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Gonadal Maturation and Spawning of River Puffer Takifugu obscurus
Indoor Cultured in Low Salinity

Hee-Woong Kang*, Ee-Yung Chung', Duk Young Kang, Young Je Park, Ki Che Jo and Gyu Hee Kim
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Monthly changes in the gonadosomatic index (GSI) and hepatosomatic index (HSI) of wild river puffer Takifugu
obscurus, and water quality environment in spawning area during breeding season were investigated from March
1995 to February 1996. Monthly changes in GSI and HSI of 7. obscurus, that was cultured in low salinity, were
calculated. The external morphology of the gonads, germ cell differentiation during gametogenesis and the repro-
ductive cycle with the gonad developmental phases were investigated by histological analysis. The optimum water
quality environment in Ganggyung, Choongcheongnam-do, where is spawning ground of wild T. obscurus, was
15-20°C (water temperature) and 0 psu (salinity). Monthly changes in the GSI in females and males reached a max-
imum in May, and then rapidly decreased. Therefore, it is assumed that in the natural condition the spawning
period of wild 7. obscurus is May to June. In females and males, it showed a negative correlationship between
the GSI and HSI. The external morphology of the gonads in female and male 7. obscurus, that was cultured in
low salinity, is composed of a pair of saccular structure. Based on monthly changes in the GSI, it is assumed that
in female T. obscurus, that was cultured in low salinity, spawn from March through May. Therefore, it showed a
negative correlationship between changes in the GSI and HSI. On the whole, in females and males, it showed a
similar pattern between wild and cultured 7. obscurus. The reproductive cycle with the gonad developmental
phases can be classified into successive five stages in females: the early growing stage, late growing stage, mature
stage, ripe and spent stage, and recovery and resting stage. In males, that can be divided into successive four
stages: the growing stage, mature stage, ripe and spent stage, and recovery and resting stage. In case of wild 7.
obscurus, the spawning period has once a year, however, those cultured in the high water temperature (20-27°C)
- low salinity (under 3.3 psu) condition have reproductive characteristics having possibilities of discharge of eggs

and sperms year-round as a multiple spawner.
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Fig. 1. Monthly changes in mean water temperature and salinity at
lakifugu obscurus the culture ground from June 2004 to June 2005.

15
14
13
12
11 f
10

Day length(hr)

25
20
15
10
5
0

Water temp.{C)

20
15
10

Salinity(psu)

4/29
Date

I-O—Geum River estuary —®- Spawning locality |

514

>l

3115 3/30 4114 5/29 6/13

Fig. 2. Monthly changes in water temperature, salinity and day
length at Takifugu obscurus the spawning ground (O Keum River
estuary dam, @ spawning locality) from March to June 1995.
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Fig. 3. Reproductive organ of the river puffer Takifugu obscurus.
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Fig. 4. Monthly changes in the gonadosomatic index (GSI), hepatomatic
index (HSI) in wild Takifugu obscurus at Geum River estuary dam
region. Vertical bars represent standard error.
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Fig. 5. Monthly changes in the gonadosomatic index (GSI), hepatomatic
index (HSI) and condition factor (CF) in indoor cultured Takifugu
obscurus. Vertical bars represent standard error.
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Fig. 6. Monthly changes in frequency of gonadal phases of indoor
cultured Takifugu obscurus.
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Fig. 7. Photomicrographs of ovarian developmental phases of Tak-
ifugu obscurus (A-H). A, Section of ovarian lobule in the early
growing stage. Note oocytes in the chromatin-nucleolus and peri-
nucleolus stages in the lobules. Scale bar=100 um; B-D, Sections of
ovarian lobules in the late growing stage. Note oocytes in the yolk
vesicle and yolk stage the lobules. Scale bars=200 um; E, Section of
ovarian lobule in the mature stage. Note oocytes in the nucleus
migratory stage and yolk stage; F, G, Sections of ovarian lobules in
the ripe and spent stage. Note ripe oocytes and residual follicular tis-
sue in the lobules. Scale bars=400 um; H, Section of lobule in the
recovery and resting stage. Note several degenerating oocytes and
newly formed oogonia. Scale bar=400 um. Abbreviations: DO,
degenerating oocyte; HYG, homogenized yolk granule; N, nucleus;
OCN, oocyte in the chromatin-nucleolus; OG, oogonia; ONM, oocyte
in the nucleus migratory stage; OPN, oocyte in the perinucleolus
stage; OY'V, oocyte in the yolk vesicle stage; RFT, residual follicular
tissue; RO, ripe oocyte; YG, yolk granule; YV, yolk vesicle.

cellE = A UMl YEMEE Alolol|x] 2A3ITH(Figs. 8A,
B). 37%4719] MAELS ARFTE0] 20.2°C] 1€ VFERRLTH

2) 47 (mature stage)

B el 2579 ARAEES u)Eslo] Wy 29 A
Al Ezo] el glom vl HApEe] A E 7=
ARATHFig. 8C). o] mol] FArHH Agatele] THE=A )
off Tk Leydig cell@74 42.59-70.71 pmyE°] &33t1 Q)

SF

Fig. 8. Photomicrographs of testicular developmental phases of Tak-
ifugu obscurus (A-F). A, B, Sections of seminiferous lobules in the
growing stage. Note a number of spermatogonia, spermatocytes and
spermatids in the lobules and Leydig cells in the interstitial tissue.
Scale bars=25 um; C, Section of seminiferous lobules in the mature
stage. Note numerous spermatozoa and spermatids in the lobules.
Scale bar=100 um; D, E, Sections of seminiferous lobules in the ripe
and spent stage. Note a number of spermatozoa and Leydig cells in
the interstitial tissue and undischarged spermatozoa in the lobules.
Scale bars=100 um; F, Section of seminiferous lobules in the recov-
ery and resting stage. Note the connective tissues and some newly
formed germ cells. Scale bar=100 um Abbreviations: CT, connec-
tive tissue; IST, interstitial tissue, LC, Leydig cell; SC, spermato-
cyte; SL, seminiferous lobule; ST, spermatid; SZ, spermatozoa;
RSZ, residual spermatozoa.
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AR 9 ) At Do) Tk A 58S TiRE
Hog 2EFE.

o (o]
S =

2 ATE B Takifugu obscurus®: VO R 1995 324
El 19961 287bX) ARIAE B2} BALTHARGSI), TF
BEX|(HSDS) B Wsle} Ay B9 AR Q] 4287
& ZARISITE 3 20043 7EEE] 2005 627 S
Zof|X o] A g ARSoll & GSI, HSIS U W3S 2Als)
QAL ABAe] o FHe, wlex B0 F MR 23
Aalage dAlel] o AAer)E Feguld ol AT
th At 8o Al B 379 44 FASES &
2 15-20°C HE-2 0psuSior, GSI € High= g =73
oA 58 Hizke B3 F 6dol F243] wola] A teel
Al 89 AR )E S-68F FHHCH Adat =2) Gsig
HSI Alojelle &2 FadaAE veldgict. A|GE-0F AR
S5 JA 70 AL RgHe F -5 g B F
AEE o] R glrh. GSI9] #E WalE AR A 4o
A AGECE ARRSE 350 ¢F - F AES 3-590] Akt
Sk Ao A=l oH, AAAt v]s=EHA] GSISE HSI AL
ololl= o] AHIAE BT A2 awE DAl e g4
e SR 2719371, 319771, 457), g 9 Al
W], 35 9 FH71e] SHAIR RS 5= AT, R E
371, 3571, S A 7], 318 9 FR1719] A5AR1 4
AR RN

FE2 Adike] B, dF o Wi ARIE 7Y {4
oFaltoa] 314220-27°C) — AFE(3.3 psu 0|3} A
AHFEPR A% ohE AR o] s E A BAE 7RI

ZHAtel 2

£ A AR AT AR 7,
RP-2008-AQ-108)2] Ugko 2 ZaE|Q)-3of ZAT=Z L},

H#IEH

Aida, 1991. Environmental regulation of reproductive rhythms in
teleostes. Bull. Inst. Zool.. Acad. Sin. Monograph, 16, 173~
187.

Akira, K., D. Hiroyuki, N. Tsutomu, S. Harumi and H. Shigehisa,
2005. Takifugu obscurus is a euryhaline fugu species very

close to Takifugu rubripes and suitable for studying osmoreg-
ulation. BMC Physiology, 5, 1-11.

Asahina, K. and 1. Hanyu, 1983. Role of temperature and photo-
period in annual reproductive cycle of the rose bittering, Rho-
deus ocellatus ocellatus. Bull. Jap. Soc. Sci. Fish., 49, 61-67.

Cha, H. K., Y. M. Choi, J. H. Park, J. Y. Kim and M. H. Sohn,
2002. Maturation and spawning of the chub mackerel,
Scomber japonicus Houttuyn in korean waters. J. Kor. Soc.
Fish. Res., 5, 24-33.

Chan, Y. J., H. K. Lim, Y. J. Chang and H. S. Kim, 1999a. Sperm
cryopreservation and fertility of post-thaw sperm in river
puffer, Takifugu obscurus. J. Aquacuit., 12, 1-5,

Chang, Y. J., H. K. Han, Y. J. Chang, H. S. Kim and H. T. Hur,
1999b. Physico-chemical properties and cold storage of river
puffer (7akifugu obscurus) milt. J. Kor. Fish. Soc., 32, 243—
246.

Jang, S. L, H. W. Knag and H. K. Han. 1996. Embryonic, larval
and juvenile stages in yellow puffer, Takifugu obscurus. J.
Aquacult., 9, 11-18.

Jiang, R. L., C. W. Zhang, Y. K. Ding, C. B. Chen and M, F. Li,
2000. Artificial propagation of nontoxic Takifugu obscurus
cultured in pond. J. Fish. China, 24, 539-545.

Lim, H. K., S. G Byun, J. H. Lee, S. U. Pa tk, Y. C. Kim, H. K.
Han, B. H. Min and B. Y. Lee, 2007. Sexual matarity and
reproductive cycle of starry flounder Platichthys stellatus cul-
tured indoor tank. J. Aquacult.,, 20, 212-218.

Kang, H. W, J. H. Lee and J. Y. Lee, 2006. Manual of river puffer
aquaculture. NFRDI, 194 pp.

Kang, H. W, D. Y. Kang, K. C. Cho, J. H. Lee, K. J. Park and J.
H. Kim, 2004a. Effect of food and salinity on larval growth
and survival of the river puffer, Takifugu obscurus. J. Aquac-
ult., 17, 221-227.

Kang, H. W, E. Y. Chung and J. H. Kim, 2004b. Sexual matura-
tion and spawning characteristics in greenling, Hexagrmmos
otakii of the west coast in korea. J. Aquacult., 17, 30-38.

Kang, H. W,, K. B. Shim, D. Y. Kang, K. C. Jo, K. C. Song, J. H.
Lee, H. I. Song, S. G. Son and Y. J. Cho, 2007. Sitological
quality evaluation of cultured and wild river puffer, Takifigu
obscurus (Abe). J. Aquacult., 20, 147-153.

Kim, W. S., J. K. Jeon, S. H. Lee and H, T. Huh, 1996, Effects of
pentachiorophenol(PCP) on the oxygen consumption rate of
the river puffer fish 7akifugu obscurus. Mar. Ecol. Prog. Ser.,
143, 9-14.

Kim, W, S., J. M. Kim, S. K. Yi and H. T. Huh, 1997. Endogenous
circadian rhythm in the river puffer fish Takifugu obscurus.
Mar. Ecol. Prog. Ser., 153, 293-298.

Park, L. S., H. S. Kim, E. S. Kim, J. H. Kim and C. W. Park, 1997.
Cytogenetic analysis of river puffer, (Teleostomi : Tetraodon-
tiformes). J. Kor. Fish. Soc., 30, 408412,

Shimizu, A. and 1. Hanyu, 1993. Factors involved in the devel-
opment of and decline on photoperiodism as it relates to the
gonadal activity of a spring-spawning bitterling, Acheilog-
nathus tabira. J. Exp. Zool., 265, 134143,

Yang, S. G, Y. D. Lee and C. K. Pyen, 1994. A study on the
gonadal maturation and egg-stripping by hormone treatments
of tiger puffer, Takifugu rubripes. J. Aquacult., 7, 189-205.



338 e, B9, 799, A, 27, 2rE

Yang, Z. and Y.F. Chen, 2003. Induced ovulation using LHRHa in
anadromous obscure puffer Takifugu obscurus cultured
entirely in freshwater. Fish Physiol. Biochem., 29, 323-326.

Yang, Z. and Y.F. Chen, 2005. Effect of temperature on incubation
period and hatching success of obscure puffer Takifugu obscu-
rus (Abe) eggs. Aquaculture, 246, 173—179.

7+38g, 2002. FAxMv| Hexagrmmos otakiiS W2 B U
ZA|o)e] 4%, TA Stk whAFEEL) =R, 134 pp.

Y, AP, FEE, AP A, o|FE, AR, HAE,
1995. & FENA HBAsE. AeArrdB3A, pp.

292-316.

713, 2007. =54t 2F0), Boleophthalmus pectinirostris
(Linnaeus)®] HAYE] 9 {0804 24, Akohskwoisad
gARER =3, 128 pp.

i 58, 2002. WHCEMSFIH. /& BT, 200 pp.

AaAES 2008 9€ 249
AL E 120084 119 79
AR =8 2008 1€ 89



