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Abstract

To  investigate  reproductive  characteristics  of  blue-striped  angelfish,
Chaetodontoplus  septentrionalis in Jeju, total 130 fish were collected in
Munseom, Seogwipo from February 2018 to April 2019. The blue-striped
angelfish live small group (2 to 5 fishes) within territoriality. The male
monopolized a harem of 1-4 females. The gonadosomatic index (GSI) increased
in May and maintained high values in August. The reproductive cycle can be
grouped into the following successive stages in the ovary: growing stage
(November to June), early mature stage (May to June), mature and spawning
stage (June to September), and degenerative and recovery stage (September to
December). In the testis, the reproductive cycle was similar to that of female,
but mature and spawning period was one month longer from June to October.
Fecundity of mature female ranged from 5,000 to 22,000 and was correlated
positively with total length and body weight. The total length of the fish ranges
13.9-22.3 cm. The mean length of males (19.20+1.3 cm) is larger than that of
females (17.12+#1.6 cm), and the proportion of males increased in large size
classes. The histological analysis of gonad indicated that this fish is summer
spawner and a partial spawner with asynchronousoocyte development. This fish
was sexual size dimorphism and presence of a male with a few degenerating

oocytes in its testes, indicating exhibits protogynous hermaphrodite.
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Seogwipo

Fig. 1. Maps showing the collecting areas. St. I (33° 13N, 126° 34E), Munseom
in Seogwipo, St.I[(33° 14N, 126° 37E), Harye in Seowipo, Jeju. source, Google
Earth.
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E

Fig. 2. Morphological characteristics of Chaetodontoplus septentrionalis. (A)
Picture of blue-striped angelfish in the sea. (B) External morphology. male(C)
and female(D) of gonad. (E) Bone structure of C. septentrionalis. Scale bars

indicate 2 cm.
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Fig. 3. Morphological characteristics of gonads in  Chaetodontoplus

septentrionalis. External morphology of testis (A) and ovary (B). Tissue

structure of testis (C) and ovary (D). Oc, Ovarian cavity.
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Table 1. Habitat depth, area and individual of Chaetodontoplus septentrionalis

by group

Group Individual number  Depth of water(m) Area(mm)
A 2 14.2 100.8
B 5 12.5 105.0
C 4 15.6 81.8
D 3 15.4 65.7
E 2 20.5 58.5
F 3 14.1 59.9
G 2 13.8 56.2

Average 3 15.16 75.41
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Fig. 4. Behavioral characteristics of Chaetodontoplus septentrionalis. (A) and
(B) Territory swimming. (C) Breeding behaviour. (D) and (E) Avoiding

behaviour.
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Range of habitat

Refuge

Fig. 5. Behavior characteristics of Chaetodontoplus septentrionalis in habitat of

Jeju coastal waters
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Fig. 7. Monthly changes gonadosomatic index (GSI) of female (A) and male
(B) of Chaetodontoplus septentrionalis from February to December 2018
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Fig. 10. Developmental oocyte stages in the ovary of Chaetodontoplus
septentrionalis from February to December 2018. (A) Peri-nucleolus and oil
globule stage of oocyte. (B) Yolk globule stage of oocyte. (C) peri-nucleolus
stage of oocyte. Oc, Ovarian cavity; Od, Oil droplet; Pn, peri-nucleolus; Pof,

postovulatory follicle; Yg, Yolk globule. Scale bars indicate 200 pm.
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A4 2 A7) (mature and spawning stage)

dA e A 2= Aswstds B LTIFAF(GSDE w438 dsdlen 74

A GRAEZ F oF 34%7 S AA e L (Fig. 13C and 17) 7€ A 949744 uj
dA o] Azdse] ddset= FAE 450-540 um A& @It o

AXAEZFE0] A Raol #EH A (Fig. 13E and 13F).
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¥ 3} % 3]E-7](degenerative and recovery stage)

dEo] g 4E EE Wgel wEske] o
9, 2 A9l 94N E 11974 A3 S Eeu
WA ESe] B2 E A TH(Fig. 13D).

@

_24_

aw

A

3
I\

i

AMEE

¢



oplus

in  Chaetodont

e
o

A\ E

p

al

rian  development

December 2018

Frequency of ova

Fig. 12.

septentrionalis from February to



= O @OUYD _."_M'u w 1|1r -;i:{__'g-ﬂu e 77

.D‘o" o’ .‘ F mt‘ 2! .‘.nl ’;c?q ; Jaéﬂ“?&%@pﬂﬁ u"bﬂn i”"
* © o ?-agm‘i’?-ﬂ%é} 1%%'\@@"‘@5'3‘ e 2
=g Yo 9 V. ¥ i _ 7 o)

B ap .%' LB ‘,"G_'L' 'E"‘b{;‘) 550
e © %?W,.ﬁ:‘i} 5t ‘.3‘? 0‘-“90%2;'@%& % e e
ve 2 D0s 20y, 200 S5 T Qaten. TR 0N ICES a8y
'!5‘3. 050 5 584,039, 2 Q" SO I ERORIOS N L
2 ﬂ-"?' c“'e_.. '}PQH::%'# a‘%- - ﬂ’h‘%{:} ":rt; !ﬂ?géﬁ {}Pﬁ

O 05w @, = Q- 290, At ae 30

,Q,._.fp,@p &5 a8 o Dup:j...%"

NG 1‘.

Fig. 13. Photomicrographs of ovarian developmental stage female
Chaetodontoplus septentrionalis from February to December 2018. (A) growing
stage. (B) early mature stage. (C) mature and spawning stage. (D) degenerative
and recovery stage. (E) Ripe oocyte before ovulation (F) Residual empty
follicle after ovulation. Oc, ovarian cavity; Od, Oil droplet; Pn, peri-nucleulus;
Pof, post-ovulatory follicle; Yg, yolk globule; Ro, ripe oocyte; Ef, empty
follicle; Rf: residual follicle layer. Scale bars indicate 200 um.
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Fig. 14. Developmental stages in the testis of Chaetodontoplus septentrionalis
from February to December 2018. (A) Testis of the growing stage. (B) Testis
of the early mature stage. (C) Testis of the mature and spawning stage. (D)
Testis of degenerative and recovery stage. Sg, Spermatogonia; Sc, Spermatocytes;

St, Spermatid; Sz, Spermatozoa. Scale bars indicate 100 pm.
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Fig. 15. Frequency of testicular developmental phase in Chaetodontoplus

septentrionalis from February to December 2018
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Fig. 17. Frequency of yolk glouble stage of oocyte(diameter of oocyte from 250
to 450 pm) in the ovary of Chaetodontoplus septentrionalis from February to
December 2018
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Z A8t th(Table. 2).

ZAE MAF HAA 460170, A 2284002 AZHJ AF 15 cm v
WA= 10,00070 olske] E&4E 7Fiom 18 cm ool A= 10,0007 ©] /<]
st AlF 130 g olsk HA A JA] 10,0007] olste] ZdFE HHPom
140 g ol’dell A= 10,0007) o] E#stlal, A HTL)# AF(BW)o] S7HES
Z Xggrt SUvebe @20 #REAtH(Fig. 18 and 19).

AHTL) ASBW)ol ddk a5 F7HF)e #A4L 242 F=63.16TL™
(R?=0.5464) 7} F=791.81BW*"*(R?=0.7577)2 1}E}wtt}.
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Table. 2. Composition of fecundity according to total length and body weigh

of Chaetodontoplus septentrionalis

Section

Section

Body

Total

Date GW GW fecundity = weight(g) length(cm) Fecundity
6.28 6.89 0.79 870 131.5 15.94 7588
7.6 9.45 0.62 1030 153.88 17.5 15699
7.6 7.89 0.61 1420 130.02 16.1 18367
7.21 2.45 0.41 770 103.27 15.1 4601
9.6 9.46 0.65 1370 161.76 18.3 19939
9.6 4.21 0.57 970 112.6 16.3 7164
9.6 3.94 0.64 920 96.02 15.4 5664
9.22 8.71 0.45 1180 175.14 19.2 22840
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Fig. 18. Relationship between total length(cm) and fecundity of Chaetodontoplus

septentrionalis
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Fig. 19. Relationship between body weight and fecundity of Chaetodontoplus

septentrionalis

_36_



T 150 g oldtell A hZ e 27 = (Fig. 20A), A
g ool M = FA Ex7F =4 vebwth(Fig. 20B).
T2 W A 19.20£1.3 cmol i AT 186.71437.2 golH A
o] A% H AL 171216 cmelil AT 13853+37.1 go2 FHY ¢
A vt AL ¢ 21 em A3, AT 482 g FAL AoE YERYY
(Fig. 20).

T MAF 7HE 2 NA= AF 22 em, AF 259.76 golal 7+ 22 A=
A7 151 cm, Az 10946 cmol™ A A T 7 2 JNAIE A% 223 cm,
AF 25539 g ol 7H 2 A= A 139 cm, AT 7284 go & UENIT
(Fig. 20A and 20B).

_L4

DA AL GRE ARAEEC] REan UY YEAEEe B
P AagAe 54 nArHFig 21, 4&SA HIAAEES A4 18 om, A
F 1507200 g 71904 Q4 QO (Fig. 210), 4427 FAAZ} 4=

AEA R FAFT AR HPPe] GRAZL #BHE 542 8 A

rr

A% 1863 cm, s 1513 gellA ## =M (Fig. 20C, 21A and 21B) 7%
193 cm, A5 19918 gollA = =3t A7 EXetes ALoAAR= 45 HaAA

o R AMEEo] #EEJATHFig. 20C, 21C and 21D).
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Fig. 20. Sex distribution according to total length and body weight

300

in

Chaetodontoplus septentrionalis from February to December 2018. (A) female.

(B) Male. (C) female, male and intersexual fish.
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Fig. 21. Character of superior male intersex gonad in Chaetodontoplus

septentrionalis. (A) and (B) immature stage of testis. (C) and (D) mature stage
to testis. Sg, Spermatogonia; Sc, Spermatocytes; St, Spermatid; Sz,

Spermatozoa; do, degenerating oocyte. Scale bars indicate 100 pm.
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Iv. %

i

Angelfish7& AEAEE fal &9 MAEC] FE& Ao ALsi= FHE
B At (Hamaguchi et al, 2002). 8| A&S st /A& A= W2l A
T2owMN F=5S FAAA YtHEmlen & Wrege, 1939). d5718]l 57 %
FAAES] FEHE Aol AT AsHAS 7HAL A3 HAES & g
& NAZE AAHAE 29 A7 Ho] FElE A3 H(Buston, 2004).
=59 A 72 g v oA F ezl dEARR AA71E e Leu e

al., 2010). ¥ TtaAlvte]l w7 AQbAlA =7l el heilinus

et

N
£ b

o

=+

bimaculatuss T3S A 7]1E 93 MEAS b9 B dis 7EHE FAHS
2 FASH(Lim, 1998). o]} FAFSHAl A #AE dctol] MAstsE HEwF A%
240 FEE A4St 2-5mbg] sl dA wbE Yol A A= 549

& A

Haremic §4& 712 ol & Cheilinus bimaculatus, Hypoplectrus unicolor,
bluehead wrasse, Thalassoma bifasciatium = ~Feb Al 7|7} 5d &A1 7] =S
st AF+S StH(Lim, 1998; Warner, 1984). 3 =%9¢ 7 9% haremic &4

I A AL 2w A ghgle]l FuE we duv] FugEe

o

F71eF =2 WEE ofF o Atets AEA R FESH

Lok MAste ofF F FANTEY oFe 29 EBlack Rockfish,
Sebastes Schlegeli)(Park et al., 2001), stAAF&E oF+= A 2] % (Pearl-spot
chromis, Chromis notata)lLee & Lee, 1987), & X% 7](Multicolorfin
rainbowfish, Parajulis poecilepterus)(Lee et al., 1991), ©] =% 7](cock—tail
wrasse, Pteragogus flagellifera)(Lee et al., 1992), | X|(filefish, Stephanolepis

cirrhifer)(Lee et al., 2000), &4 (grass puffer, 7akifigu niphobles)(Kim, 2016)
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2 7] (bambooleaf wrasse, Pseudolabrus japonicus)(Lee

(horsehead tilefish, Branchiostegus japonicus)(Choi et al.,

=]

Q=

=

et al, 1992),

Sebastiscus

21l o] (marbled

-
o

#

=
T

B0
ol

x

Rl

2004),

17] A #atel

=& HSIVF

g

tel 26T o uf

o] Azl v A
THChen & Tzeng,

°©

i

)
yal

rockfish,
AL
Z_}‘
Hoh oA

A}
171 Al

o

7}

=

o

W o]

=] 7}

o~
T

2ol A estrogen AF=roll 93]

=

o -8 GSI
Al

A

A}
)]

=

e

o] YEUH 28T %7 7]
o)

o2 ofF

J

3

3

S
&

T+

R

ol 18T o] &
H

A5 Aol A

)

2009).

3

marmoratus)(Bae et al., 1998), & ¢](grey mullet, Mugil cephalus)(Kim et al.,
o

2004)%2 K i1¥ i3 9t}
U}(Stanchfield & Yager, 1980).

]

A
e
[e)

=

0
o

bl o] Al7lell ke AA7] Aol w

-

AN

1)

FA7h e

[e)

2 s 4 9dri(Wallace & Selman, 1981).

Al ©
'—]»_—

g

H

7k 7ol 5H) o] =

gl 3 7}

2

23!

o
!

o]

24 3451 of

hygR=Sye)
jJ'_EL_

=3 AEA

-
X

LA

5

s &

o

K

)

ox

£l

—_
o

LY

o

el

A (Ha & Kinzie, 1996;

ok

™

o

A
el

Foll A1 500,00070 <] <]

3|

] 10071 ©]

of we} oF 170,000 7H

1

<
)=

Aol (spotted sea bass,

57t

2006),
- 4’] -

Jin et al,

1995;

& Nakazono,

Lateolabrax maculatus) )
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A &S @ (Kim et al, 2001), 317 %=7FA X (rabbitfish, Siganus
canaliculatus)= Z o ¢F 1,400,000 7§7kA] <& X &stth(Hwang et al, 2004).
A Azl S7 el wef 2377 S7Fske o F2 F =@ m|(fat greenling,
Hexagrammos otakii) (Kang et al, 2004b), W] (silver pomfret, Pampus
argenteus)(Chung et al, 2008), =7FAv|(stone flounder, Kareius
bicoloratus)(Jun et al., 2009), ®ti(cynoglossus, Cynoglossus semilaevis
et al, 2012) T°] qom A AT F7iek= EAe] Tds 7HA L

g
A+ 455 (Skewband grunt, Hapalogenys nitens)(Kang et al., 2015) 59|

18 em A5 150
ZAHE JHA T Ao &
o] xeFE st

AFBE Folle= Ao 9o r AFwrt G3Fs v (Allsop & West,

]_
oA FAHOE AAL sAY FANA IA

[\)
(@)
(]
L
S
=

0Q

a,
—h
2]

=
=t
ofy
e,
4
e
12
o

o2 AHdstste 54E 7FA . AtH(Thresher, 1984; Sakai et al, 2002). %3t

FAANA o Wk oF2 A FE oM Al 2 AAAAM FARL

AR HEx oFo HARE APAT @ JAFol ol 1F F 2 7

Aol ofsl 22 FjAlel AEstE Asty 2 ARAVE glold w22 JRAl =l

ojFoll A= FHlo] HFo] EF3 EFom UdF FAH A2

GRAZESY AZAG(Chen & Tzeng, 2009). AF ot AMAsls= g2l

AEAoE EZH7]FLee et al, 2006), ZHAE(black Sea Bream,

Acanthopagrus schlegelii)(Lee et al., 1994)°] Qi A-go]Alo] 2= 51 o] (Oh,

2006), 257N (striped eel catfish, Plotosus lineatus)(Heo et al., 2007). vf9+4

(hairychin goby, Sagamia geneionema)(Hur et al., 2006)°] A th. A=At A
e

qob SEe] 4% A% 1530 em oAAE el FHee B, 44 30 om
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4%
ol A

°©

-

1

A% 18 cm T 150 g ©]

Z}et 2] (longtooth  grouper, Epinephelus bruneus)

30-92.3 cm W] ARA A THE-Z A2 el
X2 o]Fo|xa UtHLee et al, 1993).

)
X

(Choi et al., 2000).
AT A

=
e
N
I
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o

4
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ke
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