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Some Results of the Partial Fish Population Removal
Technique in Lake Management!
BOBBB~ .. ~BIUllN8, OlJaJa... I'J.Ile1'7 Beeearell Laboratol'J, Normaa

Increa8ed knowledge of the composition of tlsh populations in Okla
!Ioma, Jakee aDd wider publlc acceptaDce of the use of flab polsons baa fO&
tend DeW and varied techniques in flahel'J maDSlement. Recent procedures
involvinl the 1l8e of rotenone, a chemical toxic to t1sh, have included 1)
umpltDl of 1lm1ted areu in large lakes tor Inventol'J purposes; 2) com
plete fJab eradication In ponds and small lakes; S) selective k11l of gizzard
shad and carp In lakes up to 6,000 acres; and 4) partial removal of the
fiab population In 1ake8 under 400 acree.

The removal of 80 to 95 percent of the fish from a body of water
where fishing 18 poor, and where it has been determined that the fishes
are of small average size, slow-growing, and crowded, has become an im
portant management practtce (6). By drastically thinning the numbers of
flah, tt 18 anticipated that growth wlll accelerate and activity patterns
tlplcal of expandlng populations wlll develop and enhance angling oppar
tunltlee. In theory, maximum harvestable crops of fish mal be expected
on a sustained basts only from communities of n successional type rather
than from a climax type, and the desired process of succession can be
Inltlate<! by reducing the standing crop to a point well below the carrying
capacity of the environment. The partial removal of fish (reduction of
the standing crop) as a management prO<'edure is based on this hypothesis
Rnd has been emploled In lakes throughout the State since 1953 by the
Oklahoma Game and Fish Department. The results from 4 out of approx
lmatell 50 lakes 80 treated are presented briefiy, although sufticent time
had not elapsed in HOme instances to fully evaluate the effects of this re
medial step before compllcatlng factors Interrupted the process ot succes
sion. The lakes discu88ed are aU located in Curter County, and the man
agement and much of the field work waR under the 8upervision of Clay
Wilson, Jr., fishery biologist, Southwest District.

hGft""" POt«I

On June 1~ 19M, a 2.1-acre pond located near Ardmore,. was partlall1
treated with emulsifiable rotenone, and about 90 percent of the fish pop
ulation was killed. Details of the field operation and tlndlngs have been
reported previously (2). Bluegill and warmouth survived and reproduced
Immed1ately followlng pol8onlng as determlned by selne hauls In August.
and 300 fingerling largemouth bass were stocked In November, 1954. An
eetJmate of the population was obtained two years follOWing partial pol8on
Ina by the short period simultaneous mark and recapture method using
I-inch mesh wire traps (Table I). Due to a prolonged drought, the pond
was reduced to 0.1~ acres at the time of the trapping, April 14-Hay 22, 1956
Trapping waa very succesatul, and yielded hlgbly rellable estimates of all
flu over " inches in leqth.

A oomparl80n of the standing crop before (861 pounds per acre) and
two years following partial removal (S46 pounds per acre) (Table I) In
dlcatee population expanBlon was rapid and that the potential carrying
capacity of the pond had been regained. Tbe most strlklng change was the
ucendancy of warmouth over pre-partial removal conditions, increasing
from 26 to 540 per acre In numbers, and 8 to 120 pounds per acre In
wellht. Bluegill numbers were reduced by 61 percent, and the welght by
48 pefteDt. The pin by warmouth at the apparent expense of bluegill
toUowln« treatment has been noted at two 8lmllar operations, and represents
ODe of the most slpltleant chaqes wrought by thla tedmlque. Largemouth
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bass were reduced In number by 61 percent, but the standln, crop Increued
by IS pounds to 41 pounds per acre. White crappie had not reproduced and
Viere doomed to extinction. All epeeies showed an increase In condition
and average welgbt accompanied by an overall reduction in numbers 'of GS
percent (Table I). Growth-rates had increased creatl7; for example age
croup II warmouth averaged 6.t) inches, compared to 4.3 inches previously,
and age-group II bluegill averaged 6.8 inches. compared to 6.8 inches In
1954. Two-year-old bass averaged 12.6 Inches compared to a pre-removal
9.1-inch average.

The total number and weight of desirable-size bluegill decreased fol
lOWing treatment, but warmouth and largemouth bass increased markedly
(Table II), resulting in a greater availablUty of fish which the an~ler

prefers. A creel census was not ,conducted, but field personnel who fished
the pond rel)()rted a much higher rate of catch tollowing treatment, espe
cially of warmouth and bass. Partial population removal and stocking with
bass was considered to have been successful in this experiment. The pond
became dry In October, 1956, and the sediment which had accumulated over
a 45-year period was removed by bulldozer.

80tllh Rod a"d Gun Lake

As an experimental management procedure, South Rod and Gun Lake
was partially treated with rotenone on June 12, 19M, following reports ot
poor fishing and an estimate of the population which indicated very high
numbers of gizzard shad and blueglll. The methods and tindings of this
operation have been pubUshed previously (3). Trapping and seining fol
lowing application of a rotenone concentration of approximately 0.5 ppm.
to the entire lake (16.3 acres) revealed that about 5 percent of thE' total
population survived (Table III). In order of Apparent increasing tolerance
to rotenone the species were ~lzzRrd shad, ('arp, largemouth baM, redear
sunfish, black crappie, blueJ{lll, white crappie, green sunfish, warmouth,
and black bullhead. The first four species were eliminated, and black
('rappie disappeared within 6 months. Blll~ll, (O'eeD sunfish, warmonth,
Rnd black bullhead spawned immediately after poisoning, and about 7CSO
young-of-year white crappie survived treatment. Approximately 2l'SOO
tlngerlfng bass and rsoo fingerling redear mnfish were stocked on July 1.

Mark and recapture in wire traps In January, 1956, Indicated the pres
ence of 3,070 one-year-old bass averaging 7.8 Inches (66 pounds per acre),
800 one-year-old redear sunfish averaging 6.0 Inches, 786 one-year-old white
crappie averaging 6.0 inches, 2,010 black bullheads averaging 7.6 inches
(31 pounds per a<.>re), 40 green sunfish Averaging 5.7 inches, and 30 war
mouth averaging 7.1 Inches, for a total standinl': crop of 122 pounds per
acre. The rate of growth had accelerated in all species except bluegill and
the condition of all fishes bad Improved. In tact, a marked Increase In
plumpness was noted only 10 days after rotenone treatment.

Trapplnc was resumed in June, 1956, when the lake had dropped to
10 surface acrea, and a population estimate obtained by July 9 (Table IV).
BluegUl had re,ained prominence (75 pounds per acre), and were increaslott
in weight dally. Largemouth bass numbers had dropped from 3,070 to 1,800
(63 pounds per acre), an estimated 600 having been caught by ttehermen
during the six month period. Angling tor ban slowed in midsummer, but
Increased to a maximum catch-rate ot 6 per hour In late September, aver
aging 0.6 pounds per flah. The total standing crop of 201 pounds per acre
one year after partial removal was only 20 percent ot the orlglnal total.
and 41 percent of the orlglnal 486 pounds per acre ot centrarchlds and
bullheads (Table IV). The poundage W88 increulng dally, however, in an
environment of dark green "planktonic soup" Which reduced transpareney
t'l 6-8 inches, (compared to 20 IDChes prior to treatment) and It Is pre
dicted tbat a standln, crop ot CSOO pounds per acre wtJl be reached within
2 years of treatment. Anglen have been plea8ed with the greatly fnereaJed
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bus harvest aDd J'obustnesa of the sunfishes, and the technique has been
iK'Cla1med a 8UCcetJ8 by the lake owners. The dlssppearance of a large per
<.oentqe ot the tlsb estimated to have survived poisoning (Talble HI) in
one year poses the lJOssibillty that greatly accelerated growth induced by
lDcreaeed tood and space avallabiHty is accompanied by a high mortality
rate.

Ardmore CHlI Lake

As a part ot the municipal lakes iWIlrovcment progran1 of the Okla
homa Game and Fish Department, 184-acre Ardmore City Lake was treated
"'ltb 2Gro pounds of poWdered rotenone on September 1~, 1953, in an effort
w kill about 80 percent of the existing fishes. The expansion ot the pop
ulation was studied intensively in the ensuing three years, and findings
have been reported in (1) and (.oj). Estimates established in June. 1954,
nine months after partial removal (Table V), indicated an extremely high
population of 10ung-ot-year carp (6S pounds per acre), a reduced but ample
sunfish POPUlation, and very tew adult crappie, largemouth bass, channel
catfish, and gizzard shad. By December the sunfishes had increased to 41
pounds per acre, white and bla('k crappies to a total of 55 pounds per acre.
and 10ung-ot-year carp to 140 pounds per acre.

Trapping estimates in June, 1955, 21 months after treatment, showed
an increase in the carp population to 134,000 (about 200 pounds per acre),
a decrease in crappie numbers to 200,000, but a gain in weight to 74 pounds
per acre. and a decrease tn sunfishes (bluegill, redear sunfish, warmouth,
and green suntlsh) trom 72,000 to 52,000 (Table V). Angling was poor
during 19M and 19M, the catch consisting principally of sunfish and small
carp.

A prolonged drought and Ardmore Dlunicipal water use reduced Moun
tain l..ake, whl('h feeds into City Lake, to 15 acres, and City Lake to 101
acres by October, 1U56. In view of the undesirably high population of carp.
It was decided to eradicate the enUre fisb popuiation in both lakes. and
restock with desirable species. On OCtober 8. 1956, three years following
partial remo"ol, 210 Italions ot Pro-No:dish (nn emnlsttlable rotenone pro
duct) were applied to Ardmore City Lake, containing 1300 acre-feet of
water with a temperature of 73°F., in an effort to obtai~ a complete fish
klll. Pickup and shoreline L'Ounts of windrowed fishes were continued for
8 days. Estimates tTable VI) were based on the assumption that 65 per
('8nt of the total population floated to the shore during that period-a
proportion wbich has been establ1shed as fairly reliable at other lakes
by the recovery of marked individuals.

Flnol estimates Indicated a standing crop ot 483 pounds per acre, 87
percent of whtch was represented b1 glzurd shad and carp. There were
only lIS pounds of desirable-size fish per acl'@, Indit'fttlng the profound de
pl't'Minl effeet of the competition created by the large carp and shad pop
ulations. The stron, 19M year-elall8e8 of black and white crappie had not
grown tn length during 19M-6, and the average wpight had actually deerea8ed
from 0.01 pounds tn March, 19M, to 0.00 pounds In October, 1956. Large
month bass and channel catfish 1\'ere in surprisingly good condition. but
all other flpet'les were markedly emaciated. The extremely poor conditioI'.
of earp and sbad points to a condition of severe overcrowding which waR
Intensified b1 a reduction In water volume ot about 40 perrent.

It i8 ooneluded that partial removal failed to attain the desired results
In tbi8 InBtaDce because of the blKhly suCC(>88ful spawning of carp and
l1aard l!Ihad early In the first spring, And the rapid ~wth of the over
wbelmlnl numbers ot their off8J)1'ln« wbl<"h curtailed reproduetloD and
II'Owth of the sport tl8be8 during the next S rears.
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AIotltllaitt Lake

Mountain Lake. located 12 miles llorthwest ot Ardmore City Lake and
connected to it by a condult, was treated with powdered rotenone on
September 16, 19M. in an attempt to reduce the fish population by about
80 percent. Population estimates were made in July. 19M. when the lake
was 130 acres in size. and in September. 1956. when it had been drawn
down to 15 acres (Table VII). The estlmates indicated a standing crop
of only 38 pounds per acre in this clear. rocky. relatively deep impoundment
nearly two years after partial removal, but it was not believed that the
wire traps had adequately sampled the population. Carp were not nearly
as abundant as at Ardmore City Lake. whl"re they reached a standing crop
of 200 pounds per acre during the same period of time. Fishing for bass.
channel catfIsh, and sunfish was good to excellent during 19M and the first
half of 1956.

The lake was completely drained on October 12, and all fish were re
covered whicJ1 did not pass through a one-inch mesh wire screen or were
lost in the ooze and mud ill the bottom. Approximately 8.000 pounds of
carp averaging 2.6 pounds were salvaged, representing 61 pounds per acre
at normal lake level. About 1200 largemouth and spotted bass averaginc
O.U pounds were rescued and stocked in Ardmore City Lake. along with
150 green sunfish, 125 warmouth, and 100 channel catfish averaging 4.8
pounds.

A comparison of the estimate of population just prior to draining,
and numbers actually recovered during draining (Table VII), shows close
agreement for bluegill and spotted bass. The trap estimate of largemouth
bass was only 45 ~rcent of the actual number recovered, which is typical
of the disparity previously noted in estimates of this species (3). The
difference in estimate and recovery of green sunfish and warmouth is prob
ably attributable to losses during draining. The wire traps used are in
capable of capturing large carp and channel catfish. and estimates of these
species were impossible.

Although the effects of extreme drawdowll interrupted the processes
of succession following partial population removal, the reported good fish
Ing during 1955 Indicates that the operation was a temporary success and
might have continued had normal lake levels been maintained. The fishes
rescued represented a standing crop of 81 pounds per acre at 130 surfa<.'e
acres, 2C> percent of which was represented by game and pan species. The
desirable species undoubtedly suffered a very high mortality during the
drawdown and probably represented a much greater percentage of the. total
standing crop in 19M. For example, there were approximately 18.000 large
mouth bass in the lake in 19M (assuming that the estimate obtained then
Included only 45 percent of the actual number). averaging 0.8 pounds, tor
nn approximate standing crop ot 80 pounds per acre. Carp reproduction
was Umited and did not curtan expansion of the game and pan fishea as
at Ardmore City Lake, and growth-rates of all surviving species increased
o\"er that displayed In pre-treatment years.

Conclu,SoM

Partial removal of the fish population from tour lakes in an attempt
to improve fishing met with varying degrees ot success. Largemouth baa
production increased slgnltlcantly tn the 2-acre pond and 16-acre lake~ The
desired improvement in angUng for baM was attained only one year after
treatment, and pan fish fishing was augmented within two years. In the
two larger lakes, 130 and 180 acres in size, partial removal produced In
congruous results. Carp survived and reproduced in the smaller lake. but
did not eurtall the expansion of bass and other defJfrable species during the
followin~ two years. However, the expanfdon of carp numbers In the 180
aere lake was explosive and seriously hampered the development ot the
centnlrchid population. The aeeornpanylng greftt numbers of gizzard shad
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In the latter undoubted17 contributed &1110 to the IlUPpre88lon of dee1rab1e
flab (8). TIQ parallel abundance of earp and gluard shad ID&7 JDdieate
lOme 4epee of protocOC>peratfon between the two speclee, lnaamuch as shad
were not present in the lBO-acre lake and the staJldlng crop of carp re
mained relatively low following rotenone treatment.

BenIta at theM four
lakes where caro and rd shad are not D or are e 01-
4~-nmu~ tel,. ~ artockJn£a:wl_t1t..!.1 rUn&-_~~,L h _ e .. 1)'f"8ljbnt

r acrCcan DD rove !WI --lot" arne and .J)OJ18hee wlDibi two~.
l~rp and sbad are present, It 18 a risky procedure oC unproven value,
and should not be recommended untU means can be developed to eliminate
tbeee undesirable lpeeles completely.

The technlqne 01 lOItering artificial sUct'e'88lon in lakes In order to
maintain a near constant state of population e~paD810n presents many
poulbllltles to f18hery managers working with man-made impoundments.
It the rotenone toxicity levels tor dfttel't"nt species are sufficiently wide
spread to pennit the selective kill of uDwanted fishes (as 18 true of gizzard
.had and sunf18hes). great I'trldes can be made toward improved fisbing.
In addition to species toxicity thresholds, much more knowledge Is needed
concerning the action of rotenone undE"r varying physical and chemical
conditions encountered In state woters thronghont the year before partial
ellmlnatlon can be wisely and eeonomically employed. Present rotenone
coste necessitates an e~pendfture Ht approximately one dollar per acre-foot
to produce the desired results which might well be cut in half It more werE"
known about the selective action of the polson under various temperatures
and alkalinities. Cost wlll be an Important faetor as It Is probable that
the treatment w1ll have to be repeated ~very 3-5 years.

An obvlousl more desimble means ot maintaining a uc-
('Hft on n aT c a a C8 wun fl'jg R V ~ntenslve harvest bYfffiiri flsbermen. but tbls Is an Imposslb I tylrtpresentdue-totbesevere

Diltifloris-rmposed on methods of captnre by the flRhing pUblic. Extensive
and coatly manipulations of fish populations w1ll probably be in IncreosinJt
demand 80 long as the~ manipulations do not destroy the intangible value
of the "tropby" which the anl{ler Is seekin~.
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TABLE Ill. E8t1mated number of t1sb which survived poisoning of South
Bod and Gun Lake on June 12. lr.,{}. and were alive on July 9. 1006.

Species

Gizzard shad

BluegUl

Black crappie

White crappie

Redear sunfish

Largemouth bass

Warmouth

Green sunfisb

Carp

Black bUllhead

Total

Percent surviving

- - -
Number surviving

I
--

June 30, 1955 July 9, 1956

0 0

2.275 60

160 0

1.920 700

0 0

0 0

830 75

3 20

0 0

2 1-_._-----
4,690 906

4.57 0.88
-----------------------------'---------
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Ifl PROCEJIDINOS OJ' TUB OKLAHOMA

TABLE V. Estimated number ot flsh in Ardmore Cit,. Lake on various dates
between rotenone treatmenbl on 8ept. 18, 1963, and October ~ 19M.
estabUshed b1 the 8Imultaneoua mark and recapture method using wire
traIN'.

Estimated population of fish over 4 Incbes In length

Species July I, ':)4 Jan. 1, 'C)Cj July 1, 'rJr liar. 1, '56 Oct. 3, '56

Gizzard sbad ......... ........ ........ ......... 363,000

Carp :SO,OOO ........ 184,000 ........ ar;,ooo

Crappie ......... 263,000 200,000 98,000 -70,000

Bluegill 15,600 M,OOO 31,000 ........ 24,000

Largemouth bass ......... 330 470 ........ 3,000

Redear sunfIsh 2,2M ......... 6,000 ........ 1.300

Black bullh~ad ........ 2,000 1,600 1,900 1,200

Warmoutb 1.220 11,700 8,000 ......... 970

Green 8tmtl8h 2,440 7.670 6,lWO .......... :S20

Channel cattlAh .......... ........ ........ ......... 370

- - "- --

TABLE VI. EAtlmatM number ot t18b wIndrowed and number kllled (as
suming 65% appeared) following rotenone treatment ot 107-acre Ard
more City T..nke on October 8, 1956.

• Black crappie, ~; white erapple. 80'1'.
•• 1.. thu 1 pound.

-
Number

F.lItimllted killed. POllnd.~ Anrue ~rerare Desirable
SPECIES number aSllumlng per welaht total size-nab

windrowed 65~ acre (pounds) leDltb (pounM
appeared (Inches) per acre)

---
Olual'd shAd 287,000 3M,OOO 215 0.063 5.9

Carp M,OOO 85,000 206 0.400 9.9

Crappie- 45,000 70,000 33 O.Ml 5.:S --
BluegUl 16,000 24,000 9 0.040 4.2 ••
I.argemoutb bass 2,000 S.OOO 13 0.450 8.0 10

RE'dear sunfish ar;o 1,800 •• 0.085 4.1 ••
Blaek bullhead 800 1.200 2 0.200 8.G ••
Warmouth 600 970 1 0.116 G.4 ••
Green lunflah 800 rs20 •• 0.098 4.9 ..
Channel catttah 2M 370 3 0.'138 12.0 3

Total 8CS1,800 cm,380 483 1'"- - =. ===-. . - -
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TABLE VII. The estimated fish population in Mountain Lake as estabUshed
by mark and recapture in wire trapa July S. 19M and October G. 1966
and recovery during dra1n1n& Oetober 12, 19C56.

BSTDU.TBD POPULATION POUNDS pa. ACD

July 8. October 5. October 1%. July S. October 5. October 12.
SPEeRS 19~5 1956 1956 1955 1958 1956

139 acres 15 acre8 10 acres 130 acrea 111 acrea 10 acne

Bluegill 12,700 9,700 10,000 17 87 136

Largemouth bass 5,900 360 800 12 14 46

Spotted bass 1,800 375 400 4 9 14

Green sunfish 1,670 800 150 4 8 2

Warmouth 36 1,430 125 15 1

I40ngear sunfish 700 1

Redear sunfish 2 1+ 50 1

Bullheads 11 2

Carp 4 7+ S,~ 1 800

Blue sucker 1 0 8 1

Black crappie 1 0 1

Channel catfish 5+ 123 59

River carpsucker 2 2

Black buffalo 3 3

Total 22,824 12,788 14,714 88 184 1,060
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