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Habitat Characteristics and Spawning Ecology of Hippocampus haema (Pisces: Syngnathidae)
Inhabiting the Soando (Island)™

Hyun-Geun Cho?, Jung-Kwan Ahn®, Hyeong-Su Kim*"
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B o7 20159 SYHE 20169 129744 Hehde Sei Aok AdrjolA sfute] AR B4 9 ARy S
ursl7] 91al ARSIt aulrt AAehe ZAXAL S Ame AARe] 247h G4EA Ane Aeue
9} METHMean+SE) L 72t 27(59)0] 136+14.4shoots/nt, 489.8g DW/m: 2 71 =9k, AL 2A4(109)9
9347 Oshoots/n, AAEFHE FAQY)C] 122.3g DW/ni 2 744 Wkt B A5 7)7F ek tho| Wit Zoj 2412 4
2937)712] sful7h BHIE QT Bjuke] AAS 10.1~87.0m] WA 42 E 2ol BEEQl A AAE
201549, 2016¢ 5= 5ERE Zdst] 109704 AR AL, udole] &3 2015W 0= 74, 2016\d0fl= 6 L+
sholElglt. Aleb] B4 FTA 0 BAS AT, sjute] ARh/lE 4~10971A 2 2E T 0] BEdoA
Bolgl A E Aol 383£14.8(20~76) AT FANA BHelEl Fei 47.248.6(31~59) 7] ALk autol
AT A0 Al 111724 S510] FRulgo] SAsHAt

F20{: s0tR, A4 U=, Anal, =

TPt

ABSTRACT

This study investigated the habitat characteristics and spawning ecology of Hippocampus haema
(Syngnathidae) in Soando Island, Korea, from May 2015 to December 2016. The survey site where seahorses
inhabit was mainly formed by seagrass of Zostera marina populations. Total density and biomass (Mean+SE)
of Z. marina were the highest at 136+14.4 shoots/m*and 489.8g DW/nt’, respectively, in spring (May), while
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the total density was lowest at 93+7.0shoots/m’in autumn (October), and biomass was the lowest and at 122.3g

DW/nt* in winter (February). During the study period, 293 individuals were identified through a diving and kick
net survey, and the total length of H. hiaema ranged from 10.1 to 87.0mm. Male individuals nurturing fertilized
eggs or larvae appeared beginning in May and were collected until October in both 2015 and 2016. Juvenile

individuals were captured beginning in July 2015 and June 2016. As a result of a comprehensive analysis of

the spawning season characteristics, it was estimated that the spawning season of H. haema was from April to

October. The number of fertilized egg or larvae inside the male brood pouch were 38.3+14.8 (20-76), and the

number of fecundity identified from female were 47.2+8.6 (31-59). The male-to-female ratio of H. haema was

1:1.7, indicating the dominance of males.

KEY WORDS: SEAHORSE, HABITAT DENSITY, ZOSTERA MARINA, CONSERVATION

ME

3f|n}(seahorse) = 2111 7] 1K Syngnathidae)o] &35H= 7
ol 72 offeli} fEo] 53 W BYFY FEolE 7
] 52 HlEtAle] Tt Zwo g dof Q= FEjd 4
& 731 QJtiLourie ef al., 2016). ZE|L} Z7He] Fej3]
AL, A A Aol T2 Hol, A4 o] g (sexual dimorphism),
vu] g Aol| w2 Hol(allometric variation) 5O & 213}o]
T 29 s7go] v ofe ERol7] = stk AF7HA]
AIAIA e 2 sl Hippocampus spp.)oll gt &£573H] ¢
F7} wo| B 11E|QI=1| Lourie et al. (2004)= 333, Kuiter
(2009)%= 83%, Louric ef al. (2016)= 46%0 2 E 23} v}
Utk ol st sfulRell thgk 715> Kim and Lee
(1995)7} A 7152 AR 6%l tisl &7715 AlAIg
d} glom, o] Han e al. (2017)0] RE3H YAES
&5l =ollx] H. haema (=578: SnhE 4lE2 Harskith

snh= AEisHA, AESHA, AAIA 7S 7L Sl
293} S| E = ShE(Vincent ef al., 2011) F2 20
A Ao ol o] Al Ak} pxrE ASshe 4

5-100m H=] Aote] 2 A4t Ag]oli 4519)
Bobd(brood pouch)ol] Q7o) W& WAZ 7E e

WESiTr} Aoj? WEek BE WARekS 7 olr}
(Masonjones and Lewis, 2000; Jones and Avise, 2001;
Wilson et al., 2003; Stolting and Wilson, 2007). 3L, sfjul&
= 2.21%(copepoda)} TZ(amphipoda) 5 X144 1t
29] AR Z A 2] AEfA ] $)(ecological niche)E 71X L
Aol ol 7= Aejstd 545 ot $a% AEE
A&k lth(Kendrick and Hyndes, 2005; Felicio et al,
2006; Garcia et al., 2012). Z|ZLojl= S-Hiu} Bojoj|x 4234
O] W =AY BFol e Alw dEA T
FEoRoA = el AEe 5 Qe AAA EE

of o] €& Qlal(Yasué et al., 2015; Pajaro and Vincent,
2016) df=X|, WIARH, A5 %, FjRFol| HEEH= A4S
ol7]E S5k Qike] FhE Qe Qls) 1 A4
£ 9n AT FASRL Qe EolFelE s
(Simberloff, 1998; Shokri et al., 2009).

o|2jgl o]f-= Lol Wt 453 A|Lgh dfut(Genus
Hippocampus)©l| 7155 46% A £2 IUCN HAEE U
CITES H&A Io FEo] AAACs Hody gl
AubRE Hooly] $18 W2 A7 FEE L 9lom i
20 2= Seahorse Project7} €& A Qth(Lourie et al.,
2016). “Lejut -Eutol] AAlSk= siulie B2 E A
gt AR} HEzShe] 7IASNuNH. histrix), E3J0KH. kuda),
AN H. trimaculatus) 357t0]| S OUFAL SR TAE
2 A=e] oz Bonkn gloj(ajfAy e A B ¢
ol T3t HE Al 2%) ofF ©]9]9] FEof theh HoH
npgdo] Algsitt

AA7IA] f-2jvtetel 4] =85 bRl et e A+t
B2 Aol719] FH| W Sofl #eE ¢9(Kang, 2004; Koh
et al., 2004), sjute] EAT, Ho|5Ad, Aol wet
AGHChoi et al., 2012; Huh et al., 2014), A=t W 27 4%4F
(Choi e al., 2006), lnt2] A BESHE] 1H(Choi, 2006)
7h ol B sfupe) AAR] A AT Al gk At
= W9 FE5e Aotk wEbA & dAtol e thesls]
oY W 2ESte uHH. haema) @] A A A|9F Abet
e A5 Fote] o5 T8 AAA St AE Y
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Ty
1. ZANT| & SHAEL

H o3t= 20159 5EEE 2016 12€97H7] A=
et 2QhH Qb Qb Ao Aw 2| W(Zostera
maring) TEAE Ao 9 18] o4 Sakck. shot
of MR D AT S s ATA e Ao
30m&] 3thX(transect line)S 5Sm 7HA S 2 47015 A3}
o] WERAjoE AFHrlo]H)S 53 UVC(under water
visual cencus) WP 02 ARG I, 7FRAO= ETf(Zo)
1.5%1.0m, = 3x3mm)E 0]8&3te] Ik RAAA ¢l
Avelar Feb) FHolA +RehelchFigure 1), 8
0% 1A AZRE thgtE A=A 7|(YSI-650 Inc.; Yellow
spring Instruments, Yellow springs, OH, USA)E ©]-85}¢]
=Ashcy.

2. MAIX| Z=AL

shute] AA1%) SAL okni7] 918 712 Erlo] e
30-Sn Solol] 17 HUE 2 2 o g
YE FE)E 2016 SAQY), ZAGY). AT,
FA0DE o] 48] 243tk 53, sfubrt $27]
2 Mg Avlee] BR et YR 2k HEE

ZA} o A thﬂ 02 AMESH= W TL(25%25em) S 0]8-3]
AT Y U H‘ﬁ@(m)o i swu} T <
o] Aujejat 2| o}Tsz} Agre] mE AEx2 Yysheck
QA A EH= #%E 73Lo] *ﬂiﬂﬂ, _]?‘21]_}\(])11:1 o %
izt AlAsE] GGFA, SA, AR R E2] F Z242F AR

of Ashie TR FEE ABAE 60T
@it 5 2400 A Sastl AR M
DW/m) .2 AT Avjeld ASEE 0 42 o
ol 24X AT 1IN E%m}i AFE}9T.

3. sliOte] MRISN U SMSHE

sinke] AlEEAS Tl
o)A} XA =8 4_13_}7]3 145] 4~6°-]0ﬂ“
73 o7 ;Hul x/\]_e_ /K]/\]'é‘]. 1;]. oﬂu}4 ol-/\ ‘—rL
29§90 AAa, A SR Hae AL A4
ol Ao] I7|(AA 50mm)=2 T3} tH(Perante et al.,
1998; Wilson and Vincent, 1998; Baum et al., 2003). T+=
Al 2 ttol S Sl A A= 5olA 578 5
A, A, R E45 7158kl I Ao ZH‘*E‘GP
Ak A FHE o8t ARt A= AEA
A& 918l 20161 5LolA 109704 =71 14704, oA 13
7H;q]u} 10% = H iem-a]ono" 7%40]—0:1 Alal/\li o]%{s
of A%, AT, ek B AR e AoleE SAEA

HII

-

Soando Is.

125°E 129°E

transect line
, at the survey site

N .80.t€

12640 " E

Figure 1. A map of the study site of Hippocampus haema in the Soando (island) from May 2015 to December 2016.
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I Yz ARl B2 AReiack. 2A7E B9 A
% o]&X= Masuda ef al. (1984), Kim et al. (2005), Nakabo
(2013)5 olgsto] FAsIAL, ol FEFA A= Nelson
(2006) weron, = W .o NIBR (2021)S 21}
et

4. SHEA

[y |

E §ol4 A=& SPSS program (SPSS 23.0; SPSS
Inc., Chicago, IL, USA)S o]&3}tt 9 =213}
suke] SRl Y A=A Felstr] S8 2
A TSI, sinte] 719 ket 7o) B
2t G- S Afolre] BAS B3] ol Tols
ARRALS ANSISITh ZAPIZE B dlule] RulE AL

42 E310] AH| 111 oL dolslgtt nE
A foeEe P<0.052 HAAsAch

a 1
1. MAIX| 3+A

aute Ava Aol &
Apolol $121t wre] Ago % 2 amidols,
ZEE P ERTERER xS QT W A
o] wsfwol BAE Aojo] HEFAG] X3k 9o

H, &t AvEe FEtx] £O 2= v|d} tpAut A
Aol AL Avf e sfjzA] oAM= Sl dat 7
7 &Qte ofgtol Sk aFolid B A wEAd &

of Fao] L& Ao B T, ok Fa A4
A2 kelal Avje WAL oF 202 FHISHA 2
A7} 245l 9T Figure 1).

2. MAX| E4

2 AR AERE Al AEos 247 9
REIRom, AHE el WAe) IR T Yo
WA 245 o|FH FESIYT A0t 550 it 5
Hollle thaeo] Amed 2|2} W A7) dEeiglon,
44 1-3moll A A8

H2AE Fdshe AT AT o] 2ol BY s
I} 2ro] BEsISIT, TR HEFE QAL
A 71-of| F2apskA] Frstal A 7] Afelf e
78S Tesl 9 Qe FEiE sk si=wel o
2 5 %%%%(Callophylhs adnata)°) 3t %22
V=S HIROR JF sj2A]| 9] /42 Table 13} At 7
o] = Hit 10%=2 FA-5HA0] 9= 12% 5
$AI5EH7} A go] ashe A0 M= 5% 4oz 7
Astsich, $etel Aol e A2 sl Ievson], 4
XPO] atﬂi ‘/}E}‘/P’ ’5}75“01] Bt YEs= 27%% HYPe
€ HE T OE 7‘1]7113]7%

a0t A iAo hRES 9 Sl HeHS
Qe Bt 7w 2%gon), A5 A5l 7 =
Bt 49%E =911, FA o= 49 T2 ol =E
MEg 247 Fohc Aol ve Py zseUe
australis), HYo| AWK Sargassum horneri) 50] YERF S
o, Q3 gEEH Amd gl 7R D (Sphacelaria
rigidula)©] Tk £ % st oy, FEd EAAN o=
£ S50l HS5sI8inh 718 slxR2 S3=(Caulerpa
okamurae), ZZHCodium fragile) S-0] ZAFA] FHo|A &
Elglon, Amed Q EHo| Z7F9|AAE o]eof FulH

W) 7|(Pneophyllum zostericolum), 22522l (Polysiphonia

Table 1. Habitat characteristic of the seagrass bed in the Soando (island) from February to October 2016

Composition ratio of coverage (%)

Index Dominant species Winter period Spring period Summer Autumn
(Feburary) (May) period period Mean
Yy Y (July) (October)
Zostera marina 12 12 12 5 10
seagrass
fallen leaves 18 18 27 16
Callophyllis adnata 25 49 22 24
Ulva australis 2 +
seaweed
Sphacelaria rigidula + +
Sargassum horneri 1 +

*: appearance



Aoteof| AAS= vl Hippocampus haema) (Pisces: Syngnathidae)?] AJA12] B4 9l AFAYE] 619

morrowii) = B2 2571 BT Qo

3. 7{Hz[E Y=

Sjut7l Q. F2b7|(holdfast) 2 ©]-83= A e|do A
3 t”E(Meanﬂ:SE)“ 114+7 3shoots/m* 2 FA] W 83+
7.0shoots/n, 22| W% 39+7.7shoots/n? QiL, AHAIA] U=
L Z2A(59)°] 16+£9.8shoots/n* 2 L EFTHFigure 2). 7|
A Ao AU 240 136+14.4shoots/m’ =
7H WA a1, F=A(10€) el 93+7.0shoots/m* 2 WFQFT}.
o Hat AETFS 277.48¢ DW/mrE UERG I, AARE=
157.0¢ DW/nt, A3H7= 60.1g DW/nro|glow, AdEs
= AR o] vehd EA|(5E)oll 489.8g DW/m'= 7F
AL AP Aol Azt FARY)l 122.3g
DW/m*2 7} ZQitiTable 2).

o

Density (Shoots / m?)

m

* xx = ™ axn
Veg Lat Veg Lat Rep

* = B
Veg Lat Veg
Feb. May
Month

Oct.

Figure 2. Monthly changes of density of Zostera marina
in the Soando (island) from February to October
2016 (": vegetation shoot, " later shoot, =
reproductive shoot).

4. sliote] HE S3UA W AR
B AT7IZ B ol Sv) 2AE F3) 29374

sfolt shelsigict. siotel 2 E@e 49 10874
=2 MAEEE EYoH, 2015 11€5E 2016¢ 3¢

Z712] 20169 29 24A1E AlLjstile sints EelstA|
F3hgleh 29 7.0~28.0T o]glon] $=g.0] wsje}
afute] SETNA 4 tholl= Fo3t ollA dRFol e
Ao 2 eI tHregression analysis, r'=0.616, t=5.374,
P<0.001). djute] B AF U= chojm R (nr) 0.0326
AAIRL0, St Hol5e] §U0 625E 109 Aolo]
H w2 g2 A7 Sd skt Figure 3).

—e—Water temperature

—&-Number of individuals

51 40

30
10 4

20
5 4

10
0 T

May Jun. Tl A\lz Sep Oct.Nov.Dec. Jan. Feb, Mar Apl May Tun. Jul A\lz Sep et Nov.Dec
2015 2016

Month

Water temperature (°C)
Number of individuals

Figure 3. Monthly changes of the water temperature and
the number of individuals of Hippocampus
haemain in the Soando (island) from May 2015
to December 2016.

B Male without larvae O Male with larvae

p=12 n=13 0= =6 n=0 n=4 n=0 n=l n=0 n=0 =n=1 =n=8 n=13 n=16 n=3 n=8 =n=3 n=11 0=0 n=0

100%
90%
80%
70%
60%
50%

%
30%
20%
10%
0% L

May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec

Month

Appearance frequency

Figure 4. Appearance frequency of Hippocampus haemain
male without () or with larvae ((]) in the Soando
(island) from May 2015 to December 2016.

Table 2. Total density and biomass of Zostera marina in the Soando (island) from February to October 2016

Total density (shoots/m’)

Biomass (g DW/m’)

Survey period

Vegetation shoot Reproductive shoot Abovegroud Belowground Reproductive shoot
February 104+13.3 - 914 30.9 -
May 120+6.9 16+9.8 175.6 72.5 241.7
July 128+15.0 - 246.4 83.4 -
October 93+7.0 - 114.6 53.6 -
Mean+SE 114+7.3 4425 157.0 60.1 60.4
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O Female . O Female
@ Male 2015 May. = @ Male 2016 Mar
M Tuvenile n=19 M Juvenile =2
0 T ——— 0
10 20 30 42 50 I_I-m-‘_*?'_‘ﬂ?'u 4 %0 100 J 10 20 30 40 50 60 70 80 9% 100
5
Jun. ° -‘ Apr
=18 1 n=11
o — o T T T T T T T T T T T T T 1
1 P ] % = %0 o 100 J 10 20 20 40 50 PR I | % 100
10 Ma

0 %
J 1 2 30 40 50 P e R ™

10

3 ‘
] 0
n X I
o 10 Aug . Jun.
= 3 5
5 36 : -3
= S L 0 n=34
= 0 sl 20 30 40 P T % 100
=] NE 20 30 %0 50 0 Bl g 9% 10 3
- ,
: Sep. J Jul
) =13 =25
8 0 .-,. — —
= 1 ) 50 6 5 0 %0 % 100
3 ;
o 10
5:x L Aug
[ L— s % —— -
10 2 30 0 oL@ %0 % 100 . J 10 20 3 a0 50 P 70 50 %0 100
3 Dec. Sep
ne? =20
o — I 0
J 10 0 4 0 60 i 80 90 a0 1 20 80 %0 0
10 4
Oct

5
0 T T T T T —f T
. 20 30 50 T

10

80 90 100

5
o
2

10 4

Total length (mm)

Figure 5. Total length frequency distribution of Hippocampus haema in the Soando (island) from May 2015 to October

2016.

A1t FeF AHE sfuke] A 10.1~87.0m o] H
91 aL, AL 55.0~87.0mn, LAL 55.0~81.3mm, 2| oj=
9.9~53.0mn= ZRIEcE. 4T B AlolE Ha52 4
7L WA= 20159 SL(6ntE)) el F@stA=t +ole o
AsFA] Sk 20159 9€; FIF} n|/dole] 3Tk 29l
20169 992 A9Jsta= 20159 109(11}k)), 20164 10
d2utE)E 109704] SISl B9l 4719 Bl
201549 7€@2ut) 8d(6rte])oll 100%, 2016\ = 6
(152l 94%<F 7H3ute])of 100%2] &2 Ble= 24l
ek oo £EE 20159 7Y AN AGow
SRIE AL, 2016 0li= 69 AHLE n]/dol7h Y=Y
th(Figures 4, 5).

ARER S 2115h7] 915] 20166 5ol 109 Aol
YA AR 22 14489 4 BANE oz B

[e]

Re
o ZRE ASACE ot 4 HePol o)
S RE-REE
A3itk. SRS HEoA Bl
38.3£14.8(20~76) 7= e}
FROA EolE ek 47.248.6(31~59) 712 UrE
5o HRE 552 3 670 F s7AlE 2
ol gRlE AL, =2 A= 72709) +=4da 474
Aol Aol g H5skar qllen, 6dol Al 51 8704
oAM= Hggola B Apofut gHelE glet. sfjuf 7%ko]
AAeE A Had o) AR B Aol B A
of Eikpes S8k AP0l HERARE SA AR
Offt oA oA fle A2 YEbdth(Peason
correlation analysis, male, p=0.490; female, p=0.227;

o =T
B
_1>~
tlo
1R
=
39,
s
X
4
pay
1o
H
Ho
ol
)

4y 3L R fo o 4
o 4
o,
L

)

Figure 6).
A7 F3E st FE STAAL, A 101714, w4
oli= 1357437} SHlEgit. sk AAZe] A 45)
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® Male (—) y=0.591x +4.9206. 1?=0.1298, n= 14

AFemale (oo ) ¥=0.361x +13.506. 1> = 0.0406, n= 13

Number of fertilized eggs/larvae or fecundity

50 60 70 80 90

Total length (mm)

Figure 6. Number of fertilized eggs/larvac (@) with male
and fecundity (2) with female of Hippocampus
haema in the Soando (island) from May to
October 2016.

Table 3. The sex ratio of Hippocampus haema in the Soando
(island) from May 2015 to October 2016

2

Month Female Male S?; %aglo (chi-séuare d)
2015  May 7 12 1:1.7 1.32
Jun. 5 13 1:26 3.56
Jul. 2 2 1:1.0 0.00
Aug. 5 6 1:12 0.09
Sep. 2 0 1:0.0 2.00
Oct. 7 4 1:0.6 0.82
Dec. 1 1 1:1.0 0.00
2016  Mar. 1 1 1:1.0 0.00
Apr. 3 8 1:27 2.27
May 6 13 1:22 2.58
Jun. 5 16 1:32 5.76
Jul. 1 3 1:3.0 1.00
Aug. 3 8 1:27 2.27
Sep. 2 3 1:15 0.20
Oct. 7 11 1:1.6 0.89
Total 57 101 1:1.7 12.25

The critical value for x* goodness-of-fit test of equal numbers
of females and males (1df) at 95% significance is 3.84.

H7} 1:19] A5 7S off o 219 el LLTEA]
F79] EFH[Eo] AL, e AdHlolA = R
gk apol7h gle Aeg Uehged, 531, 2015, 20169
= 6Yo] o]zt J2TtHTable 3; x*=12.25, P=0.628).

6. SMESS

B 204 % 4% 173} 363 3,56171A12] ol57} 8kl

E|QItHTable 4). & EF H2 Ho]E(Perciformes)©] 7
Aok Zwslel /4 woren 1 chgomi %dols
(Scorpaeniformes)©| 63}, £7}A]117]E(Gasterosteiiformes),
H 0] & (Tetraodontiformes) 2] 2E-o\|4 Z+ 2317} £33
th & 2= U507 Gobiidae) 7t 10522 71 Tol
Sl on AA Y 25%E A8t 1 thy o g2 &
ZZ 7K Scorpaenidae) 4%, A117]2K Aulorhynchidae) 35,
EZ71 71 Cottidae), HAro]THEmbiotocidae), Z7§o]x}
(Stichaeidae), =49 =2} %2} (Pholidae), &1}
(Tetratodontidae)2] 57)atof|l A z+ 22X &5ty o Lt
2] 97l kol A ZF 154 E3sIeth S A=A
(Pholis crassispina) 2 % 6507]|4|(Relative rate, 18.3%) %
3 2o &2 u|YX|(Hypodytes rubripinnis) 5107§4](14.3%),
AW =X (Aulichthys japonicus) 44071A|(12.4%), 4=
(Gymmogobius heptacanthus) 38071A(10.7%) 0.2 ZALE
AUk

7y

WA A 715l st siutr(Hippocampus spp.)=
D=L oL AP 2 sl B Hole AL
2 948A QltH(Foster and Vincent, 2004). ‘Folx 2|7}
Knysna 8-S A| H. capensis®] Hot U= THHAT
(?) 0.227)A|(Bell et al., 2003), Z2H2] Boholo] AtE %
oA H. comes+= 0.027]|A|(Perante et al., 2002), L AEF|
Aot H. abdomnalis@t E2FZF H. hippocmapus+
0.007 7] A (Foster and Vincent, 2004), @ A~EH Az o}9]
H. whitei+= 02157 A|(Vincent et al., 2005), 22} 2] Rio
Grande 3199 H. reidi= 0.006~0.517)A| 2 X115t
(Dias and Rosa, 2003). Sju(H. haema)d] 73L-o|= St
FaQre] ofg= Zhakatel A A (') 0.0037]A|(Choi
et al., 2006)] FaF == UePgon] 2 AR Yol A%
0.0327§ 4| = QlE]o] thE sfimpsrol Bl HAE =7} H|
WA e AR Wl ol tisjA= sinte] Az 7]
A, AAA Fe BAE B4 A7 saEoloF &
Ao woE

2R oA 2T 72 Aar]d) ol {REe] YA
¢l AAA R 259 gt TS =915 (Pollard,
1984; Howard and Koehn, 1985; Hindell et al., 2000;
Hyndes et al., 2003), £3| sju}F9o] &SdHFS sz U=o}
Aolof mi-$- HWHZE A4S Z=rkal dFlth(Lockyear
et al., 2006; Teske et al., 2007). 2 AL A A4
24 ke AR Avleee] 4RRES} Q o]
ARHET FARE Agke] Ukt A Ee) 4
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Table 4. Relative abundance of collected fishes in the Soando (island) from May 2015 to December 2016

2015 2016 Total  Relative
May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Number rate (%)

Scientific name

Order Gasterosteiiformes

Family Aulorhynchidae

1 Aulichthys japonicus 35 30 28 35 36 37 7 3 13 11 28 26 25 41 44 37 3 1 440 12.4
Family Syngnathidae

2 Hippocampus haema 19 18 25 36 10 15 2 2 11 19 34 25 29 20 28 293 8.2

3 Syngnathus schlegeli 13 4 3 5 3 2 2 3 2 37 1.0

4 Urocampus nanus 11 6 5 2 1 1 1 2 3 32 0.9

Order Scorpaeniformes

Family Scorpaenidae

5 Hypodytes rubripinnis 15 18 15 41 18 28 8 7 5 6 13 21 18 15 31 75 81 68 18 9 510 14.3
6 Sebastes koreanus 1 1 2 4 0.1
7  Sebastes schlegelii 16 1 4 2 5 2 2 3 35 1.0
8  Sebastiscus marmoratus 4 1 5 0.1

Family Aploactinidae

9 Erisphex pottii 1 1 2 0.1
Family Platycephalidae

10  Platycephalus indicus 1 3 4 0.1
Family Hexagrammidae

11 Hexagrammos otakii 5 5 2 12 0.3
Family Cottidae

12 Furcina osimae 1 2 3 0.1

13 Pseudoblennius cottoides 31 27 30 26 20 20 5 2 2 5 20 20 26 35 41 38 7 5 360 10.1

Family Cyclopteridae

14 Eumicrotremus uenoi 1 2 3 0.1
Order Perciformes
Family Moronidae

15 Lateolabrax maculatus 2 1 3 0.1
Family Sparidae

16  Pagrus major 2 2 0.1
Family Mullidae
17 Upeneus japonicus 4 2 6 0.2

Family Embiotocidae

Ditrema temminckii

18 temminckii 16 7 3 26 0.7
19  Ditrema viride 15 19 17 2 5 3 2 5 8 4 80 22
Family Stichaeidae
20  Ernogrammus hexagrammus 1 1 2 0.1
21 Zoarchias major 3 5 8 0.2
Family Pholidae
22 Pholis crassispina 71 68 52 38 48 18 11 10 8 10 15 30 43 41 45 44 48 30 15 5 650 18.3
23 Pholis nebulosa 44 36 13 5 6 8 3 5 9 5 10 6 150 42
Family Gobiidae
24 Acanthogobius flavimanus 1 5 3 3 5 17 0.5
25 Acentrogobius pflaumii 8 3 2 1 14 0.4
26  Chaenogobius annularis 9 8 17 0.5
27 Chaenogobius gulosus 2 1 3 0.1
28 %”t’;’fagrftﬁ’;‘; 35 41 29 28 30 10 6 2 1 3 03 15 21 18 25 95 15 3 38 107
29  Gymnogobius urotaenia 1 1 0.0
30 Luciogobius guttatus 3 3 0.1

31 Pterogobius elapoides 53 37 25 15 5 2 1 10 18 15 21 5 3 210 5.9
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32 Pterogobius zonoleucus 6 5 8 10 4 3 5 10 5 56 1.6
33 Synechogobius hasta 2 2 0.1
Order Tetraodontiformes
Family Monacanthidae
34 Rudarius ercodes 5 2 3 3 1 1 2 2 8 2 29 0.8
Family Tetratodontidae
35 Takifugu niphobles 9 4 10 55 3 5 3 16 4 4 3 10 4 130 3.7
36 Takifugu poecilonotus 15 1 1 2 1 1 5 3 1 32 0.9
Number of speceis 25 28 26 18 16 11 6 6 3 2 13 8 14 12 11 14 23 11 5 4
Number of individuals 426 358 293 307 200 151 38 26 14 16 70 100 173 192 198 300 397 236 46 20 3,561 100.0
= =] = =) = Z1= = =) o =] =] =
TARE AZsEe] sHAlof] RS BYlal FARE Fa 9T o e®: 2=27] AIASHH thA] ¢I9he] s A9
=] 4 51 = =] . = =] . .
sto] FAO HAAAE HYAL ol sute] AdA Ed o = o]ERtial sF¢ItH(Garrick-Maidment, 2007). 2 5

v frARRE Aty 2240 ® 53 o549
2 F7h= Avlege] Al ks o Avede A%
= ofjuie} Holgks W AR} 3]0 T 24 JHAl A
of gt A9 M-S AlFste] 4T BA A=
Ao wekEln), Mo Be AAAE o ATt &
sjrjojof o Aoz e T Bell and Westoby, 1986;
Flynn and Ritz, 1999).

Sl 9 elel orel] uiol 43t siol 152)
= Akl 43 okE 5 e dH(sponge), AFS
(coral), 3l|%(seagrass) 52} Z-2 §-2+7]Z(holdfast)o] 7
212 Fi7toh e, A iRl 54 22108
A& 3}7| %= Stci(Foster and Vincent, 2004; Scales, 2010).
H. bargibanti*= Muricella 42] gorgonia AFS o] AT 2HA
=) (Lourie et al., 2004), H. whitei= Posidonia australia
2EE AT S H(Vincent et al., 2005), H. breviceps
= Laurencia majuscule®} Sargassum spp. S|Z2F 5ol A
1} 29l =] 31(Moreau and Vincent, 2004), H. capensis+—
Z. capensis N2FE B2V R AT 5UcHBell et al.,
2003). 3 A5 Ao i} o8 & Y BA|AS
S2Re) vl 153 2R GBS 5 1059
SRRIE QAR 425 TEZAL A sjufe] AR 7A| 7} 2t
GAAD, W2F2AGNAoNA aE A AQfstale

Fit Av el doll A gRolE] ik 3k, W sfup 2o
+ 2o Ared oy Ao fHs FAER
ol- g3t U=l A hFEo] WeHIder o
o= A& et AQte vk AMeEE 8 2
71ARE Azste Aom FAE

29t A HofA] sfjute] EH-e FH 495 E FUtet
of 2]o] felo] AZtE= 6UFE 84 Atolof H|uLF =7
UL ASE 1195 E 3 Alojol= 7Hd B2 Ao
2 SRIEGI: sfnte) AR o]Fol w3t AR H.
guttulatus= 78710 H 22 A0 R ol F Tk} 422-0]

oA sfuprt EAT A1719) & RSl 133~280CE,
20| 15T o]tz HojXi= sl WAa7F 236kt
7F 20] 15T oo R ZEph= 495 E djnte] o]
Z7¥817] AlRRHALE o]= o] Y7k AgHdl= A
W To] w7t WolXHA Ho] RE} LA oR
QIR 7 4o AR = o] Fjt A o= FEHEItFoster
and Vincent, 2004; Curtis and Vincent, 2006; Felicio et
al.,, 2006). & Ao M= ASE RAIA FH 22 4]
ol A sfimt AAS Ehlstaiat Alw=sEIAINE 2015 124
270 Aol AR Sl A=A sfivt o]F ol gk At
A7F 71 i E oo & A or AgztErt

SfutRe AW oz 47|17k A7) & 7HA | (Foster
and Vicent, 2004), AFk A]7]9} Akgt 71718 dl, 422 o]
ol-gof we} A% 3L(Bye, 1984), H. zosterae®t =2 AU+
T2 WO Zojof 3 Wk i duwA Sloh
(Strawn, 1954; Vari, 1982). 4~20] AdA3}A A== &
glale] MAskHs H come= 9% BSFA =2 WA7H
ZHAT, 97]9] o FR AR THoA 12
2 B 5 tHPerante et al., 2002). S=3jjof] &= H.
trimaculatus®] Q. AFH7)= 3~5Yo] xRt -5 AT}
A FAAZI= AW AdollAe dF WA o] 7hssklrt
(Truong and Nga, 1995). we}A] Gofx|9] sfutR= &
iz el MAlet= S5 Hot o A7) A& 7RIt
(Lourie er al., 2004). ¥ A A3} A% sfjut 7§ALL2]
A= 41092 ERIE S Ha5el 3 74 &4
2 5~69of 7P =oAL, 109717 BEE9 A A7}
ZRlE lom, 20mn ©]5}e] Z]o]o] T2 6~8Ho| S
At 6~8Yo] AT 2 oj52 8~10ol| 50mm o]4Fe] 1
ol 7Fdste Aer At ol2jgt A+ AuE Bt
FOR ojup] 38 wh| A7 4~54, ARG Ao W=
A7) 6~8YE FAEH, 4 Xoj52 UE 4R
o] F8A] AL 1097hA] dAtA1e] Wl A&4Q0 A=
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ste Ao FyuHL.

dRe) shutsis WA 0] 119] ANE oln o
Holx o] AAEE-S Stck(Perante ef al., 2002; Moreau
and Vincent 2004; Foster and Vincent, 2004). 3fju} 7]+
o AT A9 Au7t 15 7P of 2x¢te sfute]
JHl= 172 $70] R EY =9t dubd o= sfjnt
e MA7IZE S8t o] A EY fPEHo] o F2
Aoz d#A 9J=d|(Rosa ef al., 2002) o]= 7o B3
g IR Iste] ool AghAol7] tjEor FA
2 dAtellA 2015, 16| 64 /gH]7} 1:10] opd A o= e}
AWK Vincent, 1996), AH] B8-S AQtE o] ¢1otA| Y
O Z7Ee] Ap7E AL Auke] o) Fat o] Yol gt
Aoz g2 eRed 99l 59 Eahd o] AN
Aow A7k

QPO A 2AME St oFF9] 2 EHP o
o] QxS EQl=T o= 159 T8 HolE
2 AW ] 7F= ¥l o] =(carotenoid) A Tw o= wEE
EltH(Vincent, 1990). 3fjulF Aol= 7|9 wel 2~20mm 2]
2015 gt v 5~2,00070A4] He HSh= A2 dEA
Ql+="|(Foster and Vincent, 2004) A2t= fju} A 9] xEt
T2 31~59(B+t 47.3)70, Had Qo) vt 9l Aol
L 20-76(5 39.4)0kel S B8t Qo] T st
H|gko] Zebp= AX|RE 2]0] 8] 24227]7} 9.9m= 2l
=jo] sjok7 1o Aoz 2 ol ek, shot Alo]
= o] 277 245 B $9EAL FolFn, Hol
2o QI3 opAToIt ALfA SO 2AGIA Felst
Al ZHgste] AEES =Y 4 d=tl(Marshall, 1953;
Mann and Mills, 1979; Calow, 1981) AQ% 3fjul= A2
EHEANE 2]0)9] A7)E At HEES Fole B
2 XKt Ao g BZE

R LFolRUoAE B4k, e EHY
o] B RE 7HA L Q17| wiol s FyefAl oA HA2
wz] oFo Ao g AL QItiLourie et al., 1999). A+
7HA] gedAl FupRe] HHoml wu|F(Jordan and
Gilbert, 1882), THA7| %, 71o8]&, AX]F, d4t5& (Whitley
and Allan, 1958), o} 4%, FefF(Kuiter, 2009) 502 <
A Stk ZAPIZE 5Qt Qb 2] et A EH
o= 45 177} 3659 ol 77t S sinke] A4l
= Pagrus major), 7°59](Lateolabrax maculatus), %€|
(Platycephalus indicus) 5] Z@3FA|Rt sjvte] HE&
1o Ao thsiAl= 5 AEA 5= &8t 7t
28 o7 AZE

SfuhRo] A& A WA, BEolY T e &
9] =9 =72 213t J¥(H2|H H. comes; Perante et al.,
2002) % WA, ARl 1o ofat (WA A

=]

_,_,
ofl m
Y of.

B

erectus; Baum et al., 2003) A WA, A% =}I(H.
capensis; Lockyear et al., 2006) 52| 371%] Q2102 34
AR Qlek @AY Al dfnks Falieh et
FolQt A A9 s=A] A HoA AFRINA7} o HA
THEE| AL Qlo] At o Sthe} A= QIRE AAA] 1}
2 NAG7E 34T 7HsAdo] wig- =tk 53] dsdol v
§- FIL o F /o] HolA| = sjule] e A 5434 AAA
Shaj7} shob QAR ge] 8 Uelow AZHET B3,
sfuke] Fa ANACl Avele Zebs Aokl tim
A, A A e, E o, o S 5o
ZWeto] vle- =2 A do|t}. sjnt= A AAH o= HE
7100l Aslf = whE Bt npgo] wlfe- AlFsEA|RE
ORAI7HA] A=A Rl A4 i d 9 FEIE Q- F53
Aot wheba] 7O R Al AE RAE AAEF
4 9 24, T 4D A 29 AARE 2AHE F6l
AAAR & BA 2 HAE 93 tfyupdo] AlEE AL

2 Az,
ZAte 2
BT FYTY AP AL SRR AH]o]
o3 = A&
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