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Plasma steroid hormone levels in the viviparous rockfish (Sebastes schlegeli) were examined
in relation to gonadal histology under controlled photoperiods and water temperatures. To
investigate those effects in S. schlegeli the photoperiod was maintained at 15L:9D in June
and then it was gradually decreased to 9L:15D in October. It was then gradually increased
to 12L:12D in January, followed by 14L:10D in February. The water temperature was 19-20C
in July. From August to October, it was from 18°C to 12°C. Then, it was dropped to a
low of 9-11°C in November to December and then gradually increased to 14-15°C in February.
In females, both plasma estradiol-173 (E2) and testosterone (T) levels from August to February
showed a similar pattern in both the treatment and the control groups. In the treatment group,
the peaks of plasma E2 and T were observed in November, and the peaks were closely
correlated to histological observations. Qocytes contained many yolk globules (final vitellogenic
oocytes), and oocytes at the migratory nucleus stage increased in size. Plasma levels of
progesterone did not change much throughout the experimental period. However, in the control
group, the peaks of E2, T, and progesterone were observed in February. These results indicate
that the controlled photoperiod and water temperature accelerated sexual maturity, corresponding
to the advancement of plasma E2 and T peaks by approximately 3 months. In males, plasma
T levels showed a similar pattern from August to October in the treatment and control groups,
though levels in the treatment group were higher than those in the control group. From histological
observations, the treatment group copulated one month earlier.
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Introduction

In aquacultural industry, the control of reproductive
process of fish by the manipulation of environmental
factors is one of the most important application in
commercial broodstock management. Photoperiod
and/or water temperature are generally recognized
as the principal environmental factors in controlling
gonad development (Lam, 1983). The effect of photo-
period and/or temperature on gonad development is
mediated through the endocrine system that controls
reproduction. This is achieved by corresponding
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alteration in the activity of the gonadotropin releasing
hormone (GnRH)-gonadotropic hormone (GtH)-
gonadal axis. The changes in GnRH and GtH lead
to the seasonal changes in the gonadal steroids:
estradiol-173 estrone, testosterone, 17, 20B3-dihy-
droxy-4-pregnen-3-one and vitellogenin following
photoperiod and temperature manipulation {Carrillo
et al., 1993; Zanuy et al, 1995; Bromage et al., 2001).

Many studies on reproductive endocrine function
of gonadal steroids has been conducted for the
oviparous fishes. There is limited information on
endocrine function of steroids in viviparous fishes,
which possess many different reproductive patterns
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(Wourms et al., 1988).

The viviparous rockfish (Sebastes schlegeli) is an
important marine species for commercial fish culture
in Korea. Research programs have been performed
in the development of embryo and larvae (Yamada
and Kusakari, 1991; Kusakari, 1991), sex differentia-
tion (Lee 2t al., 1996), early life history (Kim and
Han, 1991), growth and maturation (Hyun and Rho,
1996; Chung and Chang, 1995), and reproductive
cycles (Negahama et al., 1991; Bacek et al., 2000).

Park et al., (2001) demonstrated that the copulation
and partur tion of S. schlegeli could be advance 2-3
months by controlling photoperiod and temperature.
But they did not present hormonal changes of the
fish for the advanced maturation. This study measured
plasma steroid changes together with gonadal histo-
logy, under the controlled photoperiod and tempera-
ture regim:s on timing maturation. Plasma estradiol-
173, testosterone and progesterone levels were
monitored in females, and plasma testosterone levels
were monitored in males.

Materials and Methods

Fish

On May 1 1996, 272 adults fish of rockfish (female,
40-48 cm i1 length and 1,000-1,500 g in weight; male,
29-34 cm in length and 400-670 g in weight) were
divided in'o four groups, two for the treatment and
two for the control. Each group was reared in a 5
ton recirculating tank system which was facilitated
at Marine Research Institute, Cheju National Uni-
versity.

Photoperiod and water temperature regulation

For this research, we set up an artificial cultured
condition “or the S. schlegeli, time table for photo-
period anc. water temperature was based on repro-
ductive cycle of S. schlegeli around the southern coast
of Korea. From June, daylength was maintained 15
hr light per day (15L/9D) and then it was gradually
decreased 1o 9 hr per day (9L/15D) in October. From
January tc February, it was maintained from 12L
to 14L. Water temperature was 19-20°C in July. From
August to October, it was from 18°C to 12°C. Then
from November to December, it was dropped to the
lowest, 9-11C and then gradually increased to 14-1
5C in February. The light intensity at the water surface
was 250 lux. The control groups were exposed to
light and tzmperature of natural condition as in Park
et al. (2001).

Fish were fed at 1-1.5% body weight/day and
checked for maturity at monthly or bimonthly from
June 1996 to February 1997. In each experiment,
the fish were anaesthetized in a solution of 2-
phenoxy-ethanol (0.3 mL/L), checked for signs of
sexual maturation. Gonads and blood samples were
taken from 10 individuals (5 females and 5 males)
in each group. The blood samples were immediately
centrifuged, and the plasma was stored at -20°C until
analysis for testosterone in both sexes, and estradiol-
173 and progesterone for females. Gonads were fixed
in Bouin's solution for histological processing.

Steroid analysis

Plasma levels of the sex steroids testosterone,
estradiol-173 and progesterone were determined by
radioimmunoassy (Aida et al. 1984). Antiserum
against testosterone and progesterone were purchased
from Sigma Chemical Co. and estradiol-173 was
purchased from ICN ImmunoBiologicals, and tritium
labeled steroids were purchased from Amersham In-
ternational. Intra-assay variations were 5.8% for E2,
3.4% for T and 9.8% for progesterone. Inter-assay
variations were 12.7%, 11.5% and 14.2%, respec-
tively. The lower limit of detection of steroids were
7.5 pg/mL. All procedures were carried out in Natio-
nal Fisheries Research and Development Institute.

Histological procedures

The gonads were fixed in Bouin's solution. Serial
sections of 5-6um were prepared by the usual paraffin
method and stained with Hansen's haematoxylin-
eosin. Microscopical analysis of the gonads were
carried out according to Bae et al. (1998).

Results

Females

At the start of experiment, the ovaries contained
oocytes (<50um in diameter) in perinucleolar stage
that were uniformly and strongly basophilic. In
August, the treatment group contained oocytes at
stages of early development (perinucleolar and oil
droplets). The size of the oocytes in oil droplet stage
ranges from 100 to 140um in diameter (Fig. 1A).
In the control group, the most oocytes were at the
perinucleoar stage of 50-100um diameter which were
strongly basophilic. In October, small vacuoles corres-
ponding to the yolk vesicles present in cytoplasm
and yolk granules began to accumulate in oocytes
between 230 and 280um in the treatment group (Figs.
1B, 1C). In the oocyte of the most advanced stage
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Fig. 1. Section of the ovary in Sebastes schlegeli during August to February. A: Perinucleolar and oil droplet
stage in August (treatment group), B-C: Yolk vesicles and small yolk granules in the inner part of the cytoplasm
in October (treatment group), D: Oocytes of migratory nucleus stage in November (treatment group), E:
Fertilized eggs distributed within ovarian cavity in February (treatment group), F: Oocytes with many yolk
globules in January (control group). Scale bar=100 z#m.

observed in this group, the nucleus was seen moving
towards the animal pole (migratory nucleus stage).
At this stage the oocyte diameter was 480 to 600um
with many yolk globules occupying the entire
cytoplasm in November (Fig. 1D). In January and
February, internally fertilized eggs were observed in
treatment (Fig. 1E). The control fish oocytes contained
many yolk globules from November to January (Fig.
1F) and then migratory nucleus stage oocytes were
observed in February.

Plasma levels of estradiol-173, testosterone and
progesterone in female are shown in Fig. 3. From
June to October, estradiol-173 and testosterone levels

in control and treatment groups remained within the
range of 0.86+0.02-1.51+0.38 and 0.13+0.01-0.24=+
0.01 ng/mL, respectively. In November, the highest
estradiol-173 and testosterone levels were, in the
treatment group, 5.01+2.45 and 6.33+1.32 ng/mL,
respectively, and after November those levels were
decreased, while in the control group they peaked
in February as 6.54+0.77 and 3.28+0.19 ng/mL,
respectively. However, plasma level of progesterone
did not show much difference between the control
and the treatment groups by November, but, in the
control group, the highest level (8.40+0.93 ng/mL)
was detected in February.
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Fig. 2. Section of the testis in Sebastes schlegeli during June to February. A: Spermatogonia proliferation
stage in June (control group), B: Numerous spermatocytes, spermatids, and few spermatozoa in August (treatment
group), C-J: Ripe and spent stage from October to November (treatment group), E: Ripe and spent stage
in late November (control group), F: Resting stage in February (control/treatment groups). Scale bar=100 #m.

Males

For the males, the experiment started in June, the
Spermatogonia in the testis were proliferated and
increased in number (Fig. 2A). In August, the active
spermatogenic testes contained a large number of
spermatocytes and spermatids in the treatment fish
(Fig. 2B). A small number of spermatozoa had also
appeared in the same testes. From October to Novem-
ber the seriiniferous tubules were larger in size with
an increasc in the number of spermatozoa (Fig. 2C).
In the late of November, residual spermatozoa were
still present in clusters in the seminiferous tubules
(Fig. 2D), while in the control, predominating sper-
matozoa were observed (Fig. 2E). In February, sper-

matogonia were along the wall of the seminiferous
tubules (Fig. 2F).

During August to. October, the plasma levels of
testosterone remained high as 1.43+0.23-3.12+£2.97
ng/mL for the treatment group, and 0.57+0.02-
1.36+£0.17 ng/mL for the control, and then decreased
remarkably to basal levels (0.03+£0.01-0.12+0.04
ng/ml) (Fig. 4).

Discussion

Environmental factors, such as photoperiod and
temperature, may act as cues for the formation of
the sexual cycle in viviparous as well as oviparous
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Fig. 3. Changes in plasma estradiol-174, testosterone
and progesterone of the treatment and the control
groups in female Sebastes schlegeli. Each value re-
presents the mean+S.E. Significant differences (*p
<0.05) between treatment and control were determined
by Student's t-test.

teleosts. In a viviparous rockfish, genus Sebastes,
reproduction is characterized by intralumenal (ovarian
lumen) gestation following fertilization of ovulated,
mature eggs. (Wourms et al., 1988), that is an evolu-
tionarily advanced mode of reproduction through the
relatively primitive forms of matrotrophic viviparity.
In the rockfishes, functional maturation of males
generally procedes that of females, and mature
spermatozoa are delivered by copulation into maturing
ovaries and stored there until oocytes have completed
their final maturation and ovulation (Takahashi et
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Fig. 4. Changes in plasma testosterone of treatment
and control groups in male Sebastes schlegeli. Each
value represents the mean+S.E. Significant differences
(*p<0.05) between treatment and control were de-
termined by Student's t-test.

al., 1991).

Studies on reproductive biology of Sebaetes has
been conducted for many years in Korea and Japan
in relation to aquaculture potential. The main target
species was S. schlegeli (Kusakari et al., 1977,
Kusakari, 1991; Lee and Kim, 1992; Chang et al.,
1995; Baek et al.,, 2000). In Korean south cost,
copulation in this species occurs in November-
December, and the sperms are stored until ovulation/
fertilization the following March, and parturition
occurs in April-May (Back et al., 2000; Park et al.,
2001). Park et al (2001) reported that the artificial
manipulation of photoperiod and water temperature
resulted in copulation and parturition advancement
by about 2-3 months compared with the control.
In the present study, the effect of photoperiod and
water temperature on timing of sexual maturity in
S. schlegeli was monitored through changes in plasma
sex steroid levels and gonad histological observation.

The plasma E2 and T levels in females in our
study showed a similar pattern during experimental
period (August 1996 to February 1997) in the treat-
ment and the control groups. In the treatment group,
the plasma E2 and T peaks were observed in No-
vember. The peaks were correlated with the result
of histological observations, showing oocytes con-
tained many yolk globules (final vitellogenic oocytes)
and an increase in the size of oocytes at the migratory
nucleus stage in this period. Plasma level of pro-
gesterone did not show much difference throughout
the experimental period. However, in the control
group, the peaks of E2, T and progesterone ere
observed in February. These results indicate that con-
trolled photoperiod and water temperature accelerates
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the sexual maturation by approximately 3 month for
female rockfish. This supports the previous work by
Park et al. (2001). A similar phenomenon has been
described in S. inermis, where delayed maturation
(1-2 months) in ovary was caused by the controlled
photoperiod and water temperature (Ko et al., 1998;
Chang et al., 2001).

It is interesting to note that plasma E2 and T levels
are high during final maturation, which is initiated
by migration of the nucleus. Our findings were in
accordance with those of some other viviparous fish
species (Manire et al,, 1995; Kwon et al., 1999),
and they proved that high plasma E2 levels has been
observed a. maturation. Low E2 levels at final matura-
tion is common in many fish species as high E2
levels during vitellogenesis. On the other hand, the
progesterone levels observed in S. schlegeli did not
respond to the controlled photoperiod and water
temperature conditions. But, in the control group,
this steroid peaked at the migratory nucleus stage
in February. In S. taczanowskii, serum levels of pro-
gesterone were relatively low throughout the annual
reproductive cycle (Takemura et al., 1987). Nagahama
et al. (1951) described that, in S. faczanowskii and
S. schlegeli, among the progestogens, 1%, 2(3-di-
hydroxy-4 -pregnen-3-one plays an important role in
final oocyte maturation and the maintenance of
gestation, out progesterone apparently does not play
a significent role. From the results of the present
study, the possible functions of progesterone in rela-
tion to finel maturation did not appear to be excluded.
Low levels of progesterone might reflect changes
in product:on of other progestogens such as 17,203
dihydroxy-4-pregnen-3-one. In our study, 17,203
dihydroxy-4-pregnen-3-one was detectable from only
a few individuals.

In the p-esent study, the changes in plasma T levels
observed in males suggests that testes were apparently
not affected by the photoperiod and water temperature
conditions. although T levels in the treatment group
were higher than those in the control group during
August to October. However, from the histological
observations, the treatment group resulted in one
month ear ier copulation. Park et al. (2001) reported
also the copulation in S. schlegeli could be advanced
one month by controlling photoperiod and tem-
perature. Further studies are needed to ascertain the
involvement of steroids in the reproductive process
other thar testosterone.
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