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Changes in the Fish Population of Lake Murray
Following the Reduction of Gizzard Shad Numbers'
O'UILLY 8A1fD01Jf Oklalaoma FI.lael7 Beseuell Laboratoqt Norman

Gizzard shad (Doro'OtnG cepedftmum) have been alternately praised and
mallped In their role as the principal fish In southern United States flood
control impoundments. The advantages ot shortening the food chain trom
baatc nutrients to predator game fish In vegetation-tree reservoirs as pro
vided by this prolltic, plankton-feeding species has long been recognized
b7 fi8heJ'1 workers. However, population studies In recent years have in
dicated that shad typically ('Onstltute GO to 80 percent of the total standing
crop, and many biologists now belleve that such overwhelming abundance
depresses the abundance and growth of more desirable fishes, and that
angling success Is correspondingly decreased. Efforts to selectively kill
lizzard shad have been made in a few small Oklahoma lakes since 1953,
and the employment ot this technique was climaxed by the aerial applica
tion of~ gallons of emulsifIable rotenone to 5,728-acre Lake Murray on
April 2, 1955, under the direction of Clay Wllson, Jr., fishery biologist,
Oklahoma Game and Fish Department. Fishing success had declined stead
0,. In this big recreation lake after outstanding largemouth bass and crappie
fl8hlng had been experienced during the early years of impoundment. and
drastic management measures were deemed advisable.

Lake Murray. located in Carter and I..ove Counties in south~ntral

Oklahoma, was formed when Anadarche Creek was impounded. creating
3,728 acres ot water at spillway elevation. Dam construction was begun in
1988 and the closure was made in 1936. After closure the State Game and
Fish Department and the U. S. Fish &: Wildlife Service stocked the lake
with a variety of species, including spotted and largemouth bass, warmoutb,
green sunfish, redear sunfish, bluegill, white and black crappie and channel
cattleh.

The gradual inundation ot brushy second growtb was protracted over a
period ot ten years, and water first went over the spillway in 1946. Four
years later, in 1950. the lake again reached splllway elevation (747 feet
m.I.l.) and flowed into lower drainages.

E...aporatlonal loss accounts for fluctuations that have occurred in the
ele....tion of the lake. The recent drought (1954-56) reduced the lake to
about 14 feet below splllway elevation. When the lake was opened to fish
Ing in the spring of 1938 It had risen to occupy an area of about 3.600 acres.
Pbenomenal ('atches of lar,remouth black bass were common and the lake
Qulckl7 became popular with fishermen from an extensive area.

In 19C5O the Bummer Burvey crew of the Fishery Research Laboratory
conducted an investigation using rotenone on three coves. The recovered
fish were counted. measured, weighed and recorded. Fishery inventories
were continued by Cla7 Wilson. Jr., In 19M and 19M, and the accumulated
data Indicated that gizsard shad represented 80 percent by number and 60
percent by weltrht of the standing crop In the lake. On April 2, 1955, the
FIsheries DivIsIon of the State Game and Fish Department treated thf'
entire l.ke with emul81tlable rotenone by the use of airplanes at a cost ot
tt8,CSOO ($2.ses per a<.-re). Although this operation was destgned specitlcally
to reduce the over-abundance of f(luRrd shad, the occasion did permit col·
Jeetlon of additional data copcernlng the relative abundance of species.

Limited tle1d Inve&ttgations were conducted during 19M to determlnf'
the effects of reduction of ~D8rd shad nnmbers on the total flsh popula
tion••nd a more Intensive stud,. was carried out during the summer of t9tS6.
t4 mOilths after rotenone treatment. As an experimental procedure. one

t o.trtbQtlon No. 5' of tile Okl~ Y'Iaber7 Beeeardl LaboratolT•• cooperatt.,. alt
fI eM ftIaIt._ Quae aDd I'IaIl Depart.eat ud tile Ualnnlty of 0tIab0lU Blo1olfeaJ Burn1.
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cove·was treated with rotenone on alx suceesalve dates between July 9, and
October 23, 1900, in order to determine what the prolonged effects of re
peated rotenone sampling were on a single habitat (e.g., the extent of re
placement bT migration, changes in the species and s1se-range composltion),
as well as gaining ttnformation relative to the fish population of the entire
lake.

Duck Trap Cove located. on the west side of the east arm ot Lake
Murray, was selected for the study because ot exposure, size and accessl
bllltT. The prevaillng winds of the region blow across the long axis of the
cove thereby reducing the loss to reeoverT ot fish floating out of the study
area. An area of six acres was selected which included the upper end of
the cove and extended toward the mouth a distance of 1000 feet and in
cluded about 30 acre-teet ot wate!". The widt.h of the outer extent of rotenone
treatment was about 460 teet.

At the outset of the study temperatures ranged from 89.5°F. at the
surface to 84.6 0 F. at 14 teet, the greatest depth found in the cove. Aquatic
vegetation was represented by both submerged and emergent torms. Con
siderable lotus, cattail, bulrusb, and Juuiaea were in tbe upper end and
in deeper water Potamogeton, Ohara, and NUelia occurred as far out as
the mouth ot the cove.

Methods

Duck Trap Cove was treated with rotenone In a concentration of 1 ppm
on the morning ot each sampling daT (Table I) and complete pickup was
continued for 2 or 3 days. Measurements, numbers, and weights were taken
as well as manT scale and spine samples.

Results of 1956 PopUlation StUdT

An examination of the 1950 data (Table I) shows that gizzard shad
was the most abundant fish as well as constituting the greatest weight of
anyone species. Drum- were next in both numbers and pounds with the
bluegill accounting for about 17 perceut ot the numbe1'8 and only about 8
percent bT weight. All other species combined accounted tor a llttle over
26 percent tor both numbers and weights. Orang~ted sunfish, flathead
catfish, and river carp8ucker did not occur In the collections after the tblrd
observation on July~. Green sunfish were absent from three of the col
lections while warmonth were missing trom two. All species showed con
siderable variation of percentages in the samples through the period ot
studT.

Comparison of Pre- and Post-Poisoning Populations

In 1950, gizzard shad comprised 78.4 percent of the total number and
60.3 percent of the total weight ot fish taken in rotenone samples (Tables
II, III). Freshwater drum, abundant in later studies, accounted for leu
than 0.1 percent of the numbe1'8 and 1.0 percent ot the weight. All .un·
fishes combined amounted to only 13.1 percent by numbe1'8 and 4.6 percent
bT weight. Largemoutb and spotted b888 combined constituted 0.9 percent
by numbers and 8.6 percent by weight. Channel catfish comprised 0.9 per
cent as to numbers and 1.6 percent of the total weight. The two 1JI)eC188 of
crappie were more abundant, amounting to 6 percent ot the total number
and 7.3 percent bT weight. The remaining species---earp, white b88l!J, flat·
head catfish and river carpsucker~mblnedrepreeented onl,. 0.4 percent of
the total bT number, but accounted tor 15.6 percent ot the weight, earp
comprising 13 percent of this figure.

The data of the 19M study were vastly dltterent tor all specles except
flathead catfish and river carpeocker, which both maintained very low
IJOSItfOD8 as to number and weight. OlDard IIhad continued to lead the
fteld with percentages of numbers and weights ot 58.0 and 49.0 percent. re
8peetfvel)'. Fre8hwater drum moved trom an extremely low posltlon to
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11.8 pereeat of the total namber and 10.6 perceDt of the total welgbt, to
CODItltute the areateat pin for any spedee OTer the 19CiO population. The
IUDtIabM, treated 1D the aarePte. were reduced from 13.1 to U pereent
by numbers, and 4.6 to 1.2 percent by weight. Channel eatftab numbers
deeUaed to 0.2 percent for botb numbers and weights. "Ten percent of the
fiab collected were carp, constituting 9.3 percent of the total weight. The
black baaes experienced an increase in numbers amounting to 2.1 percent
of the total, but were reduced in percentage of welgbt to 1.0. Black and
white crappie treated together experienced a 1088 both as to numbers and
"elcht amounting to 3.7 and ri.6 percent, respectively. Becatl8e of the metbod
of pueral and widespread distribution of the rotenone on tbls occasion,
wbite baa were ktlled In greater numbers. The two percentages-number and
weight- were &Teatly increased, being 12.6 and 25.8, respectively. White
baN were introduced into Lake Murray in 1949.

In the 19M study, gizzard sbad accounted tor 34.7 percent ot the total
number of fish and amounted to 46.0 percent of the total weight. Drum
Mowed an increase, accounting for 22 percent of the numbers and 24.0 per
cent of tbe total weight. The sunfishes amounted to 21 percent of total
number. but accounted tor only 5 percent of the total weight. Channel cat
tl8h numbel'8 amounted to 8.6 percent of the sample and US percent of the
weigbt. Carp decreallJed In numbers from 7.0 to 3.6 percent, and from 9.3
to 2.5 percent in weight. It 18 worthy of note that three species drum.
channel catflsb, and carp were very markedly different In the collections
of 19M and 19M. Drum and cbannel catflsb experienced a tremendous
Increase in both numbers and weigbts, whUe carp were reduced about 4
times by weight and to about one balt in numbers.

Tbe black basses Increase<'! to 5.6 percent of tbe total number and 3.9
percent of the total welgbt. The crappies amounted to only 3.2 percent of
total number collected. and 1.8 percent by welKht. Only 0.7 percent of tbe
neb were white bau, and they aceounted for 1.6 percent of tbe total weight.
However. It waR observed during the Rummer operations that white bau
were active just beyond the mouth of tbe cove nnder study, and true rep
resentation In the population Is considerably blgher.

Glaard mad length·frequencles were plotted tor both periods of study
UI'laure 1). The poiAonlDa operation of 1005 resulted in a total recovery
of 1,81~ 8bad of which 292, or 22 percent, were 10 Inches or more in length.
The total shad recovery in 1966 W88 1,943, ot which only 161, or 8 percent,
were 10 mchee or Dlore in length. This indicates that a signlflcant reduc
tion in the adult population of approximately 65 percent had been accom
pl18hed by the shad reduction operation in 1955.

Comparison ot Fish Populations of SU Reservoirs
To compare percentages of numbers and welgbts of Lake Murray g1Dard

lIlad with BOme other lakee 10 Oklaboma reference 18 made to Tables II
and Ill. The percentaps of Claremore ctty Lake, numbers and welgbtB,
exceeda the maxlma f9r Lake Hurray by 13.8 pereent and 7.8 percent.
Lower Spavinaw Lake percentapa for both numbers and wetchtB exceed
the mlnlma of Late Murray, weights for Lower SpavlDaw were 18.1 per
cent hlaher than the createst pert'eDt of Lake Murray (00.8 pereent). Per
centqewl8e, l.e., conatderlng numbers, Lower 8paTlnaw wu U.G percent
creatu than the blaheet comparable value tor Murray.

By welaht Upper 8paTlnaw· exceeded Lake Murray by 18.. percent and
alDce numbers were not taken duriDa the atudy on that lake DO c:omparlaoD8
ean be made In that area.

Grand lAke studies indicated ~at In It both numbel's and we1gbta ex
C!88ded tJaoee of Lake KUI'l'a7 by 18 pelftDt and 6.2 pel'CflDt ~Te17. It
abould be noted tbat the maxlm1Ull tlpree for Murray were 1I8ed tor tbl8
(."OIDpulecm.
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Greenleaf figures for comparing weights, since the study did not In

clude numbers, showed a percentage less than that of Lake Murray when
its maximum was used, however, when Murray's minimum was considered
a dltference of 13.1 percent was noted, the greater number being that of
Greenleaf. Since Lake Murray drum showed such a great increase-in both
numbers and weights comparisons were made with the other five lakee.
Murray's 19M, 24 percentage by weight was almost two Urnes greater than
the percentage of C1aremore City Lake and much greater than all others.
The earp percentages by weight were much below Claremore and Lower
Spavinaw and 1.3 percent below Upper Spavinaw, and had the same per
centage as Grand Lake. The exceptionally low percentage of .7 percent for
Greenleaf was exceeded 8 times by Lake Murray. Channel catfish in Lake
Murray in 1956 represented 15 percent or the weight ond 8.6 percent of the
total recovery of fish during the study and was considerably greater than
any of the other five lakes.

It is interesting to note that 110 Rlgnitlcant changes In growth rate of
any species has been obfK>rved In pre- and post-poisoning sftmples despite
the analysis of over 1,000 scale and spine samples.

Conclusion

It was concluded that the /{eneral polsonlnJ{ of Lake Mrl1ray tn the
spring of 1955 had materially reduced the adnlt gizzard shad population
and further that with the drastic reduction of the total population ot Duck
Trap Cove that there was a definite mlA'rntlon or invasion of species Into
the unsaturated or unoccupied nich(>8 of Duck Trap Cove.

LITERATURE CITED

1. Buck, D. Homer. 1956. Effects of turhldlty on fish nnd flshlnJ{. Okla.
Fisheries Research Laboratory, Report No. 156, March 1956.

2. Jackson. Samuel W. Jr. 1953. Rotenone sur"ey ot Black Hollow on
Lower Spavinaw Lake, Novemher lOr13. PrO<.'. Okla. Acad. ScI. (19M):
10-14.

3. Jenkins, Robert M. 1951. A fish population study ot Claremore City
Lake. Prac. Okla. Acad. ScI. 30(1949): 84-93.

4. 1953. Growth histories of the principal IIMhes In Grand
Lake (0' The Cherokees) Oklahoma, through thirteen years ot Im

poundment. Okla. Fish. Re8. I.ab. Rep. 34: 1-87 multtllth.

5. Thompson, WnUam H. 1950. Investigation of the fisheries relOurCe8
ot Grand Lake. Okla. Fish. Res. Lab. Rep. 18; 46 pp. mimeograph.



~
-

T
A

B
L

a
L

N
1I

ID
be

n
o

f
T

a
ri

o
u

f
lu

.
b1

pe
rc

en
t

co
ll

ec
te

d,
b

y
ro

te
no

ne
In

D
u

ck
T

ra
p

C
ov

e,
L

a
ke

M
U

I'I
'Q

't
lD

II
lx

~
v
e

8U
D

p.
e.

,
Ju

17
~
r

2S
,

19
66

.

P
er

ce
n

t
o

f
to

ta
l

n
u

m
b

er
P

er
C

en
t

8p
ee

te
a

D
at

es
o

f
sa

m
p

li
n

g
1

9
M

o
f

N
u

m
b

er

J
u

ly
J
u

ly
J
u

ly
A

u
g

.
A

u
g

.
O

ct
.

to
ta

l
o

f
t1

ah
A

v
er

ag
e

w
ei

g
h

t
9
-
~

16
-1

1
24

-2
5

7
2l

:J-
29

23
-2

4

G
k&

u'
d

Ib
a

d
39

.0
15

.6
89

.0
4l

S.
6

24
.0

15
.2

84
.1

46
.0

l8
7

2
D

ru
m

21
.4

38
.8

14
.8

23
.0

20
.1

12
.6

22
JS

24
.0

87
G

B
lu

ec
m

15
.3

23
.3

7.
4

11
.3

16
.5

'
20

.2
16

.1
3

.3
86

lS
C

Jw
m

e1
e
a
ta

a
G

.7
4.

1
5.

6
8.

0
24

.7
3.

8
8

.6
15

.0
88

lS
C

a
rp

2.
2

0.
2

0.
4

1.
1

1.
2

16
.5

3
.6

2J
S

lS
8

L
er

p
m

o
u

th
b

a
a

3.
6

5.
6

0.
6

2.
2

4.
1

4.
2

3.
4

3.
2

18
4

W
h

it
e

cr
ap

pi
e

1.
3

3
.5

0.
3

....
..

1.
1

8.
5

2.
4

1.
5

10
8

L
o

n
p

a
r

IU
D

fl
8h

7.
7

3.
5

0.
7

....
3.

6
2.

1
2.

3
0.

4
13

8
S

p
o

tt
e

d
b

a
u

1.
0

1.
5

0.
5

6.
9

2.
2

0.
6

lS
9

R
ed

..
..

IU
D

fla
h

0.
7

2.
8

0.
4

0.
7

0.
2

1.
1

1
.0

1
.2

3
8

B
la

ck
cr

ap
pi

e
0.

4
0.

6
0.

4
.....

.
3.

0
3.

2
0.

8
0.

3
20

W
h

it
e

b
a

ll
0.

1
0.

2
0.

1
1.

1
0.

2
0.

7
1.

7
28

W
ar

m
ou

th
0.

1
0.

2
....

.
....

0.
2

8.
7

0.
7

0.
1

1
0

G
re

en
A

D
tt

ah
0.

1
0.

2
....

.
....

....
.

1.
6

0.
3

•
1

0
O

ra
nJ

U
po

tt
ed

au
nf

la
h

0.
1

0.
4

.....
....

..
.....

.
0.

1
•

8
I'l

at
he

ac
l

ea
tt

t.
.h

0.
1

0.
1

....
.

....
....

.
•

•
2

B
lv

er
e8

J'l
)8

U
C

ke
r

....
0.

1
0.

1
...

.
.....

.
....

•
•

2
G

ol
df

ll
h

....
....

.
0.

1
.....

....
.....

•
•

1
.

N
um

be
r

of
fl

ah
18

82
M

6
18

88
45

2
65

9
18

8
4

«
K

.....
..

-
-

~
-.

-
.:

>
==

=
=

::
1

•
L

e
a

th
an

O
.
~

pe
rc

en
t.

i I 2 i § ~ = 1.11 ~ ~



rA
B

L
II

l
II

.
N

um
be

r
o

f
v

an
o

u
s

f1
8h

ea
by

'p
er

ce
nt

in
to

ta
l

sa
m

pl
e

ta
k

en
in

co
ve

-p
o1

ao
ni

ng
op

er
at

io
ns

o
n

li
b:

O
kl

ah
om

a
la

lE
.
.

1H
9-

19
G

6.
'

P
er

ce
nt

o
f

to
ta

l
D

u
m

b
e

r
o

f
I&

JD
pl

e

L
a

ke
D

at
e(

8
)

W
hi

te
,

W
h

it
e

G
lu

a
rd

S
un

-
C

ha
nn

el
B

la
ck

bl
ac

k
ba

ss
F

la
th

ea
d

S
uc

ke
rs

sh
ad

D
ru

m
fl

sh
e
s"

ca
tf

is
h

C
ar

p
ba

88
e8

cr
ap

pi
es

ca
tf

is
h

•••
A

11
I.

78
."

•
18

.1
0.

9
0.

3
0.

9
6.

0
0.

1
•

Ju
l7

M
u

rr
a

y
19

GO
A

pr
il

M
oO

11
.8

4.
5

0.
2

7.
0

2.
1

3.
3

12
.6

•
•

M
U

rr
&

7
19

G1
S

Ju
ly

-A
n

a
.

34
.7

22
.0

21
.0

8.
6

8.
6

5.
6

8.
2

0.
7

•
•

)(
1

l1
'1

'Q
O

ct
.

19
G

8
0:

2:
A

u
g

u
st

"8
.0

7.
9

33
.2

'
5.

2
0.

2
8.

4
0.

2
C

la
re

m
or

e
(3

)
19

49
L

o
w

e
r

N
ov

em
be

r
89

.9
2.

0
0.

4
0.

7
0.

5
2.

2
0.

2
1.

3
•

S
p

a
vl

lfa
w

(2
)

19
G

8'
U

pp
er

S
um

m
er

N
u

m
b

e
rs

o
f

fl
sh

n
o

t
av

ai
la

bl
e

S
pa

vi
na

w
(1

)
1

9
M

S
tl

m
m

er
92

.4
-

1.
8

1.
0

1.
4-

•
0.

4
0.

5
..

0.
1

0.
2

G
ra

n
d

(5
)

19
49

J
u

ly
N

u
m

b
e

rs
o

f
fi

sh
n

o
t

av
ai

la
bl

e
G

re
en

le
af

19
51

•
L

ee
s

th
a

n
on

e
te

n
th

o
f

on
e

pe
re

en
t.

••
S

U
D

tI
'b

ee
bl

ue
cW

.
lo

n
p

a
r,

re
de

ar
,

w
ar

m
ou

th
,

o
ra

n
p

sp
o

tt
ed

an
d

g
re

e
D

1J
U

D
tta

he
s.

••
•

su
ct

e
n

-s
p

o
tt

e
d

,
ho

c.
ri

v
er

ea
rp

su
ct

er
,

bl
ac

k
:re

dh
or

&
e,

w
h

it
e

su
ck

el
'.

II!'
: i ~ ~ 2 ~ i S.:



T
U

L
1l

1
U

L
P

er
ce

nt
o

f·
to

ta
l

w
ei

ch
t

o
f

sa
m

p
le

re
p

re
8

e
llt

e
d

by
v

ar
lo

u
a

t1
sb

e8
ta

ke
n

in
co

ve
-p

ol
8o

n1
nc

op
er

at
tO

D
8

O
il

at
x

O
k

la
h

o
m

a
la

ke
s,

1i
K

9-
19

C
)6

.

J

P
er

ce
n

t
o

f
to

ta
l

w
ei

ch
t

o
f

II
&

II
lp

le

W
hi

te
,

G
iz

za
rd

S
uu

-
C

h
an

n
el

B
la

ck
b

la
ck

W
h

it
e

F
la

th
ea

d
S

u
ck

er
s

L
ak

e
~
a
t
e
(
.
)

sh
ad

D
ru

m
fi

sh
es

··
ca

tf
is

h
C

ar
p

ba
88

eS
cr

ap
p

ie
s

b
a

ss
c
a

tf
is

h
•••

Ju
17

,
A

ug
.

60
.3

0.
1

4.
5

1.
6

13
.0

8.
6

7.
3

•
2.

6
¥

u
tT

a
y

19
G

O
!p

rl
l

49
.0

10
.6

1.
2

0.
2

9.
3

1.
0

1.
7

25
.8

•
0.

6
M

u
rr

a
y

19
M

Ju
ly

-A
pg

.
46

.0
24

.0
'5

.0
15

.0
2.

5
3:

9
1.

8
1.

6
'.

•
M

u
rr

a
y

O
ct

.
19

('5
6

toc
I

A
u

g
u

st
52

.5
U

i.2
9.

1
8.

2
5.

1
3.

6
2.

4
1.

5
,8

'C
la

re
m

or
e

(8
)

19
49

,J"
ow

er
N

ov
em

be
r

78
.4

3.
1

0.
1

5.
4

5.
1

1.
7

0.
1

0.
9

•.
2

'w
'S

pa
vi

na
w

(2
)

19
M

U
pp

er
S

u
m

m
er

73
.7

•
9.

5
•

3
.8

6.
8

•
•

•
1.

5
...

S
p

av
in

aw
(1

)
1

0
M

i
A

ug
us

t
66

JS
7.

8
2.

5
3.

6
2.

5
3.

4
1.

5
0.

5
1.

7
8.

G
G

ra
n

d
US

)
19

49
~

Ju
ly

59
.1

4.
2

24
.2

1.
8

0.
7

1'>
.0

•
•

0.
1

4.
5

G
re

en
le

af
JD

f5
1

a
.....

.....
.

•
L

e
u

th
an

on
e

te
n

th
o

f
on

e
p
e
r
~
n
t
.

••
S

U
D

fW
be

e-
bl

ae
,l

ll
,

Io
n

ge
ar

,
re

d
ea

r,
w

ar
m

o
u

th
,

or
an

ge
sp

ot
te

d
an

d
gr

ee
n

su
nf

is
he

s.
0

••
•

S
u

ck
er

a-
-a

p
o

tt
ed

,
ho

g,
ri

v
er

ca
rP

su
ck

er
,

bl
ac

k
re

dh
or

se
,

w
hi

te
8u

ck
er

.
E B



ACADEMY OF BCIIUNCB roR It6.

4.0 ,
GIZZARD SHAD ,
--APRIL /955

,,
- - -StMt.1ER 1956

,
I,,,,

n
,,

, I ,
~

, I ,, I
~ I I
~

,
•~

,, ,
~

I \, ,
0 , ,
to- W
LL I t ,
0 , I
to- , ,
z
UJ

,
I

~ I I
~ I II

I I
I I
I I

I. I I
I I, I, U
I,

2

111

FIGURE 1. Length-tre<luenCy distribution of gizzard shad in Lake Murray,
AprU 2, 1955 (solid Hne), anel July-Al1gu~t, 1056 (dotted llne). Flah
are grouped In O.2-lnch leugth Intervals.
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