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The Gonadal Development and Sex Differentiation
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ABSTRACT: Sex differentiation process of the spotted sea bass, Lateolabrax maculatus, was investigated by histological method. The
fish samples were collected from just after hatching to 365 days later. The primordial germ cells and genital ridge were appeared
separately hanging under air bladder in 30-day larva (total length: 11.7~13.2 mm), and were unified into the undifferentiated gonads
in 40-day larva (12.5~14.0 mm). The ovarian differentiation was started in 60-day juvenile (23.6~27.0 mm). The somatic tissues were
elongated in tip of both ends of undifferentiated gonad and were fused each other. The complete ovarian cavity was appeared in 80-days
juvenile(33.1~42.5 mm). The testicular differentiation was initiated in 70-day juvenile (24.8~31.6 mm). The rudiment of sperm duct
was appeared in the center of the undifferentiated gonad. The meiosis of germ cells in the ovary was started in 168-day juvenile (88.0~
115.4 mm). In 287-day juvenile (175.1 ~233.6 mm), the ovary was filled with both of chromatin stage and perinucleolus stage oocytes.
The meiosis of male germ cells was started in 245-day juvenile (124.4~168.3 mm). However, the seminiferous tubules of testis were
filled with numerous sperm in 365-day juvenile (162.5~253.8 mm). The sex ratio of male and female was 1:1.38. Considering these
results, the spotted sea bass was showed differentiated type in sex differentiation and gonochorism in sexuality.
Key words: Lateolabrax maculatus, Gonadal development, Sex differentiation. '
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Fig. 1. Undifferentiated stage in the spotted sea bass. (a) Anterior region of 30-day larva (total length: 11.7~13.2 mm). The primordial germ
cell and genital ridge were appeared separately hanging under air bladder. (b) Posterior region of 30-day larva. Primordial germ cell and genital
ridge were closed to each other. (c) Undifferentiated gonad of 40-day larva (12.5~14.5 mm). The primordial germ cell and genital ridge were unified.
(d) Undifferentiated gonad of 50-day larva (19.2~22.5 mm). Blood vessels had differentiated at the base of gonad. Abbreviations: AB, air bladder;
BV, blood vessel; GC, germ cell; GR, genital ridge; MD, mesonephric duct; PGC, primordial germ cell. Each scale bar indicates 30 zm.
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Fig. 2. Differentiation of the ovary in the spotted sea bass. (a) Anterior region of the gonad in 60-day juvenile (23.6~27.0 mm). The somatic
tissues were elongated in the tip of both ends of undifferentiated gonad. (b) Middle region of the gonad in 60-day juvenile. (c) Posterior region
of the gonad in 60-day juvenile. The elongated somatic tissues were fused each other. (d) & (¢) Ovary in 168-day juveniles (88.0~115.4 mm).
The meiosis of germ cells in the ovary was started. {f) Ovary in 284-day juvenile (175.1 ~233.6 mm). The ovary was filled with both of chromatin
stage and perinucleolus stage oocytes. Abbreviations: OC, ovarian cavity; OG, oogonia. Each scale bar indicates 30 zm.
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Fig. 3. Differentiation of the testis in the spotted sea bass. (a) Gonad in 70-day juvenile (264~33.5 mm). The rudiment of sperm duct was
appeared in the center of the undifferentiated gonad. (b) Testis in 154-day juvenile (84.9~100.3 mm). The number of spermatogonia began to increase.
(¢) Testis in 245-day juvenile (124.4~168.3mm). The meiosis of male germ cells was started. (d) Testis in 365-day juvenile (162.5 ~259.8mm).
The seminiferous tubules of testis were filled with numerous sperm. Abbreviations: BV, blood vessel; SC, spermatocyte; SD, sperm duct; SG,

spermatogonia; S, sperm. Each scale bar indicates 30 gm.

Table 1. Sex ratio and gonadal development of juvenile and larva in the spotted sea bass

Stage of gonad

Days after hatching Total length(mm) No. of fish examined

Undifferentiated Female Male

1~ 55 38~ 192 84 84 0 0

60~ 70 222~ 264 21 7 12 2

75~365 329~256.2 322 135 187
AAE71% SREA @2 A2 2 U A7) ey 7t AREE 2718 84S o §8Ed dazte] HI,
I AT HEX S FrAts e Ahe AL aFo] Aizlo] HARY HiAHAo g vy
ol AL EIAAPN nE LM dA T g rH(Nakamura & Nagahama, 1985; Nakamura et al.,, 1998). =
T ALRY Boe AE O Ui ¥4 e E uud FololMe 60l Haie UG&E B AME E77F
O HAZ 23 e AYgaY 3EF Zo I AT vEht B47E 84457 AlFel 80gEd o2y oA



[
[~
(==}

i
B
N

ol FAHUT Ao F3h= 70UFH ] A4
R a7dol veht7] A2 A tHFigs. 2a, 2b, 2¢ & 3a).
, Diterma temmincki (Lee & Lee, 1996) 5 X o] Fd
af] 371 AA A=A 29 o 7oA A
AHthe W4 E37t dF dojdth(Nakamura et al,
1974; Takashima et al, 1980). H¥ol A$E BAad B3}
Wa) AlE AT

dad Bah 2 wE e o ek Aelsk s R
2 LA X409, Salvelinus lencomaenis (Nakamura, 1982)
T BAad] E3p7b Ao WA AlgEo] Takig g
= XFE, Takifugu rubripes(Matsuura et al, 1994)2 & - &
HHol A FAlo Al o] FYRE ojFdh YA, Paral-
ichthys olivaceus (BB, 1987V} EX|7}2v], Limanda yoko-
hamae (83K %, 1992)F TRHR-GA] AR E AuEZE 3
e Ao gojict Fgode AHAY T |
A gh7del §457) AlFste AR PP ¥
S} FXA7AE 9 22 FE A

HEEE ol RolM 4H 45L& F30] ME R =2 By
Atk Agol #3L 365Y4F XA AR AN F
gheo] QA2 @R das A1V ] bR
R EEo) el tHFigs. 2¢ & 3d). AFol A FRe] 4
H s REste AZIZE B3t oRfelM o d &4
Fe O Ao gtk Axols AL dAv FY
MA ] EAHE A JAR2H, A wE SAELE
veRA] Stk wEk Feole AgelAE FoA 3
ol AoE AAdr. o2 B dF AAE BEUE Y
A RS FE A AZAY A E 1S ARE 5 de

Aol

o
O

of

oz
2 2

X ol ofy ot

rir
ox!

L
oIgEs

Convert DO, Kynard BE (1981) Environmental sex determin-
ation: Interaction of temperature and genotype in a fish.
Science 213: 577-579.

Convert DO, Fleisher MH (1986) Temperature-sensitive period
of sex determination in the Atlantic silverside, Menidia
menidia. Can J Fish Aquat Sci 43: 514-520.

Davies PR, Takashima F (1980) Sex differentiation in common
carp, Cyprinus carpio. J Tokoy Univ Fish 66: 191-199.
Johnstone R, Simpson TH, Walker F (1979) Sex reversal in
salmonid culture part [ll. The production and performance of
all-female populations of brook trout. Aquaculture 18:

o]%jl_.r_—‘t,‘l

el 44

241-252.

Lee JS, Lee YD (1996) Early gonadogenesis and sex di-
fferentiation in the viviparous teleost, Diterma temmincki. )
Korean Fish Soc 29: 35-43.

Matsuura S, Naiyo T, Shincho M, Yoshmura K, Matsuyama M
(1994) Gonadal sex differentiation in tiger puffer, Takifugu
rubripes. Jap J Ichthyol 42: 619-625.

Nakamura M, Takahashi H, Hiroi O (1974) Sex differentiation
in the masu salmon, Oncorhynchus masou. Sci Rep
Hokkaido Salmon Hatchery 28: 1-8.

Nakamura M (1975) Dosage-dependent changes in the effect of
oral administration of methyltestosterone on gonadal sex
differentiation in Tilapia mossambica. Bull Fac Fish
Hokkaido Univ 26: 99-108.

Nakamura M (1982) Gonadal sex differentiation in white spotted
char, Salvelinus leucomaenis. Jap J Ichthyol 28: 431-436.

Nakamura M (1984) Effects of estradiol-17 3 on gonadal sex
differentiation in two species of salmonids, the masu
salmon, Oncorhynchus masoy, and the chum salmon, O.
keta. Aquaculture. 43: 83-90.

Nakamura M, Nagahama Y (1985) Steroid producing cells
during ovarian differentiation of tilapia, Sarotherodon
niloticus. Dev Growth Differ 27: 701-708.

Nakamura M, Kobayashi T, Chang XT, Nagahama Y (1998)
Gonadal sex differentiation in teleost fish. J Exp Zool 281:
362-372.

Park IS, Kim JH,. Bang IC, Kim DS (1998) Histological study
of the early gonadal development and sexual differentiation
in Rhynchocypris oxycephalus. Dev Reprod 2: 69-74.

Reinboth R (1970) Intersexuality in fishes. Mem Soc Endocrinol
18: 515-543.

Rubin DV (1985) Effect of pH on sex ratio in cichlids and a
poeciliid (Teleostei). Copeia 1985: 233-235.

Takashima F, Patino R, Nomura M (1980) Histological studies
on the sex differentiation in rainbow trout. Bull Jap Soc Sci
Fish 46: 1317-1322.

Yamada U, Shirai S, Irie T, Tokimura M, Deng S, Zheng Y, Li
C, Kim YU, Kim YS (1995) Names and illustrations of
fishes in the Bast China Sea and the Yellow Sea-Japanese *
Chinese - Korea-Overseas fishery cooperation foundation,
Nihon Shiko Printing Co Ltd Nakasaki p 288.

Yamamoto T (1969) Fish Physiology. Vol. T, ed. by Hoar WS,



Dev. Reprod. Vol. 4, No. 2 (2000) The Gonadal Development and Sex Differentiation in the Spotted Sea Bass 201
Radall DJ, Academic Press. New York, pp 117-158. Bk - Ak Ih 4R HEE 141-165.
Yoshikawa H, Oguri M (1978) Sex differentiation in a cichlid,

HF S (1987) & 7 2 DAFEROES1GERE. FHaFER 11:
Tilapia zilli. Bull Jap Soc Sic Fish 44: 313-318. 7-19.

FEH (2000) =7 TS o7 R} AT 7R SRR, MAIEZ, RA—MIRAGER, #MEHER (1992) =

St HAN =F p 131 37V A EFEROEEEBIE. KERTE 40: 189-199.
ik scag (1989) Monapfb & 2 ofliE. TKE#MHE, (2R



