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ABSTRACT
Experimental gill nets were fished at sites with and without cages in which catfish were fed pelletoo feed in lakes Hartwell and

Keowee, South Carolina, during 1972, 1973, and 1974. Native fishes were indentified, counted, and weighed. Of34 species captured
in the two lakes the most numerous were threadfin and gizzard shad, carp, bullhead species, white bass. bluegill, and largemouth bass.
Total numbers of fish caught in each lake were greater at cage sites than at control sites after stocking cages. and total weight of fish
caught in Lake Keowee was greater at cage sites than at control sites after stocking the cages and for the overall experiment, but not
before stocking.

INTRODUCTION

With the increasing interest in aquaculture, and, in particular, culture of fish in cages there is a
need for information on the influence that cage culture has on the aquatic environment. Fishes have
been cultured in cages in Asia at least since the early 20th Century (Hickling 1962) and more recently
in North America. Collins (1971), Holmes et al. (1974), Lewis (1969), and Schmittou (1970) investi
gated aspects ofculturing caged catfish species and Pagan (1969) cultured caged tilapia. Burch (1975)
and Murrell (1973) studied the effects of caged catfish culture on the surrounding water quality and
Aldridge and Loyacano (1974) examined the incidence of parasites on native fishes captured near
catfish cages. Although Collins (1971) noted that there was "dense population of bluegill and redear
sunfishes" around his cages and native catfish were also observed feeding upon pellets splashed from
his cages, there has been no previous attempt to quantifY the attraction ofnative fish to catfish culture
cages. In addition to the attraction ofpelleted feed lost from them, the cages may also serve as shelter
for native fish species and as attachment surface for invertebrates that fish feed upon. Culture offish
in cages may have the added advantage of concentrating native fishes, thus making them more
accessible to the sport fisherman and increasing the harvest.

The objective of this study was to investigate the degree to which native fish were attracted to
catfish culture cages in reservoirs. The work was supported in part by the Office ofWater Resources
Technology and by the Southeast Reservoir Investigations, both of the U. S. Department of the
Interior.

MATERIALS AND METHODS
Study Area

The experiment was conducted at sites in lakes Hartwell and Keowee, South Carolina (Fig. I).
Lake Hartwell is a 24,300-ha impoundment on Savannah River and Lake Keowee is a 7,300-ha
impoundment immediately above Lake Hartwell on Keowee River, a tributary to Savannah River.
Some principal differences in the lakes are that Keowee serves as the cooling water source for a
nuclear power plant, is associated with a pump storage reservoir above it, and contains no white bass
or gizzard shad; whereas Hartwell supports only hydroelectric facilities and contains large popula
tions of white bass and gizzard shad.

Cages
Six I-m3 floating fish cages of 1. 27- x 2. 54-cm-mesh welded wire were united with a wooden frame

and placed at each of three sites in Lake Hartwell on 15 May 1972 (Fig. 2) and two sites in Lake
Keowee on 9 May 1973 (Fig. 3). Surface area encompassed by the six cages was 8.9 m2 . Each cage was
equipped with a feeding ring to minimize feed loss. The batteries of cages were secured by cables to
steel stakes on shore and concrete anchors in deeper water.

1 Technical Contribution No. 129,5. South Carolina AgriC'ultural Experiment Station. Published by pennission of the Director.
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Figure 1. Lakes Hartwell and Keowee, South Carolina.

Culture of Fish
All cages were stocked with channel catfish, all of which were fed Purina Catfish Cage Chow 6

days/wk. Each cage in Lake Hartwell was stocked with 200 fingerlings on 19 May 1972 and 200 more
on 26 May 1972. Total mean weight of the 400 fish/cage was 8.5 kg (51.0 kg/cage site). From 29 May
through 9 October the fish at each ofthe three sites received a total of1616.4 kg offeed, and they were
harvested on 27 October 1972.

Each cage in Lake Keowee was stocked with 18.7 kg (approx. 259 fish) ofungraded fingerlings on 1
August 1973. Because ofthe high air temperature (31°C) prevailing at that time, the fish were stocked
by weight to avoid the additional handling stress necessitated by counting individual fish. Total
weight ofthe fish at each site was 112.2 kg. They were harvested on 26 Febmary 1974 after receiving a
total of 1,355. 0 kg feed/cage site. All cages were restocked on 1 March 1974 with 400 fingerlings that
had a mean weight of17.3 kg/cage (103.8 kg/cage site). They were harvested on 21 August 1974 after
receiving 494.7 kg of feed/cage site.

Capture of Native Fish
Fish were collected in sinking experimental gill nets, 1.8-m deep and 37.5-m long, which were

divided into five equal-length panels. Mesh size of the panels progressed from 1.27 to 6.25 em. One
net was fished overnigbt at each of the cage sites and at a corresponding control site without cages for
each cage site (Fig. 2 and 3) at 4-wk intervals during the sampling periods.

In Lake Hartwell native fish were collected from March 1972 through February 1973. The nets
were set parallel to shore with the small-mesh end adjacent to the battery of cages at cage sites.
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Figure 2. Sites for study of native fishes near catfish -cages in Lake Hartwell, South Carolina. From
Aldridge and Loyacano (1974).
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Figure 3. Sites for study of native fishes near catfish cages in Lake Keowee, South Carolina. From
Burch (1975).
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In Lake Keowee native fish were collected from February 1973 through July 1974. The nets were
set perpendicular to shore with the small-mesh end tied at the shore and the large-mesh end
anchored offshore. At cage sites the nets were adjacent to the cages.

All fish were identified according to Eddy (1969), Moore (1968), and Yerger and Relyea (1968);
counted; measured to the nearest millimeter; and weighed to the nearest gram. Common names
were taken from American Fisheries Society (1970).

Data were subjected to chi-square or analysis of variance as appropriate. Differences at the 0.05
level of probability were considered significant. Prestocking data were tested as a covariate. Data
were tested both arithmetically and logarithmically.

Numbers and weights of gizzard shad, carp, white bass, bluegill, and black crappie from Lake
Hartwell, and threadfin'shad, carp, bluegill, and largemouth bass from Lake Keowee were analyzed
separately by species.

RESULTS
Lake Hartwell

Number and weight for each species collected at cage and control sites before stocking cages, after
stocking, and after harvest are shown in Table 1. Gizzard and threadfin shad, carp, quillback, white
bass, and bluegill were the most numerous species, and gizzard shad, carp, quillback, bullhead (snail,
brown, and flat), white bass, striped bass x white bass, and largemouth bass accounted for most ofthe
weight.

There was no significant difference in number or weight ofcaptured fish between cage and control
sites for the overall experimental period. Although numerical differences in weights were great
(Table 1), weight differences between cage and control sites were not significant (P=O.05) for any of
the three separate periods. Numbers offish caught were not significantly different between cage and
control sites before stocking and after harvest, but they were significantly greater at cage sites than at
control sites after stocking.

Number and weight of gizzard shad, when treated logarithmically, were significantly greater at
cage sites than at control sites after stocking, but there were no other significant treatment differences
for this species. Number and weight of bluegill were much greater at cage sites than at control sites
after stocking. There were no treatment differences for any ofthe periods for either carp, white bass,
or black crappie, except that the number ofblack crappie was significantly greater at cage sites than at
control sites after harvest.

Lake Keowee
Number and weight for each species collected at cage and control sites before and during culture of

catfish are shown in Table 2. Carp, silver redhorse, flat bullbead, bluegill, and largemouth bass were
the most numerous species, but in addition to those, quillback and spotted sucker, accounted for
most of the weight.

The total number and weight of native fish captured were significantly greater at cage sites than at
control sites for the entire experimental period and after stocking the cages, but there were no
significant treatment differences in number or weight before stocking (Table 2). Number and weight
of threadfin shad after stocking were significantly greater at cage sites than at control sites. No shad
were collected prior to stocking. This species was introduced after the experiment began. There were
no treatment differences in number or weight of carp for any of the periods. Number and weight of
bluegill were significantly greater at cage sites than at control sites after stocking, but there were no
differences before stocking or overall. The number of largemouth was insufficient to test by chi
square for before or after stocking, but for the entire period the number and weight oflargemouth
bass were significantly greater at cage sites than at control sites.

DISCUSSION
This experiment has shown that the numbers ofwild fish at a site are increased by cage culture, and

although the substantial numerical increase in weight was not statistically significant in Lake
Hartwell, it was significant in Lake Keowee.

The plankton feeding shad may have been attracted to the fine particles of feed that drifted
downward as the pellets disintegrated in the water. Burch (1975), however, found no increase in
turbidity at cage sites. Although gizzard and threadfin shad provide no fishery, they are important
prey for white bass and largemouth bass, neither ofwhich was attracted to the cages in Lake Hartwell.
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Largemouth bass were more numerous at cage sites than control sites in Lake Keowee, before and
after the cages were installed.

The fact that carp were not significantly more abundant in gill net catches from cage sites than at
control sites was surprising, because carp were very much in evidence throughout the period that
catfish were fed in cages. They swarmed around the cages at feeding time and were observed
sweeping the area taking pellets at the surface and showing little concern for the movements of the
feeding boat.

Reports from local fishermen indicated that bluegill fishing was excellent near the catfish cages.
Although the catch of bluegill in gill nets was not very great, it did demonstrate that bluegill were
more abundant near the cages than elsewhere in both lakes. This agrees with observations by Collins
(1971).

Although an efficient, properly managed caged catfish operation could not tolerate the loss of
appreciable amounts offeed, there would almost certainly be some small particles that would escape
from the cages into the surrounding water. Whether this food or an increase in natural food organisms
resulting from the metabolic wastes of the catfish and the surface area of the cages attracted native
fishes, the ultimate result could be an overall increase in productivity of the water in that immediate
area, increased growth rate ofthe fish and a concentration ofsport fish that would be more susceptible
to angling. Except in a eutrophic lake, the cage culture of fish should be desirable, as it allows more
efficient utilization of the water column by both the fish farmer and the sport fisherman without
necessarily destroying water quality (Burch 1975) or increasing incidence ofparasites on native fishes
(Aldridge and Loyacano 1974).
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