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Y.-A. Fontaine and S. Dufour (1991) The eels: from life cycle
to reproductive endocrinology. Bull. Inst. Zool., Academia Sinica,
Monograph 16: 237-248. Eels are fish of great economical importance.
Yet, they exhibit very complex life cycles which more and more
endanger these species and, also, impede their culture.

In this review, some aspects of the life cycle of European eels
are examined. No naturally mature eels have ever been observed
(except maybe for a very few males) and it is assumed that eels
spawn in deep seas, each species in a defined area. The gonadal
development has to occur during the oceanic migration towards these
areas because silver eels are still far from sexually mature when
leaving continental waters. ,

Artificial sexual maturation was obtained by gonadotropin treat-
ment and in a few cases fecundation was achieved, but the offspring
did not survive more than a few weeks at the best. It may be that
early development requires special environmental features such as a
high hydrostatic pressure. Also, gametes obtained after artificially
induced sexual maturation may be defective, due to an abnormal
hormonal equilibrium during gametogenesis. '

The endocrine mechanisms of the blockage of gonadal develop-
ment in European silver eels have been investigated. This blockage
is due to a lack of pituitary gonadotropin synthesis and release
which results from both a lack of gonadoliberin secretion and a
dopaminergic inhibition of its action.

Natural sexual maturation is dependent on environmental factors
encountered during the oceanic migration. Our results suggest that
a high hydrostatic pressure is important in triggering eel pituitary
gonadotropin function.

The results of endocrine or environmental experiments are
discussed. The interest of a comparative approach including various
species of eels which exhibit differences in their life history is
underlined.
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For centuries, mankind has been
interested in eels for the quality of
its flesh and the mystery of its life
cycle. Eels (Anguilla spp.) are distri-
buted among two Atlantic species and
fifteen Indo-Pacific
They are of great economical im-

some species.
portance (with a production of more
than 100,000 tons per year, Van de
Vijdeven, 1990). Recent data indicate
that, at least in Europe, eel pro-
duction is decreasing dramatically
(an approximate two -third decrease
during the last 15 years); whatever
the reasons are (overfishing, pollu-
and/or habitat
reduction), eels may soon become an
endangered species (Brusle, 1990).
Eel culture, which should therefore

tion, river dams

be developed, is impeded by several
biological characteristics of these
fish. Here, we shall focus on pro-
blems related to the reproduction.

The life cycle, which we shall deal
with first, is such that natural re-

production is out of our control. No
naturally mature eels have ever been
observed (except may be for a very
few males, see Tuzet and Fontaine,
1937).
reproduction has not yet been suc-

On another hand, artificial

cessfully® carried out and we shall
analyse the complex of endocrinolo-
gical and ecophysiological mecha-

nisms which underlie these difficulties.

1975

Finally we shall consider research
prospects which might improve our
possibilities of action in the eel

reproduction.

LIFE CYCLE AND NATURAL
REPRODUCTION

The life cycles of various eel
species appear to show a similar
general pattern and the example of
the European eel, Anguilla anguilla,
will be considered here (Schmidt,
1922; Bertin, 1951; Sinha and Jones,
Lecomte-Finiger, 1984; Mac-
Cleave and Kleckner, 1985). This
life cycle includes larval oceanic
stages (preleptocephals, then lepto-
cephals). The smallest larvae found
were caught in the Sargasso Sea
indicating that the spawning ground
With

the help of -oceanic corrents lepto-

was in this neighbourhood.
cephals migrate to Europe. Recent
data indicate that the duration of
this
(around 1 year) than previous esti-

migration would be shorter
mations (2-3 years) (Lecomte-Finiger
and Yahyaoui, 1989). When approach-
ing the coast the larvae meta-
morphose into translucent small eels
(glasseels) which enter fresh waters
and acquire a yellow pigmentation.
Sexual differentiation occurs (Colom-

bo et al, 1984), giving rise to an
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important  dismorphism as the
females will be come much larger
than which

spread in a variety of continental

males.  Yellow eels,

water area, are still completely

After a long (5-20 years)
sedentary period of growth,

immature.
these
The
details and the mechanisms of this
still

understood (Lecomte-Finiger,

fishes turn into “silver” eels.

metamorphosis  are poorly
It includes changes in behaviour and
the fish may be carried away by the
current into the sea (Fontaine, 1975).
Here lies a still mysterious part of
the eel life cycle, very few data
being available. No individual eels
have ever been caught in the Sar-
gasso Sea where they are supposed
to reproduce. ,

How can we imagine the events
First,

it should be underlined that silvering

leading to this reproduction?

includes only very limited gonadal
development.
water for their reproductive migra-
tion still have very poorly developed
gonads (e.g. the ovaries only show
just a beginning of vitellogenesis and
the gonadosomatic ratio (GSI) is
around 2 in females, Dufour et al,
1988).

Second, if one keeps silver eels
in aquaria, they do not undergo
further sex maturation. Thus sexual

1990).

The fish leaving fresh

maturation must depend on :external
their
In the absence of these

factors encountered during
migration.
factors, sexual development is
blocked.

Very few eels have been caught
during their pelagic, transoceanic,
6,000 km migration and only 2 have
been described in some detail: one

near Feroe Island (Ernst, 1975) and

‘the other east of the Azores Islands

(Bast and Klinkhardt, ‘1988). Both
were caught some hundreds meters
in depth and had a GSI higher than
freshwater premigratory silver eels
(2.9 and 9.8 respectively). Moreover,
one eel was photographed by the
“Alvin” submarine, in the neighbour-
hood of Bermuda Islands, Z,OOOm in

depth; it was apparently undergoing

sexual maturation (Robins et al.,
1979).
These very rare direct data

suggest a migration in deep sea, an
idea which is corroborated by other
indications.

—the silvering includes the ap-
which
are found in abyssal fish (e.g. new

pearance of characteristics

retinal pigments and complexification
of the red body)
(Kleckner 1981) and

which it is tempting to consider as

swimbladder
and Kruger,

“anticipation adaptations” (Fontaine,
1983).
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(Tesch,
immersed silver

—tracking experiments
1987) showed that
eels quickly went down in the sea;
further they revealed vertical migra-
tions from 100m in depth (during
the night) to about 400-600 m in
depth (during day time).

The reproduction itself is sup-
posed to occur in Sargasso Sea, at a
few hundreds meters depth (Tesch,
1979). In fact it could well occur at
much greater depths as geographical
considerations suggest that for all
eel species, the spawning ground is
probably associated with the ex-
istence of abyssal zones (Fontaine et
al., 1985b; Dufour, 1986). While in
short-term laboratory tests, Anguilla
anguilla, was found to convulse at
100 atm and to be paralysed at 150
atm (see Wardle ef al., 1987), recent
experiments demonstrated that male
and female silver eels, Anguilla
anguilla, were able to survive a 3
month immersion at 1,660 m depth
following a 1 month accommodation
period at 800 m depth (Fontaine et
al., 1990 and unpublished data). This
suggests that eels may acquire an
increased tolerance to a high hydro-
static pressure during their oceanic
migration.

In view of this astonishing life
story, it is clear that eels are

potential targets for many dangers,
both during their stay in fresh water
(specially from men) and during
their marine migration and repro-
duction. As an example of a recent
natural risk, we can mention the
extension to Europe of the parasitosis
by the nematode Anguillicola crassus.
This worm inhabits the swimbladder
of the eel.

to play a role in deep sea accom-

As this organ is supposed

modation, the parasitosis could be a
new potential risk even though we
that
infested eels can still support a high

have ~shown experimentally

pressure exposition (Fontaine et al.,
1990).

REPRODUCTIVE
ENDOCRINOLOGY

In fish, as in other vertebrates,
gonadal development is stimulated
by pituitary gonadotropin (GTH).
A gonadotropin (GTH II) similar to
the mammalian GTH’s is present in
all the fish species studied so far. A
second GTH (GTH 1) has been found
in salmonids and cyprinids (Itoh et
al., 1988). Pituitary GTH II pro-
duction is under the control of sex
steroid and hypothalamic hormones
(for review, see Fontaine ef al., in
press). |
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Gonadotropin treatment of silver eels

Artificial reproduction was first
attempted by injecting mammalian
GTH’s,
gonadotropin (hCG).

specially human chorionic
Such experi-
ments led to complete sexual matura-
tion in males but not in females.
After the pioneer work of Fontaine
(1936), a number of papers have been
concerned with this topic (e.g.
Boetius and Boetius, 1967). A single
injection of hCG is able to induce
spermatogenesis and spermiation two
to three months later (Khan ef al.,
1987);
least partly due to the very long half
life of hCG in the eels (Fontaine ef
al., 1984).

After recognition of the species

this long lasting effect is at

specificity of GTH, experiments were
carried out with gonadotropic ex-
tracts of fish (carp) pituitary and, in
those conditions, sexual maturation
of female eels was also obtained and
spawning was observed (Fontaine et
al., 1964). A
obtained with the wuse of purified
GTH II, indicating that this hormone

similar result was

is the main active factor (Burzawa-

Gérard, 1974; Fontaine et al., 1976).
An artificial sexual maturation was
also achieved in Japanese eels; in
this case fecundation was carried out

and larvae were obtained. However

these larvae could not be kept alive
more than about 2 weeks in aquaria
(Yamamoto and Yamauchi, 1974;
Yamauchi et al., 1976).

This relative setback in obtaining
the viable larvae may have several
reasons. It maybe that special en-
vironmental factors, encountered in
spawning areas, are necessary for
precocious development. One may
also suspect that eggs obtained by
an artificial maturation show abnor-
malities because of the exireme
pharmacological endocrine situation

induced by the treatment.

Mechanisms of the silver stage pre-
pubertal blockage

The mechanisms have been ana-
lyzed in female European silver eels.
As the gonads are sensitive to fish
GTH, both in vivo (see above) and
in vitro (Fontaine-Bertrand et al,
1978), the blockage of sexual develop-
ment must be due to a lack of
pituitary stimulation.

The
immunoassay for eel GTH II (Dufour
et al., 1983a) has allowed us to study

the pituitary gonadotropic function

development of a radio-

(for review, see Dufour ef al., 1988).
Gonadotropin II is not detectable in
the plasma and very low in the
pituitary from the silver eels, indicat-
ing that both its synthesis and its
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release are poorly effective.

The
function was

pituitary gonadotropic
activated by a dual
treatment with a gonadoliberin
(GnRH) agonist and an antidopa-
minergic drug, whereas each of these
drugs was without effect
injected alone (Dufour et al., 1991).

This indicates a double blockage of

when

pituitary gonadotropic function by a
lack of GnRH and an
action of dopamine.

inhibitory

On the other kand, sexual steroids
are the potent stimulators of GTH

I synthesis.  Administration of

estradiol increased the pituitary
GTH content up to 1,000 times
(Dufour et al., 1983b). A similar

increase in pituitary GTH content
was induced by endogenous steroids,
the secretion of which was increased
during experimental sexual matura-
tion (Dufour et al., 1989).
cloning of complementary DNAs for
GTH II subunits (Querat ef al., 1990a,
b) has allowed determination of the
messenger RNAs (mRNA) levels:
administration of estradiol increased
the mRNA level for GTH II B8 sub-
unit up to 150 times indicating a

The recent

pretransl‘ational effect of the steroid
on GTH synthesis (Querat et al., 1991
and unpublished data). However,

estradiol did not stimulate the release

of the hormone; again, in estradiol-
treated eels, a dual treatment with
GnRH analogous and antidopaminer-
gic drugs induced GTH II secretion
and GSI increase (Dufour et al., 1988).
As for GTH, sexual steroids appeared
to stimulate the GnRH synthesis but
not release (Dufour et al., 1985, 1989).
The positive control exerted by the
sexual steroids on GTH and GnRH
syntheses during sexual maturation
in the eel would produce an ampli-
fication of the pubertal stimulation
of the hypothalamo-pituitary-gonadal
axis (Dufour et al., 1989).

So far these endocrine manipula-
tions have led to only a limited
| (GSI
increasing from 2 to 3-4, compared

development of the ovary
to about 40 in the experimentally
matured females). For further ad-
vances, several possibilities such as
longer treatments or pulsatile ad-
ministration of GnRH and antidopa-
minergic agents can be considered.
Also, the possible role of GTH 1, if ,
present in eels has to be evaluated
as well as of other pituitary factors,
for instance growth hormone (Bur-
zawa-Gérard and Delavallee-Fortier,
1989).

the two GnRH forms (mammalian

The respective functions of

and chicken II) recently identified in
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this species have also to be investi-
gated (King et al., 1990).

ENVIRONMENTAL FACTORS
AND SEXUAL
MATURATION

Physiologically, the eel gonado-
tropic brain-pituitary axis should be
triggered by external factors en-
countered during the oceanic migra-
tion towards the Sargasso Sea. As
simple transfer to the sea water is
ineffective, factors other than salinity
must be involved. Several kinds of
data, summarized above, led us to
the hypothesis that the deep sea
could be one of these and we under-
took experiments to test this hypo-
thesis. Female eels were placed in
cages which were immersed from an
oceanographical ship in the northern
Mediterranean Sea. In a first ex-
periment immersion was carried out
at 450 m deep for 3 months.
pared to the controls, these animals
slight but
ovarian development and especially,
the pituitary GTH 1I
multiplied by 27 (Fontaine et al.,
1985a, 1985b).
with
months gave similar results (Fon-
taine et al., 1987).

Indeed, the deep sea conditions

Com-
showed a significant
level was

Another experiment
immersion 850m deep for 3

imply several parameters,, two of
which appear to prevail the obscurity
and the hydrostatic pressure.
have found that obscurity per se

does not affect the pituitary gonado-

As we

tropin levels, we suggest that the
hydrostatic pressure is an important
factor in triggering the eel gonado-
If a high
hydrostatic pressure is indeed neces-

tropic brain-pituitary axis.

sary for sexual maturation of the

eel, it would give meaning to the
apparently extravagant oceanic mi-
gration, which is the only way to
achieve the exposure to such con-
ditions.

Deep sea immersion only led to
limited ovarian development. Here
also there may be several reasons
for the relative unsuccessful results.
Longer immersions could be neces-
sary, as nobody actually knows the
normal duration of sexual matura-
tion. Also, a pulsatile application of
high hydrostatic pressure might be
more efficient than continuous ex-
posure, in view of the vertical
migrations observed by Tesch (1987).
In this line, we carried out experi-
ments in a hyperbaric caisson, in
with
group in Brest (France).

collaboration Barthelemy’s
During
one month, animals were compressed

at 60 atm every day for 8 h (Fontaine
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et al., 1990). Compared to the con-
trols they showed a limited increase
in pituitary GTH (4X) with no
significant change to GSI (unpublish-
ed data).
than the hydrostatic pressure may

Finally parameters other

well play a role and are likely to be
different in our Mediterranean ex-
perimental site from those in the
Atlantic routes of actual migration
(e. g. water temperature, eel locomo-
tion...).

Indeed, the normal progress of
sexual development is likely to need
the
which may change from one step of

interaction of several factors
this development to another.

From an evolutionary point of
view we suggest (Dufour and
Fontaine, 1985; Dufour, 1986; Fon-
taine, 1989) that the primary con-
straining adaptation has been the
need for the deep sea spawning and
that the wvarious present characte-
ristics (e.g. prepubertal endocrine
blockage, preparation to migration)
are secondary. If this is true, it would
be of great interest to know which
of the different physiological events
which occur around spawning (final
maturation and release of gametes,
fertilization, embryonic development)
require conditions found in abyssal
zones, as well as the possible part
played by external factors other than

These
taken into consideration in experi-

pressure. points must be

mentation on eel culture.

CONCLUSION

Gonadal development is blocked
in the silver eels due to a lack of
Artificial
reproduction has been obtained with

pituitary gonadotropin.

animals treated by exogenous gonado-
tropins but larvae could not be kept
The
endocrine mechanisms involved in
the pituitary GTH

alive more than a short time.

blockage of

- function in the European silver eels

have been identified (lack of GnRH
secretion, dopaminergic inhibition of
GnRH action).
treatments

However, pharma-
cological intended to
overcome the blockage have led so
far to only a limited gonadal develop-
ment. Further experiments could
test longer treatments as well as the
pulsatile administration of GnRH and
antidopaminergic drugs; the effect of
chicken GnRH should also be investi-
gated, as only the mammalian form
Normal sexual
the

encountered

has been used so far.
maturation is dependent on
environmental factors
during the oceanic migration towards
the Sargasso Sea.

high hydrostatic

We suggest that
pressure is one

important triggering parameter, as
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deep sea immersion (but not
obscurity) stimulated pituitary
gonadotropin  function. As only

limited gonadal development was
obtained we suggest that normal
sexual maturation involves complex
and changing interactions between
factors.

blockage at the silver

to exist in all eel

Sexual
stage appears
- species and its mechanisms are
probably related to those elucidated
in the case of the European eels; for

instance GTH and GnRH levels are

very similar in three Polynesian
species to those in Anguilla anguilla
(Le Belle et al, 1988). However

Pacific eels show much diversity in
certain aspects of their life cycle
(spawning area, length of the migra-
tion), which suggests diversity in
biological adaptations (Tzeng, 1985).
For instance, the sexual blockage at
the silver stage might be less strict
in some species than in the others;
indeed silver animals appear to have
undergone a much more important
sexual development New
Zealand species (Anguilla australis
and Anguilla dieffenbachii) than in
Anguilla anguilla (GSI 4.0-9.0 and 2.0
respectively) (Todd, 1981; Jellyman,
1987).

A thorough comparative study
of the endocrine situation in several

in two

eel species and even in other Elopo-

morphs may be a promising approach
to achieve a better understanding
and control of sexual development.

Acknowledgements: We would
like to thank Dr. B. Demeneix for
the critical reading of the manus-

cript.

REFERENCES

Bast, H.D. and M.B. Klinkhardt (1988)
Catch of a silver eel (Anguilla
anguilla 1., 1758) in the Iberian Basin
(Northeast - Atlantic) (Teleostei:
Anguillidae). Zool. Anz. 221: 386-398.

Bertin L. (1951) Les anguilles. Paris:
Payot.

Boetius, I. and J. Boetius (1967) Studies
in the European eel, Anguilla anguilla
L.: Experimental induction of the male
sexual cycle, its relation to tempera-
ture and other factors. Meddr. Danm.
Fiskeriog Havunders N.S. 4: 339-405.

Bruslé, J. (1990) L’anguille européenne
(Anguilla anguilla 1..) une espéce jugée
commune jusqu’a la derniére décennie,
mérite-t’elle d’acquérir aujourd’hui le
statut d'espéce menacée? Bull Soc.
Zool. 114: 61-73.

Burzawa-Gérard, E. (1974) Etude biolo-
gique et biochimique de I’hormone
gonadotrope d’un poisson téléostéen,
la carpe (Cyprinus carpio L.). Meém.
Muséum natn. hist. nat. 86: 1-77.

Burzawa-Gérard, E. and B. Delevallee-
Fortier - (1989) Effect of growth
hormone on vitellogenin synthesis
induced by low doses of estradiol
17- in the European eel (Anguilla
anguilla L.) in vive. Gen. Comp. Endo-
crinol. 74: 308-309.



246 Yves-Alain Fontaine and Sylvie Dufour

Colombo, G., G. Grandi and R. Rossi
(1984) Gonad differentiation and
body growth in Anguilla anguilla 1.
J. Fish. Biol. 24: 215-228.

Dufour, S. (1986) La Saga des Anguilles.
La Recherche 17: 1456-1459.

Dufour, S, N. Delerue-Le Belle and Y. A.
Fontaine (1983a) Development of a
heterologous radioimmunoassay for
eel (Anguilla anguilla 1.) gonado-
tropin. Gen. Comp. Endocrinol. 49:
404-413.

Dufour, S., N. Delerue-Le Bulle and Y.A.

Fontaine (1983b) Effects of steroid
hormones on pituitary immuno-
reactive gonadotropin in European
freshwater eel (Anguilla anguilla L.).
Gen. Comp. Endocrinol. 52: 190-197,

Dufour, S, Y. A. Fontaine and B. Kerdel-

hue (1985) Increase in brain and
pituitary radioimmunoassayable
gonadotropin releasing hormone

(GnRH) in the European silver eel
treated with sexual steroid or human
chorionic gonadotropin. Neuropeptides
6: 495-502.

Dufour, S. and Y. A. Fontaine (1985) Le
migration de reproduction de Pan-
guille européenne (Anguilla anguilla
L.): un réle probable de la pression
hydrostatique dans la stimulation de
la fonction gonadotrope. Bull. Soc.
Zool. Fr. 110: 291-299.

Dufour, S, E. Lopez, N. Le Belle, S.
Baloche and Y.A. Fontaine (1988)
Stimulation of gonadotropin release
and of ovarian development by the
administration
agonist and of dopamine antagonists,
in female silver eel pretreated with
estradiol. Gen. Comp. Endocrinol. 70:
20-30."

Dufour, S, N. Le Belle, S. Baloche and
Y. A. Fontaine (1989) Positive feed-
back control by the gonads on
gonadotropin (GTH) and gonado-

of a gonadoliberin

liberin (GnRH) levels in experiment-
ally matured female silver eels,
Anguilla anguilla 1.  Fish  Physiol.
Biochem. T: 157-162.

Dufour, S, M. Bassompierre, N. Le Belle,
S. Baloche and Y.A. Fontaine (1991)
Stimulation of pituitary gonadotropic
function in female silver eel treated
by a gonadoliberin agonist (GnRH-A)
and a dopamine antagonist (pimo-
zide). Abstract from the 4th Inter-
national Symposium on Reproductive
Physiology of Fish. Norwich, Univ.
East Anglia, U.K,, 7-12 July 1991.

Ernst, P. (1975) Catch of an eel (Anguilla
anguilla L.) northeast of the Faeroe
Islands. Ann. Biol. C.I E. M. 32: 175.

Fontaine, M. (1936) Sur la maturation
complete des organes génitaux de
I'anguille mile et ’émission spontanée

de ses produits sexuels. C.R. Acad.
Sci., Paris 202: 1312.
Fontaine, M. (1975) Physiological

mechanisms in the migration of
marine and amphihaline fish. Adv.
Mar. Biol. 13: 241-355.

Fontaine, M. (1983) La vie de notre
Société hier et demain. Introduction
a une écophysiologie d’anticipation.
Bull. Soc. Ecophysiologie 8: 63-69.

‘Fontaine, M., E. Bertrand, O. Lopez and

O. Callamand (1964) Sur la matura-
tion des organes génitaux de 1’An-
guille femelle (Anguilla anguilla 1.)
et "émission spontanée des oeufs en
aquarium. C.R. Acad. Sci., Paris 259:
2907-2910.

Fontaine, Y.A. (1989) Les Anguilles:
migration et reproduction. Océanis
15: 197-206.

Fontaine, Y.A. E. Lopez, N. Delerue-Le
Belle, E. Fontaine-Bertrand, F. Lallier
and C. Salmon (1976) Stimulation
gonadotrope de !ovaire chez I’An-
guille (Anguilla anguilla L.) hypophy-
sectomisée. J. Physiol, Paris 72: 871-
892.



Eel Reproductive Endoucrinology

Fontaine, Y.A, S. Dufour, G. Tanguy,
L A. Khan, J. Cédard and J. Leloup-
Hatey (1984) Clairances métaboliques
de Ia gonadotropine chorionique
humaine et de la gonadotropine de
cape (¢cGTH). Actes du Colloqgue INRA
“Physiologie des poissons”, Paimpont, 10.

Fontaine, Y. A, S. Dufour, J. Alinat and
M. Fontaine (1985a) I’immersion
prolongée en profondeur stimule la
fonction hypophysaire gonadotrope
de P'Anguille européenne (Anguilla
anguilla L.) femelle. C.R. Acad. Sci.,
Paris, série IIT 300: 83-87. '

Fontaine, Y. A,, S. Dufour and M. Fontaine
(1985b) Un vieux probléme trés
actuel: la reproduction des Anguilles.
La Vie des Sciences, C.R. Acad. Sci.,
Paris, série générale 2: 1-10.

Fontaine, Y.A. S. Dufour, J. Alinat, J.
Leloup-Hatey and B. Quérat (1987)
Deep sea immersion, gonadotropin
and sex steroids in the European eel
(Anguilla anguilla L.). Gen. Comp.
Endocrinol. 66: 27-28.

Fontaine, Y. A, N. Le Belle, E. Lopez, B.
Quérat, B. Vidal, L. Barthélémy, P.
Sebert, J. Alinat and A.J]. Petter
(1990) Infestations de populations
francaises d’Anguilles (Anguilia
anguilla L.) par des Nématodes
(Anguillicola crassus): essais thérapeu-
tiques, évaluation de risques poten-
tiels liés a I'écophysiologie de 1h’ste.
Ann. Parasitol. Hum. Comp. 65: 64-68.

Fontaine, Y.A. J. Leloup-Hatey and S.
Dufour (1991) Endocrine control of
reproduction:  evolutionary considera-
tions. In: “Vertebrate Endocrinology:
fundamentals and biomedical implica-
tions. Vol. 4, Reproduction.” (P.K.T.
Pang and M.P. Schreibman eds.).
Academic Press. (in press).

Fontaine-Bertrand, E., C. Salmon and
~Y.A. Fontaine (1978) Effet d’hor-
mones gonadotropes, in vilro, sur la
concentration de l’adénosine mono-

[\
g
\J

phosphate cyclique dans lPevaire de
I'Anguille (Anguilla anguilla L.). Ann.
Biol. anim. Bioch. Bioph. 18: 805-811.
Itoh, H., K. Suzuki and H. Kawauchi
(1988) The complete amino acid
sequences of p-subunits of two
distinct chum salmon GTH’s. Gen.
Comp. Endocrinol. T1: 438-451.
Jellyman, D.J. (1987) Review of the
marine life history of australasian
temperate species of eel. Awmerican
Fisheries Society Symposium 1: 276-285.
Khan, I. A, E. Lopez and J. Leloup-Hatey
(1987) Induction of spermatogenesis
and spermiation by a single injection
of human chorionic gonadotropin in
intact and hypophysectomized im-

mature european  eel (Anguilla
anguilla 1.). Gen. Comp. Endocrinol.
68: 91-103.

King, J. A., S. Dufour, Y. A. Fontaine and
R.P. Millar (1990) Chromatographic
and immunological evidence for
mammalian GnRH and chicken GnRH
Il in eel (Anguilla anguilla) brain and
pituitary. Peptides 11: 507-514.

Kleckner, R.C. and W.H. Krueger (1981)
Changes in swimbladder retinal
morphology in  Anguilla rostrata
during premigration metamorphosis.
J. Fish. Biol. 18: 569-577.

Le Belle, N., S. Dufour, G. Marquet, B.
Kerdelhué and Y.A. Fontaine (1988)
Etat sexuel et axe gonadotrope hypo-
thalamo-hypophysaire chez les trois
espéces d’Anguilles de Tahiti (Axn-
guilla marmorata, A. megastoma et A.
obscura). Bull. Mus. natn. Hist. nat.
Paris, 4éme série 10 (section A): 147-160.

Lecomte-Finiger, R. (1984) Cycle biolo-
gique et problématique de I'’Anguille
européenne (Anguilla anguilla L., 1758).
Point actuel des connaissances. Aun.
Biol. 23: 339-366.

Lecomte-Finiger, R. (1990) Métamorphose
de T'Anguille jaune en Anguille
argentée (Anguilla anguilla L.) et sa



248 Yves-Alain Fontaine and Sylvie Dufour

migration catadrom. Ann. Biol. 29:

183-194. »

" Lecomte-Finiger, R. and A. Yahyaoui
(1989) La microstructure de l'otolithe
au service de la connaissance du
développement larvaire de I’Anguille
européenne, Anguilla anguilla. C.R.
Acad. Sci., Paris 308, sér. III: 1-7.

Mc Cleave, J.D. and R.C. Kleckner (1985)
Oceanic migrations of atlantic eels
(Anguilla sp.): adults and their
offspring. Contributions in Marine
Sciences, 27, supplément (migration:
mechanisms and
ficance): pp. 316-337.

Quérat, B., M. Jutisz, Y. A. Fontaine and
R. Counis (1990a) Cloning and
sequence analysis of the cDNA for
the pituitary glycoprotein hormone
a-subunit of the European eel. Mol.
Cell. Endoc. T1: 253-259. '

Quérat, B.,, M. Moumni, M. Jutisz, Y.A.
Fontaine and R. Counis (1990b)
Molecular cloning and sequence
analysis of the cDNA for the putative
g subunit of the type-II gonadotropin
from the European eel. J. Mol. Endoc.
4: 257-264.

Quérat, B., A. Hardy, R. Counis and Y. A.
Fontaine  (1991) Regulation by
gonadal steroids of the expression of
gonadotropin (GTH II) « and g sub-
units in the european eel. Abstract
from the 4th International Symposium
on Reproductive Physiology of Fish.
Norwich, Univ East Anglia, U.K,,
7-12 July 1991.

Robins, C.R., D. M. Cohen and C. H. Robins
(1979) The eels, Anguilla and Histio-
branchus, photographed on the floor
of the deep Atlantic in the Bahamas.
Bull. Mar. Sci. 29: 401-405.

Schmidt! J. (1922) The breeding places
of the eel. Phil. Trans. Roy. Soc. B.
211: 178-208.

Sinha, V.R.P. and J.W Jones (1975) The

adaptative signi-

European freshwater eel. Liverpool
University Press.

Tesch, F.W. (1979) The eel, Biology and
Management of Anguillid Eels. London:
Chapman & Hall

Tesch, F. W, (1987) Changes in swimming
depth and direction of silver eels
(Anguilla anguilla L.) from continental
shelf to deep sea. FEIFAC Working
party on Eel: 1-35.

Tzeng, W.N. (1985) Immigration timing
and activity rhythms of the eel
Anguilla japonica, elvers in the estuary
of northern Taiwan, with emphasis
on environmental influences. Bull
Jap. Soc. Fish Oceanog. 47-48: 11-28,

Todd, P.R. (1981) Morphometric changes,

gonad histology, and fecundity esti-
mates in migrating New Zealand
freshwater eels. New Zealand Journal
of Marine and Freshwater Research
15: 155-170.

Tuzet, O. and M. Fontaine (1937) Sur la
spermatogénése de I'anguille argentée.
Archives Zool. Exp. Gen. 78: 199-215.

Vande Wigdeven, F. (1990) L’anguil-
liculture intensive en France, état et
perspectives.  Thése Université de
Rennes, France. 172 pp.

Wardle, C.S., N. Tetteh-Lartey, A.G.
MacDonald, A. A. Harper and J. A.
Pennec (1987) The effect of pressure
on the lateral swimming muscle of
the European eel (Anguilla anguilla)
and the deep sea eel Histiobranchus
bathybus; results of Challenger cruise
6B/85. Comp. Biochem. Physiol. 88:
595-598.

Yamamoto, K. and K. Yamauchi (1974)
Sexual maturation of Japanese eel
and production of eel larvae in the
aquarium. Nature 251: 220-222.

Yamauchi, I. K, M. Nakamura, H. Taka-
hashi and K. Takano (1976) Culti-
vation of larvae of Japanese eel.
Nature 263: 412,



