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Abstract
The milt production responses of sexually mature sea bass Lates calcarifer to (D-Alaé, Pro9-N-
ethylamide) luteinizing hormone-releasing hormone (LHRHa) and 17a-methyltestosterone injec-
tions were examined.

At 24 h after injection of a low dose of LHRHa (20 pg/kg BW), the sperm count decreased
significantly compared to saline-treated fish, but it returned to pre-treatment levels 48 h after
injection, suggesting a possible hydration of the milt. Other milt parameters (milt volume, sper-
matocrit, sperm production) in LHRHa-treated fish did not vary from their controls at 24 or 48 h
after injection but the overall pattern suggested a reduction in milt viscosity. Total expressible
milt and spermatozoa collected over the 48-h experiment was approximately three-fold higher in
LHRHa-injected fish than in saline-injected fish, indicating a stimulation of spermatozoa produc-
tion, not merely milt dilution due to hydration.

In a second experiment, sperm count and spermatocrit were significantly lower than those of
saline-injected fish at 17 and 48 h after a single injection of a high dose of LHRHa (80 pg/kg BW).
A methyltestosterone injection combined with the LHRHa injection also resulted in a significant-
ly lower sperm count, but the spermatocrit remained comparable to the control group, suggest-
ing a suppression of the LHRHa-induced milt hydration response.

Results demonstrate that LHRHa stimulates milt hydration and spermatozoa production in
milting sea bass and that a simultaneous methyltestosterone injection partially suppresses this
response.

* Corresponding author. E-mail: ghgarcia@aqd.seafdec.org.ph, fax: +63-33-3351008
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Introduction

Spontaneous and hormone-induced ovarian
development and spawning of sea bass Lates
calcarifer Bloch (Centropomidae, “barramun-
di") have made fry available throughout the
annual breeding season of June to October in
the Philippines (Kungvankij et al., 1986;
Almendras et al.,, 1988; Garcia, 1989a,b,
1990a,b, 1992; Toledo et al., 1991; Guiguen et
al., 1993, 1994). Induced maturation and
spawning of sea bass a month in advance of
the natural breeding season has been
achieved by chronic hormone therapy (Garcia,
1990a). However, sea bass spawning opera-
tions have been intermittently plagued by low
fertilization rates that impact the production of
hatchery fry.

Apart from sperm immotility affecting fertil-
ization rates (Levanduski and Cloud, 1988;
Dreanno et al., 1999), high milt viscosity may
limit milt dispersal in water in breeding opera-
tions of many warm and temperate fishes such
as the mullet Mugil cephalus (Lee and Weber,
1986), milkfish Chanos chanos (Juario et al.,
1980), rabbitfish Siganus guttatus (Garcia,
1991, 1993), eel Anguilla japonica (Ohta et al.,
1996), and flounder Pleuronectes ferrugineus
(Clearwater and Crim, 1998). To circumvent
this difficulty, these workers hormonally
manipulated the brain-pituitary-gonadal axis
(BPG) using fish pituitary extracts, human
chorionic gonadotropin (hCG), exogenous
gonadotropin-releasing hormone analogues
(GnRHa), or androgens to advance testicular
maturation or facilitate spermiation and milt
hydration.

Garcia (1990a) reported on the advance-
ment of testicular maturation in sea bass by
chronic administration of pelleted 17a-methyl-
testosterone (MT) and a mammalian luteiniz-
ing hormone-releasing hormone analogue (D-
Alas, Pro9-N-ethylamide; LHRHa). Fertilization
and hatching rates were comparable with
spontaneously matured control males (Garcia,
1990a), but the effects of hormone treatment
on milt production parameters (i.e., sperm
count, spermatocrit, and expressible milt vol-
ume) were not quantified. In the present study,
therefore, we quantify the milt hydration
response of mature male sea bass to injec-

tions of LHRHa and MT by measuring these
parameters.

Materials and Methods

Rearing and handling of fish. Mature sea bass
were selected from six to eight-year-old brood-
stock reared in 4 x 4 x 3 m floating net cages
at SEAFDEC Aquaculture Department’s Igang
Marine Substation, Guimaras Island, central
Philippines. Fish (1.3-3.6 kg) with expressible
milt after gentle massage of the abdomen
were selected. During hormonal treatment or
sampling for milt, fish were anesthetized by
immersion in 100-250 ppm of 2-phen-
oxyethanol sea water. At the start of each
experiment, fish were weighed and marked
with a modified Floy tag (Garcia and Gapasin,
1988). Two experiments were conducted
around the natural breeding season of sea
bass (May-October). Sea bass were fed trash
fish once daily at approximately 5% of their
body weight (BW). Water temperature and
salinity were 27-32°C and 30-35 mg/l, respec-
tively.

Milt parameters. Milt from anesthetized
fish was obtained and processed as
described by Garcia (1991). Milt samples
were kept on ice and processed within 6 h of
sampling. No significant evaporation of the
milt samples was observed during the period
prior to processing since samples were kept
in sealed tubes. Sperm were counted using
a standard hemacytometer method: milt was
diluted 500X with a 0.9% NacCl solution and
sperm counted under 400X magnification.
Sperm count (or density) was expressed as
the number of spermatozoa per pl of milt.
Whenever milt was stripped to exhaustion,
spermatozoa production was calculated as
the product of the sperm count and the milt
volume. A spermatocrit technique for sea
bass was developed following Garcia
(1991).

Experiment 1- Milt response to low-dose
LHRHa. Experiment 1 was conducted early in
the breeding season (May) to study the milt
production response after acute administra-
tion of a relatively low dose (20 pg/kg BW) of
LHRHa. Powdered (D-Alaé, Pro9-N-ethyl-
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amide) LHRHa (molecular weight 1196.33;
Lam Hua Dragon Co. Ltd., Hong Kong) was
dissolved in a freshly prepared solution of
0.9% NaCl (saline) immediately prior to intra-
muscular injection near the base of the dorsal
fin (Garcia, 1989a, 1990b). Five males were
injected with LHRHa while five saline-injected
fish served as controls. After injection, each
male was held in a separate fine mesh (0.6-
0.8 mm) net cage (2.3 x 2.3 x 3 m), paired
with an LHRHa-injected (20 pg/kg BW) vitel-
logenic female having a mean oocyte diame-
ter greater than 0.4 mm (Garcia, 1989a). Prior
to injection and 24 and 48 h after injection,
milt was stripped from each fish to exhaustion
and milt characteristics were measured.
Spontaneous milt release after injection was
not monitored to prevent mortality from
excessive handling. Means were compared
using a general factorial ANOVA-Duncan’s
multiple range test or Student’s paired t test
(a=0.05).

Experiment 2 - Milt response to LHRHa
and MT. We also tested the effects of acute
administration of a high dose of LHRHa (80
pg/kg BW) and MT (200 pg/kg BW) on the
thinning of the sea bass milt. Due to the lim-
ited number of available males, trials were
replicated over four months (May-August).
The preparation of the LHRHa solution was
the same as for Experiment 1 while MT
(17a-methyl-4-androsten-173-0l-3-one;
Sigma Chemical Co., USA) was dissolved in
2.5% ethanol in corn oil to a 2 mg/ml injec-
tion solution. Injection volumes were 0.2
ml/kg BW for LHRHa and 0.1 ml/kg BW for
MT. Fish received one of four treatments:
LHRHa, MT, LHRHa plus MT, or saline
(control). Injected males were paired with
vitellogenic females as described in
Experiment 1. To minimize mortality due to
handling and sampling, the hormone-treat-
ed fish were not exhaustively sampled for
milt and were sampled only once or twice
after injection. By combining all trials over
the four months, the spermatocrit and
sperm count were obtained at 17, 26 and 48
h after injection. Statistical analyses to com-
pare means were the same as in
Experiment 1.

Results

Milt parameters. The sea bass milt was highly
viscous and required 60 min of centrifugation
at 15,000 x g to pack the spermatozoa. Sperm
count (x 106 sperm/u I) and spermatocrit were
highly correlated: sperm count = 0.38 (sper-
matocrit) + 0.87, r=0.86, p<0.0001, n=55 fish.
The spermatocrit ranged from 41% (flowing
milt) to 100% (solid mass of spermatozoa),
whereas the sperm count ranged between
17.2 and 43.2 x 106 spermatozoa per pl milt.
In all experiments, factorial ANOVA revealed
that the milt production parameters did not
significantly depend on body weight for the
tested range. Therefore, statistical analyses
did not consider fish body weight as a co-fac-
tor.

Experiment 1 - Milt response to low-dose
LHRHa. The expressible milt volume varied
from less than 0.1 ml (considered 0 during
statistical analysis) to 2.6 ml per fish. When
the pre-treatment volumes were minimal (0.2-
0.4 miffish), more milt was collected at 24 h
than at the pre-treatment sampling among the
LHRHa-treated fish (LHRHa20). However,
when the pre-treatment volumes were high
(1.2-1.6 ml/fish), the expressible milt volumes
at 24 h were lower than at the pre-treatment
sampling (data not shown).

A general decline in expressible milt vol-
ume was noticed in all fish during the 48 hours
of the trial but it was significant only among
saline-injected fish starting at 24 h (Fig. 1a).
The expressible milt volume of the LHRHa20-
injected fish tended to be higher than that of
the saline-injected fish 24 h after treatment
(p=0.08) but it declined to a comparable vol-
ume at 48 h. Nevertheless, the mean (+SEM)
total expressible milt volume of the LHRHa20-
injected fish (1.2+0.3 ml/fish) over the 48 h
period was significantly higher than that of the
saline-injected fish (0.3+0.1 mlffish; Fig. 2a). A
similar pattern was observed in the number of
spermatozoa which, starting at 24 h, declined
significantly only in saline-injected fish (Fig.
1d). Although the mean number of spermato-
zoa collected from the LHRHa20-treated
group was higher than in the saline-treated
group at 24 and 48 h, the two groups did not
significantly  differ from each other.
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Fig. 1. Volume of expressed milt (a), sperm count (b), spermatocrit (c), and spermatozoa (d) in sea bass
injected with a low-dose of LHRHa (20 pg/kg BW) or saline (Experiment 1). Time O refers to the pre-treat-
ment expression of milt. The short vertical lines indicate SEM. Numbers indicate sample size. The letter “a”
denotes a significant difference from the pre-treatment value (p<0.05). A star indicates a significant differ-

ence from the saline control (p<0.05).
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Fig. 2. Total milt volume (a) and spermatozoa (b) collected over the 48 h trial from sea bass injected with
a low-dose of LHRHa (20 pg/kg BW) or saline. Values are the sums of exhaustive strippings (n=5 per group)
at 24 and 48 h. The vertical lines indicate SEM. A star indicates a significant difference between the groups

(p<0.05).

Nevertheless, the total spermatozoa collected
over the 48-h trial was significantly higher in
hormone-injected fish (Fig. 2b).

The sperm count and spermatocrit profiles
were similar to each other. With expressible
milt volumes decreasing through time, the

number of replicates available for determining
these two parameters likewise decreased. At
24 h after injection, the sperm count of the
LHRHa20 fish was significantly lower than the
initial value and that of the saline-treated
cohorts (Fig. 1b). However, the sperm count
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of the LHRHa20 fish regained its pre-treat-
ment level at 48 h while the sperm count of
the control fish declined further. There was no
difference between the sperm counts of the
two groups at 48 h.

Experiment 2 - Milt response to LHRHa
and MT. The sperm count and spermatocrit
responses to LHRHa and MT were deter-
mined thrice after injection (at 17, 26, and 48
h). The saline controls maintained a high
sperm count and spermatocrit (means ranged
36.4-41.4 x 106/ul milt and 90.3-100%,
respectively) throughout the experiment (Fig.
3). In contrast, a high dose of LHRHa (80
pg/kg BW; LHRHa80) resulted in a significant
thinning of the milt such that the sperm count
and spermatocrit were below pre-treatment
levels during all three samplings. At 17 h after
treatment, the combination of LHRHa80 and
MT (LHRHa80+MT200) lowered the sperm
count to significantly (p<0.05) below the level
of the saline control but slightly above the
LHRHa80 level. The spermatocrit was signifi-
cantly maintained at a high level in the
LHRHa80+MT200 group. Most of the MT-
injected fish in both the MT200 and the
LHRHa80+MT200 groups did not express milt
at 26 h and, at 48 h, no milt could be collect-
ed from any fish injected with MT.

Discussion

Milt of untreated sea bass is highly viscous
with a majority of spermatocrit values being
over 88%. This is in contrast to salmonids,
which express thin milt (23.4-27.1%) that
requires only 15 min of centrifugation (Bouck
and Jacobson, 1976; Aas et al, 1991).
Because of the close correlation between
spermatocrit and sperm count (r=0.86), a
technique to estimate sperm density accord-
ing to spermatocrit may be a relatively rapid
alternative to directly counting sperm in sea
bass. However, the difficulty of drawing milt
into microhematocrit tubes from minute and
highly viscous samples is problematic, along
with the prolonged centrifugation required.
Perhaps, diluting extremely viscous samples
prior to centrifugation and correcting spermat-
ocrit values by the appropriate dilution factor
will circumvent these difficulties.

Treatment with exogenous GnRH ana-
logues stimulates secretion of pituitary
gonadotropin (GtH) in sexually recrudescent
and mature teleosts such as carp (Yaron,
1995), rainbow trout (Crim et al., 1988), white
bass Morone chrysops (Mylonas et al., 1997),
and African catfish Clarias gariepinus (Schulz
et al., 1994). In sea bass, solubilized or pellet-
ed LHRHa has been used to induce matura-
tion and spawning in females during the
breeding season (Garcia, 1989a,b, 1990a,b,
1992). In these experiments, males were
selected simply if milt could be expressed by
gentle abdominal pressure. The milt produc-
tion response to exogenous hormones was
not described, but hatching data indicated the
efficacy of hormonal therapy in inducing sper-
miation/milt hydration.

Our present results support these earlier
observations. In Experiment 1, the lower
sperm count, lower spermatocrit and higher
expressible milt volume in LHRHa-injected
fish indicate hydration of the milt. Likewise,
the higher dose of injected LHRHa in
Experiment 2 also lowered both the sperm
count and the spermatocrit. In many teleosts,
during the final stages of testicular maturation,
hydration of the seminal plasma along the
reproductive tract in response to endogenous
hormonal cues is required to produce
expressible milt (Billard et al.,, 1982;
Yamauchi and Yamamoto, 1982; Loir and
Billard, 1990). Note that this 17-24 h latency in
milt hydration allows the accumulation of milt
prior to its expression, and is timed with the
onset of LHRHa-induced spawning of females
that occurs 34-40 h after hormone injection
(Garcia, 1990b).

At 24 and 48 h post-injection, milt volume
and spermatozoa were only slightly higher in
the LHRHa-injected fish than in the control.
However, total milt and spermatozoa collected
over the 48 hours were significantly higher.
This observation may reflect stimulation of
spermatozoa production and not merely milt
dilution due to hydration. Sea bass exhibit a
continuous mode of gametogenesis (Guiguen
et al., 1994) wherein spermatozoa may be
recruited readily from queued batches of
maturing spermatogenic cells through GtH-
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Fig. 3. Sperm count (a) and spermatocrit (b) of sea bass injected with saline, a high dose of LHRHa (80
ug/kg BW), methyltestosterone (200 pg/kg BW), or a combination of LHRHa and methyltestosterone
(Experiment 2). Arrowhead on vertical axis indicates the pre-treatment value of a representative sample of
the fish. Vertical lines and numbers show SEM and sample size, respectively. An asterisk indicates a signif-
icant difference from the pre-treatment value (p<0.05). Within a sampling event, values with different letters
are significantly different (p<0.05). Most methyltestosterone (MT)-injected fish did not express milt at 26 h.
No MT-injected fish expressed milt at 48 h.
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mediated LHRHa action, resulting in the signif-
icantly higher total spermatozoa collected from
the LHRHa injected fish.

In caged sea bass, plasma testosterone
and 11-ketotestosterone (KT) slowly rise dur-
ing testicular recrudescence and peak during
spermiation (Guiguen et al., 1993). Testo-
sterone is a precursor of KT synthesis. Its
action may be directed at the hypothalamus
and/or pituitary which, depending on the stage
of sexual maturity, is sensitive to aromatizable
steroids such as MT (Khan et al., 1999). In
several teleosts, testosterone and other arom-
atizable androgens feedback positively on the
BPG when testes are immature, recrudescent
or regressed, and negatively when testes are
ripe (Crim and Evans, 1983; Borg et al., 1986;
Antonopoulou et al., 1999; Khan et al., 1999;
Schulz and Goos, 1999; Zanuy et al., 1999).
Thus, chronic treatment with sustained-
release MT implants advances maturation of
sexually quiescent sea bass males, perhaps
by stimulating pituitary GtH secretion (Garcia,
1990a). However, MT implants may cause a
decline in spermiation and milt production
once sea bass attain full maturity. Although
the present experiment involved injections of
MT instead of sustained-release implants, the
spermatocrit profile shows that the MT sup-
pressed LHRHa-induced milt hydration 17 h
after injection.

Milt production in sexually mature sea
bass primed weekly with MT (100 mg/kg BW)
during the breeding season declined three
weeks after the priming injection (Hilomen-
Garcia, unpublished data). However, in sever-
al fish, it increased during the sixth week fol-
lowing the acute administration of LHRHa80
and MT. Data on MT injections in sea bass
have been inconsistent as little milt was
expressed from MT-injected males 26 h after
injection in the current study.

Both experiments had a similar effect on
sperm count despite a four-fold difference in
dose used: the sperm count declined to about
30 x 106 per pl milt at 24-26 h post-injection.
On the other hand, there was a notable differ-
ence in spermatocrit 24-26 h after injection.
The high dose of LHRHa (80 mg/kg BW) low-
ered the spermatocrit to 80% while the low

dose (20 mg/kg BW) lowered it only to 98%.
The experimental design precludes compari-
son of the two doses, because the low-dose
group (Experiment 1) was exhaustively
stripped of milt while milt from the high-dose
group (Experiment 2) was sampled more con-
servatively. Nevertheless, from our limited
results, we recommend LHRHa injection at a
dose of 80 mg/kg BW. At this dose, the sper-
matocrit substantially drops while the sperm
count drops no more than after the lower
dose. Future experiments should study
dose/response relationships and fertilization
rates to determine the lowest effective LHRHa
dose and reduce the cost of sea bass breed-

ing.

Acknowledgments

We acknowledge Albert Gaitan, Alfredo Tan,
and the staff of the lgang Marine Substation
for technical assistance; Clarissa L. Marte for
reviewing the manuscript. G.V.H.G. specially
thanks Luis Maria B. Garcia (SEAFDEC/AQD)
and Carlo Martin Garcia (University of the
Philippines, College of Medicine) for their
valuable insights in the discussion. SEAFDEC
Aquaculture Department study code Br-02-
F90T of Flor Lacanilao.

References
Aas G.H., Refstie T. and B. Gjerde, 1991.
Evaluation of milt quality of Atlantic salmon.
Aquaculture, 95:125-132.
Almendras J.M., Duefias C., Nacario J.,
Sherwood N.M. and L.W. Crim, 1988.
Sustained hormone release: 1ll. Gonadotropin
releasing hormone analogues to induce multi-
ple spawnings in sea bass, Lates calcarifer.
Aquaculture, 74:97-111.
Antonopoulou E., Mayer [, Borg B,
Swanson P., Murza |. and O. Christoforov,
1999. Effects of testosterone on gonadotropins,
testes, and plasma 17a,20p-dihydroxy-4-preg-
nene-3-one levels in postbreeding mature
Atlantic salmon, Salmo salar, male parr. J. Exp.
Zool., 284:425-436.
Billard R., Fostier A., Weil C. and B. Breton,
1982. Endocrine control of spermatogenesis
in teleost fish. Can. J. Fish. Aquat. Sci., 39:65-
79.



Milt production of sea bass 181

Borg B., Paulson G. and J. Peute, 1986.
Stimulatory effects of methyltestosterone on
pituitary gonadotropic cells and testes Leydig
cells of the three-spined stickleback,
Gasterosteus aculeatus L., in winter. Gen.
Comp. Endocrinol., 62:54-61.

Bouck G.R. and J. Jacobson, 1976.
Estimation of salmonid sperm concentration
by microhematocrit technique. Trans. Am.
Fish. Soc., 105:534-535.

Clearwater S.J. and L.W. Crim, 1998.
Gonadotropin releasing hormone-analogue
treatment increases sperm motility, seminal
plasma pH and sperm production in yellowtail
flounder Pleuronectes ferrugineus. Fish
Physiol. Biochem., 19:349-357.

Crim L.W. and D.M. Evans, 1983. Influence
of testosterone and/or luteinizing hormone-
releasing hormone analogue on precocious
sexual development in the juvenile rainbow
trout. Biol. Reprod., 29:137-142.

Crim LW., Sherwood N.M. and C.E.
Wilson, 1988. Sustained hormone release: Il.
Effectiveness of LHRH analog (LHRHa)
administration by either single time injection
or cholesterol pellet implantation on plasma
gonadotropin levels in a bioassay model fish,
the juvenile rainbow trout. Aquaculture, 74:87-
95.

Dreanno C., Suquet M., Fauvel C., Le Coz
J.R., Dorange G., Quemener L. and R.
Billard, 1999. Effect of the aging process on
the quality of sea bass (Dicentrarchus labrax)
semen. J. Appl. Ichthyol., 15:176-180.

Garcia L.M.B., 1989a. Spawning response of
mature female sea bass, Lates -calcarifer
(Bloch), to a single injection of luteinizing hor-
mone-releasing hormone analogue: effect of
dose and initial oocyte size. J. Appl. Ichthyol.,
5:177-184.

Garcia L.M.B., 1989b. Dose-dependent
spawning response of mature female sea
bass, Lates calcarifer (Bloch), to pelleted
luteinizing hormone-releasing hormone ana-
logue (LHRHa). Aquaculture, 77:85-96.
Garcia L.M.B., 1990a. Advancement of sexual
maturation and spawning of sea bass, Lates
calcarifer (Bloch), using pelleted luteinizing hor-
mone-releasing hormone analogue and 17a-
methyltestosterone. Aquaculture, 86:333-345.

Garcia L.M.B., 1990b. Spawning response
latency and egg production capacity of
LHRHa-injected mature female sea bass,
Lates calcarifer Bloch. J. Appl. Ichthyol.,
6:167-172.

Garcia L.M.B., 1991. Spermiation response of
mature rabbitfish , Siganus guttatus Bloch, to
luteinizing hormone-releasing hormone ana-
logue (LHRHa) injection. Aquaculture,97:291-
299.

Garcia L.M.B., 1992. Lunar synchronization
of spawning in sea bass, Lates calcarifer
(Bloch): effect of luteinizing hormone-releas-
ing hormone analogue (LHRHa) treatment. J.
Fish Biol., 40:359-370.

Garcia L.M.B., 1993. Sustained production of
milt in rabbitfish, Siganus guttatus Bloch, by
weekly injection of luteinizing hormone-
releasing hormone analogue (LHRHa).
Aquaculture, 113:261-267.

Garcia L.M.B. and R.S.J. Gapasin, 1988. An
inexpensive tag for short-term studies in milk-
fish (Chanos chanos Forsskal) and in
seabass (Lates calcarifer Bloch). J. Appl.
Ichthyol., 4:101-104.

Guiguen Y., Jalabert B., Thouard E. and A.
Fostier, 1993. Changes in plasma and
gonadal steroid hormones in relation to the
reproductive cycle and the sex inversion
process in the protandrous seabass, Lates
calcarifer. Gen. Comp. Endocrinol., 92:327-
338.

Guiguen Y., Cauty C., Fostier A., Fuchs J.
and B. Jalabert, 1994. Reproductive cycle and
sex inversion of the sea bass, Lates calcarifer,
reared in sea cages in French Polynesia: his-
tological and morphometric  description.
Environ. Biol. Fishes., 39:231-247.

Juario J.V., Quinitio G.F., Banno J.E. and
M. Natividad, 1980. Effects of exogenous
hormone injection on milt consistency in
newly-caught, wild milkfish. Kalikasan Phil. J.
Biol., 9:321-326.

Khan 1.A., Hawkins M.B. and P. Thomas,
1999. Gonadal stage-dependent effects of
gonadal steroids on gonadotropin Il secretion
in the Atlantic croaker (Micropogonias undula-
tus). Biol. Reprod., 61:834-841.

Kungvankij P., Pudadera B.J., Tiro L.B. and
1.0. Potestas, 1986. Biology and Culture of



182 Hilomen-Garcia et al.

Sea Bass (Lates calcarifer). NACA Training
Manual Series No. 3. Network of Aquaculture
Centers in Asia (NACA), Thailand.

Lee C.S. and G.M. Weber, 1986. Effects of
salinity and photoperiod on 17a-methyltestos-
terone-induced spermatogenesis in the grey
mullet, Mugil cephalus L. Aquaculture, 56:53-
62.

Levanduski M.J. and J.G. Cloud, 1988.
Rainbow trout (Salmo gairdneri) semen: effect
of non-motile sperm on fertility. Aquaculture,
75:171-179.

Loir M. and R. Billard, 1990. Hormonal con-
trol of gamete production in male teleost fish.
Riv. Ital. Aquacol., 25:43-52.

Mylonas C.C., Gissis A., Magnus Y. and Y.
Zohar, 1997. Hormonal changes in male
white bass (Morone chrysops) and evaluation
of milt quality after treatment with a sustained-
release GnRHa delivery system. Aquaculture,
153:301-311.

Ohta H., Kagawa H., Tanaka H., Okuzawa
K. and K. Hirose, 1996. Milt production in the
Japanese eel Anguilla japonica induced by
repeated injections of human chorionic
gonadotropin. Fish. Sci., 62:44-49.

Schulz R.W. and H.J.T. Goos, 1999. Puberty
in male fish: concepts and recent develop-

ments with special reference to the African
catfish (Clarias gariepinus). Aquaculture,
177:5-12.

Schulz R.W., van der Sanden M.C.A,,
Bosma P.T. and H.J.T. Goos, 1994. Effects
of gonadotropin-releasing hormone during the
pubertal development of the male African cat-
fish (Clarias gariepinus): gonadotropin and
androgen levels in plasma. J. Endocrinol.,
140:265-273.

Toledo J.D., Marte C.L. and A.R. Castillo,
1991. Spontaneous maturation and spawning
of sea bass Lates calcarifer in floating net
cages. J. Appl. Ichthyol., 7:217-222.
Yamauchi K. and K. Yamamoto, 1982.
Experiments on artificial maturation and fertil-
ization of the Japanese eel (Anguilla japoni-
ca). pp. 185-189. In: C.J. Richter and H.J.T.
Goos (eds.). Reproductive Physiology of Fish.
Pudoc Press, Netherlands.

Yaron Z.,1995. Endocrine control of gameto-
genesis and spawning induction in the carp.
Aquaculture, 129:49-73.

Zanuy S., Carillo M., Mateos J., Trudeau V.
and O. Kah, 1999. Effects of sustained admin-
istration of testosterone in pre-pubertal sea
bass (Dicentrarchus labrax L.). Aquaculture,
177:21-35.



