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Annual Reproductive Cycle of the Neon Damselfish Pomacentrus coelestis,
in Chuuk Lagoon, Micronesia
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This study was conducted to investigate the reproductive characteristics of the Neon damselfish Pomacentrus coeles-
tis in Chuuk lagoon (7°27" N, 151°53" E), Micronesia, Equatorial Pacific Ocean. The specimens used in this study
were collected from August 2009 to September 2010 from around the coral reef area at a depth of 3-10 m in the
northwest coast of Weno Island. Overall, 228 individuals were collected over 14 months from this area, of which
115 were females and 108 were males. Among 108 males, 30 were found to be hermaphrodites and the sex of 5
individuals could not be determined. The overall sex ratio was approximately 1.06:1 (female:male), and the ratio of
sexually active individuals was 0.79:1. The gonadosomatic index (GSI) fluctuated and showed the highest value of
8.43+1.21 in December 2009 and the lowest value of 3.36+0.71 in September 2009 in sexually active females. Males
showed the highest GSI value of 2.64+0.93 in June 2010 and the lowest value of 0.35+0.06 in July 2010. Based on
the fluctuation of GSI, the trends in the appearance of monthly sexually active individuals, and biopsy of the gonads,
P. coelestis was found to be a hermaphrodite species of protogynous type and is considered to be reproductively ac-
tive throughout the year.
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M B of Holw, £& F&4 EFIAEL A AAY 27E AJF

gtch(Kuiter and Tonozuka, 2001). HA]7]ofl = &7 9]
et Aol Fito] SR EH A8 o2 dHS 5-205)
= uHrhx 9] #A7| %S 5hu(Breder and Rosen, 1966;
Moyer, 1975), s=710] &71S 1Y 1ate] o)A AHA19] A A1 2
frélste] AlhE FeAl7|H, SAdS FAdo & 4=70o] F

9}e}+=(Neon damselfish Pomacentrus coelestis)2 A12] 51}
(Pomacentridae) HA}2]5<5(Pomacentrus)ol] <51, =] A|
79} S5, Shole A, U, Lok, lEek, 5, B4
o} 9] Aol el AFe % Bl oft A o] A Aleh, =2 At

23} T Eo] 1 BE W9)E shgeli 9lon], 44 1-12m Y
QoA A Alet= thd Al ddfjo]Eolth(Chang and Jan, 1983;
Allen, 1991; Myers, 1991; Allen et al., 2005; Kim et al., 2005;
Kim et al., 2015). A A% = vpga} 7p7ke- A4 2 A,
o7]oll= HAtT Atololl A A& o F Tt A7 HH of

s}at|7}A] B35 3Fc(Matsuoka, 1962; Jan, 1997).

e AtEE =9 S vkt d& JRAEY] 54
T2(Liu et al.,, 2008), vkt U2 sheis 7HAGELE e shE
4 & 8k4] Balol] w3t o 3L(Frédérich et al., 2012), G-A AR

q

2 £3} Micronesia 3% 2] 41557 217 (Liu et al., 2012),
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S ol AAlSh= uks o)A 9] YaE ol et dA-H(Patter-
son et al., 2004), 37 s|jo] W25 sekEe] 4yt &
717k et AH(Kingsford et al., 2011), 3520 A A5H=
AP % OfF 3% o83 YRt AAIA] ABteo] A
L oJgko] 3t A3 (Matis et al., 2018)7} k. o] 7%
= oot Fafietoll A AAghth= Bt 9l om(Kim et al.,
2015), 552 ofY A9 22 49| ufe A5 (Pomacentrus
caeruleus)®] AFHE7| W Abgtefol| Wt Aty By vprt
StH(Jung et al., 2010).

A}2]=H(Pomacentridae) ]+ Micronesia, Chuuk lagoon
yle] o]& 7)ol 4] gobies (Gobiidae) X wrasses (Labridae)
o oA 7 SHR F 59 shvm AeE olRe S84
o 742343 9JtHAllen, 2008; Choi et al., 2013). o] $15Le}
Ao 2AE A2l ET}e] WAEA QAT FolE Choi
etal. (2014)9] 177} glom, ApAd A< AF-3-%-A| 2] Dascyl-
lus aruanus®| $1%- AFFA|7]of] T7E 2APZL o] FoF ek
&F Choi et al. (2013)0]] |3}, z}2 =3} o] 2 Amblyglyphi-
dodon curacao= A AEtd o &2 X 1% v} Qi)

Micronesia Chuuk lagoonof| ] Q& o] F2] H A EA] o I3t
Ate AT Al RAL HAZS T AT Al &
o] 1 H} Qlth(Song et al., 2003; Park et al., 2006a, 2006b;
Rhodes et al., 2020). 221} Chuuk lagoon A+& Z0]] A A]5}=
AebE 3} ole] WAEA] Tak A W) ok Aolr).

253} o] F+= Micronesia, Chuuk lagoon?] 92 9-4H%&
Fol| A= AAIFE 5271 6.9% (Myers, 1991)2 AR 5H= F3725H
o ZA4el %9] sffoltt. o] QoA TeFEo] 7o) w2
/dH], GSI¢| 17t ¥, A4 A7, HA1Z-5ol| rofdh=
AASE) A FE S Eo HAISY RS 2AI
ofaorahA o] 412 AU Chuuk lagoon®] of fAb 1] =
e HHE Alg-starat gt
2 Y
AZ2RE

AR 2AR= 20099 8YHE] 2010 9E71A] vl 190
A] 28Y Ato]o], Micronesia Chuuk Lagoon Y], Weno Island
(727N; 151°53'E)2] 4% 919te] 425 3-10 m AF5. 2 A9
of| A 244 AJZFsE 60 % 120 cm 27 2] YEH TE(YE 1x1
cm)S o|-§-5to] w5 AR SHAT o] 717k % 20109 14
T 3HE 7)Aol FA4] Hote] o] =7FsshlaL, 20109 4
A AT Y= AT o] A oA 14707 A E A=
Z228ut2| 2, o] Fof| A AL 115uk2], 472 78ute], A
AeE A= 30mte RlaL, sk A ol E7Fsshlt
A7 B9 @ Hdt =22 SEACAT profiler (SBE 19;
Sea-Bird Electronics, Bellevue, WA, USA)E A8-51o] ujjd
1-53] Z4siict.

b

4 =4 181

2 235 A, ABAA
W &) A
H124] ghgofl Zholsl= o (Fa), W14] Zgol ZhofohA] obe o=
AARESAI(HD), H4] Egoll Zofsh= 4AASF A (Hma),
H 4] 3hEof| Zho] k= 4271 (Ma)o|th(Cole, 2002; Asoh, 2003;
Choi et al., 2014).
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2 AR AL 0.05% 2-H Ao ghE upFHE A A
5, 10% 2 2ke]-8-o8 o & 1A 3}4 t}. A% (total length, TL)
3} A% (standard length, SL)2- 0.1 cm7Z7}A], A 5-(body weight,
BW)= 0.01 g7HA] Z743H3ict. siitsto] A4S A&Eska
0.001 g7tA] XA 4 S (gonad weight, GW)2 435l A
A AZ2F 2] 4>(gonadosomatic index, GSI)E AF=sF% T} GSI
+= GW x 100/BW (Crim and Glebe, 1990)2] 4]-& 0]-8-5}¢]

MAA ZE| ZMuL AZE HARSE
Z AT ke Q)8 A A4 Bouin's solutionof] 1273519

= 5
algla Kelp X
S o= s = 1
o of wteale] 1AL sk
2 AR on, tlo] AR ES o 5te] 47 pmA7] 2 27
o
=

=
1993), Z 2] AL E5to] ABAA B3] oo AN &3
of T2 2§ A, AV Wrekol T WAIEE O] Fofohe
NAEL] Y 3 Hl=E 2ASF

SAXE

¢

= SPSS-PC 5A|9}|7] 2| (version 21)E ©|-8-5}
o, W14 Zgof Fofst= 7HA|S] 2718 AHIE ttestE S
Fo14(P<0.01) A5= AAsH

gt

o] 23} WA E A 2Jet A o] T = 22370 9] o 4]
= 1.06:10] 3101, 1687]H|7} 4] S-gof Frofsh= 2 o= 2
2] 9] 00, o] 2 747N A (44%)7} Fao) 11, 94703 (56%) 7+ Ma
o Hmao|$lct. oFeg5-9] A% Fa2l 79 29-63 mm, Hma
9] 7= 34-52 mm, Ma2] 5= 32-88 mme| 7|5 H3
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Fig. 1. Standard length frequency of Pomacentrus coelestis in the
Weno Island of Chuuk Lagoon, Micronesia. Asterisks indicate sig-
nificant differences in functional sex ratio from the expected value
of 1:1 are indicated by **P <0.01.

THTable 1). A4 WA ggof Hofsh= 7HA|] Jul= o=
0.79:10]¢lom, 27 B3 21-40 mm HY oA G} 4=
ol Z¥2F 12%8} 7%= A 9] vl&o] £9kaL, 41-50 mm Y
Aol A= o= v]&-0] 242 24%2F 20%2 U Hlgo] tha =
ATk BHA 51-60 mm ¥ flell A= F B0l 6%, 17%2
Z H]&o] =43, 71 mm o]/Fe] Helol A A2 ZH A &
UTH T-testE |83 oF H]&9] F-948& A5e A1} 51-60
mm 98] FHAF A A o] [F-of5HA Al Aol & Hal

th(P<0.01) (Fig. 1).

Table 1. Number of individuals per size class of Pomacentrus
coelestis gonad categories classified based on histostructure

Size (mm) U Fi Fa Hi Hma  Ma
21-30 1 19 1

31-40 2 22 19 9 5 7
41-50 2 41 4 10 24
51-60 10 1 28
61-70 3 13
71-80 4
81-90 2
Toatal 5 41 74 14 16 78

U, Individual with undifferentiated gonad; Fi, inactive female with
inactive ovary; Fa, active female with oogenic ovary; Hi, hermaph-
rodite with inactive ovotestis; Hma, hermaphrodite with spermato-
genic ovotestis; Ma, active male with spermatogenic testis.

gao] §ioieh 22370A17F E3be A AE THl o, o] F
51.6% (n=115)= Fi¢} Fa2 £5%91ct. FiliAe] A% #¢)
+ 24-40 mmo|§itt. A4 F3H= 24 mm o] ol A Yot
7102 Hlth(Table 1). 417§ 2] &7 a4 Y7ZH(OL)o] 3L
© W AASE 7 A(Table 1), HlF-2 27]4987] HiL
AIZE(PG)E 3L Q) SITHFig. 2a, 2b). Fal] 74| = A Ako|
29-63 mm H¢| ¢ tH(Table 1, n=74). QYA Aol Wda17]
WAIZ(TY)7F AL, 7S] 27]/3787] A 2o} vzt &
A& Hol= %k o] iL(EF)2t E3Y7] WA Z(DO0)7t Tt
SAth(Fig. 2¢, 2d, 2e).

AH o8 BRYE FAS2 A oF 48.8% (n=108) H|&S
AFA] 8} AL, Higt Hma¥l Ma= -5 =Slct. Hio] A7 H9l=
29-42 mm= WER{THTable 1). 414 o= ob2] Es}A]
W2 2717787] FEAEPG) E At Aol A KA EZ(SC)
Eo] WA= SIck(Fig. 3a). Hma7§ Aol A= 2ol 45 27
3787] GRA 2L} th=0] YA E(ST)7F T RLaL, A ALA|
o] 2ol A FAHSZ)= Tt A gele = AUk
o] NAEL] A BEE 34-52 mmE H|ZA A NS 2
o} A7go] thas & ¥ 9]ofl &3 tH(Table 1, Fig. 3b). Mac]l <5}
& W4] 25l ofshis AR EQ) A R 32-88 mmi 9]
£ 23U(Table 1), FAo A= G5 AGellA AR50l B4

K3

& P2 % USck(Fig. 3¢, 3d). Ma2] Ao A 22
Afell A QA AVAR|ES 0] HElA) gherow], AmA| Lot A
AL, Aok 2ol 92 S0 AR ZRE 3kl T 5 Ugick

L A7

Chuuk lagoon9|A A5 =23} Q9] H3l= Fig. 49} &
o) 28 A2 2009 9ol 29.8°CE 7H =9k, 2010
290l 28.3°CE XA 7S Kook vhd gE-2 20104 390
34.5 psuoll #1ZFE E 31, 20104 9 33.6 psuz 7 W
UATH(Fig. 4).

Fig. 50l Uebd GSIi= A A3 E 22870415 Foll 4] w3}
H 7HAI(U, n=5)2t HA] g-of FoAdtA] thi= AZ(Fi, n=41)
I §A] ggo holshA] o= SA(HD n=14)= ALl ¥
A Bgol Zofsh= AF(Fa, n=74)3} A-g-AHE Rt |
A ZFol ofsh= 7l (HmatMa, n=94)2] €t gholrt
(Table 1, Fig. 5). &% GSI= 200941 8€olA] 104744 &= &
HEol fsieh o] & 1195E F43] A5sto], 129 4%
o Mgk 8.43 £ 1.21¢) =25t} 5Y (3.43+£1.61)71A] A
A3] sk AT B, thA] 20104 9¥€(5.91+0.72)
A AA] STVt Ade Btk =AY = 2009
| 8YU(1.40£0.20)914 9Y(1.70£0.30)7k4] 2f7he] A5
Holthzb 10€(0.90+0.14)0] 7HAsH T 11€9(2.23+0.38)
of HA3s] A5ohlal, thAl 124(0.89£0.22)] 745131
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Fig. 2. Ovarian differentiation in Pomacentrus coelestis. a, b, inactive female with inactive ovary (Fi) size range 24-40 mm SL); c, d, e, ac-
tive female with oogenic ovary (Fa) (29-63 mm SL); DO, degenerating oocyte; EF, empty follicle; OL, ovarian lumen; PG, primary growth

stage oocyte; TY, tertiary yolk stage oocyte.

t}. o] & 29(1.06+0.11)o1%= oF7ke] BiEo] 9lrhrt, 2010
9 59(1.25+0.30)58 6Y(Q2.64+0.93)714] Akssta 79
(0.35+0.06)0]] sFtst3l om, thA] 99(2.07 £0.49)714] /=5
sh= AR B thFig. 5).
A A7)0 T2 A4 T o 9l S8 s Y
g = 22870412 MAAS 2ATHA B Edlo] zkzho] A
A% A& oll whet =EE UCkFig. 6). UZAl= 2010 5
A3} 7909t Z&sglct FilAl= 20094 12€5E 20104
99717 &9 31901, 2009 8LRE 1197HA] 94202
235 ot Hizf A= 20099 1295-E] 20101 79714
ZHIIL, FihAe nEZ A & 2009'd 8YFE 1197H4]
A4 0 7 28517 Ukt FazlA|2F MaZf A vt &8l A]
71 2009E 1097 1190] 3l em, FaZl A= 2010 792 A

YA Ma7f A= 20103 497t 74
Fd= H3tHFig. 6).

[e]

2~ 0
!

QF0] A 27| Aol ek Au]w b]awst
(Sadovy and Shapiro, 1987). o] AF-o|A Y5s FLES
U= AMAI(Fi, Fa, Hi, Hma, Ma)2] A8]= 1.06:1, #2125
of) #od 3= A (Fa, Hma, Ma)2] A8]i= 22} 0.79:10] {ct-
7 A 5 el Aol A 50 mm o)/ E At
7 TaFE )AL, 51-60 mm 27| ol A Z=7lo] EaiEt 99|

ZHP<0.01yE Hgom, APgHE R 21-50 mm ] 9]ol| 4] 7o
AA9] 36% = AHo] LAIFE ¥ 42512 51-80 mm i ¢]e]|

fil 2
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Fig. 3. Ovarian differentiation in Pomacentrus coelestis. a, Hermaphrodite with inactive ovotestis (Hi) size range 29-42 mm (SL); b, Her-

maphrodite with spermatogenic ovotestis (Hma) size range 34-52 mm; c, d, e, Active male with spermatogenic testis (Ma) size range 32-88
mm. PG, primary growth stage oocyte; SC, spermatocyte; SD, sperm duct; SS, sperm sinus; ST, spermatid; SZ, spermatozoa.
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Fig. 4. Monthly change of water temperature and salinity in Chuuk
lagoon. psu, practical salinity unit.

A= 29%E 527 0] SA|5FITHFig. 1, Table 1). 2, A4 %
A ke v o = g A4 AJH| Fig. 13} A4 2253} Table

= THH R wosiE o, TS 7o) gol vk
o, iAo g o WA gl FofshA] g JHAIZ
AL, vl A 2k 97] § 9o Bash= Ak F6f o] T2 A
A5 AS ER1E = AU ThFig. 1, Table 1). A2} 53t A4
A48 A-5A| o1 % Dascyllus aruanus= 5>710] Q75

o} =27)7} 32 W=D B 1843 9) 0 w(Choi et al., 2014,
McCormick, 2016), 35+ Chang and Jan (1983)2] &1Loj 4] P
coelestist= A E-50] sk 7l0] YKt Ak A
TAT= £ Aot Zo] A AEY o 7ol XS s
<=t}

HA] Egof Fodt= NA SR RE E&H GSI He2 4A

Hyom, #A GSIWEe 239 A% 223 2| ket
o 20104 64 S Holuprh 74l 53] sttste] 4]
S HAArH(Fig. 5). o] GSI] Wl A= AT} =51 o] F8igt
AP BE2 3E o o, 2A ] WA A7
& T 4 Qe AEE iR FA 3R] HeA
(TY)o} st S48 Hoj= Lo Z(EF)7} g 6] Wi
EAeh(Fig. 2). 53], it 27] 443719 22 7HA|(24-40
mm)ETE A3 = E 201049 2ol A = vk § 2] 27}
WHEA] ko), GSIoH g4 4 2240 2 177 200 pm ©]
3 TYSA 9 A 250 TEE = AR ATt7]of ofufst
Akl 258 5 9l om (Fig. 2), of=feh Maggef Zholst
= WA A i 57J0] Choi et al. (2014)2F F-AFSHA
o} 5 A5 A4 S SPPlA WAl Fofst
AL A Ul AT R E = A= SR v 2
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Fig. 5. Monthly variation of the gonadosomatic index (GSI) in female and male Pomacentrus coelestis. GSI values represent mean+SEM.

GSI data for 2010 January, March and April (male) are absent.
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Fig. 6. Monthly percentage frequency of the gonadal categories (PGA) in female and male Pomacentrus coelestis. Active male with sper-
matogenic testis (Ma); hermaphrodite with spermatogenic ovotestis (Hma); hermaphrodite with inactive ovotestis (Hi); active female with
oogenic ovary (Fa); inactive female with inactive ovary (Fi); individual with undifferentiated gonad (U). The numbers in the circle represent
the number of individuals by gonad categories. PGA data for 2010 January and March are absent.

20094 8UHE 20109 9L 7| &, 7|AF0 &2 JH o] Byl
20104 192439, AR A2 E 201049 482 A9t
A% THS A AAE 744 WA Holsh ARl
BE o, o] HHE2] AL 29-88 mm'H 9ISk Table
1, Fig. 3, Fig. 6). WAIZSo] olsh o3 Fat= A1) &
7R5 9 20104 1903 39 18] 3 79 ALeka A% B
o 7Rs3tgiek. MATE Fol AHEBo| A% AT B
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teusi= Sl ol A Abgko] TAE|Gl O W, S, spinus®| 7 -$= 15
= @9l GSUF S7kstthrt o] o] aste Aok e s
Chuuko]| A o] &= FE9] ARt7]= d571e Teo] Q= AL
B 5k} QIth(Park et al., 2006a). E3F Okinawao]] A]4]8}=
o] Fol thgh 22et #41Z gt A3} S. argenteusi= 5+ 4
S5 Akeksh, S, spinus® 74 T A2 Aels A0 R
H gt v} Qlek(Salaki, 1993). Abef it o] 7o) G527 AF
2|5 A8 HA5Lol A Pankhurst and Pankhurst (2003)&= &5
Great Barrier Reef Lizard Is.o]] A4]3}+= Staghorn damselfish
Amblyglyphidodon curacao®] 7}% 2 H3Fg o]z o] &
7} 2k w37 9F Ax|stkar B skal 91 01, Pisingan et
al. (2006)> AFHA]E 59t GSI= A48t std& gkl S7Fst
™, GSI9| F71et oA Lgat BEolA A at sha7kx] W=
T7] A Ergsh, Hhd 7o whet o 23] Aleka W
£l o] = Aol A 24 Ap=o]| o5l 4] BEol FRFS
& 75/ 0] =rhal HarE vl Qloh o] A7 Fr R Aol 4
S< WA Eo] Ao I Ado] d5S Felt
Rom, o] A9 P, coelestis GSIONA £/ & 2H7
AU FE2 doke] HAgE 2AE A8 ER] 2o 9
Ho = gert.

o] Aol AutE F3tel| K A% HAgFof s}
AE9] 2710 w AJu], FA 4 E3to] 2 gl &3
A& 4 22|84 RS- $F A3}, Chuuk lagoonof] A]4] 8}
G P, coelestis= A3 A57 AR3EAH|0] s S A
AL, A5 HAZHES Sl A 02 SRRIE ). Loy A
I Arff 274 9] dArsteto] S wtelshetle ol E ol
Qltt. o] A& Micronesia®] Chuuk HAQHE oF Q] 7°, A= 4=
297} 28.3-29.8°C, AE2] WM 9+= 33.6-34.5 psu=(Fig. 4;
Choi et al., 2014) ¥z}l AL 7o) 7]Q1st A o2 g},
P A2 o7 AAEH ] ARE AR A 9
sl Aeke) wAlElEe] 2A} e RIAE o] of5 At 9
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A=Y o] A7 sokalet 9l 7] &Kol Welo] Bt
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