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TOXICITY OF ORGANOCHLORINE INSECTICIDES TO
THE MOSQUITO FISH GAMBUSIA AFFINIS AND
THE BULLFROG RANA CATESBEIANA'

M. S, MULLA
Deparunent of Entomology,* University of Californmia, Riverside

InTRODUCTION.  Synthetic organic in-
secticides are employed in a variety of
control programs aimed at the suppression
of arthropods of public health importance.
During the early period of development
of organochlorine insecticides, these
materials were commonly used in Cali-
fornia in gnat and mosquito control pro-
grams. Due to the development of re-
sistance in gnats and mosquitoes and due
to residue problems incurred in crops
treated, the organochliorine insecticides
were gradually dropped from use in vector
control programs in California. These
were  replaced by organophosphate
materials, such as malathion, parathion,
and Baytex®. The organochlorne in-
secticides now comprise only a small
percentage of the insecticides used in
vector control programs in California.

Organochlorine insecticides are still used
in agricultural pest control programs in
California. They are also used in vector,
as well as agricultural pest control pro-
grams, in other parts of the United States.
The toxic effects of these materials have
been studied or observed on a variety of
fish species both in the field and labora-
tory. Some of the published information
has, unfortunately, been based on circum-
stantial evidence, with no adequate infor-
mation as to species, environmental con-
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ditions, amount of insecticides reaching
water, source of insecticide contamination
and, most important, to the pre-treatinent
state of the habitat where fish mortality
occurred. However, several studies have
been made under critical laboratory and
field conditions, and these have shown
some of the organochlorine insecticides
to be toxic to some fish under certain con-
ditions, but not to all species studied, or
under all experimental conditions.

Several workers have conducted labora-
tory studies on the toxicity of organo-
chlorine insecticides to fish. Formulauons
of dieldrin manifested varying degrees of
toxicity to the fathead innows (Prme-
phales  promelas), blue gill sunfish
( Lepomis macrochrrus), and green sun-
fish (L. cyanellus). Acetone solution
proved more toxic than the dieldrin-clay
and emulsifiable concentrate formula-
tions ( Tarzwell and Henderson, 1956).
Other studies in the laboratory showed
varying degrees of toxicity manifested by
organochlorine insecticides against  fat-
head minnows, rainbow trout (Salmo
gairdner:) and four other species of fish
(Doudoroft ¢z af., 1953; Henderson ¢z 4.,
1959; Linduska and Surber, 1947: May-
hew, 1955}.

Fish mortality in ponds or streams re-
cetving insecticides {rom treatments in-
tended for insect control have been re-
ported by several workers. Granular
dieldrin applied at one pound actual toxi-
cant per acre for Culicoides control i
Florida, resulted in appreciable mortality
of fish in a salt marsh (Harrington and
Bidlingmaver, 1958). DDT at 2.5 lbs./
acre caused only slight mortality of cut-
throat trout in a stream (Linduska and
Surber, 1947). Similarly, DDT at 1
Ib./acre applied to large areas caused no
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mortality ‘of mountain white fish (Pro-  cides have been critically studied against
sopiwm  williemsoni), rainbow trout  G. affinis orthe bullfrog.

(Salmo gairdneri) and brown trout S.
truzta (Cope 1961, Bridges and Andrews,
1961 ), even though DDT or DDFE resi-
dues in the fish reached a level of 14
p.p-m. Some mortality of vellow perch
(Perca flavescens), pumpkin seed (Lepo-
mis gibbosus), blue gill (Lepomis macro-
chivus), black crappie (Pomoxis #nigro-
maculatus ), large mouth bass (Microp-
terus  salmoides), and carp (Cyprinus
carpio) was observed in a pond adjacent
to a field treated with 6 oz./acre of endrin
(Bridges 1061). The effect of toxaphene
used for the elimination of black bull-
head (Ictalurus melos) and other trash
fish, was studied on rainbow trout (Kall-
man et «., 1062). BHC, DDT, and Stro-
bane at mosquito larvicidal rates caused
low to moderate mortality in 4 species of
estuarine ‘fish {(George ¢z al., 1057).
Recently there have been efforts toward
the development of an integrated and co-
ordinated mosquito control technology in
California and elsewhere. Attempts are
being made ‘to study the effects of insecti-
cides used in mosquito and agricultural
pest control programs against predators
such as the mosquito fish and other
aquatic organisms found in mosquito
breeding sources. Most of the commonly
available and experimental organophos-
phate insecticides have been evaluated
against the mosquito fish Gamébusiu affinis
and other aquatic forms (Mulla and
Isaak, 1061; Mulla e al., 1063).
Although the relationship of organo-
chlorine ‘insecticides to various fish species
has been studied, httle information 1s
available on the toxicity of these com-
pounds to the mosquito fish Guambusia
affinis and anuran species. DDT was
found to be moderately toxic to G.
affinis while S8D-4402, an organochlorine
compound, proved highly toxic (Mulla
and Isaak, rg61). Baver 38020, another
organchlorine insecticide, proved toxic to
both the mosquito fish and the bullfrog
Rang catesbeiana tadpoles (Mulla ez ai.,
1063). With the exception of these
materials, no other organochlorine insecti-

This paper presents information on the
relationship of some other organochlorine
insecticides against the mosquito fish and
tadpoles of the bullfrog Rana castesbeiana.

ProcepURE. The insecticides were ap-
plied as dilute sprays to water ponds 1/16
acre in size (Mulla and Isaak, 1961). The
sprays were prepared from the emulsi-
fiable concentrate formulations of each
material furnished by the manufacturers.
The spray was applied at the rate of 8
gallons per acre with 3-gallon sprayers.

The water depth ranged from 8 to 12
inches. The ponds were flooded from ir-
rigation canals. As the water level sub-
sided in the ponds, fresh water was
added to bring the level up. Water pH
was 7.5 to 8.0. The tests were conducted
from June to October, 1g62. Maximum
daily water temperatures ranged from 8o
te 95°F. One pond was used per treat-
ment and two cages per pond.

The fish or tadpoles to be exposed in
the ponds were collected from streams,
ponds or river basins in the southern San
Joaquin Valley. Fifty fish and 20 tad-
poles were exposed each time in each
pond. Mixed populations were used. No
attempt was made to segregate the organ-
isms as to size or sex. These factors prob-
ably influenced response, but since there
were other uncontrollable field con-
ditions, these variables were considered to
be of minor importance.

Mortality ‘was assessed 24 hours after ex-
posure. 1f the mortality was high, fresh
batches of organisms were provided. If
the mortality of the exposed organisms
was low, they were left in the treated
ponds, cumulative mortality was read
48, 72 hours after exposure or longer.

Resurrs ano Discussion. Gambusia
affinis—The toxicity of eleven organo-
chlorine insecticides at multiple dosages
was studied against Gambusia affinis
(‘Table 1). Methoxychlor at 2.0 lbs./acre
proved innocuous. Kepone® manifested
slight toxicity at 0.5 1b./acre. These two
materials, at practical dosages, are con-
sidered safe.
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TasLe 1. —Toxicity of organochlorine insecticides to the mosquito fish. Gambuste affinis in fleld ponds.
Avg. 23-hour or cumulanve percent
Toxicant and Toxicant mortality days after treatment
£ 3 e
formulation tb./acre i 2 3 5 b4 14
Chlordane, EC 7.5 .01 2 2
Q.1 18 18 .
0.5 26 24 . 0¥
L0 Z0% [ e
Endnn EC 1.6 .01 38% hi .. .
.l 1oo* 1oo* Tow Ho® o*
3.5 100% 1ou” 1oo® ioo%t
Hepiachlor £C = .01 V2
0. 25% .
u.5 8 . Q%
1.0 Bo* 2
hiodan®I EC 2 .01 b
0.1 [
G too® 5 R N .
1.0 100™ 10of hivh qo®
Thiodan®I EC 2 G6.01 8 .1
G 24t 12
0.5 ioo® 30 4% .. .
LG 100% 1oo® ga® 30% S
Toxaphene EC 8 0.01 i &
[T & 18 .
0.5 wo® 20 o
1.0 100 100 6%
Aldrin EC 2 0.1 O 12 R
u.s go® 16 0¥
Dieldrin EC 1.5 G 18 40 .. .
0.5 100 iuu o™ 1 g®
Isodrin EC .0 0.1 ioo® 100% s0% 2:
R 160 1o0* 100" 1uo®
Kepone® EC 2 0.1 2* El 2
6.5 18 18
Methoxychlor EC 2 2.0 6 o o . . ..
Control o 6 6 8 4" 4 4

* 50 fresh Gsh supplied at the tine of reading the mortality, or
ept the frst day) are cumulative mortalines.
i 100%, and 25%, moriality of fresh fish, 20 days and 28 days after treatment, respectively.
wmortality of {resh fish, 20 days and 28 days after treaument, respectively.

*o(e

mortality. Values not indicated. by

2 100%, and 36°

Chlordane and heptachior up to 0.5 1b./
acre showed moderate toxicity to the fish,
approximating that of DDT in an carhier
study  (Mulla and Isazk, 1961). At 1.0
Ib., acre, chiordane and heptachlor showed
higher toxicity. Thiodan®1 (low melt-
ing isomer, solubility in water 0.3 PPl ),
Thiodan®Il (high melting isomer, water

solubility,

3.0

p.p.mL ),

hours prior to reading the

toxaphene and

aldrin at 0.1 Ib./acre cach were essentially
Thiodan 1 and Thiodan 1 at

0.5 Ib./acre each were highly toxic during

nontoxic.

the first day.

Two days after treatment

the fish were not killed at this dosage. At
1o Ib./acre, fish mortality continued. up
to two weeks in Thiodan [ treated plot,
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and up tc one weck in Thiodan TI treated
plor. 1t appears that Thiodan I (slight
solubility in water) had somewhat more
residual toxicity. Toxaphene proved toxic
at 0.5 and 1.0 lb./acre, but for a short
time. It is possible that the mosquito fish
has acquired some degree of tolerance 1o
toxaphane, once a widely used 1nsecticide.
Aldrin at 0.5 1b./acre was toxic for a day
or two. Dieldrin at 0.1 lb./acre showed
slight toxicity, but at o5 lb./acre showed
high toxicity for a few days.

At the rate of 0.1 Ib./acre each, endrin
and isodrin were highly toxic. Both
materials produced complete kill of the
fish for the first 2 or 3 days, and moderate
mortality up to one week after treatment.

At o.5 Ib./acre each, both endrin and iso-
drin produced complete kill -of fish up to
20 days after treatment. The mortality
after 4 weeks was moderate. Therefore,
endrin and isodrin appear to be the most
toxic organochlorine 1nsecticides tested, in
this study, against the mosquitoc fish.

Rana  catesbeiana. Eleven organo-
chlorine insecticides were tested against
tadpoles of this species in field ponds
(Table 2). FEach material was applied at
the rates of o.1 and o.5 lb./acre.

At the lower rate, (0.1 lb./acre) chlor-
dane, ‘heptachlor, toxaphene, lindane,
Kepone®, and DDT proved innocuous.
No mortality in the same batch of tad-
poles was produced up to 5 or 6 days

Tarie 2. —Toxicity of organochlorine insecticides to the tadpoles of
Rana catesberana as tested n field ponds.?
Percent 24-hour or cumulative
mortality days after treatment
Insecticide and Lb. actual
formulation tox./acre 1 2 5 [ 7
Chlordane EC & Ot o o o o ..
0.5 o 30 20 30
Endrin EC .6 0.1 50 an g0 o 0
0.5 Too¥ [os} T00¥ 8o* 20
Henptachior EC 2 a.T o [ o o .
6.5 56 Ro 80* ¢} 0
Dieldrin EC 1.5 0.x T00¥ 20 30 30 ..
0.5 yoo? 100 * 30 30
Aldrin EC 2 0.1 10 20 30
0.5 &Ko 100 * o ..
Toxaphenc FEC & 0.1 o o ¢l o -
a.5 1007 100 * o [
Lindane EC 1 .65 6.1 o o o ..
0.5 10 10 10 10
Repone EC 2 [ o 0 o
6.5 ¢ o o . ..
Thiodan IEC 2 0. Ho* 20 o
0.5 100% Ro#* s o
Thiodan It EC 2 o1 10 1o 10
a.5 T00* 30 30
DDTEC 2 a.lt o o 0
T.0 20 8o * &)
Control O o a [§ 0

* 1o fresh tadpoles supplied.
* 10 tadpoles 1 to 3

inches 1n size were exposcd 1n the treated ponds.
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after treatment. At the lower rate, aldrin
and Thiodan®IL produced slight mortal-
ity in the tadpole population, while en-
drin, dieldrin, Thiodan®I, produced
moderate to complete mortality.

At the higher rate (0.5 lb./acre), chlor-
dane, heptachlor and DDT resulted in
moderate to high mortality. Lindane, at
this rate caused only slight mortality while
Kepone® proved innocuous, as at the
lower rate. On the other hand, endrin,
dieldrin, aldrin, toxaphene, Thiodan®I
and Thiodan®II produced complete in-
itial kill of the tadpoles at the 0.5 lb./acre
rate. Endrin and dieldrin caused. appre-
ciable mortality of new batches of tadpoles
up to 6 or 7 days alter treaument.

The overall toxicity of Thiodan®I 1o
the tadpoles was. slightly more than that
of Thiodan®IL.  This may be due t
the lower solubility in water, of the
former, and its adsorption and concentra-
tion onto the substrate mud, where the
tadpoles rest. Thiodan®IL, however, being
more water-soluble, may not become as
concentrated at the water-soil surface.

It is apparent that the response of fish
and tadpoles to toxicants is influenced by
many factors. Physical characteristics of
toxicants, substrates, and water, as well as
biology, physiology, and ecology of test
organisms, play an important role in de-
terming the toxic hazards of chemicals to
fish and other organisms. Chemical
stability of the compound and its degrada-
tion products in the organism, or the ex-
ternal environment would also influence
the effect of toxicants omn organisms
studied in the Reld. The field environ-
ment is a rather complex one and much
more work is required to elucidate each
factor.

From the standpoint of mosquito lar-
vicidal programs all the materials. studied
here (except methoxychlor and Kepone®
which are poor larvicides) are considered
to be hazardous to the mosquito fish.
The toxic hazards, however, may be
markedly reduced by using ininimum lar-
vicidal rates or making as few applica-
tions as possible. Similarly, the naterials
tested against the bullfrog (except lindane

and Kepone®) were found to be toxic to
this organism at larvicidal rates. Here
again, minimum dosages and infrequent
applications of some of the inaterials
might reduce the toxic hazards to the
tadpoles.
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