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ABSTRACT

McGEE, M. V. 1978. Aspects of the winter predator-prey rela-
tionship between saiger and threadfin shad in Watts Bar
Reservoir, Tennessee. ORNL/NUREG/TM-222 and
NUREG/CR-0170. 0Oak Ridge National Laboratory, Oak
Ridge, Tennessee. pp. 80

This study sought to determine the impact of cold-induced mortality

and impingement of threadfin shad (Dorsoma petenense) on the food con-

sumption and prey selection of sauger (Stizostediun canadense), and to

estimote the ability of sauger to digest meals consumed at low tempera-
tures in winter. Prey selection by sauger was monitored from November
1976 through April 1977 in that portion of Watts Bar Reservoir near the
Kingston Steam Plant. Stomach contents of 536 sauger collected by gill
netting indicated threadfin provided the entire forage base for sauger
through January when threadfin rem- ined available and vulnerable due to
cold-stress.

Food consumption of sauger was reduced and prey selection shifted
to other species arter January due to the combined effects of predation,
impingement, and natural mortality of cold-stressed threadfin. Sauger
were not directly limited in their food consumption by impingement-
related mortality of threadfin, except perhaps in the vicinity of the
intake canal. Impingement of threadfin, monitored concurrently wiih
this study, averaged several thousand per day during November and peaked
in Decemoer at 42,000 in 24 hr.

Threadfin shad of a size available to mcst sauger were virtually
eliminated by February. Frohl February through April some sauger util-

ized alternate prey species ﬁncluding freshwater drum (Aplodirotus



y

grunnfens » logperch (Percina caproides), bluegill (Lepomis macro-

chirus), and mayfly nymphs (Hexagenia sp.), but greater than 75% of
sauger stomachs were empty. Food consumption of sauger less than 30 cm
was restricted earlier in the year by the lack of threadfin less than
approximately 8 cm in length. Sauger over 42 cm utilized yearling and
oider threadfin (11-15 cm) which remained available longer, probably due

“to increased cold tolerance. Most sauger retained stores of visceral

fat comprising 1 to 9% body weight during the winter. Fat reserves were
greatest in larger, mature sauger.
Laboratory digestion rate studies of sauger indicated digestion of

force-fed meals of 4 to 7 g fathead minnows (Pimephales promelas) could

proceed to 90X completion in 54 hr at 5 C, 47 hr at 10 C, and 25 hr at
15 C. Observations on sauger which voluntarily coqsumed a meal and were
later force-fed an equivalent meal indicated digestion was not signifi-
cantly reduced (T-test P < 0.05), using the force-feeding method. Esti-
mates of digestion rates were considered accurate enough to estimate the
ability of sauger to digest meals consumed in winter in Watts Bar Reser-
voir.

Conclusions of this study are: (1) that threadfin shad were the
most abundant and vulnerable prey species available to and utilized by
sauger during the late fall and winter months, while they remained
available; (2) extensive mortaiities of threadfin due to cold-stress
increased sauger predation on four alternate prey species out food con-
sumption was reduced in late winter and spring; (3) sauger continued

feeding and digesting meals at temperatures between 5 and 15 C every 1




to 3 days as estimated by laboratory digestion studies; (4) sauger
stored excess energy available from threadfin early in the winter as
visce-al fat which was available later when food consumption was

reduced.

vii
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INTRODUCTION

Fluctuation in the seasonal abundance and vulnerability of forage
species influences food consumption and prey selection of predatory game
fish. In most cases naturallv evolved constraints on excessive preda-
tion and overabundant forage populations maintain predator-prey rela-
tionships in a state of dynamic equilibrium. Raservoir impoundments and
stocking of nonnative forage fish in the Tennessee Yalley have resulted
in establishment of new predator-prey interactions occurring between
previously allopatric species. These relationships may be less stable
than those occurring naturally and exhibit unique characteristics, as
determined by the ecological responses of the affected populations.

Interest in quantifying the dynamics of a predator-prey relation-
ship existing under these conditions led to this study of sauger

(St "zostedion canadense) and threadfin shad (Dorsoma petenense) during

the winter months in Watts Bar Reservoir, Tennessee. This relationship

is unique in that the relatively cold-tolerant sauger is feeding in fall
and winter primarily on threadfin shad, a cold-sensitive, nonnative prey
species.

This study was conducted as a subproject of a larger investigation
by a team of researchers into the physical and biological causes and
effects of threadfin shad impingement at the Tennessee Valley Authority
Kingston Steam Plant. The research was funded by the Environmental
Sciences Division of the Oak Ridge National Laboratory under contract
with the Nuclear Regulatory Commission and the Department of Energy.

The key objectives of the subproject were to (a) define the importance




of cold-stressed threadfin shad in the diet cf sauger, and (b) determine
the extent to which power plant operation may affect this utilization.
The specific objectives were (a) to determine the effects of cold-
induced vulnerability, impingement, and mortality of threadfin shad on
the food consumption and prey selection of sauger; and (b) to estimate
how rapidly sauger can digest meals consumed at low temperatures.
Because of the extensive nature of the threadfin shad impingement
study much of the data xere collected as a team effort. For this reason
some figures, cited support nbservations, and results of the :;'.ubproject
are included in an appendix. This information represents results
obtained from data from other subprojects within the scope of the larger

project, and analyzed by the author and his research advisors.




CHAPTER I

RELATED LITERATURE

Sauger

The sauger [Stizostedion canadense canadense (Smith)] is a

cool-water fish species which exists in Tennessee near the southeastern
margin of its range. Sauger are members of the tribe Luciopercini, sub-
family Luciopercinae, family Percidae, and are most closely related to

the walleye (Stizostedion vitreum vitreum). Important ecological dif-

ferences between the species are the smaller adult size of the sauger,
its closer association with the bottom, and a preference for more tur-
bid, flowing water (Nelson and Walburg 1977, Ali et al. 1977, Swenson

1977).

Sauger are a successful species in many Tennessee reservoirs. The
growth rate of Tennessee sauger is the most rapid reported for the spe-
cies during the first two years of life (Stroud 1949, Hassler 1953).
This is attributed to the relatively long growing season and abundant
food supply available in Tennessee waters. Sauger in Lewis and Clark
L.ake, South Dakota, attained a slightly greater length after three years
of life (Nelson 1969), but elsewhere in northern waters, sauger grew at
a slower rate and survived to a greater age (Carufel 1963, Carlander
1950, Hart 1928, Priegel 1969, Carter 1968).

Sauger become picivorous at an early age. Priegel (1969) found
sauger as small as 50 mm consumed the fry of trout perch (Percogsis

omiscomaycus), white bass (Morone crysops), and freshwater drum




(Aplodinotus grunniens). As adults, sauger feed to a large extent on

the most abundant forage species available to them. In northern waters

these are usually trout perch, yellow perch (Perca flavescens), and

emerald shiners (Notropis atherinoides) (Swenson and Smith 1976, Priegel

1963). In Tennessee, young-of-the-year shad (Dorsoma spp.) provide the
bulk of the forage requirements for sauger especially in winter (Dendy

19462, Hassler 1953, Dryer and Benson 1957).

Vulnerability and Utilizatinn of Threadfin Shad

The importance of young clupeids, especially the threadfin shad
(Dorsoma petenense), and gizzard shad (D. cepedianum), in providing

forage for game fish is well known (Dendy 1946a, Lewis et al. 1974,
Range 1973, Aggus 1973, Pasch 1974, Scott 1976). Threadfin shad are
native to the area of the Gulf Coast drainage, but have been widely
introduced as a forage species because of their small size and vulner-
ability to predators (Minckly and Krumholtz 1960, Ihrie 1970). The
vulnerability of threadfin shad to predation is increased by cold-
induced behavior changes which are manifest at water temperatures below
approximately 10 C (Griffith 1978). These changes result in decreased
swimming and schooling abilities and may advance to a state of unrespon-
sive torpor at temperatures below 7 C.

For similar reasons Tow temperatures also increase susceptibility
of the threadfin to impingement on intake screens in lakes supplying
cooling water to electrical generating facilities (Griffith and
Tomljanovich 1976). Threadfin shad constitute 90% of all fish impinged

at 32 power plants in 16 southeastern states (Loar et al., in press).




During winters of rapid temperature drop or sustained Yow temperatures,
natural mass mortalities of threadfin may result (Huhbs 1951, Parsons

and Kimsey 19.~, Hassler 1953, Dryer and Benson 1957).

Digestion Rate Studies

To estimate the ability of sauger to utilize threadfin shad during
the late fall and winter when water temperatures are low, the effect of
temperature on the digestion and consumption rates of fishes must be
considered. Comprehensive reviews of the historical development,
methods, and applications of digestion rate studies have been provided
by Winde11 (1966, 1968). The effects of different food items, mixed
meals, meal size, starvation, and fat on digestion rates are also con-
sidered. Palohimo and Dickie (1966) summarized experimental data on
the effect of temperature on the relationship between metabolism and
body weight of fish and concluded there was an increased rate of meta-
bolism with increasing temperature. Seaburg and Moyle (1964) estimated
food consumption and digestion rates of several species of fish during
the summer months. Digestion rates of centrarc’ ‘d panfishes were faster
than the larger game fish. Markus (1933) investigated the effects of
temperature on food consumption of the largemouth bass (Micropterus
salmoides). Metabolism was very low at 4 C and increased rapidly up to
22 C, after which the rate of increase was diminished. The magnitide of

change in gastric evacuation of rainbow trout (Salmo gairdnari) was

greater at low temperatures of 0 to 5 C than higher temperatures of 15
to 20 C (Windell et al., 1976). A depressed rate of digestion and

reduced conversion efficiency at Tow temperatures was noted for sockeye



salmon (Oncorhynchus nerka) (Brett and Higgs 1976). Digestion rate,

however, showed a compensatory in:rease of 33X over that predicted by
the calculated regression line at 3 C. The authors concluded that
digestion may be :he chief limiting factor to food consumption and
growth at low temperatures. A study of winter food habits of six spe-
cies of fish revealed some feeding by individuals of all species and
that food specializations were reduced (Keast 1948).

Information from the literature reviewed indicates that
Stizostedion spp. will continue to feed and digest meals at low tempera-
tures, although at a reduced rate. Molnar et al. (1966) developed a
method of X-ray analysis to measure the gastric digestion of pike-perch

{Stizostedion lucioperca). Results irdicated emptying of the stomach

was 8 to 9 times slower at 5 C than at 25 C. The author concluded that
food consumption would be reduced and abundant food subblies in winter
would be largely unexploited. In another study pikeperch required from
4 to 9 days to digest a meal when water temperatures ranged between 0.1
and 8 C. Active feeding and intensive digestion began at 3 to 10 C
(Popova and Sytina 1977). Galligan (1960) examined the stomach contents
of walleye collected by icefishing and concluded that the absence of
food might simply be a matter of afailability of the prey species at the
time. In Tennessee, walleye and sauger were well filled with shad
during the winter months and had an abundance of visceral fat (Dendy
1946, Stroud 1949, Hassler 1953, Dryer and Benson 1957, Scott 1976).
Growth in length of walleye and sauger does not occur during the
winter months at temperatures below approximately 12 C (Hassler 1953,

Kelso 1972, and excess energy appears to be stored in tissues or as




visceral fat. Kelso (1973) suggest :d that energy stored as fat —ay make
a significant contribution to the energy budget of walleye. Fat
reserves of sauger may also be utilized as an energy source when food
consumption is reduced.

Predation by sauger on threadfin shad during the late fall and
winter months is expected to be facilitated by the cold-induced behavior
changes affecting the shad. However, natural mortalities and higher
rates of impingement resulting from cold stress of threadfin may
decrease forage available to sauger. Reduction in growth rates and
fecundity of Stizostedion spp. has been attributed ‘o a limited food
supply resulring from poor reproduction of prey species or extensive.
winter kill of these forage fish (Forney 1965, Eschemeyer and Smith
1943, Nelson 1969).



CHAPTER II

MATERIALS AND METHODS

Study Area

Watts Bar Reservoir is a 13,300-ha impoundment which was created in
1942 by the completion of Watts Bar Dam at Tennessee River Mile 529.9.
The lock and dam are situated approximately 80 km southwest of
Knoxville, Tennessee. The reservoir has three main tributaries, the
Little Tennessee River, the Clinch River, and the Emory River. The
upper portion of the reservoir is characterized by the riverine reaches
of the Emory, Clinch, and upper Tennessee tributaries (Fig. 1). Watts
. Bar extends up the Little Tennessee River for 1.6 km, up the Emory for
19 km, and up the Clinch for 37 km to the tailwaters of Melton Hill
keservoir.
The Tennessee Valley Authority's Kingston Steam Plant is located
’ | on Watts Bar Reservoir at Clinch River Mile 2.7. The plart has a gen-
. erating capacity of 1700 MW and withdraws a total of 65.4 m3/sec of
cooling water from the intake canal (site 3, Fig. 1). In winter,
’ cooling water may be drawn from either Clinch or Emory sources,
depending on reservoir level and temperature and flow or each source.
Temperature 'n the discharge canal (site 6, Fig. 1) is elevated 7.8 C
above ambient at maximum power generatidn.

Watts Bar is a mesotrophic system, and supports a number of native
and introduced fish species of sport, commercial, and ecological impor-
tance. Cove rotenone surveys by TVA biologists during the period 1949-
1973 {identified a total of 11 families and 50 species inhabiting




/WATTS BAR DAM
{51.5 km) TENNESSEE RIVER

Figure 1.
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Location of sampling stations and Kingston Steam Plant
on Watts Bar Reservoir.
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the lake (TVA wmpublished manuscript 1974). Sauger are the dominant

coolwater species and walleye are caught only occasionally in Watts Bar.

Field Collection of Fish

Sampling was conducted from November 1976 through April 1977 as
part of the team research into the ecological significance of threadfin
shad impingement. Thirteen netting sites were selected in upper Watts
Bar Reservoir (Fig. 1) within nine river miles (14.5 km) of the steam
plant and included its intake and discharge canals. Data for the pro-
ject was collected in three basic wiys, impingement monitoring, gill
netting, and seining or electrofishing for threadfin shad. 6ill nets
were of primary importance for collection of sauger for stomach content -
analysis. Sauger and other fish species were caught in bottom set gill
nets of graduated bar mesh (13 to 51 mm in 13-mm increments). Nets were
set for 24 hr each week at stations 1 to 6 and for 24 hr b%-weekly at
stations 7 to 13. Temperature profiles and Secchi disc readings were
taken at the time of each set. Fish were processed (or frozen for later
examinatioﬁ) within 3 hr after nets were pulled.

Total length in centimeters and weight in grams of all sauger were
recorded and sex of mature individuals was determined. Immature sauger
were not sexed. Scale samples of sauger were collected from the left
side just below the lateral line at the posterior extension of the pec-
toral fin., Stomach contents were enumerated and identified to the low-
est possible taxa. Percent digestion of stomach contents was estimated
using a rating system developed from comparison with partially digested

meals of a knowm size recovered from sauger held in the laboratory
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(Table 1). Care was taken to identify sauger which had requrgitated
stomach contents, evidenced by distended but empty stomachs and often
accompanied by the presence of egested material in the fish's throat and

mouth.

Laboratory Studies of Digestion

Digestion studies were conducted from January through August 1977
in 770-liter circular fiberglass tanks with a continuous flow of
temperature-controlled well water. Temperatures were held at 5, 10, or
15 C (+ 1.0 C). A photocell regulated laboratory lighting to simulate
ambient day lengths'. Tanks containing sauger were covered with two
layers of heavy canvas which reduced light intensities to 1 foot candle
at the surface, as measured by a photometer. Reduction of ambient
light levels was necessary because sauger are adapted to a Tow-light
eavironment and seldom experience high subsurface illumination (Ali et
al. 1977).

Sauger used in experiments were collected from Watts Bar Reservoir
and ranged in size from 33.2 cm (277 g) to 47.4 cm (1150 g). Sauger
were grouped into size classes, and individuals from each size class
were randomly assigned to each tank. This resulted in approximately
equal size distribution and total weight of fish in each experimental
group. Densities never exceeded eight sauger per tank.

During an acclimation period of two weeks, sauger were given pro-
phylatic treatments of 1 ppm malachite green dissolved in the tank water
to minimize the risk of bacterial and fumgal infections resulting from

the stress of capture and handling. Attempts were made to induce
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TABLE 1

Rating system used to indicate stage of digestion of food recovered from
sauger stomachs captured from Watts Bar Reservoir. Percent digestion
was estimated by comparison with partially digested meals of a known

size recovered from sauger held in the laboratory.

Condition Description
A, Prey was nearly intact, identified to species, total length
and weight was recorded. Digestion 0-20%.
A, Prey partly digested, identified to species if possible,
length and weight recorded. Digestion 20-40%.
. B, Prey digested but still fairly intact, length estimated and
weight recorded. Digestion 40-60%.
B, Prey well digested but still identified by anatomical
features as gizzards or otoliths. Length estimated and
weight recorded. Digestion 60-30%.
¢, Identifiable fish remains. Identified by anatomical features
if possible. Digestion 80-95%.
C, Digested material. Identified if possible. ODigestion 95+%.
E Stomach empty.
Rg Stomach contents regurgitated.
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voluntary feeding in all experimental groups. When these attempts
failed, a force-feeding method was adopted.

Force-feeding of experimciital meals. A method of force-feeding was

necessary because sauger held at © and 10 C in the laboratory would not
voluntarily consune minncws introduced on a restricted feeding schedule.
Prior to handling, sauger were anesthecized with MS 222 until quiescent.
Exper imental meals, approximating 1 to 2% body weight of sauger, con-
sisted of 4 to 7 g of 1.5 to 2.0 g fathead minnows (Pineghéles
promelas), or 4 to 7 g of threadfin shad. Meal sizes were expressed as
milligrams of food per gram of sauger. Force-feeding was accomplished
by placing the food items in the saugers mouth and gently pushing them
headfirst into the esophageal opening with a blunt-ended glass probe.
Once introduced, food was readily swallowed and regurgitation of meals
was not a problem.

When an experiment was begun all sauger were fed an initial meal of
4 to 7 g. This preliminary meal was necessary to supply energy require-
ments of sauger as well as stimulate enzyme production, ensuring more
normal digestion. After allowing for complete digestion of the first
meal, sauger were held 24 hr without food before being fed the experi-
mental meal. Digestion was allowed to proceed for 6, 12, 18, 24, 48, or
72 hr, depending on exper imental conditions. Digestion time for all
sauger during any one experiment was held constant.

Food remains were recovered by pumping stomachs of anesthesized
fish using the device illustrated in Fig. 2. The method was adapted
from that described by Swenson and Smith (1973). Use of blunt-ended
glass tubing of 12, 14, 16, or 18-mm diameter prevented damage to throat
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ORNL-DWG 78-2703

Figure 2. Stomach pumping device used to recover partially
digested meals from sauger. Inflowing water back-

flushed food material into the larger diameter glass
tubing.
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and stomach linings and allowed visual determination of when stomach
pumping was complete. Food recovered from stomachs was blotted dry and
weighed to the nearest 0.1 g. Weights of digested meals were compared
to original .weights and digestion was expressed as the percent reduction
which occurred in the time allowed.

Statistical methods. Regression equations describing the percent

digestion which occurred during the time interval allowed were computed
for individual sauger held at 5, 10, or 15 C using the method of least
squares regression with replicated data (Sokal and Rohlf 1969). In most
cases two digestion experiments at each time interval were conducted for
each fish. A1l regressions were calculated as passing through the ori-
gin under the assumption that percent digestion was zero at time zero.
Slope coefficients of the regressions for individual sauger at each
temperature were combined and the mean slope determined. These slopes
provided estimates of the time required by sauger to digest force-fed
meals at 5, 10, and 15 C. These estimates were used to predict the
ability of sauger in Watts Bar Reservoir to digest meals consumed at

Tow temperatures in winter.

Comparison of Force-fed and Voluntarily Consumed Meals

In these experiments the effect of force-feeding on digestion was
determined. Twenty-two sauger, ranging in size from 25.1 to 40.2 cm
were placed in a covered 1500-1iter circular tank with continuous flow
of temperature-controlled well water held at 15 C + 1.0 C.

These fish were conditioned to accept meals of 1.5 g minnows

(+ 0.1 g) within a one-half-hour period by shortening the time food was
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made available. At the start of an experiment sauger were fed for two
days on this restricted schedule. The fish were then denied food for 24
hr prior to introducing approximately 50 1.5-g (1% total sauger weight)
minnows for one-half hour. Digestion of voluntarily consumed minnows
was allowed to proceed for 8 hr, after which time the remaining food was
recovered by pumping stomachs, and percent digestion and meal size were
determined. Sauger were returned to the tank and fed normally for four
days before completing the experiment.

During the second phase of the experiment sauger were fed two days
on the restricted schedule and then denied food for 24 hr. At this
time, those sauger which had voluntarily consumed a meal were force-fed
an equivalent meal of 1.5-g minnows, with all nther experimentai condi-
tions held constant. Percent digesticn of force-fed and voluntarily
consumed meals was determined for each individual and the difference
between the two feeding methods calculated by subtraction. Data from
sauger consuming similarly sized meals, expressed as mg food/g body
weight, were combined and mean differences in digestion of force-fed and
voluntary consumed meals calculated for each group. These differences
were tested using a T-test to determine if the mean at each meal size

differed significantly from zero.
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CHAPTER III

RESULTS: FIELD STUBIES

Distribution of Sauger

Monthly catches of sauger varied between sample sites {Table 2) and
were influenced by net size and sampling frequency but indicated areas
of sauger concentrations. Sites 4 and 5 on the Clinch river and site 8
at Kingston Park produced the greatest numbe-s of sauger durirng the
study. Sauger were abundant in the intake canal (site 3) during
November and December and again in March. Sauger did not concentrate in

the discharge canal of the steam plant during the winter months.

Prey Selection by Sauger

Stomach contents of 536 sauger were examined. Seven percent of
these fish were judged to have regurgitated stomach contents with no
apparent correlation with collection date or location. Such stomachs
were nat inciuded in the prey selection analysis. Food consused by sau-
ger was usually recognizable even in advanced states of digestion
because of distinct morphological and anatomical characters such as body
shape, spiny rays, otoliths, and gizzards.

Examination of sauger stomachs revealed that food consumption and
prey selection differed substantially during two distinct time periods
(November to January and February to April)., These periods corresponded
with changes in threadfin shad abundance as effected by predation, cold-

induced impingement, and mass mortality.
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TABLE 2

Monthly catches of sauger at each sample site. Catches were influenced
by net size and sampling frequency but indicate areas of sauger
concentration and patterns of movement.

Sauger Catch by Month

Sample Site Nov Dec Jan Feb Mar Apr Total
Emory (1 + 2) 3 1 0 0 9 1 14
Intake (3) 16 22 0 1 13 2 53
Clinch (4 + 5) 4 32 21 20 77 1 155
Discharge (6) 6 0 0 0 4 0 10
1-40 (7) 2 26 1 3 10 0 42
Kingston Park (8) 10 88 6 32 17 6 159
i 58 Bridge (9) 19 4 3 5 2 0 33
Forks Left (10) 2 3 1 2 12 3 23
; Forks Right (11) 1 6 0 6 1 0 14
Rm. 562 Left (12) 7 8 0 1 7 0 23
‘ Rm. 562 Right (13) 6 6 0 1 2 2 17

TOTAL 76 196 32 n 154 15 543
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From November through January, threadfin shad occurred as the only
positively identified prey species in the 243 sauger stomachs examined
(Fig. 3). Fifty-two percent of sauger that preyed on threadfin con-
tained more than one in the stomach, with a maximum of seven. Sauger
that consumed multiple threadfin usually contained two or three. Such
prey were usually in different states of digestion, but in some cases
up to five were judged to be taken at the same feeding. Unidentified
remains occurred in 10% of the stomachs and 17% of the stomachs were
empty during this period.

Throughout February the occurrence of threadfin shad in sauger
stomachs progressively decreased. The frequency of empty stomachs and
utilization of alternate prey showed a concomitant increase (Table 3).
During February, freshwater drum accounted for 44% of identified prey
and threadfin shad for the remaining 56%. Two-thirds of the 67 stomachs
checked were empty.

By March, threadfin shad were not found in any sauger stomachs.

Freshwater drum, logperch (Percina caprodes), bluegills (Lepomis macro-

chirus), and mayfly nymphs (Hexagenia sp.) comprised the total of iden-
tifiable prey utilized in March and April. Combinations of more than
one species of prey in a single stomach were never observed. During
these two months, 82% of the 168 sauger stomachs examined were empty.
Variations in mean monthly water temperatures existed among sample
sites (Fig. 4) and affected the rates at which sauger could digest
meals. Temperatures below 5 C occurred at all sites except thermally

affected areas (sites 6, 7, 8) during January. By late February mean
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TABLE 3

Stomach contents of 257 sauger collected in Watts Bar Reservoir, February- April 1977.
Data from all sites combined.

Number of Stomachs Containing

Collection Number of

Date S.ager Threadfin Drum Logperch Bluegill Mayflies Unidentified Empty
Feb. 2 21 7 V4 ] 11
9 12 2 1 9

16 1 1

23 33 1 5 3 24

Mar. 2 33 2 1 2 28
9 53 2 1 1 1 4 44

17 28 1 ] 26

24 16 1 1 3 11

30 24 1 2 21

Apr. © 0

13 8 1 2 1 1 3

¥4
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water temperatures had risen above 5 C at all stations except in the
intake canal and the Emory river (sites 1, 2, 3). In March, tempera-
tures warmed to levels to around 10 C, comparable to those of late

November, but food consumption remained low.

Lengths of Sauger and Availability of Threadfin

A length-frequency distribution of sauger indicates size differ-
ences existed between mature male, female, and immature sauger (Fig. 5).
These size differences due to sex and age affected the availability and
utilization of threadfin and determined the size range of threadfin
which could be consumed by sauger (Fig. 6).

The majority of threadfin consumed by sauger were young-of -the-year
8-10 cm in length. Scale reading of threadfin shad in January by Dr.

J. S. Griffith determined the break in size between young-of-the-year
and-older threadfin was approximately 11 cm. Sauger over 42 cm also
utilized yearling and oldar threadfin up to 15 cm in length. Lengths of
threadfin recovered from stomachs indicate that larger threadfin
remained alive and available to these sauger at least through January
(Fig. 7).

Mature female sauger were the most abundant in those size classes
of sauger which could utilize threadfin greater than 11 cm in length
(Fig. 5). This resulted in a wider size range of food available to
these females and increased food availability throughout the winter.
Sauger under 30 cm in length consumed very few threadfin in winter,
probably because of the unavailability of shad less than 10 ¢cm. Maximum

lengths of threadfin consumed by sauger ranged from 29 to 35% of body
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lengths of sauger from 22 to 50 cm long and approximated a 3:1 ratio of

predator to maximum prey lengths (Fig. 6).

Visceral Fat Content of Sauger

Sauger stored excess energy available to them in visceral fat
reserves comprising 1 to 9% of body weight. Fat content, expressed as
mg fat/g body weight, increased with increasing length of sauger
(Table 4) and was influenced by sex and maturity. I[mmature sauger less
than 30 cm contained the least amounts of visceral fat, while sauger
over 80 cm, primarily mature males and females, contained the largest
fat reserves. Most sauger retained some stores of visceral fat through

the winter, though quantities were reduced in April.
RESULTS: DIGESTION RATE STUDIES

Effect of Temperature on Digestion

Results of laboratory digestion experiments quantified the effect
of temperature on the digestion rates of sauger at 5, 10, and 15 C. The
mean percent digestions of force-fed meals of 4 to 7 g fathead minnows
by sauger after 6, 12, 18, and 24 hr at each experimental temperature
are presented in Table 5. These data summarize multiple observations
made on all sauger in each experimental grouwp, and indicate the retard-
ing effect of temperature on digestion. Slopes of the regression line
calculated for individual sauger at each temperature indicate the rates
of digestion increased with increasing temperature but not in direct
proportion to temperature (Table 6). An increase of 5 C between 10 and
5 C had a greater effect on digestion then that between 5 and 10 C



TABLE 4

Mean fat content, expressed as mg fat/g body weight, of 3 size classes
of sauger indicating the general relationship between length and
visceral fat reserves. The range of values, standard deviation
of means and sample size for each group are also presented.

Size class of sauger (cm)

20.0 - 30.0 30.7 - 40.0 40.1 - 50.0
Mean 2.6 3.6 6.3
S.0. 1.6 2.3 2.1
Range 1-5 1-9 4-9

N 8 42 8
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TABLE 5

Mean percent digestion of force-fed meals of fathead

minnows by sauger at 5, 10, and 15 C.
observations are in parenthesis.
deviations of means are included (S.D.).

Number of

Temperature and Meai Size
Duration (hr) 10-20 mg Food/g Sauger
5C Mean S.D.
6 8.2(6) 4.2
12 19.8(13) 5.9
18 32.5(16) 10.2
24 38.8(16) 7.7
10¢C
6 10.8(6) 3.2
12 19.9(15) 6.6
18 39.3(11) 5.3
24 43.5(8) 6.6
15 C
6 19.1(7) 9.8
12 35.2(16) 5.6
18 77.3(16) 9.1
24 83.0(16) 9.6
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TABLE 6

Slope coefficients of regression calculated for individual sauger at 5, 10,
or 15 C. These slopes were used to determine mean digestion rates at each
temperature. R? values and standard errors are included for each regression.

Temperature
5¢C 10 C 5¢C
Fish Slope S.E. R? Fish Slope S.E. R® ;}sh Slope S.E. R’
1 1.82 0.16 0.97 9 2.00 0.12 0.99 17 3.51 0.24 0,97
2 1.2 0.27 0.86 10 1.5 0.25 0.9 18 3.70 90.15 0.99
2 2.03 0.17 0.9 17 2.05 013 0.95 19 3.94 0.32 0.9
4 1.69 0.17 0.95 12 1.83 0.06 0.99 20 3.49 ©0.20 0.98
5 1.5 0.10 0.98 13 1.64 0.36 0.83 21 3.59 0.26 0.97
6 1.78 0.13 0.97 14 1.9 0.14 0.97 22 3.37 0.28 0.97
7 1.39 0.14 0.9} 15 2.0 0.15 0.96 23 3.60 0.26 0.97
8 1.49 0.12 0.98 16 .36 0.23 0.96 24 3.96 0.32 0.96

Mean 1.67 1.93 3.65
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(Fig. 8). As determined from these experiments digestion of a 4 to 7-g
meal by sauger can occur 1.89 times faster at 15 C than an equivalent
meal at 10 C, and 2.18 times faster than one at 5 C. The magnitude of
the differences in the digestion rate between 5 and 15 C would appear to
satisfy the relationship described by van't Hoffs law. This law states
that for every 10 C rise in“temperature the rate of reaction is doubled,
and has been applied to other studies of metabolic activities of fish

(Andrews 1974).

Effect of Food Type on Digestion

Digestion rate experiments using threadfin shad as the food source
were limited by the availability of fresh shad of the proper size during
the experimental period. Enough shad were obtained, however, to pormit
several observations of the digestability of threadfin to be made. Per-
cent digestion by sauger force-fed meals of threadfin shad were calcu-
lated after 12, 18, anu 24 hr. Sauger digested these meals slightly
faster than equivalent meals of fathead minnows. Mean percent digestion
of threadfin shad by sauger held at 5 and 10 C are presented in Table 7.
Greater variability in results and fewer numbers of observations reduced
the value of these data in predictirg digestion rates of force-fed meals

of threadfin shad.

Effect of Force-Feeding

Results of 30 paired observations on sauger held at 15 C over a
wide range of meal sizes (3.3 - 65.2 mg/g) indicated no significant dif-
ference in digestion after 8 hr (T-test P < 0.05). Mean percent differ-

ences between digestion of force-fed and voluntarily consumed meals
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TABLE 7

Mean percent digestion by sauger of force-fed meals of
threadfin shad at 5 and 10 C. Number of observations
is in parenthesis. Standard deviations of means are

included (S.D.).

Temperature and Meal Size
Duration (hr) 10-30 mg Food/g Sauger
5¢C Mean S.D. -
12 31.8(7) 5.3
18 35.2(6) 14.5
24 39.5(8) 8.8
10 C
12 28.0(10) 5.7
18 51.0(5) 3.4

24 44.0(5) 11.5




for each group however were consistently negative (Table 8) and indi-
cated a nonsignificant reduction in digestion using the force-feeding
method. Use of the force-feeding method was considered accurate enough
to estimate digestion rates of sauger at similar temperatures in Watts

Bar Reservoir.
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TABLE 8

Mean percent differences in digestion of force-fed and
voluntarily consumed meals by sauger held at 15 C.
Sauger consuming similarly sized meals are grouped

by meal size expressed as mg food/g sauger.

Meal Size Mean Percent Standard Standarc
mg Food/g Sauger Difference Deviation Error N
in Digestion
< 10 -1.50 12.63 4.46 8
10-20 -3.25 7.17 2.53 8
20-30 -5.00 7.33 2.77 7
» 30 -1.25 9.43 4,71 4
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CHAPTER IV
DISCUSSION

Prey Selection by Sauger as Related to Impingement
and Mortality of Threadfin Shad

Threadfin shad were the most important prey species utilized by
sauger and occurred as the only food positively identified from stomachs
from November to January. At least four species of alternate prey were
utilized after, but not before, depletion of the threadfin populations
in January, indicating threadfin were the preferred prey of sauger
(probably because of th2ir relative abundance and vulnerability). Wall-
eye in Lake Erie exhibited a similar preference for the most abundant
prey of acceptable size when large numbers cf forage species were
available (Parsons 1971). Sauger did not appear to be selective for
alternate prey which were utilized.

Records of fish impingement at the Kingston Steam Plant during the
study period indicate striking changes in impingement of threadfin shad
with time and temperature (Fig. Al, Appendix), which can be related to
changes in sauger food consumption. In November and December 1976,
impingement averaged several thousand per day, peaking in mid-December
at over 42,000 in 24 hr. Differences existed in the size classes of
threadfin impinged through time (Fig. A2, Appendix), and suggest an
fncreased cold tolerance of the larger individuals. This differential
survival affected the size range of threadfin available to and utilized
by sauger throughout the winter (Fig. A3, Appendix). Impingement

declined rapidly in late December and early January while water
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temperatures remained low, probably indicating depletion of the popﬁla—
tion in the vicinity of the canal. Contimied cold weather and low water
temperature in January resulted in cold-induced mortalities of threadfin
at other samp i~ sites, as evidenced by gill net catches and observations
of threadfin dying in coves. With the exception of a small population
in the discharge canal, probably very few threadfin survived the winter
{Griffith et al. 1977).

After the decline of threadfin populations in January, sauger con-
sumed alteraate prey in approximately the same proportion a; these spe-
cies were impinged on intake screens (Fig. A4, Appendix). Threaqfin
shad utilized in February had a higher percent occurrence in sauger
stomachs than on intake screens, suggesting continued selection by sau-
ger for the remaining threadfjn. It is interesting to speculate on the
possibility that intake screens could provide a sensitive index of prey
availability to sauger. The highest impingemert counts for threadfin
occurred during the months of greatest sauger predation on this species,
indicating the relationship of cold stress to vulnerability to impinge-
ment, and to predation, as previously determined by laboratory experi-
ments (Griffith and Tomljanovich 1975, Griffith 1978). Most sauger
moved out of the intake canal after December, when impingement counts
indicated depletion of the threadfin population at this site. Sizes of
threadfin consumed by sauger increased with sizes of impinged threadfin
as the smaller size classe: became unavailable due to cold-induced mor-
tality. The decline in sauger predation on threadfin and a dramatic
increase in the number of empty stomachs followed approximately two

weeks behind the drop in numbers of impinged threadfin, both indicating

v
~
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the depletion of threadfin populations due to cold-induced mortality.
These relationships which existed provide evidence for the use of
impingement monitoring as an index of the abundance and vulnerability of
forage species, but also suggest a possible "competition® could exist
between intake screens and sauger for these vulnerable prey. Food con-
sumption by sauger was not directly limited by impingement-related mor-
tality of threadfin shad, except perhaps in the vicinity of the intake
canal, but was reduced in winter due to the combined effects of natural

cold-induced mortality, predation, and impingement.

Application of Digestion Rate Studies

Use of mean-calculated regression coefficients for digestion rates
allows estimates of the time required for digestion of meals by sauger
during the winter months. For sauger consuming meals of 4 to 7-g
threadfin sﬁad (approx. 8-10 cm in length) at temperatures between 5 and
10 C, digestion could reach 90% completion in approximately 47 to 54 hr.
At 15 C, digestion would require approximately 25 hr to reach 90% com-
pletion. Digestion of meals beyond this point, termed the residual
phase (Winde1l 1966), consists primarily of dissolution of resistant
parts and was not included in this analysis.

Other factors influencing digestion may reduce the accuracy of
these estimates. In studies with walleye and sauger at 14.5 and 20 C,
Swenson and Smith (1973) found food digested per hour increased with
meal size and fish size. Later Swenson (1977, concluded that high
stomach volumes tended to compensate for the effects of low temperature

(14,5 C) on digestion. If these effects continue to operate at 5 and




10 C, digestion by sauger consuming meals of muitiple shad during the
winter months in Watts Bar Reservoir may proceed more rapidly than esti-
mated by the experimental methods.

In experiments to determine the influence of a substitute food
source on the digestive rate, sauger digested meals of threadfin shad
slightly faster than equivalent meals of fathead min—ows. This slight
increase may be due to the fact that regressions on threadfin data were
calculated only from observation after 12, 18, and 24 hr, as opposed to
observation after 6, 12, 18, and 24 hr for digestion of fatheads. By
ignoring the lag time which exists in the early stages of digestion
these regressions describing digestion of threadfin by sauger may be
slightly overestimating the rate and may account for the observed
increase. Swenson and Smith (1973) found slight differences in digest-
ability of yellow perch and fathead minnows, but concluded that use of
fatheads as a substitute food source did not significantly reduce accu-
racy of estimates of the digestion rate for walléye and sauger.

Digestion of force-fed meals by sauger was consistently less than
that of voluntarily consumed meals over a wide range of meal sizes but
was not significantly reduced in any case. Results from another study
(Swenson and Smith 1973) indicated force-feeding of walleye signifi-
cantly reduced digestion after 8 hr at 14.5 C. Data from the present
study suggest that the bias introduced by force-feeding may not be as
great. The slight reduction in digestion could be due to the lack of a
feeding stimulus preceding ingestion of the meal, or to the effects of
the anestietic MS-222, or to handling stress. If force-feeding exerts a

continuous influence throughout the time required for complete digestion



then perhaps digestion could be significantly reduced. It does not seem
iikely the effect would act in tnis manner, and force-feeding was not
considered a source of significant error in these exper iments. Any bias
that was introduced by force-feeding would suggest that digestion of
meals consumed by sauger in Watts Bar Reservoir within the temperature

ranges considered could proceed faster then predicted from these experi-

ments.

Utilization of Food Energy

The high proportion of sauger stoméchs containing shad, coupled
with laboratory estimates of the digestive rate, suggest that food con-
sumption in late fall and winter was sufficient to result in quantities
of excess energy available to sauger. In caloric energetic studies of
walleye maintenance requirements and conversion and assimilation effi-
ciencies, Kelso (1972) determined energy for maintenance was similar
between 4 and 12 C, but increased rapidly above this point. Gross and
net conversions were not affected by temperature and assimilation effi-
ciency was high. Conversion of energy for growth was low at lower tem-
peratures and growth did not occur at temperatures below 12 C. Walleye
underwent a pronounced seasonal change in energy content and the caloric
accumulation was stored in interstitial and abdominal fat deposits
(Kelso 1973). The seasonal change in biocontent was judged to represent
a significant contribution to the energy budget of walleye.

Similar changes in bioenergetic content of sauger would be expected
to occur. Growth of sauger and walleye does not occur during the winter

months in Tennessee and food consumption in winter results in
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accumulation of large visceral fat reserves (Dendy 1946a, Hassler 1953,
Stroud 1949). Sauger examined in the present study contained fat
reserves comprising approximately 1 to 9X of bcdy weight. Larger mature
sauger had proportionally more energy stored in fatty tissuves; immature
sauger less than 30 cm contained the least amount of fat reserves.

Energy stored in tissues and available directly from food consumed
in winter was probably important to sauger for gonadal development and
ma intenance requirements in late winter and spring when food consumption
was reduced. The principal growth phase of ovaries in Stizostedion and
Perca spp. takes place during the coolest seasons when body growth
ceases (Hokanson 1977). Insufficient fat reserves to meet energetic
demands of ocogenesis and winter maintenance requirements increased mor-
tality of female yellow perch in two Laurentian lakes (Newsome and Leduc
1975). Deficiency in food and poor growth conditions in summer have
also caused missed spawmning periods and oocyte resolution in
Stizostedion spp. (Forney 1965, Eschmeyer and Smith 1943). Successful
spawning and good growth of sauger during the spring and summer of 1977
indicate that fat reserves probably were utilized and were important in
maintaining healthy conditions of the sauger population (McGee, unpub-
lished data).

The importance of late fall and winter feeding by sauger on thread-
fin shad can also be considered in terms of the seasonal abundance and
distribution of threadfin. As a semi-tropical planktivorous species,
threadfin shad prefer the warmest temperatures available, and are found
primarily in littoral and epipelagic zones throughout the summer., Shad

in Norris Reservoir, Tennessee, were most abundant in surface waters at
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a temperature range of 21 to 27 C through summer (Dendy 1946b). In this
same study sauger were found to prefer deeper strata with a tempe;ature
range of 15.5 to 21.0 C and were concentrated just above layers of water
with low oxygen content. These differences in the preferred tempera-
tures of the sauger and threadfin shad suggest that, in summer, sauger
may at times be spatially isolated from threadfin, and that this factor
could reduce food consumption. Behavioral characteristics of the two
species may aid in mitigating this effect on the predator-prey interac-
tion. Diel migration in depth distribution of threadfin shad occurs
(Netsch et al. 1971) and may increase spatial overlap in the distribu-
tion of the two species during the night. Crepuscular and nocturnal
feeding forays of sauger into warmer waters would also increase interac-
tion.

High water temperatures increased maintenance requirements and
cyclic changes in water temperature lowered food conversion of walleye
(Kelso 1972). Spatial isolation between gizzard shad and walleye due to
temperature preferences decreased availability of shad and resulted in a
reduced growth rate of older walleye in Hoover Reservoir, Ohio (Momot et
al. 1977). Similar effects would increase the energetic costs of sauger
predation on threadfin and reduce the predatory efficiency of sauger
during the summer months. Sauger and walleye exhibit similar physiolog-
ical optimum temperatiro ranges, and lower temperatures required for
walleye spawning are the principal difference between th2 twc species
(Hokanson 1977). '

Because of the adaptations of sauger to a cool-water, low-light

environment, optimal feeding conditions should occur in late fall and




winter as water temperatures cool, becoming more uniform throughout and
as young-of -the-year shad become stressed. Shorter daylengths in fall
and winter months increase the total hours of twilight and darkness
during which sauger are more efficient predators (Ryder 1977). Data
from this study suggest that for several months in late fall and win-
ter, predation by sauger on threadfin shad was facilitated by a combina-

tion of these factors.

Destabilizing Effects of Cold-induced Threadfin

Shad Mortality

Cold-induced threadfin shad mo}tality, as determined by this study,
reduced food consumption by sauger and increased predation on at least
four species of alternate prey in late winter and spring. Increased
predation on alternate prey suggests that threadfin shad acted as a
buffer, reducing sauger predation on other species, while threadfin
remained available. Conversely it may be argued that predation on
alternate prey acted as a buffer, relieving predation pressure on
depleted threadfin stocks. The role of a buffer species, however, has
usually been assigned to the most abundant prey species. A high density
of yellow perch was suggested to act as a buffer, reducing walleye pre-
dation on other forage species in Oneida Lake, New York (Forney 1974).
Alewives acted as a buffer, reducing predation on yellow perch and
alternate prey in Lake Michigan (Wagner 1972). The high percentage of
empty sauger stomachs in late winter, after loss of the forage base pro-
vided by threadfin, suggests that alternate prey were not utilized as
heavily by sauger due to upavailability or continued selectivity for the

remaining threadfin. Under these circumstances it seems reasonable to
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say that alternate prey relieved predation pressure on threadfin only
after threadfin reached a critical minimum density, or unavailability
due to larger size of surviving individuals, and these alternate prey
were utilized only in approximate proportion to their vulnerability and
abundance. Threadfin, however, were preferred and <elected for by sau-
ger while they remained abundant and vulnerable, and for this reason
they acted as a buffer for the alternate prey which were presumably
available to sauger throughout the study.

Ability of threadfin shad to compensate for the severe reduction in
numbers incurred during winter 1977 may be most important in determining
possible long-range impacts on sauger groath rate and fecundity. A win-
ter mortality of gizzard shad appeared to be responsible for a decline
in the growth rate of sauger in Lewis and Clark Lake, South Dakota
{Nelson 1969). Lack of forage fish in some years was considered a fac-
tor 1imiting the growth rate of sauger from Lake Winnebago, Wisconsin
(Priegel 1969).

Data collected during late summer and fall 1977 indicate that com-
pensation by surviving threadfin shad was sufficient to successfully
reestablish this species in Watts Bar Reservoir (Griffith et al.,
unpublished data). In view of the severity of the winter 1977, these
data suggest that established populations of threadfin shad are capable
of surviving winters in Tennessee despite extensive cold-induced mortal-
ity. 3cale reading of sauger collected in late fall 1977 and winter
1978 indicated growth rate of sauger in 1977 in Wa'ts Bar Reservoir was

proportional to that in previous years and that the magnitude of
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threadfin shad mortality in winter had an unpronounced effect on sauger
growth (McGee and MclLean, unpublished data).

Important aspects of the predator-prey relationship of sauger and
threadfin shad which can be suggested for further study include seasonal
changes in energy content of sauger as influenced by food consumption,
spatial and temporal restrictions on sauger-threadfin interactions in
summer, and relationships between fish impingement and predation on

these species by sauger.
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CHAPTER V
SUMMARY

Threadfin shad were the only positively identified species utilized
as food by sauger from Novemb~r 1976 to January 1977.

Sauger utilized threadfin because they were the most abundant and
vulnerable prey species of the preferred size available.
Cold-induced behavioral changes in threadfin below approximately
10 C reduced swimming abilities and increased vulnerability to pre-
dation and impingement.

The maximum lengths of shad consumed by sauger approximated a 3 to
1 predator-to-prey ratio and influenced the availability of thread-
fin to sauger.

Predation on threadfin by sauger less than 30 cm in length was
limited by the availability of threadfin less than 8 to 10 cm.
Sauger over 42 cm in length could utilize yearling and older
threadfin 12 to 15 cm in length. Mature female sauger were more
abundant than males in the size classes of sauger able to utilize
the larger threadfin shad.

Extensive cold-induced mortality of threadfin in December and
January reduced sauger food consumption and increased predation on
freshwater drum, logperch, bluegills, mayfly nymphs, and other
unidentified prey species.

Gizzard shad were never positively identified from sauger stomachs
and gizzard shad of a size available to sauger were not abundant

during the study period.




9.

10.

11.

LY

Sauger appeared to store excess energy available at low tempera-
tures as visceral fat reserves comprising approximately 1 to 9%
body weight. Fat content was greatest in larger mature Sauger.
Sauger under 30 cm contained the least amounts of visceral fat.
Laboratory digestion rate experiments determined digestion of a 4
to 7-g meal by sauger required approximately 54 hr at 5 C, 47 hr at
10 C, and 25 hr at 15 C to reach 90% completion.

Compar ison of digestion of force-fed and voluntarily consumed meals
by sauger indicated no significant difference in digestion (T-test

P < 0.05) using the force-feeding method.

it — —
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Figure Al. Impingement of threadfin shad at the Kingston Steam Plant
and water temperature in the intake canal from November
1976 through April 1977 (Source; McGee et al., in press).
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