Journal of the Arkansas Academy of Science

Volume 30 Article 6

1976

Macrobenthos Population Changes in Crystal
Lake, Arkansas, Subsequent to Cage Culture Fish

James C. Adams
University of Arkansas, Fayetteville

Raj V. Kilambi
University of Arkansas, Fayetteville

William A. Wickizer
University of Arkansas, Fayetteville

Arthur V. Brown
University of Arkansas, Fayetteville

Follow this and additional works at: http://scholarworks.uark.edu/jaas

b Part of the Aquaculture and Fisheries Commons, and the Terrestrial and Aquatic Ecology

Commons

Recommended Citation

Adams, James C.; Kilambi, Raj V.; Wickizer, William A.; and Brown, Arthur V. (1976) "Macrobenthos Population Changes in Crystal
Lake, Arkansas, Subsequent to Cage Culture Fish," Journal of the Arkansas Academy of Science: Vol. 30, Article 6.
Available at: http://scholarworks.uark.edu/jaas/vol30/iss1/6

This article is available for use under the Creative Commons license: Attribution-NoDerivatives 4.0 International (CC BY-ND 4.0). Users are able to
read, download, copy, print, distribute, search, link to the full texts of these articles, or use them for any other lawful purpose, without asking prior
permission from the publisher or the author.

This Article is brought to you for free and open access by ScholarWorks@UARK. It has been accepted for inclusion in Journal of the Arkansas Academy
of Science by an authorized editor of ScholarWorks@UARK. For more information, please contact scholar@uark.edu, ccmiddle@uark.edu.


http://scholarworks.uark.edu/jaas?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol30%2Fiss1%2F6&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholarworks.uark.edu/jaas/vol30?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol30%2Fiss1%2F6&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholarworks.uark.edu/jaas/vol30/iss1/6?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol30%2Fiss1%2F6&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholarworks.uark.edu/jaas?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol30%2Fiss1%2F6&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/78?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol30%2Fiss1%2F6&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/20?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol30%2Fiss1%2F6&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/20?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol30%2Fiss1%2F6&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholarworks.uark.edu/jaas/vol30/iss1/6?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol30%2Fiss1%2F6&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholar@uark.edu,%20ccmiddle@uark.edu

Journal of the Arkansas Academy of Science, Vol. 30 [1976], Art. 6

Macrobenthos Population Changes in Crystal Lake, Arkans
Subsequent to Cage Culture of Fish

JAMES C. ADAMS, RAJ V. KILAMBI, WILLIAM A. WICKIZER,and ARTHUR V. BROWN
Department of Zoology, University of Arkansas, Fayetteville, Arkansas 72701

ABSTRACT

A three-year study was conducted to determine the possible effects of cage culture of fish
on the environment of Crystal Lake, Arkansas. The investigation consisted of three periods:
pre- (November 1971-October 1972), during-
(November 1973-October 1974) cage culture.

Numbers and biomass of benthos per square meter for pre-, during:, and post-culture
periods were 1353 (10.0g), 730 (8.8g), and 1028 (4.1g), respectively. Numerically, Chaoborus
sp., Chironomidae, and Oligochaeta comprised more than 97%. Chaoborus was the most
numerous organism before fish culture (>68%), but dominance shifted to the Oligochaeta

(>58%) after culture.
INTRODUCTION
Rnphﬂy m:tening populati have d a severe
ased producti of food, Fish production has been
‘iorlta ial i in subsidizing the world's

pmlem needs, The great demand for fish as a pmwm source has
d in loitation of natural fisheries. Therefore, the yield
from natural fisheries must be supplemented by fish culture.
Production of fish by culturing them in cages suspended in
reservoirs is becoming a common practice in many southern states.
There is some concern about the effects caged fish culture may have
on these reservoirs. Metabolic products of the fish, fish feces and
excretn, and substances leached fnm tha ﬁah Iond nughl cause
significant changes in the physi istics and
normal biota of a reservoir which could hasten nutrnphicutmu

(November 1972-October 1973), and post-

RESULTS

Comparison of benthi isms m-" between stations within the
study periods showed no si;-uiﬂcmi differences (pre-cage F . i 0:
during-cage Fise s 1.0 post-cage F 5. . o.00). Therelore, the data for
stations within periods were combined for further analysis.

During the pre-culture phm of the study the mean annual density
of the total benthi b was 1353 N m-! with a
biomass of 10.0 g m-?, The most abundant benthic organism was
larval Chaoborus sp, (Fs e « 4.us). The average annual density of
Chaoborus sp. was 847 N m-* (Fig. 2) which represented 62.6% of the
total benthic community. Chironomid larvae and oligochaetes had
densities of 290 N m+* (21.43%) and 173 N m-* (12.79%), respectively
(Fig. 2). The remaining portion of the benthos was composed of

This study was conducted in three one-year p for i
son: (1) pre-culture from November 1971 to O ber 1972, (2) duri 3
culture from November 1972 to October 1973, and (3) post-culture
from N ber 1973 to October 1974 (Kilambi et al. 1976), This

concerns the effects of fish cage culture on the macrobenthos
population of Crystal Lake, Arkansas,

STUDY AREA

Crystal Lake, Benton County, Arkansas, is owned and operated by
the Arkansas Game and Fish Commission as a public fishing lake.
Crystal Lake has a surface area of 24 hectares (60 acres), an average
depth of 4.5 m (15 ft), and a maximum depth of 9 m (30 ft). The
watershed to lake area ratio is approximately 40:1, which, with an
average annual rainfall of more than 152 cm (60 in.), produces a
relatively high water exchange rate,

The lake undergoes the warm monomictic type of sl.rlll.t'icnlinn
characteristic of lakes in nortk Ark Stratificati
late April and is mpleie by early June. Deamnﬁumon and Iall
turnover by late November with conti g of the
entire water column through the winter and early spring.

MATERIAL AND METHODS

For sampling purposes the lake was divided into three sections, A,
B, and C, representing the lower, middle, and upper regions,
respectively (Fig. 1). One sampling station was used to represent each
section.

Two benthos samples were taken at each station with an Ekman
dredge (231 em®) twice a month between 0800 and 1100 hours, The
contents were strained through a #30 (590 um mesh) U.S. Standard
Sieve. All material remaining in the sieve was placed in quart jars
containing 5% formalin and transported to the laboratory where the
organisms were separated from the detritus in white porcelain pans
with the aid of an illuminated magnifying glass. Benthic organisms
were identified to appropriate taxa as classified by Pennak (1953).
The organisms then were preserved in 80% ethanol for future

pogonid larvae with 36 N m- (2.66%; Fig. 1), mollusks
(Sphaeridae, Physa sp., and Gyraulus sp.) with 5 N m-* (0.37%), and
other taxa including Odonate nymphs (Enallagma sp. and
Chromagrion sp.), dytiscid larvae, and coelenterates with 2 N m-*
(0.15%).
During the culture phase of the study no additional taxa of benthic
organisms were present in the collections. The mean annual total was
730 N m-* with standing crop biomass of 8.8 g m-'. This phase showed

STATION A
CAGE CULTURE SITE

STATION B

—_— = —

STATION C

reference. Figure |. Map of Crystal Lake sh 2 pling and cage
Significance of statistical tesis was exp d at the 0,05 level. culture site.
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no significantly (F;, 4 « o.0) dominant taxon; the average annual
densities for Chaoborus sp., chironomid larvae, and oligochaetes
were 217 N m-* (29.73%), 247 N m-* (33.84%), and 239 N m-*
(32.74%), respectively (Fig. 2). The remainder was composed of
ceratopogonid larvae with 22 N m-* (3.10%:; Fig, 2), mollusks with 2
N m-*{0.27%), and other taxa with 3N m-* (0.41%).

The post-cuiture phase mean annual density was 1028 N m+* with a
ytanding crop biomass of 4.1 g m-*. During this phase the dominance
shifted to Oligochaeta (F, ;5 . +,5) With an average annual density of
598 N m-! (Fig. 2) compnising 58.17% of the total benthic communily.
Chaoborus sp., chironomid larvae, mollusks, and other taxa had
densities of 333 N m-" (32.39%: Fig. 2), 85 N m-" (8.27%; Fig. 2), 9N
m-' (0.88%; Fig. 2), 2 N m-* (0.19%), and | N m-* (0.10%),
respectively.

The total density of organisms was 1353, 730, and 1028 N m-* in the
pre-, during, and post-culture periods, resp ely. There were no
significant differences in the total ber of benthi
among the years (F,, e «). Total biomass decreased each year;
10.0, B.8, and 4.1 g m-! were found in pre-, during-, and post-culture
phases, respectively.

Several statistically significant chang g the domi taxa
of benthos were observed. Chaoborus sp. was the most abund

99.68% ol the total benthos collected. In Lake Wedington, Owen
(1952) reported that 97.4% of the benthic population was
Oligoch Chirc idae, and Culicidae. Hulsey (1956) found that
in Lake Fayetteville the structure of the benthic community was
97.1% Oligoch Chir idae, and Culicid

Throughout the study, Mollusca and other minor taxa represented
a small portion of the benthos numerically; however, because of
large individual mean weight they did comprise a significant fraction
of the total biomass.

During the culture period, 17,444 kg of floating fish food was fed to
a final weight of 13,185 kg of caged fish. Bottom samples from the
cage site d large g ies of fish feces composed of
nndlgesled a.cllulosc from the fish chow. These depnslls decreased
PP ly gh the post-cul phase. p y as a result of
d ition and di I | during mixis. Appmn!ly nutrients
bound in this material were released into the water and sediments, Of
13 physicochemical par ers monitored, ortho- and
melaphosphate, nitrite and nitrate nitrogen, and turbidity showed
significant increases during the study (Kilambi et al. 1976). This
increase in nutrients duced larger 1 ding crops of
phyloplanklun noupiln.ktun and natural fish populations. The total

benthic organism (>62%) before fish culture (Fy 4 « +.4), N0 smgk

did not i as might have been expected.
apparenuy the residue resulting from fish culture was not used

K

taxon dominated the culture phase (F, 4 . 4.1}, and the olig
composed the bulk (>SB‘M of ﬂu paibcu.lnm (Fy 35 « «.01) standing
crop. The ber of oligoch n;mﬁuutly (Fa,u0 o 11.34)
during the study, and chironomids decreased significantly [F. s aaa)
from during-culture to post-culture. No significant shifis were
observed either in the numbers of Chaoborus sp. (Fs . 1.0) Or among
cerntopodonids (F.,u « 1) between cul phases. Moll and
other taxa ined r h d during the study.

A single specimen of Branchiura sowerbyi Beddard was

y by the macrob and may have been responsible for
their decrease during the study. This possibility is supported by the
observation that the fish feces which accumulated were not immed-
intely colonized by benthos, The fact that oligochaetes colonized this
material at a faster rate than other taxa may account for their
subsequent dominance,

Changes in the benthic ity probably were d by fish
culture. However, this conclusion be blished definitely
b there are no data ring several ive years in an

on 26 June 1974 in the lower end of the lake at a depth of 9 m. This
gilled oligochaete was reported from two lakes in northwest Arkansas
(Causey 1953), Lake Ft. Smith and Lake Atlanta.

DISCUSSION

The dominant taxa of benthic organisms according to density in
Crystal Lake were Culicidae (Chaoborus sp.), Chironomidae, and
Oligochaeta. Throughout the study they comprised 97.23% of the
beathic community, This percentage agrees with the results found in
three other northwest Arkansas lakes. Tatum (1951) found that in
Lake Atlanta Oligoch , Chi idae, and Culicidae constituted

L DL1GocHAETA
[ CuLicioae

B CHIRONOMIDAE
[ ceratorosoninag

w

Biomass (g m-")
"~

—

Density inumbers m-')

BEFURE DURING TATUM, B.L. 1951. Limnological studies in Arkansas III. Lake
Figure 2, Biomass and density of major benthi Atlanta. Unpublished M.S. thesis, University of Arkansas,
taxa during each culture period. Fayetteville, 62 pp.
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Ozark reservoir that would establish normal fluctuations in these
values for comparison. It is evident, therefore, that |
monitoring of a reservoir for several year before and after fish culture
would be necessary to record 1 ch of benthos and to
determine the precise effects of fish culture and the subsequent
recovery rate.
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