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Executive Summary 

In accordance with the National Pollutant Discharge Elimination System (NPDES) 

Number TN0026450 the Tennessee Valley Authority's Sequoyah Nuclear Plant (SQN) 

conducted monitoring to evaluate the effects of the operation of SQN's condenser

cooling water intake on the aquatic community of Chickamauga Reservoir. 

Impingement samples were collected in the winter of 2001-2002 from the SQN traveling 

screens. Seasonal peaks of fish impingement were selected from historical data sets to 

(1) assess the impact of current operation on the aquatic populations, (2) compare 

current operation with previous operational data, and (3) to ensure compliance. The 

2001-2002 data were similar to the 1981-1985 historical data; threadfin shad was the 

dominant species and other species were impinged in low numbers. Based on the 

2001-2002 data, current operation of SQN is having no significant effect on the aquatic 

populations in Chickamauga Reservoir. 
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Introduction 

Sequoyah Nuclear Plant (SON} withdraws condenser-cooling water (CCW} from the 
Tennessee River and is subject to compliance with the Tennessee Water Quality Act 
and the Clean Water Act (CWA). Section 316(b) of the CWA requires facilities to 
demonstrate that the CCW is having no significant impact on the aquatic community. 
Impingement is a component of 316(b) and is defined as an impact of which fish and 
other aquatic organisms are trapped or impinged against the intake screens. TVA 
conducted impingement studies at SQN from 1981 through July 1985 to assess the 
effects of operation on the aquatic community. No significant impact was observed in 
these studies. The Emergency Raw Cooling Water (ERCW) contributes only 0.7 
percent of the pumping capacity and, historically, impinges low numbers of fish. 
Therefore, potential impacts from operation of the ERCW are minimal and no additional 
evaluations are included in this report. This report presents impingement data collected 
from the CCW intake screens in the winter of 2001-2002 with comparisons to historical 
data. 

Plant Description and Operation During Study Period 

SQN is located on the west shore of Chickamauga Reservoir at Tennessee River Mile 
(TAM} 484.5 (Figure 1 ). The two units (water pressurized reactors) have a total 
nameplate rating of 2,441 megawatts (MW). Natural draft cooling towers enables SQN 
to operate in an open, closed, or helper mode. In open mode operation with both units 
at maximum power, total water demand is 72.45 m3/s (2,558 cfs). CCW is drawn from 
Chickamauga Reservoir into the intake channel through an opening approximately 
165 m in length and 3 m height located near the bottom of the skimmer wall. The 
skimmer wall is situated near the river channel enabling SON to withdraw cooler water 
from the lower stratum. From the intake channel, water passes through six, 3-m wide 
traveling screens to the intake pumps. Mesh openings on screens are 0.95 cm2

• 

Both units were near full load December 2001 through February 2002 (Figure 2). 
Average daily generation for the two combined was 2373 MV; Unit 1 averaged 1186 MV 
and Unit 2 1187 MV. Six intake pumps were usually in operation producing an average 
daily intake flow of 2536 cfs. Velocity at traveling screens averaged 1 .2 fps with a 
maximum of 1.3 and a minimum of 1 .2 fps. 

Materials and Methods 

The 2001-2002 impingement study was conducted in winter, historically, when peak 
numbers of fish are impinged at SON. Ten impingement samples were collected from 
the CCW screens between December 19, 2001 and February 25, 2002. Each of the six 
intake screens were washed and rotated to remove all fish and debris. After 
approximately 24 hours, screens were individually washed and rotated. Fish were 
collected in the catch basket at the end of the sluice pipe. Due to problems, one 
sample, collected on January 17, 2002, was for a 48-hour period. Fish were identified, 
separated into 25 mm length classes, enumerated, and weighed. Estimates of monthly 
impingement rates were calculated and compared with historical data. 

1 
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Results and Discussion 

Fifteen fish species representing eight families and one exotic mussel (zebra mussel) 
were collected in the SQN impingement samples (Table 1 ). The prolific non-native 
zebra mussel is a nuisance species introduced into the Tennessee River system in the 
last ten years. Zebra mussels are not an impingement concern and must be monitored 
to ensure accumulation in the intake structure does not impede flow. One species, 
alewife, was observed for the first time in SQN impingement samples. Alewife is a cool 
water forage species introduced into Watauga Reservoir in 1976 and continues to 
extend its range downstream. 

A total of 13,570 fish weighing 50,532 grams was collected in the ten samples (Table 2). 
Threadfin shad was the dominant species comprising 97 percent of the total number 
collected and 74 percent of the total weight (Table 3). All other species contributed less 
than one percent of the total number; both bluegill and freshwater drum contributed 0.8 
percent. By weight, freshwater drum ranked second comprising 15 percent of total. 

Threadfin shad are typically the dominant species impinged at TV A power plants and 
significant annual and seasonal fluctuations in population estimates for the species is 
common. The average monthly impingement rate for threadfin shad was 36,427 in the 
winter of 2001-2002; monthly estimates were 45,720 in December, 53,400 in January, 
and 6944 in February. This is higher than the historical monthly average (Figure 3) but 
similar to the 46,000 estimated for December 1981. Historical data was averaged over 
a 52-week period in 1981 through 1984 and January through July in 1985, whereas, the 
2001-2002 data was collected during winter. Threadfin shad have a high fecundity rate, 
move in large schools, and are intolerant to cold temperatures, often resulting in high 
mortality rates in winter. These traits are probably major contributing factors to the 
annual and seasonal fluctuation in numbers of fish impinged at SQN. Annual fluctuation 
in population estimates for threadfin shad in Chickamauga Reservoir was also observed 
in historical rotenone data (Figure 4). Gizzard shad, bluegill, and freshwater drum were 
impinged at rates near the median or below historical estimates (Figures 5, 6, and 7). 
Impingement estimates for channel catfish was higher for 2001-2002 (Figures 8) but 
numbers were low compared to reservoir population. Species not impinged in 2001-
2002 that ranked in the top five one or more years between 1981 and 1985 were 
skipjack herring, yellow bass, yellow perch, and spotted bass. 

Summary and Conclusions 

The 2001-2002 data presented the worse case scenario, samples collected in the winter 
when peak numbers are typically impinged at SQN. Impingement estimates for all 
species, except threadfin shad, were low numbers and consistent with the 1981-1985 
historical data. Numbers estimated for threadfin shad were similar to historical peaks 
and the significant drop in the numbers impinged in February 2002 is consistent with 
seasonal fluctuations previously reported. The 2001-2002 data shows no change in 
SQN operation since the 1981-1985 operational studies that would potentially impact the 
fish populations in Chickamauga Reservoir. 

2 
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Table 1. List of species impinged on the intake screen at Sequoyah Nuclear Plant in ten samples 
collected between December 18,2001 and February 25,2002. 

Fish 
Clupeidae 

Alewife Alosa pseudoherengus 
Gizzard shad Dorosoma cepedianum 

Threadfin shad Dorosoma petenense 
Cyprinidae 

Bluntnose minnow Pimephales 11otatus 
Ictaluridae 

Channel catfish lctalurus pu11ctatus 
Flathead catfish Pylodictis olivaris 

Poeciliidae 
Mosquitofish Gambusia affillis 

Percichthyidae 
Striped bass Moro11e sa.mtilis 

Centrarchidae 
Redbreast sunfish Lepomis auritus 

Bluegill Lepomis macrochirus 
Redear sunfish Lepomis microlophus 

Largemouth bass Micropterus salmoides 
White crappie Pomoxis ammlaris 

Percidae 
Logperch Perci11a caprodes 

Sciaenidae 
Freshwater drum Aplodi11otus grumriens 

Mussels 
Zebra mussels Dreissena polymorpha 

3 
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Table 2. Total number and weight (grams) of each species impinged on the intake screen at 
Sequoyah Nuclear Plant in ten samples collected between December 18, 200 I and 
February 25,2002. 
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Table 3. Percent composition of fish impinged by Sequoyah Nuclear Plant between December 
18, 2001 and February 25,2002. 

Forage 
Alewife 0.23 0.82 
Gizzard shad 0.43 1.33 
Threadfin shad 96.98 74.09 
Bluntnose minnow 0.02 0.03 
Mosquitofish 0.13 O.oJ 
Logperch 0.03 0.08 

Forage Totals 97.82 76.36 

Commercial 
Channel catfish 0.28 1.33 
Flathead catfish 0.02 4.68 
Freshwater drum 0.77 14.68 
Commercial Totals 1.07 20.69 

Game 
Striped bass 0.24 0.46 
Redbreast sunfish 0.01 0.73 
Bluegill 0.80 0.64 
Redear sunfish 0.02 0.02 
Largemouth bass 0.01 0.27 
White crappie 0.01 0.83 

Game Totals 1.09 2.95 

5 



Figure 1. Sequoyah Nuclear Plant cooling water intake structure. 
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EXECUTIVE SUMMARY 

This is the final report of an investigation conducted by the Tennessee 

Valley Authority (TVA) from 1986 through 1989 to determine the status of 

white crappie in Chickamauga Reservoir. In 1986 the Tennessee Division 

of Water Pollution Control (TDWPC) and the Tennessee Wildlife Resources 

Agency (TWRA) expressed concern to TVA over declining populations of 

white crappie, sauger, white bass and channel catfish in Chickamauga 

Reservoir. The state agencies were concerned that operation of TVA's 

Sequoyah Nuclear Plant (SQN) was a contributing factor in the decline of 

these species. The possibility of future combined impacts from operation 

of Watts Bar Nuclear Plant (WBN) was also addressed in a letter of 

concern from TWRA. 

This investigation was designed to determine the current status of the 

white crappie population in Chickamauga Reservoir. During this 

investigation, various methods were used to sample all life stages of 

crappie. Statistical analyses were applied to current as well as 

historical data. Findings relative to specific objectives are summarized 

below. 

Cove rotenone and creel data indicate the adult white crappie population 

in Chickamauga Reservoir has declined in recent years and the trend 

appears to be continuing. 

Crappie spawning is concentr~ted in large embayments such as Wolftever 

Creek and smaller tributaries throughout the reservoir. Overbank habitat 

iv 
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along the main channel appears to be insignificant for crappie spawning. 

Spawning success as estimated by annual larval densities and survival 

through early life history stages was not found to be a major factor in 

the overall population decline. 

An increasing trend in densities of young-of-year white crappie in cove 

rotenone samples documented good survival through the early juvenile 

stage. Year-class success and adult densities were found to be 

determined by survival rate of juvenile fish through their second 

summer. Factors found to be correlated with increased mortality of young 

crappie during this critical period include: increased area of aquatic 

vegetation, increased numbers of young-of-year and yearling sunfish and 

largemouth bass, and increased numbers of adult largemouth bass and 

gizzard shad. 

Differences in food habits and preferred habitats may be responsible for 

a dramatic shift in dominance from white to black crappie observed in 

Chickamauga Reservoir. Young black crappie are reported to prefer heavy 

vegetation and feed more readily on organisms associated with it. 

Increased aquatic vegetation in Chickamauga Reservoir, especially during 

the period of drought (1985-88), has likely had a negative effect on 

white crappie and favored dominance by black crappie. 

Increased harvest of black crappie may compensate for decreased harvest 

of white crappie. Catch rates for both species were low relative to 

catch rates in the early 1970s, but were higher than most other Tennessee 
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reservoirs in 1988 and 1989. Assuming present trends continue, it 

remains to be seen if an increased population of black crappie in 

Chickamauga Reservoir will compensate for the declining population 

of white crappie in terms of fisherman harvest. 

Historical data and results of this investigation indicate no or minimal 

potential impacts to white crappie from operation of SQN and WBN. 

Monitoring results have shown low entrainment and impingement of crappie 

at SQN and no concentration of fish or increased fishing pressure has 

been observed near the SQN thermal plume during winter. Also since both 

SQN and WBN discharges are restricted to the main river channel and do 

not effect crappie spawning habitat, early spawning due to elevated 

thermal regimes does not represent a potential impact. Therefore, the 

current declining trend for white crappie in Chickamauga Reservoir cannot 

be correlated with any present effect of SQN operation or potential 

effect of WBN operation. 
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INTRODUCTION 

White crappie (Pomoxis annularis) in combination with its nearest 

relative, the black crappie (Pomoxis nigromaculatus), rank either first 

or second in popularity among sport fishermen in the Tennessee Valley 

region and thus, are economically important to the recreational industry 

of the area. Creel surveys conducted by the Tennessee Wildlife Resources 

Agency (TWRA) have shown wide fluctuations in annual harvest of white 

crappie from Chickamauga Reservoir during the period 1972-88 (TVA 1989). 

A declining trend, however, in both harvest and catch rate was observed 

during the period 1982 through 1985. Similar declining trends for 

numbers and biomass of both intermediate and adult white crappie in 

Chickamauga Reservoir were observed in cove rotenone data collected by 

the Tennessee Valley Authority (TVA) from 1982 through 1987 (TVA 1989). 

As a result of this apparent decline in sport fisheries, and perhaps 

other factors, TWRA and the Tennessee Division of Water Pollution Control 

(TDWPC) described the aquatic system of Chickamauga Reservoir as 

"stressed" from a water quality standpoint. Sauger, white bass, and 

channel catfish were listed along with white crappie as species with 

declining populations. TWRA also expressed specific concern that 

operation of SQN might aggravate any already "stressed" situation in the 

reservoir and that the potential combined effects created by the future 

operation of Watts Bar Nuclear Plant (WBN) should also be considered. In 

1986, TVA began an investigation to address these concerns for the white 

crappie population in Chickamauga Reservoir. 
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The predominant objective around which the investigation was designed was 

to determine the status of, and any trends in, the white crappie 

population of Chickamauga Reservoir. More specific objectives were to: 

(1) identify important spawning areas and quantify annual abundance 

(densities) of crappie larvae; (2) measure survival through the juvenile 

stage to determine relative year-class success; (3) examine factors 

influencing year-class success and survival of crappie, including 

potential influence of SQN and WBN; (4) determine the interspecific 

relationship and trend in dominance between white and black crappie; and 

(5) evaluate whether the populations of both white and black crappie are 

adequate to support normal fishing pressure. 

METHODS 

Larval Fish Sampling 

During the period 1973-85, as part of pre-operational and operational 

monitoring at SQN, larval fish samples were taken on a weekly or 

bi-weekly basis each year (except 1978) in the vicinity of SQN. These 

historical data were used in conjunction with rotenone data to describe 

relationships with other environmental parameters to explain white 

crappie mortality and recruitment. For a more detailed description of 

procedures and areas sampled during this period see TVA (1978, 1985). 

The following summarizes the methods and procedures used during this 

investigation. 

1986 - Initial ~ampling for this project consisted of four weekly surveys 

to collect larval crappie from April 29 through May 20, 1986. A total of 
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sixteen 10-minute samples was collected each week using a 0.5 m2 

push-net. Two transects located at Tennessee River Mile (TRM) 480.9 

(Dallas Bay) and TRM 482.6 (Diffuser) with two stations each were sampled 

on the reservoir and four stations were sampled in Wolftever Creek 

embayment (TRM 478.5). The net was towed obliquely through the water 

column to sample the desired stratum, usually either from near bottom to 

surface or from near bottom to mid-depth and then mid-depth to surface. 

All samples were ten minutes in duration and collected during daytime. 

Samples were placed in labeled jars and fixed with 10 percent formalin. 

1987- Push-net sampling for crappie larvae began on April 21, 1987, and 

continued weekly through May 29, 1987. Sample methods were similar to 

those described above. In some shallow overbank areas containing aquatic 

vegetation, samples consisted of towing the net immediately below the 

surface for the entire 10-minute run. All push-net sampling in 1987 was 

conducted between TRMs 502.9 and 511.5 in the general vicinity of 

Armstrong Bend and at two stations (Hiwassee River Miles (HRMs) 3.4 

and 7.9) in the Hiwassee River. 

Also in 1987, weekly sampling with light-traps in Wolftever Creek 

embayment was initiated on June 9 and continued through July 15. Samples 

were collected from both shallow (1-2 m) and deeper (3-7 m) overbank 

areas as well as channel areas (9-11 m). 

Light-traps consisted of PVC pipe cylinders with four Plexiglas 

"windows", .Plexiglas light-tubes, and catch-cups. Light-traps were set 

at night, with one or two chemical light-sticks placed in the light-tube, 
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then retrieved after two to four hours. Samples were rinsed into labeled 

jars and fixed with ten percent formalin. 

1988 - Sampling for larval crappie began on April 26 and continued 

through June 17. Sample methods were the same as those described for 

1987. All samples were collected from the Armstrong Bend area of 

Chickamauga Reservoir (TRMs 502-511) using both push-nets and light 

traps. Weekly daytime push-net sampling began on April 28 and continued 

through May 24. Sample depths ranged from just below the surface to 

approximately three meters, depending upon bottom depth and macrophyte 

concentration. Light-traps were fished weekly at night from April 26 to 

June 17 in the same general areas that were sampled with push-nets, 

except that some light traps were set in and adjacent to macrophyte beds 

where push-nets could not be used. Depths at which light-traps were 

fished ranged from just below the surface to 7.3 meters. All push-net 

samples were 10-minutes long and light-traps were fished for 

approximately three hours per sample. 

1989 - Push-net sampling began on May 2 and continued biweekly through 

July 11. Two areas of the reservoir were sampled. Eight samples were 

collected from the same three transects sampled in 1986 (Dallas Bay, SQN 

Diffuser, and Wolftever Creek embayment), and eight samples were 

collected from three transects in the Armstrong Bend area of Chickamauga 

Reservoir. These transects were located at Armstrong Slough (TRM 503), 

Richland Creek (TRM 504.3), and Gillespie Slough (TRM 506). At each 

transect, samples were taken from the river channel (upper and lower 
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strata) and from either an adjacent slough, tributary creek, or 

shoreline/overbank area. A total of 39 light-trap samples was collected 

in 1989. Traps were set in the same general areas where push-net samples 

were taken on June 13, June 27, and July 12. 

Analysis of Historical SQN Larval Monitoring Data 

Larval fish densities through the period 1973-85 were examined using 

stepwise multiple regression to identify environmental factors 

determining larval crappie abundance. The dependent variable used in 

this analysis was the logarithm of numbers of 5 mm crappie larvae per 

1000 3 m • Since larval densities of zero were included, one was added 

to the density values prior to transformation. 

Environmental parameters were examined for three time periods: one week 

prior to spawning, spawning to hatching (incubation), hatching to 5 mm 

(larval stage). Siefert (1968) reported white crappie incubation periods 

ranging from 42 to 103 hours, decreasing with higher temperature. We 

assumed an incubation period of three days. At hatching, larval crappie 

are 2 to 3 mrn in total length (TL) (Hogue et al. 1976). Larval growth 

rate was estimated by calculating the mean julian date (consecutively 

numbered days from January 1) for each millimeter size-class. This 

procedure was used by DeAngelis et al. (1980) for white crappie in 

Pickwick Reservoir. Growth averaged approximately 0.5 mm per day. Five 

days from hatching to 5 mm TL was assumed. 

Environmental variables included in this study were water temperature, 

surface elevation, and discharge (flow) from Chickamauga Dam. Means, 
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minimum values, maximum values, variability (standard deviations), and 

daily changes during the three time periods were included in this 

analysis. Quadratic terms were evaluated because biological responses to 

environmental variables are frequently curvilinear in nature. 

Life History 

During November 1987, random (qualitative) electrofishing was conducted 

on four separate days (November 3, 9, 11, and 13) in Wolftever Creek 

embayment to collect crappie for life history information. Length and 

weight data were recorded and scales and otoliths from both white and 

black crappie were collected for age and growth analysis. 

During August and September 1989, a 15.2-m-long (50 ft) bag seine was 

used to sample for juvenile crappie on Chickamauga Reservoir. Six to ten 

sites each were seined in the upper and lower sections of the reservoir. 

In the upper area, seine samples were collected in Grasshopper and Sale 

Creek embayments and from the main channel shoreline in the vicinity of 

TRMs 493.5-495.0. In the lower portion of the reservoir, samples were 

collected from Wolftever Creek and Dallas Bay embayments and the 

reservoir shoreline between TRMs 478-483. Also, on September 6 and 7, 

four seine samples were collected in Sewee Creek embayment and two from 

the shoreline at TRM 526 on the extreme upper end of Chickamauga 

Reservoir. Each seine sample consisted of anchoring one end of the seine 

at the shoreline and then stretching the seine to its full length 

perpendicularly out from the shoreline. Then one person pulled the 

outside end back to shore, while the other end was held stationary or 
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only pulled a short distance. Thus, the area sampled consisted of 

one-fourth of the area of a circle with a radius of 15.2 m (SO ft). 

r Wisconsin-type trap nets (1.22 m deep) were used for one week each during 

November and December 1989 to collect crappie in upper and lower 

r Chickamauga Reservoir. On November 6, 1989, a total of ten trap nets was 

set in Wolftever Creek and Dallas Bay embayments and near the shoreline 

r on the river channel between TRMs 478 and 480. The nets were fished for 
' 

two days and lifted on November 8, reset, then lifted and removed on 
~ 

! November 10. Ten nets were also set on December 4, 1989, in Grasshopper 

and Sale Creek embayments near TRM 495. These nets were lifted on 

December 5, reset, then lifted and removed on December 7. All crappie 

r were weighed and measured, and a sample of young-of-year and yearling 

specimens preserved for life history information and stomach content 

analysis. 

r Laboratory Analysis 

Larval Fish Samples--Samples were processed by removing all 

Pomoxis sp. (black crappie and white crappie) and Marone sp. (white bass 

r and yellow bass). These specimens were identified to species where 

~ 

possible, a function of specimen size and developmental stage 

i (approximately 10 mm TL). 

r 
I 

Age and Growth--Scales and otoliths removed from black and white 

r crappie collected by electrofishing and trap netting in 1987 provided 

r -7-
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data on age composition and annual growth. Fish length at formation of 

each annulus was estimated using the formula: 

L = A + S (L - A) I Sc n n c 

Where ~ = length at annulus formation, 
Lc = length at capture, 
Sn = scale or otolith measurement to a given annulus, 
Sc = measurement to the margin, 
A = correction factor. 

A standard correction factor (body-scale regression intercept) of 35 mm 

standard length was used as recommended by Carlander (1977). 

Back-calculated lengths at annulus formation were compared to historic 

mean values for other mainstream reservoirs. Comparisons were also made 

with white crappie age and growth data from Chickamauga Reservoir for 

1970 through 1979. 

Stomach Content Analysis--Specimens of both black and white crappie 

collected from electrofishing and trap-netting in Chickamauga Reservoir 

during 1989 were preserved for analysis of stomach contents. Fish were 

selected from a length range representing young-of-year and yearling 

crappie to determine important food organisms utilized during this period 

of their life. Stomach contents from 65 white crappie 63-174 mm TL, and 

109 black crappie from 60-193 mm TL were examined. Parameters recorded 

for each specimen included: fish length (TL) and weight (grams); 

fullness of stomach (percent); condition of contents (excellent, good, 

poor, bad) based on stage of digestion; and number of food organisms 

identified to lowest practical taxon, usually order or family. Percent 

composition by taxon of food organisms was calculated for each 25 mm TL 

increment for both species of crappie. 
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Cove Rotenone Sampling and Analysis 

TVA has conducted cove rotenone sampling on Chickamauga Reservoir as part 

of both preoperational and operational nonradiological monitoring 

programs since 1970 to determine trends in standing stock (numbers/ha and 

kg/ha) of game, prey, and commercial fish species. Cove rotenone data 

provide estimates of reproductive success, year-class strengths, and 

relative fish stock sizes in a given year. In 1970, 12 coves were 

sampled. The sampling regime was standardized in 1971, with four coves 

(figure 1) sampled each year during late August or September. The same 

coves were used each year; however, two sites were relocated (once in 

1977 and again in 1987) because of housing development. Standardized 

rotenone field procedures are summarized in detail by TVA (1983). 

Standing stocks of young, intermediate, and adult size classes of white 

and black crappie (as well as other species) were analyzed using a linear 

regression model to determine statistically significant trends over the 

period 1970 through 1989. 

An index of adult crappie was developed based on year-class abundance of 

age 2 through age 4 white crappie for a given year. Age 5 and older 

crappie were not included since few individuals survive beyond age 4. 

The index was based on densities of yearling white crappie during the 

previous three years. It also accounted for the decline in numbers of 

each cohort due to mortality. Annual mortality of age 1 and older white 

crappie was estimated to be 50 percent. The index developed to describe 

age 2 and older abundance was: 

Bt = It-1 + 0.5 It-2 + 0.25 It-3• 
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Where Ht is the calculated index of age 2 and older abundance, and It 

is yearling density in a given year. A similar index was developed by 

Mitzner (1981) to predict crappie harvest rates based on juvenile 

densities. 

Relationships of total densities and harvest rates, and densities and 

mortality, to selected environmental parameters were examined for each 

size class of white crappie using correlation analysis. Parameters 

included in this analysis were area of aquatic vegetation; total annual 

fishing pressure; dissolved oxygen (DO) concentration at a depth of 3 m; 

and densities and biomass of largemouth bass, sunfish, threadfin shad, 

gizzard shad, and combined threadfin and gizzard shad. Total, 

young-of-year, intermediate, and adult size class density and biomass 

were included for the four taxa examined with correlation analysis. 

Length frequency analysis and age and growth data were used to assign 

white crappie to the age groups young-of-year, yearling, and age 2 and 

older. Instantaneous mortality rates were computed based on these age 

groupings. Mortality between young-of-year and yearling was computed as: 

ZY = -[ln(It+l)- ln(Yt)l, 

Where Yt is the number per hectare of young-of-year and It+l is the 

number of yearling white crappie the next year. Instantaneous mortality 

of yearling and older fish was computed as: 
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Where It and At are, respectively, yearling and older densities in a 

given year, and At+l is age 2 and older density the next year. 

Relationships between density and mortality of young white crappie to 

selected environmental variables were examined using correlation 

analysis. Independent variables chosen for these analyses included area 

(hectares) of aquatic vegetation, annual fishing pressure, and density 

and biomass of young-of-year threadfin shad. 

Creel Surveys 

Fishing pressure and catch rate data for white and black crappie in 

Chickamauga Reservoir were obtained from TWRA. Reservoir-wide creel 

surveys have been conducted by TWRA since 1972. Procedures have followed 

a design by Dr. D. W. Hayne of the Institute of Statistics at Raleigh, 

North Carolina. These procedures are described in more detail in a 

report by TVA (1986). 

Annual creel estimates from 1972 through 1984 were based on a period of 

time beginning July 1 each year and ending June 30 the following year. 

Creel data from 1985 through 1989 were summarized on a calendar year 

basis. Catch rates per hour {all anglers) were also examined. 

RESULTS AND DISCUSSION 

Larval Fish Sampling 

3 Push-nets--Densities (number/1000 m ) of larval crappie were 

estimated from push-net samples collected during the period 1986-89 in 
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Chickamauga Reservoir. Number of samples and sample locations varied 

from year to year because efforts were made to sample various areas and 

habitats within the reservoir. 

In 1986, 932 larval crappie were collected in 64 push-net samples taken 

during the four week period April 29-May 30. Total length ranged from 4 

to 10 mm. Annual mean density was 104 per 1000 m3 (table 1). 

In 1987, 119 push-net samples were collected during the period 

April 21-May 29. No crappie larvae were collected on the first sample 
0 

date (April 21) when mean water temperature was 19.2 C. On the 

remaining three sample dates, 2859 larval crappie were collected in 104 

samples. Total length ranged from 4 to 13 mm, although 94 percent 

(2688) were 4-6 mm TL. 3 Annual mean density was 191 per 1000 m • 

In 1988, 4179 crappie larvae ranging from 4 to 14 mm TL were collected in 

83 push-net samples during the five week period April 26-June 17. A peak 

density of 506 per 1000 m3 was recorded on May 10. Eighty-eight 

percent of all crappie collected in push-nets were 4-6 mm TL. Annual 

mean density was 389 per 1000 m3• 

In 1989, 84 push-net samples were collected bi-weekly during the period 

May 2-July 13. A total of 302 crappie was collected, including 288 

Pomoxis sp. 4-13 mm TL, 7 white crappie 16-32 mm TL, and 7 black crappie 

16-28 mm TL. This total was the lowest collected during this study 

(table 1) and may be due, in part, to extremely high flow conditions 
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during the sampling period which could have scattered larval crappie 

earlier than normal and carried them out of the sampling area. Annual 

mean density was only 25 per 1000 m3; however, the collection of 14 

larger specimens (16-32 mm) could indicate greater than average survival. 

Annual estimated mean densities of larval crappie were highly variable 

(table 1) during both the 1986-89 study and the preoperational and 

operational monitoring at SQN (1973-85 except 1978), but were noticeably 

higher during the recent study. During SQN monitoring, all samples were 

collected in the river channel and adjacent overbank rather than from 

embayments as were most samples during the present study. Analysis of 

samples collected in Wolftever Creek embayment and from the river channel 

during 1986 indicates more concentrated spawning by crappie in embayments 

than in channel areas of the reservoir. This could explain the lower 

densities of crappie larvae in table 1 prior to 1986 when samples were 

collected in the channel and overbank areas of the reservoir. 

Light-traps--In 1987, only two crappie were collected in a total 

of 124 light-trap samples. Both specimens collected on July 1 were 

juvenile black crappie (35 and 42 mm TL). Light-traps were set too late 

to sample crappie larvae during their peak abundance and apparently were 

ineffective at sampling larger post yolk-sac larvae and juveniles. 

In 1988, light-trap sampling began April 26 and ended June 17 and was 

more successful as a total of 691 crappie was collected. Effort 

consisted of 137 light-trap sets fished for a total of 199.5 hours. 
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r Catch per unit of effort over the entire sample period was 3.5 

crappie/light-trap-hour fished. Total length range for crappie in 

r light-trap samples in 1988 was 4-25 mm. 

r 
l Only three larval and three juvenile crappie were captured in 39 

~ 
I 

light-trap samples during the three sample periods in 1989. Three 
( 

Pomoxis sp. 5-13 mm TL, one juvenile white crappie (27 mm TL), and two 

r post yolk-sac larval black crappie (15 and 19 mm TL) were collected on 
l 

the first sample date (June 13). 

r 
r These results of push-net and light-trap sampling (especially during 1987 

and 1988) demonstrate the concentration of spawning activity and 

r abundance of larval crappie in embayments and habitats secluded from the 

main channel of Chickamauga Reservoir. This distribution pattern for 

r crappie during spawning and early life history tends to isolate them from 

r areas of potential impacts from operation of SQN and future operation of 

WBN, such as entrainment, impingement, and thermal effects. 

r 
Factors Determining Larval Abundance 

r Selected environmental factors likely to influence larval abundance were 

r 
evaluated using multiple regression analysis of larval crappie 

densities. The regression model which best explained larval densities, 

i having the highest correlation coefficient with the fewest independent 

I variables is shown in table 2. This model, which included water surface 

r elevation and water temperature one week prior to spawning and mean flow 

during the larval stage, explained 65 percent of variability in the data. 

r 
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Larval densities were highest when mean water temperature was between 

18° and 20°C during the week prior to spawning (figure 2). The 

response surface of figure 3 shows predicted larval densities as a 

function of discharge and water level. Densities were greatest with 

higher water levels and lower flow. 

Trap-netting 

During November 6-10, 1989, ten trap-nets fished in Wolftever Creek and 

Dallas Bay embayments caught 102 white and 136 black crappie. During 

December 4-7, 1989, ten trap-nets fished in Grasshopper and Sale Creek 

embayments caught 20 black and 6 white crappie. 

These samples were collected to provide species composition data and 

young-of-year and yearling specimens for life history information. 

A representative sample of these specimens was preserved for stomach 

content analysis, and scales and otoliths removed for age determination. 

Seine Sampling for Young Crappie 

During August and September 1989, 32 seine samples captured 45 black 

crappie and 2 white crappie. Their total length ranged from 44 to 167 mm 

and 56 to 114 mm for black and white, respectively. Samples (14) from 

the lower end of the reservoir (Harrison Bay, Dallas Bay) contained 32 

black crappie while 13 samples from mid-reservoir (Grasshopper, Sale 

Creeks) caught only 13 black crappie. The two white crappie were 

collected in Sewee Creek embayment in the upper end of the reservoir. 
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Age and Growth 

White crappie collected in Chickamauga Reservoir in 1987 were aged using 

both scales and otoliths. Otoliths were found to be more reliable than 

scales, which were difficult to read. First-year length estimates were 

comparable for scales and otoliths. Mean length at annulus formation 

(one year old) of 1987 year class white crappie from Chickamauga 

Reservoir was much greater (table 3) than previous data for white crappie 

from Chickamauga (1970-79), Fort Loudoun Reservoir (1984), or means for 

other Tennessee River mainstream reservoirs combined. Annual growth rate 

of older Chickamauga white crappie was lower than that from these other 

reservoirs. By age 3, mean lengths of Chickamauga white crappie were 

comparable to the means for other mainstream reservoirs and Chickamauga 

white crappie from 1970-79 collections. Mean lengths of Chickamauga 

white crappie (using otoliths) were greater for all five age classes than 

for white crappie from Watts Bar Reservoir in 1988 (Mooneyhan 1989). 

Black crappie from Chickamauga Reservoir in 1987 had slightly lower 

growth rates than the mean for other mainstream reservoirs and for black 

crappie from Watts Bar Reservoir in 1988 (table 3). Growth rates of 

black crappie in Chickamauga were also lower than those of white crappie 

collected from the same locations during 1987. 

Stomach Content Analysis 

The primary objective of this analysis was to determine if there was a 

noticeable difference in stomach contents between black crappie and white 

crappie at this size and time of year. Analysis of stomach contents for 
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young-of-year and yearling white crappie and black crappie from 

Chickamauga Reservoir in November and December 1989 revealed very similar 

feeding habits for all four size classes of both species (table 4). The 

dominant food organism consumed by both species was copepods, which 

comprised approximately SO percent of the total contents, followed by 

cladocerans and chironomid larvae. Most of these fish were too small to 

have switched to a piscivorous diet which explains the lack of fish 

remains in the stomach contents. 

Cove Rotenone Data, Mortality and Correlation Analysis 

Young-of-year white crappie densities varied considerably from year to 

year. Correlation analysis of density versus year was used to identify 

statistically significant trends over the period 1970 through 1989. Both 

density and biomass data were analyzed, but since results were similar, 

only density values are presented. TVA (1989) previously reported a 

significant increasing trend in density of young-of-year white crappie. 

With inclusion of the 1989 data, these trends are no longer 

statistically significant (table 5). The 1989 young-of-year stocks were 

the lowest of any year since 1976. Significant positive correlations 

were found between densities of young-of-year white crappie and densities 

of young-of-year gizzard shad (table 6). A significant inverse 

correlation was found with adult threadfin shad. These correlations may 

not represent direct cause and effect relationships, but could result 

from conditions being near optimum for both species in a given year, or 

in the case of a negative correlation, could represent direct 

interspecific competition. 
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Young-of-year white crappie densities from rotenone samples were 

significantly correlated with larval densities during the same year. 

Figure 4 suggests this relationship is curvilinear, with density 

dependent factors reducing survival at higher larval densities. 

Examination of larval size structure for 1977, 1981, and 1982 provides 

additional evidence of density dependent mortality (figure 5). Larval 

densities were the highest in 1981 (over 40 per 1000 m3). Mortality 

was high for this year class and few larvae greater than 14 mm TL were 

collected. In 1977 and 1982, larval densities were the third and fourth 

highest. Larval mortality was lower for these year classes (figure 5), 

and greater young-of-year stocks were produced. 

Significant decreasing trends were found for density of yearling 

(intermediate) white crappie from rotenone samples during 1970-89. 

Significant (p < 0.05) inverse correlations were found with each size 

class of sunfish (table 6). This correlation could result from direct 

competition for food and habitat. The relationship between yearling 

white crappie and the previous year's young-of-year stocks was 

non-significant. Further examination of this relationship (figure 6) 

indicated mortality between young-of-year and yearling age groups was 

higher since 1978 than for previous year classes. The reference line on 

this plot represents an 85 percent mortality rate. With the exception of 

1973, all year classes prior to 1978 fell above this line, while all 

subsequent year classes fell below the reference line, indicating greater 

than 85 percent mortality. 
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The instantaneous mortality rate between age 0 and age 1 increased 

significantly through time (table 5). Factors likely to cause increased 

mortality of young crappie were examined using correlation analysis. 

Significant correlations were found with increased area of aquatic 

vegetation; fishing pressure; young-of-year sunfish, black crappie, and 

largemouth bass; and yearling sunfish, black crappie and largemouth bass 

(table 6). 

The instantaneous mortality rate of age 1 and older white crappie also 

showed a significant increasing trend (table 5). High mortality between 

age 1 and age 2 accounted for this trend. In recent years very few age 2 

and older individuals were collected in cove rotenone samples. 

Significant inverse correlation was also found between age 1 and older 

white crappie mortality and mean annual dissolved oxygen concentration at 

a depth of one meter. Positive correlations were found with area of 

aquatic vegetation, fishing pressure, and density of young-of-year black 

crappie and gizzard shad. 

For age 2 and older white crappie, density decreased significantly 

between 1970 and 1989 (table 5). Significant positive correlation was 

found with the index based on abundance of age 2 and older white crappie 

(figure 7). This indicates that density and survival of yearling white 

crappie determine age 2 and older stocks one to three years later and 

that adult densities are determined by events prior to white crappie 

reaching age 1. 
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Significant positive correlation was also found between age 2 and older 

densities of white crappie and mean annual dissolved oxygen (DO) 

concentration at a depth of one meter. A report (TVA 1990) describing 

the effect of SQN on the DO in Chickamauga Reservoir concluded that 

mixing effects from the plant's underwater dam and thermal discharge 

increase metalimnetic and hypolimnetic DO levels. Near-surface DO levels 

are reduced by an average of 0.7 mg/1 in the main channel downstream from 

the mixing zone. Based on observed temporal and spatial distribution, 

very few crappie would be resident in the near-diffuser area to 

potentially experience slightly lowered DO conditions near the surface. 

Those that might be there would more likely benefit from the increased DO 

deeper in the water column. 

Several potential effects to white crappie (and other species) from 

operation of SQN were addressed in an predictive section 316(a) 

demonstration for an alternative winter thermal discharge limit (TVA 

1989). These included: fish concentration in the thermal plume; winter 

survival; fishing pressure and predation; impingement; and reproduction. 

No impacts to white crappie were predicted in the demonstration based, in 

part, on preliminary results of this investigation which began in 1986. 

Inverse correlations were found between age 2 and older white crappie and 

increased area of aquatic vegetation; fishing pressure; density of 

young-of-year black crappie, sunfish, gizzard shad, and threadfin shad; 

and yearling stocks of sunfish and adult gizzard shad. Inverse 

correlations were also found for both young-of-year and adult combined 
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gizzard and threadfin shad (table 6). It is beyond the scope of this 

project to completely determine the effect of each of these factors on 

the white crappie population in Chickamauga Reservoir. Some of the above 

factors such as increased fishing pressure are obvious as to their 

negative impact to adult white crappie, while others likely interact and 

result in combined and more indirect effects. 

A pattern similar to the decreasing trend for ages 2 and older stocks was 

evident in white crappie catch rates (table 7). Harvest rates fluctuated 

in the 1970s and early 1980s. Strong year classes evident in the cove 

rotenone data (1977 and 1978) resulted in increased harvest rates when 

they reached harvestable size during 1980 and 1981. Catches then dropped 

as natural and fishing mortality depleted these year classes. 

Recruitment during subsequent years has been inadequate to maintain 

previous harvest rates. Total number of white crappie harvested did not 

show a significant decreasing trend. Fishing pressure increased during 

this period, compensating for reduced catch rates with equivalent or 

greater total catch. Stocks of age 2 and older white crappie were 

positively correlated (r = 0.75, p = 0.0003) with fisherman catch rate 

and inversely correlated with increased aquatic vegetation 

(r = -0.56 , p = 0.04) and fishing pressure (r = -0.62, p = 0.006). 

Although white crappie catch rates have declined during 1972-89, 

Chickamauga ranked relatively high compared to catch rates from other 

Tennessee reservoirs during 1988 and 1989 (table 8). 

-21-



F 
[ 

r 
r 
i 

r 
' 

r 
l 

r 
l 

r 
r 
t 

r 
r 
r 
t 

r 
r 
r 
r 
l 

F 
\ 

r 
l 

r 

Black/White Crappie - Species Dominance 

In lakes or reservoirs where both black and white crappie occur, one 

species usually predominates (Ellison 1984). Generally, black crappie 

are more abundant in clear lakes and white crappie seem better adapted to 

turbid waters (Hall et al. 1954, Neal 1963, and Goodson 1966). 

Prior to 1988, crappie in Chickamauga Reservoir were predominately white 

crappie. In rotenone samples from 1970 through 1979, black crappie 

averaged 1.7 percent of the total crappie population. Between 1980 and 

1987, black crappie increased to an average of 8.4 percent. In 1988, 

black crappie outnumbered white crappie for the first time, making up 

80.4 percent of the population. In 1989, black crappie increased to 

85.3 percent of the population. Significant increasing trends were found 

for young-of-year and age 1 black crappie (table 5). This dominance of 

young-of-year and yearling black crappie was also evident in 

electrofishing, trap-net and seine samples taken since 1988 as part of 

this investigation. No significant trend (table 5) was found for age 2 

and older black crappie, or for black crappie catch rates (table 7), 

although catch rates since 1987 were higher than in any previous year. 

The number of black crappie harvested did increase significantly 

(table 7) partly due to increased fishing pressure. 

Since the late 1970s the area covered by aquatic vegetation in 

Chickamauga Reservoir has increased seven-fold. A difference in the 

preferred habitats of young-of-year of the two crappie species was 

described by Ridenhour (1960) in Clear Lake, Iowa. Young white crappie 
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were found in large numbers in deep water, while black crappie preferred 

heavy vegetation along the shore. Pearse (1918) also observed 

association of black crappie with aquatic vegetation in Wisconsin lakes. 

Adult black crappie were found by Mitchell (1941), Finkelstein (1960), 

and Ball and Kilambi (1973) to consume less fish and more benthic 

invertebrates, especially insects. These organisms are found in greatest 

abundance in association with aquatic vegetation (Minckley 1963, 

Miller et al. 1989) 

Aquatic macrophytes have been shown to alter aquatic habitat resulting in 

changes in invertebrate community structure which may favor black crappie 

over white crappie. It seems likely, therefore, that the increase in 

aquatic vegetation in Chickamauga Reservoir, particularly during the 

period of prolonged drought (1985-88), has favored black crappie 

dominance. 

CONCLUSIONS 

The concern expressed by TWRA and TDWPC that the white crappie population 

is declining in Chickamauga Reservoir is substantiated by results of this 

investigation. The adult white crappie population in Chickamauga 

Reservoir has declined in recent years, as indicated from annual cove 

rotenone samples and fisherman harvest rates. Spawning success and 

survival through early life history stages were determined not to be 

major factors in the overall population decline. White crappie age 2 and 

older were found to be significantly correlated with density and survivAl 

of yearling crappie, which indicates that densities of adults are 
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determined by environmental factors occurring prior to white crappie 

reaching age 1. 

Densities of adult white crappie were positively correlated with 

dissolved oxygen concentration and negatively correlated with area of 

aquatic vegetation; fishing pressure; density of young-of-year black 

crappie, sunfish, gizzard shad, and threadfin shad; yearling stocks of 

sunfish; and adult gizzard shad. Direct cause-and-effect relationships 

are not necessarily proposed by the above correlations in determining 

survival of white crappie stocks. It is more likely that a synergistic 

effect of several environmental variables combined with interspecific 

competition from one or more species is responsible for white crappie 

abundance. 

An obvious shift in dominance from white crappie to black crappie has 

occurred in Chickamauga Reservoir. In 1988 and 1989, black crappie 

actually outnumbered white crappie, comprising 80.4 and 85.3 percent, 

respectively, of the total crappie collected in cove rotenone samples. 

White crappie, however, have continued to dominate TWRA creel data 

collected through 1989, although numbers of black crappie harvested have 

increased significantly. It would appear that, despite the declining 

trend in density of white crappie, the total crappie fishery has not 

decreased significantly due to compensating increases in the black 

crappie population. This is substantiated by relatively high catch rates 

for white crappie in Chickamauga Reservoir during 1988 and 1989 compared 

with other Tennessee reservoirs. Assuming present trends continue, it 
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remains to be seen if an increased population of black crappie in 

Chickamauga Reservoir will compensate for the declining population of 

white crappie in terms of fisherman harvest. 

Overall results of this investigation have determined several factors 

(increased aquatic macrophytes, interspecific competition, and 

interaction thereof) which are correlated with the population decline of 

white crappie in Chickamauga Reservoir. Distribution in the reservoir, 

lack of attraction to thermal discharges, and preferred spawning habitat 

away from location of SQN and WBN, all tend to minimize or negate known 

potential impacts to white crappie from nuclear plant operation. 
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Table 1. Number collected and annual mean densities 
(number per 1000 m3) of larval crappie in 
Chickamauga Reservoir during 1973-89 (no samples 
in 1978). 

Number of Annual 
Sample Crappie Mean 

Year Volume m3 Collected Density 

1973 52,930 905 17 
1974 34,160 262 8 
1975 12,177 78 6 
1976 16,676 112 7 
1977 12,317 1,055 86 
1979 27,399 397 15 
1980 26,069 635 24 
1981 28,930 3,960 137 
1982 33,959 2,703 80 
1983 30,999 733 24 
1984 33,040 622 19 
1985 33,018 558 17 
1986 8,987 932 104 
1987 14,947 2,859 191 
1988 10,660 4,147 389 
1989 11,924 302 25 
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Table 2. Results of stepwise multiple regression analysis of 5 mm larval 
crappie densities with environmental variables. Includes 
selected parameters, regression equation, partial correlation 
coefficients, and significance levels. 

Parameter 

Intercept 

Water Temperature one week 
prior to spawning 

Water temperature one week 
prior to spawning squared 

Discharge during larval stage 
prior to spawning squared 

Discharge during larval stage 
prior to spawning 

Minimum surface water elevation 
one week prior to spawning 

Entire model (R2) 

Regression 
Equation 

-87.086 

0.273 

-0.008 

-7.823 

1.068 

0.481 

-29-

Partial 
Correlation 
Coefficient 

0.09 

0.14 

0.08 

0.07 

0.19 

0.65 

p 

.0001 

.0013 

.0001 

.0023 

.0046 

.0001 
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Table 3. Age and growth of white and black crappie from Chickamauga 
Reservoir, fall 1987 compared to other Tennessee Valley 
Reservoirs. White crappie from Chickamauga Reservoir aged 
using scales and otliths, all others by scales only. 

Mean length (nun) at each age 
White Crappie Age 1 2 3 4 5 6 

Chickamauga 1987 
from scales 109 177 225 265 296 316 
from otoliths 108 184 249 291 328 

Chickamauga 1950 85 167 227 239 
Chickamauga 1970-1979 77 167 237 290 325 346 
Fort Loudoun 1984 70 131 178 242 272 292 
Watts Bar 1988* 89 171 235 280 307 333 
All mainstream reservoirs 
combined 84 166 227 289 337 369 

Black CrapEie 

Chickamauga 1987 (scales) 93 155 213 247 275 273 
Guntersville 1985 86 202 263 299 318 343 
Watts Bar 1988* 82 162 222 257 
All mainstream reservoirs 
combined 98 163 215 

* From Mooneyhan, 1989 
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Table 4. Percent composition (numbers) by taxon of major food items 
in young-of-year and yearling white and black crappie 
stomachs from Chickamauga Reservoir, November-December, 
1989. 

Total length Number* Chironomid 
Class (nun) of Fish Cope pods Cladocerans larvae 

White Crappie 

50-75 26 .49 • 33 .11 
76-100 30 .54 .21 .18 

101-150 6 .54 .34 .08 
151-175 3 .45 .33 .04 

Total 65 

Black Crappie 

50-75 13 .56 .36 .05 
76-100 23 .59 .24 .14 

101-150 61 .27 .57 .08 
151-200 12 .47 .34 .09 

Total 109 

* Includes empty stomachs 
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Table 5. Correlation coefficients (Test for Temporal Trend) of white and 
black crappie density and instantaneous mortality by age class 
and harvest rates with year of sample in Chickamauga Reservoir 
during 1970-89. 

Density in Rotone Samples 
Young-of-year 

Age 1 

Age 2 and Older 

Instantaneous Mortality Rate 
Age 0 to Age 1 

Age 1 and Older 

Harvest Rate 
Total per Year 

Number per Hour 

* = Pr from 0.05 - 0.01 
** = Pr from 0.01 - 0.001 

*** = Pr from 0.05 - 0.0001 

CORRELATION COEFFICIENTS 

White Crappie Black Crappie 

0.17 0.69*** 

-0.62** 0.54* 

-0.86*** 0.33 

0.70*** N/A 

0.63** N/A 

-0.29 0.68** 

-0.67** 0.36 

NA = Trends in mortality rate of black crappie were not presented, since 
very few individuals were collected prior to 1988. 
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Table 6. Results of correlation analyses of densities and instantaneous mortality rates of white 
crappie by Age class with selected environmental variables. 

Crappie Density 

Parameter Young-of-year 

Dissolved oxygen -0.09 0.20 
Area of aquatic vegetation 0.33 -0.30 
Fishing pressure 0.17 -0.41 

Black Crappie 
Young-of-year 0.03 -0.29 
Age 1 -0.17 -0.33 
Age 2+ 0.04 -0.22 

Sunfish 
Young-of-year 0.34 -0.48'" 
Age 1 0.11 -0.44'" 
Age 2+ -0.18 -0.48* 

Largemouth bass 
Young-of-year 0.43 -0.18 
Age 1 0.37 -0.34 
Age 2+ 0.09 -0.05 

Gizzard shad 
Young-of-year 0.51* 0.04 
Age 1+ 0.41 -0.10 

Threadfin Shad 
Young-of-year -0.23 -0.09 
Age 1+ -o.so• -0.13 

Combined Gizzard shad 
and Threadfin shad 
Young-of-year 0.01 -0.01 
Age 1+ 0.38 -0.11 

• = Pr from 0.05 - 0.01 
•• = Pr from 0.01 - 0.001 

••• = Pr from 0.05 - 0.0001 
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Age 2 
and Older 

0.54'" 
-0. 79'"'"'" 
-0.74'"'"'" 

-0.63'"'" 
-0.34 
-0.18 

-0.46'" 
-0.51'" 
-0.26 

-0.07 
-0.41 
-0.12 

-0.53'" 
-0.47• 

-o.so• 
0.10 

-0.55'" 
-0.47'" 

Instantaneous Mortality Rate 

Age 0 to 
Age 1 

-0.36 
0.60'" 
0.57'" 

o.6o•• 
0.51'" 
0.12 

0.61"'" 
0.56* 
0.34 

0.52'" 
0.58'"* 
0.44 

0.31 
0.43 

-0.04 
-0.42 

0.08 
0.41 

Age 1 and 
Older 

-0.70 .. 
0.70 .... 
0.66 .... 

o.55'" 
0.21 
0.24 

0.28 
0. 11 

-0.10 

o. 14 
0.37 
0.22 

0.46'" 
0.23 

0.32 
-0.22 

0.32 
0.22 
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Table 7. Creel data including numbers, weight, fishing pressure and catch rate by 
year for white and black crappie from Chickamauga Reservoir from 1972-89. 

Hours Estimated Numbers Estimated Biomass Catch per 
Year Fished Harvested (kg) Harvested hour 

White Black White Black White Black 
Crappie Crappie Crappie Crappie Crappie Crappie 

72 338,935 99,838 1,874 23,764 440 .30 .01 
73 252,056 143,392 2,068 33,145 474 .57 .01 
74 216,868 55,873 4,215 11,441 948 .26 .02 
75 463,855 66,444 4,234 13,265 1,072 .14 .01 
76 412,771 64,985 6,610 16,933 1,908 .16 .02 
77 273,882 85,425 1,705 23,886 517 .31 .01 
78 331,987 108 t 716 3,313 19,080 892 .33 .01 
79 416,601 87,831 4,105 16,423 974 .21 .01 
80 463,683 215,764 3,204 36,765 669 .47 .01 
81 491,171 136,069 4,502 28,874 1,271 • 28 .01 
82 454,741 50,729 3,731 14,533 1,729 .11 .01 
83 523,780 35 '713 2,721 10,304 997 .07 .01 
84 463,795 43,515 4,504 11,428 1,206 .09 .01 
85 464,658 30,468 2,736 8,003 644 .07 .01 
86 612,504 63,450 5,659 13 t 119 1,397 .10 .01 
87 689,964 77,060 18,483 21 '772 5,165 .11 .03 
88 742,073 126,345 17,278 + + .17 .02 
89 640,000 58,087 13' 378 + + .09 .02 

+ data unavailable 
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Table 8. Sport fisheries catch rates for white crappie from Chickamauga 
Reservoir compared with those from other Tennessee reservoirs 
during 1988 and 1989. 

Number of White Crappie caught per hour 
Reservoir 1988 1989 

Chickamauga 0.81 0.57 
Watts Bar 0.62 0.93 
Nickajack 0.24 0.09 
Guntersville 0.04 
Kentucky 0.91 0.54 
Boone 0.06 
Center Hill 0.66 0.08 
Cherokee 0.16 0.42 
Dale Hollow 0.68 0.31 
Douglas 0.61 0.38 
Normandy 0.66 
Norris 0.39 0.21 
Old Hickory 0. 72 0.82 
Percy Priest 0.92 0.79 
Reelfoot 1. 78 1.63 
Woods 2.43 2.52 
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coves sampled with rotenone during 1971-89. Data from Sewee Creek cove (TRM 524.6) were 
not used in this report. 
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Reservoir. 



~ 
U1 100 z 
w 
0 

et: 
<( 
w 
>-
I 

LL. 
I 0 w 

I \D 10 I 
G 
z 
::J 
0 
>-

1 

Figure 4. 

• 
• • 

• • • 
• 
• 

• 

• 
• • 

4 6 8 10 30 50 
LARVAL DENSITY 

Young-of-year white crappie densities in cove rotenone samples (number per hectare) 
versus larval crappie densities (number per 1000 m3) during the same year. 



I 
~ 
0 
I 

~ 1000 
f)_ 
<( 
~ 

u 
_J 
<( 
> 
~ 

100 
<( 
_J 

lL 
0 

~ w 10 
OJ 
2 

-~::> 

z 

2 

I 

rb 

4 

I 

6 

\ 

A. \ ... 

\ a '4 
tr ' \ 

(9. -o~~ 
' \ 
\ \ 

\ 

~ 19-, 
\ 

\ 

' 4 
\ 
_L __ 

\ 
\ 
\ 
\ 

& 
' ' ' --- 6 

8 10 12 14 16 
SIZE CLASS (mm) 

18 

0 1977 
~ 1981 
0 1982 

20 22 
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during 1977, 1981, and 1982. 
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INTRODUCTION 

In 1986 the Tennessee Division of Water Pollution Control (TDWPC) and the 

Tennessee Wildlife Resources Agency {TWRA) expressed concern to the 

Tennessee Valley Authority (TVA) over possible declining populations of 

sauger, white crappie, white bass, and channel catfish in Chickamauga 

Reservoir as indicated by annual cove rotenone samples and TWRA creel 

surveys. Operation of Sequoyah Nuclear Plant (SQN) was mentioned as a 

possible contributing factor in the decline of these species and that the 

future operation of Watts Bar Nuclear Plant (WBN) might compound any 

effects to the aquatic biota of Chickamauga Reservoir. A specific 

concern for channel catfish was that they might be attracted and 

concentrated seasonally at the SQN diffuser discharge possibly resulting 

in overharvest. This, as well as other potential plant impacts are being 

examined and this report is provided on progress to date in addressing 

the state's concern over the status of the channel catfish population in 

Chickamauga Reservoir. 

To determine if an actual sampling program was needed to evaluate the 

population status of channel catfish in Chickamauga Reservoir, a 

low-level effort was begun utilizing existing data from TVA's historical 

data base. These data were analyzed for trends and compared with similar 

data from adjacent reservoirs as well as fisherman harvest data collected 

by TWRA. No field sampling specifically for this project was conducted, 

although length and weight data for most channel catfish collected during 

the course of sampling for other projects on Chickamauga Reservoir during 

1990 were recorded and stored for analysis during this investigation. 



RESULTS AND DISCUSSION 

Sport Fishing Harvest 

Estimated annual sport fishermen harvest and average weight of channel 

catfish from Chickamauga Reservoir have been highly variable from 1972 

through 1989 (Figure 1) with no evident trend of increasing or declining 

catch (TVA 1986a, TWRA 1989, TWRA 1990). Sport harvest (number/hr.) was 

lowest during 1981 and 1984 with no estimates available during 1985 

through 1987. This situation may have suggested a negative trend and 

prompted the initial state concern in 1986. However, total number of 

channel catfish estimated harvested in 1989 (27,107) was second only to 

the number harvested during 1976, and estimated biomass in 1989 

(23,700 kg) was the highest for the period. Average weight for catfish 

harvested during 1989 (0.87 kg) was exceeded only during 1982 (0.91 kg) 

(TWRA 1990). 

Estimated harvest of channel catfish from Chickamauga Reservoir in 1988 

and 1989 was much higher (Table 1) than from the mainstream reservoirs 

immediately upstream (Watts Bar) and downstream (Nickajack). Estimated 

harvest in all three reservoirs increased from 1988 to 1989, with the 

lowest proportional increase observed in Chickamauga. 

Commercial Harvest 

Commercial fishing license holders in the state of Tennessee were 

surveyed by mail in 1990 by TWRA to estimate the harvest of commercial 

fish species during 1989. Analysis of results was based on a 27 percent 

response rate (490 fishermen responded to survey forms mailed to all 1805 
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license holders). The report (TWRA 1990) prepared from results of this 

survey estimated harvest of 64,855 kg (142,853 lbs) of catfish from 

Chickamauga Reservoir during 1989. The survey reported harvest for all 

three species of catfish (i.e., channel, blue, and flathead) together, 

therefore, data specifically for channel catfish are unavailable. 

Channel catfish probably rank second to blue catfish in terms of 

abundance in the commercial harvest of the three catfish species from 

Chickamauga Reservoir based on observations by the authors. Weight for 

the total catfish harvest was 4.6 kg/ha (4.14 lbs/ac). By comparison, 

for the same period, total catfish harvest was estimated at 6.1 kg/ha 

(5.48 lbs/ac) in Watts Bar Reservoir and only 1.3 kg/ha (1.15 lbs/ac) in 

Nickajack Reservoir. 

Cove Rotenone Sampling 

Cove rotenone samples have been collected annually from Chickamauga 

Reservoir using comparable methods, and usually from the same four or 

five sites, since 1970. This extensive data base shows a wide range of 

annual density and biomass estimates for channel catfish (Figure 2). The 

highest density and biomass were recorded in 1981, although the lowest 

estimated harvest by sport fishermen was also recorded the same year. In 

1986 the total biomass of all sizes (i.e. adult, intermediate and 

young-of-year categories) of channel catfish was the lowest recorded 

since 1970, while in 1987 the total number was the lowest recorded since 

1970. Although no significant trend was found for numbers or biomass of 

adult channel catfish after analysis of cove rotenone data from 1970 

through 1990, both numbers and biomass of intermediate size and numbers 

of young-of-year channel catfish have shown a significant decreasing 
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trend since 1970· (TVA 1991). Total number of channel catfish (all sizes) 

increased in 1988 to the second highest number collected since 1970 

(Figure 2). Although cove rotenone samples from Watts Bar and Nickajack 

Reservoirs have not been collected annually, channel catfish abundance 

has also been highly variable in those reservoirs (Table 3). There is no 

consistent rank order among these three reservoirs. 

Gill Net Sampling 

Extensive gill net data for Chickamauga Reservoir were collected during 

preoperational and operational monitoring at SQN (TVA 1978, TVA 1986a). 

The catch per unit effort (CPUE) data in Table 4 were collected over a 

period of fourteen years employing similar methods (approximately 24 hour 

sets) and essentially the same sampling locations. The mean CPUE does 

indicate a general decline in catch of channel catfish from 1980 to 1985. 

Additional gill net data from upper Chickamauga Reservoir (Table 5) were 

collected during preoperational monitoring at WBN (TVA 1986b) and various 

other projects (e.g., sauger and reservoir-wide monitoring) not 

specifically targeted at channel catfish. While catch rates in Table 5 

are not directly comparable among all years listed, or with data in 

Table 4, they do provide comparisons within some sampling periods which 

employed similar gear, methods, and locations. Sampling in upper 

Chickamauga Reservoir during the period 1977-85 as part of the WBN 

preoperational monitoring program yielded fluctuating catch rates with no 

evident trends (Table 5). Sampling in 1986-90, which employed similar 

gear and methods during roughly the same time period each year, resulted 

in catch rates that again did not indicate declining abundance of channel 

catfish in upper Chickamauga Reservoir. This particular time period 
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approximately coincided with the period that SQN was shut down for safety 

concerns. 

Potential Effects from SQN/WBN 

Potential impacts to the channel catfish in Chickamauga Reservoir from 

operation of SQN and WBN include: (1) loss of planktonic larvae 

entrained by the condenser cooling water system; (2) loss of juvenile and 

adult fish impinged on plant intake screens; and (3) effects of thermal 

discharges on relative abundance and distribution of fish in the 

reservoir. 

Operational monitoring at SQN has shown that entrainment percentages for 

channel catfish larvae were low in most years (Table 6), and entrainment 

impacts to the population should be negligible considering the low 

proportion of the total larval channel catfish produced in Chickamauga 

Reservoir which drift past SQN (TVA 1986a). 

Previous operational monitoring reports have provided estimates of annual 

impingement based on weekly sampling of juvenile and adult fish on intake 

screens (Table 7) at SQN. Unlike entrainment, impingement losses are not 

expressed relative to numbers of fish adjacent to the plant. Instead, 

they are related to annual standing stock estimates from cove rotenone 

samples. Impingement mortality is viewed as the estimated quantity of 

reservoir fish standing stock removed by SQN each year. Based on four 

years of annual impingement sampling, it was concluded that impingement 

losses had not constituted an adverse impact to the channel catfish 

population in Chickamauga Reservoir (TVA 1986a). Impingement monitoring 

was discontinued in 1985. 
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No concentration of fish or concentrated fishing pressure has been 

observed in the SQN thermal plume during winter (TVA 1989). A 

supplemental creel survey conducted from April 1982 through June 1984 in 

the vicinity of SQN, although not designed to test the effect of fishing 

pressure within or outside of the mixing zone, has shown that blue and 

channel catfish are the primary species caught within the mixing zone or 

nearest the discharge diffusers during summer and to a lesser extent 

during winter. 

CONCLUSIONS 

Analysis of historical and recent data collected using a variety of 

sample methods failed to reveal any steadily declining trends in adult 

channel catfish densities in Chickamauga Reservoir from 1970 - 1990. 

Sport fishing harvest estimates for 1988 and 1989 were higher than 

estimates for 1983 and 1984. TWRA and TDWPC first expressed concern 

regarding this species in 1986, and was probably based in part on the 

decline in harvest of channel catfish from 1983 to 1984 (no creel data 

were available from 1985 through 1987). However, 1988 and 1989 creel 

data indicate that sport harvest of channel catfish has increased from 

the level estimated when concern was first expressed by the state. There 

is no indication that the channel catfish population of Chickamauga 

Reservoir has been effected by operation of SQN or is likely to be 

effected by future operation of WBN. 
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Additional length and weight data collected during reservoir-wide 

fish-community assessment monitoring in 1990 - 1991 will be analyzed and 

reported during fiscal 1992 to determine relative weight (W ) and 
r 

condition factors for channel catfish in Chickamauga Reservoir. Gill net 

data from biannual collection of channel catfish for radiological 

analysis in the vicinity of SQN will be analyzed for indications of 

channel catfish attraction to this area. Harvest (sportfish and 

commercial) data collected for 1990 by TWRA will also be analyzed during 

fiscal 1992. Following analysis of the data mentioned above, a final 

project report will be prepared and submitted during fiscal 1993. 
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Table 1. Estimated total number and biomass, and average weight of 
channel catfish harvested by sport fishermen from Watts Bar, 
Chickamauga, and Nickajack Reservoirs, 1988-1989 according to 
TWRA sport fishing creel surveys 

Number Biomass (kg) Average Weight (kg) 

Watts Bar 1988 10,820 7,500 0.69 
1989 23,611 19,894 0.84 

Chickamauga 1988 25,377 19,083 0.75 
1989 27,107 23,700 0.87 

Nickajack 1988 8' 946 7,781 0.87 
1989 19,787 19,271 0.97 
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Table 2. Average number and weight (kilograms) of channel catfish per 
hectare in Chickamauga Reservoir cove rotenone samples, 
1970-1990. 

No. of 
Year SamEles Young-of-J1:ear Intermediate Harvestable Total 

(1 - 125mm) (126 - 225mm) (226mm +) 

no/ha kg/ha no/ha kg/ha no/ha kg/ha no/ha kg/ha 

1970 12 3.27 0.02 10.10 0.62 5.71 2.35 19.07 2.98 
1971 5 13.52 0.05 15.04 0.92 27.08 12.06 55.65 13.03 
1972 4 1.05 0.01 12.32 0.79 23.20 7.33 36.57 8.12 
1973 4 1. 23 0.01 12.07 o. 71 29.68 9.64 42.98 10.36 
1974 4 0.52 0.01 3.21 0.19 8.41 3.92 12.14 4.12 
1975 4 1.03 0.01 2.39 0.11 10.27 4.13 13.69 4.25 
1976 5 1.63 T 6.26 0.32 17.67 12.11 25.56 12.43 
1977 5 2. 7S 0.02 4.55 0.27 12.14 7.12 19.44 7.40 
1978 5 1. 38 T 0.35 0.01 13.45 4.17 15.18 4.18 
1979 5 1.05 0.01 1.40 0.04 22.35 14.19 24.80 14.24 
1980 8 4.98 0.02 3.43 0.14 11.50 7.93 19.91 8.09 
1981 5 6.41 0.06 4.17 0.12 67.02 59.00 77.60 59.17 
1982 5 0.91 0.03 6.21 5.98 7.12 6.01 
1983 5 11.22 12.69 11.22 12.69 
1984 5 0.45 0.02 9.80 11.62 10.25 11.64 
1985 5 0.44 T 8.40 0.45 7.32 8.97 16.16 9.42 
1986 5 2.22 0.01 4.89 0.18 0.44 0.59 7.56 0.79 
1987 5 0.45 T 3.24 3.62 3.69 3.63 
1988 5 1.85 0.01 9.62 0.39 35.04 10.10 46.51 10.50 
1989 5 10.28 6.86 10.28 6.86 
1990 5 0. 34 T 2.79 0.15 8.87 5.23 12.01 5.37 

-----

T = Trace (less than 0.01) 
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Table 3. Average number and weight (kilograms) of channel catfish 
(all sizes) per hectare in Watts Bar, Chickamauga, and 
Nickajack Reservoir cove rotenone samples from 1970 
through 1990. 

Year Watts Bar Chickamauga Nickajack 

no. of no. of no. of 
no/ha kg/ha samEles no/ha kg/ha samEles no/ha kg/ha sam~1es 

1970 NS 19.1 3.0 12 NS 
1971 NS 55.7 13.0 5 NS 
1972 NS 36.6 8.1 4 19.8 0.9 4 
1973 84.4 5.8 10 43.0 10.4 4 NS 
1974 NS 12.1 4.1 4 NS 
1975 11.4 2.9 6 13.7 4.3 4 NS 
1976 18.8 6.1 8 25.6 12.4 5 NS 
1977 42.1 8.4 8 19.4 7.4 5 9.0 0.3 4 
1978 57.1 4.4 2 15.2 4.2 5 NS 
1979 16.5 11.2 2 24.8 14.2 5 4.7 2.9 4 
1980 85.5 17.0 4 19.9 8.1 8 29.2 1.7 6 
1981 NS 77.6 59.2 5 3.3 2.2 4 
1982 NS 7.1 6.0 5 NS 
1983 NS 11.2 12.7 5 NS 
1984 NS 10.3 11.6 5 NS 
1985 NS 16.2 9.4 5 NS 
1986 *233.02 43.70 2 7.6 0.8 5 NS 
1987 NS 3.7 3.6 5 NS 
1988 127.0 23.3 2 46.5 10.5 5 NS 
1989 NS 10.3 6.9 5 NS 
1990 NS 12.0 5.4 5 NS 

NS = No sample taken 
* 110.77 fish per hectare in this sample were represented by young-of-year 

fish (1-125 mm). 

0433j 



Table 4. Annual catch per unit effort (CPUE) for channel catfish 
collected during quarterly gill net sampling, Sequoyah 
Nuclear Plant preoperational and operational monitoring, 
1971-1977 and 1980-1985 respectively. 

CPUE (number per net night) 

Station 1 Station 2 Station 3 Station 4* r-tean Total 
Year (TRM 473.0) (TRM 483.2) (TRM 495.0) (HR..M 1.0) CPUE 

SQN 

1971 0.45 1.06 0.84 0.30 0.68 

1972 0.46 0.58 0.67 0.69 0.60 

1973 0.99 0. 71 0.52 0.24 0.67 

1974 0.32 0.45 0.79 0.52 

1975 0.22 0.37 0.34 0.31 

1976 0.42 0.78 0.51 0.57 

1977 0.39 0.53 1.56 0.79 

1980 0.66 1.51 0.82 1.00 

1981 0.46 0.38 0.57 0.47 

1982 0.24 0.63 0.45 0.44 

1983 0.17 0.30 0.28 0.25 

1984 0.29 0.34 0.36 0.33 

1985 0.06 0.48 0.20 0. 25 

* Sampling at this site was terminated in spring 1973. 
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Table 5. Annual catch per unit effort (CPUE) for channel catfish observed 
during TVA netting studies in upper Chickamauga Reservoir, 
(TRM 515.0 - TRM 529.9), during 1977 - 1990. 

Year CPUE by net-tyEe CPUE unit Reference 
XGN GN HN 

1977 0.07 net night TVA 1986b 

1978 0.60 0.01 II " 

1979 0.91 0.01 " " 

1982 0.61 0.02 " " 

1983 0.82 0.07 II II 

1984 0.75 0.02 " " 

1985 1.08 0.02 II II 

1986 0.39** net hour Hevel 1988 

1987 2.27** net hour Hevel 1988 

988 0.61** net hour Hickman 1989 

1989 0.92** net hour Hickman et al 1990 

1990 1.12** net hour Hickman et a1 1991 

-------- ------
* XGN = experimental gill net; GN = gill net; HN = hoop net. 
** Includes both 2" mesh gill nets and experimental gill nets, which were 

not analyzed separately. 
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Table 6. Estimated combined percent entrainment estimated for blue and 
channel catfish at Sequoyah Nuclear Plant, 1980-1985. 

Percent Actual nwnber of 
hydraulic Percent entrainment larvae collected 
entrainment (blue and channel by species 

Year (seasonal mean) catfish combined) (stations combined) 

1980 2.2 13.07 23 blue 
108 channel 

1981 13.4 8.42 17 blue 
75 channel 

1982 12.6 7.67 19 blue 
49 channel 

1983 5.7 9.42 23 blue 
37 channel 

1984 5.7 45.90* 12 blue 
37 channel 

1985 12.2 27.88 12 blue 
28 channel 

* Based on 17 specimens collected over two sample periods at the skinuner 
wall and plant transects; total of 49 larvae collected. 
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Table 7. Estimated annual impingement of channel catfish at 
Sequoyah Nuclear Plant, 198:-1985. 

Estimated total *Percentage of standing 
Year impingement stock impinged 

1981 387 0.03 

1982 179 0.18 

1983 387 0.24 

1984 358 0. 24 

1985** 212 0.14 

* Based on numbers (not biomass) of fish impinged relative to numerical 
standing stock estimate derived from cove rotenone samples taken the 
same year, with the exception of the 1985 estimate which used 1984 
rotenone data. 

** Based on 212 days of impingement as compared to 365 days for previous 
years. 
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INTRODUCTION 

White Bass (Morone chrysops) was one of four species of "special concern" 

in Chickamauga Reservoir as expressed by the Tennessee Department of 

Health and Environment (TDHE) and the Tennessee Wildlife Resources Agency 

(TWRA). The other·three were white crappie, sauger, and channel 

catfish. Apparent declining numbers based on cove rotenone samples and 

declining harvest rates based on creel survey data prompted this 

investigation because of the potential for adverse impacts from operation 

of Sequoyah Nuclear Plant (SQN) and future operation of Watts Bar Nuclear 

Plant (WBN) . 

White bass (commonly referred to as "stripes") provide a popular 

year-round fishery on Chickamauga Reservoir as well as on most mainstream 

Tennessee River reservoirs. An active schooling species, white bass 

often appear in large numbers where food (commonly small gizzard and 

threadfin shad) is abundant and generally feed very near the surface. 

The white bass is an early spring spawner and mature adults congregate 

and run up tributary streams (and into tailwaters) to spawn. Males 

become mature and move to the spawning grounds about a month before the 

females which stay behind in deeper water not far from the spawning 

grounds. Spawning usually occurs in March or April over a gravelly or 

rocky bottom, often in a current, and without preparation of a nest. 

Fertilized eggs settle to the bottom where they become attached to rocks 

and hatch in about two days. Spawning is generally completed at any 

given locality over a period of five to ten days. Growth of white bass 

is rapid and the life span is seldom more than four years. Typical adult 

white bass in the Tennessee Valley average from one to three pounds in 

weight. 
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The objectives of this three-year investigation vere to: (1) locate and 

sample primary spavning sites for vhite bass in Chickamauga Reservoir and 

estimate the population of spavning adult vhite bass; (2) determine 

spavning success by estimating abundance of drifting larvae belov primary 

spavning sites; (3) determine exploitation rate and describe movement 

patterns from tags returned by fishermen; and (4) identify any factors 

that appear to influence white bass populations, including potential 

impacts from operation of SQN and future operation of WBN. 

METHODS 

Field 

Tagging--Electrofishing and tagging white bass specifically for this 

three-year project began in spring of 1990, and continued through spring 

of 1992. Two electrofishing crews sampled for white bass in suspected 

spavning areas throughout Chickamauga Reservoir. Sampling vas 

concentrated, hovever, in three areas where significant concentrations of 

white bass vere known to occur during spawning; the fifteen-mile reach of 

the Tennessee River belov Watts Bar Dam, in Sewee Creek (tributary to 

Tennessee River at TRM 524), and in the Hivassee River betveen Hiwassee 

river mile (HRM) 12 and HRM 30 (Fig. 1). Other areas searched for 

possible spawning populations of white bass included Wolftever, Soddy, 

Possum, Sale, Richland, Mud, and Grasshopper Creeks. When only 

incidental specimens of white bass were collected in these tributaries, 

effort was then concentrated for the rest of the project in the three 

primary areas described above. Also, by agreement, all white bass 

captured by crews netting for the sauger population study below Watts Bar 

Dam in February and March of 1990 and 1991 were tagged and released. 
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Captured white bass were measured, weighed, sexed, spawning condition 

noted when possible, tagged with a numbered disc-type TWRA reward tag, 

and released. When previously tagged fish were recaptured on subsequent 

sampling trips, tag number and recapture location were recorded and fish 

were again released. Each of the major spawning areas was sampled once 

or twice each week during March and April. 

During 1990, sampling began on March 6 and continued through April 24. 

Sampling during 1991 was from January 30 through May 13 and during 1992 

from February 28 through April 23. Electrofishing and tagging were 

conducted using the same methods and in the same three locations as 

described for 1990. 

Larval Sampling--When adult white bass collected by electrofishing 

appeared to be in spawning condition, sampling for drifting larvae was 

initiated. Two sample transects were located on the Tennessee River at 

TRM's 515.4 and 522.0 and two transects on the Hiwassee River at 

HRM's 6.0 and 14.3. 

Six push-net samples each of 10 minutes duration were collected weekly at 

each of the four transects. Two samples were collected along each 

overbank and two in the river channel. One of the two samples consisted 

of towing the net from near bottom to the surface, equally sampling all 

strata during the ten-minute tow. For the other sample, the net was 

towed as near the bottom as possible during the entire tow. 

Larval sampling in 1990 began on April 12 and continued through May 22 

with a total of 168 samples collected. Sampling in 1991 began on April 9 
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and ended on May 20. All samples were preserved in 10 percent formalin 

and transported to the laboratory for sorting and identification. All 

MQrone larvae less than 10 mm total length (TL) were identified only to 

genus since techniques have not been developed to distinguish between 

larval white and yellow bass (Morone mississippiensis). 

Cove Rotenone - Data from annual cove rotenone samples on Chickamauga 

Reservoir were used to describe trends in numbers and biomass of white 

bass through time. TVA has conducted cove rotenone sampling on 

Chickamauga Reservoir as part of both preoperational and operational 

nonradiological monitoring programs since 1970 to determine trends in 

standing stock (numbers/ha and kg/ha of game, prey, and commercial fish 

species). Cove rotenone data provide estimates of reproductive success, 

year-class strengths, and relative fish stock sizes in a given year. In 

1970, 12 coves were sampled. The sampling regime was standardized in 

1971 with five coves (Figure 1) sampled each year during late August or 

September. Standardized rotenone field procedures are summarized in TVA 

(1986a). 

Creel Surveys 

Fishing pressure and catch rate data for white bass in Chickamauga 

Reservoir were obtained from TWRA. Reservoir-wide creel surveys have 

been conducted by TWRA since 1972, however, because of the methodology 

used to store and analyze the data from 1972 through 1976, only data from 

1977 through 1992 were included in this report. Procedures have followed 

a design by Dr. D. W. Hayne of the Institute of Statistics at Raleigh, 

North Carolina. These procedures are described in more detail in TVA 

(1986a). 
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Data Analysis 

Population estimates for the major spawning areas in Chickamauga 

reservoir were generated using the Thompson and Juday mark/recapture 

multiple-census method (Lackey 1974). Data from tag returns by fishermen 

were summarized to describe basic movement patterns for adult white bass 

following spawning migrations. Exploitation rate was also estimated by 

calculating percentage of the total number of tagged white bass that were 

caught by fishermen (Lackey and Hubert 1977). Historical cove rotenone 

and TWRA creel survey data were analyzed for trends in annual population 

densities and fisherman harvest rates. 

Larval data were expressed as numbers per 1,000 cubic meters of water 

filtered to estimate weekly densities of Morone larvae. Length-frequency 

data were plotted to describe length of spawning period based on 

occurrence of newly-hatched yolk-sac larvae. 

RESULTS AND DISCUSSION 

Cove Rotenone 

Although cove rotenone sampling is not considered a good indicator of the 

standing stock of adult white bass in reservoirs, it does provide valid 

data for young-of-year to estimate reproductive success and potential 

year-class strength. Densities of young-of-year white bass in 

Chickamauga Reservoir have fluctuated considerably since rotenone studies 

began in 1970, when the highest number per hectare (47.3) during the 
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period of record (Figure 2) occurred. During 1985-88 numbers of 

young-of-year white bass increased substantially, vith numbers declining 

to pre-1985 levels in 1989. Results of five cove samples collected each 

year during 1990 through 1992 estimated densities of 9.8, 13.0, and 0.3 

young-of-year vhite bass per hectare respectively (Table 1). Annual 

densities of young-of-year vhite bass in cove rotenone samples are 

generally not reflected in densities of intermediate fish the following 

year. This may be related to survival rates or may result from 

intermediate and adult vhite bass not being adequately sampled by cove 

rotenone. All size classes of yellov bass in rotenone samples have shovn 

a statistically significant increasing trend since 1971 and the number of 

young-of-year recorded in 1990 (730/ha) was the highest during the period 

of record. Numbers of yellov bass declined during 1991 and 1992 vhich 

could have had a positive effect on vhite bass year-class strength and 

survival due to reduced competition. 

Creel/Harvest Data 

Fisherman harvest rate data collected by TWRA from 1977 through 1992 

indicated a relatively stable catch rate for vhite bass vith the 

exception of 1988 (Figure 3) when catch rate vas up considerably. Total 

numbers and biomass of vhite bass harvested from Chickamauga Reservoir 

(Figure 4) vere lov during 1984 through 1986, increased in 1987, and have 

remained high through the period of this investigation. However, the 

estimated (TWRA) number of vhite bass harvested during 1990 (40,945) vas 

greater than the total population estimate of spawning adults (19,206) in 

1990 determined from this study, implying that one of the tvo techniques 

is overestimating or underestimating either population or harvest. 

During 1990, the total number of vhite bass tagged vas only 28 and 26 
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percent respectively of the totals tagged in 1991 and 1992. This could 

have resulted in an underestimate of the population during 1990. The 

reverse vas true during 1991 when the population estimate increased to 

106,438 and the estimated number harvested was 62,056. The two values 

were closer in 1992 with the population estimate of 97,193 and the number 

harvested estimated at 84,771 which was the highest harvest estimate ever 

recorded. This increased harvest was probably a reflection of the 

increased young-of-year production observed in cove rotenone samples 

during 1985 through 1988. 

A majority of the white bass harvest occurs during the spring spavning 

migration to the Hiwassee River, Sevee Creek, and the Tennessee River 

below Watts Bar Dam. It is possible that expansion of numbers of white 

bass creeled from these limited areas and this limited time frame to the 

entire reservoir and complete year overestimated the total harvest. 

Conversely, the population estimate includes only fish which migrate to 

the primary spawning areas. Any white bass which do not migrate to these 

areas would not be included in the population estimates. 

Population Estimate 

Tagging efforts during 1990 through 1992 resulted in 13,100 white bass 

tagged and released in Chickamauga Reservoir (Table 2 ). During the 

tagging periods, 628 marked fish were recaptured. Numbers tagged by year 

were: 1990 - 1,540; 1991 - 5,560; 1992 - 6,000. 

To estimate the population of spawning adult white bass in Chickamauga 

Reservoir, mark-recapture data were separated by area assuming that the 

fish collected in the Hiwassee River are a separate population (during 
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spawning) from those collected below Watts Bar Dam and in Sewee Creek 

(Figure 1). Data from the latter two areas, due to proximity, were 

combined to obtain an upper reservoir population estimate. The Thompson 

and Juday mark and recapture technique estimated a total of 19,206 adult 

white bass in Chickamauga Reservoir in 1990. During 1991 and 1992, 

estimates indicated adult populations of 106,438 and 97,193 

respectively. 

Exploitation and Movement of Tagged White Bass 

Rates of exploitation based on the number (percentage) of tagged white 

bass returned by fishermen during this investigation were: 1990 - 20.0 

percent; 1991 - 15.5 percent; 1992 - 15.4 percent. By comparison, an 

annual harvest of approximately 10 percent of a white bass population was 

estimated by return records of a tagging study in Lake Texoma, Oklahoma 

(Bonn 1956). 

Analysis of tag returns by fishermen for which catch locations could be 

determined was used to show the dispersal pattern of adult white bass 

following spawning. White bass exhibited considerable inter-reservoir 

movement (Table 2) based on 5.6 percent of returned tags from fish caught 

downstream in Nickajack Reservoir and 2.3 percent from fish caught 

upstream in Watts Bar Reservoir. Four tagged fish travelled downstream 

through two dams (locks) and were caught in Guntersville Reservoir. One 

of these fish tagged in 1990 in Sewee Creek moved downstream 171 river 

miles and passed through two dams over a period of only 66 days. One 

fish tagged at TRM 520.6 and caught 13 days later (April 23, 1990) at 

mile 19 on the Hiwassee River was the only observation of intermixing of 

the two spawning populations during the tagging period. In a similar 
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study (Myhr 1971) on Dale Hollow Reservoir in 1970, 2,288 white bass were 

marked and released in two tributary spawning areas, and 94 percent of 

those recaptured (16) returned to the same spawning area the following 

year. 

Information from tags returned by fishermen indicated a rapid dispersal 

reservoir-wide after leaving the spawning areas. As would be expected, 

the general pattern of movement for tagged fish caught in Chickamauga 

Reservoir was downstream since all fish were tagged either in the upper 

ten miles of the reservoir (including Sewee Creek), or in the Hiwassee 

River which flows into the mid-point of Chickamauga Reservoir. Since 

several white bass were observed to move downstream out of Chickamauga 

Reservoir, it is probable that they also move from upstream reservoirs 

into Chickamauga Reservoir. This phenomenon has also been observed for 

sauger tagged below Watts Bar Dam during 1986 through 1990 

(Hickman et al. 1989). 

Results of this study indicate a healthy spawning population of white 

bass in Chickamauga Reservoir. TWRA creel survey data showed that 

annual catch rate by fishermen in Chickamauga increased for three 

successive years (1987-89), evidence of a viable and perhaps expanding 

fishery. 

Larval Sampling 

Tow-net samples were collected weekly for seven weeks during 1990 

(April 12 -May 22) and 1991 (April 9 -May 20). During 1990, 168 

larval samples contained 76,686 larval fish (all species) and 3,690 
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unidentifiable fish eggs. Ninety percent of the larvae and 81 percent of 

the eggs were collected from the two Hiwassee River transects. Morone 

larvae (including white and yellow bass) were also more abundant in the 

Hiwassee River than from the two transects in upper Chickamauga Reservoir 

(Table 3). At HRMs 6 and 14, 623 and 858 Morone larvae were collected, 

respectively. Total Morone larvae collected from TRMs 515 and 522 were 

97 and 89, respectively. Morone larvae over ten millimeters (mm) total 

length (TL) which could be identified to species consisted of five yellow 

bass at TRM 515, and seven yellow bass and one white bass at TRM 522. 

During the first three sample periods in the Hiwassee River, larval 

Morone densities were greater at the upstream transect (HRM 14.3), but 

the reverse was true during the last four periods. No trend was evident 

between densities of Morone larvae at the two transects on the Tennessee 

River. The greatest density of 454 Morone larvae/1000 m3 was recorded 

on April 19 at HRM 14.3 when the mean water temperature was 16.o·c. 

Sampling in 1991 collected 48,468 larvae and 3,078 fish eggs. Morone 

larvae were again collected during all seven sample periods. The 

greatest density of Morone larvae was observed on April 24 at HRM 6 at a 

water temperature of 16.6. Numbers of larval Morone were similar between 

the two stations in both the Hiwassee and Tennessee Rivers. A total of 

3237 Morone larvae was collected from both Hiwassee River stations 

compared to 722 from both stations on the Tennessee River. Larval Morone 

10 mm or greater which could be identified to species, consisted of 72 

yellow bass and only 2 white bass. If this ratio is representative of 
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all Marone larvae collected, yellow bass are produced in far greater 

numbers than white bass and likely compete significantly for both food 

and habitat. 

Larval densities of Marone (including white and yellow bass) sampled 

downstream of both major spawning areas indicated at least a seven·week 

period of occurrence during April and May for drifting larvae less than 

10 mm TL. Weekly densities indicated much higher density of Marone 

larvae in the Hiwassee River than in the Tennessee River/Sewee Creek 

spawning area. Seasonal densities of Marone larvae recorded during 

preoperational monitoring at Watts Bar Nuclear Plant (WBN) from 1976 

through 1985 (TVA 1986b) were similar to the weekly densities observed at 

the two Tennessee River transects during this study. Preoperational 

samples, however, were collected at TRM 528 just below WBN which is 

upstream of the area where it has been determined that most white bass 

spawn. A large percentage of the Marone larvae collected at TRM 528 

during preoperational monitoring (particularly those greater than 6 mm 

TL) are presumed to have resulted from spawning above Watts Bar Dam and 

subsequent dam passage. 

Spawning success, based on densities of Marone larvae collected below the 

two major spawning sites, appeared adequate for year-class success in 

1990 and 1991 relative to historical data collected near SQN and WBN. 

Some degree of competition exists between white and yellow bass for 

spawning habitat and probably food resources at one or more stages in 

their life history. This was evident during electrofishing on white bass 
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spawning areas when large numbers of yellow bass also in spawning 

condition were usually encountered. Yellow bass are not, however, 

reported to be strictly migratory spawners. 

Potential Plant Effects 

In terms of potential impacts to white bass from operation of SQN and 

future operation of WBN, results of this investigation have not indicated 

any stage in the life history of white bass likely to be affected by 

nuclear plant operation. Movement of white bass past SQN during and 

after the spawning migration is apparently not impeded by SQN operation. 

Recapture of tagged white bass by fishermen in the vicinity of SQN did 

not indicate an attraction that would result in overharvest or a 

significant disruption of adult migration to the spawning areas. 

Although white bass concentrate during late winter and spring in the 

general vicinity of WBN, impacts to the spawning process would not be 

expected from normal plant operation since heated discharges are 

projected as less than 5.0 m3/s representing only 0.6 percent of 

reservoir flow (long-term average release). Significant entrainment of 

white bass larvae in WBN makeup cooling water is unlikely due to the 

small amount of water withdrawn and the fact that the primary spawning 

areas identified in this investigation are located downstream of the 

plant. During this study, male and female white bass in full spawning 

condition were not collected between WBN and Watts Bar Dam as they were 
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downstream at the Hunter Shoals area. In terms of potential entrainment 

at SQN, larvae drifting from Hunter Shoals, Sewee Creek and the Hiwassee 

River should mature to a stage significantly less vulnerable to 

entrainment by the time they reach SQN. Average estimated entrainment of 

Marone larvae (including yellow bass) at SQN from 1980 through 1985 was 

2.6 percent of the larvae passing the plant (TVA 1986a) . 

CONCLUSIONS 

Extensive electrofishing effort in streams tributary to Chickamauga 

Reservoir and in the fifteen mile reach of the Tennessee River below 

Watts Bar Dam during spring of 1990 identified three primary spawning 

sites for white bass: the Hiwassee River; Sewee Creek; and Hunter Shoals 

in the Tennessee River eight miles below Watts Bar Dam. Mark and 

recapture of adult white bass in the three primary spawning areas during 

1990 through 1992 provided population estimates of 19,206, 106,438 and 

97,193 for the three respective years. Exploitation rates for white bass 

in Chickamauga Reservoir calculated from tags returned by fishermen were 

20.0, 15.5, and 15.4 percent during 1990 through 1992 respectively. 

These harvest rates are considered normal based on a similar study 

reported in the literature. Following spawning, white bass dispersed 

rapidly throughout Chickamauga Reservoir based on catch location data 

from fishermen returned tags. Approximately eight percent of tagged 

white bass caught by fishermen had moved out of Chickamauga Reservoir 

with over twice as many traveling downstream as upstream. 

-13-



Sampling for drifting Marone larvae during 1990 and 1991 revealed much 

higher densities in the Hiwassee River than in the Tennessee River/Sewee 

Creek spawning area. Larger larvae which could be identified to species 

indicated that a majority of drifting larvae were yellow bass which 

suggests that this species may compete heavily with white bass larvae for 

food and space at this stage of their life history. The current status 

of the white bass population in Chickamauga Reservoir as determined by 

this investigation suggests an increase in year-class strength, numbers 

harvested and harvest rate has occurred since 1986. An estimate of the 

number of spawning adults together with TWRA's estimate of fisherman 

harvest rate and total harvest for 1988 through 1992 were not indicative 

of a "stressed" or declining population. It seems likely that 

competition from yellow bass could be a major factor limiting the 

population of white bass in Chickamauga Reservoir. Results of this 

investigation suggest that no life history stage of white bass in 

Chickamauga Reservoir is being affected by operation of SQN or will be 

affected by future operation of WBN. 
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1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 

Table 1. Numbers and biomass (kg} per hectare of each size group 
of white bass in cove rotenone samples, Chickamauga 
Reservoir, 1970-92. 

Young-of-Year Intermediate Adult Total 

Numbers Biomass Numbers Biomass Numbers Biomass Numbers Biomass 

47.30 0.20 0.12 0.01 0.00 0.00 47.42 0.21 
4.07 0.08 o.oo o.oo 0.00 0.00 4.07 0.08 
3.30 0.06 0.27 0.02 0.00 0.00 3.57 0.08 

13.96 0.15 1.33 0.07 1.12 0.22 16.42 0.44 
2.61 0.04 0.00 0.00 0.85 0.16 3.46 0.20 
0.00 0.00 0.00 0.00 0.27 0.06 0.27 0.06 
3.86 0.08 1.40 0.10 0.47 0.06 5. 72 0.24 

35.48 0.38 2.79 0.16 0.00 0.00 38.27 0.54 
11.03 0.03 0.00 0.00 o.oo 0.00 11.03 0.03 
3.16 0.05 0.00 o.oo 0.00 0.00 3.16 0.05 

11.25 0.05 0.00 o.oo 0.00 0.00 11.25 0.05 
1.43 0.03 0.48 0.03 0.48 0.08 2.38 0.14 
0.00 0.00 0.00 0.00 1.46 0.18 1.46 0.18 
0.00 0.00 0.00 0.00 1.82 0.32 1.82 0.32 

37.27 0.79 5.91 0.33 0.44 0.09 43.63 1.20 
21.34 o. 72 172.25 11.70 1.82 0.25 195.44 12.66 
16.04 0.25 1. 78 0.09 0.00 o.oo 17.82 0.35 
29.37 0.33 5.12 0.27 1.86 0.28 36.35 0.88 
2.09 0.04 0.00 0.00 0.00 0.00 2.09 0.04 
9.79 0.20 13.79 0.79 0.34 0.05 23.92 1.04 

13.01 0.19 0.00 0.00 0.00 0.00 13.01 0.19 
0.34 T o.oo 0.00 0.00 0.00 0.34 T 
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Table 2. Tagging results, exploitation rates and population estimates 
for white bass in Chickamauga Reservoir during 1990 through 
1992. 

ll2!l 

NUMBER TAGGED 1,540 

NUMBER RECAPTURED 73 

RETURNS BY FISHERMAN 315 

EXPLOITATION RATE 20% 

POPULATION EST. 

TN.R./SEWEE CR. 7,380 
HIWASSEE 14,488 
COMBINED 19,206 

INTER-RESERVOIR MOVEMENT 

NICKAJACK 22 
GUNTERSVILLE 1* 
WATTS BAR 1 

*171 MILES (2 DAMS/LOCKS) 66 DAYS 

35061 

llll ~ 

5,565 6,000 

144 413 

861 746 

15.5% 15.4% 

42,715 54,123 
68,730 47,406 

106,438 97,193 

46 20 
3 0 

16 11 
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Table 3. Densities (number per 1,000 m3) of larval Morone (white and 
yellow bass) collected at four transects in the Hiwassee and 
Tennessee Rivers during April and May ~ and 1221· 

!.2iQ. 
TRANSECT 

HRM TRM 
Sample date 6.0 14.3 515.4 522..0 

April 12 63.2 336.9 5.9 2.5 

April 19 307.4 453.5 2.2.0 52..4 

April 25 18.9 51.9 16.9 38.4 

May 3 33.1 9.2 16.0 5.3 

May 9 188.6 40.6 21.8 11.2. 

May 16 34.4 32..8 8.2 8.3 

May 2.2 65.6 27.7 13.0 17.1 

li2l. 
TRANSECT 

HRM TRM 
Sample date 6.0 14.3 515.4 522.0 

April 9 245.1 4.6 28.3 40.6 

April 18 181.4 79.0 67.3 46.2 

April 24 1198.6 62.1.9 104.9 63.2. 

April 30 197.9 482.2 124.7 62.8 

May 8 80.5 2.88.5 38.4 2.3.1 

May 14 18.6 46.7 27.6 125.0 

May 20 160.5 21.4 36.6 41.1 
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FIGURE 1 

MAP OF CHICKAMAUGA RESERVOIR 
INCLUDING HIWASSEE RIVER AND 
OTHER TRIBUTARIES SAMPLED FOR 
WHITE BASS SPAWNING 
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Figure 2. Number and biomass (per hedare) of white bass by age group estimated from cove 
rotenone samples in Chickamauga Reservoir, 1970.1993. 
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Figure 3. White bass harvest rate for Chickamauga Reservoir, 1977-1992. 
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Figure 4. Total number and biomass of white bass harvested from Chickamuaga 
Reservoir, 1977-1992. 
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INTRODUCTION 

The Tennessee Valley Authority (TV A), in cooperation with the Tennessee Wildlife 

Resources Agency (TWRA), initiated in 1986 an intensive program to determine the 

status of the sauger (Stizostedion canadense) population in upper Chickamauga Reservoir 

and to identify potential impacts of operation ofSequoyah (SQN) and Watts Bar (WBN) 

Nuclear Plants on this important sport fish. This initial investigation ( 1986 through 

1991) documented annual population densities, spawning location, spawning habitat 

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

rates (Hevel1988, Hickman et al. 1989, Hickman et al. 1990, and Hevel and Hickman 

1991). A major conclusion was that poor reproductive success resulted in an extreme 

decline in the number of sauger in Chickamauga Reservoir. Low flows and unstable water 

temperatures during the sauger spawning period were determined to be the limiting 

factors. As a result, TWRA stocked 191,000 sauger fingerlings in Chickamauga Reservoir 

during May of 1990 to supplement the population. 

A separate modeling study (Yeager and Shiao 1992), based on the results of the initial 

investigation, addressed flow levels necessary to enhance sauger reproductive success. It 

was proposed that optimum sustained instantaneous minimum flow releases of 8,000 cfs 

from Watts Bar Dam, coinciding with the documented sauger spawning period (April) in 
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the reservoir, would enhance the sauger population in Chickamauga Reservoir. It was 

further suggested that instantaneous minimum flow releases of 4,000 cfs would provide 

for at least a maintenance level of sauger spawning success in the tail water. During April 

1992 a minimum flow of 4,000 cfs was maintained through special releases. In April of 

1993 and 1994, rainfall was adequate to maintain 8,000 cfs minimum flow without the 

need for special releases. 

In a separate issue, TV A requested an alternative thermal limit for SQN discharges in 

1989 (Wrenn et. al. 1989). Beginning in 1993, the allowable L1T increase from SQN 

discharges during November through March was changed from a maximum instantaneous 

3°C to a maximum instantaneous 5°C. Kay and Buchanan (1995) reported results of 

sampling in the vicinity of the SQN diffuser (Tennessee River Mile 483.6) during 1993-

1994 while the plant was operating under the new thermal variance. They found no 

attraction or avoidance by sauger (or any other species) to the thermal plume, and 

concluded no demonstrable impact from the thermal variance on Chickamauga Reservoir 

fish populations in the vicinity of SQN. 

The Tennessee Division of Water Pollution Control (TDWPC) requested, along with the 

permit modification, a resumption of sauger population monitoring during 1993-1994. 

The objectives of the renewal of the Chickamauga Reservoir sauger investigation (during 

the 1993 and 1994 spawning seasons) were to evaluate the impact of the special release 

regime on sauger spawning success, assess contribution of the TWRA stocking of juvenile 
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sauger in 1990, and determine effects of the modified winter thermal variance for SQN on 

the overall Chickamauga Reservoir sauger population. To meet these objectives, mark and 

recapture field sampling for sauger was conducted below Watts Bar Dam during February 

through April in 1993 and 1994 for the following specific purposes: 1) to estimate 

number of adult sauger in the spawning population below Watts Bar Dam; 2) to evaluate 

relative strengths of 1990, 1991, and 1992 year-classes to estimate success and 

contribution of the 1990 stocking by TWRA and effects of improved April releases from 

Watts Bar Dam on sauger spawning success; 3) to estimate inter-reservoir movement of 

sauger as well as exploitation rate by fishermen. 

METHODS 

Sampling in 1993 began on February 16 and continued until May 6 below Watts Bar Dam 

located at Tennessee River Mile (TRM) 529.9 using both standard 38.1 mm (1 112 inch) 

and experimental bar mesh gill nets. Experimental nets consist of five 6.1 meter panels 

(25.4, 38.1, 50.8, 63.5, and 76.2 mm bar mesh size). Nets were set in the Watts Bar Dam 

spilling basin perpendicular to the dam or lock walls. When river levels dictated spilling 

water through the flood gates, nets were set in the navigation lock approach channel to 

avoid high flow conditions. When sauger were judged ready to spawn, netting was 

initiated at the Hunter Shoals spawning area (TRM 521 ), unless high flows prohibited 

effective sampling. Nets were fished at night when sauger are typically most active. 
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Sampling frequency was from two to four nights per week depending on flow conditions. 

During 1994, sampling was conducted from March 14 through May 5. 

Each sauger captured that was not in a weakened condition was tagged with a numbered 

reward tag. Data recorded from each fish included total length (mm), weight (g), sex, tag 

number, and if the fish was a recaptured individual. Spawning condition (e.g., "free 

flowing", "spent", etc.) was also noted for each fish when possible. Other species offish 

captured in gill nets were counted and recorded. Scales and otoliths from any sauger 

killed or injured were collected for age determination and to supplement length-frequency 

data used in measuring year-class strength. 

Creel data from Chickamauga Reservoir collected by TWRA from 1986 through 1995 

were made available for comparison of fisherman catch rates among years. These data 

were used in conjunction with popul~tion estimates to monitor size of year classes 

produced under various conditions during the spawning period each year. 

DATA ANALYSIS 

Scale and otolith data were analyzed using the Lee method to back-calculate total lengths 

at each age prior to capture. Sauger population estimates were calculated using the 

Thompson and Juday mark and recapture census method (Lackey 1974). This estimate of 

sauger densities in Chickamauga Reservoir provided the best available measure of 
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abundance although one assumption required for this method (i.e., a closed system) was 

not met. This multiple census method of estimation is based on the formula: 

1:c, 111t 
N =-..;..._;. 

I:r, 
where N = estimated population size, 

Ct = total fish captured on day t, 
111t = total number of marked fish at the start of day t, and 
r, = number of recaptures in the sample Ct. 

RESULTS AND DISCUSSION 

NettingUagging 

A total of 4,053 fish (1 0.5 per net-hour) including 22 species and two hybrids (Table 1) 

was captured during 386.4 hours of gill netting from February 16 to May 6, 1993, in 

upper Chickamauga Reservoir. Channel catfish (2.36/hr), sauger (2.27/hr), and white bass 

(1.48/hr) were the most abundant species captured. A total of 876 sauger was collected, 

of which 819 were measured, weighed, tagged, and released. The remainder were either 

dead or appeared stressed upon removal from the nets. 

During 1994 (March 14 through May 5), 4,348 fish including 25 species and two hybrids 

were captured for a catch rate of 11.58/hr (total effort of375.6 hours). Sauger (2.41/hr), 

blue catfish (2.02/hr), and yellow bass (1.84/hr) were most abundant in the catch. A total 

of905 sauger was collected of which 786 were tagged and released. Tagged sauger 

recaptured during netting totaled 144 and 26 during 1993 and 1994, respectively. 
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Length Frequency/Age-Class Composition 

Length frequency for sauger collected during I993 (Figure I) indicated only 1.7% (IS) of 

the population were yearlings, suggesting another poor year class was produced during 

1992. The percentage of yearling sauger collected during I986 through I990 was also 

extremely low, varying from 0.8% of the population in 1989 to 15.00/o in 1990 (Hevel 

1988, Hickman et. al. I989, Hickman et. al. 1990). The percentage ofyearling sauger 

collected in 1991 increased to 71%; however, this was most likely a result of the stocking 

of 191,000 fingerling sauger by TWRA in 1990 (Hevel and Hickman 1991). Yearling 

sauger participate in the annual spawning migration, but females and most males are not 

sexually mature until age two. 

If water flow and temperature requirements during the spawning period were suitable, it 

was anticipated that fingerling sauger stocked during I990 would produce a strong year 

class during 1992, the first year the released fish would be sexually mature. But I993 

sampling results were cause for concern as few yearlings were collected. An 

instantaneous minimum discharge from Watts Bar Dam of 4,000 cfs was maintained 

during April, 1992 and, as required for optimum spawning conditions, the water 

temperature increased gradually during the 1992 spawning period. It is apparent from 

1993 sampling results that an instantaneous minimum discharge rate of 4,000 cfs may be 

insufficient to meet sauger spawning requirements at the Hunter Shoals site. 
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During 1994, the percentage ofsauger yearlings collected increased to 89.5% (810 

. individuals, also an increase) indicating a successful spawn and survival during 1993 

(Figure 1 ). Numbers of adult sauger two years and older were much lower in 1994 (95) 

than 1993 (860). This is indicative ofthe relatively short life span ofsauger in Tennessee 

River reservoirs (maximum of 4 or 5 years with most surviving for only 3 years) as noted 

by Hackney and Holbrook (1971) and Hickman et. al. (1989). The high percentage of 

yearlings observed in 1994 could likely be attributed to enhanced spawning success and 

survival due to the instantaneous minimum discharge of8,000 cfs from Watts Bar Dam 

during April1993 (optimum reported by Yeager and Shiao, 1992). 

Pooulation Estimate 

Populations estimates of sauger in Chickamauga Reservoir declined progressively (Figure 

2) over the period 1986 through 1990 but increased in 1991 (Hevel and Hickman, 1991 ). 

The previously mentioned TWRA stocking of 191,000 fingerling sauger in 1990 was 

probably responsible for the 1991 increase. Sampling was not conducted during 1992. 

Based on 1993 tagginglrecapture data, the estimated number of adult sauger in 

Chickamauga Reservoir was 2,241. Only 3 7 yearling sauger ( 1992 year class) were 

estimated to be in the reservoir in spring 1993. Data collected during 1994 provided an 

estimate of 13,833 sauger, over six times the number estimated during 1993. The majority 

ofthese fish (89.5%) were yearlings from the 1993 year class. 

7 



Creel Results 

Estimated hours spent fishing for sauger from 1986 through 1995 (TWRA 1987 - 1996) 

generally follow sauger population estimates (Table 2). Effort expended was high in 1986 

when the population estimate was over 18,000 catchable fish. Effort declined through 

1989 along with the population. Fishing pressure increased slightly in 1990 even though 

the population was estimated to be at its lowest point during the sample period. Sauger 

fishing effort rebounded in 1991 as the population increased to approximately 8,000 

individuals. In 1993, effort again declined somewhat along with the sauger population. 

but established a new high in 1994 as numbers of catchable sauger increased. Fishing 

pressure for sauger again increased in 1995; however, comparison with densities was not 

possible as population sampling was not conducted during 1995. 

Catch rate of sauger (per hour of fishing) also generally followed population estimates, 

except for a relatively high catch rate for 1990 (Table 2). Poor conditions (unusually high 

water releases) during the winter-spring 1990 sampling period resulted in only 34 sauger 

tagged and 9 recaptured. Hevel and Hickman (1991) suggested that the abnormal flow 

conditions reduced sauger sampling efficiency and may have altered typical distribution 

patterns of sauger. The population estimate of only 78 individuals was likely inaccurate. 

Based on the 1991 estimated population of adult sauger in Chickamauga Reservoir of 

2,036, it is evident sauger densities were higher than reported in 1990, but remained low 

compared to the 1986 estimated adult population of 17,058. 
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The high fishennen catch rate ofsauger in 1995 (0.98 fish/hour), in conjunction with high 

fishing pressure estimates that year (Table 2), indicates a significant year class was 

produced in 1994. Harvest rate was low suggesting the majority of the catch was made 

up of juvenile sauger. Water releases through Watts Bar Dam during April 1994 were in 

excess of the 8,000 cfs target instantaneous minimum flow necessary to maximize suitable 

conditions for sauger spawning. The 1995 creel catch rate indicates a large 1994 year 

class was produced. 

Exploitation Rate and Movement 

Recaptures by fishennen of sauger tagged below Watts Bar Dam n;vealed an exploitation 

rate ofgolo in 1993 and 11% in 1994. Exploitation rate estimates were not adjusted for 

tag loss or non-reporting. These results are somewhat higher than those obtained during 

the earlier years of the study which ranged from 5% to 8% of the population being 

harvested each year from 1986-1992. These rates of harvest are far below the normal 

annual exploitation of walleye in Michigan reported by Schneider (1978). Snow (1978) 

suggested an exploitation rate of 55% would not adversely impact northern pike 

populations in Wisconsin, and Anderson (1974), Graham (1974), and Ming (1974) 

considered an exploitation rate of up to 40% allowable to maintain a quality fishery for 

largemouth bass. It is evident that fishing mortality has very little impact on the sauger 

population in Chickamauga Reservoir. 

Based on tag returns by fishennen, movement of sauger through the upstream dam was 

again documented during 1993 and 1994. Seven of the 77 tagged sauger (9%) returned 
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by fishermen with location of capture information were caught above Watts Bar Dam in 

1993. In 1994, only 2 of65 tagged sauger (3%) returned by fishermen with location of 

capture were recaptured from Watts Bar Reservoir. These rates fall within the range 

previously observed (3 to 15%) from 1986-1989 (Hevel1988, Hickman et. al. 1989, and 

Hickman et. al. 1990). Other researchers have also noted the occurrence of sauger 

traversing TVA locks (Cobb 1960, St. John 1990, andPegg 1994). Hevel (1988), 

Hickman et. al. (1989), and St. John (1990) suggested that this inter-reservoir movement 

of sauger indicates spawning sites located in one reservoir contribute to sauger 

populations in other reservoirs throughout the Tennessee River. Pegg et. al. (1996) 

concluded that impoundments on the Tennessee River are only partial barriers to 

migration, and the interdependence of these populations is unknown. 

There was no evidence of sauger or fishermen concentration in the vicinity of SQN based 

on fishermen recaptures or on the special thermal variance creel study done at SQN from 

1993-1994 (Kay and Buchanan 1995). No tagged sauger were reported from this area of 

Chickamauga Reservoir in 1993, and only 2 of65 recaptured sauger (3%) with catch 

location information were taken there in 1994. As concluded by Kay and Buchanan 

(1995), the thermal variance for SQN allowing a soc tiT during November through 

March 1993 and 1994 had no impact on sauger distribution or migration. 
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Conclusions 

Comparison of 1993 and 1994 sauger population sampling results with the special water 

releases through Watts Bar Dam revealed that an instantaneous minimum discharge of 

8,000 cfs was sufficient to provide conditions for successful reproduction of sauger. The 

high 1995 fishermen catch rate of juvenile sauger, following a year when instantaneous 

minimum releases during April through Watts Bar Dam exceeded 8,000 cfs, support this 

conclusion. However, it is apparent that an instantaneous minimum discharge rate of 

4,000 cfs may be inadequate to maintain a viable sauger population. The release of 

191,000 fingerling sauger in 1990 by TWRA for an approximate cost of$30,000.00 (Mike 

Smith, TWRA Eagle Bend Fish Hatchery, personal communication) proved to be very 

effective in establishing a year class. It is apparent that in years when adequate flows can 

not be maintained during the sauger spawning period, supplemental stocking could 

substitute for natural reproduction. 

The thermal variance from 3°C to soc AT during November through March at SQN was 

determined to have no adverse impact on the sauger population in Chickamauga 

Reservoir. The sauger population was at a low density in 1993 prior to implementation of 

the thermal variance. In 1994, after the variance was implemented in November 1993, the 

resident sauger population was estimated at its highest level since 1986. No attraction to, 

or avoidance of, the SQN diffuser area was documented for fishermen or sauger based on 

a SQN creel survey and tags returned during 1993 and 1994. Sauger exploitation rate 

also remained low after the variance was implemented. 

11 

mharris
Highlight



During the nine year history of the Chickamauga sauger project, numerous objectives 

were realized. The spawning site for sauger was identified, annual sauger population 

estimates were developed, instantaneous minimum flow of 8, 000 cfs and gradually 

increasing water temperatures during the spawning period were found to be critical factors 

in sauger reproductive success, stocking of fingerlings was determined to be an effective 

means of producing a good year class when conditions are unsuitable for natural 

reproduction, and detennination of no impacts from a thermal variance at SQN was 

accomplished. 
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Table 1. Species list, number collected, and catch per hour during winter-spring gill netting in 
Chickamauga Reservoir, 1993 (total efl'ort of386.4 hours) and 1994 (total effort of375.6 hours). 

1993 1994 

Common Name Number Catchlhour Number Catch/hour 
Collected Collected 

Paddlefish 6 0.02 - -
Longnose gar 4 0.01 48 0.13 

Mooneye 17 0.04 s 0.01 

Skipjack herring 378 0.98 554 1.48 

Alewife - - 4 0.01 

Gizzard shad 298 0.77 217 0.58 

TJueadfin shad 3 0.01 2 0.01 

Common carp 1 0.01 9 0.02 

Quillback 1 0.01 2 0.01 

Northern hog sucker 6 0.02 - -
Smallmouth buffalo - - 4 0.01 

Spotted sucker 48 0.12 20 0.05 

Silver redhorse - - 1 0.01 

Golden redhorse 4 0.01 2 0.01 

Shorthead redhorse - - 1 0.01 

Blue catfish 216 0.56 760 2.02 

Channel catfish 911 2.36 497 1.32 

Flathead catfish 2 0.01 6 0.02 

White bass 571 1.48 188 0.50 

Yellow bass 487 1.26 690 1.84 

Striped bass 23 0.06 51 0.14 

Hybrid striped x white bass 60 0.16 24 0.06 

Green sunfish 1 0.01 - -
Warmouth - - 1 0.01 

Bluegill - - 7 0.02 

Redear sunfish 1 0.01 15 0.04 

Sauger 876 2.27 905 2.41 

Walleye 58 0.15 8 0.02 

Hybrid walleye x sauger 30 0.08 15 0.04 

Freshwater drum 51 0.13 312 0.83 

Totals 4,053 10.50 4,348 11.58 
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Table 2. Estimated fishing pressure and catch rate for sauger from Chickamauga 
Reservoir, during the period 1986-1995. 

Year Population Estimate Estimated Fishing Catch Rate 
Pressure (Houn) (Number/Hour) 

1986 18,381 30,422 0.52* 

1987 2,861 17,439 0.59* 

1988 1,251 11,201 0.00 

1989 1,173 3,098 0.00 

1990 78 5,938 0.96 

1991 7,024 24,746 0.70 

1992 No estimate 13,976 0.47 

1993 2,241 12,990 0.63 

1994 13,833 42,135 1.05 

1995 No estimate 52,281 0.98 

• Harvest/hour 
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Revisions to Report 
 

In the Executive Summary and Introduction sections, a clerical error was discovered in the 
sentence stating that “During operational monitoring at SQN from 1980 through 1985, the 
average hydraulic entrainment of fish larvae was estimated to be 8.6 percent of those passing the 
plant.”  This sentence was revised to correctly state ““During operational monitoring at SQN 
from 1981 through 1985, the average entrainment rate of fish larvae was estimated to be 2.8 
percent of those passing the plant.”  Average hydraulic entrainment for the same period was 8.6 
percent and was mistakenly substituted as the value for larval entrainment and the operational 
monitoring period was intended to begin in 1981 instead of 1980. 
 
Additionally, the third column of Table 5 was revised to reflect the preferred method of 
calculating “Average Seasonal Density”.  The revised method sums the densities (number per 
1000 m3) for each family for all sample periods and divides by the total number of sample 
periods.  The previous method calculated the average seasonal densities for intake and reservoir 
samples using the same method, but then added the two average densities and divided by two to 
obtain average seasonal density for all larvae.  The revised method is more accurate as it reflects 
the difference in volumes of water filtered between intake and reservoir samples. 
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EXECUTIVE SUMMARY 

Sequoyah Nuclear Plant’s (SQN) current National Pollutant Discharge Elimination System 
permit number TN0026450 states, “For Section 316(b), the permittee shall summarize previous 
data and indicate whether significant changes have occurred in plant operation, reservoir 
operations or instream biology that would necessitate significant changes to the variance.”   
Condenser Cooling Water (CCW) withdrawn from Chickamauga Reservoir potentially affects 
the fish community by entrainment (small fish and eggs drawn through the intake screens) and 
impingement (fish trapped against screens by the intake water velocity).  Densities of fish in the 
reservoir near the intake and daily volume of water transported past the SQN were compared to 
daily CCW demand and densities of fish at the intake skimmer wall to estimate percent 
entrainment. 

During operational monitoring from 1981 through 1985, the entrainment of total fish larvae was 
estimated to be 2.8 percent of those passing the plant.  In order to compare the current larval fish 
assemblage and rate of entrainment with data collected during historical monitoring, 
ichthyoplankton sampling was conducted during May through July 2004.  Clupeids (primarily 
gizzard and threadfin shad) were the dominant taxon collected in entrainment sampling and 
estimated entrainment was 15.4 percent.  Freshwater drum larval entrainment was estimated to 
be 45.4 percent, the highest for any of the significant taxa.  Overall larval entrainment was 
estimated to be 15.6 percent during 2004.      
  
Entrainment estimates for total larvae in 2004 were higher than those from historical samples 
colleted during 1981 through 1985.  Historical fluctuations in rates of entrainment and recent 
Reservoir Fish Assemblage Index evaluations indicate the Chickamauga Reservoir near SQN 
supports a balanced and diverse indigenous fish community with no significant impacts observed 
from current plant operation. 



Introduction 

Section 316(a) of the Clean Water Act allows point-source dischargers of heated water to obtain 
a variance from state water quality standards if the point-source can demonstrate maintenance of 
balanced indigenous populations (BIP) of aquatic life.  Compliance requires permittee to 
characterize the aquatic community in the vicinity of the intake structure prior to operation; 
monitoring during normal operation to assess impacts; and periodically review current 
operational demands, reservoir operation, and condition of the aquatic community to ensure no 
significant changes have occurred.  Two potential impacts associated with cooling water intake 
structures are impingement and entrainment.  Impingement occurs when aquatic organisms are 
trapped against the intake structure (traveling screens) by the withdrawal of cooling water and 
entrainment occurs when organisms are drawn through the intake structure into the plant cooling 
system. 
 
Sequoyah Nuclear Plant’s (SQN) current National Pollutant Discharge Elimination System 
(NPDES) permit number TN0026450 states, “For Section 316(b), the permittee shall summarize 
previous data and indicate whether significant changes have occurred in plant operation, 
reservoir operations or instream biology that would necessitate significant changes to the 
variance.”  In 1991, the Tennessee Valley Authority (TVA) implemented changes in TVA 
reservoir operations to maintain minimum flows below dams at critical times and locations.  
These changes were the result of the Tennessee River and Reservoir System Operation and 
Planning Review (TVA 1991).  Other changes included increasing dissolved oxygen below 16 
dams by aerating releases, and to delay unrestricted summer drawdown until August 1 on ten 
tributary reservoirs.  Further changes in reservoir operation policy were implemented in 2005 as 
a result of TVA’s Reservoir Operations Study and Environmental Impact Statement (TVA 
2004).   
 
During operational monitoring at SQN from 1981 through 1985, the average hydraulic 
entrainment was estimated to be 8.6 percent.  During this period, the average entrainment of total 
fish larvae was estimated to be 2.8 percent of those passing the plant.  In order to compare 
current level of larval fish and hydraulic entrainment with data collected during operational 
monitoring, ichthyoplankton sampling was conducted during April through July 2004.  The 
purpose of this document is to summarize and provide Tennessee Department of Environment 
and Conservation the results and comparisons between current and historical entrainment 
monitoring data.  
 

RESERVOIR AND PLANT OPERATION DURING 2004 
 

Chickamauga Reservoir Operation 
Surface elevation of Chickamauga Reservoir and river flow past SQN is dependent on the rate 
water is released through Watts Bar and Chickamauga Dams.  TVA’s integrated approach to 
Chickamauga Reservoir operation includes winter drawdown for flood control, minimum 
summer pools, and hydroelectric power generation.  In 2004, average daily surface elevation of 
Chickamauga forebay ranged from 206.0 m above mean sea level (AMSL) to 209.5 m AMSL 
(Figure 1).  Daily river flow past SQN ranged from 159 m3/s to 2634 m3/s in 2004 (Figure 2).   
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On May 18, 2004, the daily average release from Chickamauga Hydro was zero cubic feet per 
second (cfs) while the release from Watts Bar Hydro was 7100 cfs.  This unusual situation 
resulted in essentially zero or negative flow past SQN.   
   
Sequoyah Operation 
SQN Units 1 and 2 were both in operation during the 2004 entrainment sampling (Figure 3).  The 
combined generation rate for Units 1 and 2 averaged 2081 megawatts in 2004.  The average 
daily withdrawal rate (hydraulic entrainment) of CCW from Chickamauga Reservoir during 
2003 and 2004 was 86 m3/s (Figure 4).  However, CCW demand during entrainment sampling 
(April 27 through July 12, 2004) reflected normal operation, averaging 91 m3/s.   
 

Methods 

Sample Collection 
Larval sampling began on April 20 and continued through July 12, 2004.  Ichthyoplankton 
samples provided temporal abundance of larval fish and eggs at five stations along a transect 
perpendicular to river flow just upstream of the plant intake channel at Tennessee River Mile 
(TRM) 485 (Figure 5).  Seven samples were collected weekly during both day and night.  
Samples consisted of one full-stratum sample from both left and right overbanks, three samples 
from the mid-channel area with one taken from surface to mid-depth, one from mid-depth to 
bottom and one towed near bottom for the duration of the sample.  In addition, two replicate, 20-
minute full-stratum samples were collected along the intake skimmer wall.   

 
Samples were collected with a beam net (0.5 m square, 1.8 m long, with 505 micron “nitex” 
mesh netting) towed upstream at a speed of 1.0 m/s for ten minutes. The volume of water filtered 
through the net was measured with a large-vaned General Oceanics flowmeter®.  Approximately 
150 m3 of water were filtered per ten minute sample.  Intake samples were collected by lowering 
the net to the bottom and gradually raising the net during the 20 minutes to the depth of the 
skimmer wall (approximately 16-17 meters).  Approximately 40-50 m3 of water were filtered per 
intake sample. Water temperature was recorded using a mercury thermometer calibrated to the 
tenth degree Celsius.   

Laboratory and Data Analysis 

Laboratory Analysis 

Larval fish and eggs were removed from the samples, identified to the lowest possible taxon, 
counted and measured to the nearest millimeter total length following procedures outlined in 
NROPS-FO-BR-24.1 (TVA 1983).  Taxonomic decisions were based on TVA’s “Preliminary 
Guide to the Identification of Larval Fishes in the Tennessee River,” (Hogue et al., 1976) and 
other pertinent literature. 
 
The term “unidentifiable larvae” applies to specimens too damaged or mutilated to identify, 
while “unspecifiable” before a taxon implies a level of taxonomic resolution (e.g., “unspecifiable 
catostomids” designates larvae within the family Catostomidae that currently cannot be 
identified to a lower taxon).  The category “unidentifiable eggs” applies to specimens that cannot 
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be identified due to damage or lack of taxonomic knowledge.  Taxonomic refinement is a 
function of specimen size and developmental stage.  Throughout this report, the designation 
“unspecifiable clupeids” refers to clupeids less than 20 mm in total length and could include 
Dorosoma cepedianum (gizzard shad), D. petenense (threadfin shad), and/or Alosa chrysochloris 
(skipjack herring).  Any clupeid specimens identified to species level represent postlarvae 20 mm 
or longer in total length.   
 
Developmental stage of moronids also determines level of taxonomic resolution.  Morone 
saxatilis (striped bass) hatch at a larger size than either M. chrysops (white bass) or M. 
mississippiensis (yellow bass).  Although it is currently impossible to distinguish between larvae 
of the latter two species,  M. saxatilis can be eliminated as a possibility based on developmental 
characteristics of specimens 6 mm or less in total length (hence, the taxonomic designation 
Morone, not saxatilis).  Specimens identified as Morone spp. are greater than 6 mm total length.   
 
Data Analysis 
Temporal occurrence and relative abundance of eggs and larvae by taxon are presented and 
discussed for the entire monitoring period.  Densities of fish eggs and larvae are expressed as 
numbers per 1000 m3 of water sampled. 
 
Estimated entrainment of fish eggs and larvae at SQN was calculated by the following method:  
densities of eggs and larvae transported past the plant were estimated for each sample period by 
averaging densities (all stations) of eggs and larvae from TRM 485 and multiplying by the 
corresponding 24-hour flow past the plant.  Percentage of transported ichthyofauna entrained by 
the plant was estimated from the formula:   
 
   E = 100 Di Qi 
                               Dr Qr 
 
 where     Di   = mean density (N/1000 m3) of eggs or larvae in intake samples; 
 
                                 Dr = mean density (N/1000 m3) of eggs or larvae in river 

                       (TRM 485 transect); 
 
   Qi = plant intake water demand (m3/d); 
 
   Qr = river flow (m3/d). 
 

Results and Discussion 
 

During twelve sample periods in 2004, the average volume of water filtered each period was 
232.7 m3 for intake samples and 876.6 m3 for reservoir samples (Table 1).  A list of families of 
fish eggs and larvae collected during 2004 including the lowest level of taxonomic resolution is 
presented in Table 2. 
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Fish Eggs 
Freshwater drum eggs comprised 98.8 percent of the total fish eggs and were collected during all 
twelve sample periods (Table 3), demonstrating the extended spawning season for this species.  
Densities peaked on May 25 at 24,367/1000 m3 in reservoir samples and on June 2 at 1,594/1000 
m3 in samples collected near the intake (Table 4) (Figure 6).  Average seasonal densities for 
drum eggs were 549 and 652/1000 m3 in the intake and reservoir samples respectively (Table 5).   
 
Larval Fish 
Relative abundance for all taxa of larval fish collected during the twelve weekly sample periods 
of 2004 (Table 3) was dominated by clupeids (87.9%),  Morone (5.5%), freshwater drum (3.2%) 
and centrarchids (3.1%).  Total number of larvae collected for the four dominant taxa was 51,350 
and total collected for all taxa was 52,881.  A comparison of densities of total fish larvae by 
sample period between intake and reservoir samples is presented in Figure 7. 
 
Peak densities of clupeid larvae (primarily gizzard and threadfin shad) occurred on April 27 in 
reservoir samples (20,570/1000 m3) and on May 3 in intake samples (15,464/1000 m3) (Table 4). 
Following the high densities in late April and early May, clupeid densities decreased 
dramatically through the remainder of the sampling period with a slight increase observed during 
early June (Figure 8).  Average seasonal density for clupeids was 2,249/1000 m3 for intake and 
3,465/1000m3 for reservoir samples (Table 5). 
   
Larval Morone were collected from the first sample period (April 20) through June 9, 2004.  
Densities of Morone (white and yellow bass) larvae also peaked on April 27 (Figure 9) at 1,558 
and 277/1000m3 in the reservoir and intake samples respectively.  Average seasonal densities of 
larval Morone were 52/1000 m3 in intake samples and 247/1000 m3   in reservoir samples (Table 
5). 
 
Centrarchid (Lepomis and Pomoxis) larvae were first collected on April 27 and were present in 
samples throughout the remainder of the sampling season (Figure 10).  Peak densities of 
897/1000 m3 occurred in the reservoir samples on June 2 and 1,027/1000 m3 occurred on June 15 
in the intake samples (Table 4).  Centrarchid larvae exhibited similar average seasonal densities 
in both intake (131/1000 m3) and reservoir samples (128/1000 m3).  
 
Freshwater drum larvae were first collected on April 27 and were present in samples throughout 
the remainder of the sampling season.  Densities peaked on May 18 at 717/1000 m3 in the intake 
samples and on June 9 at 379/1000 m3 in reservoir samples (Table 4).  Average seasonal 
densities were 200/1000m3 in intake and 104/1000 m3 in reservoir samples (Table 5).   
 
Average seasonal densities for all taxa collected are presented in Table 5.  
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Hydraulic Entrainment Estimates 
Hydraulic entrainment by SQN during the twelve sampling periods in 2004 averaged 24.2 
percent with a range of 7.4 to 111.1 percent (Table 6).  The peak hydraulic entrainment occurred 
on May 18 and the lowest was recorded on June 30.  The entrainment estimate of 111.1 percent 
on May 18 was a result of zero release at Chickamauga Dam and 7,100 cfs average release from 
Watts Bar Dam. 
 
Fish Egg and Larvae Entrainment Estimates 
Estimated total transport of fish eggs (98.8% drum eggs) past SQN during 12 sample periods in 
2004 was 5.4 billion.  The seasonal entrainment estimate for drum (Sciaenid) eggs was 11.2 
percent (Table 7).  
 
Estimated total transport of fish larvae past SQN during 12 sample periods in 2004 was 9.8 
billion.  Clupeid larvae comprised 87.9 percent of this total and were entrained at a rate of 15.4 
percent of the total passing the plant.  The overall estimated rate of entrainment for total fish 
larvae was 15.6 percent, obviously driven by clupeids as the most dominant taxon.  Average 
seasonal densities of clupeids in intake vs. reservoir samples were 2,249 and 3,465/1000 m3 

respectively (Table 5).   
 
Estimated entrainment of freshwater drum larvae was 45.4 percent.  The two highest densities of 
drum larvae were both observed in intake samples on May 18 and on June 02.  The peak density 
of 717/1000 m3 at the intake on May 18 occurred coincidentally when the hydraulic entrainment 
estimate also peaked at 111.1 percent.  Overall, densities of freshwater drum larvae were higher 
in intake samples than channel samples during 8 out of 12 sample periods (Figure 11). 
 
The entrainment estimate for Centrarchids (primarily sunfish and crappie larvae) was 24.2 
percent of those passing the plant.  Average seasonal density was similar at both intake 
(131/1000 m3) and reservoir (128/1000 m3) samples (Table 5). 
 
Morone larvae were the only other significant taxon with estimated entrainment over one percent 
(Table 5).  An estimated five percent of Morone larvae passing SQN during 2004 were entrained. 
 
Cyprinid (minnows) larvae were collected in very low numbers evidenced by seasonal densities 
of 7 and 2/1000 m3 in intake and reservoir samples respectively.  Higher densities in intake 
samples resulted in an estimate of 72.6 percent entrainment for this taxon (Table 6). 
 

DISCUSSION WITH HISTORICAL COMPARISONS 

Sample methods used to collect fish eggs and larvae during 2004 were only slightly different 
than those used in 1985 (TVA 1986 and TVA 1987).  Seasonal mean hydraulic entrainment was 
12.2 percent in 1985 compared to 24.2 percent in 2004.  Higher hydraulic entrainment was likely 
the result of lower reservoir flow rate caused by lower than average runoff from rainfall.  This 
also influenced the total entrainment rate of 15.6 percent for larval fish which was the highest 
ever recorded.   
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Estimated entrainment of freshwater drum eggs was 11.2 percent in 2004 compared to 16.6 
percent in 1985.  Drum larval entrainment was estimated at 30.2 percent in 1985 compared to 
45.4 percent in 2004.   Considering that hydraulic entrainment doubled from 1985 to 2004, this 
increased rate of entrainment estimated for drum larvae could be expected.  Table 8 compares 
historical fish egg and larval entrainment estimates between 1981 through 1985 with the recent 
estimates during 2004.  Historical data led to the conclusion that significant spawning by 
freshwater drum occurs in the vicinity of, or slightly downstream of SQN, producing eggs and 
larvae that are not subjected to plant entrainment.  Even though seasonal larval drum entrainment 
was abnormally high (45.4%) during 2004, it was primarily attributed to the May 18 sample 
period when the peak density occurred simultaneously with peak hydraulic entrainment (111 %).   
  
Chickamauga Reservoir Fish Community 
Industries responsible for point-source discharges of heated water can obtain a variance from 
state water quality standards if the industry can demonstrate compliance with thermal criteria by 
documenting the maintenance of BIP of aquatic life in the vicinity of its discharge.  SQN’s 
current NPDES permit number TN0026450 states, “For Section 316(a), the permittee shall 
summarize previous data and indicate whether significant changes have occurred in plant 
operation, reservoir operations or in stream biology that would necessitate significant changes to 
the permitted variance.”  The permittee shall use the Reservoir Fish Assemblage Index (RFAI) to 
assess Chickamauga Reservoir fish community health.  Any apparent declines in the fish 
community health will be further investigated to discover whether the decline is a valid 
conclusion and if the decline is real and to identify possible sources for the fish community 
decline.  As part of the identification of potential sources for the decline, the instream effects of 
the discharges made under this permit will be investigated (TDEC 2000).  In response to this 
requirement, TVA’s Vital Signs (VS) monitoring program (Dycus and Meinert 1993) will be 
used to evaluate areas of Chickamauga Reservoir upstream and downstream of SQN discharge.  
Reservoirs are typically divided into three zones for VS Monitoring – inflow, transition and 
forebay.  The inflow zone is generally in the upper reaches of the reservoir and is riverine in 
nature; the transition zone or mid-reservoir is the area where water velocity decreases due to 
increased cross-sectional area, and the forebay is the lacustrine area near the dam.  The 
Chickamauga Reservoir inflow zone sample site is located at TRM 529.0; the transition zone 
sampling site is located at TRM 490.5 and the forebay zone sampling site is located at TRM 
472.3.  The VS transition zone, which is located approximately 7.2 river miles upstream of the 
SQN discharge (TRM 483.3), will be used to provide upstream data for the 316(a) thermal 
variance studies performed in sample years between 1993 and 2005.  An additional transition 
station was later added downstream of the SQN discharge to more closely monitor Chickamauga 
Reservoir aquatic communities in close proximity to the SQN thermal effluent.  This station is 
located at TRM 482.0 and will be used for downstream comparisons of aquatic communities for 
the 1999 through 2005 sample seasons.  The forebay zone, will serve as the downstream station 
for 1993 through 1995 and 1997 sample seasons. 
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Sport Fishing Index 
In the past, the Sport Fishing Index (SFI) was used in support of a thermal variance request at 
SQN (TVA 1996).  The SFI was developed to quantify sport fishing quality for individual sport 
fish species.  The SFI provides biologists with a reference point to measure the quality of a sport 
fishery.  Comparison of the population sampling parameters and creel results for a particular 
sport fish species with expectations of these parameters from a high quality fishery (reference 
conditions) allows for the determination of fishing quality.  Indices have been developed for 
black bass (largemouth, smallmouth and spotted bass), sauger, striped bass, bluegill, and channel 
catfish.  Each SFI relies on measurements of quantity and quality aspects of angler success and 
fish population characteristics.  
  
In recent years, SFI information has been used to describe the quality of the resident fishery in 
conjunction with compliance monitoring, thermal variance requests, and other regulatory issues 
at TVA nuclear plants in Tennessee.  Similar NPDES compliance monitoring programs using the 
methodologies described above are also being performed at Browns Ferry Nuclear, Colbert and 
Widows Creek Fossil Plants in Alabama.   
 
The TVA Spring Sport Fish Survey is conducted to evaluate the sport fish population of TVA 
Reservoirs.  The results of the survey are used by state agencies to protect, improve and assess 
the quality of sport fisheries.  Predominant habitat types in the reservoir are surveyed to 
determine sport fish abundance.  In addition to accommodating TVA and state databases, this 
surveying method aligns with TVA Watershed Team and TVA’s Reservoir Operations Study 
objectives.  Sample sites are selected using the shoreline habitat characteristics employed by the 
Watershed Teams.  The survey predominantly targets three species of black bass (largemouth, 
smallmouth, and spotted bass) and black and white crappie.  These species are the predominant 
sport fish sought after by fisherman.   
 
In the autumn of 2004, Chickamauga Reservoir’s sport fish population received similar RFAI 
scores (Table 9) compared to the eight year average (TVA 2006).  Largemouth bass, smallmouth 
bass, spotted bass, crappie, bluegill, and channel catfish received higher scores than their seven 
year averages (Figure 12).  Channel catfish, largemouth bass, and bluegill received their highest 
SFI scores to date.  Crappie and black bass received lower scores in 2004 compared to scores in 
2003.  This quality assessment is not necessarily indicative of a trend and historical data indicate 
that SFI scores typically vary among years.  However if future scores would continue to decline, 
further investigation would be warranted.   
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CONCLUSIONS 
 

Both historical data and the 2004 sampling results demonstrate the significant variability in the 
occurrence and spatial-temporal distribution of larval fish in Chickamauga Reservoir near SQN.  
This variability translates into significant fluctuation in the entrainment rates associated with 
plant operation.  Factors contributing to these fluctuations include: 
 

• Proximity of intake to spawning and nursery areas 
• Seasonality and period of occurrence 
• Vertical distribution/movement 
• Cross-sectional or horizontal distribution  
• Diel distribution 
• Life-stage/swimming ability  
• Growth rate 
• Physical parameters and operation of Chickamauga Reservoir in the vicinity of 

SQN 
 
In calculating entrainment estimates, one or two species usually comprise a high percentage of 
the total composition, as is the case with clupeids and freshwater drum in the vicinity of SQN.  
Freshwater drum spawn in open water while shad spawn near shore and each female produces 
thousands of eggs, creating areas in the reservoir with high densities of fish eggs and early 
larvae.  As these high density pulses of eggs and larvae drift downstream, their occurrence within 
a sampling area (either near the plant intake or in the open reservoir) may significantly affect 
individual entrainment estimates.   
 
The 2004 316(b) data and recent fish community assessments in Chickamauga Reservoir near 
SQN show no significant impacts from current operation of SQN on the fish community near the 
plant. Furthermore, current 316(b) data support conclusions presented in the 1986 historical 
assessments.  Results demonstrate annual variations in the relative abundance and spatial-
temporal distribution of fish and fluctuations in reservoir flow are common in the vicinity of 
SQN.  Life history aspects and dynamics of drifting larvae and fluctuation in reservoir flow past 
SQN are significant factors influencing variations observed in the annual entrainment estimates.  
These variations in fish density and reservoir flow in the Chickamauga transition zone have 
apparently had little affect on the fish community.  Based on the 2004 316(b) evaluation and the 
annual RFAI and SFI scores for Chickamauga Reservoir, a viable balanced indigenous fish 
community is present in Chickamauga Reservoir in the vicinity of SQN. 
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Table 1.  Total Volume of Water Filtered by Sample Period at Sequoyah Nuclear Plant  
  during 2004 to Estimate Entrainment of Fish Eggs and Larvae. 

 
  2004  

Sample Date Intake 
m3 

Reservoir 
m3 

Total 
m3 

    
Apr 27 216.7 965.5 1182.2 
May 4 271.6 1067.7 1339.3 
May 10 299.4 833.8 1133.2 
May 18 346.1 799.8 1145.9 
May 25 276.4 822.1 1098.5 
Jun 2 209.6 901.9 1111.5 
Jun 9 97.7 939.0 1036.7 
Jun 15 189.9 738.5 928.4 
Jun 23 254.5 884.1 1138.6 
Jun 30 228.0 688.1 916.1 
Jul 7 260.4 977.6 1238.0 
Jul 12 142.0 901.3 1043.3 
Total 2792.3 10519.4 13311.7 
Average 232.7 876.6 1109.3 
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Table 2.  List of Fish Eggs and Larvae by Family Collected at Sequoyah Nuclear Plant in  
  2004 Entrainment Samples and Lowest Level of Taxonomic Resolution for each 
  Family. 

 
 

Scientific  Common  Lowest Level of Taxonomic 
Name  Name Identification 

Clupeidae  Shad Family - all larvae < 20 mm TL.  
  Genus or species -larger individuals to 

Alosa spp.- alewife, skipjack, Dorosoma 
spp. - gizzard and threadfin shad. 
 

Cyprinidae  Minnows and 
Carps 

Family – most minnows, shiners, and 
chubs 
Genus or species -common carp, golden 
shiner, and larger individuals to emerald 
shiner, mimic shiner, Pimephales spp. 
 

Catostomidae  Suckers Subfamily - ictiobines (buffalo and 
carpsuckers) 

  Genus - Larger individual to buffalo. 
   

Ictaluridae  Catfishes Species - Blue, Channel 
 

Moronidae  Temperate basses Genus -most larval life phases 
  Species - yolk-sac larvae > 5 mm TL 

(striped bass), larger individuals to white, 
yellow, and striped bass. 
 

Centrarchidae  Sunfishes Genus - crappie, lepomids (sunfishes), and 
black bass. 

  Species - larger individuals to largemouth 
bass. 
 

Sciaenidae  Drums Species. freshwater drum 
 
 

Unspecified 
Larvae and Eggs 

  Identification to family was not possible. 
Limiting factors were size, stage of 
development, and season when egg was 
collected. 
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Table 3.  Percent Composition of Fish Eggs and Larvae by Family in Entrainment Samples  
 at Sequoyah Nuclear Plant during 2004. 
 

 Intake 
Samples 

% 

Reservoir 
Samples 

% 

 
All Samples 

% 
Eggs    
  Unspecified 0.0 1.9 1.2 
  Sciaenidae 100.0 98.1 98.8 
    
Larvae    
  Clupeidae 85.2 87.8 87.9 
  Cyprinidae 0.3 0.1 0.2 
  Catostomidae T T T 
  Ictaluridae T T T 
  Moronidae 2.0 6.3 5.5 
  Centrarchidae 5.0 3.3 3.1 
  Sciaenidae 7.6 2.6 3.2 

 
T – Taxon was collected in samples but composition was less than 0.1%. 
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Table 4.  Peak Densities and Sample Dates by Family for Fish Eggs and Larvae  
    from Intake and Reservoir Entrainment Samples Collected at Sequoyah 
    Nuclear Plant during 2004. 

 
 

Peak Density Number/1000 m3 

 
 
 

 
Intake/ 

Skimmer 
Wall 

 
Sample 

Date 
D=Day 

N=Night 

 
 

Reservoir 

 
Sample Date

D=Day 
N=Night 

EGGS   
        Family   
Sciaenidae 1,594 June 2 4,433 May 25 

     
LARVAE     

Family     
Clupeidae 15,464 May 3 20,570 April 27 
Cyprinidae 28 

 
April 27 

 
6 April 27 

Catostomidae 0 - 7 June 15 
Ictaluridae 0 - 2 June 9 
Moronidae 277 April 27 1,558 April 27 

Centrarchidae 1,027 June 15 897 June 2 
Sciaenidae 717 May 18 379 June 9 
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Table 5.  Average Seasonal Density of Fish Eggs and Larvae in Entrainment Samples  
 at Sequoyah Nuclear Plant during 2004. 
 

 Intake 
Samples 
1000 m3 

Reservoir 
Samples 
1000 m3 

 
All Samples 

1000 m3 
Eggs    
  Unspecified 0 12 6 
  Sciaenidae 549 652 618 
                 Totals: 549 664 627 

 
Larvae    
  Clupeidae 2249 3465 3221 
  Cyprinidae 7 2 3 
  Catostomidae 0 T T 
  Ictaluridae 0 T T 
  Moronidae 52 247 204 
  Centrarchidae 131 128 128 
  Sciaenidae 
                 Totals: 

200 
2639 

104 
3946 

129 
3685 

T – Taxon was collected in samples but density averaged less than 1 individual per 1000 m3. 
 
Table 6.   Estimated Daily Hydraulic Entrainment by Sample Period at Sequoyah Nuclear  

  Plant during 2004. 
 

 Volume 
Sample Date Intake 

m3  day 
Reservoir 

m3  day 
 

Entrained 
 Q i Q r % 

Apr 27 5.90E+06 2.50E+07 23.6% 
May 4 6.00E+06 5.50E+07 10.9% 
May 10 6.00E+06 5.40E+07 22.2%
May 18 6.00E+06 5.40E+06 111.1%
May 25 6.1.0E+06 2.10E+07 29.0% 
Jun 02 6.00E+06 1.80E+07 33.3% 
Jun 09 6.00E+06 6.70E+07 9.0% 
Jun 15 6.00E+06 4.60E+07 13.0% 
Jun 23 6.10E+06 5.90E+07 10.3% 
Jun 30 6.10E+06 8.20E+07 7.4% 
Jul 07 6.10E+06 5.70E+07 10.7% 
Jul 12 6.10E+06 6.20E+07 9.8% 
Average 6.03E+06 4.37E+07 24.2% 
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Table 7.  Seasonal Entrainment Estimates for Numerically Significant Fish Taxa Collected  
 at Sequoyah Nuclear Plant during 2004. 
 

 
 
 
 
Taxa 

Intake  
Number 

Entrained 
Per Day 
Q i X D i 

Reservoir 
Total 

Number 
Per Day 
Q rX D r 

 

 
 

Entrainment 
Estimate 

% 

Eggs    
  Sciaenidae 6.10E+09 5.40E+10 11.2 
                 Totals: 6.10E+09 5.40E+10 11.2 

 
Larvae    
  Clupeidae 1.30E+10 8.60E+10 15.4 
  Cyprinidae 4.30E+07 5.90E+07 72.6 
  Catostomidae 0.00E+00 1.40E+07 0.0 
  Ictaluridae 0.00E+00 6.50E+06 0.0 
  Moronidae 3.10E+08 6.20E+09 5.0 
  Centrarchidae 7.70E+08 3.20E+09 24.2 
  Sciaenidae 
                 Totals: 

1.20E+09 
1.53E+10 

2.60E+09 
9.81E+10 

45.4 
15.6 

 
Table 8.  Historical and Current Entrainment Percentages for Fish Eggs and Larvae  

    at Sequoyah Nuclear Plant during 1981-1985 and 2004. 
 

  
1981 

 

 
1982 

 
1983 

 
1984 

 
1985 

 
2004 

Freshwater Drum Eggs 6.7 41.4 22.6 9.7 16.6 11.2 
Larvae       

Clupeidae 2.1 1.5 2.7 1.8 1.1 15.4 
Cyprinidae 4.3 4.2 5.9 2.3 3.1 72.6 
Catostomidae 0.0 0.0 6.1 2.6 0.0 0.0 
Ictaluridae 8.4 7.7 9.1 45.9 27.8 0.0 
Moronidae 1.7 2.7 4.8 2.2 2.46 5.0 
Centrarchidae 1.0 1.8 1.1 0.6 0.7 24.2 
Percidae 3.6 1.6 10.7 1.6 3.5 0.0 
Sciaenidae 5.5 25.6 57.8 22.7 30.2 45.4 
     Total Larvae 2.3 2.2 4.7 2.3 2.6 15.6 
 



Table 9. Recent (1993-2005) RFAI Scores Collected as Part of the Vital Signs Monitoring Program Upstream and 
Downstream of Sequoyah Nuclear Plant.  

 
Station Reservoir Location 1993 1994 1995 1997 1999 1993-

1999 
Average 

2000* 2001 2002* 2003 2004 2005 1993-2005 
Average 

Upstream Chickamauga TRM 490.5 49 40 46 39 45 44 
(Good) 

46 45 51 42 49 48 45 
(Good) 

Sequoyah 
Transition 

Chickamauga TRM 482.0     41 41 
(Good) 

48 46 43 45 41 39 43 
(Good) 

Forebay Chickamauga TRM 472.3 44 44 47 39 45 44 
(Good) 

45 48 46 43 43 46 45 
(Good) 

*The 2000, and 2002, sample years were not part of the VS monitoring program, however the same methodology was applied.
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Figure 1.  Average daily surface elevation (meters above mean sea level) of Chickamauga Reservoir during 2004.
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Figure 2.  Average daily rate of flow in Chickamauga Reservoir during 2003 and 2004. 

 19



0

500

1000

1500

2000

2500

01
/0

1/
20

03

02
/0

1/
20

03

03
/0

1/
20

03

04
/0

1/
20

03

05
/0

1/
20

03

06
/0

1/
20

03

07
/0

1/
20

03

08
/0

1/
20

03

09
/0

1/
20

03

10
/0

1/
20

03

11
/0

1/
20

03

12
/0

1/
20

03

01
/0

1/
20

04

02
/0

1/
20

04

03
/0

1/
20

04

04
/0

1/
20

04

05
/0

1/
20

04

06
/0

1/
20

04

07
/0

1/
20

04

08
/0

1/
20

04

09
/0

1/
20

04

10
/0

1/
20

04

11
/0

1/
20

04

12
/0

1/
20

04

M
W

Unit 1 Unit 2

 
Figure 3.  Average daily rate of generation at Sequoyah Nuclear Plant during 2003 and 2004. 
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Figure 4.  Average daily rate of hydraulic entrainment at Sequoyah Nuclear Plant during 2003 and 2004. 
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Figure 5.  Map of entrainment sample transects in the vicinity of Sequoyah Nuclear Plant during 2004.
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Figure 6.  Densities of sciaenid eggs collected in intake and reservoir entrainment samples at Sequoyah Nuclear Plant during 2004. 
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Figure 7.  Densities of total larval fish collected in intake and reservoir entrainment samples at Sequoyah Nuclear Plant during 2004. 
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Figure 8.  Densities of clupeid larvae collected in intake and reservoir entrainment samples at Sequoyah Nuclear Plant  

   during 2004.  
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Figure 9.  Densities of moronid larvae collected in intake and reservoir entrainment samples at Sequoyah Nuclear Plant during 2004. 
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Figure 10.  Densities of centrarchid larvae collected in intake and reservoir entrainment samples at Sequoyah Nuclear Plant  
                   during 2004.  
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Figure 11.  Densities of sciaenid larvae collected in intake and reservoir entrainment samples at Sequoyah Nuclear Plant  
                   during 2004.
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Figure 12.  Sport Fishing Index results for Chickamauga Reservoir between 1997 and 2004.  
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