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INTRODUCTION 

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

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

status of the sauger (Stizostedion d m e )  population in upper Chickamauga Reservoir 

and to identifj, potential impacts of operation of Sequoyah (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 (Hevel 1988, Hickman et al. 1989, Hickman et ai. 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 

fiom W ~ S  Bar Dam, coinciding with the documented sauger spawning period (April) in 



the reservoir, would enhance the sauger population in Chickamauga Reservoir. It was 

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

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

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

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

need for special releases. 

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

1989 (Wrenn et. al. 1989). Beginning in 1993, the allowable AT increase fiom SQN 

discharges during November through March was changed fiom a maximum instantaneous 

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

sampling in the vicinity of the SQN diffbser (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 fiom 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 

pennit 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 



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 (TRIM 521), unless high flows prohibited 

effective sampling. Nets were fished at night when sauger are typically most active. 



Sampling frequency was fiom two to four nights per week depending on flow conditions. 

During 1994, sampling was conducted fiom March 14 through May 5. 

Each sauger captured that was not in a weakened condition was tagged with a numbered 

reward tag. Data recorded fiom each fish included total length (mm), weight (g), sex, tag 

number, and if the fish was a recaptured individual. Spawning condition (e.g., "fiee 

flowing", "spent", etc.) was also noted for each fish when possible. Other species of fish 

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 fiom Chickamauga Reservoir collected by TWRA fiom 1986 through 1995 

were made available for comparison of fisherman catch rates among years. These data 

were used in conjunction with population 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 



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: 

Z rt 
where N = estimated population size, 

Ct = total fish captured on day t, 
r~ = total number of marked fish at the start of day t, and 
rt = number of recaptures in the sample C,. 

RESULTS AND DISCUSSION 

A total of 4,053 fish (10.5 per net-hour) including 22 species and two hybrids (Table 1) 

was captured during 386.4 hours of gill netting fiom February 16 to May 6, 1993, in 

upper Chickamauga Reservoir. Channel catfish (2.36/hr), sauger (2.27/hr), and white bass 

(1.48h) 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 fiom 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 11.58h (total effort of 375.6 hours). Sauger (2.41/hr), 

blue catfish (2.02/hr), and yellow bass (1.84/hr) were most abundant in the catch. A total 

of 905 sauger was collected of which 786 were tagged and released. Tagged sauger 

recaptured during netting totaled 144 and 26 during 1993 and 1994, respectively. 



Length FrequencyIAge-Class Composition 

Length frequency for sauger collected during 1993 (Figure 1) indicated only 1.7% (1 5) of 

the population were yearlings, suggesting another poor year class was produced during 

1992. The percentage of yearling sauger collected during 1986 through 1990 was also 

extremely low, varying fiom 0.8% of the population in 1989 to 15 .O?h in 1990 (Hevel 

1988, Hickman et. al. 1989, Hickman et. al. 1990). The percentage of yearling sauger 

collected in 1991 increased to 71%; however, this was most likely a result of the stocking 

of 19 1,000 fingerling sauger by TWRA in 1990 (Hevel and Hickman 199 1). 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 1990 would produce a strong year 

class during 1992, the first year the released fish would be sexually mature. But 1993 

sampling results were cause for concern as few yearlings were collected. An 

instantaneous minimum discharge fiom 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 fiom 

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. 



During 1994, the percentage of sauger 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 of the relatively short life span of sauger 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 of 8,000 cfs tiom Watts Bar Dam 

during April 1993 (optimum reported by Yeager and Shiao, 1992). 

Poaulation 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 19 1,000 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 37 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 

of these fish (89.5%) were yearlings fiom the 1993 year class. 



Creel Results 

Estimated hours spent fishing for sauger fiom 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. 



The high fishermen catch rate of sauger in 1995 (0.98 fishhour), 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 ofjuvenile 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 fishermen of sauger tagged below Watts Bar Dam revealed an exploitation 

rate of 9% 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 fiom 5% to 8% of the population being 

harvested each year fiom 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 Resewoir. 

Based on tag returns by fishermen, movement of sauger through the upstream dam was 

again documented during 1993 and 1994. Seven of the 77 tagged sauger (9%) returned 



by fishermen with location of capture information were caught above Watts Bar Dam in 

1993. In 1994, only 2 of 65 tagged sauger (3%) returned by fishermen with location of 

capture were recaptured fiom Watts Bar Reservoir. These rates fall within the range 

previously observed (3 to 15%) fiom 1986-1989 (Hevel 1988, Hickman et. al. 1989, and 

Hiclanan et. al. 1990). Other researchers have also noted the occurrence of sauger 

traversing TVA locks (Cobb 1960, St. John 1990, and Pegg 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 fishexmen recaptures or on the special thermal variance creel study done at SQN fiom 

1993-1994 (Kay and Buchanan 1995). No tagged sauger were reported from this area of 

Chickamauga Reservoir in 1993, and only 2 of 65 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 S°C AT during November through 

March 1993 and 1994 had no impact on sauger distribution or migration. 



Condusions 

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 cfk was sufficient to provide conditions for successfbl 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 & 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 maintahed during the sauger spawning period, supplemental stocking could 

substitute for natural reproduction. 

The thermal variance fiom 3°C to 5°C 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 diffbser 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. 
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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 determination of no impacts fiom 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 effort of 386.4 hours) and 1994 (total effort of 375.6 hours). 

Common Name 

M e a h  
LQngnw fW 

Mooneye 
Skipjack herring 
Alewife 
GiPard shad 
Threadfin shad 
~ ~ - n  carp 

Quillback 
Northern hog sucker 
S m a i l m o u t h ~ o  
Spotted sucker 
Silver redhorse 
Golden redhorse 
Shorthead redhorse 
Blue catfish 
Channel catfish 
FlatEtead cadi& 
White bass 
Yellow bass 
Striped bass 
Hybrid striped x white bass 
Green sunfish 
Warmouth 
Bluegill 

Redear sunfish 
h g e r  

walleye 
Hybrid walleye x sauger 
Freshwater dnun 
Tdals 

1993 

Number Catchthour 
Collected 

6 0.02 

4 0.0 1 

17 0.04 

378 0.98 
- - 
298 0.77 

3 0.0 1 

1 0.01 

1 0.0 1 

6 0.02 
- - 
48 0.12 
- - 
4 0.01 
- - 
216 0.56 

91 1 2.36 

2 0.0 1 

57 1 1.48 

487 1.26 

23 0.06 

60 0.16 

1 0.01 
- - 
- - 
1 0.0 1 
876 2.27 

58 0.15 

30 0.08 

5 1 0.13 

4,053 10.50 

1994 

Number Catchhour 
Collected 

- - 
48 0.13 

5 0.0 1 

554 1.48 

4 0.0 1 

2 17 0.58 

2 0.0 1 

9 0.02 

2 0.0 1 
- - 
4 0.0 1 

20 0.05 

1 0.0 1 

2 0.01 

1 0.01 

760 2.02 

497 1.32 

6 0.02 

188 0.50 

690 1.84 

5 1 0.14 

24 0.06 
- - 
1 0.0 1 

7 0.02 

15 0.04 

905 2.41 

8 0.02 

15 0.04 

3 12 0.83 

4,348 11.58 



Table 2. Estimated fishing pressure and catch rate for sauger from Chickamauga 
Reservoir, during the period 1986-1995. 

Catch Rate 
(NumberAour) 

0.52; 

0.59; 

0.00 

0.00 

0.96 

0.70 

0.47 

0.63 

1.05 

0.98 

Year 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

Population Estimate 

18,381 

2,861 

1,25 1 

1,173 

78 

7,024 

No estimate 

2,24 1 

13,833 

No estimate 

Estimated Fiihing 
Pressure (Hours) 

30,422 

17,439 

11,201 

3,098 

5,938 

24,746 

13,976 

12,990 

42,135 

52,28 1 
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Figure 1. Length frequencylage composition of sauger collected from Chickamauga 
Resewoir during winter-spring, 1993 and 1994. 
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Figure 2. Estimated number of adult sauger and the percent of Age 1 sauger in Chickamauga 
Reservoir 1986-1994. Minimum discharge rates from Watts Bar Dam during April 1992-1994. 


