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Male silver eels mature by swimming
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Abstract
Background: If European silver eels are prevented from reproductive migration, they remain in a
prepubertal stage by dopaminergic inhibition of pituitary activity. Because this inhibition is likely a
requirement for an extended female growth stage, we tested if it is sex-specific by subjecting both
sexes to stimulation by GnRHa (Gonadotropin-Releasing Hormone agonist) – injection or 3-
months swimming in seawater.

Results: In contrast to females, males showed a two- to three-fold higher LHβ (luteinising
hormone β subunit) – expression, a three- to five-fold higher GSI (Gonadosomatic index) and
induced spermatogenesis when compared with the untreated control group.

Conclusion: Dopaminergic inhibition is thus not effective in males and swimming results in natural
maturation, probably via GnRH-release.

Background
When European silver eels (Anguilla anguilla) venture in
the ocean for their 5,500-km semelparous spawning run
to the Sargasso Sea [1], they are still in a prepubertal stage.
Sexual maturation has thus to occur during or after this
long distance journey. Maturation in eels, as in other ver-
tebrates, is regulated by the gonadotropic follicle-stimu-
lating hormone (FSH) and luteinising hormone (LH) that
are produced by the pituitary. If prevented from undertak-
ing their oceanic migration, gonad development remains
blocked by dopaminergic inhibition of pituitary activity
as well as the absence of stimulation by Gonadotropin-
Releasing Hormone (GnRH) [2]. Information about nat-
ural maturation is lacking, because migrating and spawn-
ing eels have never been caught near the spawning

grounds. There is however an urgent need for an under-
standing of eel reproduction, because populations are col-
lapsing on a global scale [3].

Investigations on eel reproduction have been mainly
focussed on females. They stay 7 – 30 years in the freshwa-
ter before migration, in contrast to 4–9 years for males. As
a consequence, females reach a ten-fold larger size than
males at the onset of migration. The long female growth
stage is likely required for a successful production of more
than one million eggs, which at spawning time accounts
for 40–60% of the body weight [4]. As the energy require-
ments for males are far less than those for females, it is
possible that the observed dopaminergic inhibition is sex-
specific. We have tested this hypothesis by subjecting
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male and female eels to a GnRH-agonist (GnRHa), specif-
ically the commercial product Gonazon For Fish
(Intervet), as well as to stimulation by long-term swim-
ming in seawater (SW) that is supposed to stimulate
GnRH excretion by the hypothalamus. Recently we found
that swimming in freshwater (FW) triggers the enlarge-
ment of the eyes and development of oocytes in female
eels [5,6]; all signs of early maturation, suggesting that
swimming is a natural trigger for sexual maturation. How-
ever, further maturation (e.g. vitellogenesis) was not stim-
ulated by FW-swimming, and may only be stimulated by
SW-swimming during natural migration.

Results
Males that were either stimulated by three months SW-
swimming or by GnRHa-injection showed a two- to three-
fold higher LHβ expression level than the male starters
and resters (Fig. 1a). Both treatments also caused a three-
to five-fold increase in GSI (Fig. 1b) and an induced sper-
matogenesis (>80% presence of spermatogonia late type
b; Fig. 2). One male swimmer even showed the formation

of spermatocytes (Fig. 2). In contrast, females were not
stimulated by SW-swimming nor by GnRHa, and even
showed regression of maturation over time as demon-
strated by lower LHβ expression (Fig. 1c), GSI (Fig. 1d)
and oocyte diameters in all groups after 3 months (Fig. 2).
The expression of FSHβ did not significantly change under
the different treatments in both males and females.

Discussion and conclusion
The results show an obvious difference between male and
female eels in their response to both SW-swimming and
GnRHa-injection. In female eels, GnRHa is not effective
which confirms the conclusions by Dufour et al. [7] about
prepubertal inhibition.

In contrast to the response of the females, we observed
sexual maturation in males upon GnRHa-injection, indi-
cating that dopaminergic inhibition is not effective in
males. In addition we observed stimulation of sexual mat-
uration in male eels after three months SW-swimming,
suggesting that swimming acts via a similar mechanism.

Expression (Q-RT-PCR) of luteinising hormone subunit (LHβ) in the pituitary and the gonadosomatic index (GSI) in male and female eelsFigure 1
Expression (Q-RT-PCR) of luteinising hormone subunit (LHβ) in the pituitary and the gonadosomatic index 
(GSI) in male and female eels. Eels were sampled at the start, after three months rest, after three months of SW-swim-
ming and three months after a single GnRHa injection (Gonazon For Fish, Intervet). In females, regression occurs during the 
experimental period, an effect which is more pronounced in the resting group than those stimulated by SW-swimming and 
GnRHa. In males however, SW-swimming and GnRHa activate maturation (student t-tests with * = P < 0.05; ** = P < 0.01; 3 m 
rest vs. start, 3 m swimming or 3 m GnRHa vs. 3 m rest).
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Swimming may up-regulate GnRH-levels (in silver eels
the mammalian-type GnRH – mGnRH) that subsequently
leads to positive effects on LHβ-production in the pitui-
tary [8]. This action may be exerted through swimming-
induced alterations in cortisol that binds to glucocorticoid
receptor – expressing neurons [9]. However, in our study
stimulation of LHβ-expression in the pituitary only
occurred in male eels. Since LHβ-expression was not
enhanced in females that either swam or received a
GnRHa-injection, their pituitaries were considered as not
sensitized and still under dopaminergic control.

As long-term swimming is required for reaching the
spawning site, we conclude that swimming results in nat-
ural maturation in males, probably via the release of
GnRH. Males swam in this experiment for about one sixth
of their normal migration distance, so full spermiation
can be expected after longer swimming trials. As naturally
induced spermiation may result in improved sperm qual-

ity, we expect that swimming trials will improve the suc-
cess of eel breeding.

Methods
Migratory male (n = 28; 40 ± 0.5 cm, 96 ± 3 g) and female
silver eels (n = 24; 75 ± 1 cm, 719 ± 38 g) were anaesthe-
tized, PIT-tagged (TROVAN) and randomly divided over 4
groups of n = 6. Starters were immediately dissected (n =
10 for males). Other eels either swam or rested in natural
seawater (35 ppt, 20°C) during the experimental period
of three months. Resting eels were IP injected with GnRHa
(32 μg/kg Gonazon) or left untreated ('resters') in a 1,500-
l tank. An oval shaped stream-gutter (6.0*4.0*0.8 m;
6,000-l) was constructed to enable a 3-months swimming
trial. Female eels swam 1,420 km while the smaller males
swam 912 km. Pituitaries were stored in RNAlater
(Ambion), mRNA was purified from these samples to
quantify gene expression.

Gonad development parameters in males and femalesFigure 2
Gonad development parameters in males and females. a) oocyte diameters at the start, after 3 months of rest, after 3 
months of SW-swimming and 3 months after GnRHa injection; b) male testis stage with frequency distribution of spermatogo-
nia type a, spermatogonia early type b, spermatogonia late type b and spermatocytes; c) testis in starter containing mainly sper-
matogonia type a (encircled), d) GnRH-stimulated testis containing spermatogonia late type b (encircled), e) testis of swimmer 
containing spermatocytes (encircled). The scale bar represents 100 μm. Asterisks indicate significant differences (student t-test 
with ** = P < 0.01; 3 m rest, 3 m swimming or 3 m GnRHa vs. start).
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Oligonucleotides were designed from the reported
sequences of A. anguilla for the specific β-subunits of LH
and FSH, and of the Japanese eel A. japonica for house-
keeping gene β-actin. A specific RT-PCR was performed
using RNA extracts from pituitaries from artificially
matured A. anguilla [4]. RT-PCR was performed using the
Superscript II one step RT-PCR system with platinum Taq
(Invitrogen), run on the Biometra T1 Thermocycler (West-
burg). The PCR products were cloned in pCRII-TOPO vec-
tor (Invitrogen), digested with restriction enzymes to
identify the correct direction and sequenced (Base Clear
lab services) to verify that the final products correspond to
the genes of interest by aligning them to genes previously
described using the VectorNTI program.

Quantitative reverse transcriptase (Q-RT) – PCR using the
MasterMix for SYBR® Green I (Eurogenetec) and the
Chromo4™ Detector (Bio-Rad laboratories) was per-
formed to quantify the expression of LHβ, FSHβ, and of
the internal control β-actin in the pituitaries. DNA and
deduced mRNA amounts were calculated from Ct values
of standard curves generated from the plasmids contain-
ing each of the specific genes after which amounts were
normalized to the expression level of the housekeeping
gene β-actin.

Experiments complied with the current laws of the Neth-
erlands and were approved by the animal experimental
commission (DEC nr. 6059).

Abbreviations
FSHβ: Follicle-Stimulating Hormone β subunit; FW:
Freshwater; GnRH: Gonadotropin-Releasing Hormone;
GnRHa: Gonadotropin-Releasing Hormone agonist; GSI:
Gonadosomatic Index; LHβ: Luteinising Hormone β sub-
unit; SW: Seawater.
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