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Abstract

To investigate reproductive cycle and spawning rhythm according to habitat
of Tridentiger obscurus in Jeju, total 683 fish were collected in brackish
area(May 2004 to August 2005) and total 348 fish were collected in tidal pool
(July 2004 to August 2005), respectively. Water temperature (WT) ranged
11.0-21.6C in brackish area. WT of tidal pool (11.1-245TC) in 2005 was
similar to that of brackish area although it were highest 30.1-29.2C from
June to August in 2004. In brackish area, female gonadosomatic index (GSI)
increased in April and maintained high values from May to August. The
reproductive cycle can be grouped into the following successive stages in the
ovary: immature (November to March), maturing (March to May), ripe and
spawning (May to September), and degenerating (August to November). In
the tidal pool, female GSI rapidly increased in April and maintained high
values until July in 2005. However, it has been low in July 2004 when water
temperature was highest. The reproductive cycle can be grouped into the
following successive stages in the ovary: immature (September to February),
maturing (March), ripe and spawning (March to July), and degenerating (July
to August 2004 and August 2005). The change of GSI and spawning rhythm
were not related to lunar cycle in brackish area where a night lighting
facility was established. The female GSI of tidal pool was decreasing
tendency between full moon and last quarter, and the spawn individuals
occurred only at last quarter. Fecundity of mature female ranged from 1,214
to 12,109 in brackish and ranged from 2,427 to 13,892 in tidal pool area. The
fecundity of fish in the tidal pool was significantly higher than that of fish in
brackish area. Fecundity was correlated positively with total length and body
weigh. Although the large group (> 111 mm total length) in brackish area
observed only in spawning season, one in the tidal pool observed from
October 2004 until next spawning season. Frequency of the large group was

0 to 12% and 114 to 57.9% in brackish area and tidal pool, respectively.



These results were indicated that gonadal development of 7. obscurus was
affected to WT and day length. Also we suggested that the spawning rhythm

of T. obscurus has deep connection with lunar cycle.
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Fig. 3. Gonad structure of 7. obscurus. A and C, Ectovarian sac type in
ovary; B and D, Lobule type in testes. C scale bar = 400 pm; D

scale bar = 200 pm; oc, ovarian cavity.
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Fig. 5. Oogenesis in T. obscurus. A, Oogonia;, B, Chromation nucleolus stage;
C, Early perinucleolus stage; D, Late perinucleolus stage; E, Oil
droplet stage; F, Primary yolk stage, G, Secondary yolk stage; H,
Tertiary yolk stage; I and J, Migrated nucleus stage;, K and L,
Postovulatory follicle; M, Atresia in spawning season; N, Atresia in
degenerating stage. at, atresia; ca, cortical alveolus; gc, granulosa cell;
n, nucleus; od, oil drop; p, phosphorus; tc, theca cell; yg, yolk globule;
zr, zona radiata. A~C scale bar = 20 pm; D scale bar = 30 pm; E~H
and K~N scale bar = 100 pm; I and J scale bar = 200 pm.
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. Ovarian development in 7. obscurus. A, Immature stage; B, Growing

stage; C and D, Matured and Spawning stage; E, Degenerating stage;
F, Degenerating stage; note thickness of the ovarian wall and the
presence of few atretic eggs. A scale bar = 35 um; B, D and E scale
bar = 140 pm; C and F scale bar = 400 pm.
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Table 1. Number of T. obscurus female in various ovarian states in brackish

area during spawning season in 2004

Total Ovarian state
Date
number Maturing Ripe Spawn"
Last quarter 7 7 - -
May New moon 18 16 1 1
First quarter 14 11 1 2
Full moon 8 7 1 -
Last quarter 9 4 4 1
Jun.
New moon 9 5 2 2
First quarter 11 5 4 2
Full moon 7 7 - -
Last quarter 10 8 2 2
Jul.
New moon 16 11 5 -
First quarter 10 6 3 1

* Just after spawning.
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Table 2. Number of female T. obscurus in various ovarian states in brackish

area during spawning season in 2005

Ovarian state

Number of
Date
female Maturing Ripe Spawn"

New moon 13(1) 8 4 -

First quarter 16(1) 11 1 3
May

Full moon 14(2) 12 - -

Last quarter 13(0) 9 3 1

New moon 13(0) 13 - -

First quarter 10(0) 9 1 -
Jun.

Full moon 16(0) 15 1 -

Last quarter 16(0) 10 3 3

New moon 15(0) 13 2 -
Jul. First quarter 11(0) 7 3 1

Full moon 10(3) 5 1 1

Values in parentheses indicates the number of females in immature or
degenerating stage.

* Just after spawning.
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Table 3. Number of female T. obscurus in various ovarian states in tidal
pool during spawning season in 2005
Number of Ovarian state
Date
female Maturing Ripe Spawn"
Full moon 17 7 10 -
Apr.
Last quarter 8 3 4 1
New moon 6 2 4 -
First quarter 8 3 5 -
May
Full moon 5 1 4 -
Last quarter 2 0 - 2
New moon - - - -
First quarter - - - -
Jun.
Full moon 6 3 3 -
Last quarter 5 2 1 2
New moon 12 3 9 -
Jul.
First quarter 5 2 3 -

* Just after spawning.
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Table 4. Composition of fecundity according to total length of 7. obscurus.

Brackish area Tidal pool
Total length
Number Number
(mm) Number of oocytes ; Number of oocytes ;
o o
Mean (Range) Mean (Range)
samples samples
50~59 2,022(1,215~ 2,830) 2 2,427 1
60~69 3,248(2,507~ 4,063) 4 - -
70~79 4,115(2,548~ 5,054) 5 5,847(4,267~ 7,262) 4
80~89 6,325(4,677~ 7,478) 6 8,725(5,939~10,762) 7
90~99 6,990(6,789~ 7,191) 2 10,044(8,774~11,397) 4
100~ 11,851(11,593~12,109) 2 13,892 1

Table 5. Composition of fecundity according to body weigh of T. obscurus.

Brackish area Tidal pool
Body weigh

Number Number

(g) Number of oocytes ¢ Number of oocytes ¢

o} o}

Mean (Range) Mean (Range)

samples samples

0~4.9 3,156(1,215~ 5,054) 7 2,427 1

5.0~9.9 5,221(2,548~ 7,478) 9 6,468(4,267~ 7,837) 6

10.0~14.9 8,013(6,478~11,593) 4 9,404(5,939~11,397) 7

15~ 12,109 1 11,298(9,768~13,892) 3
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Fig. 10. Relationship between fecundity and total length of T. obcuruse. (O),
brackish area; (@), tidal pool.

20000
15000
§ F=927.49BW0:919 .
g R?=0.778
(=3
=
“S 10000 |
St
-5}
E |
F=776.9BW0-954
S 5000 o o
i o R?=0.828
(o)
LS o
o
0
0 S 10 15 0

Body weigh (g)
Fig. 11. Relationship between fecundity and body weigh of T. obcuruse. (O),
brackish area; (@), tidal pool.

_26_



8. ¥¥ AF=EA

7NFAY AT g9 AFEAAS A 41~130 mm, FH 47~135 mm=
I 27y 987%, 96.0%7F 41~110 mmeoll 233, v A -4 7h7E 1.3%
40%7F A7 111~135 mmell FX3At 47 111 mm ©]%e /HAES A
2 A 7]9 4~99 T 2004 5~69, 2005 3~59°l 0~12.2%7F A =

S B AV F gEEY HAES A 41~110 mme Wl X353

ZFeEolAd AT €W AFEALS dA 46~139 mm, FH 55~149
mmzZ ¢ Z7F 93.9%, 786%7F 41~110 mmel ¥ &%, yrx o5 7t
7+ 6.1%9F 21.4%7F A% 111~135 mmell Exskgh 13 111 mm o732 7l
AL 45 2 AEA7IR 4 F 39S A e A 713bel] 11.4~57.9%
o =2 VLS EME‘r(Fig. 13).

_27_



100 r

- May .2004
0 = = - —
100 1 Jun
0 i —-.I:-J:.J:-ﬁ
100 Jul
0 Com w0
100
B Aug.
0 —  om W
100
- i Sep.
0
100
- Oct.
0 —wm B wm mm
100
o I Nov.
0 [ 1 1 [
? 100
N » Dec.
3.« 108 L .ﬁ ﬂ B
?f - Jan .2005
= 0 — A -
g 100
= - Feb.
S -
= - I Mar
0 _— [ —
100
o Apr
0 _.:l_]:..:-.l—‘ P
100
- May
ol e e
100
- Jun.
0 ,—-:.J:_:-—
100
- Jul.
0 — ..
100
- Aug.
0

~40 50 60 70 80 90 100 110 120 130 140~

Total length (mm)

Fig. 12. Total length frequency distributions of females([]), males(l) in

brackish area.

_28_



100 r Jul. 2004
0 i I — ‘—-4:.4:-
100 : Aug.
0 | e B
100 r Sep.
0 e I e |
100 Oct.
0 [ e e n W
100 Nov.
0 J—-J:h_-.:- -
100 r Dec.
~ -
S 11— m Nl
N’ 100 -
> N Jan .2005
< 0 Nl N - - 20000000
EE 100
= R Feb.
= 0 [l Com e
€ 1o
= R Mar.
o— WM W~
100 [ Apr.
o LU = B[] e mn =u
100 [ May
0 L e wen | B e e
100 Jun.
0 e
100 Jul.
0 I—-D_l:..:-=__
100 Aug.
0 j— ﬂ l:-

~40 50 60 70 80 90 100 110 120 130 140~

Total length (mm)

Fig. 13. Total length frequency distributions of females([]), males(ll) in tidal
pool.

_29_



2004 5UEE 20059 84714 9
AARWSE T obscurus® A2 F7], Azkg

iz Abal .

A= dae 5 dAFdFoz o] FHE Alolo] Fi e FEHE
57 & HF=EES wet fAst o dRbH o R Aol dae A
2 el txo] wel YA (gymnovarian condition) ¥ 4 E (cystovarian

=

condition) . & &3} (Hoar, 1957), Y4 TA| W49 FZ s EAo
gt @A 13 YO E e thH(Takano, 1989). A4 W5 N
wae] pgAE e AT GFE O Feth Aol Fo Arve 24T
4 Fz22 29%(Lobule type)d Al#E (tubule type)oz TFE3Ich(Billard et
al, 1982). Al#Fel HAALE 7R E oFE= EEZ, Sebastes thompsoni (Lee
et al., 199%), @M %5, Favonigobius gymnauchen (Lee et al., 2000), BH %
Chasmichthys gulosus (Kim et al;, 2004)%5°] Qi A2FH HAALE 7R = o
T2+ AEE, Chromis notatus (Lee and Lee, 1987)% £%7), Plotosus
lineatus (Heo, 2002)5°] Atk HAAEE Aro =442 d¥de= 474 24
Holde Aol &3k

o Zelal Ajks EHLIT Al EEsha
of 79 °F 10%E AAlstar low, A o

AbeS 3ok (Nelson, 1984). I8 3 =22 ]

3 o024 Zo] Boldta gloH(Miller,
1984; Caputo et al., 2000). AA L FL =250 2kgke] /Al Qolo, dAo]
a7 2 oot By 9vh(Kaneko and Hanyu, 1985). o] <7<l A

= 2

& Fen dgol FrhEhe 5URE wF

rO

Ra Aol gadti

8
A7l = AFANA F 90% el AMAE HPsa
o} 7

o AAz wEe AAA B4



dEole dEALS ATFAAE T -HstrA- A )k dEE WEHA &
ol 98 =Hd A} (Peter et al., 1991). 123 A&

ol wet "WepEde] #H) gA4o] Yoyt GnRH:
GTHE] En]o] 7Fg A<l 285 dth(Nial et al., 2001; Takemura et al., 2004).
FA 7|t ST, dE, BE, shd)d wEp i

AAF A3, BRe BHoE @ ofpzdel AX £AHR Ax AAFAAA

0.

n
fa
o
A
-3
e
X
‘[:“
rir
2
)

=
n)
o,
ol
flo
ol
N
N
e
N
N

ol wgl theksle] Eviota lacrimae= 1007) ©]3le] <&
S ¥ &3} (Sunobe and Nakazono, 1995), Awaous guamensisi= 500,000 ©] 2]
oS ¥ #stxn Yo (Ha and Kinzie, 1996), Rhinogobius brunneus= 151~
20971 (Song and Baek, 2005), Acentrogobius pflaumi= 3,618 ~9,73371¢] <&
&tk (Baeck et al., 2004). £33+ Xy = Ay Ao Frkgd weEk St
3= 73S Holil(Song and Baek, 2005), #&& Zo|zli A Ao uwlel L
ete] 47} tt=2 v} (Bouchereau and Guelorget, 1997). o] Aol A 7]4AY
U} zgg@olx e MAste AAWRC] O B2 &S Edsta Sl
(P<0.05), ol A2 A e HAYS HAdere] shvet Azt
gEolie TS Ausler JA 3 Mo RS da Abgete
% (semelparity type)# A&t 23] o] s sk vhIlh
type) &2 &3kl AtHCole, 1954; Miller, 1979). th3] A& thA] & Abed
7]oll 23] o]4e] AbgkE g F AMWElE abbreviate ThI|AFEE 3 A7) o] 23]
oleo]l 2#S A &AW £=mo] 71 prolonged YA Fow FEET
(Miller, 1989; Caputo et al., 2000). TS5l 72| Atgh & Algsl= 9SS
5(2000)2 RIHEE Abgho] ofgh A4 x| IAatel Ay el WAL E
af, =& A =g Bodgol] o ofAtE dflew B QY I, U=

o] F<l Pseudogobius olorums abbreviate Th3]AF&HE o] x| 0k =20 2]3)] AF

_31_



gholl Z7tstAl Esk MAES the e A AESte] Al
(Gill et al., 1996). Kaneko 52(1986) HA W5 3 2tgkA]7|o] t}3|2taks 3
] ogiEite] g Blo] Abehr|E R F Abgsithal RSkl o] Ao A A
2ol YA FOAMEAIZIRE #EEY] Ak aga 7 e A
Aol A7l ol FHE  ZHAZ ¥ 24d

I1mm °o]/e] 7RAEo] 2004l | 11.4~579%°] =& ZFNEE Bt
olg]3 AER Wol AAWEE abbreviate TP oz AHArE AZ O

wEel AAEe we WAwd ofs Audtii Az
EEE xdﬂi}o]% 2004 7, 8ol m5L o Qo A HArbEA a7
AEol ol Fale] AA7IZA AEste] Abghel] 7] wiZ ol FHE

ool AE FHa nw, AAYF e RBRP a5} WAt
#Elo] A@A S A TR AERA Fe9 F

Feol Agdvta Yz 2
2 md n5e5e] BAae] W o) A4iswgl

7}
o AFA 7| 7HA AESto] Abeke] Foldivtn AZbEy ARG oF A
CE!

_32_



% Tridentiger obscurus® A2F7]19F Ak

%

ATE NAA T2 %

A

°]

I 71 A el A 2004 5EFH 2005 8¥7kA 683nteE], x5

9]

=
=

oA el A 2004 7HFE 20051 8€7kA] 348wt

o
K

o] Fe& 20049 7~8¥] 301~

3

o] & 11.0~21.6Co]

Fol 11.1~245T=

AFS

o
T

7 o 3}

2027 WG o}, 20059 2]

2AbE

3

714

o BT 5~8€9el 6.59+0.759]

el
00

A}

Aatglont, 20049 7€ LF(30.1T) Al

Btk 7154

4~T74 ] 6.92+0.79°]

71l

B

167+0530. 2 e ghe

fu
L.

71(11~349), A%71(3~5%), &4 2 a7 (65~8%Y), HA7](8~11¥)=2 ZA}LE

71 WA =71(9~24), A=71@3

=
T

]

A
o

A

5ol

£y

A

o

1

A Lo ol

T
R

3

1}

=
=

7 B

b 1,214~12,1099} 2,427~

oA o] 7FAGHY EUATHP<0.05). 1

= A=A 7]l

=
=

1A Gl A4 111 mm o] 3¢l 7hA)

Golx Ho A= 20049 109 o] &+

0~12%¢} 11.4~57.9%

)

=

oldtt. ol& A= Ho}

@x

™
L

el

o))

)

_33_



VI. &1

M
rl

Baeck G.W., JW. Kim and S.H. Huh. 2004. Maturation and spawning of
striped goby (Acentrogobius pflaumi) (Teleostei; Gobiidae) collected in
the Gwangyang Bay, Korea. J. Kor. Fish. Soc., 37(3): 226-231.

Billard, R., A. Fostier, C. Weil and B. Breton. 1982. Endocrine control of
spermatogenesis in teleost fish. Can. J. Fish. Aquaculture Sci., 39: 65-79.

Bouchereau, J.L. and O. Guelorget. 1997. Comparison of three gobiidae
(teleostei) life history strategies over their geographical range.
Oceanologica Acta. 21(3): 503-517.

Breitburg, D. 1987. Interspecific competition and the abundance of nest sites:
factors affecting sexual selection. Ecology, 68: 1844-1855

Caputo, V., G. Candi, M. La Mesa and E. Arneri. 2000. Pattern of gonad
maturation and the question of semelparity in the paedomorphic goby
Aphia minuta. J. Fish Biol., 58: 656-669.

Cole, L.C. 1954. The population consequences of life history phenomena. Quar.
Rev. Biol., 29: 103-137.

Fujita T., W. Hamaura, A. Takemura and K. Takano. 1997. Histological
observations of annual reproductive cycle and tidal spawning Ilythm in
the female porcupine fish diodon holocanthus. Fisheries Sci., 63(5):
715-720.

Gibson, R.N. 1992. Tidally-synchronized behaviour in marine fishes. In:
Rhythms in Fishes (ed. M.A. Ali). Pleunm press, New York, pp. 63-81.

Gill H.S, B.S. Wise, I.C. Potter and J.A. Chaplin. 1996. Biannual spawning
periods and resultant divergent patterns of growth in the estuarine goby
Pseudogobius olorum: temperature-induced? Marine Biol., 125: 453-466.

Ha, P.Y. and R.A. Kinzie. 1996. Reproductive biology of Awaous guamensis,
an amphidromous Hawaiian goby. Env. Biol. Fish. 45: 383-396.

Harahap A.P., A. Takemura, S. Nakamura, M.S. Rahman and K. Takano.

2001. Histological evidence of lunar-synchronized ovarian development

_34_



and spawning in the spiny rabbitfish Siganus spinus (Linnaeus) around
the Ryukyus. Fisheries Sci., 67: 838-893.

Heo, S.I. 2002. Studies on the reproductive cycle of the stripe-eel catfish,
Plotosus lineatus(Thunberg). MS. Thesis, Cheju Nat " 1. Univ., 27pp. (in
Korean)

Hoar, W.S. 1957. The gonad and reproduction. In: Brown, M. E. (ed.), The
physiology of fishes. Academic press. New York, pp. 287-321.

Hoque M.M., A. Takemura, M. Matsuyama, S. Matuura and K. Takano. 1999.
Lunar spawning in Siganus canaliculatus. ] Fish Biol., 55 1213-1222.
Kaneko, T. and I Hanyu. 1985. Annual Reproductive cycle of the
Chichibu-goby Tridentiger obscurus. Bull. Japanese Soc. Sci. Fisher.,

51(10): 1645-1650.

Kaneko, T., K. Aida and I. Hanyu. 1986. Changes in ovarian activity and fine
structure of pituitary gonadotrophs during spawning cycle of the
Chichibu-goby Tridentiger obscurus. Bull. Japanese Soc. Sci. Fisher.,
52(11): 1923-1928.

Kim I.S., Y. Choi, CL. Lee, Y.]J. Lee, B.J. Kim, JH. Kim. 2005. Ilustrated
book of korean fishes. Published by Kyo-Hak Publishing Co., Ltd., 442
pp.

Kim, S.Y., CB. Park, JJW. Kang, Y.C. Choi, S. Rho, H.J. Bawk, H.B. Kim and
Y.D. Lee. 2004. Gonadal development and reproductive cycle of
gluttonous goby Chasmichthys gulosus (Guichenot). Korean J. Ichthyol,,
16(4): 261-270.

Leatherland, J.F., K.J. Farbridge and T. Boujard. 1992. Lunar and semi-lunar
rhythms in fish. In: Rhythms in Fishes (ed. M.A. Ali). Pleunm Press,
New York, pp. 83-107.

Lee, J.S., CH. An and S.H. Huh. 1998. Reproductive cycle of the rockfish,
Sebastes thompsoni (Teleostei: Scorpaenidae). J. Korean Fish. Soc., 31(1):
8-16. (in Korean)

Lee, ]S, JW. Kim, J.C. Kang, Y.K. Shin and P. Chin. 2000. Reproductive
cycle and gonadal development of the naked-headed goby, Favonigobius

_35_



gvmnauchen. J. Korean Fish. Soc., 33(3): 219-224. (in Korean)

Lee, Y.D. and T.Y. Lee. 1987. Studies on the reproductive cycle of damselfish,
Chromis notatus. Bull. Korean Fish. Soc., 20: 506-519. (in Korean)

Lee Y.D., SH. Park, A. Takemura and K. Takano. 2002. Histological
observations of seasonal reproductive and lunar-related spawning cycles
in the female honycomb grouper Epinephelus merra in Okinawan waters.
Fisheries Sci., 68: 872-887.

Lee, Y.J. 1995. On the Gobiid fishes from Cheju Island, Korea. J. Res. Sci.
Educ. Chonju National Univ. Edu., 17: 31-45.

Miller, P.J. 1979. Adaptiveness and implications of small size in teleosts. Zool.
Soc. Lon. Sym., 44: 263-306.

Miller, P.J. 1984. The tokology of gobioid fishes. In Fish Reproduction:
Strategies and Tactics (Potts, G. W. and Wootton, R. J., eds), pp.
118-153 London: Academic Press.

Miller, P.]J. 1989. The tokology of gobioid fishes. In Fish Reproduction:
strategies and Tactice (Potts] G.W. -and R.J. Wootton, eds). Academic
press.,, New York, pp. 118-153.

Nelson, J.S. 1984. Fishes of the World (2nd). John Wiley & Sons. 523 pp.

Peter, RE., V.L. Trudeau and B.D. Sloley. 1991. Brain regulation of
reproduction in teleost. Bull. Inst. Zool.,, Academia Sinsca, Monograph, 16:
89-118.

Rahman M.S., A. Takemura and K. Takano. 2000. Lunar synchronization of
testicular development and plasma steroid hormone profiles in the golden
rabbitfish. J Fish Biol.,, 57: 1065-1074.

Song H.B. and HM. Baek. 2005. Population Ecology of the common
freshwater goby Rhinogobius brunneus (Pisces: Cyprinidae) in Korea.
Korean. J. Ichthyol., 17(3): 195-204.

Sunobe, T. and A. Nakazono. 1995. Embryonic development and larvae of
genus FEviota (Pisces: Gobiidae) II. Decription of seven species. Nat.
Hist. Res. 3: 152-159.

Takemura, A., E. Sri Susilo, M.D. Saydur Rahman and M. Morita. 2004.

_36_



Perception and possible utilization of moonlight intensity for reproductive
ativities in a lunnar-synchronized spawner, the golden rabbitfish. J.
experimental zool.,, 301A: 844-851.

Takano, K. 1989. Oogenesis and structure of ovary, in "Monographs on
aquaculture science vol. 4, Reproductive biology of fish and shellfish: (ed,

by Takeshima and Hanyu), Tokyo, pp. 3-34.

_37_



JAdelgs 2 W2 2E 33 EHYF 8l 63T A
NAY A3Ye] A} ME2F S FH A< S 259 AE I k2 A
235 %20 & ¥2° A2 AL FIA s

B oPdgle ASAS FA oY T LS5 ANz MY v A%
Je. 259 g 283 vped) 43N E 259 F4F 2d HFA
33y 359 o3 F 5 ERY G, 2} AN F5H 43HE
A oGl AES IS 2FA x4 3549, A 54, PIY 2
Fd, A2 25EA #F 59 HEIY .

2F5¢ P ITLAIA NPT T oA B E5H=S WAL ¢ A
S S E Aok A AP F. A Y AHez 3E FHE
obF XY, ¥5Y, AFY, Y, I =AY d. 2 E A2
g AYT 297 A2 57 JdE, 43, 3 A5 05, A, ¥F
o a%teh. 222 ook BN ), G T F Ag'E $2)F A FA o
3¥5 V3 L& HAHY QS e A H 2 S sk F
AYANE o NP F o) Fskcd 23T F AFATR A FRE I 32y
W ARG S 93 AAEA e YA

Z22o=, o] FPHAE 3G dele] A3 AE LI FA ohwd, ey ¥,
T4, SN ok A2 Y elwe AR Asds A A, obwd
A, oeid. A3 A= AARIA A8 FANI Fuol FA LE
33 WMoz A=Y A} 25 o] AT vl

o
-

2005\ 12%¥ A o H



	표제면
	Abatract
	Ⅰ. 서론
	Ⅱ. 재료 및 방법
	1. 채집 및 환경조사
	2. 생식소의 형태와 중량지수(GSI) 조사
	3. 생식소 조직표본 제작 및 관찰
	4. 생식주기
	5. 산란리듬
	6. 포란수
	7. 월별전장조성
	8. 통계처리

	Ⅲ. 결과
	1. 서식지 환경
	2. 생식소의 형태와 구조
	3. 암컷 GSI의 월변화
	4. 난형성 과정
	5. 암컷의 생식주기
	6. 산란리듬
	7. 포란수
	8. 월별 전장조성

	Ⅳ. 고찰
	Ⅴ. 요약
	Ⅵ. 참고문헌
	감사의 글

