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Summarv

Study of gonadoiropin releasing hormone (GnRH)
receptor charateristics in teleosts bas significantly advanced
our understanding of the cellular mechanisms controlling
pituitary gonadoiropin (GTH) release in fishes. Recenl
findings in teleosts indicate that GnRH receptors are not
restricted to the pituitary gonadotropes and are also
associated with somatotropes as well as being present in the
ovarian tissue. In this regard. GnRH peptides stimulate
sécrétion of both GTH and growth hormone (GH) from the
goldfish pituitary; however, GnRH receptors coupled to
GTH and GH release appear to be différent and have
somewhat différent requirements for binding and activity.
Studies on temporal relationship between GnRH receptor
binding and biological activity indicates that the number of
pituitary GnRH receptors correlate closely with GTH
sécrétion, and that altération in GnRH receptor content may
be an important factor mediating seasonal variation in the
pituitary GTH release in teleosts. Furthermore, recent
studies have provided information on the relationship
between receptor binding and biological activity for varions
molecuiar forms of GnRH native in teleosts and other
vertebrates, both in terms of GTH and GH release. The
physiological significance of these findings is reinforced by
the fact that the brain of many vertebrates including
marsupials, birds, reptiles, amphibians, and teleosts have
more than one form of GnW-1, yet little or no information is
available on the functional significance of différent GnRH
molecuiar forms present in the brain of single species.

Introduction

It is now established that hypothalamic GnRH plays a
key rôle in the control of pituitary GTH release in
vertebrates. /11 the known GnRHs are decapeptidesand to
date, the primary structure of six GnRH molécules are
known (Sherwood, 1987; Peter et al., 1987;
Ngamvongchon et al., 1991). Evidence based on immuno-
logical studies in combination with chromatography
indicates the presence of multiple forms of GnRH peptides
in the brain of nonmammalian vertebrates including teleosts
(Sherwood, 1987; Peter et al., 1987). In teleosts, there is
evidence for the presence of salmon GnRH (lTrp7. LeuS]-
GnRH; sGnRH), chicken GnRH-1 ([Gln8]-GnRH; cl-
GnRH), chicken GnRH-11 ([HisS, Trp7, Tyr8]-GnRH;
cGnRH-11) and catfish Gnl^ (sequence unpublished;
Ngamvongchon et al., 1991) in addition to the GnRH
forms for which the primary sequence is not known. The
first step in GnRH action is the récognition by the spœific
membrane-associated binding sites leading to activation of
postreceptor mechanisms and sécrétion of GTH; in goldfish
(Carassius auratusV GnRH also stimulâtes sécrétion of
pituitary GH (Marchant et al., 1990). This review focuses
on the biological and biochemical characteristics of GnRH
receptors in the pituitary and ovary, emphasizing
observations made in varions teleost species.

Development of Radioreceptor assav for GnRH
Development of a valid radioreceptor assay was a

necessary prerequisite to the initiation of physiological
studies conceming GnRH receptor characteristics and
régulation in teleosts. The Innding characteristics of GnRH
receptors was first described in the goldfish pituitary, using
an analog of sGnRH ([DArg6, T^7^ Leu8, Pro^-NEi]-
GnRH; sGnRH-A) as a labeled ligand (Habibi, et al.,
1987). sGnRH-A was synthesized and iodinated by
chloramine-T as described by Habibi et al (1987) and was
purified on a QAE-Sephadex column to a spedfic activity of
1100 -1300 /4Ci//4g. Radioiodination using Lactoperoxid-
ase followed by purification of monoiodinated sGnRH-A
on high pressure liquid chromatography (HPLC) has also
been successfully employed in our laboratory. sGnRH-A
has high résistance to dégradation (Zohar et d., 1990), as
well as having good récognition and increased affinity for
GnRH receptors in the goldfish pituitary (Habibi et al.,
1989a). sGnRH-A has also been used by other
investigators studying GnRH receptors in the African
catfish (Clarias gariepinus) (De Leeuw, 1988a) and three-
spined stickleback (Gasterosteus aculeatusl (Andersson, et
al., 1989). Mammalian GnRH analogs such as [D-
Ser(But)6, Pro9-NEt]-GnRH (Buserelin; Crim et al.,
1988a) and [D-Ala6. Pro9-NEt]-GnRH (mGnRH-A; Y.
Zohar, personal communication) have also been used for
studying GnRH receptors in winter flounder (Pseudo-
pleuronectes americanus Walbaum^ and seabream (Spams
aurata) pituitaries, respectively.

Binding characteristics of GnRH in the pituitary
Table 1 provides a summary of pituitary GnRH receptor

characteristics in a number of teleost species. Goldfish
pituitary contains two classes of GnRH binding sites, a
high affinity/low capacity and a low affinity/high capadty
binding sites (Habibi et d., 1987,1989a). The binding of
sGnRH-A to the goldfish pituitary was found to be
spécifie, saturable, réversible, température- and pH-depen-
dent, and a funcUon of tissue concenU^tion. In goldfish,
maximum binding of the radioligand was achieved after 30
min incubation at 4 «C, and an increase of the incubation
température to 22 «C significantly reduced the spécifie
binding (Habibi et al., 1987). In catfish, the binding of
sGnRH-A to the pituitary was found to be time-dependent,
reaching equilibrium after 2 houis of incubation at 4 °C (De
Leeuw, içè8a). However, unlike goldfish, flounder (Crim
et al., 1988a) and stickleback (Andersson et al., 1989),
increasing incubation température to 22 «G significantly
increased sGnRH-A binding to the catfish pituitary (De
Leeuw, 1988b); in other species an increase in température
results in unsti»le binding, presumably due to dégradation
of GnRH receptors. The pituitary of catfish, flounder,
stickleback, and seabream contain a single class of binding
sites which were found to be saturable and displaceable as
summarized in Table 1.

Unpublished studies were supported by NSERC grants to H.RH. (U0037946)and R.E.P. (A6371)
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Table 1. Characteristics and régulation of GnRH binding sites in the pituitary of teleosts

Binding characteristics Goldfish Catfish Flounder Stickleback Seabream

Iodinated ligand usod sGnRH-A^ sGnRH-A2 Buserdin^ sGnRH-A^ mGnRH-A<i

Incuboticn tempcraturc 40c' 40c2a20c3 40c4 40c5 40c6

Equilibration period 30 min ' 120 min ̂ 3 60 min'» 60min3 60 min ̂

Casses of binding sites two one 2 one'» one^ onc^

Binding aflinities Ka ( 10 ̂ M'^) Kai Ka2

sGnRH-A 17.6±1.1 0.02±0.0003' 8.9 0.66±0.123 2.1±0.09'' 0.71 ±0.03 3 7.08

Salmon GnRH (sGnRH) 33±0.9 O.OliO.CXm'-S-^' 0.063 0.30±0.05^ 0.0l3 0.07^

CWckea-n GnRH (cGnRH-II) 9.2±0.1 0.01±0.0028 009^

Chicken-1 GnRH (oGnRH-1) 5.5±0.7 Nb Binding'0 _

Mammalian GnRH (mGnRH) 3.2±0.5 0.02±0.007 9 0.027±Ô.005 _ 0.04^

Binding capadty (fmol/mg piot) 17.6t3.4 9750±87 ' 1678±1502 165'» 1087±1653
_

Recq}tor molecular wdght (Dalton) 51j000and71,000"
- - - -

Bioactivity and régulation Goldfish Catfish Flounder

Cardation between binding YES; only for native 9 N03
affinity and GTH rdease activity GnRH peptides

Seasonal Variatioi YES; higher binding capadty YES; higher binding '3
dunng reproductive period during repnxluctive period

Gonadd feedbnck (andit^ens) YES; Evidence"» YES;-vefeedback'2 YES; Evidence'3
ror+veTeedback byandrogens for-vefeedback

Dopominergic efTect YES; down régulation YES; down regulatit» _

sGnRH-A (2 injccticms 12 h qsart) Upregulation
_ -

sGnRH and oOnRH-D Downreguiation during GnRH 8
(2 h trcatment in vitro ) receptor dcscnatizadon

GnRH antagonist in vitro No efTect on receptor binding 8
-

-

Superscripts indicate references; [1] Habibi et al., (1987); [2] De Leeuw et al (1988a); [3] De Leeuw et al (1988b);
[4] Crim et al (1988a); [5] Andersson et al (1989); [6] ̂har Y. personal communication; [7] Crim et al (1988b);
[8] Habibi (1991a); [9] Habibi et al (1989a); [10] Habibi HR. Peter RE, Nahomiak CS, de L. Milton RC and Millar
RP. unpublished); [11] Habibi et al (1990); [12] Habibi et al (1989b); [13] Crim et al (1987); [14] Trudeau et al
(1991a); [15] De Leeuw et al (1989); [16] De Leeuw et al (1988c); [17] Omeljaniuk et al (1989).

Photoaffinitv labeline of GnRH receptore
GnRH receptors were labeled using an iodinated (1251)

photoreactive GnRH derivative P-Lys6-azidobenzoyl]-
GnRH This derivative was found to bind to both high and
low affinity binding sites with greater afilnity than D-Lys6-
GnRH, but lower than sGnRH-A (Habibi et al.. 19^).
Analysis of the photoaffinity labeled goldfish pituitary
GnRH receptors by SDS-PAGE and autoradiography
indicated the presence of three labeled proteins displaceable
by unlabeled sGnRH-A. The first and the most prominently
labeled band was a 71,(X)0 Mr protein, the second a 51,(X)0
Mr protein, and the third a minor band of 130,000 Mr.
Displacement characteristics of the 71,000 and 130,(XX) Mr
bands were consistent with that of the low affinity binding
sites, whereas the 51,000 Mr band had characteristics
similar to that of the high affinity site (Habibi et al., 1990).
Similar studies have not been carried out in other teleost
species or other nonmammalian vertebrate.

Relationship between GnRH receptor binding and activitv
The relationship between GnRH receptor binding and

biological activity has been studied extensively in the
goldfish pituitary using both native GnRH peptides and

GnRH analogs with modifications in positions 5,6,7,8
and 10 (Peter,1986; Peter et al., ISfeO; Habibi et al.,
1989a). Both sGnRH and cGnRH-II which are native in
the goldfish brain stimulate GTH as well as GH release
(Marchant et al.. 1989). Using varions analogs of
mammalian and salmon GnJ^ with structural modification
at the G terminus involving replacement of glycine amide
with an alkyl aminé (Pro9-NEt), and replacement of the
Gly6 residue with D amino acids, the corrélation between
binding affinity and GTH-release potency was examined in
vitro. The hi^est corrélation between biological activity
and receptor binding affinity was obtained for the high
affinity mnding ates and GnRH analogs containing Tip7
and Leu8 residues (i.e., the salmon GnRH structural
format) (R=0.940 + 0.150). For the same group of salmon
GnRH analogs, there was no significant corrélation
between the relative GTH-release potency and binding
affinity of the low affinity sites (R=0.159 + 0.434), or that
obtained from a one site fit (R=0.198 -i- 0.431), indicating
that high affinity GnRH receptors are involved in the
control of GTH release in the goldfish pituitary (Hattbi et
al., 1989a). Similarly, for mammalian GnRH analogs
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significant corrélation between binding affinitv and
biological activity was only obtained for the high affinity
sites (R=0.406 + 0.049), although the degree of corrélation
was significantly lower than that obtained for salmon
GnRH analogs (Habibi, et al., 1989a). Studies involving
position 6 sutetituted GnRH peptides have not been canied
out in terms of GH release. However, there is expérimental
data on the activity of ail native peptides and GnfÛ^ analogs
with substitutions at positions 5,7 and 8 both in ternis of
GTH and GH release in vitro, as well as receptor binding
projperties in the goldfish pituitary. Ail five vertebrate
Gn^ peptides stimulate both GTH and GH release in a
dose dépendent manner, although their potencies are very
différent. cGnRH-II is more active than sGnRH in
releasing GTH (Peter, et al., 1990; Chang et al., 1990;
Habibi, 1991a), whereas sGnRH has a greater potency than
cGnRH-11 in terms of GH release (Chang et al., 1990;
Habibi HI^ Peter RE, Nahomiak CS, de L Milton RC and
Millar RP, unpublished). Both chicken GnRH-I (cGnRH-1)
and lamprey GnRH (1-GnRH) were significantly less potent
than mônRH, s-GnRH and cGnRH-Il in releasing GTH
and GH. Sutetitution of arginine at position 8 with Tyi8,
His8 or Leu8 results in significant decrease in CjTH
releasing potencies compared to mGnRH, s-GnRH and
cGnl^-II without influencing the GH releasing activity.
There were no corrélations between binding aflinities of the
high or low affinity binding sites and GH or GTH releasing
activities of the GnRH analogs that lack Trp7, Leu8 or
His5, Trp7, Tyr8 residues, indicating that in goldfish the
integrity of native GnRH molecular format may be
necessary for better receptor récognition (Habibi HR, Peter
RE, Nahomiak CS, de L. Milton RC and Millar RP,
unpublished). In général, it is apparent that the presence of
Uyptophan in position 7 of the native GnRH peptides in
goldfish, S-GnRH and cGnRH-II, is essential (or the hich
potency of these peptides in releasing GTH from the
goldfish pituilary. Furtheimore, it is évident that in goldfish
the GH releasing activities of GnRH peptides are much less
affected by position 8 substitutions than are the GTH
feleasing activities. These findings support the hypothesis
that the GnRH reœptors on somatotropes and gonadotiopes
in goldfish are différent and have différent requirements for
optimal ligand binding and activity (Habibi HR, Peter RE
Nahomiak CS, de L. Milton RC and Millar RP, unpublished).

A number of GnRH analogs that are superactive in
goldfish, are also superactive in other teleosts including
coho salmon (Oncorhynchus kisutch) (Van Der Kraak et
al., 1987), African catfish (De Leeuw et al., 1988b),
rainbow trout and landlocked salmon (Crim et al., 1988b).
However, our information on the relationship between
GnRH receptor binding and in vitro biological activity in
other teleosts or nonmammalian vertebrates is very limited.
In catfish, Buserelin and sGnRH-A were found to be inore
active in stimulating GTH release from superfused pituitary
fragments in vitro compared to sGnRH and mGnRH,
whereas sGnRH and sGnRH-A were found to have greater
binding affinities than mGnRH and Buserelin. It was
suggested that the observed différences in potencies may be
due to the résistance of the more potent compounds to
dégradation (De Leeuw et al, 1988a,b). In rainbow trout,
sGnRH-A atKi mGnRH-A have similar activities to sGnRH
and mGnRH in terms of releasing GTH from whole
pituitaries incubated for 2 and 24 hours in vitro; no binding
affinities for GnRH analogs are available for rainbow trout,
but in winter flounder sGnRH-A and mGnRH-A have
greater binding affinities than sGnRH and mGn^ (Crim
et al, 1988a,b). In seabream, sGnRH-A binds with higher
affinity to the pituitary GnRH receptors than other GnRH
peptides including sGnRH, cGnRH-II, mGnRH and

mGnRH-A. However, mGnRH-A has a greater GTH
release activity in vivo, correlating with the résistance of
GnRH peptides to dégradation (Zohar et al., 1989; Y.
Zohar, [xrsonal communication).

GnRH antagonists in teleosts
Our information on GnRH antagonists in teleosts is

limited to a few studies canied out in goldfish. A number of
GnRH peptides that are antagonists in mammals are partial
agonists m goldfish. However, two potent mammalian
Gnl^ antagonist analogs, [D-pGlul, D-Phe2, D-Trp3,6]-
GnRH and [D-Phe2, Proi3, D-Phe^-GnRH were found to
be partial antagonists when tested at concentrations of 10-7
or 10-6 in conjunction with increasing doses of either
sGnRH or cGnRH-II, in vitro (Habibi, 1991a); these
antagonists were found to totally block nanomolar
concentrations of both sGnRH and cGnRH-II. Both
antagonists were without effects when tested alone at
concentrations ranging from 10-10 to 10-6 M. While [D-
pGlul, D-Phe2, D-Ti^,6]-GnRH consistently impaired
both sGnRH- and cGnRH-Il-induced GTH release on an
equal basis, [D-Phe2, Prc3, D-Phe^-GnRH appeared to
have a more pronounced antagonistic action on sGnRH-
induced GTH release than on the cGnRH-II-induced
response (Habibi 1991a). Both [D-Phe2, Prd3, D-Phe6]-
GnRH and [D-pGlul, D-Phe2, D-Trp3,6]-GnRH were
found to bind to GnRH receptors with binding affinities
greater than sGnRH and cGnRH-II (Habibi, 1991a). In
other studies, it was demonstrated that mammalian and
salmon GnRH analogs having [Ac-A-Prol, pFD-Phe2, D-
Trp3.6] modifications can effectively block both sGnRH
and cGnRH-II-induced GTH release from the goldfish
pituilaiy (Murthy and Peter, 1991).

Seasonal variations in GnRH receptors
Teleosts are seasonal spawners, undergoing annual

reproductive cycles in response to environmental eues,
presumably through changes in GTH release activity from
the pituit^. Important endocrine factors that influence
pituitary GTH release in a number of teleost species include
neurohormones such as GnRH and dopamine (Peter et al,
1986; £>e Leeuw et al., 1987), and gonadal steroids which
act through a feedback mecl^sm at the level of the brain
and/or pituitary (Peter 1983; De Leeuw et al., 1987;
Trudeau, 1991). In goldfish, study of GnRH receptor
characteristics at différent stages of gonadal development
over a 2 year period revealed no changes in the affinity of
GnRH receptors; however, a significantiy greater content of
both high and low affinity GnRH binding sites were
observed during the period of maximum gonadal
recrudescence (Habibi et al, 1989b). The seasonal changes
observed in the content of high and low affinity GnRH
binding sites correlated very closely with in vivo
responsiveness to mGnRH-A m terms of sérum GTH
levels, and basai unstimulated sérum GTH concentrations
(Habibi et al., 1989b). In winter flounder, a study carried
out at two st^es of the reproductive cycle, demonstrated a
higher binding level of 1251-Buserelin to the pituitary
fragments obtained from prespawning, compared to
postspawned females (Crim et al, 1967).

Effects of gonadal steroids on GnRH receptors
Gonadal feedback effects on the pituitary GTH content

and plasma GTH levels have been investigat^ in a number
of fish species (for example. Peter 1983; Crim et al, 1981 ;
Dufour et al, 1984; De Leeuw et al, 1987; Kobayashi and
Stacey, 1990; Trudau, 1991; Weil and Marcuzzi, 1990).
However, information on the effects of gonadal hormones
on the pituitary GnRH receptor charactenstics is limited. In
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winter flounder, castration résulta in an increase in the
binding of 1251-Busereiin to the pituitary homogenates
(Crim et al, 1987). In catfish, castration (21 days)
significantly increased GnRH receptor capacity which was
reversed completely after one week of treatment with
androstenedione, but not with 1 IB-hydroxyandrostoiedione
(Habibi et al., 1989b). The changes observed in the
pituitary GnRH receptor content correlated closely with the
circulating GTH levels and responsiveness of catfish to
exogenous treatment of buserelin, in vivo; castration and
U-eatment of castrated catfish with androstenedione or 113-
hydroxyandrostenedione did not effect pituitary GnRH
receptor binding affinity (Habibi et al., 19Êfeb).

Eflect of dopamine on GnRH receptors
Dopamine acts as an endogenous inhibitor of GTH

release in many teleost species (lor review see Peter, et al.
1986). Administration of dopamine in goldfish inhibits
spontaneous as well as GnRH-stimulated GTH release
(Pfeter, et al. 1986). Injection of domperidone (a dopamine
D2 receptor antagonist) resulted in a dose- and time-related
increase in capacity of both the high and low affinity
GnRH-binding sites in goldfish; apomorphine, a dopamine
agonist, completely reversed this effect (DeLeeuw et al.,
1989). These effects on GnRH receptor capacity correlated
very closely with changes in sérum GTH concentrations.
Domperidone was without effect on the pituitary GnRH
binding affinity. TreaUnent of goldfish pituitary fragments
in a perifusion System with apomorphine caused a decrease
in the capacity of both the high and low affinity GnRH-
binding sites without affecting binding affinity; treatment
with domperidone reversed this effect (DeLeeuw et al.,
1989). These findings support the hypothesis that
endogenous dopamine causes a down-regulaUon of the high
and low affinity GnRH-binding sites, which in tum mi^t
be related to the inhibitory action of dopamine on GTH
release in goldfish. Similarly in catfish, it was demonstrated
that pimozide, a dopamine inhibitor, induces a time-
dependent increase in pituit^ GnRH-binding capacity
without effecting GnRH binding affinity (De Leatw, et al.,
1988c). The observed changes in the pituitary GnRH
receptor content coirelated closely with in vivo activity of
Buserelin in catfish (De Leeuw, et al., 1988c).

Homoloeous régulation of GnRH receptors
While multiple injection with Gn^ aconists over a 24

h period results in sensitization of the pituitary to
subséquent GnRH stimulation (Peter 1980) and increased
GnRH receptor content (Omeljaniuk et al., 1989), prolong-
ed treatment causes desensitization and refractoriness of the
gonadotropes to further stimulation by GnRH agonists
(Habibi l^la,b). Continuons treatment (60 min) with
either sGnRH or cGnRH-II at 1,10 and 100 nM results in
desensitization of goldfish pituitary in a biphasic fashion,
characterized by an initial rapid peak of GTH release (phase
1), followed by a lower sustained release of GTH (phase
2); the second phase of GTH release is more pronounced in
the sGnRH-treated than in the cGnRH-lI-treated group
(Habibi 1991 a,b). The observed desensitization of GTH
response was found to be agonist-induced since initial
treatment with a GnRH antagonist (P-pGlul, Phe2, D-
Trp3,6]-GnRH; GnRH-ant) did not reduce sGnRH- or
cGnRH-lI-induced GTH release during the second
treatment period, indicating that receptor occupancy alone is
not the likely mechanism of desensitization. Treatment of
goldfish pituitary fragments with both sGnRH and
cGnRH-lI resulted in significant réduction in the pituitary
GnRH receptor content of the high affinity sites with no
effect on the binding affinities; treatment with GnRH-ant

was without effect on GnRH receptor binding (Habibi
1991a). These findings are consistent with the hypothesis
that GnRH desensitization may be a combination of
receptor down-regulation and postreceptor lesioning,
iesultin& in uncoupling the receptors from efiector signal.

AltKough there is evidence that both sGnRH and
cGnRH-II arc produced in the brain and arc présent in the
pituitary of goldfish (Yu et al., 1988), it is not certain if
both peptides sharc the same target cells. Recent studies in
goldfish démonstrate significant différences between
sGnRH- and cGnRH-II-induced GTH release with respect
to dependence on extracellular Ca2+, puise frequency and
concentration (Habibi 1991a,b; HabiW et al., 1991), as well
as dependence on second messenger components (Chang
and Jobin, 1991). These findings arc not fully compatiWe
with the view that sGnRH and cGnRH-lI interact with the
same receptor population coupled to the same postreceptor
mechanisms in the same pituitary cells. In this context, an
important question remain to be answœd is whether or not
sGnRH and cGnRH-11 interact with différent population of
GnRH receptors coupled to GTH or GH release in the
goldfish pituitaiy.

Ovarian GnRH receptors

There is no published information on the characteristics
of GnRH receptors in the ovary of fish or other nonma-
mmalian vertebrates. However, there is evidence that
GnRH agonists influence ovarian function in goldfish;
administration of sGnRH-A influences both oocyte meiosis
(Habibi et al., 1988) and GTH-induced production of tes-
tosterone (Habibi et al., 1989c). Recently, GnRH binding
sites have been characterized in the ovaty of common c^
(Cyprinus carpio), goldfish and African catfish, using
sGnRH-A as a labeled Ugand. Binding of sGnRH-A to caip
ovarian membrane préparation was found to be time-, tem-
peratiu*e-, and pH-dejindent (Plati D and Habibi HR. un-
published). Optimal binding was achieved after 40 min of
incubation at 4 «C (pH 7.6), with unstable tonding at room
température. Binding of r^oligand was also found to be
saturable, displaceable, réversible and spedfic; ̂ nRH-A
and cGnRH-n werc found to bind to a single claœ of high
affinity GnRH binding sites with greater affinities than
sGnRR At présent there is no data on the characteristics of
GnRH receptors in the carp pituitary that c^ be used for
comparison. In addition, there is now evidence for the
presence Of GnRH receptors and oompounds with GnRH-
like activiw in the ovary of goldfish (Plati D. and Habibi

unpublished) and catfish (Halxtx HR, Ouwens M, Rati
D. and Goos HJTh, unpublished), indicating possible
physidogical rôle of GnRH orcompounds with GnRH-like
activity at the level of ovary in teleosts.

Concipdiftgrematks
Much has been leamed about GnRH receptor characteristics
and régulation in teleosts. GnRH is one of the key factors
controlling reproduction in fishes and vertebrates in
général, and changes in GnRH receptor content appear to
be an important contributing mechanism by which
neurohormones and gonadal factois influence rcpi^uction
in teleosts. A significant recent finding is that of the
stimulation of GH as well as GTH by native GnRH
peptides in goldfish. In this context, it is intersting to note
that GnRH-induced release of GH may also influence
ovarian function as well as growth as demonstrated in
mammals and morc recently in gddfish (Van Der Kraak, et
al., 1990). It is possible that during ovulatory period the
GnRH-induced GH release may synergize GTH action
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resulting in synchronized ovulation observed in many
teleosts.
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Summary

The expérimental data supporting
involvement of the pituitary-interrenal
System in stress-induced disruption of
the liver-gonad axis are summarised.
Some nev data on sex- and maturity-
related changes in the binding
characteristics of the putative salmonid
hepatic estradiol receptor are
presented.

Introduction

The conséquences of mans influence on
the aquatic environment are largely
négative. Industriel and agricultural
practices resuit in ever-deteriorating
water quality, typified by constant or
episodic increase in sediment load,
adverse température change, fluctuations
in pH, and chemical pollution. Such
environmental perturbations can have a
major impact on fish populations,
resulting in a décliné in numbers, or
viability. Better management of this
problem vill arise from a greater
understanding of the mechanisms by vhich
such changes impact on fish populations.
Because of the importance of successful
reproduction,in terms of recruitment, to
maintaining population integrity, sub-
lethal effects due to deleterious

changes in vater quality assume great
importance.

Exposure to many elements of
declining vater quality provoke a
stress- response in fish and it is well
established that prolonged activation of
the stress response can resuit in a
range of damaging conséquences to the
fish, including suppression of grovth
(Pickering, 1990), immunosuppression
(Wiik et al., 1989) and perturbations in
the reproductive system (Pickering et al
1987). We now have evidence, presented
elsevhere in this volume (Campbell et
al., 1991), that repeated exposure ôi
salmonid fish to moderate, acute, stress
during the months preceding spawning
leads to functional deficiency in the
reproductive performance of stressed
fish; a significant delay in ovulation,
a significant réduction in egg size, a
significantly reduced sperm count, and,
furthermore, significantly reduced
survival of progeny betveen
fertilization and swim-up. Survival and
grovth of the alevin are likely to be

dépendent to a large extent on the
energy store provided by the yolk,
therefore the réduction in egg size
observed in stressed female trout may
contribute to the reduced survival of
progeny. Since the size of the egg at
ovulation is dépendent largely on the
amount of yolk precursor, vitellogenin,
sequestered during the exogenous phase
of vitellogenesis (Sumpter et al., 1984)
disruption of this phase of reproductive
development is likely to affect the
viability of fertilised eggs. Ve have
carried out a number of experiments to
détermine the mechanism(s) by vhich
stress may impede the process of
exogenous vitellogenesis.

Resuits

Plasma vitellogenin levels in mature
female rainbov trout subjected to a 2
veek period of confinement vere
significantly lover than control fish
(15.6 ± 1.5 mg/ml c.f. 8.25 ± 1.7 mg/ml,
p<0.01).

Implantation of mature female brovn
trout vith slov-release cortisol-
containing pellets, elevated plasma
cortisol levels to vithin the range
observed during stress 80 ng/ml) and
significantly reduced both plasma
estradiol levels (2 c.f. 7 ng/ml,
p<0.01) and plasma vitellogenin levels
(6 c.f. 24 mg/ml, p<0.01), relative to
sham-implanted controls.

Implantation of immature female
rainbov trout vith cortisol-
containing pellets also elevated plasma
cortisol levels (^-30 ng/ml),
significantly reduced plasma
vitellogenin levels (0.5 p^/ml c.f 5.5
M^/ml, p<0.05) but had no effect on
circulating levels of estradiol.

Implantation of immature female rainbov
trout, in a second experiment, elevated
plasma cortisol levels to ̂ ^16 ng/ml.
Quantification of receptor-like binding
of estradiol in hepatic cytosol of
cortisol-treated fish revealed a
significant décliné in binding capacity
relative to control fish (75 c.f. 116
fmol/mg protein, p<0.001), maintained
for 4 veeks, vhile in nuclear extract of
treated fish, a significant décliné in
binding capacity vas apparent betveen 2
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and 4 veeks after the start o£ the

experiment (64 c.£. 90 fmol/mg protein,
p<0.01). Plasma estradiol- binding
capacity in these fish vas significantly
elevated for betveen 2 and 4 veeks,
compared to sham-implanted control fish
(35 c.f. 26 pmol/ml, p<0.001).

During a more recent sériés of
experiments, in vhich mature maie and
female brovn and rainbov trout vere
subject to a 2 veek confinement stress,
a change in the characteristics of the
hepatic receptor-like binding of
estradiol, indépendant of stress, vas
observed. The affinity of the hepatic
binding protein for estradiol in mature
maie fish vas similar to that already
determined in preliminary
characterisations of binding in immature
fish. Hovever, the affinity of the
binding protein in mature female brovn
and rainbov trout vas much reduced
compared to both mature maie and
immature fish (indicated by a
significantly elevated equilibrium
dissociation constant). These results
are summarised in Table 1. Furthermore,
the fev data ve have on ovulated fish
suggests that folloving ovulation, the
affinity of the binding protein returns
to a value similar to that of mature
maie and immature fish. The change in
affinity is not negated by fractionation
of the cytosol, using ammonium sulphate
précipitation (30% final conc.) to
remove larger proteins and to vash avay
non-precipitable components of the
cytosol (Table 2.).

Discussion

The results summarised above demonstrate
that exposure of mature female rainbov
trout to stressful conditions
significantly reduces the circulating
levels of vitellogenin. It is vell
established that a key component of the
response to stress is activation of the
pituitary-interrenal axis resulting in
the élévation of plasma cortisol levels
(Donaldson, 1981) and, in mammals,
corticosteroids are implicated in
stress-induced gonadal dysfunction (e.g.
Sapolsky, 1985). As noted above,
artificiel élévation of plasma cortisol
levels in mature female rainbov trout,
mimicking the effects of stress, results
in a dépression of plasma estradiol and
vitellogenin levels (Carragher et al.,
1989). Furthermore, in similarly treated
immature female rainbov trout,
vitellogenin levels vere suppressed
although no dépression of estradiol
levels vas apparent. At least tvo
mechanisms may be proposed to account
for these results, either cortisol has a

Table 1. Effect of sex and reproductive
status on spécifie binding of estradiol
to trout liver cytosol.

Species Sex K. (nM) n t-test

Brovn

trout

3.9 ± 0.6 19 1

7.7 ± 0.7 33 J
I  p<0.001

Rainbov M 3.3±0.2 8"|
trout

9.9 ± 1.4 12 J
I  p<0.001

Ovulated F 2.4 ± 0.5 9 p<0.001
b. trout

* compared to pre-ovulatory brovn trout.

Table 2. The effect of fractionation by
ammonium sulphate précipitation on
estradiol binding affinity in female
trout liver cytosol.

Species Cytosol

^d
AS ppt.

"^d
Rainbov trout 7.8 7.2

16.2 14.7

Brovn trout 7.1 8.3

II 11.2 12.4

direct suppressive effect on estradiol
sécrétion and/or the ability of the
liver to detect and transduce the
estrogenic signal promoting
vitellogenesis, is compromised. In
reality, both mechanisms appear to be
opérable; in vitro, the basai sécrétion
of estradiol by trout oocytes is reduced
in a dose-responsive manner by cortisol
(Carragher and Sumpter, 1990), and in
vivo, moderately elevated levels of
cortisol reduce the number of estradiol-
specific high-affinity binding sites in
both nucleus and cytosol of immature
rainbov trout liver. Furthermore, the
binding capacity of the presumptive sex
hormone-binding globulin in the plasma
increases folloving cortisol treatment
(Pottinger and Picîcering, 1990).
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Thus, the available data support the
contention that stress-induced cortisol
élévation may impede vitellogenesis by:

1. direct suppression of estradiol
sécrétion.

2. a réduction in hepatic estradiol
receptor content.

3. a binding-protein-mediated réduction
in the availability of estradiol.

It inight, of course, be argued that fish
exposed to conditions sufficiently
stressful to invoke the effects
described above may, under natural
conditions, fail to spavn because of
more subtle effects of stress on
behaviour, or chemical communication.
Nonetheless, the mechanisms described
here represent, in principle, a route by
vhich egg development may be retarded
and thus the viability of offspring
reduced.

Our most recent data, synthesising the
effects of stress, as opposed to
cortisol administration, on ail the key
elements of the vitellogenic process,
are as yet incomplète. Hovever, ve have
observed a phenomenon previously
unreported in fish - changes in the
affinity of a putative receptor for its
ligand. The data in Table 1. clearly
demonstrate that the affinity of the
hepatic estradiol-binding protein for
estradiol significantly déclinés prior
to spawning. Following ovulation,
hovever, the affinity of the system
increases to resemble that observed in
mature maie fish, or immature fish of
both sexes. Few reports of variability
in ligand-receptor affinity exist vithin
the mammalian literature. In the
genetically obese Zucker rat, the K, of
glucocorticoid receptors in the
pituitary and liver is 50-100^ greater
than the K, of receptors from lean rats
(White and Martin, 1990). The authors
interpreted this to indicate a decreased
sensitivity to glucocorticoids in the
obese rats. It has also been reported
that the transformed rat glucocorticoid
receptor has a markedly lover affinity
for corticosteroids (Nemoto et al.,

1990). Further vork is required to
establish the physiological significance
of modification of binding affinity in
the estradiol receptor system of mature
female trout.
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Abstract :

The ability of salmon growth hormone
(sGH) to bind spécifie testicular receptors and
itspotential aptitude to affect testicular
steroidogenesis was examined in salmonids at
the end of the reproductive cycle. We found
thatGH and 17a-hydroxy, 20Û-
dihydroprogesterone (17a20ÛOHP) both
increased in maie blood plasma durlng
spermiation. In vitro, sGH modulâtes
steroidogenesis : in particular it increases
17a20ûOHP accumulation in the culture
médium of testicular cells isolated from
spermiating trout. Purified sGH is able to
interact with spécifie binding sites in mature
testis membranes.

Introduction :

While the GH relationship with
reproductive physiology in maie vertebrates
bas been suggested by several indirect in vivo
studies, few direct effects of GH on the
testicular tissue have yet been demonstrated.
Injections of bovine GH increase the
expression of testicular IGFl mRNA in
hypophysectomized immature rats (Closset et
al 1990). In fish, Singh et al (1988) have
reported that recombinant salmon GH could
increase androgen sécrétion by gonadal tissue
from hypophysectomized Fundulus heteroclitus
and intact trout.

The action of GH on gonadal
steroidogenesis has been documented in rat
ovary. In Carassius auratus, Van der Kraak et
al (1990) have shown that Carp GH could
directiy affect in vitro ovarlan sécrétion of
testosterone and estradiol by potentiating the
action of GtH.

The démonstration of high GH
circulating levais at the end of the
reproductive cycle in goldfish, a catastomid
and maie trout make it particularly interesting
tostudy potential GH binding to testicular
cells and to investigate the potential rôle of
GH in the steroidogenic changes observed
during spermiation.

Results :

GH and steroid levais during the end of the
reproductive cycle : The changes in GH and
steroid hormone concentrations in maie trout
blood were followed in individuels, before,
during and after their spermiation period and
results are shown In Figure 1.
Plasma levels of 17a20ÛOHP are known to be
low during the early stages of the
gametogenetic cycle ; as shown in figure 1,
they remained low until the end of
spermatogenesis (0.5 ± 0.15 ng/ml - M ± SD -
in February) then rose abruptly during early
spermiation (maximum values : 4 to 25 ng/ml)

^i\)

r

F M A M J J

monthi

FM A U J J fm am j j pm amj j

monthe monihi monthi

Figure 1 : Plasma levels of GH and 17,2Q-OHP in 10 maie trôuts;
.indicate increasing spenn productions.
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and returned to low values after

spermiacion (0.1 ± 0.04 ng/ml). During this
sameperiod of time plasma 11KT
concentrations decreased progressively from
April (56.6 ± 16.3 ng/ml) to July (0.57 ± 0.21
ng/ml) (not shown in Fig. 1). GH levels have
beenshown to be low during gonadal
development and in this experiment they were
still low at the end of spermatogenesis (0.62 ±
0.06 ng/ml). GH levels were greatly increased
during the spermiation period (maximum
values : 5 to 18 ng/ml) ; afterwards
concentrations of this hormone returned to

low values in 7 of 10 fish (one died during the
experiment). GH is known to vary largely
between individuals and during the day and to
be secreted in a pulsatile way. It is therefore
difficult to describe physiological variation of
this hormone precisely. However, individuel
profiles show that, in most cases, GH and
17a20ÛOHP tend to be elevated
simultaneously.
GH acUon In vitro : Crude testicular cells (a
mixture of interstitiel cells, peritubular cells,
Sertoli cells and contaminating spermatozoa)
were prepared from testes before, during, or at
the end of the spermiation period. The cells
were dispersed by perfusion of the testis with
collagenase and pronase, then cultured for 2, 4
or 6 deys in the absence or presence of
purified sGH. Media and hormones were
renewed every 2 days. We found that sGH
increased the accumulation of 17a20ÛOHP in
testicular cell culture médium (Fig. 2). This
effect developed over the culture duration and
was maximum after 6 days ; it was dose
dépendent and occurred even in the presence
of an optimum gonadotropin concentration.
Accumulation of IIKT tended to be reduced
in the presence of sGH ; this effect was
maximum at the beginning of culture.

We compared the relative 17ûf20ûOHP
response to sGH in 5 différent cultures of cells
obtained from one mature -but not running-
fish, 3 fish in spermiation and 1 fish at the end
of spermiation (regressing). We had previously
demonstrated that IIKT responsiveness to
sGtH 2 decreased during the spermiation
period, and this criterion was used to classify
the animais (Fig. 3) and to tentatively define
stages during spermiation. 17a20ÛOHP
response to sGH (days 2 to 4) was low before
spermiation, appeared maximum during full
spermiation, and was not détectable at the end
of spermiation (Fig. 3).
BInding of I-sGH (60 fici/^g) was studied
on membrane préparations obtained from
mature trout testis. We found that GH
specifically bound (SB) to testis membranes
and that SB sites tended to be saturated by
increasing concentrations 0^25 i-sGH. Figure
4-A shows evidence of only one population of
high affinity binding sites (Ka = 1 to 2 10 M
1). However, the concentration of spécifie
binding sites, reported per gram of fresh tissue.

was about 125 fold less in testicular tissue than

in the liver. Figure 4-B shows that unlabelled
sGH and bovine GH were able to compete
with^^Sj.sGH for interaction with the spécifie
binding sites, while salmon gonadotropin (s-
GtH ̂  had no effect.

ng/ml 17,20-OHP
0.2

0.05.1 .4 0.05.1 .4 0.05.1 .4

sGH (Mg/ml)

Figure 2;
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Discussion :

In vivo endocrine profiles show that
GH and 17o20ûOHP both increase during
spermiation. Increase of GH bas been
attributed to a diminution or arrest of food
intake around spawning. In a previous study
we had found that increased 17a2000HP
production during spermiation could not be
expiained by an increased receptivity to GtH
or by the circuiating leveis of the
gonadotropin. On the other hand, in this study
purifiedsGH is abie to increase apparent
17o20ÛOHP production by trout testicuiar
ceiis. Furthermore, this effect seems to dépend
on the précisé stage of the gonad and to be
maximum during spermiation. We do not yet
know the mechanism by which GH acts. Its
effect might resuit from the accélération of a
differentiation process occuring in culture, or
from a spécifie action (direct or Indirect) on
steroid-metaboiising ceiis. Aiso we cannot

exciude the possibiiity that the variation of
relative GH response is due to spécifie
multiplication of one (or severai) particuiar
ceii types. Finaily, we have shown that saimon
GH is abie to interact with spécifie binding
sites in testicuiar tissue. These sites are
saturabie, and présent a high affinity and a iow
capacity for saimon GH and are différent from
maturationai gonadotropin receptors. This is
the first time that GH binding to putative
testicuiar GH receptors is described. It is in
accordance with the recent détection of iow
leveis of GH receptor/binding protein mRNA
(Mathews et ai, 1989) and of GH
receptor/binding-protein immunological
activity (Loble et ai. 1990) in the rat testis. The
doses of uniabeiied sGH effective in
competion binding studies (4 to 250 ng/mi)
are compatible with the lower GH
concentration tested in culture (50 ng/mi) or
with the high GH circuiating leveis in maie
trout during spermiation. These data support
the bioiogicai reievance of testicuiar GH
receptors.
Taken together, these data show that GH
couid act on testicuiar tissue (at ieast at
certain stages of spermatogenesis). Our in vivo
observations and in vitro resuits suggest that
GH is physioiogicaiiy associated with
17a20BOHP production during spermiation
aithough démonstrative in vivo expérimentai
data are as yet unavaiiabie.
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Summarv

The incubaticn of ovarian foUicles with 17a,20B-DHP
resulted in germinal vesicle brcakdown (GVBD) except
when intact oocytes were photoaffinity labelled with
R5020 or when the oocytes were subjected to 340 nm
light. The zona radiata membranes from oocytes
photoaffinity labelled with [^H]R5020 had more than
half of the radioactivity associated with the follicles.
Subséquent gel peimeation chromatography indicated
a major peak in the 240,000 M, in keeping with
previous studies. These results support the hypothesis
that the maturation inducing action of 17a,20B-DHP in
reinitiating meiosis is through the binding to the plasma
membrane of the oocyte.

Introduction

A putative membrane receptor bas been reported in
salmonid oocytes for the maturation inducing steroid
17a,20B-dihydroxy-4-pregnen-3-one ( 17a,20B-DHP)
but no 17a,20B-DHP nuclear receptors were found
(Maneckjee et al. 1989, 1991a). To further test the
hypothesis that the action of 17a,20B-DHP is at the
membrane, intact rainbow trout oocytes were
photoaffinity labelled with 17,21-dimethyl-19-nor-
pregn-4,9-diene-3,20-dione (R5020), incubated with
17a,20B-DHP and examined for germinal vesicle
breakdown (GVBD).

Materials and Methods

Oocytes were obtained from four 2+ yr old rainbow
trout, Oncorhvnchus mvkiss raised at the Ennis
National Hatchery, Ennis Montana. The fish were
from three strains; one Kamloops, two McConaughy
and one Erwin. The oocytes were separated from the
ovary and partially freed from their follicles with fine
watchmaker forceps and iridectomy scissors before
photoaffmity labeUing (PAL) and steroid treatment.
Groups of ̂  oocytes were placed in pétri dishes with
TBSS buffer (Maneckjee et al. 1991b) with or without
R5020 and photoaffinity labelled (PAJLed) for 60 min.

Oocytes were preincubated with R5020 for 60 min
before PAL; those not subject to PAL were kept in the
dark on ice. Incubations were run in triplicate with 20
oocytes per glass scintillation vial or 30 ml beaker.
The concentration of the R5020 was 100 ng/ml and
17a,20B-DHP was 50 ng/ml with 5 ml per vial.
Incubations were run at 10°C in Dubnoff shaker baths
with a gentle stieam of oxygen and were terminated
after 72 h of incubation. pH]R5020 was preincubated
with McConaughy oocytes and PALed in order to
détermine the subcellular location of the covalently
bound steroid. The subcellular layers were obtained
by differential and isopycnic ultracentrifugation at
151,000 X g for 60 min. (see Fig. 1 Maneckjee et al.
1991a). The membrane fraction was subsequently
extracted and purified on Sephacryl S-3()0 gel
permeation column chromatography.

Results

The McConaughy and Erwin strain oocytes were in
stage 4 with the germinal vesicle peripheral at the
beginning of the incubations and the Kamloops strain
oocytes were in stage 1 with the germinal vesicle
central. The addition of 17(X,20B-DHP resulted in ail
oocytes undergoing GVBD (Table 1). The addition of
R5020 whether followed by PAL or not, did not resuit
in GVBD. The failure of R5020 PAL^ oocytes to
respond to 17a,20B-DHP cannot solely be due to the
presumed covalent link of R5020 to the putative
receptor in that PALed oocytes (no R5020) failed to
respond to 17a,20B-DHP. A similar effect of PAL
alone has been observed in our lab with oocytes other
than those studied here (unpublished).

When the oocytes were incubated with [^H]R5020 and
subsequently PALed, differential and isopycnic
ultracentrifugation (Maneckjee al. 1991a) indicated
that more than 50% of the radioactivity recovered in
the oil, aqueous, nuclear and membrane layers was
associated with the zona radiata membrane layer.
After Sephacryl S-3(X) column chromatography, the
major radioactive peak was at 240,000 M^
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Table 1. Maturation of Rainbow Trout Oocytes

Treatment GVBD

Untreated

17a,20fi-DHP added

R5020 added

R5020 added & PALed*

0

100

0

0

R5020 added & PALed & 17a.20û-DHP added 0

R5020 & 17a,20fi-DHP added 100

PALed & 17a.20û-DHP added^ 0

PALed onlyA 0

♦ photoaffinity labelled
A one Hsh from the Erwin strain was used

Discussion

The results presented support the hypothesis that
17a^0û-DHP acts on the maturing oocyte by binding

to a membrane bound receptor (presumably the plasma
membrane). Photoaffinity labelling of oocytes was
successful as the major peak of radioactivity was
found to be at 240,000 which agréés with our
previous work (Maneckjee^ al. 1991a). Theprocess
of photoaffinity labelling the oocytes appears to have
inhibited the ability of the 17a,20û-DHP to bring
about GVBD perhaps by altering the binding site for
the steroid. The R5020 which covalently binds to the
putative receptor also prevents 17a,20B-DHP binding
to the receptor. Further investigation of the effect of
340 nm light on the receptor may provide a better
understanding of the binding of 17a,20Û-DHP.
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Summary

The dynamics of the ovarian membrane
receptor for 20y9-S was investigated during final
oocyte maturation (FOM) in spotted seatrout.
20^-S is the natural maturation-inducing steroid
(MIS) in this species. Receptor concentrations
were signifîcantly elevated in seatrout
undergoing FOM in their natural environment.
In vitro treatment of ovarian follicles with hCG

also caused an increase in receptor
concentrations. Moreover, this gonadotropin-
induced élévation in receptor concentration was
accompanied by the appearance of maturational
compétence (ability to undergo FOM in the
presence of exogenous 20/9-8) in the follicle-
enclosed oocytes. However, treatment with 20^-
S  failed to induce either maturational

compétence or receptor activity. Maximum
increases in receptor concentrations and the
development of oocyte maturational compétence
had occurred after 3 hr of in vitro hCG

treatment and were not associated with

significant 20^-S production. These results
suggest that a gonadotropin-induced increase in
MIS receptor concentrations in seatrout ovaries
is essential for the development of oocyte
maturational compétence in this species and is
not mediated by increases in the production of
the MIS.

InfrQdMÇtipn

It has been generally accepted that the
induction of final oocyte maturation (FOM) by
gonadotropin in fish and amphibian ovarian
follicles is mediated by maturation-inducing
steroids (MIS) produced by follicle cells
(Nagahama, 1987). The steroid 17a,20/9-
dihydroxy-4-pregnen-3-one was previously
thought to be the MIS in most if not ail teleosts
(Scott and Canario, 1987). However, extensive
studies in this laboratory provided convincing
evidence that a différent steroid, 17a,20)9,21-
trihydroxy-4-pregnen-3-one (20^-S), is the major
MIS in two sciaenid fishes, the Atlantic croaker
(Micropogonias undulatus) and the spotted
seatrout {Cynoscion nebulosus) (Thomas et al.,
1987; Trant and Thomas, 1989a,b; Thomas and
Trant, 1989; Patino and Thomas, 1990a,b,c). This
steroid has since been detected in the blood of
other perciform fishes (Thomas, 1988).

Recent studies with Atlantic croaker and several
other teleost species showed that MIS-induced
FOM can only occur in these species if fùll-grown
intrafollicular oocytes are previously primed with
gonadotropin (Patino and Thomas, 1990a; Zhu
et al., 1989). Subsequently, we demonstrated two
distinct stages of gonadotropic control of FOM
in Atlantic croaker, a steroid-independent
priming phase during which the oocytes develop
the ability to respond to MIS (maturational
compétence), followed by a 20^-S-mediated
germinal vesicle breakdown phase (Patino and
Thomas, 1990b). In addition, our results
suggested that the development of maturational
compétence was dépendent on new RNA and
protein synthesis. However, the identity of the
protein(s) produced during the priming phase was
not determined.

Recently, we described a spécifie plasma
membrane receptor for 20)3-5 in the ovaries of
spotted seatrout (Patino and Thomas, 1990c).
This 20)3-8 binding was associated with
membranes and not with soluble components of
the ovaries. The receptor had high affînity (K^j,
10' M) and specificity for 20^-S; 17o,20)3-
dihydroxy-4-pregnen-3-one was fifty times less
effective than 20^-S in competing for the binding
site. Our study also showed that ovarian 20^-S
receptor concentrations increase in seatrout
during artificial induction of FOM with LHRHa
injections, thus suggesting that one of the actions
of gonadotropin during ovarian maturation is to
induce the synthesis of the MIS receptor.
The physiology of the 20^-S receptor was

further explored in the présent study. Ovarian
receptor dynamics were determined in wild
seatrout caught from their natural environment
at various times during their spawning cycle.
Possible régulation of receptor concentration by
gonadotropin and 20^-S was also investigated m
vitro. Finally, the relationship between the
increase in MIS receptor concentration and the
development of maturational compétence was
examined using an ovarian incubation System.

Methods

Field studies. Adult female spotted seatrout
(wt, 800-1600 g) were collected by gill net in the
vicinity of their spawning grounds in South Texas
during the reproductive season. The ovaries
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were removed within 15 min of capture and
placed in chilled Dulbecco's modified Eagle's
Médium (DEM, pH 7.4) until processed for in
vitro studies or receptor measurements.
In vitro studies, Ovarian tissues containing

large follicle-enclosed oocytes not undergoing
FOM were carefully separated into smali
fragments, pooled, and 5 g of material was
placed in each incubation flask containing 50 mL
of incubation médium (DEM). Tissues were
incubated in a shaking water bath under
atmosphère of oxygen for up to 24 hr in the
presence of hCG (10 lU/mL) or 20^-S (290
nM). At the end of the incubation tissues were
removed for 20^-S receptor measurements
(Patino and Thomas 1990c), and for assessment
of maturational compétence using an in vitro
germinal vesicle breakdown bioassay (Trant and
Thomas, 1988; modified by Patino and Thomas,
1990a). In addition, gonadotropin-induced
accumulation of 20)5-S in the médium was
determined by radioimmunoassay (Trant and
Thomas, 1989).

One-point membrane receptor assay, Receptor
concentrations were determined using a one-
point assay. This assay gives similar values to
those obtained by Scatchard analysis and bas
been described and validated for spotted
seatrout ovaries (Patifto and Thomas, 1990c).

Results and Discussion

Receptor changes during FOM, lOfi-S receptor
concentrations were significantly elevated in
ovarian plasma membranes of spotted seatrout
undergoing FOM relative to the concentrations
seen in ovaries of vitellogenic females (P<0.05;
Table 1). The three-fold increase in receptor
concentration in fish collected during their
natural spawning cycle is similar to that
previously observed in seatrout undergoing FOM
following LHRHa injections under controlled
laboratory conditions (Patino and Thomas,
1990c). This natural increase in receptor
concentration during FOM seems to be a rapid
process because the entire process of FOM takes
less than 24 hr in spotted seatrout (Brown-
Petersen et al,, 1988). The receptor content of
the ovaries at the beginning of ovulation had
decreased (Table 1), reflecting perhaps our
previous fînding that ovulated oocytes (eggs)
contain negligible concentrations of receptor
(Patino and Thomas, 1990c). These observations
with field-caught seatrout suggest that changes
in the concentration of MIS receptor in the
ovaries are of physiological importance during
natural FOM.

Effects of hormonal treatments in vitro,
Treatment of ovarian follicles with hCG for 12
hr in vitro caused a two-fold increase in 20)9-S

receptor concentration and, concomitantly, full-
grown oocytes acquired the ability to mature in
response to 20^-S (Table 2). However, no
changes in 20^-S production were detected.

Table 1. 20^-S receptor concentrations (mean
± SEM) in ovaries of spotted seatrout collected
at différent stages of oocyte maturation.

Stage of
maturation

Vitellogenic
Hydration
Délation

samplg size

4

3

3

Receptor conc.
mole per g
ovarv X 10 "

7.4 ± 2.2

22.2 ± 6.1

11.0 ± 2.3

In contrast, 20/9-S treatment did not induce an
increase in receptor concentration or the
development of ooqne maturational compétence.
Exposure to hCG for an additional 12 hr caused

20)9-S production, FOM, and a décliné in
receptor concentration (Table 2) which paralleled
the changes observed around ovulation in vivo
(Table 1). Exposure to 20)9-S for a further 12 hr
did not induce maturational compétence or FOM
and resulted in a further decrease in 20^-S
receptor density. It is concluded from these
observations that the increase in 20^-S receptor
density during early FOM is regulated by
increases in circulating levels of maturationsd
gonadotropin and not of MIS. On the contraiy,
MIS receptor concentrations seem to be
decreasing at a time when circulating levels of
MIS are maximum (Thomas et al,, 1987).
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Figure 1. Time-course of ovarian 20^-S receptor
induction and the development of maturational
compétence (priming) in vitro in response to
hCG (n=3). 'beyond priming stage at sampling.

Receptor concentrations were maximum after
3 hr i>i vitro treatment with hCG, coincident with
the development of oocyte maturational
compétence (Fig. 1) and prior to signifîcant
increases in 20^-S production (results not shown).
As observed previously, receptor concentrations
declined during long term incubations (>12 hr).
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Table 2. Effects of in vitro treatment with gonadolropin (hCG) or MIS (20;9-S) on ovarian 20^-S receptor
concentration (numbers represent mean of duplicated observations; n.m., not measured).

Receptor conc.
In vitro Duration of mole per g 20;9-S Maturational

trçatmçnt incubation Ov^ry 10" production compétence

Control 12 hr 7.0 no no

hCG 12 hr 15.0 no yes
hCG 24 hr 5.4 yes yes

20fi'S 12 hr 3.8 n.m. no

200-S 24 hr 2.0 n.m. no
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Summarv

There was a marked seasonal varaition in the
capacity of high affinity/Iow capacity GnRH
bidning sites, with a peak in the breeding
season. In winter, the binding capacity was
higher after exposure to high température than
to low température. Photoperiod, on the other
hand, did not influence binding.

Introduction

In teleosts the release of gonadotropic
hormones (GTH) is stimulated by
gonadotropin-releasing hormone (GnRH).
The aim of the présent investigation was to

study the rôle of changes in Gnl&I-receptor
binding in the control of the yearly
reproductive cycle in the stickleback. To that
end the capacity of GnRH binding sites was
measured in pituitaries of sticklebacks
sampled in différent seasons and exposed to
différent combinations of photoperiods and
températures.

Material and Methods

For the seasonal cycle, sticklebacks were
sampled from the field. For the late breeding
and postbreeding period, when sticklebacks
are difficult to obtain in the field, samples
were taken from fîsh kept under semi-natural
conditions in captivity.
In the photoperiod/temperature experiment

sticklebacks were caught in winter and kept
for a month under a température of 4 or 20° C,
and a photoperiod of Light:Dark 16:8 or 8:16.
The binding assay was performed as

previously described in détail (De Leeuw et al..
1988; Andersson et al.. 1989). Displacement
curves were obtained by incubating pituitary
homogenates (for each sample 24
pituitaries were usecO with a constant level of
i25i_iabelled D-Arg^-Pro^-salmonGnRH-Net
(sGnRHa) as labelled ligand in the presence of
increasing concentrations of unlabelled
sGnRHa.

Results and Discussion

Maies and females displayed similar pattems
in GnRH binding. There is a marked seasonal
variation in the capacity of high affînityAow
capacity GnRH binding sites, with the highest
content in the breeding season. In winter-early

I
^ 1000

Maies]
LD 16:8

20 «c

LD8:16

20 «c

4"C

spring the binding was very low or non-
detectable.
Long photoperiod in combination with high

température stimulated sexual maturation,
whereas the other régimes did not. This is in
agreement with Borg et al. (1987), who also
observed that only long photoperiod in
combination stimulated Ûie GTH cells. The
capacity of GnRH binding sites was higher at
20° than at 4° C, where high affînity binding
was non-detectable. The photoperiod, on the
other hand, did not influence binding levels.
Low température inhibited GnRH-binding,
which may explain the low natural capacity in
winter-early spring. However, this effect can
not explain the decrease in binding at the end
of the breeding season, when températures are
high. The inhibitory effect of low température
on breeding may be due to a low pituitary
responsiveness to GnRH, whereas this is not
likely to be part of the suppressive effect of
short photo^riod.
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SUMMARY

Iti dw^ff ftînJi vsriiaitipns pf i^slp^t^ron© (T)
blood levels and T cytosolic spécifie binding (SB-T)
in brain and testis during the quiescent phase after
ihe first reproductive cycle could be décisive factors
for the détermination of the following life cycle
pattem.

Introduction

Sufficient body size and low T blood content in
spring are necessary for the transformation of
previously matured dwarf maies into smolts (Murza
et al., 1982; Murza, Christoforov, 1983;

Christoforov, Murza, 1988). However, in fact, not
ail the maies meeting these requirements undergo
smoltification. To understand the reason for this

phenomenon, the changes of T blood levels (ng/ml)
were measured by RIA, while SB-T (fmol/mg
protein) in brain and testis was determined by
radioligand method for untreated and T-treaied (in
January) dwarf maies during their first reproductive
cycle at the Nevsky haichery.

Results

With increases of T blood content from the start to

the end of the first reproductive cycle of dwarf
maies, SB-T in brain increased from 39.0±10.0 to

110.0±13.2, while SB-T in testis decreased from

34.6±2.8 to 1.6±0.2. The quiescent phase is
characterised by relatively low SB-T in both tissues.
So, a desensit^'sation of brain and testis to T
presumably could prevent second maturation in
some (smolting) specimens.

Two types of dwarf maies were distinguished; type
1 - with early (November-December) and type 2 -
with late (April-May) natural decrease of T blood
levels. Only type 1 maies became smolts in spring
and missed the next reproductive cycle. When
these two types were imitated in experiments by
using untreated maies as type 1 and T-treated maies
as type 2, high T blood content shortly after the
treatment (6 and 71 days) coincided with very low
SB-T in brain and testis. After 71 days SB-T in
brain was 2.3±0.1 in comparison with 44.8±0.2 in

ufltrcaicd maies; SB-T in testis was 0.5±0.1 in
comparison with 1.1 ±0.1 in untreated maies. In
spring the decrease ofT blood levels in both groups
was followed by a significantly greater increase of
SB-T in tissues of T-treated maies compared to
levels the controls. After 121 days SB-T in brain
was 69.2±7.5 in comparison with 37.9±5.5 in
untreated maies; SB-T in testis was 7.4±1.3 in
comparison with 5.710.3 in untreated maies.
Simultaneously, the higher SBT in tissues of T-
treated maies corresponded to more active pituitary
GTH cells, and to an earlier endogenous T blood
content increase. More effective repeated wave of
spermatogenesis and parr body color préservation
were also observed. Thus, certain stimulatory
actions of high T blood levels on the reproductive
System of the dwarf maies were observed.
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ASPECTS OF SEX-STEROID BINDING PROTEIN (SEP) REGULATION IN RAINBOW TROUT
{Oncorhynchus mykiss)

J.L. FOUCHER, P.D. NIU, B. MOURÛT and F. LE GAG

Physiologie des Poissons - INRA - 35042 RENNES CEDEX - FRANCE

Abstract :

The respective rôles of sex steroids and
hormones involved in growth and
metabolism, (GH, T3, Cortisol, IGFl, insulin),
on SBP régulation have been studied in
vivo and/or in vitro on trout hepatocytes.

Introduction :

SBP is a blood plasma glycoprotein that
plays a rôle in androgen and estrogen
transportation and protection, in steroid
sélective delivery to target tissues and
steroid cellular mechanism of action. SBP

concentration is believed to be regulated by
the "androgen/estrogen balance". However,
a large body of clinical observations
support the idea that hormones bound to
the metabolic status could be involved in
SBP levels régulation (review by von
Shoultz and Carlstrôm 1989).

Results :

In vivo, oestradiol (E2) supplementation
induces a slow but significant increase of
plasma SBP concentration. Testosterone or
cortisol injections have no effect.
In vitro, the steroid binding protein that
accumulâtes in incubation médium of hepatic
cell primary cultures bas been
characterized and found to be similar to
blood SBP. Its production is increased by
addition of E2 (maximum : + 300 %). This
effect develops slowly over several days of
culture and is dose dépendant (fig. 1) ; as
little as 1 to 10 nM E2 is effective.

Recombinant rainbow trout GH (rtGH) - 0.01
to 1 jig/ml - also increases SBP
accumulation as compared to control cells
(fig. 2) and seems to maintain SBP
production over culture duration. In
preliminary experiments, IGF and SBP
accumulations were found to evolve

inversely after a 4 days stimulation with
increasing concentrations of GH. Human
recombinant IGFl (250 ng/ml) had a non
significant inhibitory effect, and a
micromolar concentration of bovine insulin
was clearly inhibitory (table 1).
Other hormones tested in vitro : T3 (10 to
lOOOnM), T4 (lOOnM), 17a,2013DHP (10 to
2000nM), and testosterone (1 to lOOOnM) did
not influence SBP concentration in hepatic
culture média (table 1).

Discussion :

We show that in trout, liver cells are the
site of SBP production. To our knowledge
this is the first time that SBP régulation
has been studied in hepatocyte primary
culture. E2 potential trophic effect is
considerably higher than responses
previously obtained on hepatoma cell lines.
Absence of an effect of testosterone is

contradictory to the négative influence on
SBP generally attributed to androgens in
descriptive physiological or clinical
studies.However, in recent works, the effect
of androgens on SBP mRNA expression in
hepatoma cells was either absent or very
limited. We demonstrate that physiological
concentrations of GH are directly active on
SBP production ; GH seems to maintain basai
liver cell sécrétion and IGFl involvement in

SBP régulation is suggested.

Shoultz B von and Carlstrôm K. J. Steroid
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Oestradiol 100 nM 250-400 p<0.001

Testosterone 1000 nM a 98 ns

17a,205 OHP 2000 nM a 100 ns

Cortisol 1000 nM a 100 ns

QH 100 nM 150-220
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IGFl 250 ng/mL a 75 ♦ ns

Insulin 2000 ng/mt^ 55 * p<0.01
T3 100 nM 100 ns

T4 100 nM 100 ns
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concentration taatad la Indicatad.
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Isolation of a membrane bound protein with an affinity for vitellogenin from
rainbow iront (Oncorhynchus mykiss ) follicles.

P.M. Lancaster and C.R. Tyler.

Dept. of Biology and Biochemistry, Brunei University, Uxbridge, Middlesex. UB8 3PH. U.K.

Abstract.

The isolation of a protein with an affinity for
vitellogenin (VTG) from vitellogenic follicles of the
rainbow trout {Oncorhynchus mykiss ) is reported.
The protein has a molecular mass of approximately 300
000 Daltons and selectively binds both VTG and yolk
protein(s).

Introduction.
In the rainbow trout, the majority of oocyte growth

occurs during vitellogenesis, and results predominantly
from the séquestration of an hepatically derived
glycolipophosphoprotein, vitellogenin. Once
sequestered by oocytes, VTG is speciflcally cleaved
into yolk proteins, which inciude lipovitellin and
phosvitin. Uptake of VTG into the oocyte is sélective
and is thought to occur by receptor mediated
endocytosis, involving spécifie cell surface receptors.
This work reports the isolation of a protein with an
affinity for VTG from vitellogenic follicles of rainbow
trout.

Materials and Methods.

Membrane material from vitellogenic follicles (free of
yolk proteins) was homogenized and filtered through
150p.m gauze. The supernatant was then spun at 100
000g and the membrane proteins in the resulting pellet
(designated the crude extract) solubilized using
n-octyl-B-D- glucopyranosidase. Any undissolved
material was then removed by centrifugation at 100
000g. The resulting clear supernatant was referred to
as the n-octyl-B-D- glucopyranosidase extract.
Membrane proteins were separated using SDS-PAGE
under non-reducing conditions and either
silver-stained or blotted onto nitrocellulose and probed
with '-^l.VTG. Antibodies raised against VTG were
used as a control in ligand blots to assess the binding
of '-^I.VTG. Compétitive binding studies were
performed on blots of n-octyl-B-D-glucopyranosidase
extracts using cold VTG and yolk protein exuacts.
The presence of a protein with an affinity for VTG
was also investigated in membranes isolated from
ovulated eggs. Membrane préparations from liver were
used as controls throughout.

Results and Discussion.
Figures 1 and 2 show that trout follicle membranes
contain a protein with an affinity for VTG which has a
moleculai' mass of approximately 300 000 Daltons.
Ligand blotting with '^^I.VTG showed that the
putative receptor for VTG was tissue spécifie, being
présent in the membranes of vitellogenic follicles but
not those of the liver. Ligand blotting with either VTG
or yolk proteins in the incubation médium eliminated
binding of the probe to the protein, confirming its
specificity for VTG and proteins derived from it. The

protein with an affinity for VTG was not detected in
ovulated eggs, suggesting that it's expression ceases
at ovulation.

VTG 'receptors' are likely to play a key rôle in
oocyte growth during vitellogenesis and our next steps
are to look at their expression and their developmental
and hormonal régulation.

340k _ — il H ■

97k —

66k -
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Figure 1. Silver staining of proteins separated by
SDS-PAGE. Lane 1 - molecular weight markers,
Lane 2 - polyclonal antibodies to VTG. Lanes 3 -6,
membrane extracts from: liver; ovulated eggs;
vitellogenic follicles (crude prep.); and vitellogenic
follicles (n-octyl-B-D-glucopyranosidase prep.),
respectively. Lanes 3-6 were loaded with between
lOpg and 20|ig of protein.

340k-

Figure 2. Autoradiographs of ligand blots. Lane 1-
polyclonal antibodies to VTG. Lanes 3-5, membrane
extracts from: liver; ovulated eggs; vitellogenic
follicles (crude prep.); and vitellogenic follicles
(n-octyl-B-D-glucopyranosidase prep.), respectively.
Lanes 6 , 7 and 8 - compétitive binding studies: blots
of membrane proteins from vitellogenic follicles were
incubated with 200 |ig/ml cold VTG, 50pg/ml yolk
protein extract and control buffer, respectively.
Autoradiographs were exposed for 96h.

This work was supported by an AFRC grant to C.R.T.



PLASMA SEX STEROID BINDING ACTIVITY IN THE AFRICAN CATFISH. CLARIAS GARIEPINUS,

F.E.M. Rebers, R.W. Schuiz and H.J.Th. Goos

Research Group for Comparative Endocrinology, University of Utrecht, 3584 CH Utrecht, The Neiherlands

Snmmaiy

Blood sérum of maie African catfish contains a sex

steroid binding component showing a capacity (326
+ 65 nM) and affinity (Kd = 1.2 + 0.2 nM) for tes-
tosterone. Castration resulted in a transient decrease

of the binding capacity, while no changes were ob-
served with testicular development.

Inrrndncîinn

The blood plasma of most vertebrates contains a
sex steroid binding protein (SB?) with a high bind
ing affinity for testosterone and 17B-estradioI. The
fonctions of SB? are discussed to be transport of
steroids, protection against catabolism and the con-
trol of the free and protein-bound steroid fractions in
the circuladon. Furthermore, SB? may participate in
the mediadon of the steroid hormone acdon.

As a first step to study a presumed catfish SBP, we
investigated the steroid binding characterisdcs of
blood sérum. To this end, a binding assay was devel-
oped on the basis of the dextrane-coated charcoal

(DCC) technique. Binding capacity and affinity was
determined by Scatchard analysis of saturation as-
says under equilibrium condidons. Binding affinity
was also calculated from the associadon- and dis

sociation-rate constants. In displacement assays, the
reladve potencies of différent radioinert steroids to
compeie with tridated testosterone were assessed by
determining the molar excess at which 50% of the
radioactivity was displaced (EDso).

ResillK and Difîriigginn

Fig. 1 shows a representadve saturadon curve and
its Scatchard analysis, revealing a single type of bind
ing site. Détermination of Ko-values after castration
or at différent stages of tesdcular development
(Table 1) showed that the affinity was remarkably
constant while binding capacity showed some varia
tion. A KD-value of 1.7 nM was calculated from the

association- and dissociadon-rate constants.

E 006

a 004

IJ 2.0 2J

Free (pmol)

Fig. 1. Saturadon curve and Scatchard plot (inset)
of 1/800 diluted sérum finom a mature maie incubated

with ̂ -testosterone. Kd = 1.54 nM, Binax= 362 nM.

Table 1. Capacity and affinity of ̂ -testosterone
binding to senim of maie catfish;

Group ®max "M KpnM

Controls 294.6 149.6 1.210.1

2 day Castrâtes 178.1115.3 0.910.3
9 day Castrâtes 244.1128.3 1.010.1

GSI% = 0.21 ±0.09 269.8154.8 1.210.4

GSI% = 1.3010.31 326.0 1 65.0 1.210.2

The EDsQ-value for testosterone was 2 and was the

lowest amongst 13 steroids tested. Androstenedione
was the second best ligand with an EDsQ-value of 11.
Quandtadvely and qualitadvely important steroids in
teleosts showed considerably lower reladve af-
finides: EDso-values for 17B-estradiol, 17a(0H),

20B-dihydroprogesterone, and 11-ketotestosterone
were 20,26, and 42, respecdvely.
The binding capacity is équivalent to ca. 94 ng tes-

tosterone/ml sérum, exceeding the sum of tes
tosterone and androstenedion concentradons in ma

ture maie catfish (16 and 12 ng/ml, respecdvely).
The physiological functions of the SBP-like protein
in catfish will be the subject of future studies.
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SEASONAL ENDOCRINE CYCLES IN MARINE TELEOSTS

N.W. Pankhurst and J.F. Carragher

Leigh Marine Laboratory, University of Auckland, Auckland, New 2^aland.

Summary

Almost ail seasonal studies of the reproductive
endocrinology of fishes deal with changes in levels of
gonadal steroids. Steroid levels generally increase in
concert with reproductive development, and absolute
levels tend to be low. Short terra cycles associated
with repeat spawning are often overlaid on annual
patterns; however, many studies have sarapling
protocols that are too coarse to detect such changes.
Reproductive behaviour, stress, and sex inversion are
additional factors that aîffect plasma hormone levels,
but in only a few studies is considération given to
these issues.

Introduction

Cyclical changes in levels of reproductive hormones
in association with reproductive cycles have been
described for a variety of fresh water teleosts (eg
Dodd & Sumpter, 1984; Hontela & Stacey, 1990).
There are fewer data on marine species, despite their
reproductive diversity, and global importance in food
production. This review examines the pattems of
seasonal change that are évident firom the data
available. Brackish water species have been included
in the scope of this review. The lack of validated
RIAs for gonadotropin (GtH) in most marine species,
means that studies to date deal almost exclusively
with description of changes in levels of gonadal
steroids in association with reproductive cycles.
There are recent reports of development of
homologous RIAs for GtH in the gilthead bream
Sparus aurata (Zohar et al., 1990) and the Atlantic
croaker Micropogonias undulatus (Copeland &
Thomas, 1989). However, data on seasonal changes
in GtH these species are not yet available.
Steroids chosen for measurement are generally those
shown to be involved with reproductive function in
fresh water species; ie estrogens and testosterone (T)
in gametogenesis, ll-ketotestosterone (IIKT) in the
development of secondary sexual characteristics, and
17a,20P-dihydroxy-4-pregnen-3-one (17,20pP) in
final oocyte maturation and spermiation (see reviews
by Postier et al., 1987; Scott & Canario, 1987;
Wallace et al., 1987).

Hormone Levels

Plasma levels of gonadal steroids in both sexes range
from less than Ing/ml to over lOOng/ml; however,
levels are typically towards the low end of this range.
Peak values for plasma androgens are low (<lng/ml)
in the black porgy Acanthopagrus schlegeli (Chang &
Yueh, 1990), râ bream Pagrus major (Ouchi et al.,
1988a,b; Matsuyama et al., 1988), snapper Pagrus
auratus (our unpub. data), Rabdosargus sarba
(Yeung & Chan, 1987), spotted sea trout Cynoscion
nebulosus (Thomas et al., 1987), Japanese whiting

Sillage Japonica (Matsuyama et al., 1990), and the
wrasse Thalassoma duperrey (Nakamura et al., 1989).
Andiogen levels of 1-lOng/ml occur in the plasma of
Atlantic croaker (Thomas, 1988), bluefish
Pomatomus saltator (MacGregor et al., 1981),
rockfishes Sebastes taczanowsJd and S. schlegeli
(Nagahama et al., 1991), Gulf killifish Fwuhdus
grandis (Greeley et al., 1988), sea bass Dicentrarchus
labrax (Prat et al., 1990), black goby Gobius niger
(Bonnin, 1979), demoiselle Chromis dispilus
(Pankhurst, 19^), blue cod Parapercis colias
(Pankhurst & Conroy, 1987; Pankhurst & Kime,
1991), striped bass Morone saxatilus (Berlinsky &
Specker, 1991) and the orange roughy Hoplostethus
atlanticus (Pankhurst & Conroy, 1988). Higher
levels (>10ng/ml) have been reported in the
mummichog Fundulus heteroclitus (Bradford &
Taylor, 1987; Cochran, 1987; Cochran et al., 1988),
plaice Pleuronectes platessa (Wingfield & Grimm,
1977), winter flounder Pseudopleuronectes
americanus (Campbell et al., 1976), striped mullet
Mugil cephalus (Dindo & MacGregor, 1981), king
mackerel Scomberomorus cavalla (MacGregor et al.,
1981), three spined stickleback Gasterosteus
aculeatus (Mayer et al., 1990) and the milkfish
Chanos chanos (Marte & Lam, 1987).
Peak levels of plasma estrogens are generally of

similar magnitude. Exceptions are the bluerish, king
mackerel, milkfish and orange roughy where plasma
estrogen levels are much lower than androgens, and
Japanese whiting and red bream where the reverse
occurs.

Low levels of plasma steroids appear to be
characteristic of sp^ies with ovulatory cycles of
short duration (eg, the daily spawners, snapper, red
bream and Japanese whiting), whereas average to
high levels of steroids occur in group synchronous
species such as orange roughy, plaice, winter
flounder, and the viviparous rocldlshes. The
association is; however, not clear eut. For example,
orange roughy produce a single clutch of oocytes
each year and have low plasma 17|3-estradiol (E^)
levels, whereas mummichogs, which display
semilunar spawning, have quite high levels of both
Eo and T. Owing to the limited number of species so
far studied, phylogenetic trends in absolute steroid
levels have yet to emerge. However, ail sparids so far
examined - snapper, red bream, R. sarba, black porgy
and gilthead bream (Kadmon et al., 1985; Zohax et
al., 1988) - had low steroid levels, whereas both
species of pleuronectidae (plaice and winter flounder)
had the highest levels of estrogens and androgens so
far record^ from marine teleosts.
There are fewer studies in which progestins have

been measured; however, here also, absolute levels
tend to be low. Peak plasma levels of 17,20pP are
reported to be <lng/ml in gilthead bream, red bream,
snapper, spotted sea trout, sea bass, milkfish and
Japanese whiting. Higher levels (1-lOng/ml) are
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found in rockfishes, striped bass and blue cod, and the
highest reported levels in the winter flounder
(référencés as above). Because highest levels of
progestins occur around the time of final oocyte
maturation in females, and spermiation in maies,
plasma peaks are thought to be of short duration, and
free steroid may be rapidly removed from the plasma
by conjugation (Scott & Canario, 1987). For
example, glucuronated 17,20PP was présent in the
plasma of recently ovulated sea bass at approximately
10 fold higher concentrations than the hree steroid
(Scott et al., 1990). In this regard, it is possible that
some studies underestimate levels of 17,20pP. The
situation is further complicated by recent studies
showing that some marine fishes produce a cocktail
of C21 steroids around the time of ovulation, and
levels of some of these can be many times higher than
17,20PP (Canario & Scott, 1990; Scott & Canario,
1990). The functional rôles of these steroids are not
clear.

Seasonal Cvcles

In the majority of species studied, plasma levels of
E2 and T in females, and T in maies, increase during
gametogenesis to peak at, or near the beginning of
spawning. Fluctuations in either estrogens or
androgens alone can also occur. For example, E2
levels are correlated with vitellogenesis in Japanese
whiting but T levels show no change (Matsuyama et
al., 1990), whereas the reverse situation occurs in
bluefish (MacGregor et al., 1981). In some species, T
and E2 remain elevated for most of the spawning
period, but in others, there is a prespawning fall in
plasma E2 (plaice, Wingfield & Grimm, 1977), or as
in mummichog (Cochran, 1987), Gulf killifish
(Greeley et al., 1988), spotted sea troUt (Thomas et
al., 1987), blue fish (MacGregor et al., 1988), and
orange roughy (Pankhurst & Conroy, 1988), a
progressive fall in plasma T levels occurs through the
spawning period.
A number of species display bimodal pattems of

plasma steroids. Bimodal peaks of plasma T have
been found in maie and female sea bass (Prat et al.,
1990), maie and female blue cod (Pankhurst &
Conroy, 1987), and maie black goby (Bonnin, 1979).
There are also bimodal pattems of plasma E2 in
female sea bass (Prat et al., 1990) and gilthead bream
(Kadmon et al., 1985). The timing of these peaks
with respect to the reproductive cycle is not
consistent between species, with gilthead bream and
blue cod showing peaks early in gametogenesis and
spawning, black goby midway through
gametogenesis and spawning, and sea bass at the end
of gametogenesis and then 1-3 months after
spawning. The significance of bimodal pattems of
plasma steroids is not known, but it is tempting to
speculate that it might be related to successive
élévations of FSH- and LH-like GtHs.

Cyclical increases in IIKT have been found in
association with gonadal recmdescence of maie red
bream (Ouchi et al., 1988b), winter flounder
(Campbell et al., 1976), stickleback (Mayer et al.,
1990) and sea bass (Prat et al., 1990). In contrast,
IIKT was not detected in Gulf killifish (Greeley et
al., 1988) and R. sarba (Yeung & Chan, 1987), and in

blue cod, changed in a way that was not related to
reproductive condition (Pankhurst & Kime, 1991).
Plasma estrone (^) levels have been measured in R.
sarba (Yeung & Qian, 1987), Gulf killifish (Greeley
et al., 1988), blue cod (Pankhurst & Conroy, 1987)
and orange roughy (Panldiurst & Conroy, 1988), and
in ail cases, were low and unchanging, or below assay
détection limits. The limited number of studies to
date suggest that E| does not have a rôle in
vitellogenesis in marine fishes.
17,20PP levels have been reported to increase in

association with elevated gonad mass or spawning in
red bream (Ouchi et al., 1988a,b), winter flounder
(Campbell et al., 1976), Japanese whiting
(Matsuyama et al., 1990), demoiselle (Pankhurst,
1990), striped bass (Berlinsky & Specker, 1991), and
rockfishes (Nagahama et al., 1991). Levels were low
and unchanging, or undetectable, in black porgy
(Chang & Yueh, 1990), snapper (our unpub. data),
spotted sea trout (Thomas et al., 1987), sea bass (Prat
et al., 1990), stickleback (Mayer et al., 1990),
milkfish (Marte & Lam, 1987) and orange roughy
(Pankhurst & Conroy, 1988). Measurements of
plasma 17a-hydroxy-4-pregnene-3,20-dione (17P) in
black porgy, blue cod, ntiUSish and orange roughy in
the above studies also showed low and unchanging
levels throughout the reproductive cycle. However,
17P was présent in the plasma of winter flounder at
high levels and was higher in maturing than in non-
maturing fish.

Short Term Cvcles

Many marine species undergo multiple cycles of
gamete maturation and spawning within a spawning
season, and this is often reflected in short term
fluctuations in plasma hormone levels. Semilunar
cycles of spawning and plasma T and E2 are found in
mummichog and Gulf lallifish (Bradford & Taylor,
1987; Cochran et al., 1988; Greeley et al., 1988),
weekly cycles of T and 17,20pP in demoiselles
(Pankhurst, 1990), and daily rhythms of Eo in red
bream (Matsuyama et al., 1988) and gilthead bream
(Zohar et al., 1988), Eo and T in snapper (our unpub.
data), and E2 and r7,20pp in Japanese whiting
(Matsuyama et al., 1990). Short term cyclical
changes in plasma steroid levels were absent in blue
cod (Pankhurst & Kime, 1991) and orange roughy
(Pankhurst & Conroy, 1988). In ail the other studies
quoted so far, sampling stratégies were too coarse, or
data inappropriately presented for the détection of
short term cyclical changes. Without adéquate
information on spawning periodicities, and sampling
programmes designed to accommodate these, it is not
possible to détermine whether the failure to detect the
presence, or changes in the levels of, a particular
hormone in the plasma are real events in
reproduction, or artifacts of the sampling régime.

Effects of Behaviour

Recent studies suggest that the behavioural status of
fishes can have profound cffects on plasma hormone
levels. For example, plasma levels of T and 17,20pP
are strongly correlated with spawning and courtship
display, but not reproductive condition in maie
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demoiselle (Pankhurst, 1990). Similarly, maie blue
cod show considérable short term variability in
plasma levels of T and 11KT that are not related to
spermiation, and show no obvions periodicity.
However, larger maies which defend territories
against smaller conspecincs show consistendy higher
androgen levels than small fish (ail of which are
sexually mature) (Pankhurst & IGme, 1991). In
another study, territorial occupation by maie stoplight
parrotfish Sparisoma viride was accompaniôd by
elevated plasma T and IIKT levels (Liley et al.,
1987). It is not clear whether the behaviours resuit
from, or in, changes in hormone levels, but the point
remains that behaviour is seldom considered in
studies of endocrine changes during reproducdon,
even though ail the available evidence suggests that it
is a major déterminant of hormone levels.

Sex Inversion

The study of changes of plasma hormones in marine
fish is further complicated by the fact that many
marine species undergo sex inversion during the
course of development. In ail studies to date, sex
inversion has been found to be accompanied by
changes in plasma levels of gonadal steroids (Yeung
& Chan, 1987; Nakamura et al., 1989; Chang &
Yueh, 1990; Cardwell & Liley, 1991). The risk of
confusing the effects of sex inversion, and seasonal
reproductive development on hormone levels would
appear to be high, particularly in groups such as
sparids, where sex inversion only involves part of the
population, and is not accompanied by changes in
extemal morphology (Francis & Pankhurst, 1988).
This underscores the need to histologically détermine
sexual status in studies of marine species, particularly
as the list of species known to undergo sex inversion
is increasing ail the time.

Stress Effects

A small number of studies have assessed the
interaction of stress and reproduction, and ail show
that stress has significant (generally inhibitory)
effects on plasma levels of gonadal steroids (Sumpter
et al., 1987; Carragher et al., 1989; Carragher &
Pankhurst, this volume). TTie effects of stress
associated with capture, handling and confinement
are acknowledged in only a few studies, and in fewer
still is any attempt made to quantify or control for
such effects. Studies by Dindo & MacGregor (1981),
Liley et al. (1987), Pankhurst & Conroy 0987),
Thomas et al. (1987), Pankhurst (1990), Cardwell &
Liley (1991), Nagahama et al. (1991), and Pankhurst
& Kime (1991) are ail based on blood samples taken
from wild fish soon after capture, and are likely to be
minimally affected by stress factors. The studies by
Pankhurst (1990) and Pankhurst & Kime (1991)
where fish were netted and sampled underwater by
S CUBA divers, would appear to be optimal in this
regard. A second group of studies also used data
from wild fishes, but there were often substantial
delays between capture and sampling (Campbell et
al., 1976; Wingfield & Grimm, 1977; MacGregor et
al., 1981; de Vlaming et al., 1984; Bradford &
Taylor, 1987; Cochran, 1987; Cochran et al., 1988;

Greeley et al., 1988; Pankhurst & Conroy, 1988;
Chang & Yueh, 1990; Pierantoni et al., 1990;
Berlinsky & Specker, 1991). Fish in these studies are
likely to have been stressed; indeed the three species
in which cortisol levels were measured ail had plasma
values in excess of 20ng/ml (Campbell et al., 1976;
Wingfield & Grimm, 1977; Br^ord & Taylor,
1987). For comparison, plasma cortisol levels in
snapper, blue cod, demoiselle and blue mao mao
Scorpis violaceus sampled within 30 seconds of
capture either underwater by divers or by angling,
were ail less than 3 ng/ml (our unpub. data). levels
of gonadal steroids in fish sampled from the wild, but
with delay, are ail likely to be to some degree
aitifactual due to stress effects. A third group of
studies is based on hatchery or laboratory stoclu of
fish (Bonnin, 1979; Kadmon et al., 1985; Yeung &
Chan, 1987; Zohar et al., 1988; Nakamura et al.,
1989; Chang & Yueh, 1990; Matsuyama et d., 1990;
Prat et al., 1990). Stress effects in these cases are less
clear, but there is evidence that captivity can affect
steroid synthesis and metabolism (Schoonen &
Lambert, 1986), and many species do not undergo
normal recrudescence and spawning in captivity
(Donaldson & Hunter, 1983). It is clearly désirable
that sampling programmes be designed so as to
minimise exposure to stress.
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PHOTOPERIODISM AND MELATONIN RHYTHMS IN SALMONID FISH

C. F. Randall, N.R. Bromage, M.A. Thrush & B. Davies

institute of Aquaculture. University of Stirling. Stirling, FK9 4LA, Scotland.

Summary

The direction of change of daylength Is responsible for the
entrainment of the endogenous circannual rhythm which
contrôle reproduction In the female rainbow trout. The
concept of a rigid 'criticar daylength for reproductive function
is untenable; maturation can be advanced even in fish which
do not experience an increase in daylength in spring (i.e.
remain on a winter photoperiod) provided they reçoive a
decrease to an even shorter photoperiod prior to the
summer solstice. The patterns of melatonin sécrétion in
salmonids accurately reflect the prevailing photoperiod. with
levels elevated for the duration of darkness. in at least one

salmonid. the rainbow trout. melatonin production is a direct
response to darkness; there is no evidence for endogenous
circadian régulation of melatonin sécrétion as in some other
vertebrates. However. this is not inconsistent with the
hypothesis that the photoperiodic entrainment of seasonal
reproduction is mediated by seasonal changes In patterns of
melatonin sécrétion.

I. Photoperiodic mechanisms

In common with the vast majority of organisme indigenous
to temperate and higher latitudes, reproduction in salmonids
is an annual event. with spawning confined to a brief
(typically 6 week) period each year. The reproductive cycle
appears to be controlled by an endogenous circannual
rhythm which. under naturel conditions, is entrained by the
seasonal changes in daylength (Duston & Bromage. 1986a.
1988). Exposure to modified seasonal photocycles,
constant 'long* or 'short' daylengths, or short periods of
continuous light. can advance or delay maturation
depending on the timing of exposure in relation to the phase
of the reproductive cycle, and the photoperiodic history of
the fish. These effects can be interpreted as corrective
phase advances or phase delays of the circannual 'dock*.
Recent studies have indicated that the most important
déterminant of these phase-shifts is the direction of change
of photoperiod. rather than absolute daylength (Duston &
Bromage. 1987. 1988; Randall et al.. 1987). The following
experiments were designed to further clarify which feature(s)
of the photoperiodic signal are important for the entrainment
of reproduction in salmonid fish.

Results

Fish exposed to photoperiods of between 12 and 22
hours from January to May, reduced by 8.5 hours thereafter.
commenced spawning in August. 3-4 months in advance of
the naturel spawning period (see Davies et al., this volume).
There were no significant différences in either spawning time
or the proportion of fish attaining matuiity in each group.
When the same photoperiod treatment was applied to
différent groups of fish over 2 consécutive years the
advance in spawning time was identical.
When fish were maintained on a photoperiod of 8.5 hours

from January to eariy May. reduced to 1.5 hours thereafter.
spawning commenced on October 24. considerably in
advance of both the naturel spawning season and the
spawning time of fish maintained under a constant 8.5 hour
photoperiod (Fig. 1).
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Fig. 1. Effect of exposure to a) constant 8.5L:15.5D
(ambiant daylenght at the start of the experiment in January)
or b) 8.5L:15.5D from mid-January to eariy May. followed by
1.5L:22.5D until spawning, on the spawning time of female
rainbow trout. The dotted lines indicate the mean naturel

spawning time in each experiment.

Methods

Groups of 2 and 3-year old female rainbow trout. with a
mean naturel spawning time in December. were transferred
from ambiant daylength in mid-January (8.9L;15.5D) to
photoperiods of 22. 20.18.16. 14. or 12 hours. in eariy May
the photoperiod was reduced by 8.5 hours in each group.
and maintained at this levai until spawning. Further groups
were maintained on either constant 8.5L:15.5D throughout
the experiment or 8.5L:15.5D from mid-January, followed by
1.5L:22.5D from eariy May until spawning. The experiments
described were conducted over a 2 year period in the same
facility. Water température was constant at 7.5-8®C. light
intensity at the water surface was 25 lux and fish were fed at
0.5% of body weight par day.

Discussion

These experiments demonstrate that a 'long' photoperiod
of 12 hours Is as effective as daylengths of up to 22 hours for
the advancement of spawning in female rainbow trout.
Moreover, the timing of maturation was indépendant of both
the magnitude of the increase in daylength in January. and
the length of the subséquent 'short' photoperiod. both of
which ranged from 3.5 to 13.5 hours in these groups.
Importantly. maturation was aiso advanced in fish which did

not experience an increase in daylength in January, but were
subjected to a réduction in daylength from 8.5 to 1.5 hours
In May. Conversely, spawning was delayed and occurred
over an extended period in fish maintained under a constant
8.5 hour photoperiod (Fig. 1). This suggests that the
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réduction in daylength in May provlded a eue which both
advanced and synchronized maturation. In contrast, fisti
maintained on constant daylength exhibited a
desynchronization of spawning times characteristic of a free-
running circannual rhythm.

It is proposed that the 3-4 month advance in spawning time
observed in fish exposed to 'long' days of between 12 and
22 hours resulted from two separate phase advances of the
circannual rhythm caused by the increase In daylength in
January (perceived as prématuré arrivai of 'long' days) and
the decrease to a shorter photopertod In May (perceived as
prématuré arrivai of 'short' days). The 1-2 month advance In
spawning time observed in fish exposed to an 8.5 hour
daylength from January to May. and 1.5 hours thereafter, is
consistent with a single phase advance of the rhythm caused
by the réduction in photoperiod.
Collectively these results confirm that the rainbow trout

reads daylengths comparatively. with reference to the
preceding photopertod, rather than absolutely. For example,
14L;10D and 12L:12D were interpreted as 'long' days after
an increase from 8.5L:15.5D in January, but similar
photoperiods (13.5L:10.5D and 11.5L:12.5D) were
perceived as 'short' days after a decrease from either 22L;2D
or 20L:4D in May. Similarly, a réduction in daylength from
8.5L:15.5D to 1.5L:22.5D in May was interpreted as a
decrease from a 'long' to a 'short' photoperiod. Clearly. any
photoperiod may be perceived by the fish as 'long' or 'short'
providing it is longer or shorter than that to which they have
been previousiy exposed. The traditional concept of a rigid
'critical' daylength for reproductive function is therefore
untenable, at least as far as the rainbow trout is concemed.

TT Transduction of the Dhotoperiodic message

The nature of the mechanism(s) responsible for the
transduction of photoperiodic information to the
reproductive axis in salmonids is unclear. In many vertebrates
the pineal gland converts photic information into a circadian
rhythm of melatonin sécrétion, and, in certain seasonally-
breeding mammals, the duration of the night-time increase in
this hormone détermines the reproductive response
(Bartness & Goldman, 1989; Ebling & Poster. 1989).
Salmonids aiso exhibit diumal rhythms in melatonin sécrétion
(Gern, 1978; Duston & Bromage, 1986b) but patterns of
sécrétion under différent photoperiod régimes have not
been accurately defined. The following experiments were
designed to define the patterns of melatonin sécrétion and
to investigate the nature of the mechanisms governing their
génération in salmonid fish.

Methods

Rainbow trout varying in âge from 4.5 months to 4 years
were maintained under artificiel photoperiods of 6L;18D,
8L:16D, 16L:8D and 18L:6D for at least 2 months prior to
blood sampling at a variety of time intervais for a minimum
period of 24 hours. Fish initially exposed to 16L:8D were
subsequently transferred to constant darkness (DD) and
sampled at 2-hour intervais on days 1-3 and day 6. In one
experiment blood samples were taken during transfer from
18L:6D to 6L:18D (commencement of dark period advanced
by 12 hours). Blood samples were aIso taken at 1 or 3-hour
intervais from potentiel 82 Atlantic salmon parr and post-
smolts (maintained in freshwater) under a variety of naturel
daylen^hs. Sérum or plasma melatonin was measured by a
direct radioimmunoassay adapted from Fraser et al. (1983).

Results

In ail experiments circulating melatonin concentrations
were significantly higher during the scotophase (dark period)
than during the photophase (light period), although some
melatonin was usually présent during the photophase. The
nocturnal increase in circulating melatonin accurately
reflected the duration of the scotophase in both juvénile and
adult rainbow trout maintained under 'long* (16L:8D or
18L:6D) or 'short' (6L:18D or 8L:16D) artificial photoperiods
(Fig. 2), and in Atlantic salmon parr and post-smolts
maintained under a variety of naturel daylengths. There was
no significant différence in the amplitude of melatonin
rhythms in fish of comparable âge maintained under 'long'
and 'short' artificial daylengths.
In the rainbow trout ail significant increases and decreases

in melatonin levels coincided with the light-dark transitions;
there was no evidence for 'anticipatory' increases or
decreases prior to lights-off and lights-on or for a delay in
sécrétion after the onset of darkness (Fig. 2). In the Atlantic
salmon there was some evidence for an anticipatory increase
in melatonin levels prior to the onset of darkness under
naturel conditions (see Randall et al., 1989), but this has not
yet been confirmed using square-wave photoperiod
régimes.
The melatonin rhythm immediately re-adjusted to the new

photoperiod when rainbow trout were transferred from 'long'
(18L:6D) to 'short' (6L;18D) days. Circulating melatonin
levels remained continuousiy elevated after rainbow trout
were transferred to DD; an endogenous circadian rhythm of
melatonin sécrétion could not be detected (see Randall et
al., 1991).
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Fig. 2. Plasma melatonin patterns in 1-year old rainbow trout
maintained under 16L;8D (a) or 8L:16D (b) for 2-3 months
prior to sampling. Each point représenta the mean (± 1 SEM)
of 4-7 fish. Hatched bars indicate the scotophase (adapted
from Randall et al., 1991).
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Discussion

The nocturnal increase in melatonin sécrétion accurateiy
refiects the duration of the scotophase in salmonid fish
maintained under both artificial and natural photoperiods.
This pattern of sécrétion is simiiar to that arbitrarily classified
as type C in higher vertebrates (Reiter, 1988). However, in at
least one salmonid, the rainbow trout, melatonin production
is not under endogenous circadian control; ail significant
changes in melatonin levais coincided with the light to dark
or dark to light transitions and the melatonin rhythm did not
persist in DD. These in vivo results concur with the in vitro
observations of Gern & Greenhouse (1988) who found that
patterns of melatonin sécrétion from cultured rainbow trout
pineals reflected the light-dark cycle, but did not persist in
DD. Thus, melatonin production in the rainbow trout is a
direct response to darkness. This is in contrast to the
situation in ail other vertebrates so far investigated, which
include two fish, the pike, Esox lucius (Falcon et al., 1989),
and the goldfish. Carras/us aura/us (Kezuka et al., 1989), but
is not inconsistent with the hypothesis that the
photoperiodic entrainment of seasonal reproduction in
salmonid fish is mediated by seasonal changes in patterns of
melatonin sécrétion.

There is some evidence, derived from studies on non-
salmonids, that the pineal and/or melatonin are involved in
the timing of reproduction in teleost fish (de Vlaming &
Olcese, 1981). However, there is no a priori reason why
melatonin should médiate the effects of photoperiod on
salmonid reproduction. Birds, for example, exhibit distinct
circadian rhythms in melatonin production capable of
entrainment by seasonal changes in photoperiod, but, in the
majority of birds studied, melatonin appears not to be
involved in the timing of reproduction. Moreover, the rôle of
extra-pineal photoreceptors in the transmission of
photoperiodic information to the reproductive axis of
salmonids is unknown as is the fonction of neural outputs
from the pineal and pineal products other than melatonin.
Nonetheless, given the highiy photoperiodic nature of the
reproductive response in salmonids, and the apparent
similarities in the mechanisms underlying this response in
salmonids and certain seasonally-breeding mammals in
which melatonin has been shown to be important (cf. Ebling
& Poster, 1989), the hypothesis that melatonin médiates the
photoperiodic entrainment of seasonal reproduction is
extremely attractive. In this respect work is currently in
progress to assess the ability of constant-release melatonin
implants to influence the timing of seasonal events in
salmonid fish.

Conclusions

Direction of change of daylength is the feature of the
photoperiodic signal responsible for the entrainment of the
endogenous circannual rhythm which controls reproduction
in salmonid fish. Seasonal changes in daylength are
reflected in the seasonally-changing pattern of melatonin
sécrétion which provides accurate information on both daily
and calendar time. Information on the direction of change of
daylength may therefore be conveyed to the reproductive
axis via changes in patterns of melatonin sécrétion.
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Summary

The initiating and terminating factors of
the breeding season were investigated in
bitterlings. Spring spawning and spring-
summer spawning bitterlings are long-day
spawners and autumn spawning bitterlings
are short-day spawners. According to
taxonomical analyses, autumn spawning
bitterlings are considered to bave diverged
from spring spawning bitterlings. These
results indicate that the reversai in
photoperiodism occurred during the process
of évolution in bitterlings.

Introduction

Twelve species of bitterlings inhabit
Japan. They compose a large group in
Cyprinidae, as one third of cyprinld species
belong to the bitterling group. Cyprinld
species except bitterlings are spring
spawners, whereas bitterlings include
spring, spring-summer and autumn spawners,
indicating that bitterlings obtained
diversity in the timing of seasonal
reproduction.
This implies that bitterlings are good
material for determining how annual
reproductive rhythms are regulated in
fishes. Therefore, we selected 4 species,
Acheilognathus tabira (spring spawner),
Rhodeus ocellatus ocellatus (spring-summer
spawner), Acheilognatus rhombea (autumn
spawner) and Pseudoperilampus typus (autumn
spawner) as materials, and studied the
initiating and terminating factors of annual
reproductive rhythms. Here, we summarize our
already reported (Asahina et al. 1980;
Asahina & Hanyu, 1983, 1985, 1991; Shimizu &
Hanyu, 1981, 1982, 1983, 1991; Shimizu et
al., 1987) and newly obtained findings on
the reproductive rhythms of bitterlings.

Spring spawner
A. tabira (Akahiretabira in Japanese) were

sampled at intervais of 1-3 months in Lake
Kasumigaura. Gonads remained regressed
during the summer. In September, the first
phase of gonadal recrudescence (accumulation
of yolk vesicles and formation of spermato-
cytes) began with a graduai increase in GSI,
and in March the second phase of gonadal
recrudescence (accumulation of yolk globules

and active spermatogenesis) commenced with a
rapid increase in GSI. Judging from the
elongation of the ovipositor and the
appearance of the ovulated eggs, the
spawning period was considered to span from
late April to late June. After this time,
gonads regressed rapidly.
In order to investigate the initiating and
terminating factors of the breeding season,
A. tabira were kept under several
combinations of photoperiod and water
température régimes at différent phases of
their annual reproductive cycle. In early
spring, gonads developed rapidly under warm
température (16 C) regardless of photoperiod
(IIL and 15L). In early summer, gonads
regressed intensely under high températures
(26 and 30 C), also regardless of
photoperiod (12L and 15L). In May, matured
gonads were maintained for 30 days under 22
C/llL. However, gonads regressed thereafter
under the same environmental conditions,
indicating that photoperiodism developed in
early summer. In early autumn, the first
phase of gonadal recrudescence proceeded
under warm température (22 C), regardless of
photoperiod (IIL and 16L). In mid autumn,
the second phase of gonadal recrudescence
could be induced only by warm temperature-
long day treatment (22 C/16L).
Thus, it is concluded that the spawning
season of A. tabira is initiated by rising
water température in spring and is
terminated by high température in summer.
The first phase of gonadal recrudescence is
induced by decreasing température in autumn.
In this season, however, the second phase of
gonadal recrudescence is prevented by short
daylength, although the température is
permissive. These results indicate that A.
tabira is a long day spawner, and that
photoperiodism develops in early summer and
déclinés in winter.

Spring-summer spawner

In order to examine annual reproductive
cycle, R. ocellatus ocellatus (rose
bitterling) were sampled about once a month
at the Kayamuma pond for 1 year and at the
Shintone Canal for 3 years. Judging from
changes in GSI, ovipositor length and
histological observation, it was determined
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that the spawnlng season extended from late
March to mld September, Indicatlng that thls
specles Is among spring-summer spawners.
Adult fish were exposed to varlous

température and photoperiod régimes during
the différent phases of the annual
reproductive cycle, to clarify the
initiating and terminating factors of the
breeding season. In early spring, warm
température (13 C) stimulated the
recrudescence of the gonad regardless of
photoperiod (7L, 9L, 12L and 16L). However,
during late summer and autumn, a long
photoperiod (above 14L) was required to
maintain or initiate the gonadal maturation
especially at high températures (22-28 C).
These results indicate that the initiating
factor of the breeding season in this
species is rising température, whereas the
terminating factor is decreasing daylength
at high températures. Therefore, in this
species, the responsiveness of the gonads
to photoperiod varies clearly with season.
This critical photoperiod could be changed
by pretreatment of différent photoperiod.

Autumn spawner
A. rhombea were sampled at 1-2 month
intervais from an outdoor pond kept under
natural conditions, and their gonadal
maturity was investigated. In underyearling
fish, apparent increases in GSI,
accumulation of yolk globules, and active
spematogenesis occurred during September.
Decreases in GSl due to degeneration of yolk
globule stage oocytes and termination of
spermatogenesis occurred in late November.
Judging from these results and changes in
reproductive activities in aquarium-reared
fish, the spawning period of underyearling
fish was determined to extend from early
(maies) or middle(female) September to late
November. In yearling fish, the spawning
period was initiated 2 months earlier than
in underyearling fish, but was terminatd in
the same month as underyearling fish. There
appeared to be a différence in the
initiating factor of the spawning period
between underyearling and yearling fish.
To investigate the initiating factor of the
spawning season in A. rhombea, fish were
reared from August 31 for 20 days at 28 C
and 20 C in combination with 15L and 12L. At
the end of experiment, gonads matured under
12L/28 C and 12L/20 C, whereas they did not
change under 15L/28 C and 15L/20 C. This
indicates that the initiating factor is
shortening daylength in autumn.
Subsequently, matured fish were maintained
under lOL/20 C and lOL/13 C for 50 days to
clarify the terminating factor of the
breeding season. GSI gradually decreased
under 13 C, but was maintained at high
levels under 20 C, indicating that
decreasing température in winter terminâtes

the breeding season. To clarify the
initiation factor in yearling fish, fish
were reared from April 18 for 45 days under
9L/24 C and 15L/24 C. Under such conditions,
no increase occurred in GSI in elther

groups. However, increases in GSI were
observed in fish reared under the same

conditions from Nay 26 for 30 days,
irrespective of photoperiod. Yearling fish
mature about 2 months earlier under natural

conditions. Both results suggest that the
breeding season in yearling is induced by
internai rhythm (circannual rhythm?).
P. typus were kept under several
combinations of photoperiod and température
régimes at différent phases of their annual
reproductive cycle. In early autumn, the
gonads developed under 12L regardless of
température (18, 25 and 28 C). In early
winter, gonads regressed under low
température (8 and 12 C) in spite of
adéquate photoperiod* (lOL). Females
maintained under favorable conditions (lOL
/19 C) continued the spawning cycle until
Narch, which is much longer than the natural
spawning period.
It is concluded that the both species are
short day spawners and their spawning
periods are initiated by shortening
daylength in autumn and are terminated by
the decreasing température in winter.

Reversai in photoperiodism
The process of évolution in Japanese
bitterlings was reported by Arai (1978)
based on the results of taxonomical

invesigation and analyses of karyotype. He
concluded that A. lanceolatus and A.

limbatus (both are spring spawners) were old
species, and from this group 3 groups of
bitterlings DTanakia (spring spawner), 2)
Rhodeus (spring or spring-summer spawners)
and 3) other Acheilognathus (spring or
autumn-spawners) and Pseudoperilampus
(autumn-spawner) became separated. Only 3
bltterllng species out of 39 cyprinid
species are autumn spawners, indicating that
the autumn spawners make up a minor group in
cyprinid species. These results indicate
that autumn spawning bitterlings were
derived from spring spawning bitterlings
belonging to Acheilognathus during the
process of évolution. In this investigation,
it has been ascertained that spring spawning
and spring-summer spawning bitterlings are
long-day spawners and autumn spawning
bitterlings are short-day spawners. This
suggests that autumn spawning bitterlings
appeared as the resuit of reversai in
photoperiodism. Similar changes in
photoperiodism probably occurred in other
cyprinid species. However, their larvae
probably could not survive the cold winter,
whereas larvae of bitterlings could survive
the winter by using the gill cavity of
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Fig. 1 The reversai in photoperiodism following evolutional
séparation of bitterling species.

mussels as a nursery. Bitterling larvae
develop in the gill lamella of freshwater
mussels during winter and emerge in May.
Thereafter, spring spawning bitterlings
begin to lay eggs in the gill cavity.
A reversai in photoperiodism is also

observed in the group of black pogy
(Acanthopagrus. Sparidae) which inhabits
Japan: A. schlegeli and A. sivicolus are
spring spawners. whereas A. latus and A.
berda are autumn species. The reversai in
photoperiodism is probably a phenomenom
which commonly occurred in fishes during the
process of évolution. The reversai in
photoperiodism found in animais may be based
on a common genetic background.

Conclusions

1. Spring spawning and spring-summer
spawning bitterlings are long-day
spawners.

2. Autumn spawning bitterlings are short-day
spawners.

3. Photoperiodism develops in summer, and
déclinés in winter in both long-day and
short-day spawners reared under natural
conditions.

4. Autumn spawning bitterlings are
considered to have diverged from spring
spawning bitterlings during the process
of évolution with the reversai in
photoperiodism.

5. Understanding the physiological and
genetic background of photoperiodism is
one of the more interesting phenomena
regarding fish reproduction.
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Summarv

The effects of four différent

combinations of photoperiod and
température (8L/21'C, 8L/31'C, 16L/21
"C, and 16L/31'C) on the annual
ovarian cycle in the striped mullet,
Mugil cephalus, were studied. In
général, 8L/21'C had the most
stimulatory effect while 16L/31'C had
the most inhibitory effect on oocyte
growth. Short photoperiod (8L)
stimulated the onset of the cortical
vesicle stage in either 21'C or 31"C
while low température (21"C)
stimulated the onset of vitellogenesis
under either 8L or 16L. High
température (31°C) caused atresia of
vitellogenic oocytes under either 8L
or 16L. Complété régression to primary
growth stage oocytes required both
high température and long photoperiod.

Introduction

The striped mullet, Mug^l cephalus, is
an annually spawning teleost,
producing a single clutch of eggs per
year. In Hawaii, the reproductive
cycle of females maintained in
fishponds can be divided into four
distinct periods based on the most
advanced oocyte stage présent in their
ovaries. The postseason cortical
vesicle period and the primary growth
period begin in April and May
respectively under both increasing
photoperiod and water température.
The preseason cortical vesicle period
begins in late August under decreasing
photoperiod and increasing
température. Vitellogenesis begins in
late October under both decreasing
photoperiod and decreasing
température.
A previous study on this species

concluded that photoperiod initiated
while température "appeared to
regulate vitellogenesis toward
functional maturity" (Kuo et al.,
1974). However, since the primary aim
was to develop methods for year-round
maturation, the authors tested only
short photoperiod (6L), low
température (17-26®C) combinations.
The température range in bays and

ponds on the island of Oahu is 20.5-33
"C (based on data collected by the
Oceanic Institute, the Hawaii
Institute for Marine Biology, and the
National Marine Fisheries Service).
To obtain additional data on the
environmental régulation of the mullet
ovarian cycle, we conducted a second
study between April 1988 and August
1989.

Materials and Methods

The experiment consisted of five 8-10
week trials using a total of 205
sexually mature females. At the start
of each trial, 32-48 females were
divided into four groups and placed in
separate indoor tanks fitted with
timer-controlled fluorescent lighting
(345 lux) and water température
control units. Each of the four tanks
was set to a différent combination of
photoperiod and température: 8L/21''C,
8L/31"C, 16L/21-C, and 16L/31''C.
Though général ly stable, our equipment
was not able to maintain précisé water
températures. Cold tanks ranged from
20-23.5*0 while hot tanks ranged from
28.5-31*0.

The ovarian stage of each fish was
determined at the start of the trials
and subsequently at 2-4 week intervais
by microscopic examination of oocyte
samples obtained by cannulation.
Females were classified as being in
either primary growth (stage I),
cortical vesicle stage (stage II) or
vitellogenesis (stage III). The mean
oocyte diameter, based on a
measurement of 100 oocytes, was
obtained from ail stage III females.
The oocyte growth rates were
calculated as the mean daily increase
in diameter between consécutive
samples.
Trial 1 was initiated 4/26/88 during

the postseason cortical vesicle
period. Trial 2 was initiated 7/5/88
during the primary growth period.
Trial 3 was initiated 10/1/88 during
the preseason cortical vesicle period.
Trial 4 was initiated 2/22/89 during
the vitellogenic period. Trial 5,
which replicated trial 2, was
initiated 6/22/89 during the primary
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growth period. The data were
subjected to Chi-squares analysis.

Results

The results from trial 1 are
summarized in Fig. 1. At the end of
ten weeks, none of the four groups of
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females had showed a significant
transition from either stage I to II
or II to III. However, ail females
under 16L/31'C had regressed to stage
I  by the end of the trial. The
results from trial 2 are summarized in
Fig. 2. At the end of ten weeks, 92%
of the females under 8L/21''C had
initiated both stages II and III,
compared to 0% of the females under
16L/31'C. Under 8L/31'C, 92% of the
females had initiated stage II, but
only 17% had initiated stage III. The
mean oocyte growth rate under 8L/21'C
was 8.28um compared to 5.86um under
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8L/31'C. The results from trial 3 are
summarized in Fig. 3. At the end of
four weeks, 89% of the females under
8L/21'C and 80% under 16L/21*C had
initiated stage III compared to 0% of
the females under 16L/31"C and 22% of
the females under 8L/31'C. Mean
oocyte growth rates were 7.68um under
8L/21-C, 8.65um under 16L/21'C, and
5.82um under 8^31-0.
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The results from trial 4 are

summarized in Fig. 4. At the end of
six weeks, 88% and 75% of the females
under 8L/21*C and 16L/21'C
respectively were still in stage III
in contrast to 14% and 0% of the
females under 8L/31'C and 16L/31''C.
Females under 8L/21*0 reached full
maturity in March and initiated a
second clutch of oocytes in April.
When the trial was terminated in May,
this group was left under the same
conditions and eventually reached full
maturity again in June. Oocyte growth
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rates were 7.36um under 8L/21'C,
3.27um under 16L/21°C, and 2.79um
under 8L/ 31 "C. The results from
trial 5 are summarized in Fig. 5.
Similar to trial 2, 75% of the females
under 8L/21'C initiated both stages II
and III while 50% of the females under
8L/31'C initiated stage II. However,
the rate that females initiated stage
II was slower than in the earlier
trial, which may reflect the later
start of that trial. Statistical
analysis of the data showed that short
photoperiod was significantly more
effective in stimulating the onset of
the cortical vesicle stage while low
température was significantly more
effective in stimulating
vitellogenesis (both p<.05). High
température caused atresia of
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vitellogenic oocytes more rapidly than
long photoperiod (p<.05), but both
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high température and long photoperiod
were required for complété régression
to primary oocytes.

Discussion

These results are relevant to several

issues currently under debate
regarding the control of fish
reproductive cycles. It has been
suggested that photoperiod is a more
Important environmental regulator than
température, with the latter acting
only as a rate modifier (reviewed by
Bye, 1987). In our study, température
also affected the rate of oocyte
growth, but in the process played the
dominant rôle in defining the annual
reproductive cycle in this species.
Photoperiod initiated the reproductive
season by stimulating the onset of the
cortical vesicle stage. However, from
that point on, ail other aspects of
ovarian maturation, including the
duration of the cortical vesicle stage
and the onset, rate, and duration of
vitellogenesis, were determined
primarily by température. In some
species, only déviations from the
normal température range have produced
significant effects on oocyte growth
(Laevastu & Hayes, in Bye, 1990).
However, the températures used in our
study were within the natural range
experienced by mullet in Hawaii.
Previtellogenic stages in salmonids,
sticklebacks, and minnows appear to be
indépendant of environmental control
(reviewed by Lam & Munro, 1987).
However, we found that the cortical
vesicle stage is clearly initiated by
short photoperiod in M. cephalus.
Furthermore, a histological study of
primary oocyte samples obtained during
trial 5 revealed that the migration
ofthe Balbiani body took place under
8L/21'C, but not under 16L/31°C

(unpublished data). This différence
as well as other observed différences
are currently under further
investigation.
Bye (1990) states that "once

gametogenesis is proceeding, it is
relatively insensitive to
environmental manipulation." Again,
this statement does not seem to apply
to mullet. Clear effects of

photoperiod and température were
observed during every period of the
annual reproductive cycle.
Final ly, mullet may not have a
postseason refractory period. In
trial 1, females with primary oocytes
or cortical vesicle stage oocytes
failed to initiate vitellogenesis in
April and May under conditions that
were stimulatory during other periods
of their cycle. Kuo et al. (1974)
obtained similar results in their
study. However, in trial 4, females
placed under 8L/21 C in February did
initiate vitellogenesis in April and
completed maturation in June. It is
possible that nutritional status
rather than environmental
refractoriness could have been
responsible for the results of the
earlier trials (see Bye, 1990). This
aspect should be further investigated.

Référencés

Bye, V.J. 1984. The rôle of
environmental factors in the timing
of reproductive cycles. In: Fish
Reproduction. G.W. Potts & R.J.
Wooton (Eds). Académie Press,
London, pp. 187-205.

Bye, V.J. 1987. Environmental
management of marine fish
reproduction in Europe. Proc. Third
Int. Symp. Repro. Physiol. Fish.
St. John's, Newfoundland, Aug. 2-7,
1987. pp. 289-298.

Bye, V.J. 1990. Temperate marine
teleosts. In: Reproductive
seasonality in teleosts: environ-
mental influences. A.D. Munro, A.P.
Scott, and T.J. Lam (Eds) . CRC
Press, Boca Raton, pp. 125-143.

Kuo, C.-M.; C.E. Nash; and Z.H.
Shehadeh. 1974. The effects of
température and photoperiod on
ovarian development in captive
grey mullet (Muail ceohalusL).
Aquaculture. 3:25-43.

Lam, T.J. & A.D. Munro. 1987.
Environmental control of repro
duction in teleosts: an overview.
Proc. Third Int. Symp. Repro. Phys
iol. Fish. St. John's, Newfound
land, Aug. 2-7, 1987. pp. 279-288.

Research funding was provided by USAID. The authors thank Glenn Karimoto and Christine Carlstrom-Trlck for their assistance.

144



PHOTOPERIODIC CONTROL OF GROWTH, INCIDENCE OF SEXUAL MATURATION AND OVU
LATION IN ADULT ATLANTIC SALMON

G.L. Taranger'"^, C. Haux\ B.Th. Walthef*, S.O. Stefansson'*^, B.Th. Bjômsson' and T. Hansen^
'Department of Fisheries and Marine Biology, University of Bergen, N-5020 Bergen, Norway. ̂ Institute of
Marine Research, Department of Aquaculture, Matre Aquaculture Research Station, N-5198 Matredal,
Norway. 'Department of Zoophysiology, University of Gôteborg, S-400 31 Gôteborg, Sweden. ̂ Department
of Biochemistry, University of Bergen, N-5009 Bergen, Norway.

Summary

The présent study demonstrates that continuons
additional light during spring affects growth rate,
reduces incidence of sexual maturation and advances

ovulation in adult Atlantic salmon. It is also demon-
strated that ovulation is advanced by an abrupt
change from long to short photoperiod in summer,
whereas continuons light from July delays ovulation.

Introduction

Photoperiod is regarded as the most important
environmental eue synchronizing seasonal growth
pattern and timing of sexual maturation in salmonids
to the annual cycle. It is hypothesized that photo
period acts as a zeitgeber entraining endogenous
rhythms controlling these processes (cf. Duston and
Bromage 1986). A growth promoting effect of long
photoperiods in the freshwater period has been well
documented in salmonids (cf. Stefansson et al.
1991). Recently, similar results have been obtained
by exposing postsmolts to extended daylength during
autumn (Saunders and Harmon 1988), and during
winter and spring (Krâkenes et al. 1991). It is also
well known that photoperiodic manipulation may be
used to control the timing of ovulation in salmonids
(cf. Duston and Bromage 1986). In the présent study
we investigated the possibility of using additional
light during spring in combination with short or
long photoperiod during summer and autumn to
control growth, âge at sexual maturation and timing
of ovulation in farmed Atlantic salmon.

Materials and methods

Previously immature Atlantic salmon (Salmo
satar L.), kept for 18 months in netpens in brackish
water at Matre Aquaculture Research Station,
(61°N), were individually tagged and distributed into
three netpens (200 individuals in each pen). Three
différent photoperiodic régimes were used during the
spring: natural light (NL), natural light + 24L:0D
additional light from March 13 (ALM), and natural
light + 24L:0D additional light from January 23
(ALJ).

The fish were transfeired to three indoor race-

ways on July 13. Each group was distributed evenly
among the raceways making a total of 9 subgroups.
The raceways were illuminated with fluorescent
tubes only. The photoperiods used were: 8L:16D

(8L), simulated natural photoperiod (SNP) and con
tinuons light (24L). The raceways were supplied
with a mixture of riverwater and seawater, giving a
salinity of 5 - 10 7oo and ambient température. Ail
fish were measured for length and weight every 8th
week from January to July. Individual spécifie
growth rate (SGR) was calculated by the formula:

SGR = (e« - 1) * 100

where g = (Wj - W,)*(t2 - t,) '

and Wj is weight at tj and W, is weight at tj.
Ail fish were checked for ovulation and sperm-

iation weekly during the spawning season. Blood
samples were collected from 20 fish in each group
every month and 15 in each subgroup after transfer
to raceway. Plasma samples were analyzed for 17B-
estradiol and testosterone (data not shown), growth
hormone (Bjômsson et al. this volume) and gonado-
tropin I and II (Haux et al. this volume).

Results

Growth rate was significantly higher in the AU
group compared to ALM and NL during January to
March (Fig. 1), whereas the growth rate was signi
ficantly lower in the AU and ALM groups com
pared to NL during March to April. Incidence of
maturation was reduced in the ALJ and ALM

groups compared to the NL group (Table 1).

Table I. Effect of photoperiod on incidence of sexual
maturation (%).

Group Maies Females

NL 83 90

ALM 56 66

AU 16 11

Ovulation was advanced in the 8L groups com
pared to the SNP groups and delayed in the 24L
groups compared to SNP. Ovulation was also ad
vanced in the ALM groups compared with the NL
groups (Fig 2.). The ovulation data of the ALJ
groups are excluded due to the low number of
maturing females.
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Figure 2. The effect of différent photoperiodic com
binat ions on ovulation in Atlantic salmon.

Discussion

The increased growth rate in the ALJ group
compared to ALM and NL during January to March,
is in accordance with the increased growth rate in
salmon postsmolts exposed to additional light during
winter and spring (IO*âkenes et al. 1991, Endal et
al.y this volume), suggesting a growth-promoting
effect of long photoperiod also in adult salmon (i.e.
kept for two winters in seawater). This is in contrast
to the reduced growth rate of the ALJ and ALM
groups compared to NL during March to April. This
may be attributed to the reduced incidence of sexual
maturation in the ALJ and ALM groups, since im
mature salmon display a lower growth rate during
spring than mature, especiaUy during the period
from March to May (Youngson et aL 1988).

The reduced incidence of sexual maturation in

the ALJ and ALM groups may be due to a photo
periodic altération of a postulated ^décision period*
in Atlantic salmon. Thorpe (1989) has put forward a
model Connecting the décision to mature to growth
rate during winter and early spring. It is
hypothesized that the fish monitors its growth
performance through its rate of surplus energy
acquisition during this period. The onset of con
tinuons additional light in January and March may
have advanced and shortened the décision period.
This may have prevented the energetic accumulation
during this period necessary for completing sexual
maturation. The différence in incidence of matur

ation bctween the ALJ and ALM groups may be
attributed to a more prominent shift in timing of the
décision in the AU group.

The maturation process is probably initiated
during January to February in adult Atlantic salmon,
since maturing salmon display increased levels of
11-ketotestosterone and 17B-estradiol at this time
(Youngson et al. 1988). Accordingly, Haux et al.
(this volume) observed elevated plasma levels of
GTH I from February onwards in maturing salmon
compared to immature in the NL group. Thus, it is
likely that the maturation process was initiated in
most individuals in the ALM group, and possibly
also in the AU group, and subsequently tumed off
in some individuals after onset of the photoperiodic
treatment. This is supported by the observed réduc
tion in plasma levels of GTH I after onset of addi
tional light in the ALJ and ALM groups (Haux et
al. this volume)

The reduced incidence of maturation in the ALJ
and ALM groups is in accordance with the observed
inhibiting effect on maturation in salmon pair by
adjusting the photoperiod three months forward
(Adams and Thorpe 1989). However, Krâkenes et al.
(1991) and Endal et al. (this volume) observed in-
creas^ incidence of maturation after one year in
seawater (grilse) after exposing salmon postsmolts to
24L:0D additional light during winter and spring.
This indicates that potential grilse and adult salmon
respond differently to long photoperiod during win
ter and spring. This may be attributed to a différent
timing in the season of the décision to mature bet-
ween adult salmon and grilse.

The advanced ovulation observed in the ALM
groups indicates that continuons additional light en
trains the maturation process in Atlantic salmon. The
use of additional light makes it possible to keep the
broodstock in conventional netpens during the
spring, thus creating a simple method for advancing
ovulation in Atlantic salmon. A similar accélération

of ovulation has been achieved after abrupt changes
to long photoperiod during winter and spring in
other salmonids (e.g. Bromage et al. 1984). The
similar effects of additional light superimposed on
the natural light, indicate that this régime is per-
ceived as a long photoperiod.
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The réduction in incidence of maturation in the

ALJ and ALM groups indicates that use of additio-
nal light during spring can be an effective method
to reduce unwished maturation in farmed Atlantic
salmon. On the other hand, this effect may also re
strict the potential for using long day during spring
to accelerate ovulation. However, it is possible that
this effect can be prevented by ensuring a high
energetical status of the fish bcfore photoperiodic
treatment.

The advancement of ovulation in the 8L groups
indicates that an abrupt change from long to short
photoperiod in summer is effective in entraining
maturation in Atlantic salmon. Eriksson and Lund-
qvist (1980) found no advancement of spermiation
in salmon pair after an abrupt change from 18L:6D
to 6L:18D in August, whereas a stepwise réduction
in photoperiod advanced spermiation. However, the
entraining of maturation in the 8L groups is con-
firmed by the advanced increase in plasma growth
hormone level connected to sexual maturation
(Bjômsson et al. this volume), and the advanced
peaks of plasma GTH I and GTH n (Haux et al.,
this volume). This suggests that Atlantic salmon
respond to abrupt changes in photoperiod in the
same manner as other salmonids (cf. Bromage et al.
1984, Takashima and Yamada 1984).

The combination of additional light from March
and 8L (ALM-8L) was most effective in advancing
ovulation, giving an advancement of approximately 5
weeks compared to control (NL-SNP). The advance
ment is somewhat less than observed in similar ex-
periments with rainbow trout (Bromage et al. 1984)
and masu salmon (Takashima and Yamada 1984). It
is possible that this may be attributed to a high
water température bcfore ovulation, thereby delaying
ovulation in the ALM-8L group.

The delayed ovulation in the 24L groups is in
accordance with Eriksson and Lundqvist (1980), who
observed delayed spermiation in salmon pair ex-
posed to 24L:0D during autumn, and with several
studies on autumn spawning rainbow trout (cf. Scott
et al. 1984). The delayed ovulation also concurs
with a delayed increase in plasma growth hormone
level (Bjômsson et al. this volume) and in plasma
GTH I and GTH II (Haux et al., this volume).

Collectively these data support the hypothesis
that photoperiod acts as a zeitgeber entraining endo-
genous rhythms controlling growth and reproduction
in salmonids. Onset of long photoperiod during
winter and spring seems to advance these rhythms.
An additional advancement is obtained by an abrupt
transfer to short photoperiod during summer, where
as long photoperiod from summer onwards delays
these rhythms in maturing female Atlantic salmon.
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Sqmmary

The influence of environmental and endocrine
faciors on barbel (Barbus barbus L.) reproduction was
investigated by tank and aquarium experiments. At a
20°C température, female barbels exhibited repeated
spawnings allowed by the quadrimodal distribution of
their intraovarian oocytes. A decreasing photoperiod
inhibited spawnings of both maies and females.
Interrupted-night photoperiods experiments suggest the
existence of a daily rhythm of photosensitivity in the
bar^l. Three years experiment, under constant
environmental conditions (8L/16D) suggests the
existence of an endogenous annual rhythm of
reproduction. In natural water température (in a tank)
female spawned twice during a reproductive period.
The spawning behaviours were described and the
influence of the number of courting maies
demonstrated. In females the period between two
successive ovulations was characterized by high
estradiol-17fi levels and a sinusoïdal variation of these
levels. Testosterone, thyroxine and triiodothyronine
levels were also related to reproduction.

Keywords: barbel, reproductive cycle,
photoperiodism, endocrine control, behaviour.

Introduction

The influence of environmental (photoperiod,
température, food, behaviour) and endocrine (estradiol-
17B, testosterone, T3, T^) factors has been reviewed
with several fish species (Crim, 1982; Munro et al..
1990; Wootton, 1984; Zohar & Billard, 1984). The
présent paper reviewed the influence of such factors on
the reproduction of a cyprinid fish, the barbel Barbus
barbus L., in captivity (Poncin, 1988 & 1989). The
observations were made in Belgium, from 1984 to
1988, as part of a programme that aimed to develop
farming of the barbel (Philippart et al.. 1989), which is
an endangered species in the industrialized areas of
Europe.

Matgriai and wthcds

Barbels were reared in opaque polyester tanks
(1.5m^ - 4m^); water was partially recirculated using a
biological filter and a water treatment System. Bach
tank was covered with a lightproof cover and equipped
with electric lighting (2 x 65-W). The température of
the water in the recirculating System was maintained at
20-21°C. The daily food rations (Trouvit T^ were
adjusted according to the average body weight of the
fish (1.0 % of body wt). Ail the female fish were
marked individually and checked every 2-3 days (the
maies every week or every month). In accordance with
Bromage et al. (1984), fish were considered as
spawning when ripe eggs or milt could be expelled by

gentle hand pressure on the abdomen, i.e., stripping.
Température experiments were conduced in the natural
water température of the river Meuse in Belgium
(0-5®C in winter, 20-25®C in summer). Behaviour was
studied in 10001 aquariums, at 20®C and under a
16.5L/7.5D photoperiod. Fish were fed with natural
food (worms). Results were recorded with a caméra -
video System.

Blood samples were taken from the caudal artery.
T^ (thyroxine) and T3 (triiodothyronine) hormones
were measured in the plasma by radioimmunoassay
using commercial kits (T^: T^ RIA (PEG), Abbott
Diagnostic Division, T3 antibody and standards:
Mallinckrodt (GFR), tracer: Amersham (UK)).
Testosterone and estraaiol-17û were also assayed by
RIA after extraction of the plasma with a cyclohexane/
ethylacetate mixture, using commercial kits
(testosterone (T): Mallinckrodt, GFR, estradiol-17B
(Ej): Biodata, Rome).

Results and discussion.s

Biology of the barbel in captivity

Under captivity conditions, growth was accelerated
and the females reached sexual maturity after 2 years
when they measured a minimum of 18 cm long (fork
length). Under natural conditions in the river Ourthe,
7-8 years and 29 cm long are required for fish to
spawn (Philippart, 1987). Maies reached sexual
maturity after 1 year. Fish matured spontaneously and
females exhibited repeated spawnings. 10-15
spawnings for each female were obtained at 15-day
intervais during the reproductive period (from
Februaiy to August). Such phenomenas of precocious
maturation and repeated spawnings have already been
noted and discussed in fish (Mann & Mills, 1979).

The distribution of intraovarian oocytes of female
barbels, just after ovulation is quadrimodal (including
primary oocytes, oocytes with vacuoles, vitellogenetic
oocytes and ova). Thus, oocytes development is not a
synchronized process. This structure of ovaries, allows
repeated spawnings and is similar to the one of other
fish species with repeated spawnings, e.g., the
stickleback Gasterosteus aculeatus (Wnottnn, 1984)

Photoperiod effects on reproduction

Photoperiodic effects on reproduction have been
reported for several cyprinids (Hontela & Stacey,
1990) and Salmonids (Bromage et al.. 1984). In the
barbel, a decreasing photoperiod (16.5L/ 7.5D -> 817
16D), for an annual cycle contracted to 6 months
duration, inhibited the spawning of both female and
maie fish. This allowed two periods of reproduction
(February - May and September - November) within
one year. This phenomenon in barbels is contrary to

This work was supported by : grants from IRSIA, the Fond Piscicole de Liège, Electrabel & the Région Wallonne.
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that which is known lo occur in salmonids (Bromage sL
âL, 1984), but may be compared with bitterlings
responses to photopericxi decrcase (Hanyu cLaL.
1982). For barbel living in natural surroundings, it is
likely that the light period decrease occurring at the
end of June would prevent the fish from continuing to
spawn in August at a time when the température is still
favourable (> 15®C). Spawning in August would not
give young barbel cnough time to grow to a sufficient
minimum size (at least 4-5 cm) to survive winter
conditions.

The influence of the daily distribution of light was
investigated. The spawning of females and maies
(previously maintained under 10L/14D or 16.5L/7.5D)
remained a longer time under 6L/2D/2IV14D or 6L/
8.5D/2L/7.5D than under 8L/16D. It is not the amount
of light which maintains the reproduction, but the daily
distribution of light periods. These results suggest the
existence of a daily rhythms of photosensitivity in the
barbel, as demonstrated in GastgrostCHS aCHlgatUS
(Baggerman, 1985), when studying the onset of
breâing.

The reproductive season was studied by
maintaining fish, during three years, under constant
environmental conditions (8L/16D). The spawnings
began spontaneously (January in the maies and March
in the females), suggesting the existence of an
endogenous annual rhythm of reproduction as
demonstrated in fev. fish species (Munro ÊLal-. 1990).
However, the reproduction loses progressively its
"intensity" (decrease of the average number of
spawnings for each female; shorter reproductive
periods) if compared to a control group submitted to
natural photoperiod cycle and seemed completely
ended after 3-4 years.

Température effect

When barbels were submitted (in a tank) to the
natural water température of the river Meuse in
Belgium (0-5®C in winter, 20-25®C in summer), the
spermiation of the maies and the ovulation of the
females took place in spring (May - June), according to
the température increase (16-18®C) as describe by
Hancock et al. (1976) in English rivers. The females
spawned twice during the reproductive period (June
and July) suggesting that repeated spawnings could be
observed in nature as noted in CzechoslovaJaan rivers
(Libosvarsky & Sterba, 1981). Growth was related to
température level, as it has been described with wild
barbels in Belgium (Philippart, 1987).

Food effect

Experiments were not undertaken to study the
influence of food levels on fish reproduction as
realized in the stickleback (Wotton, 1984). We studied
the somatic growth, the sexual production and the food
conversion efficiency of cultured barbels. While
reproducing, their somatic growth was low, sometimes
nil or négative (loss of weight). In the females, there
were successive gains and loses of weight, as a
conséquence of repeated spawnings. Somatic growth
began once reproduction is ended. There was a positive
corrélation between the amount of the sexual

production of the females and their individual growth
rate (in weight), calculated outside the reproductive
periods. It seems that some females were more
efficient than other females. The fecundity of captive
females (for each spawning) was similar to the one of
wild barils. However, in captivity, the sexual
production was smaller at the first and perhaps at the
last spawning. The food conversion efficiency of
females was 19.3 % (average) during the reproductive
periods and it was 10.1 %, at other times.

From a général point of view, our results confirm
observations previously made on stickleback (Wotton,
1984) and on other fish species.

Reproductive behaviour

The spawning behaviour of cultured barbels held in
aquariums was studied and described. The behaviour
determined a "tnie spawning" (spontaneous and
synchronized expelling of sexual products) if there was
a spawning substratum (gravel). During spawning
attempts, the number of courting maies (3 or 6 per one
female) influenced the sequence and the distribution of
some behaviours as observed by Hancock et al. (1976)
in English rivers.

Hormones effects

This study consider preliminary results on
endocrine control of barbel reproduction. Like in most
of the fish (Matty, 1985), the hormone levels of wild
barbels were related to reproduction: estradiol-176
(Ej) levels in the females and testosterone levels in the
maies were maxima in May-June. In captive females
the period between two successive ovulations was
characterized by high E, levels (>300 pg/ml) and a
sinusoïdal variation of tnese E2 levels (a maximum
level is found a few days before a new ovulation).
These observations are in agreement with the results of
Shimizu et al. (1985) who studied the short
reproductive cycle of an autumn-spawning bitterling
Acheilognathus rhombea. Outside the reproductive
periods the E, plasma concentration is significantly
lower (1(X) pg/ml) and the variation is absent The
spermiating maies show significantly higher
testosterone plasma values compared to the non
spermiating ones. There is a significant linear
corrélation between the testosterone levels and the
gonadosomatic index in the maies as demonstrated in
salmonids and cyprinids fish (Billard,£LaL 1982). The
thyroid hormones changes, according to reproductive
cyclicity have already teen studied in fish, e.g., in the
perch (Chakraborti & Bhattacharya, 1984). In the
barbel, T^ concentrations of the maies and females are
low during reproduction. They are high outside
reproductive periods. The opposite is noticed for the
plasma T3 concentrations. Spermiating maies have a
higher T^ plasma concentration if compared to non
spermiating ones whereas no significant différence is
seen for the females.

ÇpnçliisiiQPiS

Figure 1 demonstrates the différent aspects which
have been studied. It represents the influence of
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environmental factors (photoperiod, température, food,
behaviour, spawning substratum) on reproductive
features (duration of the spawning periods, number of
spawnings for each female,...) of barbel reproduction.
Endogenous factors (hormones, daily rhythm of
photosensitivity,...) are the physiological features by
which environmental factors can act. Therefore, the
environment influences egg production and
consequently the recruitment of young. In the view of
the results, hypothèses can be discussed about the
control of the reproduction of wild barbels. From an
applied point of view, the results presented here
contributed to develop intensive culture of the common
barbel for restocking in Belgium (Philippart fiLaL»
1989), using complété controlled reproduction in
captivity.
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Fig. 1. Summary of the influence of environmental
factors (O) on reproductive feature (IZI) of barbel repro
duction. Endogenous factors are also indicated (O).
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REPRODUCTIVE PROBLEMS IN LAKE ERIE COHO SAUMON

Peter A. Flett', Kelly R. Munkittrick''^, Glen Van Der Kraak', and John F. Leatherland'

'Institute of Ichthyology, Department of Zoology, University of Guelph, Guelph, Ontario
NIG 2W1, and ̂ GLLFAS, Department of Fisheries and Océans, Burlington, Ontario L7R 4A6,
Canada

This study examines the cause of low rates of
fertilization and survival to hatch for coho salmon

from the American side of Lake Erie. The poor
fertility appears to be related to a breakdown in the
timing of egg final maturation, rupture from the
follicie, and/or vent maturation, possibly related to
altered steroid levels in these fish.

Three major reproductive problems exist in Lake
Erie coho salmon: a) poor expression of secondary
sexual characteristics, relative to other Great Lakes
stocks and Pacifie Océan stocks. The maies from

Lake Erie lack the kype development and red body
colouration that is typical of spawning coho salmon;
b) high prevalence of precocious sexual maturation in
the maie salmon collected from Pennsylvania streams
(Fig. 1); and c) eggs collected from fish on the
American side of Lake Erie exhibit low rates of

fertilization and survival to hatch. The présent study
focuses on the latter.
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Figure 1. Precocious maies (jacks) returning to streams on
the American side of Lake Erie as a percentage of the total
return. Data courtesy of the Pennsylvania Fish
Commission.

Over the past decade, the survival to hatch of coho
salmon from the American side of Lake Erie

(Fairview) has consistently been 25 to 40%, which is
much lower than in the other Great Lakes (Fig. 2).
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Figure 2. Mean survival to hatch of coho salmon eggs
from the American side of Lake Erie (Fairview), relative
to other Great Lakes stocks (Reference).

Studies conducted during the early 1980's found no
différences in egg size or developmental time to hatch
in Lake Erie coho salmon, and différences in survival
could not be related to gross measures of egg ion,
protein, or lipid content, or to egg burdens of heavy
metals or organochlorines (Morrison et al. 1985 a,b).
Capture data from an apparently self-sustaining stock
from the Canadian side of Lake Erie (Simcoe)
showed that the two stocks were similar in size,
secondary sexual characteristic development, extentof
thyroid hyperplasia, and thyroid hormone levels, but
survival of Simcoe eggs to hatch averaged 84%,
relative to 36% in Fairview eggs (Leatherland and
Sonstegard 1987). The purpose of the présent study
is to examine the cause of the low rates of
fertilization and survival to hatch in the Fairview fish.

Methods

During 1987-1990, coho salmon were collected
from the Fairview Fish Culture Station, Fairview,
Pennsylvania, during the annual egg collection carried
out by the Pennsylvania Fish Commission, and from



the Canadian side of Lake Erie by electroshocking in
Fishers Creek, near Simcoe, Ontario.
Blood samples were taken and the plasma was

stored frozen for measurement of gonadotropin II
(GtH II) (see Suzuki et al. 1988), testosterone (see
Van Der Kraak et al. 1984), and 17a-hydroxy, 20fl-
dihydroprogesterone (17a,2015-P) (see Van Der Kraak
et al. 1989). In addition, all females were examined
for the proportion of ovulated eggs and for egg
quality, as judged by the proportion of over-ripe eggs
présent.

For estimâtes of % fertilization and survival to
hatch, eggs and milt were transported separately, on
ice, to the University of Guelph, where fertilization
was carried out. The eggs were raised in plexiglass-
divided trays in Heath incubators. Fertilization
estimâtes were made 15 h after fertilization, and at
seven d, 20 d, eyeup, and hatch, after clearing of the
embryos in Stockard's solution (Velsen 1980).

Results

The mean survival to hatch of Fairview eggs in
1987 was 43.9 ±10.5% (n=8)(Fig. 3), Since it was
thought that early ovulation and over-ripening of thé
eggs could have adversely affected survival, in 1988
only the first females to arrive at the hatchery were
used. Although all females appeared healthy and the
eggs appeared viable, the mean survival to hatch in
1988 was 41.8 ± 13.3% (n=8). Cross-fertilization
trials carried out in 1988 showed that the eggs from
the Fairview females were the source of the low
fertility (Fig. 4). Fairview maies were capable of
fertilizing Simcoe females, but not Fairview females.

LIve egga (%)

Figure 3. Mean survival to hatch of coho salmon eggs
from females collected in 1987 and 1988 from streams on

the American side of Lake Erie.

Of the Fairview females used in this study, 80%
required abdominal incision to gain access to ripe
eggs, due to the inability to release eggs through the

vent. These females showed several gonadal
abnormalities upon dissection. All females had
variable numbers of over-ripe eggs présent, usually
still attached to the ovarian stromal tissue in the body
cavity. As fertilization rates decreased, the number of
over-ripe eggs increased, and the prevalence of fry
deformities increased. Simcoe females showed none

of these abnormalities.

Survival to hatch (*)
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Figure 4. Cross-fertilization trials firom 1988, showing the
females from Fairview as the source of the low fertility.
The bars represent the range of egg survival among
females (n=8).

There were no significant différences in the plasma
GtH 11 levels between fish collected on the two sides

of the lake (Fairview = 43.4 ± 11.4 ng/ml (n=24);
Simcoe = 52.0 ± 11.4 ng/ml (n=28)). However,
plasma testosterone and 17a,20il-P levels were both
significantly lower (p < 0.01 and 0.05, respectively)
in the Fairview fish (Fig. 5).

Plasma atarold levai (ng/ml)

Fairviaw BH 6lmco«
(n-24) (n-2B)

Testosterone IZa.SO/S-P

Figure 5. Plasma testosterone and 17a-hydroxy, 20B-
dihydroprogesterone levels in female coho salmon from the
American (Fairview) and Canadian (Simcoe) sides of Lake
Erie. * p < 0.05; ** p < 0.01.
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The présent study confirms earlier fmdings that
rates of fertilization and survival to hatch are lower

in coho salmon from the American side of Lake Erie.

In addition, this study présents cross-fertilization data
indicating that the females of the Fairview stock are
the source of the low fertility.
The Fairview females exhibit several gonadal

abnormalities. The variable numbers of over-ripe
eggs in the body cavity of ail Fairview females
examined, suggests impairment in the timing of final
oocyte maturation and ovulation. Indeed, plasma
testosterone and 17a,20B-P levels were both
significantly lower in the Fairview females compared
with the Simcoe females, supporting the idea of such
an impairment in timing. How this is manifested is
not lôiown. However, it is unlikely that these
problems are related to contaminants in the lake since
a) the two stocks of fish mix in Lake Erie and would
be exposed to similar contaminants, and b) although
contaminants have decreased in Lake Erie since the

mid-1970's, there has been no change in egg survival
(Hasse, Penn. Fish Commission, pers. comm.).
One possible explanation for the reproductive

impairment is the timing of the late August/early
September migration of coho salmon to the Fairview
spawning streams. This migration takes place over a
shallow shelf in the central basin of the lake where

water températures are elevated, relative to the
eastem basin where the Canadian stock spawns.
Previous studies have shown that final oocyte
maturation and ovulation takes about 50 degree days
(ie. 5 days at 10®C) in rainbow trout (Bry 1981).
Higher water températures may shorten the time
necessary for the final maturation process to occur.
Under the conditions of higher water températures
that the Fairview females are presumably exposed to,
the eggs may mature and be ovulated before the fish
reach the streams and become ready to spawn. It has
been suggested that ovulated eggs deteriorate rapidly
(presumably resulting in over-ripe eggs) in female
rainbow trout when water températures exceed 14-
15®C (Escaffre et al 1977). The same process may
occur in coho salmon exposed to elevated water
températures, thus producing the over-ripe eggs
observed in the présent study.
In conclusion, coho salmon from the American side

of Lake Erie exhibit poor rates of fertilization and
survival to hatch when compared with conspecifics
from the other Great Lakes. The poor fertility
appears to be related to a breakdown in the timing of
egg final maturation and/or ovulation, which cannot
be explained by altered thyroid status or contaminant
residues. The poor fertility may be related to
prématuré ovulation in these fish, which causes the

eggs to deteriorate before the fish reach the spawning
streams. Future studies should focus on the effect of

température on final oocyte maturation and ovulation
in these fish.
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THE EFFECTS OF FLUCTUATING SEASONAL AND CONSTANT TEMPERATURES ON THE PHOTOPERIODIC ADVANCEMENT

OF REPRODUCTION IN FEMALE RAINBOWTROUT

B. Davies and N. R. Bromage

Institute of Aquaculture, Stirling University, Stirling, FK9 4LA. UK

SUMMARY

Spawning of raintDOw trout broodstock was advanced
by 4 months In groups of fish exposed to 14 weeks of
long days, begining In February, followed by short
days, irrespective of whether the fIsh were
malntained on constant or seasonally fluctuating water
températures. The fluctuating températures of river
water produced a small modifying effect on spawning
but did not act as a major environmental eue akin to
that of photoperiod. Total fecundity and egg sun/ival
was the same for fish held on borehole and river
water.

INTRODUCTION

Recent studies have indicated that the reproductive
cycle of rainbow trout Is controlled by an endogenous
circannual dock which Is entrained to the yearly
pattern of photoperiod (Duston and Bromage 1986,
1987, 1988). Thus, for a December spawning stock
an abrupt increase of photoperiod in January followed
by a decrease in May produces two successive phase
advances of this rhythm resulting in a four month
advance In spawning. The majority of such
experiments have been performed on relatively
constant water températures, around Id'C and little
work has been conducted on the effect of other
environmental factors, such as température, on
reproduction.
Very low températures have been shown to inhibit

the final maturation and ovulation of trout whereas
warmer températures can enhance development
(Goryezko, 1972; Titarev 1975; Morrison and Smith
1986; Nakari et al. 1987, 1988). Température may
aiso differentially affect the various stages of gonad
development (Breton and Billard 1977; Billard
1983), steroid production and activity (Kime,
1982; Manning and Kime 1985), and, perhaps most
importantly, vitellogenin production and
séquestration (Korsgaard et al. 1986; Tyler et al.
1987; Olin and von der Decken 1989).
The following work was performed to determine the

effect of seasonally fluctuating températures on the
maturation of fish subjected to ambient and a
stimulatory photoperiod.

METHQD

Four groups of post-spawned 2 year old female
rainbow trout, weighing approximately 1kg with a

20n

10-

TIme (months)

Fig. 1. Average weekiy (±sdev) températures for
river water, and monthly températures for borehole
water.

natural spawning time of January-February were
used. Commencing on February Ist, they were exposed
to the following photoperiod and température (see
Fig.1) régimes:

Group A- Ambient photoperiod, river water.
Group B-18L:6D upto May 10, then 6L:18D, river
water.

Group C- Ambient photoperiod, borehole water.
Group D-18L:6D upto May 10, then 6L:18D, borehole
water.

The groups of fish in river water (250 females in
each) were held In 5m diameter tanks whiist those on
borehole water (40 females each) were held in
1.5x3.5m raceways. For the groups under photoperiod
control, holding facilities were light-proofed and
illuminated using fluorescent lights giving
approximately 80 lux et the waters' surface. Fish
were fed by demand feeders. Ten fish from each group
were blood sampled every 4 weeks. Sérum was frozen
and later analysed for calcium levels as an indicator of
vitellogenin levels (Elliot et al. 1984). Close to
spawning fish were checked weekiy for ovulation.
Fecundity calculations were made from water-
hardened eggs.
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RESULTS

The photoperiod régimes experienced by the four
expérimental groups and the resulting spawning times
are shown in Fig. 2a and 2b. Comparison of the mean
number of days to spawning showed a 3*4 month
advance for the two groups on the stimulatory
photoperiod (B and D). which commenced spawning in
August/September, compared to the ambient
photoperiod groups (A and C), which began spawning
in December. Fish on borehoie water spawned
significantly (p<0.001) earlier than those on river
water irrespective of whether they were on
stimulatory or ambient photoperiods.
Sérum calcium levais (Fig.3) in the

photoperiodically-advanced groups began to increase
in May and maximum levais were seen in August and
September. Calcium levais in the groups on ambient
photoperiod began to increase in July/August; fish on
borehoie water exhibited maximum levais in

Ambient Photoperiod

Advanced Photoperiod

>  spawning Grp. A
I  Spawning Grp. B

F'M'A'M'J 'J 'a'^S^Ô'N' D' J 'F

TIme (monthe)

i spawning Grp. C
I Spawning Grp. D

F'M'A'M'J'J' A ' S • O • N • D ' J ■ F

Time (months)

Fig. 2. Spawning times for fish on river water (a) and
borehoie water (b) exposed to ambient or advancing
photoperiods.
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Fig. 3. Profiles of sérum calcium levais for the four
expérimental groups (mean±sem). a-shows
significant (p<0.01) différence compared to fish on
ambient photoperiod. b-shows significant (p<0.01)
différence compared to fish on ambient température.

November, whereas levais peaked in January for fish
maintained on river water. For groups on the same
stimulatory and ambient photoperiod régimes sérum
calcium levais appeared to Increase at approximately
the same time. but levais in the river water groups
showed a transient déclina and subsequently^ peaked 3-
4 weeks behind the fish held on borehoie water.

Fertilization and eying rates were similar for ail 4
groups and parallelled those of other broodstock. The
fish under the stimulatory photoperiods produced
significantly smaller eggs than the ambient groups but
had similar total fecundities (Table 1).

Table 1. Total fecundity, egg diameter, and post-
stripped weight for broodstock in the four
expérimental groups. mean±sem(n)

Group Fecundity Egg DIam. Weight

(eggs/kg) (mm) (kg)

River

Grp.A 5421 ±276(28) 5.0±.039 2.9511.086

Grp.B 53811300(35) 4.51.029® 2.3351.078®

Borelrole

Grp.C 56301251(28) 4.81.036'' 2.4901.089*'

Grp.D 55821269(31) 4.31.036®'' 2.1441.060®*'

a-indicates significant (p<0.01) différence compared
to fish on ambient photoperiod.
b-indicates significant (p<0.01) différence compared
to fish on ambient température.

155



DISCUSSION

The présent study demonstrates that température
produces only a small modifying effect on the timing of
maturation in rainlx}w trout. The photoperiod increase
in February and decrease in May produced a 3-4
month advance in spawning of the fish irrespective of
whether they were on constant or seasonally
fluctuating températures.
The 3-4 week différence in spawning time seen for

the fish in borehole water compared to those in river
water, under both stimulatory and ambiant
photoperiod régimes, appeared to be due to a delay in
maturation in the two groups on river water. it is
possible that the increase in température experienced
by the fish on borehole water in February acted as an
environmental eue and slightiy advanced the
endogenous rhythm of reproduction; however, the
différant patterns of sérum calcium (Fig. 3) between
the groups on river and borehole water suggest that
température primarily affected the physiological
processes involved in maturation, possibly by
influencing vitellogenin synthesis and séquestration
(Korsgaard et al. 1986; Tyler et al. 1987; Olin and
von der Decken 1989).

In conclusion, water température did not act as a
major enviromental eue in the control of seasonal
reproduction in the rainbow trout. This aiso indicates
that the endogenous dock which times maturation,
like circadian mechanisms, is able to compensate for
variations in température.
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Introduction

The mummichog, FvLt>4ul\is be^erpclitus, is
an Atheriniform fish which inhabits tide

marshes along the East coast of North
America. Like the grunion on the West
coast, the mummichog spawns cyclically with
a semilunar period. Gonads mature
cyclically and eggs are deposited on the
marsh surface in sites which can be reached

only on the spring high tides associated
with new and full moon (Taylor, 1986).
The mummichog's spawning periodicity is

maintained in the laboratory (Taylor, 1984;
Hsiao and Meier, 1989) in the absence of
lunar and tidal period eues. The cycle
appears to be endogenous since ic continues
in constant dim light in the laboratory
(Taylor, 1984). Several environmental
cycles exist which have the potential to
synchronize the mummichog's spawning cycle
to the spring tide cycle of its habitat.
These include moonlight, tidal water
movement and the daily light cycle.
The experiments described here

démonstrate that daylength influences the
period length of the spawning cycle and
that artificial moonlight can entrain
spawning to the spring tide cycle.

Methods

Sexually mature F. heteroclitus were
captured in late May or June in a Delaware
(USA) saltmarsh and maintained in 200 L
aquaria, five females and two maies in each
aquarium. Water was maintained at 22-24°C,
and 10-13 ppt. salinity. Each aquarium was
filtered continuously with a recirculating
biological filter. PH was monitored weokly
and adjusted as necessary to maintain pH
8.0. One-third of the water in each

aquarium was changed every three weeks.
Spawning was docuraented by daily

collection of eggs frora a trap which
preceded the biological filter. £ggs were
collected between 1000 and 1500 hours and
staged using the descriptions of Armstrong
and Child (1965). Period lengths, egg
production, salinities and températures are
expressed as the mean + the standard error
of the mean (S.E.M.).
Light (50 lu/m^ or 5xlO"H//cm^) was

supplied by 15 watt fluorescent lights
suspended approximately 30 cm above the
water surface. "Dim light" in the range of
moonlight (0.1 lu/m^ or 8x10"® w/cm^) was
obtained by covering the bulbs with "duct"
tape.

Period lengths of spawning cycles were
determined from smoothed data obtained with
a compound running médian procédure, 4253H
(Velleman and Hoaglin, 1981). Cycles were
defined by peaks in egg production.

Results

Groups of £. heteroclitus maintained in
constant dim light (Fig. lA) produced seven
complété spawning cycles in 96 days. The
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Fig. 1. Daily egg collections from
groups of 5 female and two maie fish.
Day 1 - May 25, 1988. Smoothed curves
were obtained as described in the

"matériels and methods". The lunar

cycle of the naturel habitat is
indicated by open (full moon) and
filled (new moon) circles.
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mean period length, based on the first
four, clearly deflned, peaks was 14.3 ± 0.9
days, N-3. The group of fish exposed to a
24 hour light-dark cycle (LD15:9) spawned
at least six tlmes in 93 days (Fig IB).
The mean period length for this group,
based on the first four peaks vas 16.0 ±
0.4 (N-3). Phase relations to the naturel
lunar cycle differed in the two groups.
Altération of daylength changed the

period length of the cycle. Fish exposed
to 21 hour days (LD13:8) spawned with a
mean period length of 12.7 ± 1.3 (N-3) days
(Fig. IC), while those exposed to 27 hour
days (LD19:8) spawned at intervais of
approximately 25 days (Fig. ID).
In a répétition of this experiment (data

not included). fish exposed to the 21 hour
day cycled with a mean period length of
12.5 ± 0.3 (N-4) days compared to 15.0 ±1.0
(N-5) for fish exposed to a 24 hour day and
13.8 ± 1.3 (N-4) for fish exposed to a 27
hour day. Spawning peaks in the latter
group were poorly defined for most of the
experiment.
The three-day dim light exposures used to

simulate moonlight altered the phasing of
the spawning cycle (Fig. 2). The control
group (group A) was exposed to an LD15:9
light cycle. They spawned at intervais (x
- 15.2 ± 1.4 days, N - 6) which roughly
paralleled the lunar cycle in the naturel
habitat. Superimposition on the daily
light cycle of artificiel moonlight (0.1
lux), which was seven days out of phase
with the naturel lunar cycle (group B),
resulted in a spawning cycle which was
phase shifted with respect to the control
cycle. This cycle was less clearly defined
than the control cycle and egg production
was reduced. The first two spawning peaks
in this cycle (days 10 and 19) followed the
control spawning pattern closely but
occurred, respectively, one and three days
earlier than the corresponding control
peaks. Later peaks (days 48, 82, 92) were
further displaced (x - 7.3± 1.8) relative
to the controls, but were closely
synchronized to the artificial moonlight.
The day of maximum egg collection averaged
2.7± 1.2 days after the first day of the
three day moonlight exposure.
The simulated moonlight cycle for group C

was initially in phase with the naturel
lunar cycle, and these fish spawned in
phase with the latter cycle until the
expérimental cycle was shifted on the
fourth moonlight exposure. An extra
spawning peak occurred in synchrony with
the phase shift, but the fish did not
immediately entrain to the new moonlight
cycle. Instead, they reverted to spring
tide peaks for two cycles before producing
a major spawn associated with the neap tide
moonlight exposure.
Bright light (50 lu/m^) was also an

o  • o • o
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300t
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o>
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(B) Moonlight-Neap Tide
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C7)
uj 100

15 30 45 60 75 90 105

(C) Moonlight-Spring Tide

w 200

LU 100-

Fig. 2. Entrainment of the spawning
cycle by artificial moonlight. Groups
B and C were exposed to 0.1 lu/m^
superimposed on the LD 15:9 light cycle
for three day periods indicated by
asterisks. The lunar cycle in the
naturel environment is indicated on

panel "A".

effective entraining stimulus, but acted by
suppressing spawning (Fig. 3). Thus,
présentation of a three day puise of bright
light centered on the spring tides (In
phase), was associated with a spawning
cycle which phase shifted to peak on the
neap tides. Conversely, the fish which
were exposed to the bright light puise on
the neap tide (Out of phase), concentrated
their spawning on the spring tides. Both
of these groups of fish were exposed to
constant dim light (0.05 lu/m^) between
light puises.

pi?çVL?si9p

Persistence of the semilunar cycle in
constant conditions (Fig. 1) confirms and
strengthens the assertion (Taylor, 1984)
that the spawning cycle of £. heteroclltus
is endogenous. The mean period length of
the laboratory spawning cycle (14.3 ± 0.9
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Fig. 3. Entrainment of spawning by
three day puises of bright light (50
lu/m^) superlmposed on constant dlm
light (0.05 lu/m^). Asterisks indicate
bright light exposure.

days) was close to that of the lunar cycle
for this period (14.7 ± 0.3 days). The
effects of 21 and 27 hour days on the
spawning cycle are evidence for the
involvement of the daily light cycle in the
timing of reproduction in heteroclitus.
Shortening the daylength to 21 hours
resulted in spawning cycles which were
shorter than those of fish exposed to 24-
hour days. Daylengths longer than 24 hours
were associated with unusually long cycles
(Fig. 1) or inconsistent cyclicity. The
irregularity in spawning periodicity in the
latter experiment could be due to poorly
defined cycles in the individuel fish or
lack of synchronization between
individuels. Either could be caused by
difficulty in entraining to the 27 hour
day.
The 12.6 day mean period length for the

two 21-hour day experiments corresponds to
302 hours or 14.4 twenty one hour days. If
the fish are "counting" the number of day-
night exposures, as apparently happens in
some insects (Saunders, 1982), this resuit
would be expected. However, this
"photoperiodic counter" model does not fit
the 27-hour day experiments. In that case,
the period length should have been 16.6
twenty-four hour days. A possible
explanation for the discrepancy can be
found in comparison of the locomotor
activity patterns for the two daylengths
(data not presented). The fish did not
entrain to either expérimental daylength as
consistently as they did to the 24-hour

day, but entrainment to the 21-hour day was
clearer than to the 27-hour day. If the
fish are "counting" the number of day-night
cycles, their endogenous circadian timing
System must be entrained to the
environmental cycle. Failure to entrain
presumably would lead either to reversion
to the endogenous period length or to
arrhythmicity.
The "photoperiodic counter", as described

for insects (Saunders, 1982), is thought to
be linked to its physiological response
(diapause) by the accumulation of some
substance which eventually reaches an
effective level. In sexually maturing
goldfish, gonadotropin is secreted in daily
puises (Hontela and Peter, 1979). If these
puises have a cumulative effect, 21-hour
days might be expected to speed gonadal
maturation by increasing puise frequency.
The potentiel for maintaining the

spawning cycle period length by daylength
does not rule out the possible involvement
of moonlight or tidal factors in
synchronizing spawning with spring tides.
In fact, an additional signal would be
necessary to provide information on the
phases of the spring tide cycle. Moonlight
(Fig. 3) could do this directly, or the
lunar day tidal cycle could signal the
occurrence of spring tides through a "beat"
mechanism with the solar day entrained
circadian cycle.
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THE ROLE OF THE RIA FORMOSA IN THE MATURATION CYCLE OF THE FEMALE GONAD OF Solea

senegalenais (PISCES, SOLEIDAE).

J. P. Andrade

Universidade do Algarve, Campus de Garabelas, 8000 Faro, Portugal

Introduction.

The sole, Solea senegalensis. is one
of the most valuable commercial fish of the

south coast of Portugal and the most
abundant flatfish in the Ria Formosa

lagoon. However, little is known of the
reproductive biology of the species and no
detailed study has been published
discussing the rôle of the lagoon in the
sexual cycle. This study was undertaken to
describe the oogenesis, the dynamics of the
sexual cycle and its relation to the
migration of the sole between the lagoon
and the sea.

Materials and methods.

Between January 1985 and December
1987 2376 female soles were collected in

the Ria Formosa lagoon and 519 in the sea.
The lengths and weights of ail fish were
recorded to the nearest 1 mm and 0.1g,
respectively. Gonads were removed, weighed
to the nearest 0.1 g, fixed in San Felice*s
fluid, erabedded in Paraplast, sectioned at
5-7 pra, and stained in Masson*s Trichrome.
The seasonal changes in ovarian development
were followed by calculating the
gonadosomatic index (GSI) in each monthly
sample. Data from the same months for the
three years were combined and the results
are presented as mean curves.

Results.

Oogenesis - in the ©varies of the
females caught in the lagoon only non
yolked oocytes were identified. These were
passing through the stages A, B and C of
oogenesis. In the females caught in the
sea, non yolked, partially yolked, yolked
and hydrated oocytes were identified. These
were passing through the stages C, D, E, F,
and G of oogenesis (see détails in Andrade,
1990).

Gonadosomatic index - in the females
caught in the lagoon the GSI values were
less than 0.6 throughout the annual cycle.
In the females caught in the sea the GSI
varied according to two différent groups:
in the females with total length ranging
from 30.0 cm to 35.0 cm the GSI varied
between 0.8 in January and 1.7 in May; in
the females with total length greaterthan
35.0 cm, the ©varies began to ripen in
November. In December the GSI increased
rapidly to reach a maxima in January

(14.4). After February the GSI gradually
declined to minimum values in August (2.6).
(Fig.l).

091

16 -I- adulU

JAN lilAR MAI JUL SET NOV

Fig. 1 - Seasonal variation in the GSI in
female S^ senegalensis. The points for the
adults represent the mean + S.D.

Discussion.

The female sole is a sériai
synchronous spawner. Oocytes in différent
stages of pre-vitellogenesis and
vitellogenesis can be identified
simultaneously in the ripening ©varies.

The Ria Formosa lagoon is a nursery
for S^ senegalensis. In fact, the ©varies
of the fishes caught in the lagoon were in
the previtellogenic phase of the oogenesis.
The vitellogenic phase of the oogenesis
only begins after the migration to the sea,
for females with total lengths greater than
35.0 cm. This is confirmed by the seasonal
variation of the GSI values in the immature

and in the mature females, respectively.
Considering the dynamics of the

maturation of the ©varies, the female soles
can be classified in three différent

groupe: juvéniles- total length <30.0 cm,
of oogenesis A,B,C, GSI<0.6; sub-
30.0 cm<total length< 35.0 cm,

of oogenesis A,B,C, 0.8<GSI<1.7;
total length>35.0 cm, stages of

stages
adults-

stages

adults-

oogenesis C,D,E,F,G, GSI>2.0.
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PHOTOPERIODIC CONTROL OF PLASMA GROWTH HORMONE LEVEES AND SEXUAL MATURATION OF
ADULT ATLANTIC SALMON

B.Th. Bjôrnsson*, S.O. Stefansson*-', G.L. TarangeH'^, T. Hansen^ B.Th. Walther^ and C. Haux*.
'Department of Zoophysiology, University of Gôteborg, Sweden. ̂ epartment of Aquaculture, Matre Aquaculture Station,
Norway. 'Department of Fisheries and Marine Biology, University of Bergen, Norway. ̂ Department of Biochemistry, Uni
versity of Bergen, Norway.

Introduction

Growth hormone (GH) bas both somatic and non-somatic
fiinctions in salmonids. An important non-somatic function
is a GH-induced increase in hypoosmoregulatory ability dur-
ing parr-smolt transformation. The increase in GH levels
during this period is induced by an increase in daylength
(Bjôrnssoner û/., 1989).

The sexual maturation of AUantic salmon {Scdmo salar)
may also be under photoperiodic control, and during this
period changes occur in both somatic and gonadal growth as
well as in hypoosmoregulatory ability. The aim of the study
was thus, for the first time, to establish if GH may have a
regulatory rôle during sexual maturation, and if changes in
GH during this period are affected by photoperiod.

Methods and results

Monthly plasma samples were obtained from a predomin-
antly female population of Atlantic salmon, covering the
second season in SW including the spawning period.
A 3 X 3 group design was used. During the first six

months (January-July), three groups were exposed to natural
light (NL), natural light + 24L:0D from January (AU), and
natural light + 24L;0D from March (ALM), respectively.
From July, three sub-groups were exposed to 24L:0D (24L),
8L;16D (8L), and simulated natural photoperiod (SNP),
respectively. At the end of the experiment, ail fish were
sacrificed, and data sorted according to sex and sexual
maturity. (For further détails of the expérimental set-up and
protocols, see Taranger et al., this volume).

Plasma GH levels were assayed by a RIA procédure,
modified from Bolton et al., 1986, using a recombinant sGH
standard, which gives about 3 times lower plasma GH levels
than previous work using this RIA procédure with a native
sGH standard (e.g. Bolton et al., 1986; Bjôrnsson et al.,
1989). Due to the length of the experiment, and the ex-
pected changes in plasma composition during the experiment
(e.g. high vitellogenin levels), two sets of RIA trials were
carried out. These indicated that plasma GH levels are not
affected by a one-year storage at -80 ®C, and that non-
specific binding of "sexually mature" plasma is only margin-
ally increased.
From January to July, GH levels were relatively low (0.5-

1 ng/ml) in ail groups (see Fig. 1 for the NL-SNP groups).
Thus, additional light in January (AU) or in March (ALM)
did not influence GH levels, while it caused a large decrease
in the proportion of fish that matured (see Taranger et al.,
this volume).

From July, GH levels increased in both maies and femal-
es during a 2-4 month period. As maie data from this ex
periment are scarce, the only conclusion drawn is that GH
levels seem to follow a similar pattem in both sexes (Fig. 1).
Compared with females on SNP (Fig. 1), 8L and 24L treat-
ments from July advanced and delayed the GH increase in
females by about 1 month, respectively. Similar shifts in the
timing of ovulation occurred as well.
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Figure 1. Plasma growth hormone levels in sexually maturing
Atlantic salmon maies (▼; n-1-7) and females (•; n» 10-21)
exposed to NL-SNP (ovulation in November to December).

Discussion and conclusions
Females kept on continuons light throughout the ex

periment (AU-24L) exhibit similar changes in GH levels
prior to ovulation as females on NL-SNP. It is thus
suggested that an endogenous rhythm exists, which directly
or indirectly induces increased GH levels a month prior to
ovulation. The timing of this endogenous rhythm is ap-
parently fine-tuned by photoperiodic control. The cor-
relation between the timing of the GH increase and the time
of ovulation suggests a spécifie rôle of GH in the matura
tion process. The study reinforces the hypothesis that
régulation of GH sécrétion is under strong photoperiodic
control. However, in contrast to the period of parr-smolt
transformation, where increased day-length during spring is
stimulatory for GH levels (Bjôrnsson et al., 1989), a de-
creased day-length during fall appears to be a similar stimu
lus during sexual maturation.
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THE EFFECTS OF SEASONAL ALTERATIONS IN RATION ON FECUNDITY AND MATURATION

IN RAINBOW TROUT (ONCORHYNCHUS MYKISS)

N. Bromage and J. Jones
Institute of Aquaculture, University of Stirling, Stirling FK9 4LA, Scotland.

Summarv

Feeding différent groups of 1 year-old prepubertal
female rainbow trout for 0, 4, 8 or 12 months on
either high (1.0% body weight day'*) or low (0.4%)
rations produced significant changes in fecundity, total
egg volume and in the percentages of fish which
spawned. Fish fed high ration for the first 4 or 8
months of the year-long cycle had up to 56% higher
fecundities even after weight influences had been
partitioned by covariance analysis. Groups of fish fed
high ration for the first 4 months of the cycle included
the highest percentages of spawning fish. By
optimising feeding régimes commercial hatcheries
could produce up to 3x more eggs from existing
stocks.

Collectively these results suggest that fecundity is
established quite early in the annual cycle.
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Methods

Eight groups of 50+ female rainbow trout were fed on
a high ration of feed for 0, 4, 8 or the 12 months
preceding first spawning with low rations for the
remaining periods of the year respectively as follows:
Croup B High ration ail year (Jan to end of Nov)
Croup G Low ration ail year (Jan to end of Nov)
Croup 1 Low ration from 16 Jan to 18 Apr then

High (18 Apr to end of Nov)
Croup 2 High from 16 Jan to 18 Apr then Low

(18 Apr to end of Nov)
Croup 3 Low 16 Jan to 18 Apr, High 18 Apr to

18 Aug then Low to end Nov
Croup 4 High 16 Jan to 18 Apr, Low 18 Apr to

18 Aug then High to end Nov
Croup 5 Low 16 Jan-18 Aug then High to Nov
Croup 6 High 16 Jan-18 Aug then Low to Nov
The number, size and quality of eggs produced and the
percentage of fish which spawned were recorded and
the data analysed after Bromage et al (1990).

Results and Discussion

Feeding at a higher rate for the period 4-8 months into
the cycle (Cp 3) resulted in significantly higher
fecundities (Fig 1) and total egg volumes than for fish
fed at lower rations over the same period (Cp 4).
Increases in fecundity were also seen in fish fed high
rations for the first 4 months of the cycle (Cp 2)
whereas fish receiving low rations over this period (Cp
1) had somewhat limited fecundities despite good
growth over the 8 months before spawning. Reducing
the ration over the last 3 months before spawning (Cp
6) had no detrimental effects on fecundity.

Croups B, 2, 4 and 6, which were fed high rations for
the first 4 months of the cycle had the highest
percentages of spawned fish; of these groups B, 2 and
6 also had some of the highest fecundities. By contrast
Croups G, 1 and 5, maintained on low rations,
exhibited 30-35% réductions in number of maturing
fish. Although the fish on the lower rations, who did
manage to spawn, had higher relative fecundities,
overall their small size and reduced levels of maturity
would mean that farms using such feeding régimes
would have to maintain 3x as many broodfish to
produce the same number of eggs (Table 1).
Furthermore, it would appear that the most productive
group of broodfish were those of Croup 6 and not
those which were on high rations throughout the year.

libki
Cp Mean Mean % Number Kgof

Fecundity Wt(Kg) spawning of fish» fish»

B 3036 1.57 68.2 483 759

G 1864 0.78 34.5 1555 1205

1 2562 1.32 48.2 810 1070

2 2355 0.90 63.6 668 603

3 2693 1.05 47.3 785 822

4 2268 1.31 68.2 646 843

5 1865 1.08 40.9 1311 1417

6 3060 1.16 70.0 467 543

^required to produce 1 million eggs

Bromage et al (1990) Fecundity, egg size and total egg
volume différences in 2 stocks of rainbow trout.
Aquacult. & Fish. Man. 21, 269 - 284.
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ADOLESCENCE IN FEMALE POWAN Coregoniis lavaretus (L.)(Salmoniciae)

Elizabeth A.R. Brown and David B.C. Scott.

Department of Biology and Preclinical Medicine, The University, St. Andrews, Fife KY16 9TS, Scotland.

Summarv

Two catégories of juvénile powan are recognisable:
besides immature fish,there are adolescents in which a
reproductive cycle beginis, but is not completed.
Adolescents are characterised by high lipid reserves,
and the failure of protein yolk déposition.

Introduction

There are two populations of Coregonus lavaretus (L.)
in Scotland, where they are called powan (Brown &
Scott, 1990). In both thçre are two distinct catégories
of juvéniles. Besides immature fish in which there is
no gametogenic activity during the year, there is a
second category, adolescents, in which a reproductive
cycle begins but is not completed, and which does not
culminate in spawning.

Results

Reproduction in adult females is synchronised with the
seasons. Their gonadosomatic index (GSl) reaches 20
before spawning, and falls to <2 in late spring.
Endogenous vitellogenesis begins about the spring
equinox, and exogenous vitellogenesis at the summer
solstice, continuing until spawning occurs, soon after
the winter solstice. Reproduction in adolescents is
aseasonal and any stage of adolescence may be found
at any time of year, though there is a tendency for the
latest (often atretic) stages to occur between late spring
and early summer, when the GSl of adults is minimal.
The maximum GSl of adolescents is <7.
Gametogenesis is similar in adults and adolescents
until exogenous vitellogenesis; in adolescents only a
few protein yolk granules appear. This failure of
exogenous vitellogenesis is reflected in the
hepatosomatic index which does not show the rise
associated with vitellogenin synthesis in adult females
(Fig. la). Adolescents attain much higher lipid
reserves than adults: the viscéral fat body provides a
crude but convenient measure of overall lipid reserves
(Fig. Ib). Adolescents conserve lipids when adults are
utilising them.

Discussion

In adult females, total body lipid fluctuâtes seasonally.
In Loch Lomond, lipids àccount for >6% of total body
weight, falling to <1% in winter. In Loch Eck,
presumably because of year-round feeding, the
seasonal range is less extreme: from 3.3% in June to
2% in April. It has been suggested that high lipid
levels initiale maturity, but lipids in adolescent powan
do not rise to significantly higher levels than in
immatures until the intermediate and subséquent stages
of adolescence. The high lipid levels are thus
probably a conséquence rather than a cause of

adolescence: with the failure of exogenous
vitellogenesis, lipid stores are not drawn on, and rise
to very high levels. It may be that fast-growing young
fish need ail their protein for somatic growth; only as
annual growth incréments decrease with increasing
size does progressively more protein become available
for gametogenesis and a conséquent utilisation of
lipids. Probably most late stage adolescents become
atretic, especially in spring and eariy summer, but it is
possible that when the mean gonadosomatic indices of
adults and adolescents are about the same between
April and May, adolescents might then "slot into" a
normal adult cycle. We have no evidence of young
powan spawning smaller than normal ova.
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Fig. l(a) Mean hepatosomatic indices (weight of liver
as percentage of somatic weight) and (b) mean
gutsomatic indices (weight of gut as percentage of
somatic weight) of adolescent females (open circles),
adult f^emales (solid circles) and adult maies in Loch
Lomond from 1979-87 and 1984-87 respectively.
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A PHYSIOLOGICAL BASIS FOR NON-ANNUAL SPAVNING IN VINTER FLOUNDER

M.P.M. BURTON

Department of Biology and Océan Sciences Centre, Hemorial UniversIty of Nevfoundiand, St. John's.
Nevfoundland, Canada AlB 3X9

Summarv

Différentiel feeding success can control
reproduction in vinter flounder,
PseudoDieuronectes americanus. and accoxints

for the sporadic occurrence of non-annual
spavning in this species.

Introduction

Data collected from vild (Avalon
Peninsula, Nevfoundland) populations of vinter
flounder. and feeding experiments on
laboratory-held fish from the same populations
have been used to examine the status of non-

reproductive adults.

Results

In 3 successive years non-spavning
adults (K) in the vild population varied from
35%-5% for maies and 30%-10% (Fig. 1) for
females. The incidence of non-spa%mers varied
inversely vith recent feeding success, as
measured by mean condition factor;
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Fig 1. Feeding success and spavning
omission over 3 years.

Reproductive fish could be induced to
omit a reproductive cycle and then résumé
reproduction in successive years solely by
feeding manipulation. If the normal feeding
season is divided into an early Period 1 and
a later Period 2 (Fig. 2) the omission of the
next reproductive cycle is linked to impaired
condition in Period 1. No reproductive
females satiation fed in Period 1 omitted the

folloving reproductive cycle vhereas 72% of
those starved in Period 1 but satiation fed in

Period 2 became non-reproductive.
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Expérimental division of the
normal feeding season for vinter
flounder.

Discussion

Non-annual spavners, increasingly
reported, vere divided into 2 major groups
(Fedorov, 1971). Vinter flounder are of the
second type, involving early gametogenesis.
Individuals omit a spavning cycle in response
to poor nutrition early in the feeding season,
vhich may enable them to survive the vinter
and résumé reproduction the folloving year.
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SEASONAL REPRODUCTIVE STEROID HORMONE PROFILES IN Oreochromis mossambicus
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Daryl A. Cornish and George L. Smit

Department of Physiology, University of the North^ Sovenga, 0727^ RSA
Introduction WiitPf Tt(np.( C) IHormontKng/mD/QSK*) _

O.mossambicus is considered to be an
important species for commercial cul
ture programs in Southern Africa.
The purpose of this investigation
was to acquire information on the en
docrine control 50 as to manipulate
the artificial propagation of this
species. Gonadal homogenates were
prepared and analysed for reproduc
tive steroids on a monthly basis. GSI
was calculated as described by Roff
(1983). Water température was re-
corded with an immersion thermometer.
Maie teleosts exhibit either contin-

uous or discontinuons sperm produc
tion. Rosenblum et al (1987) have
found that differing time intervais
may occur between the completion of
gametogenesis and the initiation of
spermiogenesis in the maie and ooge-
nesis in the female. These changes
in sperm cell production in the maie
are controlled by the presence of
testosterone in the Leydig Cells of
the testes. In the female, the
changes are thought to be associated
with the presence of estradiol and
progestérone in the ovary, with their
production being initiated by gonado-
trophin hormone sécrétion.

Re^plts àM Discussini^

Fig.l indicates a close relationship
between water température, steroid
hormones and GSI in both maie and fe
male O,mossambicus, With the onset of
spring, water température increases
markedly which coïncides with an al-
most instantaneous increase in the
female GSI; indicating that the fe
male is approaching reproductive ma-
turity. Hereafter, maie GSI reaches
it's peak value indicating that maie
reproductive activity only develops
in response to female gonadal devel-
opment. It appears as if the sudden
change in water température related
to the increase in photoperiod, are
primary stimuli to initiate reproduc
tion. Female estradiol levels show a
peak corresponding to an increase in
the female GSI which confirma the
maturation of the female reproductive
System. When estradiol levels dé
cliné, a concomitant increase in the
female progestérone level is observed

• ®- Eitrea -*• "fliinp. ^ Fmui* osi

Fig.l The relationship between HaO
température, (Hormone! and GSI for
O,mossambicus.

with the GSI still remaining high.
This suggests that females are ready
to spawn in conjonction with maie ma-
turity. In the case of the maie, tes
tosterone levels peak with the in
crease in température that is akin to
a relatively slow development of the
maie gonad, with GSI only reaching a
maximum once the female is reproduc-
tively mature. It is also clear that
a time lapse exists between testos
terone production and the maie breed-
ing cycle which is associated with
female gonadal maturity. Progestérone
only peaks once the levels of estra
diol have begun to décliné, suggest-
ing that spawning is primarily tem
pérature dépendant and thereafter
hormonal levels influence gonadal de
velopment. In the maie, température
causes testosterone to peak which
causes the gonads and their gametes
to reach reproductive maturity.

Roff, D.A.,(1983) An allocation model
of growth and reproduction in fish.
Can, J.Aguat..9cj. 40; 139 5-1404

Rosenblum,P.M., J.Pudney, & I.P.
Callard,(1987) Gonadal morphology,
enzyme histochemistry and plasma
steroid levels during the annual
reproductive cycle of maie and fe
male brown bullhead catfish, Icta-
Ixirus nebulosus Lesueur. J.Fish
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ABSOLUTE DAYLENGTH AND THE ENTRAINMENT OF AN ENCXX3EN0US CLOCK CONTROLUNG REPRODUCTION IN THE

FEMALE RAINBOW TROUT.

B. Davies. G. Randall and N. R. Bromage

Institute of Aquaculture, Stirling University. Stirling, FK9 4LA. UK

INTRODUCTION

The seasonal reproductive cycle of rainbow trout is
controlled by an endogenous circannual dock which Is
entrained to the yearly photoperlodic cycle. For a
December spawnlng straln exposure to an abrupt
Increase and decrease in January and May
respectively produces phase advances of the dock
resulting in the fish spawnlng from August to
September. The magnitude of réduction In May plays
only a supplementary rôle In altering the subséquent
time of spawnlng (Duston and Bromage 1987). This
study investigates the importance of absolute daylength
on the advancement of spawnlng.

METHQD

Five groups of 2 and 3 year old female rainbow trout
(natural spawnlng time commences in December)
were transferred from ambiant photoperiod
(LD8.5:15.5) to lightproof tanks on the 17th of
January . The five expérimental groups consisted of
the following photoperiod régimes:
Group A-LD22:2 to May 8, then LDI 3.5:10.5
Group B-LD18:6 to May 8, then LD9.5:14.5
Group C-LD14:10 to May 8, then LD5.5:18.5
Group D-LD12:12 to May 8. then LD3.5:20.5
Group E-LD8.5:15.5 to May 8, then LDI .5:22.5
Water température was 8.5-9.0''C and the light

intensity at the water surface was 25 lux. FIsh were
fed at 0.5% body weight /day. Fish were checked for
maturity at monthly intervais and fortnightiy once
spawnlng commenced. Blood samples were taken at
approximately monthly intervais from 3 year old fish
and sérum analysed for calcium, an Indicator of
vitellogenin levais.

Rpc;illTR/niRCUSSION

Groups A-D ail commenced spawnlng in August, 4
months in advance of the natural spawnlng period
(Fig.1). Group E commenced spawnlng In October, 2
months in advance of natural spawnlng and
significantly later than Groups A-D (p<0.01).
Sérum calcium levais are shown in Fig. 1. Similar

increases In calcium were seen for groups A-D,
beginning in May. The rise in sérum calcium for Group
E did not begin until September.
The similar spawnlng times and profiles of

vitellogenin change seen for groups A-D indicates that
the magnitude of daylength increase In January Is not
important for advancing spawnlng, provided there is

This work was supported by a NERC award to N. B.
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Fig. 1 Spawnlng dates for groups A-E (horizontal line;
vertical hatched line shows time of natural spawnlng)
and their sérum calcium levais (mg%±1sem).

an increase relative to the previous photoperiod. The
advance In spawnlng seen for group E shows that
spawnlng can aiso be advanced In fish which have not
experienced any Increase in daylength.

SUMMARY

1. An increase In daylength Is not essentiel for the
advancement of spawnlng In the rainbow trout; the two
month advance seen in group E is due to a single phase
advance of the endogenous rhythm produced by the
réduction in photoperiod In May.
2. The 4 month advance seen In groups A-D Is due to
two phase advances of the endogenous rhythm, one
produced by the increase In photoperiod during
January and the other by the decrease In May.
3. It is the actual direction of change of daylength
rather than daylength per se which entrains the
endogenous dock controlling the seasonal reproductive
cycle of rainbow trout.
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DIFFERENT LIGHT REGIMES AFFECT GROWTH AND SEXUAL MATURATION IN
ATLANTIC SALMON POSTSMOLTS (Salmo salar L.).

H.P. Endal ̂  T. Hansen^, S.O. Stcfansson^*^ and G.L. Taranger^'^.

^ Département of Fisheries and Marine Biology, N-5020 University of Bergen. Norway.
^Institute of Marine Research, Matre Aquaculture Research Station, N-5198 Matredal, Norway.

Summarv

The study demonstrates that Atlantic salmon
postsmolts exposed to additional light during first
winter in sea showed a higher ̂ owth rate compared to
natural photoperiod. The additional light also resuled
in higher incidence of maturation as grilse.

Introduction

The présent study investigates the effects of
additional light on growth rate and incidence of sexual
maturation in Atlantic salmon postsmolts. Individually
tagged postsmolts were reared in sea cages at Matre
Aquaculture Research Station (61®N), under 6 différent
light régimes from 26 October 1989 to 27 July 1990.
(Fig. 1). The light régimes were natural photoperiod
(N), and natural photoperiod with 24 hour additional
illumination (A) supplied from lOOOW halogen lamps.
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Fig. 1. Light régimes during the experiment.
(Numbers 1-6 reflecting group code. Table 1).

Results

Ail groups showed an initial decrease in growth rate
when additional light was put on, followed by an
increase after approximately six week (Table 1, Fig. 2).
Consequently the mean weight was 30% higher in the
AAA group compared to the NNN group at the end of
the experiment. The incidence of sexual maturation as
grilse ranged from 3 to 17% among the groups, earlier
and longer periods of additional light giving higher
incidence of maturation (Table 1).

Table l. Mean individual spécifie growth rate
(%/day) and incidence of maturation (%).

Group 26 0ct- 12Dec- 25 Jan- 20Mar- 15May- Mature

code 12 Dec 25 Jan 20 Mar 15 May 27 July 27 July

1 NNN 1.19 0.36 0,25 0,29 0,25 2,8

2 NNA 1.20 0.38 0.14 0,55 0,31 3,9

3 NAA 1,19 0.15 0.45 0,64 0,24 8,3

4 ANN 0,60 0.74 0,71 0,35 0,17 9,4

5 AAN 0.59 0.59 0.79 0,41 0,04 10,2

6 AAA 0.63 0.60 0,79 0,63 0,16 17,3
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Fig.2. Increase in mean weight during the experiment.

Discussion

The growth promoting effect of additional light is in
accordance with Krâkenes et al. (1991), and indicate a
seasonal growth pattem under photoperiodic control in
salmon in seawater, or a direct photostimulation of
growth (Saunders & Harmon 1988). The increased
incidence of grilsing in the groups receiving additional
light may be attributed to the increased growth rate in
spring, since it is hypothesized that the décision
whether to mature or not is connected to growth rate
soon after winter solstice (Thorpe 1989). The
corrélation between growth in the period from
February to May, and the incidence of maturation
indicate that the décision whether to mature or not is

extended over this period (Table 1). However, the
additional light may also have advanced a possible
endogenous rhythm controlling the timing of this
décision, thus complicating the relation between the
observed growth and maturation.
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THYROID FUNCnON IN FLUVIAL SEXUALLY MATURE LAKE ONTARIO COHO SALMON

J.F. Leatherland and P. A. Flett

Institute of Ichthyology, Department of Zoology, Universily of Guelph, Guelph, Ontario
NIG 2W1, Canada

Symm^ry

The fall in plasma T4 and T3 levels in sexually
mature coho salmon is associated with a low hepatic
5'-monodeiodinase activity (MDA), and a down-
regulation of the pituitary-thyroid-liver axis.

Inlrpjyçtipy

In this study we détermine whether the decreasing
plasma T4 and Tj levels in sexually mature salmon
(Leatherland et al 1989) represents a down-
regulation of the pituitary-thyroid axis, or an
increased hormone clearance. In addition, we
examine the possibility that the low survival of yolk-
sac fry in one of the three sampling years (1989) was
due to cold-induced changes in endocrine profiles.

Results

Plasma T3 levels (Fig. 1) fell progressively from
early October to mid-November and remained low
thereafter in ail three sampling years (1988-1990);
levels in maies (adults and "jacks") were higher
than in females during October. In 1988 and 1990,
plasma T4 levels in adults (maies and females) tended
to fall between early October and mid-November,
whereas in "jacks" the décliné occured between mid-
November and early December; in the cold 1989
season, plasma T4 levels were low in ail groups
throughout the sampling period. MDA was low in
maies and females, and administration of bTSH failed
to induce an élévation of plasma thyroid hormone
levels at any of the three testing times (October,
November or December.

Discussion

The absence of a response to bTSH challenge
suggests that the lowering of plasma T4 and T3
levels during upstream migration is due to a down-
regulation of the pituitary-thyroid axis. Since
in vitro MDA is low, in vivo T3-production is
probably extremely low because of the falling T4
(substrate) concentrations during river résidence.
This réduction in plasma T3 levels during this period
probably acts to remove anabolic control and permit

the mobilization of available metabolitejreserves

(Leatherland et al 1991). It is unlikely that the
altered plasma T4 profiles associated with the
unusuably cold 1989 season was a factor in the poor
survival of the yolk-sac fry. The phenomenon is
probably not endocrine-related, but is more likely
attributable to direct low température effects on the
gametes or early embryonic stages.
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Figure 1. Plasma T3 concentrations (nM) in coho
salmon collected from the Crédit River in 1988-1990;
N = 560. Each symbol represents the mean of 4-14
measurements. Variance bars have been omitted for
purposes of clarification. OV = time of ovulation.
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SEASONAL CHANGES IN STEROIDS IN A PROTANDROUS TELEOST SPARIDENTEX HASTA
VALENCIENNES

K. P. Lone^ A. Al-Marzouk and D. E. Kime*,

J^ariculture and Fisheries Dcpartmcnt, Kuwait Insdtute for Sciendfic Research, Safat, Kuwait, and
Department of Animal and Plant Sciences, The University, Sheffield, U. K.

Swmmary

Sérum concentradons of 11-oxygenated androgens
in maies and of estradiol in femmes peaked during
the spawning period in Febniary. A brief increase in
estradiol in Seplember-October in both sexes may be
related to the first stages of sex inversion.

IntTQduçdon

The sobaity, Sparidentex hasta Valenciennes is a
protandrous teleost (Family Sparidae). At one year of
âge 90% of the populadon were maie with running
milt and 10% were immature, but by the following
reproductive season 30% of the fish had become
functional females. The aim of the work was to
examine whether sérum steroid concentradons might
be used as indicators of sex, spawning readiness, and
imminence of sex inversion. Individually tagged
sobaity from a 1987 spawning were held in net cages
(2.5 m X 2.5 m X 2.5 m) in the sea off Kuwait. Blood
was taken from 10 maies and 10 females at monthly
intervais from 23-35 months of âge. Sérum steroids
were measured by radioimmunoassay.

Results and Discussion.

11-Ketotestosteione was high in maies during the
spawning season in January-March and low during
the non-spawning season. In females, concentradons
of this hormone were low throughout the year
(Fig. 1.). IIB-Hydroxytestosterone showeda similar
pattern. Estradiol gave peaks during the spawning
season only in females, but both sexes showed an
increase in this hormone as gonadal recrudescence
began in September-October. Testosterone and its
glucuronide showed no sex différence, the free
steroid increasing from November to July while its
glucuronide exhibited two sharp peaks in March and
July.
The pattern of steroids during the non-breeding

season conelated well with histological data obtained
on 12-24 month fish of a genedcally équivalent
population (Lone et al, 1990). These fish, which
were ail maie in January, showed a state of sexual
indécision with increased feminisadon in early
summer but reversion to maie characterisdcs by
September. Sex reversai to fully funcdonal females,
if it took place, did not occur undl the beginning of
the next reproducdve period (October - January).
This suggests that the autumn peak of estradiol may
be involved in the inidadon of sex reversai.
Sérum 11-oxygenated androgens were more reliable

indicators of sex than estradiol.
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Fig. 1. Seasonal changes in 11-ketotestosterone
(1IKT) and estradiol (E2) (• maie; o female;
♦, *♦, and indicate significant différences
between sexes, P < 0.05,0.01,0.001; verdcal bars
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Seasonal changes in spermatocrit, plasma sex steroids, and motility of sperm from
Atlantic halibut (Hippoglossus hippoalossus)

D.A. Methven and L.W. Crim. Océan Sciences Centre^ Mémorial University of
Newfoundland, St. John*s, NF, CANADA AlC 5S7

Introduction

Studies on the reproductive
physiology of roale and female
Atlantic halibut have been conducted

at the Océan Sciences Centre for
several years with the aim of
optimizing halibut broodstock
performance in captivity. Our
objectives in this study are to
describe the seasonal changes that
occur in spermatocrit (SCT), plasma
sex steroids and sperm motility in
maie Atlantic halibut.

Materials and Methods

Blood samples and milt were
collected from three captive Atlantic
halibut once each month prier to
spawning and twice monthly during the
spawning period. Levels of 11-
ketotestosterone (11-KT) and
testosterone (T) were determined by
radioimmunoassay. SCTs were determined
by centrifugation immediately after
milt collection. Duration of motility
was quantified while viewing sperm
through a compound microscope by
determining the time required for
ca.>95% of ail sperm to stop forward
movement.

Results

11-KT and T were not detected
during summer, androgens being low
prior to and after spawning. The
hormone levels were highest just
before or at the initial release of
milt (Fig.A). Plasma 11-KT remained
low (<5 ng/ml) prior to the spawning
season. Milt was first released in
very small volumes (<1 ml) when 11-KT
peaked at the beginning of the
spawning season. Volume of milt
increased to >60 mis per collection as
11-KT declined. Prior to spawning T
levels increased (>5 ng/ml) reaching
a peak with 11-KT when milt was first
released. T remained elevated after
the initial release of milt declining
gradually to low levels in April-June
at the end of the spawning season. A
fourth maie halibut which had very low
(<2 ng/ml) levels of 11-KT and T did
not release milt.

Mean SCT values increased as
levels of T and especially 11-KT

decreased (Fig.B). SCT rose rapidly
(depending on individual maies) from
65-90% quickly approaching 100% late
in the spawning season when milt
volume was considerably reduced.

Motility decreased during the
spawning season and was negatively
correlated with increasing SCT values
(Fig.C) . Motility started and remained
high (>75-80 seconds) throughout most
of the spawning season but declined
quickly when 11-KT and T reached low
values (<5 ng/ml) and when SCT
increased to 65-90%.

•a's'o'n'd'j 'f'm a m j

1990 1991

Discussion

This study indicates that changes
in SCT may be a valuable tool for
monitoring sperm quality in roale
Atlantic halibut. Sperm quality (as
indicated by increased SCT and loss of
motility) declined throughout the
spawning season in captive roales. In
conjunction, one roay expect a
réduction in egg fertilization rates
and loss of sperro quality after
cryopreservation of sperro collected
late in the season. Although the
générality of rising SCT with season
in maies of other species is unknown,
studies of the maie winter flounder,
PseudoDleuronectes americanus. (Harmin
& Crim^ unpublished) also demonstrate
the seasonal rise in SCT.
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SHORT PERIODS OF œNTINUOUS UGHT CAN BOTH ADVANCE AND DELAY SPAWNING IN THE RAINBOW TROLTT

C.F. Randall, N.R. Bromage and J. Symes

Institute of Aquaculture, University of Stirling, Stirling FK9 4LA, Scotland.

Introduction

The rainbow trout {Oncorhynchus mykiss) Is a
seasonally-breeding teleost which typically spawns
for a 6-8 week perlod each year. The conséquent
seasonality of egg production restricts the
profitability of fish farming; year groups of fish ail
reach marketable size at the same time and farm

facilltles are elther over or under utillsed depending
on the time of year. Since these problems can be
avoided by the production of out-of-season eggs,
techniques designed to modify the time of spawning
offer considérable commercial advantage. Of the
photoperiod régimes available to modify spawning time
those utilising continuous light (LL) are particularly
attractive because neither time control or blackout are

required. However, year-long exposure to LL can
produce erratic spawning. This study examines the
ability of short 2 months) periods of LL to advance
and deiay maturation in the rainbow trout.

Methods

A sériés of experiments were conducted to assess the
ability of short 2 months) periods of LL (in an
otherwise ambiant régime) to advance or delay
maturation in November-January spawning rainbow
trout maintained under seasonally fluctuating water
températures (7-1 SX). Cool white fluorescent tubes
provided a light Intensity of approximately 1000 lux
at the water surface in ail experiments.
Fish were examined at 2-week intervais as they
approached maturity. The time of spawning for
individuel female fish was defined as the date on which
ripe eggs could be stripped from the body cavity by
applying gentle pressure to the abdomen.

Results

Fish subjected to 2 month periods of LL from mid-
September to mid-April (Sept-Nov, Oct-Dec, Nov-
Jan, Dec-Feb, Jan-Mar, Feb-Apr) commenced
spawning 6-7 months after first exposure to LL (l.e.
3-7 months in advance of the naturel spawning
period). However, a high proportion of fish (>85%)
attained maturity only in those groups maintained
under LL from Dec-Feb and Jan-Mar. Aithough a few
fish responded to only 2 weeks LL In a subséquent
experiment at least 1 months exposure (Jan-Feb) was
required to advance spawning In a majorlty (>80%) of
the fish. In a commercial trial 96% of females

subjected to LL from Jan-Mar spawned again in the

This work was supported by a NERC award to N.R.B.

summer (FIg. la) and milt was available from
similarly treated maies throughout this period.
Conversely. spawning was delayed untll February-
April In 73% of females maintained under LL from
late July to late September; spawning in these fish
occurred over a slightiy extended period (Fig. 1b). The
remaining 27% failed to mature before the end of the
experiment.
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Fig. 1. Ability of 2 month periods of LL to a) advance
and b) delay spawning in the female rainbow trout. The
dotted line on the lower graph indicates the mean
natural spawning time of the same strain. The
previous spawning time of both groups is shown top
left. Integers next to the LL periods indicate ambiant
daylength before and after exposure.

Discussion

These results demonstrate that short periods of LL can
both advance and delay spawning in the rainbow trout,
thus providing a convenient method for the production
of out-of-season eggs. The proportion of fish
responding is dépendant on both the duration of the
light period and, most importantly, its position in
reiation to the phase of the reproductive cycie. It is
proposed that short periods of LL influence spawning
time in the rainbow trout by causing corrective
phase-shifts (advance or delay) of an endogenous
circannual rhythm.
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PHOTOPERIOD CONTROLS SPAWNING TIME IN THE ATLANTIC HALIBDT

(HIPPOGLOSSUS HIPPOGLOSSUS, L.)

P. Smith. N. Bromage*, R. Shields, L. Ford, J. Gamble**, M. Gillespie, J. Dye,
G. Young and M. Bruce*. Sea Fish Industry Authority, Marine Farming Unit, Àrdtoe,
Acharacle, Argyll, PH36 4LD; *Institute of Aquaculture, University of Stirling,
Stirling FK9 ALA; **S.O.A.F.D. Marine Laboratory, Aberdeen, AB9 8DB.

Snnimary

The onset and duration of spawning was
recorded for female halibut exposed to a
yearly seasonal light cycle advanced by 2
months.

The onset of spawning was progressively
advanced by 1 and then 2 months in successive
seasons. These results indicate that spawning
in the Atlantic halibut is under photoperiodic
control.

Introduction

Although the spawning of several marine
flatfish species (turbot, dab and sole) is
thought to be controlled by photoperiod
(review by Bye, 1990), no corresponding
information bas been published for the
Atlantic halibut, a deepwater pleuronectid.
The current study was undertaken to détermine
if halibut spawning similarly responds to
photoperiod manipulation, enabling the
seasonal supply of eggs to be extended.

Matériels and Methods

Wild-caught halibut of Shetland origin were
maintained under an ambient light cycle (lat.
56.5®N) at the Marine Farming Unit, Ardtoe,
from 1983. Spawning times were recorded each
season. In June 1988 two Shetland females
(approx. weight 15kg) and 2 maies were
transferred to a 3.6m diam. (13m^) covered
tank supplied with artificiel light (70 lux
max. at the water surface) controlled by a
Sangamo timer. The fish were exposed for 3
seasons to a 12 month seasonal light cycle
advanced by 2 months, so that the longest and
shortest deys occurred in April and October
respectively.
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Résulta

The onset and duration of broodstock spawning
for consécutive seasons is illustrated in
Fig.l.
The timing of the first spawning (1988-*89)
was unaffected by the 2 month advance in
photoperiod, occurring during the same period
as control fish (Feb-April). This is
presumably because the fish were not exposed
to the shifted régime until mid-cycle. In the
following two years spawning was advanced by
1 and then 2 months relative to timing under
ambient lighting.

Discussion

The results indicate that photoperiod
manipulation does indeed provide a means of
extending the seasonal supply of eggs for
halibut rearing. The phase delay in spawning
at the end of year 2, and the spawning of
fish in year three on virtually the same
daylength as controls, albeit advanced by 2
months, suggests that reproduction in the
halibut, as in a number of other fish, is
timed by an endogenous rhythm (for example
Duston & Bromage, 1991).

Fertilized eggs from both of the photoperiod-
advanced females have produced metamorphosed
fry. However, considérable difficulty bas
been experienced in timing the ovulations of
these individuels. It is possible that this
results from a mis-match between the advanced
photoperiod and ambient water température
(there is an approx. 6°C annual variation in
water temp. at the Ardtoe site). It is
therefore recommended that, under these
circumstances, photoperiod manipulation
should be accompanied by control of water
température.
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FIG. 1 The onset and duration of spawning in 2 female halibut sut^eded
to an advanced photoperiod. Bars represent the spawning period for each
fish. Curves indicate the seasonal change in daylengtti. la. Natural
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Summarv

Juvénile Atlantic salmon {Salmo salar L.) which had
been reared under différent photoperiods during smolting
were transfered to seawater. The incidence of sexual

maturation as post-smolts. after seven months in seawater
was significantly higher in the groups which had re-
ceived continuons light or dual photoperiod than in the
control group. whereas the incidence of grilsing was
higher in the control group. Our results indicate a rela-
tionship between photoperiod manipulation in freshwater.
smolt size. growth rate and timing of sexual maturation.

Introduction

Although of great économie importance for fanning of
Atlantic salmon. the relationship between freshwater
growth rate, time of smolting. seawater growth rate and
maturation is poorly understood. In the présent study.
potential 1+ smolts of Atlantic salmon were reared under
three expérimental light régimes during parr-smolt trans
formation (November through April). either simulated
natural photoperiod (LDN). continuons light (LD24:0) or
a dual photoperiod (a continuons, low intensity back-
ground illumination combined with a high intensity
simulated natural photoperiod. LDD). The fish were
acclimated to seawater between May 5 and 12. and
reared on natural light for the next 16 months.

Results

Growth rate in freshwater was enhanced by LD24:0
and LDD (Table 1). and important changes associated
with smolting (increased salinity tolérance, reduced con
dition coefficient, silvering) occured earlier on LD24:0
and LDD. Despite their significantly smaller size on
transfer to seawater. the higher growth rate of the LDN
group during late summer and faU allowed this group to
reach a final mean length not significantly différent from
the LD24:0 and LDD (Table 1).

Table 1. Mean length at end of freshwater rearing period
(April 26. 1988) and end of seawater rearing period
(October 12. 1989). Groups with différent subscripts are
significantly différent (p<0.05).

Freshwater Mean length
photoperiod Apr. 26. 1988 Cet. 12. 1989

LD24:0 23.1. 66.3.
LDN 20.0, 66.2.
LDD 23.0, 67.1.

A higher percentage of the LD24:0 group matured as
post-smolts. after seven months in seawater. whereas a
higher proportion of the LDN group matured as grilse
(Fig. 1) indicating that photoperiod treatment in fresh
water influenced the incidence of early maturation.

LD24:0 LDN

Group

LDD

Fig. 1. Maturation as post-smolts (open bars) and grilse
(hatched bars) as a conséquence of photoperiod treatment
in freshwater. Refer to text for explanation of legends.

Discussion

The early increase in growth rate, hypoosmoregulatory
ability and réduction in condition coefficient of the LD-
24:0 group is consistent with earlier data (BjOmsson et
al. 1989). The higher percentage of mature post-smolts in
the LD24:0 and LDD groups suggests that environmental
conditions in freshwater influence the time of sexual
maturation. The enhanced growth rate in freshwater.
induced by continuons light. together with the lai^e
smolt size and possible altération of endogenous rhythms
in these groups may have increased the incidence of
sexual maturation of large maie smolts from LD24:0 and
LDD compared with the smolts from LDN. Accordingly.
the high growth rate observed in the LDN group during
the first autumn and early winter in seawater may have
allowed more fish to mature as grilse the following
autumn. The différences in incidence of early maturation
(as post-smolts or grilse) is important to the salmon far-
ming industry. since early maturation of Atlantic salmon
means lower growth rate, reduced prices and increased
mortality.
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COLD TEMPERATURE IMPOSES PHOTOREFRACTORINESS ON IMMATURE
FEMALE COMMON GOBEES, POMATOSCHTSTUS MTCROPS
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Smmm

Immature female common gobies fPomatoschistus
mîcrops) demonstrated photorefractoriness
(unresponsiveness to the stimulatory effects of long
daylei^;ths) at 7®C, which was broken by exposure to
decreasing photopôiod. Fishes maintained on
8L/16D and 16L/8D began to break their
photorefractoriness by endogenous processes in
February.

Introdygtion

The common goby is a temperate estuarine fish
which expériences only one breeding season (Miller
1975). Evidence su^ests that an endogenous
decrease in photoremctoriness occurs m autumn in
these fi^es at 18^0, but that no such condition exists
if the fishes are exposed to 25^C (Tlpping,
unpublished). This work examines the enects of
ex^ing immature female gobies to cold température

Materials and Methods

Immature female fishes were exposed to
photoperiods of 8L/16D, 16L/8D or naturel
photoperiod (n«20,18 and 32 respectively) at 7^C
from autumn 1989 to spring 1990. A positive
response was determined as the initiation of
vitellogenesis, examined macroscopically. The GSI
(gonadosomatic index) was also calculated for each
fish.

Results

No fishes were vitellogenic in December, although
the GSLs of the fishes from the 16L/8D régime were
significantly greater (P<.05, Ttest) than thosefrom
the 8L/16D régime, because of greater ovarian
prolifération. In February, the fishes maintained on
natural photoperiod showai significantly (P < .001)
greater GSIs than the fishes from the other two
régimes, (Fig. 1), and the greatest percentage of
vitellogenic fishes (Table 1). The other régimes had
very similar GSIs.

Table 1. Percentage of vitellogenic fishes in
February.

Régime % vit. n

8IV16D 18 11

161780 40 10

Natural 89 19

Figure 1. Female GSI v. time.
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Pisctission

Exposure of female common gobies to decreasing,
then increasing photoperiod at 7^C is stimulatory
because it breaks their photorefractoriness. Evidence
indicates that there is also an endogenous decrease in
photorefractoriness at 7®C, initiated in the 16L/8D
régime before the 8L/16D régime, since the former
contained more vitellogenic ramales. This is consistent
with the responses seen at 18^C, but delayed by four
months. Other fishes exhibit similar responses, e.g.
Gasterosteus (Baggerman, 1985) although
relatively little is known of the effects of température
on these processes..
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