0 0.0 0.4 1.0 2.1

* Gizzard and threadtin shad.
** Totals include taxa shown plus taxa not shown.
t Significantly different (p <0.0019) from RH 50.2.

tt Significantly different (p <0.0019) from RM 60. O.
, Significantly different (p <0.0019) from RM 155.2, Source: Paller et al., 1985.
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TABlE V-'.7' ~
. Mean Ic:hthyoplankton Densities (no./1,OOO 11I3) and T~atures (·C) in the SavaMah River

During April 19M

Blue- Total
Rher Teql. American back Striped Other lhid. Ichthy0-

.!ill!- !:£L Shad Herring Bass ~ Cyprinids Sunfish Crappie plankton**

lmrer farf ield

29.6 17.1 5.4 0.4 0.0 1.5 2.0 6.5 2.3 22.9
40.2 16.6 5.2 1.0 0.0 1.3 4.0 8.7 8.1 37.9
50.2 16.4 6.2 2.1 0.0 0.6 8.5 4.2 6.5 33.9
60.0 16.5 4.7 2.8 0.0 0.0 4.6 1.2 8.9 26.5
69.9 16.2 3.1 0.9 0.0 2.0 14.1 3.3 5.6 42.6
79.9 16.1 3.8 3.2 0.0 0.9 9.2 0.0 2.3 25.7
89.3 15.9 15.6 2.4 0.0 0.3 19.6 2.8 0.4 51.3t
97.5 15.7 23.0 5.5 0.0 1.2 6.0 0.7 1.9 50.4

110.0 16.0 20.8 2.4 0.0 0.0 9.2 0.5 3.3 45.3
120.0 15.8 21.8 1.4 0.0 0.0 12.4 0.6 2.0 49.4

Hearfleld

128.9 15.8 13.7 1.1 0.0 1.4 5.9 2.4 .3.1 35.7
129.1 15.8 13.6 0.6 0.0 0.0 5.6 1.7 4.7 35.4
137.7 15.5 27.6 2.0 0.0 0.0 6.2 4.5 6.8 61.6tt W141.5 15.5 24.0 5.1 0.0 1.8 6.6 6.7 15.3 76.9
141.7 15.4 32.0 0.9 0.0 0.0 4.3 7.1 5.8 56.6
150.4 ·15.2 7.6 2.9 0.0 0.0 0.7 4.5 . 5.8 31.2
150.8 14.9 6.4 1.5 0.0 0.0 0.6 1.3 6.2 29.7
152.0 14.8 11.6 2.3 0.0 0.0 0.0 1.5 8.9 32.9
152.2 14.7 20.0 0.6 0.0 0.0 0.3 0.0 7.0 45.0
155.2 14.3 24.8 1.7 0.0 0.6 0.6 0.0 5.1 43.3
155.3 14.6 0.0 1.6 0.0 0.0 1.1 0.0 11.1 23.3
155.4 14.4 14.9 0.3 0.0 0.3 0.3 0.0 8.4 35.5
157.15' 14.4 25.4 1.4 0.0 0.6 0.7 0.9 5.2 57.5
157.1 14.7 0.0 6.1 0.0 0.0 0.6 1.0 10.6 25.3'
157.3 14.4 20.8 1.6 0.0 0.3 0.0 2.1 5.9 48.5

~per Farfield

166.6 14.4 3.2 2.9 0.0 0.6 0.2 0.0 0.0 15.4"
176.0 14.1 2.1 0.5 0.0 0.5 1.9 0.7 0.0 10.3
187.1 13.9 0.0 0.0 0.0 0.4 0.8 0.0 0.3 5.1

* Gizzard and thread!' in shad.
** Totals include taxa shown taxa plus not shown.

t Significantly different (p <0.0019) from RH 79.9.
tt Significantly different (p <0.0019) from RH 129.1.
, Significantly different (p <0.0019) from RH 157.0.

" Significantly different (p <0.0019) from RH 157.3.

WSource: Paller et al., 1985.
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TABlE V-'.75

Ir Mean Ichthyoplankton Densities (no./1.000 .S) and Temperatures' (·C) in the savannah River
During Hay 19~

Blue- Total
Rher Teq>. American bade Striped other lhld. Ich thy 0-

!!!!!... m.. Shad Herring Bass ~ Cyprlnids Sunfish Crappie plankton-

LOwer farfleld

29.6 20.7 0.0 1.6 0.0 10.7 1.8 32.0 4.1 62.7
40.2 20.5 0.2 1.3 0.0 '13.1 1.3 32.8 5.3 75.6
50.2 20.3 1.5 1.1 0.0 15.9 6.3 55.4 8.0 107.7
60.0 20.5 1.3 2.0 0.0 22.8 4.9 23.4 8.5 81.5
69.9 20.3 0.3 1.4 0.0 18.6 2.1 11.1 9.4 58.2
79.9 19.9 2.1 5.6 0.0 20.9 3.4 5.9 6.8 72.5
89.3 19.8 2.6 0.4 3.0 8.9 1.1 10.3 2.5 . 37.2
97.5 19.8 8.3 4.3 3.6 56.7 10.6 17.3 15.8 145.3t

110.0 19.8 21.6 1.2 8.0 4.7 18.1 20.8 10.8 102.6
120.0 19.8 6.4 . 5.9 21.1 12.8 17.3 13.7 14.8 108.9

. Neartleld

128.9 19.6 5.7 3.0 17.0 8.7 28.1 13.8 8.2 '108.3
129.1 19.5 11.1 3.0 15.9 6.3 32.1 23.6 5.6 116.5, 137.7 19.1 7.8 4.0 32.2 7.6 42.0 21.9 6.7 157.6
141.5 18.8 13.9 6.5 16.4 9.4 62.7 41.5 10.7 194.6
141.7 18.8 15.0 4.3 68.4 12.2 55.2 38.6 11.0 237.1
150.4 18.7 8.1 13.1 34.9 18.7 24.5 6.9 11.7 158.9
150.8 18.6 20.9 13.9 26.8 22.5 22.1 6.6 11.5 150.1
152.0 18.6 14.6 6.1 10.5 23.6 20.9 4.6 13.5 122.8
152.2 18.6 .24.3 5.0 13.7 16.9 22.9 2.8 9.1 131.• 1
155.2 18.7 4.7 8.5 n.1 17.0 16.4 2.4 8.3 118.5
155.3 18.9 1.1 30.5 8.2 21.8 11.1 2.3 . 14.5 132.3
155.4 18.7 5.2 4.5 31.6 17.9 18.9 3.0 11.4 127.2
157.0 18.5 19.1 &.4 20.3 16.1 22.8 6.6 . 12.5 145.0
157.1 19.0 0.3 17.1 7.1 24.8 8.6 6.3 20.1 144.2
157.3 18.2 33.4 11.5 15.8 15.6 30.9 3.8 3.3 158.5

~per farfleld

166.6 18.1 10.6 10.9 0.0 30.2 23.7 0.9 3.0 102.4
176.0 17.6 15.9 . 3.1 0.0 28.3 26.0 3.0 ... 0.4 100.0
187.1 17.0 18.3 0.6 0.3 10.1 24.4 3.3 1.3 86.0

* Gizzard and threadf in shad.· . I

** Totals include taxa shown taxa plus not shown.
t Significantly different (p <0.0019) from RH 79.9.

J Source: Paller et al., 1985.
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TABlE V-'."

Mean Ichthyoplankton Densities (~./1,OOO .-3) and Temperatures (·e) in the Savannah River
~During :June 19M

Blue- Total
. Rher Te~• American bade Striped Other lhid. Ich thy0-

~ (·e) Shad Herring Bass Shad* Cyprinids SUnfish Crappie plankton** .-
Lower Farfleld

29.6 25.2 0.0 0.0 0.0 0.0 0.0 0.6 0.0 1.2
40.2 24.6 0.0 0.0 0.0 0.0 0.4 3.5 0.0 5.7
50.2 24.6 0.7 0.3 0.0 0.4 0.7 3.8 0.0 10.2
60.0 24.4 0.8 0.0 0.0 0.3 0.8 1.9 0.0 8.1
69.9 24.3 0.3 0.0 0.0 0.0 0.6 0.7 0.0 3.0
79.9 24.0 1.0 0.0 0.0 0.3 0.8 2.9 0.3 9.9t
89.3 23.6 2.4 0.0 0.0 1.5 0.5 1.4 0.0 7.6
97.5 23.7 1.0 0.0 0.0 0.5 O.G 2.2 0.0 10.3

110.0 23.7 19.8 0.0 0.0 0.3 0.6 2.6 0.0 26.8
120.0 23.4 3.9 0.0 0.0 0.4 1.5 1.9 0.0 13.1

Nearfleld

128.9 23.0 1.5 0.0 2.6 0.4 1.6 1.4 0.0 11.5
129.1 22.9 5.0 0.0 0.4 0.4 1.9 1.8 0.4 16.6
137.7 22.5 12.9 0.0 1.6 0.7 1.7 7.6 0.8 31.5
141.5 .22.~ 5.4 0.0 1.6 0.0 2.8 4.4 0.0 22.7

~141.7 22.5 19.2 0.0 6.9 0.6 4.4 10.6 0.0 50.3
150.4 23.9 0.7 0.0 0.0 1.1 2.4 2.1 0.0 12.ott
150.8 23.2 4.7 0.0 0.0 0.9 2.9 0.8 0.0 15.5
152.0 23.3 7.6 0.5 0.3 1.4 2.5 0.7 0.0 19.5 .
152.2 22.9 12.8 0.0 0.0 1.3 4.0 0.9 0.0 26.3
155.2 22.8 3.7 0.0 0.0 2.5 3.6 0.8 0.3 21.0
155.3 22.8 0.0 0.6 0.0 3.9 4.8 0.7 0.6 31.6
155.4 22.5 4.4 0.0 0.0 2.0 3.6 1.6 0.0 23.7
157.0 21.9 15.3 0.3 0.0 1.2 0.7 2.3 0.0 31.2
157.1 22.6 0.0 1.8 0.0 2.3 4.1 1.9 0.0 31.1
157.3 21.8 12.8 0.0 0.0 6.0 2.8 3.1 0.0 34.6

~per Farfleld

166.6 21.2 4.0 0.0 0.0 11.8 6.2 1.6 0.0 33.7
176.0 20.8 2.8 0.7 0.0 7.8 5.3 1.5 0.0 26.5

. 187.1 20.4 0.4 0.7 0.0 10.4 4.9 0.3 0.0 30.6

* Gizzard and threadfln shad.
** Totals include taxa shown taxa plus not shown.

t Significantly different (p <0.0019) from RH 69.9.
tt Significantly different (p <0.0019) from 141.7.

Source: Paller et al., 1985.
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Mean density over the entire February through July, 1984 ~
sampling period ranged from 23.6 ichthyoplankters/l,OOO m3 at RM
187.1 to 67.6/1,000 m3 at RM 141.7 (Figure V-4.S6j Table V-4.78).
The high density observed at RM 141.7 was due either to high levels
of spawning activity somewhere between RM ,150.4 and 141.7 (the
section of river just upstream of Steel Creek) during May and June
or to the fact that RM 141.7 was sampled earlier in the day than
the other transects. Results of the diel study (see Section
V.4.3.5.6) indicated that ichthyoplankton densities in the Savannah
River were higher at night than during the day in 1984. During the
routine study, RM 141.7 was generally sampled between 0700-0900hr,
and the higher densities may reflect a transition period from night
to daytime conditions. Results of sampling at RM 141.7 on 11 dates
during April through July 1985 during morning and afternoon
revealed consistently' higher means for the morning samples, with
greatest' (approximately 3-fo1d) differences in April. Reduced
densities in the afternoon samples were exhibited by nearly all
taxa. With the exception of the high densities at RM 141.7, there
were no indications of unusual changes in ichthyop1ankton density
near the SRP (Paller et a1., 1985). From mean ichthyop1ankton
densitie.s measured from February through July 1984, the nearfield
exhibited the greatest mean density.

Table V-4.79 shows the results of the chemical and physical
parameters that were measured in the river concurrently with the
ichthyoplankton study in 1985. The average temperature from
February through July 1985 varied from 15.9 to 19.0·C at the 23
sample stations; Temperatures progressively increased from the
upstream to the downstream end of the study area indicating the'
presence of a temperature gradient in the Savannah River. The.
gradient is probably due to the discharge of cool hypolimnetic
water from Clarks Hill Reservoir at RM 221.7, which gradually warms
due to solar insolation as the water moves downstream. Similar
temperature gradients were observed during 1983 and 1984 (Paller
et a1., 1986b).

During 1985, American shad numerically dominated the river
ichthyoplankton, comprising 50.8% of the assemblage (Table V-4.6S).
Density of American shad in the intake canals was 1/27th of that in
the rivers. Much of this difference may be related to the low
water velocities in the intake canals, which probably caused
American shad eggs to settle·to the bottom. The relative propor
tions of striped bass eggs and larvae were similar in the river and
intake canals but densities were twice as high in the river (Table
V-4.6S). On the other hand, unidentified c1upeids, gizzard and/or
threadfin shad, carp and spotted suckers occurred in the intake'
canals in densities 2 to 3 times those in the river (Table V-3.6S).
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TABLE V-4.79

~ Hean (and range) of Chemical and Physical Parameteraat Each Savannah River Transect
(February-July 1985) .

~-\

River Dissolved
Mile Temperature (·C) Oxygen (mg/L) Conductivity (pS/cm) eH Alkalinity (mg/L)

89.3 19.0 (6.3-26.5) 6.9 (4.9~9.2) 88.1 (60.0-124.0) 6.6 (4.6-8.4) 18.8 (10.9-22.0)
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)

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)
120.0 18.5 (6.0-26.0) 6.6 (4.4-8.4) 83.1 (38.0-114.0) 6.5 (4.7-7.9) 19.4 (13.3-34.9)
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) -
129.1 18.3 (7.0-25.2) 6.8 (4.8-12.3) 85.4 (46.0-121.0) 6.3 (4.2-9.1) 18.1 (11.0-21.0)
137.7 18.0 (7.0-24.7) 6.7 (2.0-11.4) 84.6 (44~0-118.0)- 6.2 (4.5-8.6) 18.2 (11.0-21.8)
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.l) 18.2 (11.0-21.3)
141.7 18.8 (7.0-25.0 6.8 (4.8-11.3) 84.4 (43.0-128.0) 6.4 (4.3-9.8) 18.0 (6.0-21.5)
145.7 18.0 (7.5-24.4) 6.9 (4.8-9.0 84.3 (68.0-95.0) 6.7 (5.4-7.9) 18.3 (11.3-21.5)
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 (4.5-27.5)

1 150.8 18.2 (6.8-24.6) 7.0 (5.4-9.3) 87.3 (68.0-100.0) 6.6 (5.6-8.7r 18.1-(10.0-21.5)
.l:'- 152.0 18.1 -(6.6-25.0 7.0 (4.7-9.4) 87.8 (69.0-100.0) 6.5 (5.5-8.l) 18-.3 00.0-22.0)a.
VI 152.2 17.8 (7.4-24.5) 7.1 (5.1-9.3) 87.2 (70.0-100.0) 6.5 (5.2-8.6) - 18.6 (11.5-22.3)

155.2 17.4 (6.6-24.0) 7.4 (4.8-10.2) 84.4 (50.0-100.0) 6.6 (5.3-9.5) 18.6 (11.8-21.3)
155.3* 17.6 (7.0-26.0 7.0 (4.7-10.2) 81.5 (36.0-98.0) 6.6 (5.3-7.8) 18.7 (11.3-27.5)
155.4 17.3 (7.0-23.8) j.3 (4~8-10.l) 83.7 (49.0-100.0) 6.5 (4.7-8.4) 18.2 (4.0-25.0)
157~0 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)
157.1* 17.6 (7.0-26.4) 7.0 (4.3-9.5) 69.8 (28.0-86.0) 6.6 (5.2-7.8) 15.4 (7.3-20.5)
157.3 17.0 (7.1-23.5) 7.3 (4.7-9.8) 84.8 (45.0-102.0) 6.6 (5.4-17.8) 19.2 (11.5-22.0)
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. 5) 18.7 (12.5-22.0)
176.0 16.6 (6.8-23.7) 8.2 (5.3-13.6) 81.3(51.0-110.0) 6.5 (4.5-8.5) 19.3 (13.3-34.0)
187.1 15.9 (6.8-23.0) 8.8 (5.5-11.6) 58.2 (39.0-88.0) 6.5 (4.5-8.8) 15.8 (5.0-20.4)
<

Note: Twenty-six dates sampled.

*-Intake canals.

Source: Paller et al •• 1986b.



Ichthyoplankton dens it-ies from February through July 1985
ranged from a mean of 22.2/1,000 m3 in the lG intake canal· (RM
157.1) to a mean of ·149.3/1,000 m3 at RM 166.6 (Table V-4.80).
Densities ~ere significantly higher in the upper farfield (mean of
94.6/1,000 m3 ) than in the nearfield (mean of 54.1/1,000 m3) or
lower farfield (mean of 55.6/1,000 m3 ). In contrast, in 1984,

·ichthyoplankton densities were highest in· the nearfield section,
while in 1983, ichthyoplankton densities were highest in the lower
farfield sect ion. The data from the three years illustrate· the
natural year-to-year variability of. ichtbyoplankton densities in
the Savannah River (Paller et al., 1985). Table V-4.80 also·lists
mean ichthyoplankton densities at all Savannah River transects for
the nine most abundant taxa collected in the 1985 February through
July sampling period.

An examination of the average density at each transect· over
all dates indicated that dens ities were lower at RM 150.8 and
ro~ 152.0 than at the rest of the transects (excluding the intake
canals). This was due primarily to a relative scarcity of American
shad ichthyoplankton at those· transects (Figure V-4.57).· These
two transects were upstream frOlll the ttOuth of· Four Mile Creek
(RM 150.6) and so were not exposed to heated waters from reactor·
discharge in Four Mile Creek. RMs 150.8 and 152.0 were, however,
downstream from Beaver Dam Creek· (RM 152.1) which receives heated
efflue.nts from the coal-fired power plant in D Area. The reasons
for the low dens ities at these two transects .are unknown (Paller.
et al., 1986b), but are not believed to be related to the heated
effluent in !eaver Dam Creek, since temperatures in the mouth of
creek are only slightly elevated.

V.4.3.5.3 Oxbow Ichthyoplaakton

Six oxbows were sampled during 1984; two in the· upper far
field, two in the nearfield, and two in the lower farfield. Since
all the oxbows were connected to the river at both ends (at least
during high water), they had some· current, . although the water
velocity and subsequent extent of water exchange with the river
varied from oxbow to oxbow.

The chemical and physical parameters in the oxbows were
similar to those in the river (Table V-4.81). The water velocities
and depths, ho~ever, were much lower in the oxbows than the river.
Unlike the river, some of the more slowly moving oxbows tended to
stratify in the summer.

A total of 7,207 larvae and 28 eggs were collected from the
six oxbows sampled during 1984 (Table V-4.82). The species compo
sition in the oxbows were dominated by gizzard and threadfin shad
and unidentified Clupeidae (see Table V-4.64). Other dominant taxa
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TABLE V-'.80

~Mean Ichthyoplankton Densities (no./1.ooo ".3) and Teq»eratures (·e) In the Savannah River
Transects During february-:bly 1985

Blue- Total
Rher Tenp. American back Striped other Ulld. Minnows Spotted Ichthyo-

!i!!!- (·C) Shad Herring Bass ~ Crprlnids (Cyprinidae) Suckers Sunfish Crappie plankton"

lower farfleld

89.3 19.0 47.4 0.9 2.0 l.l 1.l 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.Z Z.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

Nearfleld

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 O.Z 54.7
137.7 "18.0 34.1 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

1
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

.r:- 150.8 18.2 12.6 1.9 0.3 3.0 0.6 1.0 6.2 0.1 0.0 31.8C1\
'-J 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
155.3t 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
157.0 16.9 24.6 0.4 0.5 3.8 1.0 1.7 4.7 0.2 0.1 47.5
157.1t 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 O.z 0.2 81.6

\%»per farfleld

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

* Gizzard and threadfln shad.
** Totals Include taxa shown taxa plus not shown.
t Intake canals.

Source: Paller et al., 1985.
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TABLE V-4.S1

Mean (and range) of Chemical and Physical Parameters in Six Oxbows, on the Savannah River
, (February-July 1984)

OXbow Lpcation
+

RM 153.2 RM'Ist).7 ' 7; RM 183.0Parameter RM 51.3 RM 100.2 RM 167...
Top*

Temperature ,(·C) 18.6 18.0 17.2 16.6 16.5 17 ..3
(7.4-28.0) (6.0-26.8) (7.8-25.3) (7.2-24.5) (7.6-25.0) (6.2-26.8)

Dissolved oxygen 7.3 6.1 7.4 7.5 7.4 7.8
(mg/L) (4.8-10.2) (2.5-9.1) (4.4-10.2) (4.1-12.0) (3.0-10.5) (1.9-11.2)

1 pH 6.0 5.2 6.7 6.2 6.4 6.3
Jl'o (5.1-7.3) (3.9-7.5) (6.0-7.4) , (5.2-7.6) (5.7-7.9) (5.6-8.1)0'\
\0

Conductivity 67.6 69.4 73.3 64.5 69.7 58.0
(umhos / cm) (40.0-88.8) (45.0-102.0) (48.0-134'.0) (20.0-90.0) (41.0-95.0) (40.0-140.0)

Alkalinity (mg/L) 15~5 16.4 15.3 15.4 15.5 14.3
(10.0-18.S) (0.3-30.5) (12.0-19.5) (11.8-21.0) (10.5-19.8) (11.0-19.3)

Current (cm/s) 5.3 2.5 14.2 18.2 6.0 8.3
(0.0-72.0) (0.0-65.0) (0.0-84.0) (0 .0-72.0) (O.O-SO.O) (0.0-80.0)

. 'Oepth (m) 3.4 3.9 4.1 3.3 4.3 3.2
(1.5-5.2) (2.1-6.1) (2.4-6.1) (1.5-5.5) (2.2-7.6) (1.2-6.1)

* Top satliples taken approximately r m below the surface.

Source: Paller et al., 1985.



TABLE V-4.81. Contd

Oxbow Location
Parameter RM 51.3 RM 100.2 RM 153.2 RM 136.7 RM 167.4 RM 183.0

• . ,

Bottom**

Temperature (OC) 18.2 16.9 16.5 16.6 15.9 14.6
(7.3-26.0) (5.2-26.8) (7.3-24.0) (7.2-24.5) (7.3-23.0) (6.7-22.0

Dissolved oxygen 6.8 4.1 6.7 7.4 7.2 6.2
(mg/L) (3.6-10.0) (0.1-7.8) (0.9-10.0) (3.5-12.3) (3.4-10.5) (0.0-10.3)

pH 6.1 5.1 6.4 6.0 6.3 6.2
(5.1-7.3) (3.8-7.5) (5.5-7.6) (5.0-7.6) (5.5-7.9) (5.6-8.0).

"f Conductivity 68.6 76.8 71.0 63.5 69.3 65.7
.p. (pmhos I cm) (40.0-88.8) (45.0-102.0) (48.0-134.0) . (20.0-90.0) (41.0-95.0) (40.0-140.0).....
0

Alkalinity (mg/L) 11.3t 9.5 -tt 15.0

Current (em/s) 3.1 2.5 5.5 13.4 5.8 3.3
(0.0-82.0) (0.0-65.0) (0.0-83.0) (0.0-71.0) (0.0-80.0) (0.0-85.0)

Depth (m) 3.4 3.9 4.1 3.3 . 4.3 3.2
(l.5-5.2) (2.1-6.1) (2.4-6.0 (I.5-5.5) (2.2-7.6) (1.2-6.0

** Bottom samples taken approximately 1 m above the bot tom.
t Only one sample taken.· .

tt Samples not taken.

Source: Paller et al.·, 1985.



It'" TABLE V-4.82

Numbers of Ichthyoplankton Collected and Average Ichthyoplankton
o Densities in Savatmah River Oxbows (February-July 1984)

Me'an.... -
Ieh thy~pl:anktori Density"

Location Number Number Number Densi t}i:::.: ::0 Coefficient of
. (RM) oLarvae Eggs Taxa (no. II , (iO,O m3 ) Density Range Variation (%)

.0 \
.~.: " . .- .

.:.; ..-.. 51.3 . 379 0 16, 63.4 0.0 - 467.7 157.8
• .. I .....,

100.2 5,900 6 16 '.,
. o{ ',: 04'3 ::0\::. 0.0 - 16~698.3 224.1'. ... ... ' .,.. .~ ..

. ' '.

153.2 377 6 14 . .> 62~3 0.0 ~ 641.6 190.6.......~ .

156.7 121 14 15
:....

21".1 .0.0 - 174.5 162.6

167.4 166 1 9 29.7 . 0.0 -. 243.9 158.7

183.0 264 1 '15 51.4 0.0 - 835.1 222.8

Total 7,207 28

~.
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in the oxbows were the sunfishes. While these taxa apparently
spawned in the oxbows, others, JOOst notably the striped bass and
American shad, did not utilize the oxbows.

Ichthyoplankton densities varied among oxbows and were partic
ularly high in the oxbow at RM 100.2. The average density in the
oxbow at RK 100.2 was 1,043.0 ichthyoplankters/l,OOO m3, compared
to 21.1 to 63.4/1,000 m3 in the other oxbows (Figure V-4.58).
Other than the high density, the seasonal trends and taxonomic
composition in the oxbow at RM 100.2 were sLnilar to those in the
other oxbows and the river, indicating that the high density. in
this oxbow was not due to an unusual level of spawning by a single
species.

Isolation from the river may partially explain the unusually
high densities in the oxbow at RM 100.2 (Paller et al., 1985). The
mean current velocity was lower compared to the other oxbows,
suggesting it was sheltered from river currents and JOOre like a
lake than the others. The lake-like conditions apparently favored
the reproduction of gizzard and threadfin shad, sunfishes, and.
other 'taxa~ In addition, tbe lower current velocities may bave
flushed fewer ichthyoplankton into the river than the higher
current velocities at other oxbows (Paller et al., 1985). Table
V-4.83) lists species by percent abundance at each oxbow~

In 1985, five oxbows were sampled; two in· the upper farfield,
two in the nearfield, and one in the lower farfield. These oxbows
were the same as those sampled in 1984 with the exception of the
oxbow at RM 51.3. It was not sampled in 1985 because the study did
not include stations downstream from RM 89.3. All the oxbows were
connected to the river at one end, and some were connected at both
ends.

,"

The chemical and physical parameters in the oxbows
similar to those in the river in 1985 also (Table V-4.84).
current velocities and depths, however, were much lower in
oxbows than the river. As in 1984, it was found that 'some of
JOOre slow moving oxbows tended, to stratify in the summer.

were
The
the
the

A total of 10,214 larvae and 108 eggs were collected from the
five oxbows sampled during 1985 (Table V-4.85). The species compo
sitions in the oxbows (see Table V-4.65) were dominated by gizzard
and threadfinshad, and to a lesser extent by sunfishes, unidenti
fied Clupeidae, and blueback herring. Although American shad and
striped bass did not utilize the oxbows in 1984, American shad was
the most abundant taxa collected in the oxbow at RM 156.7 in 1985'
(Table V-4.86).
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TABLE V-4.83

~Percent Abundance of Ichthyoplankton in Savannah River Oxbows
(February-July 1984)

Oxbows (RM).
Taxa 51.3 100.2 153.2 156.7 167.4 183.0

American shad 0.3 0.. 1 1.0 3.0 0.0 0.4

Blueback herring 2.4 .4.2 9.7 5.2 . 7.2 7.9

Gizzard and/or
threadfin shad 40.6 42.3 39.4 24.4 42.5 55.1

. Unid. clupeid 15.0 20.5 36.0 23.0 34.1 ·20.8

Striped bass 0.0 0.0 0.0 10.4 ·0.0 0.0

Spotted Bucker 0.3 0.0 1.0 7.4 3.0 0.4

Unid .. sucker 0.0 0.0 0.0 0.7 .0.0 0.0

Yellow perch 0.5 0.2 0.5 1.5 0.0 1.5

Darter 0.8 0.4 0.5 0.0 0.6 0.8

Sunfish (Lepomis) 22.4 21.4 0.3 3.0 0.6 5.• 7
Unid. sunfish 2.1 2.5 1.6 1.5 1.2 0.8

~Crappie 7.4 2.8 7.3 11.1 10.2 4.9
Largemouth bass 0.3 0.0 0.0 0.0 0.0 0.0
Unid. cyprinids 3.4 1.0 1.3 4.4 0.0 0.8

Carp 0.8 0.3 0.3 0.7 0.0 0.0
Mosquitofish 0.0 <0.1 0.0 0.0 0.0 0.0
Brook silvers ide 0.3 0.1 0.0 0.0 0.0 . 0.0

Pickerel 3.4 4.1 1.1 3.7 0.6 0.4

Total percent 100.0 99.9 100.0 . 100.0 100.0 99.9

Total number 379 5,906 383 135 167 265

Source: Paller et ale , 1985•.
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W:.. '.,' ~TABLE V-4.84

Mean (and 'range) of Chemical and Physical Parameters in Five Oxbove on the Savannah River
(February-.July 1985) "

. OlCbow Dissolved
River Mile Tem)erature oxy,en ' Conduct ivity Alkalinity De)th
(RM) (OC . (mg L) pH '(pS/cm) , (mg/L, • (m

100.2 Top* 21.3 7.9 7.0 2S.S 2S'.S 2.8
(S.S-30.0>- (3.6-12.0) (4.3-9.6) (63.0-118.0) (12.S-38.0)' (2.1-S.2)

Bottom** ,19.3 4.3 6.4 94.8 -t
(S.S-28.0) (0.1-8.7) (4.2-7.S) (64.0-144.0)

153.2 Top 19.9 8.3 6.8 84.9 19.7 2.7
(6.6-30.4) (5.9-11.3) (5.8-8.5) (62.0-108.0) , (13.8-22.5) 0.8-4.6)

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

-r (6.9-26.6) (2.8-9.9), (5.3-7.1) (49.0-112.0) 01.3-25,.1) 0.5-3.0)
~ Bottom 12.1 6.4 6.1 79.2~
l11 , (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
(6.7-31.2) (4.9-12.2) (4.9-8.3) (S3.0-120.0) (11.8-21.8) (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
(6.8-33.1) (4.5-19.7) (5.1-9.3) (39.0-70.0) , ' (9.3-S,O.0) 0.5-4.0)

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: Twenty six dates sampled.

* Top samples taken approximately 1 m below the surface.
** Bottom samples taken approximately 1 m above the bottom.

t Samples not taken.

Source: Paller et al., 1986b.



TABLE V-4.8S

Numbers of Icbtbyoplankton Collected and Average Ichtbyoplankton
Densities in Savannab River Oxbows (February-~uly 1985) .

Mean Density
Oxbow Ichthyoplankton . Coefficient.
Location· . Number Number Number Density of Variation
(RM) Larvae Eggs Taxa* (no./l,OOO m3) Density Range (X)

100.2 7,711 0 8 1,556.2· 0.0-17 ,190.5 189.7

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 1,760 40 9 289.7 0.0~3,83i.4 276.i

1 183.0 410 57 11 108.1 0.0-791.1 141.4
~....,

Total 10,214 1080'

* Unidentified clupeids are not included in taxa counts if identified clupeids are
present. Unidentified ·sunfish are not included in taxa counts if identified
sunfish are present. Unidentified ichthyoplankton is not included in taxa counts
when ident i fied ichthyoplankton is present. .

Source: Paller et al., 1986b.
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Ichthyoplankton densities varied between oxbows and .were
particularly high in. the oxbow at RM 100.2, as in 1984. The
.average density in this oxbow was 1,556.2 ichthyoplankters/l,OOO m3
compared to 38.6 to 289.7/1,000 m3 in the other ox~ows. The
reasons for the higher ichthyoplankton density in the oxbow at RM
100.2 are similar to those explained in the discussion on ichthyo
plankton densities in the oxbows in 1984.

Table V-4.86 lists species by percent abundance at each oxbow.
Although approximately half of all the larvae collected in th~ 1985
study were collected in the oxbows, only 15% of the samples were
collected there, which suggests that oxbows may be important spawn
ing areas. In addi t ion to be ing· import ant spawning areas, some
oxbows may function as nurseries where larvae can remain until they
become less vulnerable juveniles.

V.4.3.5.4 Spatial and Temporal Distribution of Selected
Ichthyoplankton Taxa

V.4.3.S.4.i 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 from the brackish water zone ~

and have been captured as far upstream as the Augusta Diversion Dam
at RH 187.1 (Osteen et al., 1984). The eggs are transported down-
stream with the current until they hatch or sink to the bottom.
Larval shad grow into juveniles in the river and generally migrate·
to the sea in the fall of the year that they were spawned (Leggett, .
1976).

A total of 2,520 American· shad eggs and 196 American shad
larvae were collected from the study area during 1984. American
shad· comprised 51.3% of all eggs and 0.7% of all larvae collected
from the study area during 1984 (Table V-4.58).

In 1984, American shad ichthyoplankton were first .collected in
February at temperatures as low as 7 to S·C (Figure V-4.59).
Densities increased in later months, peaking in April at approxi
mately 15·C and late May at approximately 21·C. These data suggest
two different spawning runs (Paller et al., 19S5).

The total number of American shad ichthyoplankton transported
in the river over the entire study period ranged from an estimated
5.49 million at RM 141.7 to 0.65 million at RM 69.9 (Figure
V-4.60). American shad were not abundant in the oxbows, and trans
port of American shad ichthyoplankton from the creeks was minimal
compared to transport in the river, indicating that the river is

.the principal spawning habitat for this species.
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A total of 11,494 American shad eggs and 261 American shad
larvae were collected from the' 'study area during 1985 (Table'
V-4.59). American ·shad comprised 50.7% of all the ichthyoplankton
collected in the Savannah River in 1985 (Table V-4.65). The abun-.
dance of American shad ichthyoplankton (primarily eggs) during 1985
may have been due to greater egg survival or to the migration of
more spawning adults into the study area during 1985 than during
previous years of the study. Greater concentration of eggs into a
more limited area due to .reduced river discharge. during 1985 may
also' be a contributing factor, although unlikely to account for
1IlOre than a relatively small percentage of the several fold
increase in American shad ichthyoplankton abundance between 1985·
and earlier years.

As in 1984, American shad ichthyoplankton were first collected
in February 1985 at temperatures as low as 10·C. Their densities
increased in later months, peaking in April and May at temperatures
o~' 16 to 22·<: (Figure V-4.6l) •. American shad ichthyoplankton were
largely absent from the study area by July; very few were collected
at temperatures above 26·C.

The total number of American shad ichthyoplankton transported
in the Savannah River over the entire 1985 study period ranged from
an estbnated 160 million at RM 145.7 and RM 166.6 to 8 million at
RM 187.1 (Figure V-4·.62). The peaks at RMs 145.7 and 166.6 prob
ably reflect localized concentrations of spawning fish. Steel
Creek transported approximately 1.6 million American shad eggs and
larvae (primarily eggs). Contributions from the other creeks to
American shad numbers in the river .were minUnal compared to Steel
Creek (Table V-4.87).

V.4.3.S.4.2 Striped Baaa

Adult striped bass are .,st abundant in coastal areas but
often are found in freshwater, particularly during winter and
spring. Upriver spawning migrations along the east coast generally
occur between winter and mid-summer (Merriman. 1950). Eggs and
larvae drift downstream to nursery areas, which are generally in
estuaries and the lower port ions of rivers. Water currents are
important in striped bass spawning areas because egg survival is
dependent upon having a sufficient current to keep.' the eggs
suspended in the water column (Stevens, 1967; Bayless, 1968).

In 1984, striped bas s ichthyoplankton were not collected in
the Savannah River until .May. Densities peaked in mid-May, then
declined to very low levels during June and July. The highest
striped bass densities were 100 to 500 ichthyoplankters/1,000 mg.
These numbers were associated with river temperatures of 17 to 22·C
(Figure V-4.63)'
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· the area of maximum st~iped b~ss ichthyoplarikton abundance was
restricted to the nearfield in 1984. Density and transport peaked
at RM 141.7 and, on the average, exhibited a fairly regular decline
downstream (Figure V-4.64). These data sugges t the occurrence of
at least one important spawning area, possibly in the region of
RM 141.7 (Steel Creek is located at RM 141.6). Very few'striped
bass larvae or eggs were collected from the tributary creeks during
1984, indicating their relative insignificance as spawning areas.
A total of 1,381 striped bass larvae and eggs were collected in the
study area in 1984 (Table V-4.58).

In 1985, the greatest striped bass ichthyoplankton densities
were associated' with river temperatures of 17 to 2S·C (Figure
V-4.6S). Densities peaked in April and May, declined through June,
and were zero by July. Striped bass spawning began earlier and
lasted somewhat longer during 1985 than during 1983 or 1984.
Striped bass spawning was largely confined to May in 1983 and 1984
(P,aller et al., 1984; 1985).

Striped bass transport in 1985 exhibited three peaks, suggest
ing localized aggregations of spawning fish. The peaks occurred'
at stations in the nearfield and upper farfield:' at RM 166.6
(28 million larvae and eggs), RM 155.4 (39 million larvae and
eggs), and RM 129.0 (15 million larvae and eggs; Figure V-4.66).
The highest peak occurred at RM 155.4 which was the transect just
upstream from the 3G intake canal (Paller et al., 1986b).

V.4.3.5.4.3 Blueback Herring

Blueback herring support bait, food, and commercial fisheries'
in east coast rivers during their spawning migrations, (Curtis,
1981). Adults move from coas tal waters into brackish and fresh-
water where they depos it mildly adhes ive eggs in swamps, creeks,
and floodlands (Adams & Street, 1969; Frankensteen, 1976).
Juveniles generally migrate downstream when they are approximately
50 mm in length (Jones et al., 1978).

In 1984, blueback herring ichthyoplankton were first collected
during March, peaked in abundance during May and declined to very
low levels in June and July. Spawning occurred primarily between
13 and 23·C (Figure V-4.67).

Average dens ities of blueback herring ichthyoplankton were
greatest in the nearfield in 1984 with 2.2 ichthyoplankters/l,OOO
m3 , compared to 1.7/1,000 m3 in the lower farfield and 1.2/1,000 m3 ,
in the upper farfield (Figure V-4.68).
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Unlike the other anadromous species, blueback herring. were
abundant in the creeks. Four creeks, Lake Parachuchia Outlet,
Briar Creek, Smith Lake, and Steel Creek contributed large numbers
of blueback herring ichthyoplankton to the Savannah River during
1984.

In 1985, blueback herring ichthyop1ankton were first collected
in the study ar.ea again during March. They peaked in abundance in
April and May, declined in June, and declined further in July.
Spawning occurred primarily between 13 and 27°C (Figure V-4.69).

Blueback herring transport during the 1985 study period
averaged approximately 2.6 million in the lower farfield, 3.2
million in the nearfield, and 7.1 million in the upper farfield
(Figure V-4. 70). As in 1984, blueback herring were more abundant
in the creeks in 1985 than in the river (mean density of 10.2/1,000
m3 in the creeks compared to 1.4/1,000 m3 in the river). Steel
Creek contributed large numbers of blueback herring ichthyoplankton
to the Savannah River during 1985 (1.34 million) as well as in 1983
and 1984 (Paller et al., 1986b).

V.4.3.5.4.4 Gizzard and/or Threadfin Shad

Gizzard and threadfin shad larvae were the JOOst abundant
taxonomic group in the study area in 1984, comprising 21.0% of all
larvae and 4.6% of all eggs collected. In addition, the category
"unidentified Clupeidae" 04.4% of all larvae) probably consisted
mainly of gizzard and threadfin shad because blueback herring, the
only other important taxon in this category, were not abundant in.
1984. Gizzard and threadfin shad are important because they serve
as a link between predatory fishes and the energy sources at the
base of the food web, such asdetri tus and plankton (Pflieger,
1975).

In 1984, gizzard and threadfin shad were collect ed in low
numbers in April (mean of 0.5 ichthyoplankters/1,000 m3 ), peaked in
May (17.6/1,000 m3), and declined in June [(2.1/1,000 m3) and July
(0.4/1,000 m3 )1. Most spawning occurred between 15 and 2S·C
(Figure V-4.71).

The greatest abundance of gizzard and threadfin shad in 1984
occurred in the oxbows (mean of 85.9/1,000 m3 ), followed by the
creeks (11.8/1,000 m3 ), intake canals (5.0/1,000 m3 ), and the river
(3.0/1,000 m3 ). These data suggest the importance of the oxbows as
habitat for these species.

In 1985, gizzard and threadfin shad larvae were again the most
abundant taxonomic group in the study area, comprising 35.5% of all
larvae and 2.2% of all eggs collected during 1985 (Table V-4.59).
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Most spawning of gizzard and threadfin shad occurred between
16 and 25·C in 1985 (Figure V-4.72). The same trends for ichthyo
plankton densities from February through July were observed in 1985

·as in 1984.

Gizzard and threadfin shad dens ities averaged 221. 6/1,000 in3

in the oxbows, 7.1/1,000 m3 in the river, 4.2/1,000 m3 in the
creeks, and 12.0/1,000 m3 in the intake canals (Table V-4.65).
These data indicate that gizzard shad spawned in all the major
habi tats in the study area but made part icular use of the oxbows
(especially the oxbow at RM 100.2).

V.4.3.5.4.5 Sunfish

In 1984, sunfish (Lepomis and unidentified sunfishes) larvae
were one of the most abundant types of ichthyoplankton in the study
area, comprising 18.7% of all larvae collected (no eggs were
identified as sunfish). Sunfish spawning began in March, peaked in
May, and was still occurring at low levels in July.

Sunfish spawning in 1984 occurred over a wide range of water
temperatures, from 14 to 2a·e, probably because the categ~ry

"sunfishes" includes many species with varied optimal spswo1ng
temperatures (Figure V-4. 73). A few sunfish larvae were collected
at temperatures as high as 30·Cin the thermal creeks. While some
of these larvae may have drifted into thennal areas from other
sources, the sunfishes may make greater use of mildly thermal areas
than most other species.

While sunfish larvae were abundant in all major habitats
except the intake canals, the greatest densities occurred in
the oxbows. Mean sunfish density over all dates was 49.2
ichthyoplankters/1,000 m3 in the oxbows, 17.2/1,000 m3 in the
creeks, 4.0/1,000 m3 in the river, and 1.4/1,000 m3 in the intake
canals.

As in 1984, sunfish were one of the most abundant species in
the study area in 1985, comprising 13.2% of all larvae collected
(no sunfish eggs were identified; Table V-4.59). Sunfish spawning
began in March, peaked in April, May, and June, and was still
o·ccurring at decreased levels in July. Sunfish larvae were
collected when water temperatures ranged from 11 to 33°C (Figure
V-4.74), comparable to the 14 to 28·C temperature range in which
they were found in 1984.

Oxbows were· import ant spawning areas for the sunfishes in
1985, especially the oxbow at RM 100.2 (Table V-4.86)' Sunfish
densities averaged 96.5/1,000 m3 in the oxbows compared to
0.7/1,000 m3 in the river, 6.5/1,000 m3 in the creeks, and
0.4/1,000 m3 in the intake canals (Table V-4.65).
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Sunfish dens ities were lower in 1985 than in previous years
'except for in the oxbows •. This decrease may have been related to
low water levels in 1985 which, in the creeks and river, would tend
to reduce the &mount of spawning habitat by eliminating sheltered
areas. Low water levels in the oxbows would not necessarily have
had a deleterious effect however, because currents were minimal in
most of the oxbows at all but the highest water levels.

V.4.3.5.4.6 Crappie

In 1984, crappie were a dominant component of the ichthyo
plankton in all parts of the study area except the upper farfield
and in all habitats except the oxbows. The total number of crappie
collected in 1984 was 4,236.

The greatest density of crappie ichthyoplankton throughout the
study area occurred in March. Densities were low during the other
sample lOOnths at all stations. Mos t of the crappie spawning
occurred between temperatures of approximately 8 to 22·C, with peak
spawning occurring between 15 and 18·e (Figure V-4.75).

Mean crappie dens ities in 1984 were 4.7 ich thyoplanktersl
1,000 m3 in the creeks, 7.6/1,000 m3 in the oxbows, and 10.51
1,000 m3 in the intake canals (Table V-4.64). Of the four
"habitats," the relative composition of crappie in the ichthyo- L
plankton ranged from 3.7% in the oxbows to 24.1% in the intake WI
canals. Crappie made a greater relative contribution to the
ichthyoplankton of the creek mJuths (20.5%) than to the ichthyo-
plankton of the Savannah River (13 .5%) during 1984. The higher'
dens ity in the intake canals than in the river sugges ts that
crappie selectively spawned there (Paller ~t al., 1985).

Crappie were a much reduced component of the ichthyoplankton
during 1985, cons tituting 1.9% of the tot a1, and with a mean
dens ity of 0.2/1000 m3 in the Savannah River. The reduced abun
dance of crappie during 1985 may be due to low water levels.
During 1984, crappie ichthyoplankton abundance peaked during flood
periods, when large floodplain areas served as favorable spawning
and nursery areas. Flooding did not occur in 1985 except for a
brief period during February, before spawning began in earnest.

V.4.3.S.4.7 Minnows

Minnows (family Cyprinidae), which are important forage for
predatory fishes) were one of the 100s t abundant ichthyoplankton
groups, comprising 11.1% of all larvae and 0.6% of all· eggs
collected during 1984 (Table V-4.S8). A total of 3,060 minnow
ichthyop1ankton was collected during 1984.
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Minnow ichthyoplankton first appeared in 1984 in low densities
during March when spawning activity was largely confined to the
lower farfield (Table V-4.S8). Minnow densities peaked in May and
declined in June and July. Temperatures of spawning ranged between
approximately 15 and 2S·C (Figure V-4.76).

In 1984, the mean density of minnow ichthyoplankton in the
river was 5.2 ichthyoplankters/1,000 m3 compared to 6.0/1,000 m3 in
the creeks, 2.7/1,000 m3 in the intake canals, and 2.2/1,000 m3 in
the oxbows.

Minnows were not abundant in the study area during 1985.
Minnows comprised 4.3% of all the ichthyoplankton collected during
1985 (Table V-4.S9) and mean densities in the river were just
2.2/1,000 m3 for minnows (Table V-4.6S). As with crappie, the
reduced abundance of minnows during 1985 may have been due to low
water levels. Both taxa peaked in abundance during flood periods
during 1984. Flooding did not occur during 1985 except for a brief
period during early February, before spawning was initiated.

V.4.3.5.4.8 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 total length. The shortnose
sturgeon is smaller, seldom exceeding 1.3 m total length. The
shortnose sturgeon is extremely rare and is listed as an endangered
species by the U.S. Fish and Wildlife Service and by South Carolina·
and Georgia. In the past several years, adult shortnose sturgeon
have been collected in the Savannah River about 16 km south of the
SRP boundary. In addition, small numbers of larvae of the Atlantic
and shortnose sturgeon have been collected in the vicinity of the
SRP (Paller et al., 1986b).

During 1982, 14 sturgeon larvae were collected, 13 were
collected in 1983, and 9 sturgeon larvae were collected in 1984
(Table V-4.73); all were taken from the river or the intake canals.
Darrel E. Snyder of the Larval Fish Laboratory at Colorado State
Univers ity cons idered two of the larvae collected during 1982 and
six of the larvae collected during 1983 as shortnose sturgeon.
Using criteria established by Snyder (1984), ECS personnel identi
fied two of the larvae collected during 1984 and two of the larvae
collected during 1985 as shortnose sturgeon also. Definitive
separation of shortnose sturgeon from Atlantic sturgeon larvae is
difficult because of their similar appearance (Paller et a!.,
1985).
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Y.4.3.5.5 Entrainment

The cooling water for C and K Reactors and makeup water for
Par Pond is pumped from the Savannah River at the lG and 3G pump
houses. The D-Area power plant receives cooling water from the 5G
pumphouse. Ichthyoplankton from the river are entrained into the
cooling water system along with the river water. The 1984 and 1985
entrainment studies attempted to estimate the loss of ichthyoplank
ton caused by river water withdrawal at the SRP intake structures.
Entrainment of ichthyoplankton was divided into larval entrainment
and egg entrainment in the following discussions.

The average 'density of larvae (measured in number/l,OOO m3 ) in
the six surface and two bottom samples from each intake canal was
used to calculate entrainment of larvae at the lG and 3G pump
houses. , The average dens ity of larvae in six surface and six
bottom samples collected at RM 155.4 (the upstream transect closest
to the 5G intake) was used to calculate entrainment of larvae at
the 5G pumphouse, which has no intake canal.

Samples were collected in the intake canals and river weekly
from February through July in both 1984 and 1985. The number of
larvae entrained was calculated by multiplying the volume of water
pumped at each pumphouse by the mean dens ity of larvae from the
appropriate canal or river transect. The entrainment calculations
for fish eg~s were more complicated. Generally, freshwater fish
have demersal (bottom dwelling) rather than planktonic eggs, and as
a result. few eggs were actually collected in the canals. The only
exceptions to this in the Savannah River drainage are American shad
and striped bass eggs (Jones et al., 1978; Hardy, 1978). The
reduced water velocities in the intake canals allow the suspended
eggs to settle out of the water column (McFarlane, 1982). Silt
settles over these eggs and they are assumed to die. ' Thus egg
entrainment es timates were based on egg dens hies at the river
transect s just above the canals. or, in the case of the 1G canal
(where Upper Three Runs Creek contributes a substantial portion of
the canal water), on egg densities at nearby river and creek mouth
stations. Entrainment per interval was calculated by 'multiplying
the total volume of water pumped during the sampling ,interval by
the appropriate mean egg dens ity. The total entrainment of fish
egg was estimated by summing the entrained eggs during each
sampling interval. Egg entrainment losses were calculated assuming
that fish eggs that settle out of the water column as well as those
actually entrained by the pumps are lost. For a more detailed
discussion on the calculat ions of egg entrainment, see Paller
et a1., 1986b.

At least 17 taxa of larval fish were entrained at the SRP
pumphouses during the 1984 spawning season (Table V-4.88). ' The
family most commonly found in the entrainment samples was Clupeidae
which comprised 50% of the larval fish that were entrained. The
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.single IOOst abundant taxo~ was crappie, with 4.3 million larvae
entrained, . or 24.5% of all ichthyoplankton entrained. Other
abundant taxa in 1984 were unidentified clupeids, blueback herring,
and other shad. Generally, there were no differences in the
species composition among the three pumphouses.

The total number of larval fish entrained due to SRP activi
ties from February through July 1984 was calculated to be
17.6 million. Of the 17.6 million, 7.7 million of tot al larvae
(44%) were entrained at the lG punphouse, 8.8 million of total
larvae (SO.3%) were entrained at the 3G punphouse, and 1.0 million
of total larvae (S.6%) were entrained at the 5G punphouse.Tables
V-4.89 through V-4.91 list the numbers of larvae entrained at each
pumphouse in 1984.

The tot a1 fish egg entrainment from February through July 1984
was calculated to be S.8 million eggs, of which 2.7 million eggs
(46.6%) were entrained at the lG punphouse, 2.6 million eggs
(45.4%) at the 3G punphouse, and 460,000 eggs (8.0%) at the 5G
punphouse. Tables V-4.92 through V-4.94 list the numbers. of fish
eggs entrained at each pumphouse. American shad eggs represented
50.4% of the total eggs entrained in 1984 (Table V-4.95).

The impact of entrainment on the Savannah River ichthyoplank
ton that passed by the SRP was estimated by calculating the total
entrainment for all three pumphouses (23.4 million organisms) as a
percent of the total ichthyoplankton upstream from all three intake
structures (282 million organisms). In 1984, 8.3% of the total
susceptible ichthyoplankton was entrained (Paller et al., 1985).

In 1985, there were at leas t six taxa of larvae entrained at .
the SRP punphouses (Table V-4 .96). The mos t common larval fish
entrained were suckers, which comprised 43% of the larval fish
entrained. The spotted sucker was the single most abundant taxon,
compris ing 42.7% of larvae entrained at the three punphouses.
Other abundant taxa were gizzard and threadfin shad (22.0%),
unidentified Clupeidae 01.4%), and carp 00.3%; Table V-4.96).
Generally, there were no major differences in the species composi
tion between the three punphouses. On March 19, 1985 at RM lSS.4
(the river transect used to calculate entrainment at the SG
punphouse) a single sturgeon larvae was collected (the species was
not determined).

The tot al number of larval fish entrained due to SRP act ivi
ties from February through July 1985 was calculated to be 10.9
million. The lG, 3G, and 5G punphouses entrained 3.8 million (35%.
of total), 6.4 million (59.0% of total), and 0.7 million (6.0% of
total) larvae, respectively (Tables V-4.97 through V-4.99). .
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TABLE V-4.89

Estimated Entrainment of Larval Fish at the IG Pumphouse
(February-July 1984)

Total Volume
Pumped Mean Dens ity

Interval (x 1,000 m3) (no./l,OOO m3 ) Total Larvae

1/31 -.2/07 7,661 0.0 0
2/07 - 2/14 5,712 2.2 12,566
2/14 ~ 2/21 4,909 2.2 10,800
2/21 - 2/28 5,144 0.0 a
2/28 - 3/06 5,314 2.5 13j285
3/06 - 3/13 4,610 10.0 46,100
3/13 - 3/20 5,542 48.4 268,233
3/20 - 3/28 7,787 60.0 467,220
3/28 - 4/03 7,310 35.5 259,505
4/03 - 4/10 8,819 21.1 186,081
4/10 - 4/17 8,445 9.7 81,917
4/17 - 4/24 9,015 29.5 265,943
4/24 - 5/01 6,983 66.9 467,163
5/01 - 5/08 7,698. 120.4 926,839

J 5/08 -·5/15 8,059 197.6 1,592,458
5/15 - 5/22 7,862 182.9 1,437,960
5/22 - 5/29 5,970 100.3 598,791
5/29 - 6/05 6,143 49.2 302,236
6/05 - 6/12 6,492 48.7. 316,160
6/12 - 6/19 7,245 47.7 345,587
6/19 - 6/26 7,338 13.6 99,797
6/26 - 7/04 8,487 3.9 33,099
7/04 - 7/10 6,564 2.7 17,723
7/10 - 7/17 7,044 1.2 8.453
7/17 - 7/24 6,878 0.0 0

Total number of fish 7,757,916

Source: Paller et a1., 1985.
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TABLE V-4.90

Estimated Entrainment of Larval Fish at the 3G Pumphouae
(February-July 1984)

Total Volume
Pumped Mean Dens i ty

Interval (x 1,000m3) (no./1 ,000 m3) Total Larvae

1/31 - 2/07 6J917 0.0 0
2/07 - 2/14 4 J766 1.1 5J243
2/14 - 2/21 1J923 1.1 2J115
2/21 - 2/28 4,987 0.0 0
2/28 - 3/06 5J291 3.0 15,873
3/06 - 3/13 5,378 7.4 39,797
3/13 - 3/20 6J454 42.8 276 J231
3/20 - 3/28 7,057 101.3 714 J874
3/28 - 4/03 7J038 73.4 516,589
4/03 - 4/10 8,590 14.8 127,132
4/10 - 4/17 8,997 11.9 107,064
4/17 - 4/24 8 J683 31.9 276 J988
4/24 - 5/01 7,569 108.5 821,237
5/01 - 5/08 9 J602 120.9 1,160,882
5/08 - 5/15 9,256 108.1 I JOOO J574

~
5/15 - 5/22 9 J729 127.6 1J241 ,420
5/22 - 5/29 7,910 120.6 953,946.
5/29 - 6/05 6J677 78.1 521 J474
6/05 _. 6/12 7,346 61.9 454,717
6/12 - 6/19 9,284 49.6 460J486
6/19 - 6/26 8,689 1.3 11,296
6/26 - 7/04 8,627 1.2 10,352
7/04 - 7/10 6J702 4.6 30,829
7/10 - 7/17 7,166 6.8 48,729
7/17 - 7/24 7,270 5.7 41 J439

Total number of fish 8,839,287

Source; Paller et a1., 1985.
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TABLE V-4.91

Estimated Entrainment of Larval Fish at the SG Pumphouse
(February-July 1984)

Total Volume
Pumped Mean Density Total

Interval -(x l,OOOm 3) (no./1,OOO m3 ) Larvae

1/31 - 2/07 1,520 0.0 0
2/07 -2/14 1,520 0.0 0
2/14 - 2/21 1,520 0.0 0
2/21 - 2/28 1,520 0.0 0
2/28 - 3/06 1,520 1.8 2,736
3/06 - 3/13 1,520 2.5 3,800

. 3/13 - 3/20 1,520 6.8 10,336
3/20- 3/28 1,615 37.5 60,562
3/28 - 4/03 1,520 46.5 70,680
4/03 - 4/10 1,425 17.1 24,368
4/10 - 4/17 1,520 3.5 5,320
4/17 - 4/24 1,520 10.4 15,808
4/24 - 5/01 1,520 _ 41.8 63,536
5/01 - 5/08 1,520 101.1 153,672
5/08 - 5/15 1,520 87.2 132,544
5/15 - 5/22 1,520 66.1 100,472
5/22 - 5/29 1,520 101.2 153,824
5/29 - 6/05 1,520 71.6 108,832
6/05 - 6/12 1,520 24.0 36,480
6/12- 6/19 1,520 17.3 ·26,296
6/19 - 6/26 1,520 12.5 19,000
6/26- 7/04 1,615 1.7 2,746
7/04 - 7/10 1,520 0.0 0
7/10 - 7/17 1,425 0.7 998
7/17 - 7/24 1,520 0.7 1,064

Total number of 993,074

Source: Paller et a1.,1985.
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. TABLE V-4.92

Estimated Entrainment of Fish Eggs at the IG Pumphouse
(February-3uly 1984)

Total Volume
Pumped Mean Dens ity

Interval (x 1,000m3) (no./l,OOO m3 ) Total Eggs

1/31 - 2/07 7,661 0.0 0
2/07 - 2/14 5,712 0.0 0
2/14 - 2/21 4,909 0.0 0
2/21 - 2/28 5,144 0.0 0
2/28 - 3/06 5,314 0.0 0
3/06 - 3/13 4,610 0.0 0
3/13 - 3/20 5,542 1.0 5,542
3/20 - 3/28 7,787 . 1.8 14,017
3/28 - 4/03 7,310 5.3 38,743
4/03 - 4/10 8,819 15.7 138,458 .
4/10 - 4/17 8,445 44.0 371 ,580
4/17 - 4/24 9,015 36.0 324,540
4/24 - 5/01 6,983 5.2 36,312
5/01 - 5/08 7,698 2.7 20,785
5/08 - 5/15 8,059 10.2 82,202
5/15 - 5/22 7,862 41.1 323,128
5/22 - 5/29 5,970 91.3 545,061
5/29 - 6/05 6,143 79.7 489,597
6/05 ..;. 6/12 6,492 25.5 165,546
6/12 - 6/19 7,245 7.3 52,889
6/19 - 6/26 7,338 2.4 17,611
6/26 - 7/04 8,487 1.1 9,336
7/04 - 7/10 6,564 1.6 10,502
7/10 - 7/17 7,044 3.2 25,541
7/17 - 7/24 6,878 2.8 19,258

Total eggs 2,690,648

Source: Paller et a1., 1985.

V-SI0

I•



I

~ TABLE V-4.93

Estimated Entrainment of Fish Eggs at the 3G Pumphouse
(February-July 1984)

Total Volume
Pumped Mean Dens itY .

Interval (x 1,000 m3 ) (no./1,000 m3) Total Eggs

1/31 - 2/07 6,917 0.0 0
2/07 - 2/14 4,766 0.0 0
2/14 - 2/21 1,923 0.0 0
2/21 - 2/28 4,987 0.0 0
2/28 - 3/06 5,291 0.0 0
3/06 - 3/13 5,378 0.0 0
3/13 - 3/20 6,454 0.0 0
3/20 - 3/28 7,057 0.6 4,234
3/28 - 4/03 7,038 8.7 61,231
4/03 - 4/10 8,590 19.3 165,787
4/10 - 4/17 8,997 31.8 286,105
4/17 - 4/24 8,683 24.5 212,734
4/24 - 5/01 7,569 3.8 28,762
5/01 - 5/08 9,602 0.7 6,721
5/08 - 5/15 9,256· 11.1 102,742
5/15 - 5/22 9,729 89.4 869,773
5/22 - 5/29 7,910 85.7 677,887
5/29 - 6/05 6,677 16.8 112,174
6/05 - 6/12 7,346 10.9 80,071
6/12 - 6/19 9,284 0.8 7,427
6/19 - 6/26 8,689 0.0 0
6/26 - 7/04 8,627 0.5 4,314
7/04 - 7/10 6,702 0.5 3,351
7/10 - 7/17 7.166 0.0 0
7/17 - 7/24 7,270 0.0 0

Total eg·gs 2,623,313

Source: Paller et a1.,· 1985.
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·TABLE V-4. 94

Est~ted Entrainment of Fish Eggs at the 5G Pumphouse
(February-July 1984)

Total Volume
Pumped Mean Density

Interval (x 1,000m3) (no./1,000 m3 ) Total Eggs

1/31 - 2/07 1,520 0.0 0
2/07 - 2/14 1,520 0.0 0
2/14 - 2/21 1,520 0.0 0
2/21 - 2/28 1,520 0.0 0
2/28 - 3/06 1,520 0.0 0
3/06 - 3/13 1,520 0.0 0
3/13 - 3/20 1,520 0.0 0
3/20 - 3/28 1,615 0.6 969
3/28 - 4/03 1,520 8.7 13,224
4/03 - 4/10 1,425 19.3 27 ,503
4/10 - 4/17 1,520 31.8 48,336
4/17 - 4/24 1,520 24.5 37,240
4/24 - 5/01 1,520 3.8 5,776
5/01 - 5/08 1,520 0.7 1,064
5/08 - 5/15 1,520 11.1 16,872
5/15 - 5/22 1,520 89.4 135,888

~5/22 - 5/29 1,520 85.7 130,264
5/29 - 6/05 1,520 16.8 25,536
6/05 ~ 6/12 1,520 10.9 16,568
6/12 - 6/19 1,520 0.8 1,216
6/19 - 6/26 1,520 0.0 0
6/26 - 7/04 1,615 0.5 808
7/04 - 7/10 1,520 0.5 760
7/10 -'.7/17 1,425 0.0 0
7/17- 7/24 1,520 0.0 0

Total eggs 462,024

Source: Paller et a1., 1985.
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TABLE V-4.95

Number and Percent Composition of Fish Egg Entrainment at 1G, 3G,
and 5G Pumphouaes (February-July 1985) .

Taxa

Pumphouse
IG
(no. x 103)

3G
(no. x 103)

5G
(no. x 103)

Percent
Total Composition

American shad .1,898 851 157

Blueback herring 48 17 3

Dorosoma spp. 60 56 11

Striped bass 249 1,299 224

Unid. percids 19 0 0

Other 415 396 67

Total

Source: Paller et al., 1985.
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TABLE V-4.96

Number and Percent composition of Larval pish Entrained at the
IG. 3G. and 5G. Pumphouses (Pebruary-July 1985)

IG 3G 5G Total
)

Percent Percent Percent . Percent
Taxa No. x 103 Compo No. x 103 Camp. No. x 103 Camp. No. x 10l Camp.

Unid. Clupeidae 379 9.9 797 12.5 69 10.1 1,245 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 1,660 26.0 171 25.2 2,393 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 1,117 10.3

<l Spot ted sucker 1,835 48.0 2,585 40.5 223 32.8 4,643 42.7I
l/1 Unid. suc ke rs 24 0.4 6 0.9 46 0.4....
~ Other 341 8.9 195 3.0 39 5.3 556 5.i

Total 3,822 99.9 6,380 99.9 684 100.1 10,882 100.1

Source: Paller et al., 1986b.
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TA8lE V~.97

E5tlJDated Entral~nt of Fbh larvae at the 1C PuqJhuJse (February-:July 1985)

Threadfln
Unid. Blueback American and/or lhid. -Spotted lhid. lhld.

Interval Clupeidae Herring Shad Gizzard Shad Cyprinidae Carp Suckers CrappIe Darters Other Total

2/05-2/12. 0 0 0 0 0 0 0 0 0 5,370 5,370
2/12.-2/19 0 0 0 0 0 0 0 0 0 5,701 5,701
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 5,796 20,194 5,796 31,786
3/19-3/26 0 0 0 0 0 0 0 6,756 23,538 6,756 37,050
3/26-4/02 0 76,359 0 0 0 0 87,748 0 19,320 0 183,526
4/02-4/09 ° 64,833 0 0 0 0 221,067 ° 16,404 0 302,304
4/09-4/16 0 0 0 0 0 0 230,483 0 21,566 0 252,049
4/16-4/23 0 ° 0 -0 0 0 213 ,365 0 35,919 0 219,284

<: 4/23-4/30 ° 0 6,nO 24,791 13,001 0 222,682. 0 7,250 0 274,054I
VI 4/30-5/07 0 0 11,693 39,189 12,048 0 252,478 0 5,535 5,~35 -327,078.....
VI 5/07-5/14 0 0 6,265 Zl,143 -18,256 6,085 157,763 0 6,265 10,722 228,499

5/14-5/21 25,577 . ° 10,004 68,445 24,995 40,588 123,981 0 0 4,302 297,892
5/21-5/28 112,239 ° 11,403 180,314 8,404 150,269 165,740 0 8,404 8,404 645,177
5/28-6/04 145,187 27,458 0 169,115 9,317 127,243 93,314 0 8,359 25,826 595,819
6/04-6/11 59,804 26,526 0 58,042 16,373 16,378 55,783 0 0 16,703 249,339

6/11-6/18 0 0 0 0 7,317 0 20,694 0 0 9,398 37,409
6/18-6/25 ° 0 0 0 0 0 0 0 0 6,546 6,546

.6/25-7/02 16,881 0 0 0 0 0 0 0 0 4,888 21,769

7/02-7/09 19,431 0 0 0 -5,887 0 0 0 0 5,634 30,952

7/09-7/16 0 0 0 0 5,680 0 0 0 11,247 0 16,927

7/16-7/23 0 0 0 0 0 0 0 ° 9,227 0 9,227

7/23-7/30 0 0 0 0 0 0 0 0 9,424 4,312 13,736

Total 379,119 194,906 45,695 563,039 121,878 340,563 183,517 12,552 2.02,652 12.5,893 3,821,494 .

Source: Paller et al., 198Gb



TABlE V-~.98

Estlmted Entraln.ent of Fish larvae at the 3G Pullphouse (F'ebrouy-1I1y 1985)

Threadflry
Unld. Blueback AmerIcan and/or lhld. Spotted lhld. lhld. lhld.

Interval Clupeldae HerrIng Shad Gizzard Shad ·Cypr1nldae Carp Suckers Suckers CrappIe Darters Other Total
0

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 8,694 8,694
3/05-3/12 0 0 0 0 0 0 0 0 7,829 0 8,184 16,013
3/12-3/19 0 0 0 0 0 0 0 0 7,708 9,100 0 16,808

3/19-3/26 0 0 0 0 0 0 0 0 0 10,709 0 10,709
3/26-4/02 0 0 0 0 0 0 215,350 0 0 0 0 215,350
4/02-4/09 0 0 0 0 9,729' 0 443,375 0 0 0 9,729 462,833
4/09-4/16 0 0 0 14,769 6,443 0 170,560 0 0 0 6,443 198,215 .

~
4/16-4/23 0 0 0 37,468 10,080 0 180,878 0 0 0 0 228,426

I 4/23-4/30 0 8,417 0 64,676 12,200 0 388,028 0 0 0 0 473,381
lJ1
t-' 4/30-5/07 24,811 20,613 0 86,533 0 10,333 344,157 0 0 11,827 0 486,447
0\

5/07-5/14 38,231 0 0 72,297 10,282 64,980 271,924 0 0 11,188 0 469,541
5/14-5/21 84,430 0 0 118,640 47,476 104,559 139,374 0 12,501 0 0 518,168
5/21-5/28 179,532 0 0 315,443 49,098 256,810 133,339 0 13,337 0 0 947,559
5/28-6/04 243,939 66,674 0 563,544 33,051 213,803 175,341 0 0 0 44,320 1,340,672
6/04-6/11 176,Q22 84,991 0 364,319 . 34,729 19,112 98,868 12,797 0 0 32,983 823,821
6/11-6/18 46,265 17,021 0 22,724 11,491 17,045 20,551 11,413 0 0 0 146,510
6/18-6/25 3,516 0 3,638 0 0 0 3,516 0 0 0 0 10,670
6/25-7/02 0 0 5,028 0 0 0 0 0 0 0 0 5,028
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

Total. 796,746 197,776 8,666 1,660,413 224,579 686,642 2,585,261 24,210 41,375 42,824 110,353· 6,378,845

Source~ Paller et al., 1986b
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TABlE V-'.99

Estluted Entrainment of FIsh larvae at the SC ~house (February-:hly 1985)

Threadtln
Unid. Blueback hnerlcan and/or thid. Spotted thid. thid. Ulid.

Interval Clupeldae HerrIng Shad Gizzard Shad Cyprinidae Carp Suckers Suckers .CrappIe Darters Other Total

2/05-Z/12 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
2/19-Z/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 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 0 0 0 1,360 1,360
3/19-3/26 0 0 0 0 0 0 886 0 0 0 1,360 2,246
3/26-4/02 ° 0 0 0 0 ° 15,958 0 ° 1,135 ° 17,093
4/02-4/09 ° 0 0 0 0 0 44,118 0 0 1,135 0 45,253
4/09-4/16 0 1,374 0 0 5,453 0 31,721 ° ° 2,472 0 41,020
4/16-4/23 0 4,856 0 1,989 9,260 0 11,862 0 0 4,097 0 32,064

<: 4/23-4/30 ° 3,482 0 9,397 5,657 0 19,263 1,987 0 1,624 1,151 42,561
I

\JI 4/30-5/07 1;293 1,020 0 17,181 3,847 0 16,112 1,987 971 0 1,151 43,568
........, 5/07-5/14 3,51Z 2,276 1,094 21,246 15,459 10,890 18,331 ° 971 0 2,664 76,449

5/14-5/Z1 15,487 1,257 2,403 32,619 14,878 23,406 25,586 ° 0 0 5,188 120,824

5/21-5/28 24,956 0 1,309 46,901+ 1,416 29,567 20,271 1,034 0 870 5,281 131,608

5/28-6/04 16,690 1,042 0 32,807 1,088 17 ,951 12,175 1,034 0 870 0 83,657

6/04-6/11 6,087 2,036 0 8,134 2,29& 3,220 6,042 ° 0 0 1,097 28,912

6/11-6/18 1,086 994 0 1,086 1,208 2,320 999 0 0 0 2,710 10,403

6/18-6/25 0 0 0 ° 0 0 0 0 0 0 1,613 1,613

6/25-7/02 0 1,249 0 0 0 0 0 0 0 0 0 1,249

7/02-7/09 0 1,249 0 0 0 0 0 0 0 0 0 1,249

7/09-7/1(, 0 0 0 0 0 1,040 0 0 0 0 0 1,040

7/16-7/23 0 0 ° 0 0 1,040 0 0 0 0 0 1,040

7/23-7/30 0 0 0 0 0 0 0 0 0 0 989 989

Total 69,111 20,835 4,806 171,363 60,562 89,434 ZZ3,324 6,042 1,954 12,203 24,564 684,198

Source: Paller et al., 1986b



The total number of larval fish entrained by the SRP in 1985
was relatively low compared to estimates of entrainment for previ
ous years (Paller et aI., 1986b) and was attributed to fewer
numbers of larvae in the intake canals. The low· dens hies of
larvae were probably related to low river levels in 1985 which
reduced the spawning and nursery habitat for species that prefer to
spawn in flooded or sheltered areas (Paller et a1., 1986b).

The total fish egg entrainment from February through July 1985
was calculated to be 15.1 million, of which 7.8 million eggs (51.4%
of total) were entrained at the 1G pumphouse, 6.2 million (41.4% of
total) at the 3G pumphouse, and 1.1 million (7.3% of total) at the
5G pumphouse. American shad eggs were the toost comtmn taxa
entrained at the 1G pumphouse and at the three pumphouses combined.
The relative abundance of entrained eggs differed between pump
houses. . Whereas, American shad eggs we.re the dominant species
entrained at the 1G pumphouse, eggs of the striped bass were domi
nant at the 3G and SG pumphouses. Tables V-4.100 through V-4.102
list the numbers of eggs entrained at each pumphouse by taxa.

The impact of entrainment on the Savannah River ichthyoplank
ton that passed by the SRP was estimated in the same way it was
estimated in 1984, by calculating the total entrainment for all
three pumphouses (25.9 million organisms) as a percent of the total
ichthyoplankton upstream from all three intake structures. (211.6
million organisms). In 1985, 12.1% of the total susceptible
ichthyoplankton was entrained (Paller et al., 1986b).

V.4.3.5.6 Diel Study

Spawning for many species 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 or threadfin shad, spawn primarily
during daylight hours (Graser, 1979). These differences in spawn
ing times can strongly influence the density of ichthyoplankton in
the water column at any given time.

In order to evaluate diel fluctuations of ichthyoplankton
density in the 1984 and 1985 Savannah River ichthyoplankton
studies, collections were made during four 6 hr time intervals in a
24 hr period in the toonths of March, April, May, and June.
Ichthyoplankton samples were collect ed by methods described in
Section 4.4.2 of this report at four river transects (RMS 155.2,
155.4, 157.0, and 157.3) and in the 1G (RM 157.1) and 3G (RM 155.3)
intake canals.
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• TABlE V"-.100

EstUated Entra1Ment of Fish Eggs at the 1G Puqmouse (February-:July 1~5)

Threadf1n
Blueback American and/or Striped

Interval . Herdng Shad Gizzard Shad Bass Other Total

Z/05-2/12 0 0 '0 0 0 0

Z/1Z-2/19. ° ° ° 0 0 0

Z/19-2/26 ° ° ° ° 0 0

2/26-3/05 0 7,488 0 0 ° 7,488

3/05-3/12 0 16,596 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 ° 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 1,212,517 2,223,787

4/30-5/07 0 324,277 a a 13,848 338,125

5/07-5/14 0 251,649 a 0 9,150 260,799

5/14-5/21 0 220,150 0 ° 0 220,150, 5/21-5/28 0 155,840 10,644 0 0 166,484

5/2.8-6/04 0 135,966 34,513 0 13,090 183,569

6/0"':'6/11 a 112.,616 2.6,833 0 42,917 182,366

6/11-6/18 0 114,62.9 3,880 0 29,801 148,310 .

6/18-6/25 0 57,990 a ° 7,163 65,153

6/2.5.7/02 0 .4,12.2 0 0 5,850 9,972

7/02.-7/09 0 0 0 0 7,514 7,514

7/(Y)~7/16 0 .0 0 0 7,250 7,250

7/16-7/2.3 '0 0 0 ° a ·0
7/23-7/30 0 0 0 0 0 0

Total . ·122,004 4,122,336 91,019 279,910 3,137,662 7,753,151

Source: Paller et 41., 1986b
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~ TAEl.EV~.102

'EsU_ted Entrl1nlleftt of Flsh Eggs at the 5C Pullphouse (February-:JlIly 1'85)

Threadf1n
Blueback American and/or Striped

Interval . Herring Shad Cizzard 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 -- o. 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
4/0'-4/16 0 41,331 0 0 4,121 47,512
4/16-4/23 0 52,990 2,060 5,334 9,430 ' "9,814
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

f . 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
6/01+-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 o· 0 914 914

Total " "2,040 456,501 17,075 530,588 90,530, 1,096,734

Sources Paller et al., 1986b ,
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Species cOmposition of' the ichthyoplankton community differed
between months in the 1984 diel study. In March, the ichthyo
.plankton community was dominated by crappie larvae .during all
sampling hours periods. Results of statistical analysis indicated
that there were no significant differences in day and.night collec
tions (Table V-4.103). Means for the four 6-hr collection periods
(Figure V-4.77) indicate two periods of high. egg and larval
densities, morning (0600-1200 hr) and evening (1800-2400 hr), and
two periods of low dens ity, mid-day (1200-1800 hr) and the middle
of the night (2400-0600).

In June, the ichthyoplankton dens ities were cons ide rab ly lower
than in Hay, indicating the end of the spawning se~son for most
taxa (Figure V-4.77). Crappie, which had been so prevalent.in the
river during previous months, were completely absent from June
collections. Instead, sunfish larvae and American shad eggs were
abundant during periods 1800 to 2400 hr and 2400 to 0600 hr. ·Night
collection densities were again significantly higher than densities
in the day collections, due, as in May, to higher means during both
the 1800-2400 hr and 2400-0600 hr periods. During both months, the
mean for the period 2400-0600 hr was significantly higher than that·
for any other period.
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~ TABLE V-4.103

Duucau's Multiple Range Teste for Average Density of
IcbtbyoplanktoD During Four Diel Time Periods*

Sampling Hours
1800 - 2400 -. 0600 - 1200- Time Periods

Month· 1200 . 1800 .2400 0600 Day Nigbt

Marcb. 26.8 58.3 25.3 60.2 33.2 42.8-
April 40.7 27.2 53.1· 35.9 38.0 44.5

May 137.6 96.5 186.8 264.3 130.7 225.6

June 28.6 9.0 29.6 42.5 24.6 36.1

* Tests were conducted'using transformed data but mean
densities are presented as arithmetic averages (no./I,OOO ma,.
Time periods underscored by tbe same line are not 'significantly.
different at the p <0.05. '

Source: Paller et al., 1985
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As in 1984, species composition of the· idhthyoplankton
com1ll\Jnity differed' between months in ,the 1985 diel study. In,
March, the ichthyoplankton community was dominated by American shad
eggs during the day and pirate perch and sunfish larvae during the
night (Table V-4.104). Statistical analysis indicated that night
densities of total idhthyoplankton were significantly higher than
day dens it ies •

In April. ichthyoplankton densities were significantly greater
during the night than during the day; however, the species composi
tion of ichthyoplankton was similar in daytime and nighttime

. samples. American shad comprised the majority of the eggs and ,.
spotted suckers comprised most of the larvae for all time periods
(Table V-4 .105). The April ich thyoplankton dens ities were more
than 20 times higher than those in March, indicating· much greater
spawning activity.

In May, fish larvae constituted over 50% of the total ichthyo
plankton dens ity in each collect ion (Table v-4 .106). Dominant
larval species included spot ted suckers, gizzard and threadfin
shad, unidentified Clupeidae, and carp. As in the previous months,
ichthyoplanktoo densities were significantly higher during the
night than during the day. Figure V-4.78 shows the decline in eggs
collected in May, which may have been attributed to a decline in
American shad .spawning because most of the eggs collected in March
and April were those of American shad (Paller et al., 1986b).

In June, a relatively large number of American shad ~ggs were
collected at night, making nighttime ichthyoplankton 'densities six
times (and significantly) higher than daytime dens ities (Table
V-4.107). The general reduction in total density during June
(Figure v-4.78) indicated that the spawning season was nearly over
for most species.

Overall. diel collections of ichthyoplankton from March to
June 19~5 resulted in significantly higher densities at night than
during the day during every month. This pattern of temporal
distribution is similar to results found by other investigators
(Gald & Mohr. 1978; Hergenrader et a1., 1982) and is consistent
with the findings from' comparable collect ions ·in this area of the
Savannah River (Paller et a1.. 1984; 1985). During 1984, mean
densities were consistently higher during the night • ." but were
significantly higher only in May' and June.

Ichtbyoplankton dens ities 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
the river. Difference· in density of ichthyoplankton over 24 hr may
be a result of behavioral characteristics of the fish speci.es
present in the ichthyoplatikton (Gale & Mohr. 1978). Some species.
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TABLE V-'.1M

Relative Abundance of Ichthyoplanlcton Collected During the olel 5ulpllng Progra. In March (February-3.aly .1'85). .
March
0600-1200 hr 1200-1800 hr 1800-2400 hr 2400-0600 hr

Taxa Eg9s Larvae Eggs Larvae Eggs larvae E99s larvae
(cOlllllon name) Number Percent Number Percent Number Percent Number Percent Number Percent Number Percent Humber Percent Number Percent

Unld. Clupeldae 2 2.4 1 5.6

unid. herrIng/shad 1 9.1
American shad 31 100.0 16 100.0 8 100.0 14 11.8
Gizzard and/or

Threadl'In shad
Minnow

(Cyprinidae)

-r Carp

VI Spotted sucker
N Unld. sucker0'

unid. catf ish
Swa~f1sh

PIrate perm 15 36.6 10 55.6
Brook silverside
Striped bass
Unid. sunfish 24 58.6 1 5.6
Unid. crappie 2 18.2
Yellow perm
unid. darter 6 54.5 1 100.0 1 2." 6 33.2
Sturgeon 1 9.1
unknown 1 9.1 ,. 22.2

Total 37 100.0 11 100.0 16 100.0 1 100.0 8 100.0 41" 100.0 18 100.0 18 100.0

Hean temperature (·C) 10.5 10.9 11.1 10.8

Sources Paller et al., 1986b.
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TABlE V-'.105

RelatIve Abundance of Ichthyoplankton Collected During th~ Dle1 sallPllng ~ogr.. In April (Februuy~ly "as)

April
0600-1200 hI' . 1200-1800 hI' 1800-2400 hI' 2400-0&00 hI'

Taxa Eggs lanae Eggs larvae Eggs larvae Eggs larvae
. (cOlllllon name) Humber Percent NUIIlber Percent Humber Percent Number Percent Number Percent NUIIlber Percent HUIIlber Percent Hwnber Percel'lt

Unid. Clupeidae 1 1.0 1 0.3 5 1.1f.
Unid. herring/shad 9 2.3 18 18.6 Z 0.3 3 ·3.8 9 1.0 4 1.4 6 0.4 7 1.9
American shaet 294 73.7 2 2.1 560 83.2 '2 2.6 391 42.7 8 2.7 1133 79.8 2 0.6
Cizzard and/or

Threadt in shad 1 0.2 If. 4.1 2 0.3 8 10.3 1 0.1 5 1.7· 6 0.1f. 12' 3.3
Unid. minnow 6 ·6.2 2 '0.7 10 2.8
Carp

"f Spotted sucker 61 62.9 54 69.2 247 . 84.0 203 83.9
V. Unid. sucker 1 1.0 3 '3.8 8 2.7' 9 2.5
N thid. catfish-..J

Swaltpflsh 1 0.3
Pirate perch 3 1.0
Brode siherside
Striped bass 60 15.0 46 6.8 76 8.3 107 7.5
Uhld. sunfish 2 0.7
Unld. crappie 1 0.3
Yellow perch , 1.3 2 0.7 1 0.3

lhid. darter 3 3.1 5 6.4 2. 0.7 7 1.9
Sturgeon
lhknown 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

Hean temperature (·e) 18.5 18.5 18.2 18.0

5()urce: Paller et al., 1986b.



TAaE Y-'.1M

Relative Abundance of IChthyoplankton Collected During ~ Dlel sallPllng Progr_ In Hay (februuy-:lJly "85)

Hay
0600-12oo'hr 1200-1800 hr 1800-2400 hr 2400-0600 hr

Taxa Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae
(COlllnon name) Number Percent Number Percent Number Percent Humber Percent Humber Percent Number Percent Number Percent Humber Percent

Unld. C1upeldae 20 8.7 13 7.3 135 18.9 72 8.3
Unld. herring/shad 1 2.4 5 0.7
Amer lean 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

Threadt In shad 71 30.7 1 2.8 50 27.9 1 2.4 362 50.8 3 0.4 302 34.7
Unld. 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

'f
Spotted sucker 57 24.7 48 26.8 60 8.4 340 39.0

VI Unld. sudcer 1 0.4 2 1.1 1 0.1 2 0.2
N Unld. catfish00

Swall'Ptlsh
Pirate perch
Brode slherslde 1 0.1
StrIped bass
Unld. sunfish 1 0.1 1 0.1
Unld. crappie 2 0.9 3 0.4
Ye110w perm
Unld•. darter 2. 1.1 1 0.1
Sturgeon
Unknown 3 ).2 . 4 1.7 1 I 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

Hean temperature (·C) 19.0 19.7 19.7 . 20.'

Sourcel Paller et a1., 1986b
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TABlE V-'.107

Relative Abundance of Ic:hthyoplanlctan Collected During the Olel Sa..,l1ng Progra. In :June (februuy-:July 1f85)

Hay
0&00-1200 hr 1200-1800 hr 1800-24oo-hr 2400-0600 hr

Taxa Eggs larvae Eggs larvae Eggs larvae Eggs larvae
(common name) Number Percent Number Percent Number Percent Number Percent Number Percent Number Percent Humber Percent Humber Percent

lk\ld. Clupeldae 1 16.7 " 2 18.2 4 17.4
lk\ld. herring/shad 3 5.1 1 4.4
Amer lcan shad 25 96.2 8 80.0 31 52.5 4 17.4 266 100.0 3 8.1

Clzzard and/or
Threadf'ln shad 1 9.1 6 26.0

lk\ld. minnow 1 9.1 1 4.4 ·3 8.1
Carp 1 16.7 4 36.4 1 4.4 2 5.4

cd
"Spotted sucker 3 27.3 1 4.4

I lk\ld. sucker 1 16.7
IJ1
w lk\ld. catfish 3 13.0 2Z 59.5
0

Swa""ttsh
Pirate perm
Brook sllverslde
Striped bass
Unld. sunfish 3 50.0 2 8.7 7 18.9'
lk\ld. crappie
Ye llow perm
lk\ld. darter
Sturgeon

"Unknown 1 3.8 2 20.0 25 42.4

Total 26 100.0 6 100.0 10 100.0 11 100.1 - 59 100.0" 23 100.1 266 _ 100.0 37 100.0

Hean temperature (·C) 21.5 22.3 22.1 22.1

Sources Paller et al., 1986b
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IIJl including American shad and, striped bass, spawn near dusk or dawn
(Breder and Rosen, 1966; Williams· and Bruger, 1972), while other,
spedes, 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 lOOtility j.n rapidly flowing water, many can swim
sufficiently well to leave protected areas and be caught in the
current. The movement of larvae from protected areas generally
occurs at night (Gale and Mohr; 1978; Rergenrader et al., 1982) and
is reflected in, higher nighttime densities in ichthyoplankton
collections. .

Because there is natural diurnal variation in the density of
river ichthyoplankton, daily product ion and transport rates, as
well as entrainment calculations (including those presented in this
study) based on ichthyoplankton densities taken during daylight
hours and extrapolated to a 24-hr period, are commnly underesti
mates. While it is recognized that the limited diurnal sampling
conducted during this study is insufficient to justify recalcula~
tion of entrainment rates and total ,density of ichthyoplankton in
the river, it does provide an indication of the magnitude of the. . ,
blas of the est1mates.

V.4.3.6 Su:mmary: Savannah River and Associated
Tributaries Studies

During the 1984 river ichthyoplankton sampling program,
collect ions were made weekly at 26 river transects, two intake
canals, six oxbows,' and in 28 creek mouths. In 1985, the study
area was reduced to weekly collect ions at 21 river transects, two
intake canals, five oxbows, and in 14 creek mouths Cin 1984 the
study area extended from RM 187.1 to RM 29,.6: whereas in 1985. it
extended from 187.1 to RM 89.3). The primary object ive of the
1984-19~5 study was to assess spawning activity and ichthyoplankton
distribution upstream and downstre8l1l from 'the SRP. The sampling
program focused on evaluating the possible impacts of existing and
proposed thermal discharges and the removal of river water for
once-through cooling of the SRP nuclear reactors. 'nle evaluation
of ichthyoplankton production in Steel Creek was emphasized in this
study because of the potential ,impacts following the ,restart of
L Reactor.

A total of 24,298 fish, larvae and 4,756 fish eggs were
collected from February ,through July 1984. The dominant taxa
collected were the Clupeidae (42% of all ichthyoplankton) which
included the American shad, threadfin and gizzard shad. and blue
back herring. Other abundant taxa were the sunfishes, crappie, and
minnows (Cyprinidae).
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In 1985, a total of 19,926 fish larvae and 15,749 fish eggs l ~

were collected from Febru'ary through July. As in 1984" the ~
dominant taxa collected were the Clupeidae (65% of all ichthyo-
plankton). The large number of American shad and blueback herring
collected from Steel Creek during both years of study indicated
that the lower reaches. of Steel Creek were· a spawning area for
these anadromous species.

Steel Creek transported more fish larvae and fish eggs in 1984
than any other creek draining the SRP and more than any of the
upper farfield creeks. Steel Creek had the fourth highest .trans
port value for all creeks sampled, with Lake Parachuchia Outlet,
Briar Creek, and Coleman Lake, all lower farfield creeks, exceeding
transport values of Steel Creek. Total ichthyoplankton transport
from Steel Creek over the entire 1984 sampling period increased
river ichtbyoplankton' numbers an estimated 12.8%, a contribution
comparable to the 1983 transport values from Steel Creek, indicat
ing that Steel Creek is an important producer of ichthyoplankton
for the Savannah River system.

In 1985, more ichthyoplankton was transported from Ste'el Creek·
than from any other creek sampled in the study. area. Ichthyoplank~

ton transport from all creeks was much lower during 1985 than
during 1984, possibly due to decreased creek discharges (79% lower
in 1985 than in 1984) or decreased spawning resulting from compara-
tively low water levels. .

In 1984, temperatures in the mouth of Four Mile Creek were as
much as lS·C higher than in the other creeks, due to thermal
discharge from C Reactor. C Reactor was not operating during the
first two 100nths of the study (i.e., February and March), but·
operated continuously for the remainder of the study. Ichthyo
plankton were absent from Four Hi.le Creek during June and· July when
temperatures reached 38 to 40·C. Due to flooding of the Savannah
River and imndation of creek 100uths with river water, ichthyo
plankton samples were not collected during the periods of February
through late March and mid-April through late May. The predominant
ichthyoplankton in Four Mile Creek were sunfish larvae' (60.0%) and
brook silverside (8.0%).

In 1985, temperatures in the mouth of Four Mile Creek were as
much as 20·C higher than in the other creeks, due to the thermal
discharge from C Reactor. During the period February through mid
June, C Reactor operated most of the time, with brief (less than a
week) interruptions in early February, March, and May. C Reactor
was not operating from the third week of June through July.
Ichthyoplankton were collected from Four Mile Creek during periods
when the reactor was not operating and occasionally when the
reactor was operating. However, ichthyoplankton were largely
absent from the lIX)uth of Four Mile Creek when the reactor ·was
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operating and water temperatures ~re high. Fish rapidly moved
into Four Mile Creek and began' spawning when the reactor shut'
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).

MOst (93.3%) of the ichthyoplarikton collected from the mouth
of Four Mile Creek were unidentified eggs, the majority of which
were, collected in the density peak of May 7. 'Other taxa found in
Four Mile Creek were blueback'herring, brook silverside, unidenti
fied sunfish, and'crappie.

Beaver Dam Creek, the ,other thermally influenced SRP creek
sampled during the 1984-1984 study, was approximately 3 to 8·C
warmer than most of the creeks in the study area,in'1984. There
were few indications of thermal impacts on spawning activity,
except possibly in June and July when temperatures were as high as
30 to 32°C.

In 1985, Beaver Dam Creek was warmer than the average of the
other creeks studied by approximately 7·C. During much of the
study period, trends in Beaver Dam Creek were different frOm those
in other Savannah River tributaries sampled. Ichthyoplarikton
densities in Beaver Dam Creek were lower during March, early April,
and mid-May, and higher in mid-April and late May. In June and
July, when temperatures often 'exceeded 30·C, ichtbyoplankton
densities in Beaver Dam Creek were usually low compared to the
overall average for 'other creek mouths studied.

Ichthyoplarikton densities in the river exhibited pronounced
temporal' changes during 1984 and 1985. In 1984, mean ichthyoplank
ton densities for the entire section of river under study (RM 187.1
to RM 29.6) were 2 organisms/I,OOO m3 in February, 26/1,000 m3 in
March, 39/1,000 mS in April, 118/1,000 m3 in May, 19/1,000 m3 in
June, and 3/1,000 m3 in July. In February and March, abundant
spawning was occurring in the warmer lower farfield an~ little or
no spawning was occurring in the cooler nearfield and, upper :,far
field. By April, spawning was occurring throughout, the study area,
while in May and June, spawning appeared to be subsiding: in I the
lower farfield and increasing at the cooler transects ,in the upper
farfield. In July, most spawning had ceased throUghout the 'river.
Similar results were observed in 1983. ., .

In 1985, mean ichthyoplankton densities for the entire section
of river under study (RM 187.1 to RM 89.3) were 0.3, o'rganismsl
1,000 m3 in February, '18.2/1,000 m3 in March, 156.6/1,OOO,ms in
April, 139.4/1,000 m3 in May, 42.9/1,000 m3 in June,' and
3.511,000 m3 in July. ' Ichthyoplankton were collected in small
numbers at all of the lower farfie1d transects and some of the
nearfield and upper farfield transects in February. Spatial trends
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,in ichthyoplankton dens ity in March were similar to those in
February, with lowest densities in the upper farfield and highest
densities in the lower farfield. As in 1984, these trends were
consistently and positively related to temperature gradients in the
river. In April, similar spatial trends were apparent, but the
differences were not as great as those in March, indicating that
spawning was occurring throughout the river sect ion under study. A
major contributor to the relatively low densities at the upper
farfield transects during March and April was the low numbers' of
American shad eggs. In May, the spatial trends were reversed, with
highest densities in the upper farfield and lowest densities .in the
lower farfield. In June, the trend for decreasing ichtbyoplankton
densities downriver was even stronger than in May,indicating that
spawning in the. lower farfield region was subsiding. Similar
spatial trends were evident in July, although spawning was low in
all river segments. These'spatia1 trends for 1985 were remarkably
cons is tent wi th thos e found in 1984 and in previous ye ara of
sampling in the Savannah River.

There are three importantanadromous species that spawn in the
Savannah River: American shad, blueback herring, and striped bass.'
American shad were collected in large numbers throughout the river
and were far more abundant in 1985 than in 1984.' Blueback herring
abundances were greater in the upper farfield area of the study' in
1985, while they were found in greater abundances in the lower
farfield in 1984. Striped bass were nearly as abundant in 1985 as
in 1984. Striped bass ichthyoplankton dens ities showed ~ifferent

spatial trends over the two years of the study. In 1984, densities
peaked at RM 141.7, while in 1985, densities showed three peaks
(RM 166.6, RM 155.4, and RK 129.0), suggesting localized aggrega
tions of spawning fish (Paller et, al., 1986b). In 1983, sampling'
in the Savannah River indicated peak striped bass dens ities at RM
120.0 and RM 152.2. The collect ion of striped bass ichthyoplankton
at, and above RM 141.7 contrasts with the finding of earlier
researchers (Dudley et aI., 1977; McFarlane et aI., 1978). Very
few 'striped bass larvae or eggs were collected from tributary
creeks during 1985, indicating the relative unimportance of the
lower reaches of these creeks as striped bass spawning areas.
Seasonally, striped bass ichthyoplankton were first observed in low
numbers in March. Dens ities peaked in April and May, declined in
June and were zero in July. The greatest striped bass ichthyo
plankton densities were associated with river temperatures of
17-25·C.

The chemical and physical parameters in the oxbows were
similar to those in the river. lchthyoplankton densities varied
between oxbows and were part icular1y high at RM 100.2. Species
composition of the oxbows was dominat.ed by gizzard and threadfin
shad and, to a lesser extent, 'sunfishes, unidentified C1upeidae,
and blueback herring.
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On the basis of ichthyoplankton samples taken during daylight
hours at the three intake structures for the SRP, an estimated 23.4'
million ichthyoplankters were entrained during 1984. . Of these,
17.6 million were larvae and 5.8 million were eggs.

In 1985, an es timated 25.9 million ichthyoplankters were
entrained at the three intake structures for the SRP. Of these,
10.8 million were larvae and 15~1 million were eggs. This repre
sented approximately 12.1% of the total number 'of ichthyoplankters
that drifted past the SRP pumpbouses.

Diel collect ions from the Savannah River and intake canals··
during May and June 1984 indicated significantly higher ichthyo
plankton densities during the night than during the day. Based on
these results, the entrainment calculations conducted for this
study (based on densities in samples collected during daylight
hours and extrapolated to a 24 hr period) underestimate 'entrain
ment. The limited diel sampling provides an indication of the
magnitude of the bias of these estimates of entrainment.

SRP operations can impact ichthyoplankton assemb lages in SRP
creek mouths and the adjacent Savannah River by plume entrainment,
intake entrainment ·and impacts to the Steel Creek ecosystem.
Investigations of ichthyoplankton distribution and abundance in the
COWS and during previous years provide no evidence of plume
entrainment impacts on Savannah 'River ichthyoplankton assemblages.
During years (such as 1984) when springtime flooding 'of the

. Savannah River coincides with major spawning periods, potential
impacts in the 'creek mouths are minimized since water temperatures
in thermal creek mouths are reduced. During 1985, wen the
Savannah· River did not flood, there were apparent impacts to
spot ted suckers fram plume entrainment, but the impact s were
'localized (in the mouth of Four Mile Creek).

Steel Creek consistently transported high numbers of ichthyo
plankton' to the Savannah River compared to the other tributaries
sampled during the study. This was attributable primarily to its
large size, high discharge volume and extensive areas of aquatic
macrophyte growth. From 1983-1985, Steel Creek increased the
icht'hyoplankton dens ities of the Savannah River just belo" Steel
Creek by 2 to 13% (depending on volume discharge). These results
indicate that Steel Creek is an' important spawning area for both
anadromous and nonanadromous species. However, none of the
ichthyoplankton. taxa collect ed from Steel Creek were rare or
endangered and all were found in large numbers at many locations in
the river and other tributaries.

In 1983 and 1985, intake entrainment was calculated to be 8.3
and 12.3%, respectively, of the total ichthyoplankton that drifted
past the intake canals in the Savannah River. While those numbers
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~ay be large, ~pact may be mitigated by the fact that all of the
species entrained have numerous spawning sites in the Savannah
River (including areas downstream of the SRP) and the fact that
'most ichthyoplankton have high natural mortalities. There has been
no evidence to indicate decreasing numbers of ichthyoplankton in
the Savannah River during the CM or during previous years

, studied.

V~4.4 Cold Shock Studies

V.4.4.1 Xutroduction

The nuclear reactors at the SRP operate intermittently. This
results in substantial fluctuations of water temperatures in
associated receiving waters. Secondary cooling water is discharged
from the heat exchangers of these reactors at temperatures ranging
from 75·C to ambient (which can be <lO·C in winter). Within the
confines of the SRP site, the discharged cooling waters combine
with ambient temperature waters from man-made ponds and/or, natural
streams and a large swamp to the extent that water temperatures in
the Savannah River adjacent to the SRP are not significantly
effected by reactor operations. However, mitigation plana are
presently being developed to reduce the thermal ~pact on receiving
waters on the plantsite. Studies on the acute mortality of' fish
subjected to sudden, major reductions in water temperature ("cold
shock") were conducted as part of this mitigation effort.

It is generally accepted that thermal requirements for
survival, growth, and reproduction differ between life stages and
among species of fishes (National Academy of Sciences, 1973; Brungs'
and Jones, 1977; McCormick, 1978). However, only a few previous
studies (Bart, 1952; Brett, 1952; Carlander, 1969; Ash et al.,
1974; Coutant~ 1977; have compared cold shock effects, on more than
one species, and/or a life stage other than adults.

Juvenile specimens of largemouth bass, bluegill sunfish.' and
channel catfish were selected for testing in the present study
because juveniles may be more'sensitive to cold shock effects than
adults and because these three species are: (1) indigenous 'to SRP
streams, (2) popular game species. (3) representative of three
different ecological niches, and (4) readily available in large
numbers. '

The overall objective of the study was to document acute
mortality percentages for the three species resulting from exposure
to various cold shock temperature regimes. These regimes bracketed
expected average and wars t case temperature exposures witli the
thermal mitigation options (cooling towers) being considered' for
some of the SRP reactor cooling water systems. Abrupt (2 hr) and
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gradual (24 hr) temperature drops were compared to simulate and
evaluate the protective value and possible need for a holding pond .

. between the cooling tower discharge point (Le., cooling tower
outfall) and the receiving stream. The validity and margin of
error for protecting the three species using the temperature
criteria for. cold shock proposed by the US EPA (Brungs & Jones,
1977) was also investigated.

V.4.4.2 ~thods aud Materials·

V.4.4.2.1 . Test System

All experiments were conducted at the Par Pond Laboratory at
the SRP. Water was supplied to the test system on a. once-through
basis and was filtered by an in-line sand filter. A portion of the
incoming water was chilled to about S·C by two 5 hp Filtrine water
chillers. Hours of light and darkness were maintained at 12 hr
each by a timer.

The test system (Figure V-4.79) consisted of six trough' and
headbox combinations iFigure V-4.80). A combination of chilled and
unchilled Par Pond water was pumped to' the six stainless steel
headboxes. The headboxes were supported by unistrut frames near
ceiling level ·and contained immersion heaters and a float valve.
Water drained from each headbox into a series of nine 20-1 aquaria
immersed in 2.4 m x 0.6 m x 0.3 m fiberglass troughs that contained
0.2 m standpipes and served ..as .water baths. Coarse temperature
control was achieved by adjusting valves controlling' the relative
amounts of chilled and unchilled (ambient temperature) Par Pond
water routed to the headboxes. Precise autOmatic temperature
control was achieved by the use of electronic relay boxes connected
to mercury thermoregulators 'and immersion' heaters in each headb·ox.

Water temperatures were measured by thermocouples immersed in
one aquarium of each trough. Thermocouples were linked to a
microcomputer system which monitored temperatures every few seconds
and recorded hourly temperature means and ranges for each trough.
To as·sure precision of the data acquisition system, the temperature
in each aquarium was manually measured daily with a mercury
thermometer.

Self starting siphons in each aquarium (Figure V-4~80), above
the water level of the trough, provided a once-through flow and
slowly fluctuating water levels within the aquariums. An'electric
air pump attached to tubing and airs tones delivered air· to each
aquarium to .help maintain adequate levels of dissolved oxygen.'
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FIGURE V-4.79•. Laboratory I'loor PlaD for Cold Shock Stud,.
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rlGURB V-4.80. Test System Schematic for Cold Shock Study
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~.4.4.2.2 Test Organisms

Fingerling (5.1-7.6 cm long) specimens of largemouth bass
(Micropterus salmoides), bluegill sunfish (Lepomis 'macrochirus),
and cnannel catfish (Ict.lurus punctatus) were sUnultaneously
tested in August and October, 1985. In December, 1985, 'channel
catfish and bluegill from two different sources (a Virginia
hatchery and Par Pond SO) were comparatively tested, Sources of
the test specimens for all experiments are shown in Table V-4.108.

TABLE V-4.108

Sources of Juvenile. Fishes for Cold Shock Experiments

Experiment Date Largemouth Bass Bluegill Channel Catfish

August 1985 Hatchery Par Pond Hatchery
Inwood, wv SRP, SC Orangeburg, SC

October 1985 Hatchery Hatchery Hatchery
Inwood,' WV Inwood, W Inwood, W

December 1985 Not tested Par Pond Hatchery
SRP, SC Inwood, W
&
Hatchery
Inwood, WV

V.4.4.2.3 Experimental Procedures

The three types of fish, separated by species and source were
tested sUnultaneouly, but in separate aquaria. Generally, each of
the six troughs contained nine aquaria (triplicate aquaria for each
species with about 20 specimens per aquarium).

During each of the three experimental periods (August,
October, and December, 1985), fish were gradually acclimated ,(by
elevating temperature at a rate of l·C/hr or less) to and held for,
a week at a near-constant predetermined temperature representing a
maximum weekly average temperature (MWAT). To determine the impact
of cold shock, temperatures in the aquaria were then abruptly (in a
2-hr period) or gradually (in a 24-hr period) lowered to a pre-.
determined exposure temperature and held at the exposure tempera
ture for 24 hr to assess the amount of mortality. Temperature
drops were primarily accomplished by changing the relative amounts
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of chilled and ambient temperature water flowing to the headboxes
of . the troughs. Fine tuning of the temperature decreases were'
accomplished by the use of the thermoregulator system described
earlier. MWAT and exposure temperatures are shown in' Table
V-4.109.

TABLE V-4.109

Temperature Conditione for Cold Shock Experiments

Date ,of
Experiment

August 1985

October 1985'

October 1985

October 1985

October 1985

October 1985

December 1985

December 1985

December 1985

Decembe r 1985

MWAT Temp.
(·C)

23.3

32.0
32.0 '

27.0

27.0

23.0

30.9

31.8

31.1

32.3

Exposure Temp.
'(·C) ,

9.1 '

9.0

9.0

9.0

9.0

9.0

11.4

11.6

8.8

8.9

Time of Temp.
Drop (hr)

2'

2

24

2

24

2

2

24

2

24

The fish were fed brine shrimp or'acommercial fish food daily
during acclimation. but were not fed during the 2- or 24-hr period
of temperature decrease or the subsequent 24-hr exposure period.

Throughout the period of temperature reduction and subsequent
exposure periods, each aquarium was inspected hourly and all dead
fish were removed and noted. The two principal criteria for deter
mining death were (1)' a lack of visible opercular movement and
(2) no reaction after gentle prodding (Peltier and Weber. 1985).

V.4.4.2.4 Statistical Procedures

Statistical comparisons of mortality between species and test
conditions ,were performed using the SAS ,PROC GlH procedure (SAS
Institute Inc., 1982).

V-541



'V.4.4.3 Results

The percentages of fish killed with eaCh cold shock treatment
'during eaCh experiment date are listed in Table V-4.110. Figure
V.4-81 shows the amount of mortality in relation to species and the
time (2 hr or 24 hr) for the temperature to drop from the MWAT
temperature to the exposure temperature. '!be amount of mortality
resulting from a given temperature drop spread over a 24-hr period
was significantly (p • <0.05) lower for eaCh species and for all
test specimens combined than the amount of mortality resulting from
a 2-hr temperature drop of the same magnitude.

Figure V-4.82 shows the percentage of mortality resulting from
a sudden (within 2 hr) drop to a temperature of 9·C from MWAT
temperatures of 23, 27, 31, and 32·C. The data indicate that
largemouth bass were the 'most vulnerable. to cold shock mortality
and that channel catfish were the least vulnerable. However, the
differences were not statistically significant (p • >0.05). '

Figure V-4.83 shows the amounts of mortality for eaCh test
condition in the present study in relation to a nomograph developed
by the EPA (Brungs & Jones, 1977) for ensuring "no more than negli..;.
gible mortality for any fish species. n

V.4.4.4 Discussion

The significant decrease in mortality resulting from a 24hr
period for a temperature reduct ion compared to a reduct ion of the '
same quant ity over a 2-hr period Bugges ts that a holding pond,
between the discharge and the receiving stream would enhance miti
gation. However, ,the need for such a pond in the present situation
at SRP seems unwarranted since adherence to the EPA guidance nomo
graph (Brungs & Jones, 1977) should provide adequate, protect ion.
The three species of fish tested in the present experiments were
protected by the EPA guidelines with a considerable "cushion". For
example, a 31-11·C temperature drop caused no significant mortality
with any of the three species while being 2·C more severe than the
safe acceptable limits proposed by the nomograph (Figure V-4.83).

Table V-4.111 shows predicted discharge temperatures from
proposed cooling towers for the C and K Reactors at the SRP,along
with the associated cold shock temperature limits recommended' by
the U.S. EPA (Brungs & Jones, 1977) and historical Savannah River
water temperatures. It appears that operation within 'the EPA
guidelines should be readily achievable. Furthermore, the experi- 0'

mental results de~cribed herein suggest that an accidental slight
variance (i.e., 1-2·C) from the temperature drop limits defined by
the EPA nomograph is unlikely to kill any fish in the receiving
streams.
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~ TABLE V-4.110

Result8 of Cold Shock Expo8ures

percentMOrtalitr
Temp. Time For Exposure Largemouth . Virg1nia Par Pond Channel
Decrease Decrease Date Bass . Bluegill. Bluegill Catfish .

:

23-9 2 8/85 . 12.2(57)* -** 0(61) . 0(28)

23-9 2 10/85 1. 7( 60) 0(56) 0(59)

27-9 2 10/85 56.4(55) 55.2(58) 0(60)

27-9 24 10/85 .10.2(59) 9 .4( 64) 0 0(60)

31-9 2 12/85. 100(62) . 91".4(58)· 2()(25)

31~11 2 . ·12/85 0(69) 2.3(43) 0(22)

32-9 2 10/85 100(55) 100(58) 100(60)

32-9 24 10/85 73.4(64) 13.6(59) 0(57)

32-9 . 24 12/85 49.2(61) 16.7(54) 0(0)

32-12 24 12/85 2.9(34) 0.0(89) 0(32)

.; *. Number in parenthesis is the tot'al tested.
** .• indicates none tested.
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W TABLE V-4.111

Pr~dicted Mouthly Mean Discharge Temperatures (OC) for SIP C- and
It-Reactor Cooling Towers Compared to Associated Co16' Shock '
Temperature Limits R.ecOlllllellded by tbe u.s. IPA and Mean Ambi.ent
Savannah River Temperatures

Once-Through S~stem ' Recirculating, System
RX C.T.* EPA~ S.R.f RX C.T.* EPA** S.R.t

Month, Disch. Limit Amb. Disch. Limit Amb.

Jan 19.2 7.1 ,S.9 14.4 4.7 S.9

Feb 19.7 7.4 9.1 15.0 5.0 9.1,

Mar 22.S 8.9 U.8 18.6 6.5 u.s
Apr' 24.2 9.6 15.2 20~0 7.5 15.2

May 26.1 10.6 '18.4 23.0 9.0 18.4

Jun 28.3 11.7 20.9 25.6 10.3 ' 20.9

Jul 29.2 12.2 23.0 26.9 11.0 23.0

Aug 28.9 11;9 23.5 26.4 10.7 23.5

f Sep, 28.1 ' 1l~5 22.9 25.0 10.0, '22.9

Oct 24.4 9.7 20.1 20.0, 7.5 20~1

Nov 22.5 8.8 16.3 17 .S 6.4 16.3
Dec, 20.6 7.8 U.S 15.3 5.2 U.S

'*Based on ,calculations by,Du Pont Engineering Dept. using, ,
average air temperature 'and humidity recorded at SRP from 1972
through 19S3. Normal production rates are assumed! Once
through systems designed for cool tower performance of 27.8·C
(S2·F) wet bulb temperature with a 4.4°C (S·F) approach'
temperature. Recirculating system is designed for a 26°C
(SO·F) wet bulb temperature with a 2.S·C (5°F) approach
temperature. "

** Based on the nomograph described in Brungs and Jones, 1977.
, t Based on USGS continuous monitoring of water temperature in

the Savannah River near Jackso'n, se (adjacent to theSRP) for
the period through 1985.
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Additional, factors facilitating the conclusion that the
proposed cooling tower scenarios for the SRP will not result in
cold shock mortality include 'the following:

1. Cooling occurs rapidly in the vicinity of the discharge ~ere

temperatures differ the most ,when th~ ~eactqr goes doWn.

2. Fish are· prevented. from migrating into the discharge canals
below the outfalls by physical barriers such as rubble dams.
Thus, fish are not expected'to inhabit the areas experiencing
the greatest amount of temperature change.

3. Temperatures in. the reactor discharge areas average about 2·C
higher than ambient river temperatures when the reactors are
not operating due to heat from other sources within the system.

V.4.4.S summarY: Cold Shock Studies

Juvenile specimens of largemouth bass, biuegill 'sunfish (from
two sources), and channel catfish were tes ted to determine their
ability to withstand abrupt temperature decreases (cold shock)
simulating the environmental impact from a sudden shutdown of a
nuclear reactor at the Savannah River Plant (SRP) near Aiken, ·se·
during the winter. Temperature reductions were administered over'
2 hr and 24 hrperiods to assess the 1I1itigative value of having a
holding pond between a proposed cooling tower discharge point and
the receiving st,ream. Results were compared to temperature
criteria guidelines published by the U.S. EPA (Brungs & Jones,
1977) and. proposed for usage at SRP following mitigation with
cooling towers. Temperature decreases administered over a 2 hr
period resulted in significantly more mortality than decreases of'
the sane magnitude administered over a 24 hr period. Thus~ the
value of a pond for mitigation from cold shock was substantiated.
However, the need 'for such a pond in the present situation at SRP
seems unwarranted because the three species of fish. tested in this
study were' protected by the EPA guidelines with a considerable·'
"cushion". For example, a 3l-11·C temperature 'drop 'caused no
significant ~rtality with any, of the three species while being 2·C·
more severe than the safe limits proposed by the EPA guidelines.
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