
TENNESSEE VALLEY AUTHORITY

River Basin Operations

Water Resources

POPULATION SURVEY OF SAUGER
IN CHICKAMAUGA RESERVOIR

1990-1991

Prepared by
Kerry W. Hevel and Gary D. Hickman

August 1991

9412010262 941115
PDR ADOCK 0500OZ90
A PDR



TABLE OF CONTENTS

Figures. ........ .............................................

Table. ...... ...................................................ii.

Introduction. ........................................ ........... 1

Description of Study Area. ........ ............................... 2

Methods .. ............................................ ........... 2

Data Analysis ............................................ ....... 4

Results and Discussion .. .. ....................................... 5

Conclusions .. ................................................... 8



FIGURES

Number Pag,
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INTRODUCTION

In 1986 the Tennessee Valley Authority (TVA), in cooperation with the

Tennessee Wildlife Resources Agency (TWRA), initiated an intensive

program to d etermine the status of the sauger population in upper

Chickamauga Reservoir and to identify potential impacts of operation of

Watts Bar (WBN) and Sequoyah (SQN) Nuclear Plants on this important sport

fish. Results of this program from 1986 through 1989 documented annual

population densities, spawning location, spawning habitat

characteristics, pre- and post-spawn movement patterns, year class

strengths, and growth rates (Hevel 1988, Hickman et al. 1989 and Hickman

et al. 1990). These studies indicated an extreme decline of sauger

numbers, and as a result TWRA stocked 191,000 sauger fingerlings into

Chickamauga Reservoir during summer 1990 to bolster the population.

Heavy rainfall during late winter and early spring 1990 resulted in

ineffective sampling conditions for migrating sauger in upper Chickamauga

Reservoir. Sauger have been successfully sampled in the spilling basin

of Watts Bar Dam from February through March; however, during these

months in 1990, Watts Bar Dam spill gates were open for much of this

period and the generators were operated constantly. To avoid the

turbulent water, sampling was restricted to the normally unproductive

lock approach channel resulting in low capture efficiencies.

Because of the low capture rates in 1990, the limited data collected that

year are addressed in this report along with 1991 results. Objectives



during the final two years (1990 and 1991) of the project were to: (1)

continue monitoring adult sauger population density and (2) evaluate

impacts of SQN operation and potential impacts of WEN operation on the

sauger spawning migration.

DESCRIPTION OF STUDY AREA

The study area in 1990 and 1991 was generally restricted to two major

sites: immediately downstream of Watts Bar Dam and the previously

identified Hunter Shoals spawning area (Hevel 1988 and Hickman et al.

1989) at Tennessee River mile (TRN) 520-521 (Figure 1). Flows in upper

Chickamauga are controlled by hydroelectric turbine discharges and

generally infrequent spillway releases from Watts Bar Dam. Water

temperatures fluctuate in response to discharges from the dam and

environmental influences such as cold fronts and solar heating. The SQN

diffuser is located 38 river miles below Hunter Shoals at TRM 483.4

(TVA 1985). WBN is located in upper Chickamauga Reservoir two river

miles downstream of Watts Bar Dam with a diffuser located at TRM 527.8

(TVA 1986). Operational characteristics of both plants were detailed by

Hickman et al. (1989). SQN units 1 and 2 operated at essentially full

load throughout the 1990 and 1991 sampling periods. WEN did not operate

during the 1990 or 1991 sample periods but did pump water through the

cooling system even though there was no thermal load.

METHODS

From mid-January to mid-April 1990 and from December 1990 to mid-April



1991 Watts Bar tajiwater areas were sampled with experimental gill nets.

Procedures were the same as used during 1986-89 sampling in upper

Chickamauga Reservoir (Hickman et al. 1990).

Sampling in 1990 was restricted to the lock approach channel until

March 7. From that point, both the spilling basin and the sauger

spawning area (Hunter Shoals) were sampled until mid-April. Sampling in

1991 was also restricted to the lock channel from February 19 to March

11, with the spilling basin sampled at other times during the period from

December 1990 to April 15, 1991. Hunter Shoals could not be sampled

until mid-April in 1991 due to continual high discharges through Watts

Bar Dam generators before that time. During both years set times were

typically limited to two hours to reduce catch mortality.

Hickman et al. (1989) suggested that a potential impact of nuclear plant

operation on success of the sauger spawn in upper Chickamauga Reservoir

would be attraction of fish to the warmer diffuser area instead of

suitable spawning sites. Additionally, the altered temperature regime in

the discharge plume could upset the synchrony of female sauger gonadal

development during the migration to the spawning site. To test these

potential impacts experimental gill nets were set in the vicinity of the

SQN plant and SQN diffuser during late January 1990 and 1991 and during

peak spawning in mid-April 1991. Observations on the spawning readiness

of female sauger were only used to address potential impacts to gonadal

development. Individuals were considered spawning ready when they

reached a free flowing state (i.e., when eggs could be observed after

applying slight pressure to the ventral surface anterior to the vent).



Data recorded on each net from all sample areas included: date,

location, length of time net was fished, and total number of each fish

species collected. For each sauger captured, additional data were taken

on total length (mm), weight (g), and sex (when available). Prior to

release, adult sauger were tagged with numbered disc reward tags below

the posterior insertion of the dorsal fin as described by Hickman et al.

(1989). Numbered spaghetti tags were used on most yearling sauger to

reduce tissue damage caused by disc tags as a result of the rapid growth

of juvenile fish. Tag numbers were recorded and the fish released into

the same area in which they had been captured.

DATA ANALYSIS

Gill netting data from 1990 and 1991 were summarized as catch per unit

effort (number/hour) for all species and length-frequency percentages for

sauger. Year classes were separated using lenght-frequency information

and knowledge from scale analysis of previous samples of sauger from

upper Chickamauga Reservoir. Sauger population size was estimated using

the Thompson and Juday mark and recapture census method (Lackey 1974).

Although some assumptions required for this method were violated (i~e., a

closed system), this estimate of number of spawning adult sauger provided

the best available measure of abundance. This multiple census method of

estimation is based on the formula:

N Z Ctmt
Ert

where N = estimated population size,
Ct= total fish captured on day t,
mt= total number of marked fish at the start of day t, and
rt= number of recaptures in the sample Ct.



Relative weights (W r) were calculated as a measure of fish condition.

Relative weight is based on a percentage comparison of the observed

weight per unit length with an accepted standard weight per unit length.

It is calculated using the formula:

Wr =Wx 100
ws

where W is the observed weight and W Sis the standard weight for a

given length. Standard weights of sauger for comparison with

Chickamauga Reservoir fish were generated from the sauger standard

weight equ~ation proposal by Guy et al. (1990).

RESULTS AN~D DISCUSSION

A total of 2,350 fish representing 29 species and two hybrids were

captured during 527 hours of gill netting in spring 1990 in Chickamauga

Reservoir (Table 1). Channel catfish (1.10 caught/hr), gizzard shad

(0.90), yellow bass (0.70), and blue catfish (0.50) were the most

abundant species captured. A total of only 41 sauger were collected

(including recaptures) with 34 being tagged.

The 574 hours of experimental gill netting conducted in late-winter

and early spring 1991 yielded 3,094 fish representing 28 species and

2 hybrids (Table 1). Sauger and channel catfish were the most abundant

species with catches per net hour of 1.07 and 0.92, respectively. Next

in abundance were yellow bass (0.69), white bass (0.51), Cherokee

bass (0.46) and skipjack herring (0.44). Catch rates of all other
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species were less than 0.40 individuals per hour. A total of 614

yearling and adult sauger were collected in 1991 of which 521 were tagged.

Inspection of length frequency percentages between 1990 and 1991 sample

years indicates that the 1990 year class was much stronger (Figure 2).

Age 1 sauger made up over 71 percent of the population in 1991, compared

to only 15 percent of the population in 1990. However, the apparent

strength of the 1990 year class may be deceiving as most naturally

produced age 1 sauger do not typically participate in the spawning

migration (Hickman et al. 1989). George Peck (personal communication)

stated walleye and saugeye fingerlings released in Cherokee Reservoir

annually from 1982 to 1990 tended to remain near the release area for one

year before dispersal. TWRA released approximately 116,000 fingerling

sauger (age 0) during May 1990 in upper Chickamnauga Reservoir at

Washington Ferry (TRM 518), 12 river miles below Watts Bar Dam. It is

probable the capture of large numbers of age 1 fish in spring 1991 was a

result of this release, and due to unnatural "clumping" in the study area

the numbers may not reflect the actual strength of the 1990 year class.

An additional 75,000 fingerling sauger were released in May 1990 by TWRA

into Sugar Creek, a small tributary to the Hiwassee River embayment of

Chickamauga Reservoir. Gill netting and electrofishing sampling in 15

embayments in Chickamauga Reservoir in an unrelated study during May 1991

(Al Brown, personal communication) resulted in the collection of 27

yearling sauger, 25 of which were from Hiwassee River embayments, again

suggesting unnatural clumping of stocked fingerlings. Therefore, it is

possible that 1991 sample results may be deceiving in that the abundance

of the 1990 year class may appear artifically high.



A total of only 9 recaptures were obtained during 1990 sampling at both

the Watts Bar Dam and Hunter Shoals areas resulting in a population

estimate of only 78 (confidence interval of 42 to 515) sauger migrating

to the headwaters of Chickamauga Reservoir. This indication of an

extremely depressed population was alarming; however, the abnormally high

flow conditions which lasted through much of the sauger spawn in 1990

reduced sauger sampling efficiency and possibly altered typical

distribution of migrating sauger. While adult sauger numbers probably

continued to decline during 1989, it is unlikely our results are an

accurate deptiction of the extent of the decrease.

The population estimate of sauger in upper Chickamauga during the spring

1991 spawning migration of 7,024 fish revealed a dramatic increase over

1990 sauger abundance. However, most of the estimated population

consisted of age 1 fish, probably resulting from TWRA stocking

activities. A total of 2,037 (with a confidence interval of 1,411 to

3,660) were age 2 or greater revealing that the adult sauger population

has increased over the previous lowest estimate (disregarding the low

1990 estimate) of 1,124 in 1989.

The relative condition of sauger in upper Chickamauga Reservoir in both

1990 and 1991 was above average to average. Anderson (1980) suggested

W rvalues in the range of 95 - 105 be considered average. The mean

W rof sauger in 1990 was 109 with sauger in 1991 exhibiting a Wr

of 104.



A total of only 2 sauger have been collected in 448 net hours between the

two sample years in the vicinity of the SQN diffuser. This sampling was

done during both peak migration and peak spawning periods. It is apparent

sauger do not congregate at the SQN diffuser during the spawning season.

Neither of the 2 sauger collected in the vicinity of the SQN diffuser

were free-flowing females. All female sauger captured in free-flowing

condition were obtained on or near the historical spawning area during

the April spawning period suggesting synchrony of gonadal development was

not upset by heated effluent from SQN.

CONCLUSIONS

During the six year history of this project, sauger exhibited definite

movement patterns, demonstrated a propensity to a certain spawning

location, and their population declined. Adult sauger population

estimates dropped from an estimated 18,000+ in 1986 to approximately

2,000 in 1991 (final year of study). Primary reasons for the declining

abundance were found to be poor reproductive success as a result of low

flows and unstable water temperatures during sauger spawning. Conditions

during spring 1990 and 1991 appear to have met both major criteria for

successful sauger spawns; however, natural reproductive success cannot be

determined due to the stocking of 175,000 age 0 sauger by TWRA. These

stockings were apparently successful as numerous age 1 sauger were

captured in the vicinity of the stocking area in 1991.

A satellite project was developed based on the results of these

investigations which addresses flow levels necessary to enhance sauger



reproductive success. It is anticipated that sauger densities in

Chickamauga Reservoir can be increased through timing of appropriate

minimum flow releases (4,000 cfs) from Watts Bar Dam with the historical

sauger spawning period in the reservoir. Testing of this hypothesis is

proposed for April during 1992 - 1994 under a separate project.

Impacts of SQN operation on the sauger spawn could not be investigated in

1990 due to late-winter spilling at Watts Bar Dam. However, sampling in

the vicinity of SQN diffuser was conducted during plant operation in the

1991 sauger spawning period. Results revealed that SQN operation does

not appear to impact either the migration of sauger to their traditional

spawning grounds (only 2 captured at SQN diffuser during 140 hours of

effort in 1991) or the syncrony of their gonadal development.

WEN has the greatest potential for adverse impacts because the plant is

located only 7 river miles upstream of the only known sauger spawning

area in Chickamauga Reservoir. However, discharges from WBN are expected

to be only 3 feet per second (maximum of 0.6 percent of the flow past the

plant). Water temperature fluctuations caused by plant operation will

not influence conditions at Hunter Shoals due to the rapid dilution of

the discharge water (only 0.8 C above ambient in mixing zone of

diffuser). The potential to influence sauger movement patterns at WBN is

similar to concerns at SQN, mainly diverting adult fish from the spawning

Bite and/or altering the rate of sauger maturation due to increased water

temperature in the immediate vicinity of the diffuser. However, due to

the limited change in ambient water temperature as a result of WBN

operation, no adverse impacts on the Chickamauga Reservoir sauger

population are anticipated.
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Figure 1. Location of nuclear plants and the sauger spawning area (Hunter
Shoals) on Chickamauga Reservoir.
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Table 1. Species list, number collected, and catch per hour
during winter - spring gill netting at Chickamauga Reservoir,
1990 (total effort of 527.4 hours) and 1991 (total effort of
574.4 hours).

1990 1991
Common Numbers Catch Numbers Catch
Name Collected Per Hour Collected Per Hour

Paddlefish 3 0.01 - -

Longnose Gar 30 0.06 7 0.01
Skipjack Herring 172 0.33 251 0.44
Alewife 15 0.03 - -

Gizzard Shad 462 0.88 217 0.38
Hybrid Shad 6 0.01 11 0.02
Rainbow Trout 1 0.00 - -

Mooneye 5 0.01 6 0.01
Carp 4 0.01 6 0.01
Golden Shiner 2 0.00 - -

Quil lback -- 4 0.01
Northern Hogsucker 1 0.00 - -

Smallmouth Buffalo 2 0.00 21 0.04
Spotted Sucker 24 0.05 14 0.02
Black Redhorse - 1 0.00
Golden Redhorse - 4 0.01
Blue Catfish 281 0.53 206 0.36
Yellow Bullhead 1 0.00 1 0.00
Channel Catfish 590 1.12 531 0.92
Flathead Catfish 28 0.05 45 0.08
White Bass 123 0.23 295 0.51
Yellow Bass 379 0.72 399 0.69
Striped Bass 54 0.10 52 0.09
Cherokee Bass 29 0.05 263 0.46
Warmouth 1 0.00 - -

Bluegill 7 0.01 7 0.01
Redear Sunfish 7 0.01 9 0.02
Smallmouth Bass 3 0.01 5 0.01
Largemnouth Bass 7 0.01 6 0.01
White Crappie 9 0.02 9 0.02
Black Crappie - 10 0.02
Yellow Perch 2 0.00 6 0.01
Sauger 41 0.08 614 1.07
Walleye 4 0.01 53 0.09
Freshwater Drum 57 0.11 29 0.05

Totals 2350 4.46 3094 5.39
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