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Introduction
The Tennessee Valley Authority's (TVA) River Operations attempts to maintain
continuous reservoir releases between 4,000 to 8,000 cfs from Watts Bar Dam during
April to benefit sauger spawning success, according to the recommendations of Yeager
and Shiao (1992). TVA can provide 8,000 cfs during April of normal and wet years.
During dry years, Yeager and Shiao postulated that minimum flows of 4,000 cfs during
April could also produce acceptable sauger year classes. However, it has since been
found that minimum flows of 4,000 cfs during dry years do not produce acceptable
sauger spawns (Hickman and Buchanan 1995). Facing another dry spring in 2001, TVA
experimented with special instantaneous releases of 6,000 cfs for the three-week period
of historic peak sauger spawning (April 9-30). This report examines the relationship
between special Watts Bar Dam discharges during April 2001 and the success of sauger
spawning in 2001. This information was determined by sauger age class composition in
subsequent years indicated by the Tennessee Wildlife Resources Agency (TWRA) creel
surveys 2000-2003 and gill netting sauger age classes observed in 2004.

Background
During the 1980s, the Tennessee Valley experienced the most severe, extended period of
drought on record (Ruane et al. 1991). Low average rainfall meant low reservoir levels
and limited discharges. As a result of the drought, sauger populations plummeted to
critically low levels, leading the State of Tennessee to identify the Chickamauga
Reservoir sauger population as a sport fish species of "special concern" in 1986. Shortly
thereafter, TVA partnered with the TWRA to determine the level of the sauger population
in Chickamauga Reservoir and identify potential negative impacts caused by the
operation of Watts Bar and/or Sequoyah nuclear plants. It was later determined that
nuclear plant operations were not affecting the sauger population. However, the drought
conditions of the late 1980's, especially the low flows from Watts Bar Dam during April,
the month sauger typically spawn, were identified as the primary cause of sauger declines
in Chickamauga Reservoir (Hevel 1988). Instream flow incremental methodology
determined that instantaneous minimum discharges of 8,000 cfs from Watts Bar Dam
during April should be adequate to produce successful sauger year classes (Yeager and
Shiao 1992).

In an attempt to supplement the Chickamauga Reservoir population, TWRA stocked
nearly 191,000 sauger fingerlings into the reservoir in May 1990 (Table 1) at a cost of
$30,000. This effort boosted the 1991 population and was thought to be very effective in
establishing a year class (Hickman and Buchanan 1995). Additional stockings of sauger
fingerlings into Chickamauga Reservoir occurred in 1991 and 1995, as well as stockings
into adjacent reservoirs. These stocking efforts, however, were likely just temporary
fixes to make up for lost spawning success, as spawning success was later determined to
be directly related to the level and regularity of releases through Watts Bar Dam during
the nighttime hours when sauger are most actively spawning.
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Table 1. Stockings of Fingerling Sauger by TWRA in Three Upper Tennessee River
Reservoirs, 1987-96 (TWRA data).

Reservoir Year Number of Sauger Stocked

Chickamauga 1990 190,912
1991 14,400
1995 45,784

all years 251,096

Watts Bar 1990 110,624
1991 65,467
1995 42,214
1996 176,052
2004 118,000

all years 512,357

Ft. Loudoun 1987 10,114

Totals 1987-2004 773,567

Unfortunately, maintaining instantaneous minimum flows of 8,000 cfs during April has
not been possible during drought years of recent history. Consequently, TWRA has had
difficulty maintaining sauger fisheries, as conveyed in a recent article in the Knoxville
newspaper:

"Walleye, sauger a priority for area lakes" Bob Hodge, sports writer,
Knoxville News-Sentinel, June 27, 2004.
"Walleye and sauger have moved to the top of a priority list in recent years
because of problems with natural reproduction. Although the hatchery-raised fish
are doing well, Smith (Mike Smith, TWRA, Eagle Bend Hatchery) said sauger
reproduction has been below average for several years." "Three years of
drought had resulted in poor year classes," Smith said. "We had a heck of a time
getting brood fish this year because the year classes have been so depressed."
Watts Bar received 118,000 sauger this spring.

TWRA stocking records, dating back to 1953, indicate sauger were never in low enough
abundance to warrant stocking until 1986, when they were stocked into Douglas
Reservoir. However, following the drought of the mid to late 1980's and the declines in
sauger abundance, which was also documented by TVA below Watts Bar Dam, stockings
of fingerling sauger were made into Chickamauga, Watts Bar, and Fort Loudoun
reservoirs (Table 1). Sauger declines were not limited to reservoirs on the Tennessee
River, as TWRA also stocked sauger in Cumberland River reservoirs in Tennessee.
Sauger were listed as a species of "special concern" by the State of Tennessee in 1986,
and in spite of several years of stocking fingerlings, sauger continue to be in need of
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special management by TWRA. They are currently being cultured at all five TWRA
hatcheries across the state (Mike Smith, TWRA Eagle Bend Hatchery, personal
communication).

Study Area
Chickamauga Dam, located at Tennessee River mile (TRM) 471 in Hamilton County,
Tennessee, impounds 59 miles of river upstream to Watts Bar Dam. Chickamauga
Reservoir has a total surface area of 14,326 hectares. Depths range from 5 meters just
below Watts Bar Dam to 25 meters in the deepest part of the channel during the summer.
The Hiwassee River, with it's confluence at TRM 500, is the only major tributary to this
reservoir. Flows to upper Chickamauga Reservoir are mainly controlled by hydroelectric
turbine discharges from Watts Bar Dam, with spillway releases occurring infrequently.

During the 1986-1987 studies, Hunter Shoals (TRM 521-522) was identified as the
critical spawning habitat for the Chickamauga sauger population. Approximately one
mile in length, it is the largest shoal area in the Chickamauga section of the Tennessee
River. It is located approximately seven miles downstream of Watts Bar Nuclear Plant
(WBN). The substrate consists mainly of small gravel, but also includes areas with larger
gravel and cobble (Hickman et al. 1989).

Methods
Originally, the success of the 2001 year class was to be evaluated by experimental gill net
catches of sauger below Watts Bar Dam in winter/spring of 2002. However this was not
possible due to unusually high discharges during the time sauger would have been
congregated below the dam. So gill net surveys were delayed until 2003. But a fire in
the control room at Watts Bar Dam crippled operation of the Watts Bar turbines for many
months, including the time gill net samples would have been collected in 2003. All the
water passing the dam during this time was routed through the spillways, making unsafe
work conditions below the dam.

A fallback attempt to evaluate the 2001 year class in 2003 was made using TWRA creel
census results for Chickamauga Reservoir, 2000-2003. Inferences on the strength of the
2001 year class were drawn from four parameters of the creel data: total number caught,
total number harvested, percent of caught fish released, and average weight.

In 2004, after two years of missed gill netting opportunities, favorable sampling
conditions occurred in the tailwaters below Watts Bar Dam. Experimental gill nets
consisting of five 6.1 m panels (25.4, 38.1, 50.8, 63.5, and 76.2 mm bar mesh size) were
set perpendicular to the shoreline in the tailwater below Watts Bar Dam from mid-
January to mid-April. Netting was conducted at night when sauger are most active. The
duration of each net set was between one and two hours to reduce catch mortality.
Experimental gill netting was conducted directly below Watts Bar Dam for the most part,
but some nets were set as far downstream as the WBN intake.

Otoliths were taken from 103 individuals for positive age verification by Steve Sammons,
a research assistant at Auburn University. The otoliths were magnified and aged in
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whole view, unless more than 2 annular rings were detected. In those cases, the otoliths
were sectioned, ground smooth using 600-grit sandpaper, and then read in transverse
view using a fiber optic light. Age classes were determined by the number of annular
rings observed, similar to the way trees are aged by counting their rings.

Gill netting and otolith collection from the nearby tailwaters of Fort Loudoun and
Nickajack dams were also conducted in early 2004 for an unrelated study. Age
composition of sauger collected in those surveys were compared to the findings of the
present study.

Creel Data Results
Because insufficient numbers of sauger were collected in gill net samples below Watts
Bar Dam during 2002 and 2003, inferences from TWRA creel surveys on Chickamauga
Reservoir were drawn to evaluate sauger abundance and year class strength (Table 2).

Table 2. Estimated sauger harvest from Chickamauga Reservoir, 2000-2003 (TWRA
data).

Total number Total number caught f Average weight
Year caught harvested caught fish (lbs.)

____ ___ ___ ___ ____ ___ ___ ___ released

2000 18,784 7,160 61.9 1.46
2001 15,265 5,518 63.9 1.45
2002 8,245 4,071 50.6 1.65
2003 1,991 837 58.0 1.67

Sauger fishing is highly seasonal, beginning in December and ending in March, when
sauger migrate to the headwaters of Chickamauga Reservoir below Watts Bar Dam
before the spring spawning season. Most sauger are caught during January and February,
as in 1992 (TWRA 1993). To help maintain the fishery, TWRA enforces a 15" minimum
size limit, which allows them at least one spawning season before being harvested. Most
fish are in their third growing season when they reach legal size. Since sauger are sought
mostly for food, as opposed to a catch-and-release fishery, the majority of those released
are under legal size. The percentage of caught fish released (Table 2) gives an
approximation of one and two-year old fish in the Chickamauga Reservoir sauger fishery.
Average weight of harvested sauger also indicates the year class composition of the
fishery among years. Angler exploitation rates of sauger were reported as high as 36
percent below Pickwick Dam in west Tennessee (Pegg, et al. 1996), and high rates may
also occur below Watts Bar Dam.

Creel statistics for 2000 and 2001 are somewhat similar in total number caught, total
number harvested, percent of caught fish released, and average weight. This indicates
the year class composition of harvested sauger from Chickamauga Reservoir were
basically the same; although the abundance may have been slightly more in 2000. Nearly
two-thirds of the sauger caught were released, implying they were of sub-legal size (i.e.,
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one and two-year old fish). The abundance of sub-legal sauger caught indicates relative
spawning success during the previous two years.

But in 2002, creel statistics show a change in year class composition and a decline in
recruitment of smaller, younger fish to the fishery. That decline can be largely traced to
the relative weakness of the 1999 year class of sauger, which was attributed to the
minimum April 1999 flows of 4,000 cfs from Watts Bar Dam (Figure 1). The total 2002
catch was approximately half those of the previous two years, and the average size was
larger. Furthermore, the lower percentage of caught and released fish in 2002 implies a
decline in abundance of sub-legal sauger, which would include the 2001 year class. If
future data confirm this to be true, then the 6,000 cfs maintained for the last three weeks
in April, 2001 was insufficient to produce a strong sauger year class.

One cautionary note on using creel data to evaluate sauger abundance is necessary. Since -
sauger are primarily harvested during the two month period preceding their spawning
season, inclement weather or flow conditions (such as high, muddy discharges) at that
time could hinder sauger fishing and produce creel statistics that do not accurately reflect
the true abundance of sauger in Chickamauga Reservoir. Also note that flows in
February, 2002 were not excessive (Figure 1), and the creel statistics for that year, as
discussed above, should be accurate.

The same is not true for Watts Bar Dam discharges in 2003 because flows during late
February and early March often exceeded 100,000 cfs. Much of this was spillway

Watts Bar Dam Discharges
Feb-May, 1999-2003
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Figure 1. Watts Bar Dam discharges during late winter-early spring, 1999-2003.
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discharge, which presented sauger fishermen with difficult circumstances and might
account for the low sauger catch that year. The total number caught in 2003 was only
1,991 fish, which was less than one-fourth the 2002 estimated catch and about 10 percent
of the 2000 catch. The percent of caught and released fish in 2003 increased to 58.0
percent, indicating the recruitment of smaller fish compared to 2002 (50.6 percent).
These smaller fish likely originated from the 2001 year classes. A higher percentage of
released fish would be expected had the 2001 year class of sauger been larger. Since the
average weight did not decline, the harvested catch likely included newly recruited fish
from the 2000 year class, whose smaller size was offset by older and larger fish from the
1998 and earlier year classes.

In summary, assessment of 2001 sauger spawning success during three weeks of 6,000
cfs minimum flows during the spawning season was not possible using gill net
information collected in 2002 or 2003 due to unusual flow conditions. Instead,
inferences were made on the relative success of the 2001 spawn using TWRA creel
information. Those data indicate the 2001 spawn was relatively poor. However, creel
data in 2000-2002 indicate that even during the recent drought, the sauger fishery did not
crash, as it did during the drought years of the late 1980's, before April minimum flows
were maintained at Watts Bar Dam. In other words, the minimum flows of 4,000-6,000
cfs at the dam during the recent drought years helped maintain a limited degree of sauger
spawning success.

Gill Netting 2004 Results
Favorable conditions for gill netting in Watts Bar Tailwater occurred during the late
winter and early spring in 2004. A total of 142.5 net hours between January 21 and
March 23 produced 127 sauger, with an overall average catch rate of 0.89 sauger per
hour. Note that this catch rate is less than half of the 1986 catch rate (2.14 fish per hour),
which at the time was so alarmingly low that the State of Tennessee listed the
Chickamauga sauger as a species of "special concern." Sauger continue a tenuous
existence in Tennessee.

Otoliths from 103 of the 2004 fish were examined for positive age class identification.
Age class analysis confirmed a very weak 2001 year class, as only 4.7 % (5 fish) of the
sauger collected in 2004 were produced in 2001 (Figure 2). A weak 2001 year class
agrees with the findings of the creel survey analysis discussed previously. While three
years of natural and fishing mortality explains some of the decline of the 2001 year class,
it appears there simply were not many fish produced in 2001 to begin with.

The majority of sauger collected in 2004 resulted from 2002, a year of high flows during
the spawning season (Figure 1). The 2002 year class (Age 2 fish) dominated the sauger
population of Chickamauga Reservoir by comprising over 75% of the population (Figure
2). Age 1 sauger were the next most abundant age class (8.5%), and were not fully
represented in the 2004 catch because not all Age 1 sauger appear in the spawning
population. Nevertheless, their relative abundance indicates a reasonable year class was
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Figure 2. Percent of sauger captured by age class in gill nets below Watts Bar Dam, 2004
(N=1 03).

produced during the high flows of 2003. It still bears reiteration that the Chickamauga
Reservoir sauger population is depressed compared with their abundance in the early
1980's.

A few fish older than Age 3 were found in 2004, although little can be said of such low
numbers. A relatively strong 1998 year class was indicated by Age 6 fish (5.7%),
considering several years of high mortality rates. During April 1998, minimum Watts
Bar flows of 8,000 cfs wvere maintained (except for two days of 7,300 and 7,400 in early
April), and a minor flood event occurred during the second half April with daily average
flows in excess of 50,000 cfs.

Age class composition in the Fort Loudoun tailwaters (Figure 3) was similar to that found
in the Watts Bar tailwaters. As in the Chickamauga population, the 2001 year class (age
class 3) in Watts Bar Reservoir, the next reservoir upstream, was very weak, representing
less than 10 percent of the catch. Over 50 percent of the sauger sampled below Fort
Loudoun Dam were produced in 2003, indicating spawning conditions were relatively
good there that year. Over 20 percent of sauger collected below Fort Loudoun Dam were
age class 2. Other age classes present were 4, 6, and 7.
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Weakness of the 2001 year class was also noted below Nickajack Dam. Sauger of age
class 3 represented only 2.3 percent of the catch (Figure 4). Two-year old sauger from
the Nickajack Tailwaters made up nearly 60 percent of the total catch, while one-year old
fish were nearly 40 percent. Less than 2 percent of the Nickajack tailwater sauger were
age class 4 and no older fish were observed.

Conclusion
Sauger spawning success is definitely related to flows during the spawning season.
Experimental Watts Bar discharges of 6,000 cfs during three weeks in April 2001 were
not enough to produce a strong year class of Chickamauga sauger. More flow is better,
as shown from the 2002 and 2003 year classes below Watts Bar Dam. However, April
minimum flows of at least 4-6000 cfs at Watts Bar Dam during the recent drought years
did maintain the sauger population, according to creel data in 2000-2002 and gill netting
data in 2004. The sauger fishery did not crash, as it did during the drought years of the
late 1980s. Spawning conditions in 2002 and 2003 were much better, according to age
class 1 and 2 fish found below Watts Bar Dam, as well as Fort Loudoun and Nickajack.

TWRA will continue to stock fingerling sauger in Tennessee reservoirs as necessary to
maintain sauger fisheries. TVA should assist state fisheries managers whenever possible
via reservoir operations. Instantaneous minimum flows of 8,000 cfs from Watts Bar Dam
during April should be provided each year, if at all possible. Experimental flows of 4,000
and 6,000 cfs during three weeks in April were insufficient to produce strong year classes
of this state-imperiled species. Providing instantaneous 8,000 cfs flows throughout the
entire month would minimize water temperature variations year to year, ensuring
beneficial flows at the right temperature for sauger spawning. These special flows should
be provided until the sauger population below Watts Bar Dam recovers to at least the
abundance present in 1986, when special regulatory attention was given. Maintaining
instantaneous minimum flows below other Tennessee River mainstem dams would also
improve sauger spawning success throughout the system, if feasible. Minimum flows as
provided by turbine pulsing at Douglas and Cherokee dams by TVA's Reservoir Releases
Improvement program since 1987 should also help maintain and enhance sauger fisheries
in the upper Tennessee River.
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