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Study on the Early Growth and
Gonadogenesis of Rockfish, Sebastes inermis

Cuvier

Hee Jung Cnol

Graduate School of Maritime Management and Technology,
Korea Maritime University, Busan 606-791, Korea
(Supervised by professor In -Seok PARK)

Abstract

The objective of this study was to examine the early growth of
rockfish Sebastes inermis Cuvier from a series of reared specimens for
provide information to fisheries biology and more information on the
aspect of aquaculture in the larvae of this species. Rockfish were reared in
farm and sampled preiodically for developmental study until 1,350 days
after parturition.

An increase in total length of fish indicated continuous growth,
described by the growth expression of the type TL=0.0217X (r°=0.8867,
where TL is total length and X is at days after parturition) and
BW=0.0001X>+0.0713X (r°=0.9858, where BW is body weight and X is at
days after parturition), respectively. The expression for the relationship of
body weight and total length is BW=0.0072TL**" (+’=0.9945, where BW is
body weight and TL is total length). The expression for the relationship of
eye diameter and days after parturition is ED=-0.0000X2+0.0326X (r°=0.9886,
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where ED is eye diameter and X is days after parturition). Relationship of
head length (HL), snout length (SL), eye diameter (ED) and postorbital
head length (PHL) with total length (TL) expressed the type of
HL=0.2652TL (r*=0.9758), SL=0.0613TL (r’=0.9602), ED=0.0752TL (r’=0.9715)
and PHL=0.2652TL (r°=0.9501), respectively.

The early gonadal development and sexual differentiation of rockfish
was described from parturition stage to 400™ day after-parturition. During
this period, the average total length (TL) of their body grew from 0.57 cm
to 1318 cm. The primordial germ cells (PGCs) was remarkably observed at
0,68 cm TL larva (10" day after-parturition). At 1.52 cm TL (50" day
after-parturition), initial ovarian differentiation was identified by PGCs
containing condensed chromatin, and their transformation into meiotic
oocytes. Finally, at 10.23 e¢m TL 300™ day after-parturition), the ovaries
gradually developed to the oocytes in the primary yolk stages. While
ovaries grew rapidly after sex was differentiated, testis contiued to
multiply, but not undergo growth until at 697 cm TL (200" day
after-parturition).  Testis  contained, at 697 cm TL (200" day
after-parturition), the spermatocytes occurring the meiotic activity,
spermatogonia, and cyst cell. The result shows that sex differentiation type
of rockfish belongs to the differentiated gonochorism. The sex ratio of
rockfish at 400" and 800™ day after-parturition  both showed higher

percentage of male apperance (P<0.05).

A thesis submitted to the committee of the Graduate School of Maritime Management
and Technology, Korea Maritime University in partial fulfillment of the requirements
for the degree of Master of Science in October 2004.
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Table 1. Proximate analysis value of the experimental diets (% of dry
matter basis) used in this experiment

Com positions %
Moisture 10.0
Crude protein 46.7
Crude fat 6.4
Crude ash 13.1
Crude fiber 1.3
Gross energy (Cal/g) 4786.8
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«——HL

Fig. 1. Definitions of  the rockfish, Sebastes inermis head dimensions
regressed against total length: head length (HL), postorbital head
length (PHL), snout length (SL) and eye diameter (ED).
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1. @z]— %35}

S As 47

=

B}, Sebastes inermis Cuvier J}&2 o] & A8 FE A|Zste ] 7
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0.0001£0.00001 go. = F&o] EAQsATHTable 2). P2 A=A ojn] €4 4
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1¢ FoA FEH= ZEHE S
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(Exogeneous) GFdo o &3t AU A= T 204 A= 4HS A
olo] JelE TF stReH, S F 2594 FH LdF o] wE A A
= Aolo el =L} =

The, O] 2oks. 5 30005]

A o
T A7 0944013 cm, B A% 0.006+0.003 g =72, thEE2] A7}

s ARFFel FEHL AT FEHY AAT S F 80979
2ol i o] 2.80+0.31 cm, i A F°] 0.30+0.10 g o|RoH, A&

3‘[5_
1008 2] o= Ha WAool 3.78+0.25 cm, HF AZF 0.76+0.17 g oI AT
(Table 2). F7¢A k%ol FRHA 3 7HFgodlze AAA71 4= F 160
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T~
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¢

-~

% 13509l H A 2351+1.03 cm, BF AF 320.15+1.19 go g2 z+7

e

S

3743t ATH(Table 2).
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Table 2. Average growth in total length and body weight of rockfish,

Sebastes inermis at each sampling day after parturition

Days after parturition Total length (cm) Body weight (g)
0 0.57+0.04 0.0001+0.00001
10 0.68+0.04 0.002+0.0004
20 0.84+0.07 0.004+0.001
30 0.94+0.13 0.006+0.003
40 1.11+0.13 0.01+0.005
50 1.52+0.25 0.03+0.02
60 1.56+0.24 0.04+0.02
70 1.88+0.36 0.07+0.05
80 2.80+0.31 0.30+0.10
90 3.13+0.20 0.41+0.10
100 3.78+0.25 0.76+0.17
120 4.84+0.26 1.86+0.35
140 5.50+0.36 2.93+0.66
160 5.69+0.03 3.24+0.05
180 6.19+0.04 4.35+0.11

200 6.97+0.21 6.60+0.70
250 8.49+0.39 13.21+2.18
300 10.23+0.86 25.62+5.83
350 11.75+0.79 32.75+7.00
400 13.18+0.55 41.43+8.83
450 14.49+1.04 57.68+12.38
500 15.44+0.88 61.74+14.71
550 16.46+1.12 82.30+7.81
650 17.12£1.10 100.02+2.68
750 18.02+0.32 150.12+4.12
850 18.79+2.16 184.21+1.89
950 19.16+2.14 200.12+2.22
1,050 20.20+1.89 235.14+2.10
1,150 21.46+2.54 254.10+1.74
1,250 22.05+1.10 276.23+2.13
1,350 23.51+1.03 320.15+1.19

The values are mean+SD (7=50).
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Fig. 2. Average growth in total length (TL) and body weight (BW) of rockfish,

Sebastes inermis larvae in this experiment.
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Fig. 3. The relationship between body weight (BW) and total length (TL) in

rockfish, Sebastes inermis larvae.
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1400

Fig. 4. Average growth in eye diameter (ED) of rockfish, Sebastes inermis larvae

in this experiment.
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Fig. 5.
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SL (O) =0.0613TL (r*=0.9602)
8 L
ED (A) = 0.0752TL (r* = 0.9715) K
PHL (A) = 0.1152TL (r*=0.9501) . e
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Relationship of head length (HL), snout length (SL), eye dia- meter (ED)
and postorbital head length (PHL) with total length (TL) for rockfish,

Sebastes inermis larvae in this experiment.
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Bepol e 27144

B>
e
et
flo

>.
ﬂHNv
i

10€ 9 A4 0.68 am, AF 0.002 g
A MAE ol AH(Table 2). Figure 6c= A 152 cm, AF 0.03 g £ A
AN(AFEF 509)9 %7 E3dadolnt. Fig. 6o UEbd niel Zo] AE3rt
dojup7] AFsle], A7 AlGAYAAE7 5 A4 F(Condensed chromatin)
S st IR FFEE A7) (Meiotic prophase)] FE A XE(Oocyte) 7}
A7 3~6 m=E EASALH R TG (Meiotic figure)o] YERGTH
St Al AR AL} FEMEZE A A E(Somatic cel)Z F#M] YA =E
& AAxHoZ AZHo AT olwe 27 #3F dae Foll dHsA

BAZ9 A E Fb7teoldl EAstATh
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Fig. 6. Early gonadogenesis of rockfish, Sebastes inermis (H-E stain). (a)
Transverse section of gonad on the 10th day post-parturition. Note
the gonad consists of a genital ridge adjacent to the mesonephric
duct and contains primordial germ cells (scale bar, 20 ym). (b)
Primordial germ cell viewed under high power of Fig. 6-a (scale
bar, 10 gm). (c) Transverse section of the early differentiated ovary
on the 50th day post-parturition. Note the primordial germ cell in
meiotic prophase to become oocyte (scale bar, 20 m). (d)
Transverse section of the early differentiated ovary on the 100th
day post-parturition. Note the presence of primary oocyte in the
chromatin-nucleolus stage. Meiotic figures become common (scale
bar, 100 gm). BV: blood wvessel, CC: condensed chromatin, CT:
connective tissue, EC: endoovarian canal, G: gut, GR: genital ridge,
MD: mesonephric duct, MF: meiotic figure, MP: meiotic prophase,
O: ovolemma, PGC: primordial germ cell, POC: primary oocyte in
the chromatin-nucleolus stage, SC: somatic cell, WSB: wall of

swim-bladder.
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A% 378 an, AT 076 gl EH(AEF 100¥)l = < #(Blood vessel)
of g EAsIR e dFoem Fio] FEE F e FAaW B (Endoovari-
an canal)o] EASFHAH(Table 2, Fig. 6d). HE3 ZFEE  H7](Meiotic
prophase)?] GEAE F7} F7} oy e TR I (Meiotic figure)<

YA A8 &5 ANES TFT ALAAAET Ao,

r°*'

AAJA7] GEAMEZ(Primary oocyte in the chromatin-nucleolus stage)7} €5

p

A ATHFig. 6d). TaUlE Be Aol EASACT Azt adelt

r

£ ANMZAARH  GAMESe 2EEH3a

50
X2
"
T
B>
2

Ovolemma)°] a3t Hom Fauv#H(Endoovarian canal)® =717} FEA

—~
=

2o 72 FolAth(Fig. 6d).

Fig. 7avw A% 697 cn, AT 6.60 gl EF(REF 2

S
S
i
£
>
h
o
o

gt FWHA 7| (Primary oocyte in the peri-nucleous stage) ©] o™ FE A X
732 40~60 mE S 7FETH(Table 2). G407 GRAE] Hde FA 4
= YAEZ o] FoZ Pallial layere] o3l Mzdx Fslo] 3+ 7}53)

27] S7tE da#e Fobxld. Fd
n

29}
G FRAZNZEA GagDGe HHolw v FAF R FRAIZ o]

R4

A &
Aok B3 dREAME] S

An

o X ok (Fig. 7a). Figure 7b= 2F&F 25049 M4 849 cm, A5 13.21 g9 &

)
il
_{

(L
ro,
N,
lo
[y
)
T,
td
=
H

lo
X
Hd
i
2
rL
m

(Yolk vessicle)7} & &3}7]
Al 23t AT (Table 2).

Figure 7c= A% 1023 cm, #AF 25.62 gl AHEF 300¥ 9 dAE FREA
v A 1 837 (Primary growth phase)ol =23}, 23t Basophilicd Al
XA 5SS AY I3 E(Yolk vesicle)”] GEANEZ EAS A (Table 2). T
& FF77F gFHo Fe FHew yeur] AFste A 1 3] 3R

A 3 (Primary oocyte in the yolk vesicle stage)7} & A|3FA .
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Fig. 7. Early gonadogenesis of rockfish, Sebastes inermis (H-E stain). (a)
Transverse section of an ovary on the 200th day post-parturition.
Numerous primary oocyte in the chromatin-nucleolus stage and
perinucleolus stage are persent (scale bar 100 ym). (b) Transverse
section of an ovary on the 250th day post-parturition. Note the
yolk vesicle starts to appear in the cytoplasm of primary oocyte in
the perinucleolus stage (scale bar, 100 gm). (c) Transverse section of
an ovary on the 300th day post-parturition. Note the primary
oocyte in intermediate stage between chromatin-nucleolus to yolk
vesicle stage (scale bar, 100 ym). (d, e) Transverse section (d) and
longitudinal section (e) of the early differentiated testis on the
200th  day  post-parturition. Note the cyst composed of
spermatogonia and spermatocystes (scale bars, 100 pm). BV: blood
vessel, EC: endoovarian canal, IC: interstitial cell, POC: primary
oocyte in the chromatin-nucleolus stage, POP: primary oocyte in
the perinucleolus stage, POY: primary oocyte in the yolk vesicle
stage, SC: spermatocyte, SG: spermatogonia, ST: seminiferous
tubule, TC: thecal cell, YV: yolk vesicle.
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G E7] GRAES} A 1 G377 GEMNEE F Ao 50~80 mE L] H
= 273 e ZA GaxEe Mxdo] EAQA HUA X (Thecal cell)7}

2 9]

[}

EAs Atk Figure 7d9t 7ew= HF 697 an, AT 6.60 g AHEF 20

Bt A4 dddt(Fig. 7d)H TEE D (Fig. 7e)’d ol th(Table 2).

AL U Fde B2 FA8MF(Seminferous tubule)o] EAFH L™ FAA
& Abolol = THA M E(Interstitial cell)Eo] & B3ttt 2 FAHAD Yo+

ArEde T (Interkinesis)E A=, &3] FEF4 T BAAXE
(Spermatogonia)E°] At o™ FAMEE 22 Mxdo] 5 Cyst Al
22 2eARY. AFELEY 71 AAEHY o] A TS Ho
= A S AN E(Spermatocyte)Eol ARt WEsta JATHFig. 7d, Ze). I
BAAZALo AFY £AS0] ZEHA SASER o o] AL AN
Aok Aol AR s AH z2
1 B A& (Sperm duct)e] EAst= Tubular structure ©| Ao (Fig. 7d, 7e).
el 83 B4 FFS Fig. 8o UEIHAT. MG 0.68 cm (AFEF 10

Ayl ALAAEZE et 5, AF 152 om (AF=EF 502) HESIH

N
rr
IH
o
__)L‘
4,

o
fu
o
-{m
2
b
[o
B
gl_g‘
o

o
!
o

oAttt o] A7) daee UFEE M7 dRAEG $F A4S FH
3 A DANMEZ EAEQAL, AF 378 an (AFEF 100Q)0] Faole I
A7) GEAME7} EASIT. A 697 om (AFEF 20080 FAadE FAF
FHAY] GEAMNEZ EAHRoH HAF 1023 com (RFEF 300¢)0] dihd=
R dRAEG A 1 &P dRAEZ EASATG. A 6.97 om
(AFHEF 2009)0 Aiele BAAEd ARAMEZ AR o] A,
Egol A&t A7l &R Bls) vlE F3o] =4 vEetuAR, a2 AR
FFE vEE AALAA G Ze FReE AY E3kste 2318 Ao

Al (Differentiated gonochorism)©] ATt
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4. 73wl

AE F 4009 3 800 o A& Wl o3 - & An(%)e 47

37.8:62.2, 40.0:60.0 ©]ATH(Table 3). AF&F 400¥ 7 800¢ A FF A=z &

Aol lstel Aol frelahA T NS B THP<0.05).
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[ 1 undifferentiated stage [l Ovary

Testis

Fig. 8. Digram of gonadal development and differentiation of the rockfish,
Sebastes inermis in relation to body size. TL: total length.

Arrowhead indicates the time of primordial germ cell apperance.
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Table 3. Sex ratio of the rockfish, Sebastes inermis at 400 and 800 days after

parturition. Parenthesis is sex ratio percentage

Day post parturition

Sex ratio

(%) 400th 800th
Female 34/90(37.8) 36,/90(40.0)
Male 56,/90(62.2") 54,/90(60.0)

 Sex ratios significantly different from expected 50:50% (P<0.05); 7=90.
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stoh(Devlin and Nagahama, 2002).

2} o) A (Differentiation gonochorism)S =
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W

AR Aoy da2Y AALEEST}E o] F AT (Devlin and Nagahama, 2002)

flo

[, Ao Orncorhynchus kisutch, Bream Abramis brama, Muskellunge Esox
masquinongy, Rockfish Sebastes schlegeli R 41 Cyprinus carpid.
2 AFA B9 7] TG FESE ZAMA AAadE G

A Q%o w

A7 Pseudobagrus fulvidracoR)

AN 1 NFEE

(1A
i

B

it
wa

o

AFozd v, WA
B4 AN e dew

w37 F3F Ay dged wE de d¥EY ALY o 24 aAt

o Anguila anguilla$}

~

o] AdAAME 28-S A4 068 cm, A5 0.002 gl AH=F 109 =,

¢

olgfst ALAAME EHA 7= Pejerrey Odontesthes bonariensisSt  Salaria
(EBlennius) pavorll A= F 3 A5 A FAAMEZZF AT ) O (Patzner
and Kaurian, 1997). Tiapia zilis, T. mossambics 18] i1 Dreochromis niloticus®l
-3}

DA i (Nakamura and Takahashi, 1973; Yoshikawa and Oguri, 1978;

R
rr

159, ¥3% 8~109 23 F3IE 9Yo] Z+zh A LAY 2 A E T}

o

7 5. 1988). olH S AGAAAE SHAVIE F 5olHS YvEH, WA

o] F2 AHS O. masoud] 735

(Synaptonemal complex) 845 & & dom 59 445 713 AldA
AAEZ7 debdt s B E nk dtk(Foyle, 1993). o123k &3 A 7)& ofF
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, 1997) 1%
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A FANAAE F3F 12do Loy (Park et al, 2004), FAMNE]  O.
mykiss (Walbaum)l X< d&o] A3 FoE A Holg He A7I7F A
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T Hikge 270C7F AE3S A7)l Sl et (Piferrer and Donaldson, 1989).
BEFAAFE F(Species)olt FH(Family) oA o]gd AE3 A7
7V EA-EH oy (Yamazaki, 1976; Shelton and Jensen. 1979; Pandian and
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