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Abstract: Food of silver redhorse (Moxostoma anisurum), redbreast sunfish (Lepomis
auritus), green sunfish (L. cyanellus), and bluegills (L. macrochirus) was examined
to determine whether or not these fish in the Hartwell Reservoir tailwater (Savan-
nah River, Georgia-South Carolina) ate organisms entrained from the reservoir or
displaced from the tailwater during water releases associated with the production of
hydropower. These fish fed primarily on aquatic insects, crayfish, and terrestrial or-
ganisms originating from the tailwater. Major periods of feeding occurred during
nongeneration.
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Discharges of large volumes of water from reservoirs built for flood control and
generation of hydropower can result in the downstream transport of reservoir fish,
plankton, and aquatic insects (Hudson and Cowell 1966, Benson and Cowell 1968,
Walburg 1971, Matter et al. 1983). These discharges also scour tailwater substrates
and can temporarily increase drift rates for autochthonously produced macroin-
vertebrates (Armitage 1977, Brooker and Hemsworth 1978, Matter et al. 1983).
Downstream transport of reservoir and tailwater biota during hydropower discharge
may be a valuable source of food for fish in tailwaters.

Walburg et al. (1971) indicated that fish in the tailwater of Lewis and Clark
Lake ate organisms discharged from the reservoir, but Matter et al. (1983) doubted
that fish below large, peaking hydropower reservoirs (e.g., Hartwell Reservoir)
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186 Barwick and Hudson

could effectively use this food source. Instead, they believed that velocities reached
during hydropower generation might interfere with fish feeding behavior and limit
the degree to which fish are able to use these displaced organisms. Our objective
was to determine whether or not fish in the tailwater of Hartwell Reservoir ate orga-
nisms entrained from the reservoir or displaced from the tailwater during hydro-
power generation.

We thank Don Field and Jorgen Skjeveland for assistance in the field and labo-
ratory. This study was funded by the Environmental and Water Quality Operational
Studies Program sponsored by the Office, Chief of Engineers, U.S. Army, under
EWQOS Task IIB.

Methods

The tailwater of Hartwell Reservoir is that section of the Savannah River be-
tween Georgia and South Carolina extending about 20 km downstream from Hart-
well Dam. During generation of peaking hydropower (264 megawatts) at Hartwell
Dam, water is released from Hartwell Reservoir (22,652 ha) through inlets located
at a centerline depth of 30 m when this reservoir is at full pool (201 m above mean
sea level). Flows in the tailwater range from 3 to 11 m*sec during nongeneration,
but increase up to 665 m*/sec during generation. The maximum velocity is about 1.8
m/sec during generation. A description of Hartwell Reservoir and additional infor-
mation on the tailwater and hydropower operations at Hartwell Dam are given in
Dudley and Golden (1974), Matter et al. (1983), and Barwick and Oliver (1982).

Redbreast sunfish (Lepomis auritus), green sunfish (L. cyanellus), bluegills (L.
macrochirus), and silver redhorse (Moxostoma anisurum) are the dominant species
of fish inhabitating this tailwater (Barwick and Oliver 1982) and were selected for
study. Redbreast sunfish, green sunfish, and bluegills were collected on July 20 and
21, 1982, and each of these sunfishes plus silver redhorse were collected on Sep-
tember 1 and 2, 1982, from an area of the tailwater about 12 km below Hartwell
Dam. Because fish could not be obtained during flows associated with hydropower
generation, we collected them by electrofishing, using methods described by Bar-
wick and Oliver (1982), either during the day (0900-1530 hours) before flows in-
creased in the river due to generation or at night (2400-0530 hours) beginning about
1-2 hours after flows began to subside.

We measured all fish collected (TL in mm) and removed their stomachs (stom-
ach and first half of the gut in silver redhorse). Stomach contents were grouped
by species and preserved with 10% formalin, as described by Borgeson (1963).
Weights (g) of fish collected in July were estimated from length-weight regressions
obtained from data collected from Hartwell Reservoir tailwater in 1979-80 (Barwick
and Oliver 1982); fish collected in September were weighed before their stomachs
were removed.

Feeding periodicity and digestion rates of fish in the tailwater were unknown
when the study began, so we preserved some stomach contents almost immediately
after collection to facilitate identification of prey. To eliminate bias induced by di-
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gestion in pregeneration and postgeneration comparisons of feeding, we collected
about 10 fish of each species prior to generation and held them in a fiberglass tank
(232 x 60 x 45 cm) supplied with river water filtered through a 0.750-mm mesh net,
and pumped continuously at a rate of about 10 liters/min. These fish were held until
additional fish could be collected after hydropower generation; then stomach con-
tents of fish in the tank and those collected during postgeneration were preserved
separately by species. Feeding periodicity was estimated using a method similar to
that of Keast and Welsh (1968), in which relative weights (dry weight of the stom-
ach contents divided by wet weight of fish in the sample x 10,000) were calculated
and compared for each period.

Stomach contents were generally examined entirely, however, some were sub-
sampled. When subsampling, the large but less-numerous organisms were removed,
and the remaining items were suspended in 400 ml of water and divided with a
Folsom Splitter.* At least 25% of each sample was processed and the appropriate
factor was applied to extrapolate their percentage to total numbers and weights of all
items eaten. All organisms were identified to family (unless such identification was
prevented by digestion) and some were identified to species. Dry weights (g) were
obtained for major groups of organisms by drying them to a constant weight at 60° C.
Dry weights of trichopteran larvae and gastropods included the weight of their cases
and shells, when present.

Results and Discussion

Aquatic insects (primarily dipterans, ephemeropterans, and trichopterans), de-
capods, and organisms of terrestrial origin (primarily insects) composed most of the
food (by weight) eaten by all 4 species of fish (Table 1). Trichopteran larvae of the
genus Hydroptila appeared to be the most important prey for silver redhorse and
made up the greatest weight of identifiable prey. Terrestrial organisms, Asellus sp.,
Hyalella sp., and dipterans also were important in the diet of this fish. Dipterans
(primarily larvae and pupae of the chironomid genera Cricotopus and Orthocladius)
contributed only 1% of the total stomach contents by weight, but they were numeri-
cally more abundant than trichopterans (Table 2). Inclusion of the weight of trichop-
teran cases (which have little or no nutritional value) may overstate the importance
of these organisms to the diet of silver redhorse. Meyer (1962) found that silver
redhorse from the Des Moines River, Iowa, ate immature chironomids more fre-
quently than trichopterans.

The sunfishes from Hartwell Reservoir tailwater had diets similar to that re-
ported for these fish from many natural streams (Minckley 1963, Davis 1972,
Benke et al. 1979, Coomer et al. 1979, Mancini et al. 1979). All 3 species ate simi-
lar weights of ephemeropterans (nymphs and adults of the genera Ephemerella and
Pseudocloeon) and terrestrial organisms. Dipterans (larvae and pupae of the chi-
ronomid genera Chironomus, Cricotopus, and Orthocladius) predominated by
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1985 Proc. Annu. Conf. SEAFWA



(sepisAyq) epodonser) pue ‘eurredeIpAH ‘BPOSRNISQ;

papnjout sre (s19pids) EPIUYORIY PUB *OBPHNOLIQIINTT [RLIISIIINN-TWIS ‘(€19eyo0SI[() SULIOMUIIES [ELIISOLI2) JNq ‘$1I3SUI [BLSILId) ASON,
e13)doodfd pue ‘ereuopQ ‘eididoredop,

($0'0>) 2981 = L,

xop? sdopLI0SIP PUR DDV DUIORY ATITRUIIq

10quiaydag ur AJuo pajos[[od IoM ISIOYPAI IIATIS,

8€8S° Y LPLS'8 1229 98501 fel0L
€1t 8P63°1 A €68%°1 YT Y6zl 1°¢8 801L°8 pagnuapIu
€1 LLSO0 80 $$90°0 1 1250 Lo 9€L0°0 ;STOSUET[ISTN
0 66100 €0 €€20°0 'l €050’ €0 ¥2€0°0 uo)kydriag
011 9905°0 £6 966L°0 YL 9THE" g1 7681°0 LS[BHISAIRL
0 651070 90 8900 70 LOTO »5109sur d1enbe SNOSUB][ISIN
70T 9526°0 ¥'9 SISS°0 LS 6v9T" €11 TL8T'T eaidoyou],
vyl 0099°0 €L 86LY'1 €€ LSLO'T S0 9€50°0 eidorowaydy
38 610v°0 TS 96¥H°0 S0¢ LYl 01 8801°0 viaydiq
1°0 9200°0 L1y 09LS°€ ¥ 06T (ysy4e10) epodesa(
0T 9£60°0 'l LS60°0 60 00+0° Al 80C1°0 -ds pjjapdpy pue “ds sufjasy
10 7500°0 L 910070 oL 2000° 10 00100 qepodado) pue v1230pe[D
Ppooj [&10} (§0Z-€9 pooj 2103 (+81-98 Ppooj 1eio1 6118 pooj T1e10) (00s-€1¢ swistuesiQ
JO uad13d 9 = N) JO 120194 8L =N) Jo udd13g ‘8 = N) JO uddI13d 0 =N)
mdanig [syuns uadIny ysyuns Jseaiqpay £SIOYPAI IGATIS

"sosayyuared ur are ysy jo (urur) ySuo] [210} Ul AFULI SY) PUEB PIUNUEXS SYIBWIOS JO Iaquinu yJ, "g861 ‘(pauIquiod
BIep) Joquandog pur N[ Ul ISIBM[IE} JIOAIDSIY [[OMIEH WO Palod[[od Ysy Aq udjes swsiuedio jo sdnoid snouea jo (3) siySrom A1 °1 d[qel,

1985 Proc. Annu. Conf. SEAFWA



Hartwell Reservoir Food Organisms 189

Table 2. Numbers of the organisms most frequently eaten by fish in Hartwell Reservoir
tailwater in July and September (data combined) 1982.

Silver Redbreast Green
Organisms redhorse? sunfish sunfish Bluegill
Cladocera and Copepoda® 1,652 33 118 369
Asellus sp. and Hyalella sp. 1,528 176 528 593
Decapoda (crayfish) 2 10 2
Diptera
Chironomidae
Larvae 3,612 455 159 367
Pupae 1,556 274 228 279
Adults 264 17 131 167
Simuliidae
Larvae 48 51 36 145
Pupae 20
Adults 112
Tipulidae
Larvae 44 44 17 22
Pupae 1 1
Adults 5 11 13
Others®
Larvae 56 5 4 14
Pupae 1524 1 2 1
Adults 1044 2 167° 94¢
Ephemeroptera
Nymphs 532 524 694 721
Adults 56 669 1,387 428
Trichoptera
Larvae 1,280 260 590 1,013
Adults 176 26 179 165
Terrestrials’ 184 93 300 287

aSilver redhorse were collected only in September

YPrimarily Moina brachiata and Mesocyclops edax

Culicidae, Chaoboridae, Ceratopogonidae, Stratiomyidea, Dolichopodidae, Ephydridae, and unidentified
dipterans

dPrimarily Ceratopogonidae

*Primarily Chaoborus sp.

"Mostly terrestrial insects, but includes terrestrial earthworms (Oligochaeta), semi-terrestrial Lumbriculidae,
and Arachnida (spiders)

weight in redbreast sunfish, decapods in green sunfish, and trichopterans (primarily
larvae of the genus Hydroptila) in bluegills (Table 1). Numerically, ephemeropte-
rans were most important in redbreast sunfish and green sunfish, while trichopterans
were most important in bluegills (Table 2).

Even though hydropower generation at Hartwell Dam increased abundance of
invertebrates in the tailwater (Matter et al. 1983), the silver redhorse was the only
species of the 4 studied that appeared to feed extensively during generation. Post-
generation stomach samples for this fish contained more aquatic insects, terrestrial
organisms, and unidentified material than did pregeneration samples (Table 3). In
addition, the silver redhorse was the only fish that ate considerable numbers of the
copepod Mesocyclops edax (Table 2), a species common in reservoirs. However,
feeding on drift during periods of generation would appear atypical for a fish with
an inferior mouth.
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Additional evidence questioning the validity of the feeding periodicity data for
silver redhorse arose when we compared the Mesocyclops eaten in the tailwater with
that found in reservoirs. The form eaten by the silver redhorse was smaller than that
normally found in reservoirs, and the posterior edges of the urosomes were sculp-
tured which is in contrast to the smooth edges of the reservoir form. Thus, the
Mesocyclops edax eaten by silver redhorse in the Hartwell Reservoir tailwater may
be indigenous to the tailwater along with the cladoceran Moina brachiata, which
also was frequently eaten. The inferior mouth of the silver redhorse, absence of
Moina from plankton and benthic samples collected from this tailwater over several
years (P. L. Hudson and S.J. Nichols, unpubl. data), and the presence of the
atypical Mesocyclops probably suggests benthic feeding by this fish in isolated or
specialized habitats during nongeneration. The observed increase in the stomach
contents from pregeneration to postgeneration may have resulted from an artifact of
sampling.

Although relative weights of food eaten by each species of sunfish in the tail-
water before and after generation were more variable than that observed for silver
redhorse (Table 3), it appears that most of the aquatic insects and terrestrial orga-
nisms found in their stomachs were eaten prior to generation. Increased feeding ac-
tivity during pregeneration was generally indicated by higher weights of these orga-
nisms in pregeneration samples when compared to postgeneration samples. In
addition, there was a general increase in the weight of unidentified material found in
the stomachs of these fish from pregeneration to postgeneration periods, suggesting
that food intake during generation was limited while digestion had reduced some of
the previously eaten items to an unidentified state. However, this was not the case
for all organisms eaten.

Weights of decapods consumed by redbreast sunfish and green sunfish were at
times higher in postgeneration samples than in pregeneration samples (Table 3).
Observations in the tailwater and general observations by Hobbs (1981) indicated
that crayfish move from beneath rocks at night and are probably more susceptible to
predation by fish at this time than they are during daylight. Active night feeding on
crayfish by redbreast sunfish and green sunfish after hydropower generation may
explain the increased abundance of crayfish in postgeneration samples in Septem-
ber, since it is unlikely that many crayfish were being swept downstream during gen-
eration. Maude and Williams (1983) reported that Cambarus bartoni (the predomi-
nant crayfish in Hartwell Reservoir tailwater) is especially adapted for life in flowing
water; its superior streamlining helps to prevent it from drifting in strong currents.

Even though bluegills ate considerable quantities of aquatic insects and ter-
restrial organisms during pregeneration, the relative weights of these organisms in
their stomachs did not decline from pregeneration to postgeneration as observed for
redbreast sunfish and green sunfish. Relative weights for aquatic insects and ter-
restrial organisms were generally similar in pregeneration and postgeneration
samples. However, bluegill stomachs collected in July contained many more ter-
restrial organisms during postgeneration than during pregeneration. This and the
similar weights for aquatic insects and terrestrial organisms (September only) in
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192 Barwick and Hudson

both pregeneration and postgeneration samples may have resulted because bluegills
were primarily collected from backwaters where limited feeding during generation
may have been possible.

As determined from the foods eaten by fish in this study, predation during peri-
ods of nongeneration on organisms entrapped and concentrated by flows associated
with hydropower generation appeared to be the major mode of feeding for fish in the
Hartwell Reservoir tailwater. These fish ate considerable numbers of chironomids
(pupae and adults), ephemeropterans (adults), and trichopterans (larvae and adults)
which originated from the tailwater. Concentrations of these organisms were often
observed in the surface film behind obstructions such as rocks and logs after genera-
tion, where they were readily available as food for fish. Flows during generation
apparently drowned many of these insects while emerging and concentrated them in
these areas. In addition to aquatic insects, terrestrial organisms were similarly con-
centrated. These organisms were thought attracted to the unflooded area of the tail-
water during periods of nongeneration where they were also drowned and concen-
trated by flows during generation. The presence of aquatic insects and terrestrial
organisms in silver redhorse suggests that the concentration of these organisms was
not totally a surface phenomenon, but that this material was also concentrated be-
hind submerged objects.

Thus, our data apparently supports the suspicions of Matter et al. (1983) who
questioned the ability of fish in the Hartwell Reservoir tailwater to eat displaced
reservoir biota extensively during periods of generation. This was apparently true
for the 4 species of fish studied during the time of our sampling. However, consump-
tion of tailwater biota was related to daily flow regimes associated with peaking hy-
dropower operations.
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