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Thesis title:
Physiological Studies on Lunar Repreductive Rhythms in Rabbitfishes

Abstract

To clarify the annual reproductive cycle in the golden rabbitfish, Siganus guttatus
in Okinawan waters, monthly changes in gonadal characteristics were observed
histologically. In males, the testicular lobules were occupied exclusively by spermatogonia
from November through March. Spermatids and spermatozoa appeared in Apnl and
numerically increased in May. In June and July, the testes were densely packed with
spermatozoa, and a large number were also observed in the sperm duct. In females, on the
other hand, early vitellogenic oocytes first appeared in some ovaries in May and
numerically increased in June and July. Many late vitellogenic oocytes and empty follicles
were observed in some ovaries in June and July. These results suggest that the reproductive
season of S. guttatus in Okinawan waters lasts at least for two months from June to July.

Characteristics of the lunar spawning cycle of S. guttatus were determined by
histological observations of gonads, and immunological measurements of plasma steroid
hormones, estradiol (E,), testosterone (T), 11-ketotestosterone (11-KT), 17a,20p-
dihydroxy-4-pregnen-3-one (DHP) and 17¢,20B,21-trihydroxy-4-pregnen-3-one (20B-S),
and vitellogenin (VTG, female specific protein). In males, weekly change in GSI showed
two peaks corresponding with the new moon in June and July. Histological observations
revealed that the testes developed synchronously toward the first lunar quarter in June and
July. Weekly changes of plasma T, 11-KT and DHP coincided with those of testicular
activity. They reached their peaks one week before spawning, coinciding with the peaks of
GSI and testicular development. In females, on the other hand, GSI also showed two peaks
during the first lunar quarter in June and July. Yolky oocytes and many empty follicles
were observed during the same lunar quarter. Spawning of fish in the tanks also occurred
around this lunar phase in both June and July. Plasma steroid hormones, E,, T, DHP and
20B-S, and VTG levels changed in parallel with GSI and correlated closely with the ovarian
activity. These results suggest that S. gutfatus is a multiple spawner and spawn
synchronously around the first lunar quarter during these two months.

Contd.......... /please see annexure 1
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Annexure [

The importance of the lunar cycle in steroidogenesis in the gonad of S. guttatus
was confirmed by in vitro production and conversion of steroid hormones in the ovaries
during the two lunar phases, the new moon (one week before spawning) and the first lunar
quarter (just ‘before’ spawning). After hormone treatments, germinal vesicle breakdown
(GVBD) could be induced only around the first lunar quarter. When intact follicles of
oocytes were incubated with human chorionic gonadotropin (hCG), the production of E,
decreased, whereas DHP increased from the new moon to the first lunar quarter. This result
suggests that the ovarian follicles produce E, for induction and maintenance of
vitellogenesis around the new moon and DHP for induction of final maturation of oocytes
around the first lunar quarter, and that the metabolic changes in ovaries occur rapidly
according to the lunar cycle.

Hormonal regulation on lunar-synchronized acquisition of testicular development
in rabbitfishes, S. guttatus and S. argenteus were determined by in vitro steroidogenesis of
testicular preparations, and sperm motility, biochemical compositions in the seminal plasma
according to the lunar cycle. When testicular fragments and sperm preparations of S.
guntatus were incubated with hCG and two precursor steroid hormones, T and 17c-

hydroxyprogesterone (170-OHP) during the two lunar phases, the production of 11-KT

from testicular fragments and DHP from sperm preparations increased at the first lunar
quarter (the spawning moon phase). These results suggest that 11-KT is produced in
somatic cells of the testis under the influence of gonadotropin, and that sperm can convert
17a-OHP to DHP. In S. argenteus, sperm molility occurring in the experimental solution

was low one week before the spawning (full moon), peaked on the day of spawning (last
lunar quarter), and then decreased after the spawning. A significant increase in pH and
decrease in osmolality occurred in the seminal plasma toward the spawning moon phase.
The concentration of Ca** and Mg* in seminal plasma was also increased around the same
moon phase. The administration of hCG or DHP 10 days before the predicted spawning
lunar day resulted in increases in sperm motility and seminal plasma pH. Plasma levels of
DHP were increased after injection of hCG. These results indicate that gonadotropin and
DHP are related to the acquisition of testicular development in the rabbitfishes and that the
action of gonadotropin is to stimulate the production of DHP by the testis.

These results suggest that the fundamentals for the acquisition of gonadal
development of the rabbitfish have characteristics of marine teleost fishes. It is concluded
that in rabbitfishes, cues from the lunar are an important environmental factor to
synchronize the reproductive activity during the spawning season. Additionally, the present
study may show that the use of lunar cues in the higher portions of the reproductive axis in
rabbitfishes.
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FHXER (2000FLA)

| ARXR. ¥R BT HRET A TR (Slganidae) 2 WAL & A OB LR,
74 STEO BB FEER ORI R A RENEHUEN ST SNCT BT EEDTL TS,

. dw 743 (Siganus guttatus) OERROBBENBREERL S, HMRIDEICBT5FEOEIRILE6
BEMS 7ED. HANS EXOROMICITHN, £2EERTZ I EANHBALE. T4abs, TORKIZ
A1V SRR OO A REHES I R ICRE L e, B30 B 3 OFRBPITIZESF DIEER T & 2 BEInikIia
BHSHE, MPRATFOAM RFIVEDEZEIAERNEETRELZER, BRADBPEWL., testosterone
(T) . 11-ketotestosterone (11-KT) ¥ LT 17a,20p-dihydroxy-4-pregnen-3-one (DHP) 7%, Hi
RO B estradiol-17p (E,) . T. DHP £ LT 17a,208,21-trihydroxy-4-pregnen-3-one (20[3—8)
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M. FNThERBOBELRAFL TELEL. EMBEEOTNSORATOA RFIVESBABICHES>TE
15T EMHBELE,

TR 74 TOPPRO—BE L MEBETF K RO (hCG) PRAFOA RFNEL & EbITEFME
#L. BBESLLBRTORT OA RFIVEY BRECEEZHSMIT L, IBMROLIE (Germinal
vesicle breakdown, GVBD) W EIEETHRIVE OB EZRITSBHETHRULER. HAKITIX GVBD:
22< Eﬁﬁﬁ}s TR D, EOB T hCG® DHP T GVBD Z2EWHISTHHETZH &
ATET, G E hCG LICHEL THIERTORAT O RRVESREMEL AR, FADS L
B AT B, BAHA L DIcxt U, DHP OEARMIMUI. LLEQKRIZ E, AIRERRIT. |
% LT DHP #5P SO BHRBRICEERFIVES THD. ER Y BUBRMAIC BT 5 E, 5 DHP
BEEAOERIZABICHE> TARICERT 3 T EdRBEhiz,

BRICAESERORES, BRESICBIS 701 RELEROEL. HTEHROZLETLTHELL
S DE(LENEROEEN S H T, TIT71TORBRK LETES £ ThTH hCG RHBXFO1 K
FIEY (T R 17a-hydroxyprogesterone ; 17a-OHP) &3kiziide LR, 11-KTIX T bL<L
hCG HETFIZBWTHBMIC. 2L TDHP i} 170-OHP FETIBWT LROB TH 2ok, ThS
DEERN S, 11-KT I3 FEERMK)LE > OB TICL > THEMEAE T, 2L T DHP REFTEN
FNMEFVECDSERINTVNE DD EEIA SN, TNSOREMNENAB TARICRT 52 LA%R
®axhe, :

NFT7A T (S. argenteus) W} 28 FERIEESE NaCl ¥ (800mOsM/kg) TH#H~Jz. F5TFEE)
FEEERES BR) —EMIICIHEN - M, ENEER (FHROB) ITixs taicimliz,. HL
ESOBEERERAB TR LD LT pH I38MLE. L x50 Caz™ Ma?HREEI3EES B i
TRMLE. ThdOREH 5. HETONTEMROBAIERRBNICARICET S T AL
» BFEEEOEVRR G4B) 1T hCG ® DHP 2N\ 71 JICENTS &, ENERREHICEHTS
WETFIEDNEE &, TRICHRIT 38 L & S OMBRE LR T o7, hCG ik Ek, Mk DHP MEZ &0
7o TRSORERNS, HTFEERRAILE S DHP ISR BOREEMEITERELTSY, RTFEA
WA E S OPHRITERIC BT 5 DHP OE&EEA L TOB T ENRRENE,

71 IO AR TES TWARHBEMNRBHILUONERABRLFERAC TS S T EAWBI L. 7
A THOKBE L TLTOR(RENAB EFLIARRICBI T EWRBh ok, B, 71

TERIZA D ORI E AR R TB— TR ) 0 DB LAV THRETNS & ENRR
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