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(ABSTRACT)

Toxic effects of the pesticide Lindane on the eggs, yolk-

sac fry and larvae of the fathead minnow (Pimephales promelas)

were investigated over 14 days at 25 and 18°C. The general
objective was to understand the effects of the pesticide on
the early life stages of the fish, and to evaluate the
suitability of these stages as indicators of contaminated

environments.

Egg, yolk-sac and larval stages that had been exposed to
300, 120, 90, 60, 30, 10, 5, and 0 ug/L of Lindane at 25°C
exhibited a 14d-LC;, of 44 ug/L. Similarly, the same stages

exposed to 300, 120, 90, 60, 30, 10, and 0 pg/L of Lindane at



18°C exhibited a 14d-LC;, of 37 pg/L. Lower temperature thus
seemed to increase the susceptibility of the fish to the

pesticide.

Mortality data were also used to determine the
sensitivity of the early developmental stages of fish to the
pesticide. At 25°C, the larval stage was the most sensitive
stage. At 18°C, on the other hand, the most sensitive stage
was the yolk-sac. Results obtained from experiments in which
Lindane doses were applied at different intervals within the

l4d-period supported these observations.

Low temperatures had a marked effect on the sensitivity
of the fathead minnow to Lindane. Embryos exposed to Lindane
at 18°C showed different temporal distribution of mortality
than those at 25°C. A delay in hatching and emergence of

smaller larvae were also noted at 18°C.

Lordoscoliosis, edemas and hemorrhages were the most
common morphological changes induced by the pesticide during
the larval stage. The frequency of these abnormalities was
linearly related to doses of Lindane. Impaired swimming

behavior was also noted, but it was not related to dosages.
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INTRODUCTION

Pesticides, because of their design and application,
induce a broad spectrum of selective and nonselective biocidal
effects influencing all taxonomic groups of organisms
(Matsumura et al., 1972; Brown, 1978). There is considerable
variability in species sensitivity to a particular pesticide
as well as variation in the toxicity of different pesticides

to a particular species.

Until recently, however, fish toxicity studies have been
almost entirely concerned with the reaction of adult fish to
acute exposures. Increasing interest is now being shown in
the reactions of the early developmental stages of fish to
long-term exposures. Mass mortality of fish due to pesticide
exposure is rare, and results only from accidents or direct
spraying of bodies of water. More commonly, because of their
mobility, adult fish can avoid or emigrate from polluted
areas. Such is not the case, however, for embryonic and
larval stages which are either planktonic or demersal. These
stages are subject to long term exposures that, in the long
run, may prove to be as deleterious as lethal exposures,
because subtle and small effects on the fish eggs may alter
their hatchability, growth, ©position in the school,

reproductive success, behavior, feeding habits, etc.
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The developing embryo or larva is generally considered
the most sensitive stage in the life cycle of a fish. Certain
stages in the life cycle of marine and freshwater fishes are
most susceptible to environmental and pollutional stress than
others (Rosenthal and Alderdice, 1976). Differences in
susceptibility are particularly known to exist between the
early developmental stages, that is, embryos, yolk-fry and
larvae (Pickering and Vigor, 1965; Skidmore, 1965; Malone and
Blaylock, 1970; Danil'chenko, 1978). Most of the studies
related to this topic and published up to 1987 have been

summarized by Weis and Weis (1989).

For many freshwater and marine fishes, the tolerances
and sensitivities to individual pesticides have been
investigated by bioassay procedures (Danil'chenko, 1978; Sharp
et al., 1979; Niimi, 1983). Most of these investigations have
involved the determination of the LCg,; i.e. the concentration
which will kill 50% of a group of fish in a given period of
time (Skidmore, 1964; Schimmel et al., 1974; Hansen et al.,
1977; De Foe et al., 1978; Buckler et al., 1981; Holcombe et
al., 1982; Pickering and Gilliam, 1982; Spehar et al., 1985;
and others). Johnson (1968) provides a good review of the
effects of pesticides on aquatic life. More recent, studies
on the toxicity of chemicals to fish and aquatic invertebrates

are reviewed by Johnson and Finley (1980).
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On the other hand, studies of long-term exposure to
pesticides are more difficult to perform, but in recent years
a number of such investigations have been reported (McCann and
Jasper, 1972; Wies and Weis, 1974, 1976; Kaur and Toor, 1977;
Klaverkamp et al., 1977; Palawski et al. 1983). Much of the
available information refers to the organochlorine pesticides
(Schreiman and Rugh, 1949; Merhle and Mayer, 1975; Weis and
Wels, 1976; Couch et al., 1977; Dethlefsen, 1977; Hansen et
al. 1977; Venugopalan and Sasibhushana Rao, 1979; Goodman et
al., 1982; Holdway and Dixon, 1986). In evaluating toxicity
of pesticides to fish, consideration of sublethal effects
should be investigated since they may indirectly 1lead to
reduce survival and reproduction in natural populations

(Rosenthal and Alderdice, 1976).

Factors such as water temperature and the stage of
development are known to affect the tolerance and sensitivity
of fish to pesticides. Differences or changes in temperature,
can affect the distribution, growth, reproduction, metabolism
and behavior of fish in ways which expose them to a greater
or less degree to toxicants present in the water. Several
reports suggest that temperature has a marked effect on the
susceptibility of fish to pesticides (Cairns et al., 1975,
Iyatomi et al., 1958; Bridges, 1965; Cope, 1964, 1965a, 1965b,

1968) .
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The purpose of the present study was to determine: (1)
The 14d-LC;, values of Lindane on the fathead minnow

(Pimephales promelas) embryos at 18° and 25°C, (2) The

distribution of mortality among developmental stages, and the
sensitivity of fathead minnow embryos exposed to different
concentrations of Lindane at 18° and 25°C, and (3) The more
common morphological malformations observed in the larval
stage at 25°C. I also determined LC;, values for different
concentration-interval treatments, and compared the survival

distributions generated among treatments.



LITERATURE REVIEW

FATHEAD MINNOW

1. Taxonomy, distribution and life history

PHYLUM Chordata
SUBPHYLUM Vertebrata
CLASS Osteichthyes
SUPER-ORDER Ostariophysi
ORDER Cypriniformes
FAMILY Cyprinidae

Pimephales promelas Rafinesque

Note: The specific name Pimephales promelas may be

incorrectly applied to the species now known as fathead
minnow. The latter does not fit the description originally
given by Rafinesque in 1820 (Lee et al., 1980). Common names
include "northern fathead minnow", and "blackhead minnow" in

addition to fathead minnow.

The fathead minnow is widely distributed in North
America. This species is most abundant in small lakes, ponds,
small streams, brooks and creeks, and uncommon in large and

deep impoundments, and in streams of high gradients (Trautman,
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1957; Scott and Crossman, 1973).

The fathead minnow is primarily omnivorous. Adults feed
on aquatic insects, worms, small crustaceans and other
animals. Young fry have been reported to feed on organic
detritus from bottom deposits and unicellular and filamentous

algae (Klemm, 1985).

The life history and spawning behavior of the fathead
minnow are very well known because of the early interest in
this species as a highly desirable forage and bait fish
(Markus, 1934; Flickinger, 1973; Andrews and Flickinger, 1974;
Gale and Buynak, 1982). In the wild, fathead minnows spawn
in spring and summer when the water temperature reaches 16°C
to 18°C. The minimum temperature required for spawning is
16°C (Carlander, 1969). The ovaries of the females contain
eggs in all stages of development, and they spawn repeatedly
as the eggs mature. Immediately after the eggs are laid, they
are fertilized and guarded by the male. The average number
of eggs spawned per female is generally 100 to 150, though big

females may lay 400 to 500 eggs per spawn.

The hatching time depends on temperature with an average
time of 4.5 to 6 days at 25°C. Newly hatched larvae are about
4mm long, white to transparent, with prominent black eyes.

In warm, food-rich waters, young grow fast, and are generally
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ready to spawn in their first year.

Fathead minnows are short 1lived; individuals rarely
survive to the third year. Nevertheless, Scott and Crossman
(1973) reported that the age of this species seems to vary
throughout its geographic range. While several authors have
indicated that post-hatching mortality in the fathead minnow
is often great in the wild, Gale and Buynak (1982) reported
that post-hatching mortality is almost absent under laboratory

controlled conditions.

2. Toxic effects in the early developmental stages of the

fathead minnow.

A great deal of attention has been paid in experimental
embryology to the question of the periodization of sensitivity
to stressors, mainly in the embryonic and to a lesser extent
the post-embryonic stages of development, in different groups
of animals, including fish (Vladimirov, 1975). Many authors
call the periods of high sensitivity "critical periods of
development", following Stockard (1921) who was the first to
introduce this term into experimental embryology, when
studying the induction of deformities in Fundulus embryos by
means of chemical substances. But a number of authors prefer

to use the term "sensitive periods of development™ which more
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accurately reflects the sense of the matter (Vladimirov,

1975).

In aquatic toxicology, sensitivity is usually regarded
as a concept that is the opposite of resistance. Organisms
that survive at high concentrations of a substance are
regarded as resistant. Organisms that die at relatively low
concentrations of the same compound are classified as

sensitive (Danil'chenko, 1978).

Investigators hold different opinions concerning the
sensitivity and resistance of fishes to the effect of
toxicants in different periods of their life. Some consider
that resistance of fishes to toxicants declines in the course
of ontogenetic development and is lowest in sexually mature
fish (Katz and Chadwick, 1961; Malone and Blaylock, 1970;
Pomazouskaya et al., 1970). Others single out pro-larvae,
considering that eggs are more resistant, and newly hatched
sac-fry least resistance, and that resistance increases in the
course of subsequent development (Pickering and Vigor, 1965;

Skidmore, 1965; Bahls et al., 1969).

Many studies have evaluated the sensitivity of the
reproductive and early developmental stages of fishes to the
effect of toxicants (Strogonov and Pozhitkov, 1941; Mironov,

1973, and others). The studies reviewed in the following
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paragraphs are those mainly related to the exposure of fathead
minnow eggs to different pesticides and metals (for more
information about classification and chemistry of the cited

pesticides and metals refer to Appendix 1).

Buckler et al. (1981) studied the effects of Kepone and
Mirex on the fathead minnow. When fertilized eggs were
_exposed to concentrations of Kepone 0.31 pg/L or above, growth
and survival were reduced compared to controls. Hatchability
of fathead minnow eggs was also decreased at those
concentrations. On the other hand, eggs exposed to Mirex
showed increased hatchability success at 2, 3, and 7 pug/L and
no significant effect at the two highest exposures of 13 and
34 pug/L. The study also investigated the effects of
chlordecone on minnows. Within 24 to 48h after exposure,
doses of 10 to 73 ug/L caused hemorrhages and dislocation of

the vertebral column.

The effects of kelthane, DursbanR, disulfoton and other
pesticides on embryo, larval and early 3juvenile fathead
minnows were studied by Holcombe et al. (1982a). Within 48h,
Dursban® (47 to 383 ug/L) exposures caused spinal deformities
and stiff vertebral columns. Fathead minnows exposed to even
one tenth of the 96h-LC;, of disulfoton for 24h developed

hemorrhages in the dorsal fin.
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Pentachlorophenol (PCP) was found to cause a significant
decrease in hatching success of fathead minnow eggs when
exposed to concentrations of 233 ug/L and above (Holcombe et
al., 1982b). All larvae that hatched and survived at this
concentration were lethargic, had severe pericardial edema,
and would not respond to vibration or probing stimulus. PCP
concentrations of 73 ug/L and above significantly reduced
larval growth while those of 128 and 228 ug/L caused low

survival.

Pickering and Gilliam (1982) found that concentrations
of up to 340 ug/L of Aldicarb and 66 ug/L of Fonofos did not
affect hatchability of fathead minnow embryos. However, 156
ug/L of Aldicarb and 33 ug/L of Fonofos were lethal to larvae

exposed for 30 days post-hatch.

Cairns and Nebeker (1982) conducted early life stage
toxicity tests with acenaphthene and isophrone, using the
fathead minnow as a test animal. Tests indicated that
survival was affected by 682 pug acenaphthene/L and higher,
but not by 509 ug/L and less, and that growth was reduced by
495 upug/L and higher, but not by 345 ug/L and less. The
results for isophrone indicated that survival was affected by

112 mg/L but not by 56 mg/L and lower.

Chronic effects on the larvae of the fathead minnow
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exposed to Aroclor 1248 and 1260 were determined by De Foe et
al. (1978). Newly hatched larvae (i.e. <8h old) were the most
sensitive; the calculated 30d-LC;, was 4.7 ug/L for Aroclor

1248 and 3.3 upug/L for Aroclor 1260.

Evaluation of zinc on the early 1life stages of the
fathead minnow was reported by Benoit and Holcombe (1978).
The most sensitive indicators of =zinc toxicity were egg
adhesiveness and fragility, which were significantly affected
at 145 upug/L and above, but were not affected at 78 ug/L and
below. Hatchability and survival of larvae were significantly
reduced, and skeletal deformities at hatching increased at 295

pg/L and above.

LeBlanc and Dean (1984) perfomed tests involving the
exposure of embryos and early larval stages to antimony and
thallium. Hatchability, survival and growth of the fathead
minnow was unaffected from exposure to antimony concentrations
as high as 7.5 ug/L. In thallium tests, successful hatch was
significantly reduced at 350 ug/L but unaffected at 200 ug/L.

Larval survival, however, was very low at 40 ug/L.

Results of a long-term testing revealed lower survival
and declining growth of the fathead minnow with an increase
of lime-neutralized iron hydroxide concentrations (Smith et

al., 1973). Hatchability was appreciably reduced in the
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lowest insoluble iron concentration tested, 1.5 mg/L.

3. Toxic effects in the early developmental stages of other

fish species

Insecticides cause developmental abnormalities if embryos
are exposed at critical times. Symptomatology and possible
mechanisms of the teratogenic effects have been described by
Rosenthal and Alderdice, 1976; Niimi, 1983; and Weis and Weis,
1989). In this section, morphological and physiological
effects of different pesticides and metals on other fish

species are reviewed and summarized.

DDT was initially studied by Shreiman and Rugh (1949) on

embryos of killifish (Fundulus heteroclitus). Embryos exposed

to 1 mg/L hatched with bent tails. Only mild cases of
lordosis were observed when larvae were treated. Spasmodic
contractions of the body, and poor or total lack of swimming
ability were also manifested. When embryos were placed in
clean water before the 16th day of development, effects were

reversed.

Mc Cann and Jasper (1972) found extensive hemorrhaging
and damage of the vertebral region on bluegills exposed to a

variety of pesticides. Optic malformations and skeletal



13
abnormalities such as scoliosis and lordosis were reported to

be found in embryos of silversides (Menidia menidia) exposed

to 25 ug/L of DDT (Weis and Weis, 1976).

Cod embryos (G. morhua) exposed to DDT concentrations of
0.025 mg/L and more reacted with irregular proliferations at
the yolk surface, and developed a bent or zigzag-growing
spinal column (Dethlefsen, 1977). Sheephead minnow

(Cyprinodon variegatus) eggs, when subjected to DDT and

malathion, carbaryl or parathion at 10 mg/L, displayed
developmental arrest prior to the initiation of heart beat,

and malformed spine (Weis and Weis, 1974, 1976).

Experiments conducted by Kaur and Toor (1977) with carp

eggs (Cyprinus carpio) and the insecticides diazinon,

fenitrotion, carbaryl, malathion, and phosphamidon. Upon
exposure to concentrations of 0.008 diazinon, 0.25
fenitrothion, 1.0 carbaryl, 2.5 malathion, and 112 mg/L
phosphamidon, the embryos showed stunted growth, curving of
the tail, deformed head regions, enlargement of the
pericardial sac, circulatory failure, deformed vertebral

column, and poorly developed eye pigment.

Hansen et al. (1977) completed an entire life cycle study
on the effects of endrin on the sheephead minnow (C.

variegatus). Embryos exposed to 0.31 ug/L showed stunting
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and some mortality, but no teratogenic effects were noted at
concentrations of up to 0.72 ug/L. Larvae exposed to 0.31

pg/L exhibited scoliosis, darkened color and mortality.

Toxaphene has been reported to produce skeletal fragility

and fractured vertebrae in the brook trout, Salvelinus

fontinalis (Mehrle and Mayer, 1975), and in three other

species of fish (Anonymous, 1975). In all the cases, the
damage was suggested as attributable to a vitamin C
deficiency. All vitamin C that was naturally in the diet of
the fish appeared to be used for the detoxification of
toxaphene and other toxicants, so there was little left over

for bone development.

Exposure of eight-day o0ld larvae of Jordanella floridae

to 0.25 mg/L of methoxychlor for two hours resulted in
decreased egg production and hatchability in the adult stages.
The offspring of these adult fish also had increased incidence
of abnormalities compared with controls (Holdway and Dixon,

1986).

There is a single report on the effects of lindane on
the early developmental stages of fish. Venugopalan and
Sasibhushana-Rao (1979) reported premature hatching in Caranx
sp. embryos exposed to lindane. The authors suggested that

this effect was due to impaired yolk utilization and
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absorption. Scoliosis, fin deformity and malformation of the

auditory vesicles were noted in yolk-sac stages.

Other 1literature related to teratogenic effects of
different pesticides on fish embryos can be summarized as
follows. Couch et al. (1977) reported scoliosis in sheephead
minnows (C. variegatus) following exposure to chlordecone.
All fish that were exposed to 4 ug/L for 10 days showed spinal
injury, loss of equilibrium and tetanic convulsions. 1In a
similar study, exposure of fathead minnows to as low as 0.78
pg/L chlordecone caused vertebral damage (Goodman et al.,
1982). Distended abdomens and bent tails were‘observed in
rainbow trout exposed fenitrothion (Klaverkamp et al., 1977),

and methylparathion (Palawski et al., 1983).

In a long-term experiment with minnows (Phoxinus
phoxinus), 0.2 to 6.8 mg/L 2Zn produced hemorrhaging,
disturbances to pigmentation in the caudal region, and
vertebral fractures (Bengtsson, 1974). In a later study
(Bengtsson, 1975b), the same kind of vertebral damage was
found in minnows exposed to sublethal concentrations of

cadmium.
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TEMPERATURE

Temperature has considerable influence on development,
growth, metabolism and reproduction of fish. For embryonic
and larval development, temperature seems to be one of the
most important external factors (Penaz, 1974; Balon, 1975;
Guilodov and Popova, 1981; Herzig and Winkler, 1986). In
addition, water temperature can have a marked effect on the
susceptibility of fish to pesticides (Walker, 1963; Bridges,
1965; Mahdi, 1966). Therefore, consideration of temperature
effects should constitute an important part in the evaluation

of toxicity to fish by pesticides.

The effect of temperature on the toxicity of a large
number of chemicals to fish has been well documented. Among
the studies made on pesticides, Iyatomi et al. (1958) found

that endrin was 84 times more toxic to carp (Cyprinus carpio)

at 27-28°C than at 7-8°C. Bridges (1965) examined toxicity

of the insecticides heptachlor and chlordecone to sunfish

(Lepomis microlophus). Both pesticides were tested at a
series of times from 6 to 96h, and at five temperatures from
45 to 85°F, using static tests. The increase in toxicity of
chlordecone from 45-85°F was about five-fold for periods from
24-96h. For heptachlor, the 24h-LCy; was 0.092 mg/L at 45°F

and 0.022 mg/L at 85°F.
















































































































































