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9. Stress, Environment and
Reproduction in Teleost Fish

R. BILLARD, C. BRY and C. GILLET

Laboratoire de Physiologie des Poissons, IN.R.A.,
78350 Jouy-en-Josas, France

“Abstract. The effects of acute or chronic stress on reproduction and hormone levels
are well documented in higher vertebrates. On the contrary, little information is
available on fish. It is known that some aspects of fish reproduction are changed by
various modifications to the environment and that some of these changes may occur
under conditions of stress. Reproduction can be stimulated or inhibited by
environmental factors such as temperature, photoperiod, food availability and water
quality, by overcrowding and social interaction and by other stresses such as
handling, captivity and confinement. Under these conditions, several steps of the
reproductive cycle can be blocked: gametogenesis (initiation, completion, quantity
of eggs [fecundity] and quality of gametes); oocyte maturation and ovulation;
spermiation; spawning behaviour.

There are only a few data in fish showing interactions between gonadotrope and
corticotrope systems and the effect of environmental factors on the endocrinology of

reproduction.

I INTRODUCTION

The fish’s environment is a complex system with varying water quality
(physical and chemical composition), current velocity, abundance and type
of aquatic vegetation, light intensity and periodicity, temperature, food
availability and social interaction. In the case of cultivated or managed
species, man’s influence is of major importance when fish are extensively or
intensively reared in captivity for breeding, stocking or human consumption.
Under these conditions the fish are submitted to confinement, handling,
grading and drug treatment. Man may also have an indirect effect on fish via
changes made in the natural environment and through pollution. Most of the
environmental factors fluctuate throughout the year in both temperate and
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tropical zones, and fish are adapted in various ways to these changes. Some
fish are even adapted for survival in an apparently hostile environment,
tolerating sub-zero temperatures and high pressure in the ocean as well as
dry conditions. Fish respond to these environmental changes in many ways
by modifying their hormone or neuro-hormone secretion, metabolism and
behaviour (for a review see Chavin, 1973).

A stress response may be defined as the series of rather non-specific
reactions of an organism to any of the exacting demands made on it (for
further discussion of this concept see Pickering, 1981, this volume). This
phenomenon involves both physiological and behavioural reactions which
may help the fish adapt to a new situation. A stress maintained over a long
period may exceed the adjustment capabilities of the animal, severely
disturbing growth and reproduction. Neuro-endocrine activation, among
other reactions, has been shown to occur under adverse conditions in various
fish species, leading to the secretion of corticosteroids and catecholamines
(sce Mazeaud et al., 1977; Strange et al., 1977). The interrenal gland
however may also be activated in natural, non-stressful situations, especially
in the female fish at ovulation and spawning time. Thus, the same endocrine
system (pituitary-interrenal axis) may be activated by factors inhibiting
reproduction and by others triggering final maturation. Moreover, the
nature of the response to external elements depends upon internal factors
and endogenous rhythms, and also varies according to the species and
between individuals of the same species. For example, Mitton and Koehn
(1976) noted individual differences in the response of Fundulus heteroclitus
to temperature. Similarly, Sawara and Egami (1977) demonstrated
differences in the gonadal response of Oryzias latipes collected from
different localities to photoperiod changes and Weibe (1968) showed that
the environmental factors which stimulate gametogenesis in Cymatogaster
aggregata are not the same for males and females. The response of fish to
changes in the environment also varies with respect to the degree of
domestication of the species.

The present paper deals with the effects of environmental factors, includ-
ing situations which can be considered stressful, on the reproductive
function in teleost fish.

IT FACTORS INTERFERING WITH REPRODUCTION
(a) Temperature, Thermoperiod and Photoperiod

Termperature level and changes in temperature and photoperiod during the
year are the main physical environmental factors in the control of fish
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reproduction in the temperate zones. The importance of these factors varies
with the species and the stage of the reproductive cycle.

The water temperature directly affects fish physiology, mode of
reproduction, growth rate and population dynamics and structure. Hokan-
son (1977) classified temperate zone fish as stenotherms, mesotherms and
eurytherms, according to their thermal requirements (Table I—for a further
discussion of temperature relationships in fish the reader is referred to
Elliott, 1981, this volume). An optimal temperature level is necessary for
reproduction. In cyprinids, gametogenesis is sensitive to both low and high
temperatures (Gillet et al., 1977a, b); low temperatures are required to
initiate gametogenesis (Ahsan, 1966; de Vlaming, 1974; Gillet et al.,
1977a, b), whilst high temperatures stimulate gonadotropin (maturational
hormone) secretion and temporarily inhibit gametogenesis (Gillet er al.,
1977b; Gillet and Billard, 1977; Gillet ez al., 1978). Warm-water fish such as
the guppy, Poecilia reticulata, show optimal spermatogenesis at 25°C
(Billard, 1968), coinciding with the thermal preference (Billard, 1968;
Johansen and Cross, 1980). In rainbow trout, Salmo gairdneri, gameto-
genesis occurs at either 8 or 18°C (Billard and Breton, 1977), but the fish do
not ovulate and the early stages of embryonic development are perturbed at
18°C (K. Goriczko, personal communication; Kazakov, 1971). Salmonid
gamete physiology is also affected by temperature; the fertilization rate
decreases slightly when artificial insemination is carried out near (°C
(Billard, 1980).

During the year, the temperature varies simultaneously with the photo-
period, and the effects of these two variables can only be distinguished by
experimentation. The extensive data in the literature on this subject have
been thoroughly reviewed by de Vlaming (1974), Htun-Han (1977) and
Peter and Crim (1979). A typical example of a strong photoperiodic
influence on reproduction is that of salmonid gametogenesis (sper-
matogenesis and vitellogenesis) which occurs normally under decreasing
photoperiod but which can be advanced if the decreasing photoperiod is
artificially advanced (Breton and Billard, 1977) or if the annual photoperiod
is contracted into a 6-month period (Whitehead et al., 1978). However,
other external or internal factors must also be involved because there are
several indications that gametogenesis occurs normally when trout are kept
under constant light or constant dark from hatching (Pyle, 1969; Bieniarz,
1973). The photoperiodic effect is more subtle in other teleost fish; the
increasing daylength in late winter facilitates gonad growth in goldfish,
Carassius auratus (Gillet et al., 1978), and tench, Tinca tinca (Quillier,
1981), and induces nycthemeral fluctuations in plasma gonadotropin
(Hontela and Peter, 1978; Gillet et al., 1980). A slight photoperiodic effect
is evident in Couesius plumbeus when kept at low temperatures (Ahsan,



TasBLE I Classification of some Temperate Climate Freshwater Fish According to Water Temperature Requirements:
Effects of Temperature and Photoperiod on Gametogenesis and Spawning.

Ultimate upper Gametogenesis Spawning
incipient lethal Physiological
Classification temperature optimum Season Temp. Photop. Season Temp. Examples
Temperate stenotherm <26°C <20°C Summer <20°C M Autumn 5-15°C  Salmonids
to spring
Temperate mesotherm 28-34°C 20-28°C  Summer <12°C N Spring 2-23°C  Percids
to winter Pike
>34°C >28°C  Summer >10-12°C A Spring >15-18°C Cyprinids

Temperate eurytherm
and spring

and summer
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1966). Long days are necessary for gonad growth in the stickleback,
Gasterosteus aculeatus, (Baggerman, 1969) whose photostimulatory sensi-
tivity shows a daily rhythm with an optimum 14 to 16 h after the onset of the
light period (Baggerman, 1972).

In conclusion, changes in temperature and light are the obvious cues for
temperate zone fish. Circannual changes in photoperiod act mainly on
long-term processes like gametogenesis, while temperature fluctuation
influences the short-term processes such as spermiation, oocyte maturation,
ovulation and oviposition. Light and temperature may interact in goldfish
where ovulation is synchronized with circadian changes in light (Stacey et al.,
1979a, b).

(b) Water Quality

The physico-chemical properties of the water, represented by such factors as
current velocity, dissolved oxygen content, pH and salinity are prime factors
in the survival of aquatic animals and may be critical for reproduction. For
example, the water current velocity has been shown to influence the
spawning activities of Tilapia nilotica (Maruyama and Nagashima, 1978).

(1) Acidic waters. The effect of acidic water on fish physiology is now well
documented (see review by Fromm, 1980). Low pH decreases fecundity and
egg fertility in fathead minnows, Pimphales promelas (Mount, 1973),
flagfish, Jordanella floridae (Ruby et al., 1977; Craig and Baski, 1977) and
brook trout, Salvelinus fontinalis (Menendez, 1976). The final part of the
reproductive cycle is also disturbed. For example, Beamish (1976) noted
that female fish did not release their ova in acidic waters and low pH is
reported to adversely affect successful fertilization (Billard, 1980), embryo-
genesis (Daye and Garside, 1980) and hatching (Johansson et al., 1973;
Mount, 1973; Peterson et al., 1980). In acid water, Catostomus commersoni
shows a reduced feeding response and weight loss which may interfere with
reproduction (Beamish, 1972).

(ii) Dissolved oxygen content. Little information is available concerning the
direct effect of reduced water oxygen levels on reproduction. A low level of
dissolved oxygen depresses the growth of the gonad in goldfish (Gillet et al.,
1981) and an oxygen concentration of less than 1 mg1~'! prevents spawning
in the fathead minnow (Brungs, 1971). Similarly, 2-4 mg1™" dissolved
oxygen prevents spawning in the black crappie, Pomoxis nigromaculatus
(Siefert and Herman, 1977; Carlson and Herman, 1978).

(iii) Salinity. In some euryhaline species, several stages of the reproductive
process are inhibited in fresh water. For instance in Israel, Mugil cephalus
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kept in fresh water do not reproduce; ovarian development is inhibited when
the females are kept in freshwater ponds and ovulation is inhibited in Lake
Kinneret (Abraham and Blanc, 1966; Blanc and Abraham, 1968; Eckstein,
1975). However, Stequert (1972) stated that Mugil labrosus spawns
normally in fresh water in the Arcachon Basin in France although he also
indicated that confinement of female sea bass, Dicentrarchus labrax, in fresh
water inhibits oocyte maturation and ovulation. Nevertheless, it seems that
complete spermatogenesis and spermiation may occur in male sea bass in
salinities as low as 1-2%. (Roblin, 1980).

(iv) Pollution. The effects of numerous pollutants are detrimental to
gametogenesis and reproduction. Global studies show that fish fecundity is
reduced in a polluted environment (Zalewski, 1979). Sometimes, the
depressed reproduction observed in polluted water cannot be related to any
particular factor, which suggests a possible synergism of the various sources
of pollution (Dean and Bailey, 1979).

Pollutants such as selenium (Cumbie and Van Horn, 1979), copper
(Benoit, 1975), mercury (Kihlstrom et al., 1971), waste-oil (Hedtke and
Puglisi, 1980) and the pesticides PCB (Nebeker ef al., 1974; Bengtsson,
1980), parathion (Billard and de Kinkelin, 1970) and DDT (Macek, 1968a;
Saxena and Garg, 1978) may alter or inhibit various steps in fish reproduc-
tion. In addition, pesticides accumulated in the ovaries can be harmful
during embryogenesis and reduce hatching and fry survival (Burdick et al.,
1964, 1972). Brook trout fed a sublethal concentration of DDT are more
~ sensitive to stress, and the mortality of DDT-exposed fish is caused by
interactions with various factors, including the physiological state associated
with spawning (Macek, 1968b).

(¢) Food Availability

Availability of food is also an important factor affecting reproduction. A
lack of food usually leads to decreased fecundity in the plaice, Pleuronectes
platessa (Bagenal, 1966), salmonids (Scott, 1962; Bagenal, 1969), the
roach, Rutilus rutilus (Kuznetzov and Khalitov, 1978) and in the guppy
(Dahlgren, 1979). Starved females tend to produce fewer eggs but the egg
size remains the same. However, the decreased egg diameter in severely
starved brown trout, Salmo trutta L., fed dry pellets at a rate of 0-4% body
wt day ' is accompanied by a reduction of absolute fecundity but an
increased relative fecundity (Fig. 1). The problem of food availability, linked
to the size of the territory, may be different for males and females (Ebersole,
1980). A decrease in fecundity was also attributed to a copepod infestation
In rainbow trout (Gall et al., 1972).
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Fig. 1 Effect of feeding rate on absolute (total number of eggs stripped per female) and

relative (number of eggs kg ' body wt) fecundity, egg weight and egg fertility of the brown

trout. Body weight increase corresponds to the feeding period from March to September

(Billard and de Fremont, 1980. Comparison by analysis of variance: one star p <0-03, two stars
p<0-01, three stars p <0-001.

(d) Social Environment

Social pressure caused by overcrowding may interfere with fecundity and
the final step of reproduction independently of food availability. In poe-
cilids, the follicles show atresia and vitellogenesis is inhibited by high
population densities (Ball, 1960) and a decreased fecundity has been
reported in pike which is possibly related to high population density (Kipling
and Frost, 1969). Social pressure may be direct (aggression) or indirect
(pheromonal mediation). There is increasing evidence of pheromonal
intervention in fish. Inhibiting or crowding factors reduce fecundity in
guppies (Rose, 1959) and inhibit spawning in goldfish (Swingle, 1953;
Greene, 1964; Whiteside and Richan, 1969), the zebrafish Brachydanio
rerio (Yu and Perlmutter, 1970) and largemouth bass, Micropterus salmoides
(Chew, 1972). These crowding factors (sometimes metabolites) reduce
growth and cardiac activity, induce embryonic mortality and shorten the
life-span. Pfuderer et al. (1974) attempted to extract the crowding factors;



192 R. BILLARD ET AL.

some biological activity was found in the pthalate esters associated with
neutral lipids. It appears then that overcrowding affects reproduction via
food availability, visual interactions and also pheromone release. Over-
crowding may be deterimental to spawning activities, especially if there are
too many females for the number of spawning sites. In some species, adult
males fight vigorously if stocked too densely.

Pheromones are also positively involved in reproductive migrations
(review by Solomon, 1977; Saglio, 1979a) and spawning. Sex pheromones
are implicated in the attraction between males and females during spawning
in salmonids (Newcombe and Hartman, 1973, Emanuel and Dodson, 1979)
and in other species (for review see Saglio, 1979b). In the ferale zebrafish,
" Brachydanio rerio, a pheromone released by the male stimulates ovulation
and counteracts the repressive effect of the metabolites produced by the fish
(Chen and Martinich, 1975). In the same species, a sex pheromone attrac-
ting conspecifics repels a closely related species, B. albolineatus (Bloom and
Perlmutter, 1978).

(e) Stress Associated with Fish Cultivation

Man is a generator of numerous stresses especially when fish are bred in
captivity. The fish are often confined and are captured by net, electricity or
even poison! They undergo transport, transfer, handling and drug treatment
and are subjected to changes in water quality and flow rate. This may result
in physical injury and various endocrine and metabolic responses.

We have little detailed information on the effect of such procedures on
reproduction in fish. According to a study by Vincent (1960), domesticated
brook trout, hatchery-bred for 90 years, were less sensitive, in terms of
mortality, to the concentration of accumulated water metabolites and to
high temperature but had less stamina than wild trout. Domestication
resulted in better growth in hatchery conditions but higher mortality in small
streams. Therefore, experimental results depend on the history of the fish
population studied.

Some effects of handling on reproduction have been reported and most
are deleterious. A typical example was given by de Montalambert ez al.
(1978) who showed inhibition of the ovarian response to exogenous
gonadotropin and follicular atresia after handling and captivity in pike, Esox
lucius (Fig. 2). Horseman et al. (1976) and Meier and Horseman (1977)
observed that various species of vertebrates, when handled daily at the same
time of day, showed marked changes in gonad weight. In Tilapia aurea,
noise or mechanical stimulation, when given 16 h after lights-on, induced a
rise in testis weight. The case of Mugil cephalus (Abraham and Blanc, 1966)
is interesting: oogenesis does not occur in freshwater ponds probably due to
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Fig. 2 Effect of time between capture (day 0) and hypophysation with a salmon pituitary

extract on ovulation rate in female pike. After capture the fish were transported for 6 h, then

kept in captivity until ovulation (vertical bars show confidence limits at the 95% level of

probability;. Number of fish: 8 (day 0}, 7 (day 1), 8 (day 3). ™** p<0-001. (From de
Montalembert et al., 1978).

confinement but it is completed in lakes; if fish are kept in fresh water, they
do not ovulate. Oogenesis and ovulation occur in sea water, except when fish
are kept in ponds, again underlining the deleterious effect of confinement.
Scott (1979) mentioned that the transfer of female minnows, Phoxinus
phoxinus, from the natural environment to an aquarium tank resulted in
massive atresia of vitellogenic oocytes within a few days. A decrease of ova
fertilizability has been reported after ovulated females (Marriott, 1973) or
embryos (Godfrey, 1957; Marriott, 1973) were given an electric shock.
However, fecundity was not modified after immature rainbow trout were
exposed to a direct pulsating current (Maxfield et al., 1971).

(f) Synergism and Interaction between Factors

Some of the factors mentioned above were tested independently. Recent
studies have tried to show the interaction of several factors affecting fish in
the wild and influencing reproduction. An example of such an interaction
was reported by Scott (1979) who repeated Bullough’s experiments (1939,
1942) in the minnow showing that final vitellogenesis could be stimulated by
increasing the photoperiod in late spring. Scott (1979) observed that the GSI
increased under arising photoperiod only when the rearing temperature was
high. The GSI rose to 10% and 10% of the oocytes were yolk-laden; these
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values are higher in nature (12-14% and 20%, respectively). A similar
elevation was obtained after a sudden increase in daylength from 8 to 15 h
within one week in February—March. Ecological observation showed that
when the temperature is less than 8°C in nature, the minnow stays in relative
darkness under stones during the daytime. Above that temperature, it swims
in open water and is, consequently, exposed to arelatively long photoperiod.
In nature, therefore, temperature-sensitive behavioural changes may lead to
a sudden exposure to the photoperiod thereby generating the maximum
vitellogenic yield; this could not be obtained in a conventional laboratory
experiment because the environmental changes imposed are not based on
the ecology of fish in nature. Other examples showing the interactive effects
of environmental factors have been reported by Stacey et al. (1979b),
experimenting on ovulation and oviposition in goldfish. It was first observed
that a warm shock induced ovulation which was synchronized with the
photoperiod. Females kept under a regime of 16 h light: 8 h dark ovulated in
the latter half of the dark phase, regardless of the time of day at which they
were warmed to 20°C (Stacey et al., 1979a). It was then shown that ovulation
was influenced by both water temperature and vegetation (Table II). The
additive effect of two stimuli, one visual and the other chemical, has been
demonstrated in the angelfish, Prerophyllum scalare (Chien, 1973).

TarLeE II The Influence of some Environmental Conditions on Ovulation
of the Goldfish kept under a Photoperiod of 12h Light:12h Dark. The
Initial Temperature for all Groups was 12°C (from Stacey et al., 1979a).

No. of females

Temperature Flowing Standing Aquatic Male
Group °C water  water  vegetation courtship Total Ovulated
1 12 - + + + 9 0
2 22 - + + + 10 10
3 21 + ~ + + 7 7
4 21 + - - -~ 10 3
5 21 + - + = 9 9
6 + - = + 8 1

21

1 MECHANISMS OF ACTION

We have shown that various environmental factors influence reproduction
in fish, some of which are stimulatory and others, especially those due to
man, are inhibitory. Whether these effects are mediated via the General
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Adaptation Syndrome (Selye, 1946) is still open to debate. In fish asin other
vertebrates, a drastic environmental change or aggression is followed by an
elevation of the levels of plasma corticosteroids and catecholamines, a
primary stress response. These hormones also appear to be normal
components of the natural reproductive endocrine pattern in fish, so that
hormonal fluctuations due to aggression may interfere with reproduction.
More generally, responses to environmental changes involve the whole
endocrine system which has been considered as a chemical link between the
organism and its environment (Hoar, 1965).

It is now known that handling, loading, transport, confinement and
temperature change result in an elevation of circulating corticosteroids in
various salmonids (Strange et al., 1977; Strange and Schreck, 1978; Barton
et al., 1980; Specker and Schreck, 1980) and in goldfish (Spieler, 1974,
Fryer, 1975). Similarly, cortisol increases were observed after fish were
exposed to copper, but not after they were exposed to cadmium (Schreck
and Lorz, 1978) or chromium (Hill and Fromm, 1968). Social aggression
between eels, Anguilla anguilla, under conditions of captivity and
confinement also results in a rise of cortisol in the subordinate fish (Peters et
al., 1980). For a full review of the role of the pituitary-interrenal axis in the
stress responses of fish, the reader is referred to Donaldson (1981, this
volume). Changes in catecholamines are not so well documented, but
available information has been reviewed by Mazeaud et al. (1977) and
Mazeaud and Mazeaud (1981, this volume).

Other hormones are involved in the response after handling or physical
injury. For instance, in goldfish a short-term prolactin decrease was seen 9 to
17 min after capture (Spieler and Meier, 1976). Furthermore, Brown et al.
(1978) demonstrated that physical injury such as removal of blood or saline
injection causes a temporary elevation of plasma thyroxine (T4) in rainbow
trout. Several hormones (corticosteroids or cortisol, prolactin, thyroid
hormone) have been shown to have diel and annual rhythms in fish (for
review see Spieler, 1979). This is interesting because the temporal hormonal
synergism probably helps the fish to seasonally integrate into the changing
environment. '

The action of seasonal environmental factors on reproduction is mediated
through specific endocrine changes, and the endocrine mechanisms control-
ling reproduction are roughly similar-in fish and higher vertebrates.
Gonadotropin-releasing hormone (Gn-RH) stimulates the secretion of
gonadotropic hormone (GTH). GTH stimulates spermatogenesis and
oogenesis and induces the gonads to produce sex steroids which, in turn,
exert a negative feedback on the hypothalamo-pituitary axis.

Corticosteroids, often identified in plasma or ovaries, appear as normal
components of the reproductive endocrine pattern. In adult fish, many
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authors have shown seasonal variations in blood corticosteroid levels in
several species. The metabolic clearance rate, volume of distribution and
calculated rate of cortisol and cortisone secretion have been studied. In
several salmonid species, corticosteroids rise during sexual maturation
(sometimes associated with spawning migration) (Schmidt and Idler, 1962;
Donaldson and Fagerlund, 1968, 1970; Fagerlund and Donaldson, 1970)
and a hyperplasia of the interrenal gland coincides with ovarian develop-
ment (Robertson and Wexler, 1960). Fuller et al. (1976) also observed high
levels of cortisol in mature, female Coregonus lavaretus caught on the
spawning grounds, but not in those outside the spawning grounds. Similarly,
Pickering and Christie (1981) demonstrated a rise in the plasma cortisol
levels of the mature, female brown trout at a time coincident with the onset
of ovulation in the population. By comparison, no such elevation was found
in immature fish kept under identical conditions. In goldfish, Peter et al.
(1978) identified plasma cortisol and showed that maturing females (in full
vitellogenesis) had a higher level with wider fluctuations than fully mature
females (at the end of vitellogenesis). However, Cook et al. (1980) dis-
covered a sharp peak of cortisol just before the ovulatory GTH surge.
Ovulation was induced experimentally in ayu, Plecoglossus altivelis, after the
injection of very high doses of cortisol (Hirose and Ishida, 1974). Similarly,
the injection of 11-deoxycortisol to female guppies induced parturition
(Kujala, 1978). The possibility that ovarian corticosteroid peaks might affect
ovulation in teleosts has been discussed by Colombo et al. (1973).

Sundararaj and Goswami (1977) suggested that 11-deoxycortisol might
be one of the steroids mediating GTH action on oocyte maturation and
ovulation in the Indian catfish, Heteropneustes fossilis. Jalabert (1976)
“demonstrated that corticosteroids potentiate GTH action on oocyte
maturation (Fig. 3) and hypothesized that some fish, cyprinids for example,
show an elevation of plasma corticosteroids associated with the true ovula-
tory surge (see also Breton et al., 1972; Stacey et al., 1979b). This rise may
be indirectly responsible for ovulation by lowering the oocyte sensitivity
threshold to GTH or by displacing the plasma equilibrium between protein-
bound and free 17a-hydroxy-208-dihydroprogesterone.

Other mediators such as catecholamines, which are involved in the
primary stress response, also seem to play a natural role in the process of
ovulation; Jalabert (1976) noted that epinephrine induces ovulation of
matured oocytes in vitro. /

There are a few data showing that adverse environmental conditions or
aggression may interfere with reproduction via a decrease of plasma GTH.
For instance, Gillet et al. (1980) observed a decline in both plasma and
pituitary GTH in goldfish kept under conditions of starvation (Fig. 4).
However, starvation probably inhibited all synthesis of gonadotropic
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rainbow trout follicles (redrawn from Jalabert, 1975).
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Fig. 4. Effect of starvation on plasma and pituitary gonadotropin (c-GTH) and gonadosoma-

tic index (GSI) in male goldfish kept for 3 months under 16 h light: 8 h dark photoperiod at

30°C. Blood was sampled at 8 a.m. at the onset of the light period. Vertical barsindicate +SEM,
number of fish are 6 (feed) and 3 (starv.} (from Gillet et al., 1981). *p <0.05, **p <0.01.

hormone, due to a lack of adequate material, rather than inhibited the
secretion of the hormone. Similarly, a decrease of plasma GTH and GSI was
observed in male goldfish kept at 30°C under hypoxic conditions (1-5 and
3mgl ' O, (Fig. 5)). During a study involving catheterization of the dorsal
aortain rainbow trout (Bry and Zohar, 1980; Zohar, 1980), one fish failed to
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for 5 days after cannulation of the dorsal aorta. Time 0 indicates the end of surgery (cannula

implantation). The example given is a female ill-adjusting to catheterization and not resuming
feeding after the operation (from Bry and Zohar, 1980; Zohar, 1980).
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acclimate to the experimental conditions and did not resume feeding. It is
interesting that this severely stressed fish (as evidenced by a prolonged
elevation of plasma glucocorticoids) also showed a marked decline in plasma
gonadotropin after the operation (Fig. 6). On the other hand, when rainbow
trout were netted and left struggling out of the water for 3 min, no significant
change in plasma gonadotropin was observed after 10 min, 3 min or 24 h

(Fig. 7; C. Bry unpublished data).
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Fig. 7 Plasma gonadotropin (t-GTH) profiles in three catheterized and unanaesthetized
rainbow trout after they had struggled for 3 min out of water (hypoxia).

The effects of deleterious changes in the environment on the other main
area of reproductive endocrinology, that of oestrogen and androgen
metabolism by the gonads, has received very little attention. Androgen
metabolism is reported to be modified in brook trout exposed to sublethal
levels of cadmium (Sangalang and Freeman, 1974; see also the abstract by
Freeman ef al., 1981, this volume) but the whole relationship between
environmental stress and sex steroid metabolism is a field in which much

more research is needed.

IV CONCLUSIONS

The various steps of reproduction depend largely on environmental changes
and involve many factors (Fig. 8). Circannual changes influence long-term
processes such as gametogenesis. On the contrary, short-term phenomena
such as ovulation may be more dependant upon sudden changes in the
environment (fluctuation of temperature, rain, salinity, water quality). Fish
species which release small eggs with a short incubation period normally
ovulate in the spring after these sudden variations, which coincide with the
climatic changes initiating or increasing food production in the water. These
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Fig. 8. Some endocrine interrelations between reproduction, corticosteroids and catechol-
amines in the female teleost fish.

environmental cues are responsible for egg-laying and synchronize hatching
with food availability.

Some of these modifications may cause an increase in circulating cortisol
levels. The hypothesis that environmental stress may incite the final step of
gametogenesis, i.e. oocyte maturation and ovulation, has been put forward
by Jalabert (1976). The situation in males may be different; spermiation
usually starts earlier than ovulation and no GTH surge occurs when
spermiation is initiated. On the other hand, Mazeaud et al. (1977) observed
sex-dependent differences in plasma corticosteroids in salmonids; female
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corticosteroid levels were higher than male levels; when the fish were left
struggling, these levels rose markedly in males but not in females which
already had high levels. ,

The stressful environment created by man when handling and breeding
fish in captivity in overcrowded ponds seems to be overcome by domesti-
cation. After several generations, it is possible that some cultivated fish
species become adapted (by selection) to their new environment. This
should be emphasized now when man is trying to rear wild species
intensively. Research is needed to minimize the consequences of stressful

-conditions on survival, growth and reproduction and to define optimal
rearing conditions. Furthermore, the rearing conditions must be adapted to
the various physiological rhythms of the fish (see Spieler, 1977).

Environmental factors may stimulate or inhibit reproduction in fish and a
given factor may be either inhibitory or stimulatory, depending on the time
of the year or day or the stage of sexual development. The where, when and
why of these phenomena need further study.
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