FX )

-

THES sﬁv‘ mm»‘nxv&m PLANTY

by

CARL F. MUSKA and
ROBIN A. MATTHEWS

Publication Dates

 STr Nl B T

October 1983

E. I. du Pont de Nemours & Co.
Savannah River Laboratory
Aiken, SC 29808







CONTENTS

"Exzecutive Summary

1.

‘2.

3.

4.

Introduction 1-1

1.1
1.2
SRP
2.1

2.2

3.1

3.2

3'3

3.4

The Endangered Species Act 1~1

Sequence of Events Tnitiating Compliance Process 1-2
Site Description 2-1

Dqscription of the Savannah River Drainage Basin 2-1
Description of thé Plant éite 2-11

2.2.1 Intake Structures 2-11
7.2.2 Thermal Effluents 2-15

Species: Acipenser brevirostrum, Shortnose Sturgeon 3-1
Distribution 3-2

Life History 3-3

3.2.1 Spawning Period and Grounds  3-3
3.2.2 Eggs and Embryonic Development 3-7
3.2.3 Larval Development and Behavier  3-7
3.2.4 Fry and Juveniles 3-9

3.2,5 Adults  3-10

3.2.5.1 Age, Size and Growth 3-10
3.2.5.2 Migratory Movements - 3-11
3.2.5.3 Reproduction  3-13

3.2.6 TFood and Feeding Habits 3-15
Physical Tolerance 3=17

Exploitation/Mortality 3-18

Assessment of Potential Impacts 4~1

4.1

Impacts on Habitat  4-l1 !

4,1.1 Spawning Grounds 4-1 "

4.1.2 Larval and -Juvenile Foraging Grounds 4=3
4,1.3 Adult Foraging Grounds  4-4







CONTENTS (continued)

4,2 Direct Effects 45
4,2.1 Entraimmeat  4-5
4,2,2 Impingement 4~6 -
4.2.,3 Thermal Effects 4-7
5. Summary and Conelusions 5=l
" Appendix'A - Current Programs A~1
A.1 Savannah River Aquatic Ecology Program  A-l

4.2 Larval Atiautié and Shortnase Sturgeod A-4
’ Taxonomic Guide :

References R~1







~,

LIST OF FIGURES

Geographic Location of the Savannah River Plant 2-2
The Savannah River Basin  2-3

The Savannah River System Showing the Location of 2~5
Reservoirs, Locks and Dams Relative to the

Savannah River Plant

Mean Monthly Flow Rates of the Savannah River 2-7
from 1964-1981 at River Mile 187.5 .

Savannah River Mbnthly Average Daily‘Maximﬁm- 2-8
Temperatures for 1960-1970 at the Savannah River
Plant (River Mile 156.8)

The Savannah River Plant Site 2~9

‘Locations of Savannah River Plant Pumphouses  2-13

and Associated Intzke Canals






LIST OF TABLES

' Table
1 Shortnose Sturgeon Larvae Collected in the
Savannah River, March-August, 1982 and
Spring 1983
)

3-6






Exedutive Summary

The shortnosé sturgeon (Acipenser brevirostrum) is listed as

an endangered species in the United States (48 FR 34182; July 27,
1983). Prior to 1982, the presence of shortmose sturgeon had not

been d;cumented in the middle reaches of the Savannah River.
However, shortnose sturgeon larvae were collected in 1982~B3 near
the Savannéh ﬁivar Plant (SRP), a U.S. Department of Energy (DOE)
.facility, as part of the SRP agquatic ecology program. As a
result, DOE notified the National Marine Fisheries Service (NMFS)
as required undeé the Endangered Species Act of 1973. This
biological aséessment was preparad at the request of the MMFS to
evaluate thelpotentiél impacts of present and propésed SRP
operations on: the shortnose sturgeon.

This assessment is based on existing information on the life
history and habitat preferencia of the shortnose—sturgeon, a
description of the Savannah River Plant including élant operatiuns
which may‘ potentially impact the shortnose sturgeon and consulta=-
rions with local experts. From this informatiom, it is concluded
that the existing and proposed operatioms (specifically L-Reactor
operation) of the Savannah River Plant will not affect the
continued existence of the shortnose sturgecn in the Savannah

River. This conclusion is based on the following:







F T

Savannzh River ichthyoplanktan'collectious show that shortnose
sturgeon are spawning both upriver and downriver of the SRP
site. The Savannah River in the vicinity of SRP is not the

only site where shortnose sturgeon spawning occurs.

Spawning activity in the Savannah River above the SRP thermal
effluent streams demonstrates that an adequate zone of passage

exists for the spawning migration of shortnose sturgeomn.

After L-Reactor startup, areas of the Steel Creek/swamp system
will not be suitable for fish spawning and foraging. However,
there is no indication that shortnose sturgeon utilize this

habitat.

Entrainment of shortnose sturgeon eggs from the withdrawal of
cooling water is mot likely because the eggs are demersal,
negatively buoyant and adhesive. Although a few shortnose
sturgeon larvae have been collected in the cooling water intake

canals, larval entraimnment losses are expected to be minimal,

No juvenile or adult shortnose sturgeon have been collected in
the SRP cooling water intake canals or have been found in
impingement studies. Furthermafe, it is unlikely that healthy

shortnose sturgeon will be impinged based on a comparison of
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the cooling water intake velocity at the SRP pumphouses and the

reported swimming speeds of shortnose sturgeon.'

it is possible that larval shortnose sturgeon could be

adversely affected if they drifted through the SRP thermal
plumes; however, this potential impact is considered to be
minimal due to the highly localized nature of the thermal

plumes.
Cold shock due to reactor shutdown is another possible effect;

however, there is no indication from sampling that shortnose

sturgeon are overwintering in the SRP thermal plumes.







1. Introduction

The shortnose sturgeon (Acipenser previrostrum) is listed by

the National Marine Fisheries Service (MMFS) as an endangered
species in the United States (48 FR 34182; July 27, 1983). This
) species is found only on the east coast of North America im tidal
rivers and estuaries. Unkil recently, the presence of shortmose
sturgeon had not been dccumeuted in the mmddle reaches of the
Savannah River. However, in 1982 shortnose sturgeon larvae were
collected near the Savannah River Plant (SRP), a U. S. Department
of Energy (DOE) facility, as part of the SRP aquatic ecology
program {Appendix A). As a result, DOE initiated a cousuitatien
process with the WMFS to comply with Section 7 of the Endangered{
Species Act of 1973, as amended. The purpose of this document is
té assess the biological significance of present and proposed SEP

operations on the shortnose sturgeon.

1.1 The Endangered Species Act

Section 7 of the Endangered Species Act (ESA) requires that
Federal agéncies such as DOE consult with the Department of -
Interior.(DOI) and the Department of Commerce (DOC) to ensure that
their actions do not jeopardize the continued axisﬁence of
endangered or threatened species or result im the destruction:.or
adverse modification of eritical habitat. A biological assessment
must be prepared by the Federal agency if DOI and/or DOC indicate

that an endangered or threatened species or critical habitat may






be present in the area of the proposed action. The biological
assessment identifies endangered /threatened species likely to be
iméadted, discusses the potential effects to the species and
provides a determination of whether or not populations of
endangered/threatened species would be adversely impacted. The
content of a biological assessment is based on existing
information on the Federally protected species and habitat,
observations from site gsurveys and consultations with local
experts on the species. Such an assessment musE be dompleted
within 180 days after notification by DOI or DOC or within a
mutually agreeable timeframe. DOT and/or DOC will then provide
the Federal agency with a written biological opinion withia 90
days (or witﬁin a mutually agreeable timeframe) stating whether or

aot it concurs with the findings of the biological assessment.

1.2 Sequence of Events Initiating Compliance Process

During 1982, 15 sturgeon 1arvée were identifigd in ichthyo-
plankton samples collected from the Savannah River (M#tthews and
Muska 1983). The larvae were very immature and imitially could
not be identified to species based on available taxonomic keys.
The larvae were sent to J. Buckley (University of Massachusetts),
an expert on the shortnose sturgeon, and D. E. Snyder (Curator and
Technical Director at the Colorado State University Larval Fish
Laboratory), a specialist in larval fish taxonomy. 0f the 15

sturgeon larvae collected in 1982, two were tentatively identified
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by Snyder as shortnose sturgeon (Matthews and Muska 1983). Seven
of 13 sturgeon larvae found to date from 1983 ichthyoplankton
samples have also been tentatively identified as shortnose
sturgeon (Matthews and Muska 1983). Since the shortnose sturgeon
is anadromous, protectiom of this species is under jurisdiction of

the WMFS. Critical habitat for this species has not beem

. designated by the NMFS.

On May 6, 1983, the Department of Energy -~ Savannah River
Operations Office, in recognition of its responsibilities under
the Endangered Species Act to consult with the proper Féderal
authority, semt a letter to J. T. Brawmer, Regiomal Director of
the NMF3, St. Petersburg, Florida, to jnitiate the consultation

process (Sires 1983). & letter dated May 11, 1983 was received by

' DOE from C. A. Oravetz (1983), Chief of the Protected Species

Management Branch at MMFS, St. Petersburg, requesting that DOE
conduct 2 biological assessment. On June 21, DOE submitted for
NMFS review a draft outline of the shortnose sturgeon biological
assessment (Tseng 1983). On Juue 23, at, the WMFS regional office

in St. Petersburg, a meeting was held between representatives of

" DOE, E. I. du Pont de Nemours & Co. (operating contractor for the

SRP) and the MMFS to review the draft outline. Following this
meeting, work was initiated to prepare 4 biological assessment of
the potential impacts of SRP operatioms on the shortnose sturgeon

in the Savannah River.






2. SRP Site Description

The Savannah River Plant (SRP) occupies approximately 775
square kilometers and {s located in the southwestern portion of
South Carolina. It is adjacent to the Savannah River which serves
as the border between Georgia and South Carclina and is located
about 37 kilometers southeast of the city of Augdsta, Georgia

(Figure 1).

2.1. Description of Savamnah River Drainage Basin

The SRP site is drained almost entirely by the Savannah River
which is ome of the major drainage basins in the southeasterm
United States. The Savannah River drainage basin has a total area
of about 10,600 square miles (27,400 square kilometers), and
egtends from the'river'a headwaters in the Blue Ridge Mountains of
North Carolina, South Carolina, and Georgia, to the Atlantic Ocean

near Savannah, Georgia., The Savannah River basin is divided into

three physiographic regions: the Mountain Province, the Pledmont,.

and the Coastal Plain (Figure 2).

The Mountain Provinee is characterized by relatively steep
stream gradients, ranging in elevation from 5,500 to 1,000 feet
(1,676 to 305 meters). This section of the drainage basin
contains most of the major tributaries to the Savannah River,

including the Seneca, the Tugaloo, and the Chattooga Rivers. 1In

this region, the Savannah River and jts tributaries are typical

2-1
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mountain streams, with rocky streambeds containing alternating
shallow riffle areas and deep pools (Patrick et al. 1967).

The Piedmont Province extends from just above Hartwell
Reservoir to near the city of Augusta, with its southern border
located along the Fall Line where the rocky northern terrain meets
the sandy coastal soils. The Savannah River becomes considerably

more turbid in the Piedmont Provinece and the river bed is

generally unconsolidated silt and sand, although rocky riffles can

still be found. The river gradieat is intermediate in this
region, ranging in elevation from 1,000 to 200 feet (305 to
61 meters) and the river meanders slowly toward the.coast.

The Savannah River adjacent to SRP lies in the Coastal Plain
Region, which extends frc; near Augusta, Georgia to the coast.
The Coastal Plain has a negligible gradient, ranging from an
elevation of 200 feet (61 meters) to sea level. .The river im this
region is very silty, with an unconsolidated bed and sandy banks.
The outer edges of the river bends are often steep and eroding,
while silt or sand bars daposit'on the inside curves. These river
banks are characterized by overhanging vegetation, especially
willows, with relatively little emergent or submerged aquatic
plants.

There.are two major dams and associated ?eservoirs, Clarks
Hill and Hartwell, located abave Sﬁ? on the Savannah River -
(Figures 2-3). The Richard 3B. Russell Dam and Reservoir, which is
located between Clarks Hill and Hartwell, is préseutly be&ng

filled. In addition, several small impoundments serve as partial

2-4
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FIGURE 3. The Savannah River System Showing the Locati
Reservoirs, Locks and Dams Relative to the
Savannah River Plant
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barriers to upriver fish migration. The closest of these to SRP

is the New Savannah Bluff Lock and Dam, located at river mile 188.

. Above this dam, but below the Clarks Hill Dam, are the Augusta

City Dam (river mile 209) and the Stevens Creek Dam (river mile

210). During flood conditioms, the New Savannah Bluff Lock amd

Dam is open. However, for all practical purposes, the Augusta

gity Dam prohibits further upriver fish migrationm.

Thése reservoirs and the New Savannah Bluff Lock and Dam have
stabilized thg river flow'at the Savannah River Plant to a yearly
average of 295 cubic meters per second. Figure 4 ghows the mean
monthly flow rates for the Savannah River measured at Augusta,
Georgia, from January 1964 through September 1981. éighast fiows
occur in the winter and spring and the lowest flows occur in the
summer and fall. Monthly average'daily—maximum temperatures at
the Savanaah River Plant (river mile 156.8) for the period from
1960-1970 (Jacobsen 1972) are presented in Figure 5. During the
major Savannah River fish spawning pe;iods, the mouthly average
daily-maximum temperatures (+ standard deviations) were 8.7°+1.0°C
for February , 11.0+1.3°C for March, 15.4+1.3°C for April and \
18.8+1.6°C for May.

The SRP site has five primecipal tributaries which discharge
to the Savannah River (Figure 6). Upper Three Runs Creek has the
largest drainage area with an average flow rate of 6.7 cubie.
meters per second. It is the only onsite stream that has never

received thermal effluent from a reactor. Lower Three Runs Creek

2-6
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received R-Reactor thermal effluent from 1953 to 1958, at which

rime the stream was demmed to form the Par Pond reservoir (Figure

"6). Since the Formation of Par Pond, Lower Three Runs Creek has

received intermittent overflow from Par Pond. The other Savannah

River tributaries, Four Mile Creek, Beaver Dam Creek and Steel

Creek which is also fed by Pen Branch Creek, will be discussed in

Section 2.2.2. The majority of the filow in these creeks comes
from reactor thermal effluents. These streams flow into a
contiguous swamp (Figure 6) of approximately 10,240 acres (41.4
square kilometérs) that is separated from the main flow of the
S;vanuah River by a natural levee along the river baﬁk; These
streams generally'flow as shallow sheets, and only have
well-defined chanmels where they enter the swamp and where they
breach the levee at their mouths.

When the Savannah River is im flood stage (about 27.7 meters
adjacent to SRP) with a flow rate of greater than 440 cubic meters
per second, the river overflows its banks into the SRP swamp
sysfem. At these times there is a reversal of waﬁer movement in
the tributaries to the river so that river water flows back
through the stream channels into the swamp, changing the‘patteru

of thermal discharges to the Savannah River. Water movement

during high river levels {s complex, with considerable lateral

‘movement through the adjacent swamps. Sinee the conatruction of .-

upstream dams, the intensity of flooding has been reduced;

however, on the average, the Savannah River reaches flood stage at

2-10






the Savannah River Plant 79 days or 22 percent of each year,
predominantly from January through April. .
2.2 Description of the Plant Site

The Savannah River Plant iz a nuclear defense materials

) production site operated by E. L. du Pont de Wemours and Company

for the United States Department of Energy. Nuclear materizls for
national defemse are produced at this site in three reactors: G,
K, and P Reactors (Fighre’ﬁ). Two additionai reactors, L and R
Reactor, are on stand-by. However, L Reactor is scheduled ﬁo
resume operation in January 1984, Support facilities include a
fuel fabrication area (M) and two chemical separations areas (¥
and H) where the nuclear products are separated from the' |

radioactive by-producté and the radioactive wastes are temporarily

stored in underground tanks (Figure 6).

2.1.1 Intake Structures

Non-contact cooling water for the C and K Reactors is
withdrewn from the Savannah River and used ‘for once=-through
cooling in the reactor heat exchangers before it is discharged
into streams that fiow into the Savaﬁnah River via the SRP swamp.
P Reactor uses recirculated water from a 1012 hectare coaling
impoundment, Par Pond, and requires only make—-up water from the -

Savannah River to replace water losses due to evaporation.

2-11






'The SRP operates three pumping gtations on the Savannzh
Rivér. The relative logcations of the pumping statioms are shown
in Figure 7. The 1G and 3G pumphouses each contain 10 large pumps
(2.1 cubic metgrs per second per pump) , ﬁhile the 5G pumphouse
contains 6 smaller pumps (0.8 cubic meters per gecond per pump).
The total pumping rate capacity for all pumphouseé is
approximately 46 cubic meters per second. Currently, the Savannah
River Plant withdraws a maximum of 26 cubic meters per second from -
the river, primarily for use as'non—céntact eooling water ﬁn
production reactors and coal-fired power plants. The pperation of
IL-Reactor with a once-through conling-water system will require an
additional 1l cubic meters per second from the Savannah.ﬁiQar.

The operation of L Reactor will incraasevthe bercentage of
Savannah River water usgd by the SRP for non—contact cooling from
the current 9 percent to approximately 13 percent based on the
yearly average tiver flow of 2954cubic meters per second.

A detailed descriptionm:of the pumphousge intzke canals and
structures was prepared by McFarlane et al. (1978). The 1G
pumphouse is located on a 550 meter long intske canal that varies
in width from 30 to 70 meters, depending on river elevation, and
has a minimum &eptb of approximately 2 wmeters. The 3G puiphouse
is located oﬂ a 410 meter long intake canal that varies from 27 to
more than 90Amaters wide, with-a minimum depth of 2 meters. The -
5G pumphouse is located in a cove that extends 20 meters from the

Savannah River and is approximately 12 meters wide with a minimum

2-12
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deptﬂ of 2 meters. Water enters the pumphouses through trash
racks and vertical traveling screens before entering the bays and
"conduits to the pumps. The traveling screen panels are 1.82
meters long, 0.59 meters high, with an 11 millimeter square mesh
and a 10 centimeter wide trash tray. These screens are normally
cleaned three times each day and are clesned more frequently
during the fall when floating leaves accumulate on the screens:
Thé screens are backwashed by high pressure water jets into a
shallow trough which empties into the nearby swamp. The back-
washing and disposal system results'in the mortality of all
impinged organisms.

Water Qélocities in the intake camnals vary widely &epending
upon the number of pumps in operation and the water depth in the
canals. GCanal water depth js determined by the amount of sedi~
ment in the camals and river height. McFarlane et al. (1978)
measured the water velocities in the intake canals during periods
" of high (7 pumps operational) and low (2 pumps opérational) water
pumping rates. Velocities were measured at low river levels
(25.5-25.7 meters) to maximize the velocity measursments and,

consequently, represent worst case conditions. At the high

pumping rate, mean water velocities ranged from 15 centimeters per

second in the middle of the canal to 28 centimeters per second
immediately upstream of the 1G and 3G pumphouse~training walls.
Water velocities ranged from less than 1 centimeter per second to

8 centimeters per second during the low pumping rate. Flow

2-14







patte;ns in the 5G pﬁmphoﬁse intake cove are complex, with
substantial backflow due to eddy currents. This situation
complicates the measurement of water velocities. However, with
four pumps in operation and at civer elevation of 25.7 meters,
water velocities directly in front of the trash rack have been
reported to be 3 centimeters per second at a water depth of 0.5
meters and 2 centimeters per second at a depth of 3 meters
(McFarlane et al. 1978). These measured flow rates may not be
very meaningful due to the complex water flow patterus in the 5G

intgke cove.

2,2.2 Thermal Effluents

Three onsite streams currently carry thermal effluent from
production facilities to the Savannah River (Figure 6). Beaver
Dam Creek receives heated effluent from a coal-fired power plant
located in D Area and overflow from Four Mile Creek. Four Mile
and Pen Branch Creeks receive heated effluent from ¢ and X
Reackors, ;aspectively. P .Reactor (Figure 6) recirculates cooling
water through Par Pond, which overflows into Lowex Three Runs
Creek at aﬁbient temperature. After reactivation of L Reactor,
) heated éffluent is expected to be discharge into Steel Creek.

Beaver Dam Creek is the smallest of the SRP thermal streams,
and has an average £low of about 3.1 to 5.4 cubic meters per
second, with about half coming from C Reactor during reactor

operation and half from D Area. The temperature at the mouth of
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Beavér Dam Creek usually ranges from 5,5 to 11.1°C above the
ambient'Savannah River temperature during the warmer months of;the
year. The thermal plume is confined to the South Carolina sho;e
for a relatively short distance before becoming mized with the
Savannah River. The thermal plume is not greater tham 2.B°C above
river ambient 91 meters downstream 6f the mouth of Beaver Dam
Creek and is limiged to less than one-third of the surface area of
the Savannah River (Du Pont 1982). .
Prior to flowing inté a large swamp& area adjacent to the:

Savannah River, Four Mile Creek has a total average flow of about

13.6 cubic meters per second which includes approximately 11 cubic

‘meters per second from C Reactor. In the swamp, water E£low is

variable and highly influenced by river levels. At river levels
above flood stage, Savannah’River water flows through the swamp
and mixes with Four Mile Creek water. The water mass.theﬁ moves
laterally through the swamp in a southeastern direction until it
eventually rejoins the river. At river levels below flood:stage,
part of the C-Reactor effluent flows into Beaver Dam Creek (1.6 -
2.7 cublc meters per second), part flows through the swamp to
gventually join with Pemn Branch} and the rest flows out the mouth
of Four Mile Creek (1.7-4.0 cubic meters per second). Maximum
temparatures observed'at the mouth of Four Mile Creek were i6.7 to
19.4°C above river ambient -during the late spring and summer -:u

moriths (Du Pont 1982). During low river flow conditions, the

mixing zome of the thermal plume, as defined by 2,8°C above river
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ambient, can extend up to 320 meters downatream arid cover as much

~as &3 percent of the river surface arsa 90 meters below the mouth

'of Four Mile Creek éDu Pont 1982). However, these measurements
were made during extreme conditions, l.e., at Savannah River flows
which were significantly lower than the 7=-day, 1l0-year low Elow of
'159 cubic meters per second. Thermal plumes from Four Mile Creek
normally do net exceed 337 of the river surface area or 25% of the
cross sectionsl area (Du Pont 1982).
Under current operatious, gSteel Creek has a discharge to the
Savannah River of aboub 15.6 cubic meters peT second, of which
11 cubic meters per second comes from K Reactor by way of Pen
Branch Creek and the remainder comes from surface runoff. Move~
ment through the swamp has céoled the K-Reactor effluént to near
ambient temperatures, SO the thermal plume below Steel Creek is
small. ?he temperature of water released from the mouth of Steel
Creek is typically less than 5.6°C above river ambient during the
spring and summer months (Du Pont 1982). The temperature at the
edge of the present mixing zome 91 meters dovnstream from the
mouth does not exceed 2.8°C above river ambient.

) Following L-Reactor restart, the discharge from Steel Creek
with both K and L Reactors operating is expected to increase to
27 .4 cubic meters per second. Im gen;ral, the monthly average
temperature at ‘the mouth of Steel Creek will be 8.3°C above river
ambient in the warmex months (Du Pont 1982). Resumption of

1~Reactor operatioms will inerease the size of the thermal plume
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in the Savannah River. However, historical data show that the
thermal plume from Steel Creek during L—Reactor operation remains
" essentially on the South Carolxna gide of the Savannah River until
it becomes completely nixed thh river water approximately 2. &
kilometers‘dcwnst;eam from the mouth of Steel Creek (Du Pont
1982). Cumputef models have been used to predict the temperatures
within the Steel Creek thermal plume (Du Pont 1982). Assuming a
‘temperature difference of 8.3°C between the river and the
Steel éreek discharge at Savannah River flow rates oE ifﬁ.s cubic
meters per second, a river temperature rise of almost 2 8° C is
predicted for a mixing zone compr;smng 25 percent of the river
surface area at a downriver distance of 0.6 kilometers. The
thermal plume will not extend across the Savannah River, but
remains sufficiently close to the South Carolina shore to permit a

zone of passage for anadromous £ish (Du Pont 1982).
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3. The Species: Acipenser brevirostrum, Shortnose Sturgeon

Acipenser brevirostrum was originally described by LeBueur
(1818) from the Delaware River. Vladykov and Greeley (1963) have
1isted the diagnostic characteristics. The standard common'uame
is the shortnose sturgeoﬁ (Robins et al. 1980) although local
names ineclude little stgrgeén (Saint John River, New Brunswick,
Canada), pinkster and roundnoser (Hudson River, New York),
bcttlenose or mammose (Delaware River), salmon sturgeon
(Garolxnas) and soft-shell or lake sturgeon (Altamaha River,
Georgia).

Limitéd information is available on the shortnose sturgeon in

southeastern rlvers, including the Savannzh vaer. Except for

studies by Marchette and Smiley (MS 1982) in the Wmnyah Bay

system, South Carolina and Heidt and Gilbert (1978) in the
Altamaha River, Georgia, mo recent Fisheries surveys desiéned to
determine the abundance and 1ife history characteristics of the
chortnose sturgeon have been conducted in southeastern rivers.

The SRP aquatic ecology program in the Savannah River (Appendix A4)
s providing some information onm the shortnose sturgeons however
this program is designed to be a general fisheries survey and does

not include the methocdologies and specialized sampling gear
usually necessary to capture adult shortnose.sfurgeon. Consider—
able informationm is available om northern populations, primarily

as a result of the shortnose sturgeon's endangered species status.

Gonsequently, this biological assessment and the resulting
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conciusicns are primarily based on a review of available
literature and consultaticns with shortnoée sturgeon experts.
Experts who were contacted include D. E. Marchette (Séﬁth Carolina
Wildlife and Marine Resources Research Institute, Charleston,
South Carolina), E. K. Dingley (U.S. Fish and Wildlife Service,
Orangeburg, South Carolina), R. J. Gilbert (University of Georgia,
Athens, Georgia), J. Buckley (University of Ma;sachusetts,
Amherst, Massachusetts) and D. E. Snyderi(calorado State
University, Fort Gollins;‘Colorado).
3.1, Distribution

The shortnose sturgeon is rastricted to the east coasé of
Nofth America (Vladykov and Greeley 1963) and has been récorded
from the Saint John River, New Brunswick, Canada, to the Tndian
River, Florida. Breeding populations are normally associated with
estuary-river complexes that have a stromg flow of freshwater.
The shortnose sturgeon's endangered species status has stimulated
recent investigations which have shown it to be more zbundant in
come drainage systems than @gd been previously thought (Brundage

bt e i S b
-

and Meadows 1982) Reproducing populations have been recently
studied in the Saint John River, New Brunswick, Canada (Dadswell
1979), Montsweag Bay, Maine (McCleave et al. 1977), the Kennebec
River, Maine (Squiers and Smith 1978), the Connecticut-River, -

Massachusetts (Taubert and Reed 1978; Taubert 1980b), the Hudsom

River, New York (Dovel 1978), the Winyah Bay System,
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South Carolina (Marchette and Smiley MS 1982) and the Altamaha
River, Georgia (Heidt and Gilbert 1978).

Shortnose sturgeon have been found in rivers, estuaries and
the ocean with their greatest abundance occurring in the estuary
of their respective river (Dadswell et al. MS 1982). The few fish
that have been captured at sea were found within a few miles of
1znd near the mouth of an estuarine system. The species is

primarily anadromous, but access to the sea js apparently not 2

" requirement for repraductive success. Landlocked populations have

been reported in the Holyocke Pool section of the Commecticut River
(Taubert 1980a) and the Lake Marion-Moultrie system in South

Carolina (Marchette and Smiley M5 1982).

3.2. Life History

This section represents 2 composite life history of the
chortnose sturgeon with emphasis on important life stages and
habitat requirements which could be-potentially impacted by SRP

operations.

3.2.1 Spawning Period and Grounds

Spavning of shortnose sturgeon oCCUrs between February and
May, depending on the latitude. Ripe and spent females have been
cgllected in the Altamaha River, Georgia, during February . (Heidt
and Gilbert 1978) and during January to April.in the Savannah,

Santee, and Pee Dee Rivers, South Carolina (Marchette and Smiley






MS 1952). Newly-hatched larvae were collected in the Savannah
River during March in both 1982 and 1083 (Matthews and Muska
1983). Iﬁ northern rivers, ripe adults occur during the middle
two weeks of April in the Delaware (Meehan 1910; Hoff 1965) and
until as late as the middle two weeks of May in the Saint John
River, New Brunswick, Canada (Dadswell 1979).

The major factor governing spawning appears to be tempera—
ture, although other faetors include the occurrence of freshets
and substrate character (Dadswell et al. Mé 1982). Sevéral
jnvestigators (Meehan 19103 Heidt and Gilbert 1978; Taubert 1980a;
Dadswell 1979; Buckley and Kynard 1981) have reported shortnose
sturgeon spawning to occur between 9-12°C. In South Carolina
waters, the spawning season is significantly gsarlier than ia
northern rivers; however the range of spawning temperatures is
similar (Mar;hette and Smiley MS 1982). In noxthern rivers, the
s?awéing grounds are located in regions of fast flow {40-80
centimeters per second) with gravel or rubblé bottoms (Taubert
1980a; Pekovitch 1979; Buckley 1982). Specific spawning grounds
for populations in southeastern civers have not been described.

Early settlers in South Carolina reported both sturgeon
(species not specified) and shad in major rivers above the fall
1ine {Leland 1968). However, since the 1870's, sturgeon have been
limited to the lowland sections of the rivers due- to the .
construction of mill dams and water supply dams on the Pee Dee,

Wateree, Congaree and Savanuah Rivers. More recently, Marchette

3~4 -






and émiley (Ms 1982) documegtad several spawning populations in
South Caroiina waters. On April g, 1980, one ripe female specimen
was collected 73 miles upstrean in the Savannah River. Males and
femdles spilling eggs oT dropping milt upon handling have also
been reported in the Savannah River at the B&C Landing (river mile
55), Stokes Bluff Landing (river mile 62), Cohens Bluff Landing
(river mile 106) and Little Hell Landing (river mile 140)
(Marchette pers. comm.}. During the 1982~83 spawning seas;ns, a
total of nine shortnose sturgeon jarvae were collected at -river
miles 79.9, 97.5, 155.2, 155.3, 155.4, 157.1 and 157.3 (Table 1)
(Matthews and Muska 1983). The Savannah River Plant borders the '
Savannah River from river mile 129 to 130 and from 141.6 to

157.2.

In the Winyah Bay system, South Carolina, Marchétte and
Smiley (MS 1982) reported that spawning shortnose sturgeon were
only collected in the ffesbwater portions of the estuary. How-
ever, ripe and spent fish were also collectéd in.the 18-30 parts
per thousand (ppt) salinity range of the estuary in January and
February. From these collections, Marchatte and Smiley (MS 1982)
sPeculatéd that either a segment of the population is capsble of
spawning in the saltwater regioﬁa of the estuary or that this
portion of the population spawns much earlier and has already
movéﬁ downstream to the higher salinity regioms. -In other river.
systems, shortnose sturgeon are known to migrate great distances
upriver to spawi. Ripe adults have been captured as far upstream

as river mile 116 in the Altamaha, Georgia (Heidt and Gilbert
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TABIAE 1- *

Shortnose Sturgeon Larv
'Earchréugust, 1982 and Spring 1983%

——————

% Analysis o

Sampling

Date River Mile
3/12/82 157.3
13/26/82 157.3
3/09/83 79.9
3/22/83 155.4
3/23/83 | 157.1
3/23/83 155.3
3/23/83 155.2
3/23/83 97.5
3/29/83 155.2

Water Column
Location

S em———————

top
bottom
bottom
bottom
top
top
top
top

top

3-6

ze Gollscted in the Savannah River,

Water
Temperature °C

12.5
13.2
12.5 .
'11.5
11.5
11.3
12.6

12‘5

£ 1983 ichthyoplankton data is not complete.
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1978),.river mile 123 on the Pee Dee River, South Carolina
(Maféhette and Smiley MS 1982), river mile 138 in the Delaware
River (Hoff 1965), river mile 153 in the Hudson River (Dovel 1978)
end river mile 118 in the Connecticut River (Taubert 1980a).
3.2.2 Eggs and Embryonic Development
‘ Shortnose sturgeon eggs are dark brown to black with a light
grey polar body (Meehan 1910; Dadswell 1979). Ripe eggs have 2
&iﬁmeter of 3.0-3.2 millimeters (Dadswell 1979) and size does not
change after fertilizatiom or water hardening (Buckley and Kynard
-IQSl)t‘nggs are Ffertilized immediately after extrusion. When
relgased the eggs sink to the bottom (Pottle and Dadswell 1979).
The Ffertilized eggs are demersal and become adhesive within twenty
minutes after fertilization (Meehan 1910). Méehan (1910) reported
that eggs hatched in 13 day; after fertilizatiou'in water
tempetatures.betWeen 8-12°C. Buckley and Kyﬁard (1981) found that
hatching oeccurred im 8 days at 17°C which agrees with Meehan's
obgervations when both are converted to temperature units.(bne'

temperature unit equals 1°C for 24 hours).

3.2.3 Larval Development and Behavior
Little is known regarding shortnose gturgeon larval
development -and behavior. . Extensive ichthyoplankton sampling

efforts to collect shortnose &turgeon 2288 and larvae have been






condu;ted on the Hudson (Pekovitch 1979), the Connecticut (Taubert
and Reed 1978). and the Saint John River systems (Pottle and
Dadewell 1979). The paucity of catches from these stu&ies
indicate that the larvae are probably benthic in habit and thaﬁh
they may even occupy interstitial spaces in the gravel during
early larval stages (Pottle and Dadsweli 1979). 1In artificial
propagation studies, Mechan (1910) reported that larvae remgined

for several days at the bottom of the hatching jar. In contrast,

Buckley and Kynard (1981) observed in the laboratory that newly~

hatched fry exhibited active swimming on the bottom and within the

water colum and were photopositive. However, after two days of
activity,'fry with yolk sacks became strongly phc;ouegative and
formed aggregations with other larvae under large gravel or in
dense clumps of algae. Pottle and Dadswell (1979) observed that
approximately 10 day old larvae, after being collected from the
field and then placed in an aquarium, remained om the bottom or
placed themselves under any available cover. Of the nine short~
nose sturgeon larvae which have been collected in the Savannah
River (Matthews and Muska 1983), six were taken in surface tows
and three were collected in bottom tows (Table 1). Interpretation
of these data for larval distribution is not possible since few.

fish were collected and the samples were collected under various

hydrological conditions. .Fhrtheimore,-bottaﬁ tows were conducted -

with the net slightly above the substrate to avoid the collection
of detrital material. Consequently, fish residing on the bottom

were not effectively sampled.






The hatching size of shortmose sturgeon is between
7.3-11.3 millimeters (Dadswell et al. MS 1982). Morphological énd
meristic characteristics of larvae have been reported by Pekovitch
(1979), Taubert and Dadswell (1980), Bath et al. (1981) and
Matthews and Muska {1983). Newiy*hatched larvae are tadpole-like
in body shape, dark grey in overall body color, and have a large
yolk sac. At 14 millimeters, approximately 10 days after
hatching, @arbels appear, the yolk sac is gone and the mouth is
large and has teeth (Dadswell et al. MS 1982). :
3.2.4, Fry and Juveniles

Little is known about the 1ife history of juvenile shortnose
sturgeon, particularly in southeastern rivers. In northern '
rivers, juveniles are benthic and feed primarily in deep channels
over sandy-mud oT gravel-mud bottoms (ﬂadswell 1979; Taubert
1980a). In the Hudson River, young-of-the-year sturgeon Were
collected in the deep channels between river mile 121 and 137
(Pekovitch 1979). Im the Saint John River, juveniles are found in
inland riverine sehtioqs of the estuary upstream from the galt
wedge and apparently move back and forth in respomse to galt water
intrusion (Potile and Dadswell 1979). In general, the mean length
of juveniles im gill met collections is least in upriver portions
of the estuary and increases seaward (Dadswell 1979; Pottle and
Dadswell 1979). Juveniles probably remain inlana of saline waters

until attaining a fork lemgth (FL) of 45 centimeters. This length






may be attained in two to eight years depending on latitude

(Dadswell et al. M8 1982).

3.2.5 Adults

3.2.5.1 Age, Size and Growth

The oldest female aund male shortnose sturgeod callected'to
date, both from the Saint John River, were determined to be 67 and
32 years old, respective1§ (Dadswell 1979). Although possibly a
'function of sample size, maximum ages determined to date for other
river systems are less. In general, shortnose sturgeon from
northern populatiéns have 2 longér 1ife span than southera
populations. Marchette and Smiley'(MSAl982) determined a maximum
age of 20 years based on 93 shortnose® sturgeon collected from
South Carolina waters.

To date, the maximum size reported for a shortnose sturgeon
is a 122 centimerer (FL), 23.6 kilogram fémale from the Saint Johm
estuary (Dadswell 1979). The largest male on record is a 97.0
centimeter (FL), 9.4 kilogram chortnose from the Saint John
estuary (Dadswell 1979). Maximum siﬁe varies from north to south
with the largest maximum sizes reported from northern populations.
0f 135 specimens collected by Marchette and Smiley (MS 1982) from
South Carolina rivers, -the largest was-92.7"centimeter3'(FL)'and- -
weighed 4.3 kilograms.

Growth data have been compiled by Dadswell et al. (MS 1982)

for populations in the saint John River, Canada, the Hudson River,
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New %ork, the Kennebec River, Maine, HBolyoke Pool, Massachusetts,
the Pee Dee-Winyah Bay region, South Carolina and the Altamaha
River, Georgia. Shortnose sturgeon grow fastest in the sbuthern
portion of their range. Tn the:south, specimens attain a length
of approximately 50 centimeters after only 2-4 years (Heidt and
Gilbert 1978). The Halyoké Pool population has the slowest kanown
growth rate, presumably a result of limited food availability due
to its Iﬁudlocked status (Taubert IQBOb). An increase in the
growth rate has been observed in Saint John River aﬁd South

Carolina populations which coincides with juvenile migration to

" the upper estuary where food is more available.

3.2.5.2 Migratory Movements

The shortnmose sturgeon exhibits a migration pattern between
spawning grounds, feeding grounds and overwintering areas. Since
adults apparently do not spawn avery year, a particular population
may exhibit several pigratory patterns simultaveocusly.

From tag/recapture gtudies, shortnose sturgeon are known éc
move considerable distances in short periods of time. In the
Altamsha River, Georgia, a shortnose sturgeon moved 193 kilometers
downstream in 11 days (Heidt and Gilbert 1978) and in the
Connecticut River a radio tagged fish moved 60 kilometers in 2

days (Buckley, unpub. data).. McCleave et al. (1977) reported.a.

" mean daily movement of 20 kilometers for shortnose sturgeon in the

3-11






Mont;weag Bay, Maine; these movements appeared to be non~directed
random feeding, often in shallow water.

The migratory behavior of shcrtuose'sturgeon is apparently
compléx én& differs somewhat between northern and southern
populations. Im the Saint John River, there appears to be a
general migration upriver in the spring and summer and downriyer‘
in the fall by most of the non-ripening portien of the}populatiou
(Dadswell 1979). Some portion of the ripéniﬁg population migrate
farther upriver in the €211 or remain at upriver jocations over
winter. However, in the Altamaha River, Georgia, shortnose
sturgeon were found upstream during February and March while
spavning but during the remainder of the year were captured ounly
in the first few kilometers of the river within ;he tidal
influence (Heidt and Gilbert 1078; Gilbert and Heidt 1979).

A similar pattern was observed in the Winyah Bay sys tem,
South Carolina (Mazchette and Smiley M3 1982). During
‘February-May, the only fish to move -into freshwéter portions of
the estuary, 0-0.3 parts per thousand (ppt) of salinity, were
spawning fish. However ripe and séent fish were also taken in the
lower reaches of the estuary (18-30 ppt) in January and February.
This suggests that a portion of the populati;n is capable of
spavning in saltwater regions of the estuary or ‘this portion of
the population-spawns much earlier and had already moved back - -.
downstream to higher salinity waters. The summer foraging grounds
(June-August) inm thé Winyah ﬁay system are apparently in the

mid-estuary region where galinities averaged 0.5-1.0 ppt. In the
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£all éhen water.temperature droés 2-3°C, shortnose sturgeon
appatentlj leave the summer foraging grounds and migrate to
‘overwintering sites which were 1ocated in the channels of shallow
estuarine lskes, at the mouth of Winyah Bay and in the ocean
within 5000 meters of the beach. Overwintering sites in the bay
had surface temperatures of 5~10°C and salinities of 18~-28 ppt,
while the oceau had the seme temperature range but a higher
galinity range between 25-30 ppt (Marchette and Smiley MS 1982).
In contrast to the ﬁigratory behavior of the adults, juvenile
shortnose sturgeon in the Saint Johm River are appgrently
pon-migratory and are 1argely confined to 'the inland portien of
estuaries upstread of the salt wedge (Pottle and Dadswell 1979).
Dadswell et al. (MS 1982) suggested that there ig a gradual
dqwnstream.movemaut of juﬁeniles as they become older. The
migratory behavior and foraging grounds of juvenile ghortnose
N

sturgeon iphabiting southeastern rivers is not known.

3.2.5.3 Reproduction
The specles exhibits little sexual dimorphism. At the same
age, adult females are generally larger than males. In the
. spring,- -gravid females are readily ldentlflable.due to their
cwollen abdominal region (Dadswell 1979). Age of maturation
iﬁcreases from south to north. ﬁaLas mature ab age 2 in Georgia,
age 3-5 from South Carolina to New York and increase northward to

age 10-11 in the Saint John River, Canada. Females mature at age
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6 or younger in Georgia, age 6-7 from Séuth Carolina to NeQ York
and age 13 in the Saint John River, Length at waturity is between
45 to 55 centimeters (FL) for both females and males throughout
their range (Dadswell et al. MS 1982). First spawning occurs 1-2

years after maturity in males but for females is delayed for up to

5 years (Dadswell 1979). Marchette and Smiley (MS 1982) reported

that tﬁe age of first spawning for males and females in South
Carolina ranged between 5-10 years and 7-14 years, respectively.”

Although shortnose sturgeon populations spawn once a year,
gpavning apparently is not a yearly event for gach individual.
Dadswell (1979) reported that females probably spawn at a maximum
;E once every 3 years and males gvery other year in the Saint John
Riv;r. Marchette and Smiley (MS 1982) noted for shortnose
sturgeon in the Pee Dee River, South Carolina, that males require
2-3 years between spawning periods while females require a 34
year ripening period.

Fecundity of shortnose sturgeon in the S;int John Bivaf,
Canada ranged from 27,000 to 208,000 eggs/fish and was directly
related to total body weight (Dadswell 1979). In the Altamsha
River, Georgia, Heidt amnd Gilbert (1978) reported egg numbers
between 79,000 and 30,000 per £ish (75-85 centimeter FL) and
Marchette and Smiley (MS 1982) found a 59 centimeter (FL) female
from the Pee Dee River, South Carolina, which contained 30,000
eggs. On a per body weight basis, Saiat John River females had a

mean of 11,568 eggs per kilogram (Dadswell 1979) while Helidt and
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Gilbért (1978) and Marchette and Smiley (MS 1982) reported that
southern shortnose sturgeon contained 14,000-16,000 eggs per
kilograme.

Little is known regarding spawning behavior. Buckley and
Kynard (1981) found that when gingle females were captured in gill
nets on the spawning grounds they were often surrcunded by
pumercus males in the same region of the net, Dadswell (1979)
reported that sequentially tagged fish had a tendency to be

recaptured together.

3.2.6 Food and Feeding Habits
All feeding of shortnose sturgeon seems to be either bénthic
or from plant surfaces. Dadswell et al. (MS 1982) found shortnose
to be most active during the night or on windy days when water
turbidity was high. Fish ware. more readily captured at night and
stomach amalyses showed full gastrointestinal tracts. WMarchette
and Smiley (MS 1982)‘observed chortnose sturgeon grazing at night
on molluscs attached to the underside of yellow pond lily pads.
In the freshwater areas of the Saint John estumary in
Né% ?runswick, Canada, adults foraged in weedy backwaters or:over
mud bottoms at depths of 15 meters (Dadswell 1979). During late
summer, foraging grounds were located in deeper water (5-10
meters). During the: fall and. winter, the little feeding that
was observed in freshwater tooﬁ place in deep water (15-25
meters). Juveniles feed primarily in the deep channels (10-20

meters) over sandy-mud or gravel-mud bottoms (Pottle and Dadswell
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1979). In the lower Saint John estuary, adults feed during the

summer and winter over sandy-mud or mud bottoms im water depths of

" 5-10 meters. In the Winyah Bay system, South Carolina, Marchette
L]

and Smiley (MS 1982) characterized the summer feeding habitat as
shallow water. with sandy bottoms and emergent macrophytes and the
winter feeding habitat as deeper waters with mud bottoms.
Marchette and Smiley (MS 1982) sampled the stomachs from 54
shortnose sturgeon captured in both the freshwater and saltwater
portioné of the Winyah Bay system. Thaxr work lndlcates that
inten51ve feeding was initiated in April and May when water
temperatures reached 10-11°C in the upper estuary summer for;g;ng
area. Between SeptemberT and Wovember, the population apparently
departed the summer feeding grounds for overwintering in the lower
estpary. From April through September in the freshwater reg{ons
of the estuary (1-3 ppt), shortmose sturgeon were highly selective
in feeding with stomachs containing a low percentage of non—-food
items. The diet was composed primarily of molluses (90%) which
included Physa, Heliosoma and Corbicula. Secondary items included
Ephemeroptera, Isopoda, Amphxpo&a and D1ptera. Feeding continued
through the colder months with significantly less intensity and
selectivity. Stomachs averaged 90% by volume non~food materials.
Food items included Corbicula, Polychaeta and Amphipoda (Marchette
and Smiley MS 1982). 1In the Saint John River, adult shortmose. -
sturgeon (greater than 50 cgntimeters) generally feed on whatever

molluses are readily available. Jjuveniles feed primarily om
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benthic insects and crustaceans which‘include Hexagenia,

. Chacborus, Chironomus, Gammaris, Asellus and Cyathura (Dadswell

1979). Food items and foraging grounds for juvenile shortnose

sturgeon in southern rivers are not known.

3.3 Physical Tolerance

There are no data on the preferred temperature range and
upper and lower lethal temperature for this species. In its
northern range, spring spayning migrations begin at temperatures
of 8-9°C and chortnose sturgeon are rarely collected from shallow
waters exceeding 22°C (Dadswell 1975). However, HBeidt and Gilbert
(1978) collected a shortnose sturgeon in the lower Altsmaha River;
Georgia, at 2 water temperature of 34°C. In the Winyzh Bay, South
Qarolina, ﬁarchgtte and Smiley (MS_1982) observed that a 2-3°C
decline in tempe;ature stimulated downstream migration and
overwintering sites had a temperature range of 5-10°C.

in northern rivers, juvenile shortnose sturgeon: appear to
prefer deep channel regions witﬁ gktrong currents (15-40
centimeters per second) (Pottle and Dadswell 1979). Swim speed
studies by Pottle and Dadswell (1979) with shortnose sturgeon
larger than 19.7 centimeters total length (1L) displayeé a minimum
recorded speed of 37.0 centimeters per second. The performance
and behavier of the sturgeon in these tests suggested-thatnthe
hyﬁrodynamic features of the sturgeon are well suited to a benthic

life style. When in contact with the substrate, the form of the
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juvenile sturgeon enables them te overcome OT resisgt displacement

by high velocity currents (Pottle and Dadswell 1979).

Shortnose sturgeon appear to be more active under lower light

conditions. Gilbert and Heidt (1979) observed in the Altamaha
River, Georgia, that all shortnﬁse gturgeon were captured at night
even though nets were fighed, during both daylight and darkness.
Durlng radio tracking studies, they found that tagged sturgeon
remained relatively statlonary 1n deep water during daylight but
at night they moved into shallow water and were more active.

The shortnose sturgeon have been reported from freshwater to
marine environments. They are apparently able to rapidly
aceclimate to changes in salinity. MaCleave et al: (1977) observed
shortnose sturgeon moving freely through waters of widely varyxng
salinities, sometimes encountering changes of 10 ppt in less than

2 hours.

3.4 Exploitaticn/Mortality

Besides natural mortality, fishing mortality caused by inci- '

dental catches in nets set foT other species, particularly shad,
is probably the main cause of shortnose sturgeon mortality
(Dadswell et al. M8 1982). In the Saint John River, New
Frunswick, Canada, many fishermen return sturgeon to the water
alive but others do- not. - Either they are killed.and discarded or
they are marketed locally. Incidental fishing mortality may be a

major reason for its disappearance from the Chesapeake Bay and is
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guspected to be a ma jor cause of mortality in South Carolina

(Dadswell et al., MS 1982). In South Carolina there is no legal

commercial exploitation; however, significant pumbers are taken

incidentally in the various gill net fisheries including shad, sea

trout snd chaunel bass (Marchette and Smiley M8 1982). The South

Garolina shad fishery uses 14 centimeter stretch mesh monofilament

gill nets, the same size nets utilized by Marchette and Smiley

-(MS 1982) in their study. They determined that the size range of

shortnose sturgeon captured by this fishing gear i{s between
93-93 centimeters (FL).

Natural predators of shortnose sturgeon include yellow perch
for young £ish and charks, gar and alligators for adults (Dadswell
et al. MS 1982). Tmpingement of shortnose sturgeon on power plant
intzke screens may result in some mortality, but the cause of
impingement may be from injury elsewhere (Dadswell et al. MS
1982). There are reports of a few shortnose sturgeon impingements
at several power plamts (Dadswell et al. MS 1982) ; however, uo
shortnose sturgeon have been reported during impingement studies
at the Savannah River Flant (McFarlane et al. 1978; ECS 1983a,

1983c).
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4. Assesement of Potential Impacts

Potential impacts of existing and proposed SRP operations
include indirect effects such as loss of habitat and direct

effects svch as entrainment, impingement and thermal effects.

.

" 4,1 Tmpacts on Habitat

Important habitats in the life history of the shortnose
sturgeon include spawning grounds, larval and juvenile foraging

grounds and adult winter and summer foraging grounds.

4.1.1 Spawning Grounds

Specific spawning grounds have not been described for
shortnose sturgeon in the Savauéah River. ' However, ripe adults
spilling eggs or dropping milt upon handling have been taken from
river mile 55 to 140 (Marchette pers. ccmm.)'during‘the spawning
ceason. Also, young larvae have been collected abéve and below
the Savannah River Plant during March 1982-83 at river miles 79.9,
97.5 and 157.3 (Table 1). Shortnose sturgeon larvae have also
been collected at sampling stations in the Savannah River adjacent
to'the.SR?. Whether the adults spawﬁed in these areas or the
larvae drifted from upriver spawning sites‘is not known. In other
rivegs,-shcrtnose-sturgeon have been reported to.SPawn as. £ar ..

upstream as the first migratory obstruction. On the Savannah

River, the first obstruction is the New gavannah Bluff Lock and






Dam at river mwile 188. However, if the locks are open due tO high

water, the next obstruction would be the Augusta City Dam at river

"mile 209.

From the river mile locations of the larval colleftioms, it
is apparent that shortnose sturgeon are spawning in the Savannah
River below as well as zbove the SRé. Also, these cﬁservations
demonstrate that presently é sufficient zone of passage exists to
permit upriver spawning migration. When L-Reactor is restarted,

a thermal plume will also occur below the mouth of Steel Cfeek.
Historical monitoring data collecte& before L-Reactor was shut
down in 1968 and recent computer simulation models show that the
thermal plume will remain sufficiently close to the South Carolina
bank to permit a zone of passage.

Furthermore, spawﬁing sites are not limited to a specific
reach in the Savannzh River (Matthews and Muska 1983). From
studies on the Winyah Bay system, South Carolina, Marchette and
Smiley (MS 1982) speculated that there may be two shortmose
sturgeon spawning popula;ions, one population that spawns early in
the main chaanels of the upper estuary and a second popﬁlation ‘
which spaﬁns in March and April in the riverine segments.
Apparenély, shortnose sturgeol pépulatious in the Winyah Bay
system and in the §avanpah River are not éestricted to the upper

river for spawning-sites. - -






4.1.2 Larval and Juvenile Foraging Grounds -

focations of larval and juvenile foraging grounds are not
known for the Savannah River shortnose sturgeon population. In
the Saint John River, juveniles are non-migratory and are largely
coufined to the {nland riverine portion of estuaries upsﬁream of
the salt wedge (Pottle and Dadswell 1979). In the Winyah Bay
estuary of South Carolina, Marchette and Smiley (M8 1982) were not
able to collect smaller, younger age classes by trawling. They
speculated that the less th;n S5-yedr ciassés did not iﬁhabit the
same region of the estuary during the same aeasons-as the adult or
spawning populations.

There is no evidence that juvenile shortnose gturgeon foragé'
in the vicinity of SRE. However, a lack of juvenile captures
could be related to the selectivity of commonly used sampling

techniques (i.e., alectrofishing and hoop nets) and mot to their

actual absence. f,arval and juvenile sturgeon are difficult to

- pample, presumably due to their close association with the

substrate. -As discussed earlier, a few shortnose sturgeon larvae
have been collected in the Savaﬁnah River near SRP. 1f juveniles
are'alsp present, they can p;obably avoid SRP thermal plunmes
during the warmer months; but,-it ig possible that juveniles could

be attracted to the thermal plumes during winter months. If a

ceactor Ls abruptly ¢hutdown, E£ish, including -juvenile sturgeon, . -

overwintering in the thermal plume areas could experience cold

shock.
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The Steel Creek swamp could be a2 possible foraging ground

‘because of its abundant supply of benthic imvertebrates and

molluscs which are associated with macrophyte beds. However,

in the northern rivers, juveniles apparently prefer to feed in

_ deep channels over sandy-mud or gravel-mud bottoms (Potile and

Dadswell 1979). These foraging habitak preferences are consistent

with the observation that no juvenile shortnose sturgeon have been'

collected in the Steel Creek swamp, OT in any other SRP tributary

despite frequent sampling.

L.1.3 ”Aéult Foraging Grounds

Altﬁough the adult foraging grounds f;; shortnose sturgeon in
the Savannah River are not known, there iz comsiderable syidence
£rom studies on other populations that adults primarily feed in
the estuarys Accn;ding to Marcheéte and Smiley (M8 1982), the
saltwater—freshwateT interface, a relatively ;mall portion of the
estuary system, js the area most utilized by adult shortnose
sturgeon in South Carolina. $tomach analyses have shown Eﬁat
sdilts are highly selective iu their feeding and habitat
preferences. Therafore, habitat availability and productivity
within this portion of the estuary appear to be the mest important
factors affecting the growth and development of adult shortunose
sturgeon in South Carolina (Marchette and Smiley M5 1982).
Current and proposed SRP operations will have no impact om the

gavannah River estuary which is over 100 river miles downstream of

Steel Creek.
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4.é Direct Effects

Potential direct effects of existing and proposed SRP
operations include entrainmént and impingement due to the pumping
of Savannah River water for non-coutact‘cooling and thermal

discharges to the Savannah River.

4,2,1, Entrainment g

Althcugh'a segment of the Savannah River shortnose sturgeon
population spawns upstream of SB? cooling water intake canals,
entrainment of eggs is unlikely. Sturgeon eggs are demersal and
are usually laid on rubble and gravel substrate (Taubert 1980;
Buckley 1982). Wﬁéther this substrate is utilized or available to
the Savannah River population is not kaown. However, the negative
buoyancy and strongly adhesive, gelatinous nature of the eggs
preclude significant downstream transport or dispersion of eggs
through the water column (Pottle and Dadswell 1979).

Little .is known about the water columm distribution and
swimming/foraging behavior of larval shortéose sturgeon. Lar§51
and young-of-the-year sturgeon feed’primarily on benthie
invertebrate; and apparently remain in close contact with the
substrate. Barly larvae are thought to jmhabit interstitial
spaces in the substrate (Pottle and Dadswell 1979). The lack of
reported larval collectioné despite extensive sampling efforts -
provides indirect evidence in suppert of this hypothésis. -

Nine shortmose sturgeon larvae have beer identified in

ey






ichtﬁyoplankton samples collected in the Savannah River (Table 1).
Of these, one larva wa; collected in the 1G pumphoﬁse intake
canal, ome larva was collected in the 3G pumphouse canal and two
larvae were collected just dovnriver of the 3G pumphouse inteke
cove. This indicates that some shortnose sturgeon larvae may be
entrained. However, it is not possible to estimate entrainment
losses due to the low number of specimens collected. Given the
small number of shortnose sturgeon 1arvae collected and the
relatively extensive ichthyoplankton saméliug effort in the
vicinity of the SRP site (Appendix A), it is likely that the
number of larvae entrained 35 small and that their loss does not
represent an adverse impact on the Savannaﬁ River shortnose

sturgeon populatiom.

4e2.2 Impingement

Altﬁough several impingement studies have been conducted om
SRP cooling water intzke structures (McFarlane et al. 1978; ECS
1983z, 1983¢), no shortnose sturgeon have been reported. However,
in January 1983, one 147 millimeter total length (TL) juvenile
Atlantic sturgeon was impinged (ECS 1983¢). Thus, it is possible”
that shortnose sturgeon could be impinged. However, tﬁ;fe is no
evidence that Atlantic or shortnose sturgeon commonly inhabit the
intake canals (ECS 1983a, 1983¢) .

Shortnose sturgeon, unless injured, should be able to avoid

the intake screens because their swim speed exceeds the pumphouse
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intaﬁe velocity. Pottle and Dadswell (1979) reported a minimum
critical swimming veloeity of 37.0 centimeters per gecond for
shortnose sturgeon greater than 19.7 centimeters TL. Blaxter

(1969) has stated that most £ish have sustained swimming speeds
between 2-3 body lengths per second. During high pumping rates

(worst-case conditions), the mean flowrate at the 1G and 3G

pumphouses is 28 centimeters per second, Based on a comparison of

pumphouse cooling water intake velocity and sturgeon swimming
speeds, it is unlikely that healthy shortnose sturgeon will be

impinged.

4.2.3 Thermal Effects

_ Potential direct thermal effects on the shortnose sturgeon
are limited to existing (Beaver Dam and Four Mile Creek) and
future (Steel Creek) thermal plumes in the Savannah River.
Thermal plumes should not impact adults becaﬁse they can avoid
these areas. Eggs are not planktonic and- therefore should not
drift through the plumes. However, if adults spawned directly
upriver of the thermal plumes, newly-hatched larvae could be swept
inta the plume under éonditions of high water flow or drift dowma-
stream as part of é normal dispersion process. Although'theré are
no temperaturs tolerance data on larval shortmose sturgeon, it is
possible that larvae drifting through- the -plume near the-mouths of
Four Mile znd Steel Creek would not survive. However, this

potential impact is not expected to be significant because it is
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restricted to adults spawning immediately sbove the thermal plumes
and will only adversely affect larvae drifting through the hottest
part of the thefmal plumes. '

Electrofishing in January 1983 (ECS:1983c) showed a high
density of Ei;hes in the heated waters of Four Mile Creek.
Although no juvenile shortmose sturgeon were collected, it is
possible that the heated water from the SRE creeks provides an
overwintering habitat. Cold*;hock fish kills could occur to

thermally acclimated fizh during a sudden reactor shutdown.

_ However, there is no evidence to indicate that this is a problem.

In case of reactor shutdown, any impact would be expected to be

localized.
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5, Summary and Conclusions

The Endangered Species Act of 1973, as amended, vequires DOE
to determine whether its operations will adversely affect
‘endangered/thraaﬁened species or their habitat. Based on this
piological assessmént, it is concluded that the existing and

proposed operations (specifically L Reactor) of the Savannah River

Plant will not jeopardize the continued existence of the shortmose

sturgeon in the Savannah River. This determination is based on

the following:

s No critical habitat has been designéted by ﬁhe'NMFS and tﬁére
is no indicatiom based on‘known life ﬁistéry characteristics
that SRP operations adversaly impact shortnose sturgeon
spavning, rearing and foraging habitats. Shortnose sturgeon
spawn both upriver and devnriver from the Savannah River Plant.
Spawning activity above the SRP site demonstrates that an
adequate zone of passage exists for shortnose sturgeon
migration. After L~Reactor startup. }arge areas of the Steel
Greek/swaﬁ% system will not be suitable spawning/foraging
habitat for fiéh. However, there is no indicati;n that

shortnose sturgeon utilize this habitat.






......

Entrainment of shortnose sturgeon ;ggs in the SRP intadke
cooling water is not likeiy due to their demersal and adhesive
nature. However, larval entrainment is_a possibility since
four have been collected in or near the SRP pumphouse intake
canals: Given the apparent low density of shortmose sturgeon

in the intake camals and their reported or assumed preference

for benthic hebitats, it is unlikely that larval entrainment

is a significant impact.

From. previous impingement st;dies, no shortnose sturgeon have
been found on SRP cooling water intake screens. There is no
evidence that shortnose sturgeon ju&eniles or adults inhabit
the cooling water'intake canals. Furthermore, it is unlikely
thatAany healthy shortnose sturgeon will be impinged based on

a comparison of pumphouse’ cooling water jntake velocities and

sturgeon swimming speeds.

Although temperature effects on shortnose sturgeon larvae are
possible due to current and/or future thermal plumes in the
Savannah River, the effects are conéidered minimal because of
the localized nature of the plumes. Cold shock is another
possible effect; however, there.is no indication thét juvenile
shortnose sturgeon are gverwintering in SRP thermal plumes.:
Adults will not be directly impacted by the thermal plumes

because of their ability to avoid them.
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APPENDIX A

CURRENT PROGRAMS

A.1 Savannah River Aquatic Ecology Program
The SRP aquatic ecology program in the Savannah River was

$mitiated in March, 1982, to evaluate the impacts of SRF,

particularly L-Reactor operatiom, om the river ecosystem. The

program was designed to collect biweekly plarnktan samples
which could contain fish eggs, larvae, end macroinvertebrate drift
organisms from the river in the vicinity of the 16, 3G, and 5G

pumphouses (Figure A-1). Additiogal samples were collected from

above, below, aund in the mouth of Four Mile Greek, and below and

in the mouth of Steel Creek (Figure A-2). Biweekly impingement.

data were also collected to determine the number of fish trapped
on the pumphouse traveling screens. Quarterly adult fish

collections were made by electrofishing and hoop netting to

provide relative abundance information on £ish populations in the -

' .SRP area. Data from the first_collection'year are summarized by

Eovironmental and Chemical Sciences (ECS 1982, 1983a, 1983b, .
1983c). l

In Febru;ry, 1983, the original program was expanded into a
comprehensive gtudy to evaluate both cooling water intake effects
and gll gRP thermal effluents to rhe. Savannah River. Sampling '
stations for ichthyoplankton, maeroinvertebrates, and adult fishes

were also located at all SRP tributaries to the Savannah River.
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Tn additiom, offsite ichthyoplankton stations were located in 28
additional creeks, and at 10 mile intervals in the river from
'Augusta to Savannah to provide perspective on the relative
importance of the SRP area for fish spawning in the Savannah
River. Preliminary data analyses from the 1983 collection year
are discussed by ECS (1983c). A program summary and listing of
the onsite and offsite station locations for the Savannah River

aquatic ecology program are given in Tables A-1 and A-2.

A.2 Larval Atlantic and Shortmose Sturgeon Taxonomic Guide

To date, 28 sturgeon larvae have been found in ichthyo—
plankton samples collected in the ‘Savannah River as part of the
1982-83 SRP aquatic ecology program (Matthews and Muska, 1983).
The Savannsh River is inhabited by at jeast two species of
sturgeon, the Atlantic and the endangered shortnose. Although
nine of the 28 sturgeon larvae collected in 1982-83 have beem
tentatively identified as shortnose stﬁrgeou by D. E. Snyder,
Colorado State University, the existing criteria for larval
sturgeon fdentification, particularly protélarvée and mesolarvae,
are largely circumstantial. There are currently no diagnostic
keys availablé to.idantify shortnose or Atlantic sturgeon larvae.
The Savannah River Plant has comtracted the services of D. E.
Snyder to conduct-a comprehensive-comparative study of larvae for

both species based on currently available specimens. The study

will be conducted in cooperation with D. E. Marchette at the South

Carolina Wildlife and Marine Resources Research Tanstitute in
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Charleston, South Carolina. The final product will be 2

diagnostic

guide for larval sturgeon jdentification which wil

" published and made available to other sturgeon jinvestigators.
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TABLE A-"'l .

‘ SRP Aquatic Ecology Program on the Savannah River

1. TFirst Phase Nearfield Monitoring Program
A. Sample Collection Stations (14)
s Near or in pumphouse intake canals
o Mouth of UTRC*, FMC*, SC*
e Above and below UIRGC, TMC, S8C

B, Sample Collection Frequency

e Ichthyoplankton — biweekly (1982) or weekly (1983)

February-July)
e Adult fish populatioms - quarterly

o Macroinvertebrates (fixed samplers) - monthly

e Impinged fish - 100 times/year
1T. 3~Year Monitoring Program

A. Program in I Above

B. Additional Nearfield Studies (Phased in Feb. 1, 1983)

e Ichthyoplankton at BDC* and LIRC*
o Adult fish at BDC and LIRC

o Macroinvertebrate (£ixed samplers) at UIRG,

LTRC

e Sex and breeding condition of impinged fighes
e Determine periphytom taxa uear all tributaries
o Macroinvertebrate drift (planktom) at all stationms

¢. TFarfield Studies (Phased in Feb. 1, 1983)

Weekly ichthyoplankton samples will be collected from

February-July betwsen Augusta and Savannah
(river mile 30) at statioms located in:

e Savannah River every 10 miles

e Mouthe of all named tributaries (about 30) -

U —
%* UTRC: Upper Three Runs Creek
FMC: Tour Mile Creek .
sC: Steel Creek
BDGC: Beaver Dam Creek
LTRC: Lower Three Runs Creek
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TABLE A-2.

Sampling Station Locations for the SRP Aquatic Ecology Program
. (1983) on the Savannah River.

River Mile Sampling Sration Description’

River btransect

187.1 Upper farfield .
River transect at 10-mile interval above
Savannah River Plant

176.0 River tramsect at 10-mile interval above
Savannah River Plant

166.6 River tramsect at 10-mile interval above
Gavannah River Plant

Nearfield
157.3 Above 1G canal
157.0 Below 1G canal
155.4 Above 3G canal
155.2 'Belnw Sé pumphouse
152.2 Above.Beﬁwar Dam Creek
152.90 Below Beaver Dam Creek
150.8 Above Four Mile Creek
150.4 Below Four Mile Creek
141.7 Above Steel Creek
141.5 Beléw‘SCeel Greek
137.7 Recovery transect below Steel Creek
129.1 Above Lower Three Runs Creek

“128.9 Below Lower Three Runs Creek
Lower Farfield

120.0 River transect at 10-mile interval below
Savannah River Plant
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3 TABLE A-2.

Sampling Station Locations for the SRP Agquatic Ecology Program

(1983) on the Savannah River (continued)

River Mile

Sampling Station Description

River transect

110.0 Lower farfield
River transect at 10-mile interval below
Savannah River Plant

97.5 River transect at 10-mile interval below
Savannah River Plant ‘ -

89.3 . River tramsect at.10-mile interval below
Savannah River Plant

79.9 River transect at 10-mile interval below
Savannah River Plant

69.9" River transect at 10-mile interval below
Savannah River Plant

-60.0 River t?ansect at 10-mile interval below
Savannah River Plant

50.2 River tramsect at 10-mile interval below
Savannah River Plant :

40.2 River transect at l0-mile interval below
Savannsh River Plant

29.6 River transect at 1l0-mile interval below
8avannah River Plant

Creek transect

187.2 Butler Creek
183.3 Spirit Creek
180.1 Pine Creek
"176.1 Hollow Creek
171.6 High Bank Creek
164.2 McBean Creek ‘
162.2 Upper Boggy Creek
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) © TABLE A-2.

Sampling Statiom Locations for the SRP Aquatic Ecology Program
. (1983) on the Savannah River (continued)

River Mile Sampling Station Description

Creek transect

160.2 , Newberry Creek
157.2 Upper Three Runs creekl
152.1 Beaver Dam creek!
150.6 Four Mile Creek!
141.6 Steel Creekl
133;5 Sweet Water Creek
129.0 Lower Three Runs Qreekl
126.5 . Smith Lake Creek
f") 114.5 . Swift Creek
) 109.0 The Gaul
97.6 Briar Creek
92.6 Buck Creek
88.6 Ware Creek
B4.1 Pike Creek
78.4 Black Creek
64.2 Lake Parachuchia Qutlet
53.2 Tew Lake
51.1 . Plank Creek
48,8 Yorkley Creek
47.7 Seines Landing

————————

1 10cated on the Savannah River Plant.
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TABLE A-2.

Sampling Station Locations

(1983) on the gavannah River (continued)

River Mile

Creek transect
4.8
43.2
40.3
35.4

30.0

Intake transect

157.1

155.3

—————

Sampling Station Description

for the SEP Aquatic Ecology Program

Ebenezer Creek -
Tockners Creek
Coleman Lake
Meyer's Lake

Collin Creek

1G Ganal1

3G Canall

1 1.0cated on the gavannzh River Plant.
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