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The relationships of environmental factors to the distribution patterns of the three species of ophiuroids,
Ophiura kinbergi, O. sarsi and O. sarsi vadicola from Yellow Sea southeast seas and East Sea of Korea
were studied to characterize their habitat niches. These three species chosen for study illustrated distinct
niche and patterns according to their various preferences mainly for bottom water temperature, bottom wat-
er salinity and depth from seven environmental variables which were depth, bottom water temperature and
salinity, density, bottom water oxygen content, grain size of the surface sediment, and sediment sorting
coefficient. The results of habitat niche study mainly dealing with O. sarsi vadicola suggested that the op-
timum habitat ranges were approximately 6°C~10°C in bottom temperature and 31%~33.5% in bottom
water salinity which also corresponded with the characteristic ranges of Yellow Sea Bottom Cold Water
and higher probabilities of occurence(more than 70%) were found in depth ranging from 100 to 200 m.
In addition, the habitats of O. kinbergi and O. sarsi were compared with that of O. sarsi vadicola. Their
ranges of habitat niches were found to have different niches in physical space of bottom water tem-
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perature, bottom water salinity and depth. Based on the distribution pattern of O. sarsi vadicola in the Yel-
low Sea, the ecological barrier which confined the distribution of benthic macro-invertebrates in southern
Yellow Sea was determined to be the Yellow Sea Warm Current (approximately 34%.< and 18°C in De-
cember) which occurs between 33° and 34°N of southern Yellow Sea in winter time.
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Fig. 2. Comparisons of mean and ranges in various en-
vironmental factors among O. kinbergi, O. sarsi,
Q. sarsi vadicola and absences; (a) Yellow Sea
and (b) Southeast Sea of Korea
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Table 1. The result of stepwise discriminant analysis. Multivariate discrimination was made among O. kinbergi, O. sarsi,
O. sarsi vadicola and absences

(a) Yellow Sea{Ophiura sarsi vadicola-Absences)

Variables Selected Significance of Average
Variables Squared Canonical Correlation

Depth(m) Bottom temperature p<0.0001

Bottom temperature("C) Bottom D.O. p<0.0001

Bottom salinity(%)
Bottom water density(o-t)
Bottom D.O. (ml/l)
Sediment grain size(¢)
Sediment sorting Coeeff.

(b) Southeast Sea«{(Ophiura kinbergi-Ophiura sarsi-Ophiura sarsi vadicola-Absences)

Variables Selected Significance of Average
Variables Squared Canonical Correlation

Depth(m) Bottom salinity p<0.0001

Bottom temperature("C) Depth p<0.0001

Bottom salinity(%) Bottom D.O. p<0.0001

Bottom D.O. (ml/l)

(c) Sohtheast Sea-(Ophiura kinbergi-Ophiura sarsi-Ophiura sarsi vadicola)

Variables Selected Significance of Average

2 Variables Squared Canonical Correlation
Depth(m) Bottom salinity p=0.0002
Bottom temperature(°C) Depth p<0.0001

Bottom salinity(%)
Bottom D.O. (m//})

(d) Southeast Sea~(Ophiura sarsi-Ophiura sarsi vadicola-Absences)

Variabl Selected Significance of Average
anables Variables Squared Canonical Correlation

Depth(m) Bottom salinity p=0.0022

Bottom temperature("C) Depth p<0.0001

Bottom salinity(%) Sediment grain size p<0.0001

Bottom D.O. (mifl)
Sediment grain size($)

(¢) Southeast Sea-(Ophiura sarsi-Ophiura sarsi vadicola)

Variabl Selected Significance of Average
anables Variables Squared Canonical Correlation

Depth(m) Depth p=0.0485

Bottom temperature("C) Bottom temperature p=0.0234

Bottom salinity(%)
Bottom D.O. (ml/)
Sediment grain size(()
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Fig. 3. Distribution patterns of O. kinbergi, O. sarsi and O. sarsi vadicola on the 2-dimensional space of environmental

variables
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Table 2. The results of F- and t-tests for the distribution pattern of Q. kinbergi, Q. sarsi and O. sarsi vadicola

Mean +S.D.
Species Bottom water Bottom water Depth(m)
temperature(’C) Salinity(%)
O. kinbergi 13.87+4.92 32.77+£1.69 50.36+ 40.33
0. sarsi 12.07+5.20 33.90+0.46 151.80+95.23
O. sarsi vadicola 9.80+2.67 33.18+0.80 88.57+33.22
F-test of variances (0,,2=o,.2)
Species Bottom water Bottom water Depth{(m)
temperature("C) Salinity(%)
O. kinbergi-O. sarsi 0.7813 0.0227* 0.0155*
O. sarsi-O. sarsi vadicola 0.0172* 0.3048 0.0001*
0. kinbergi-O. sarsi 0.0015* 0.0001* 0.3142.
t-test of variance (W, <p, or H,>H,)
Species Bottom water Bottom water Depth{m)
temperature(°C) Salinity(%)
O. kinbergi-O. sarsi 0.2497 0.0186* 0.0373*
O. sarsi-O. sarsi vadicola 0.1930 0.0253* 0.1062
Q. kinbergi-O. sarsi 0.0046* 0.1976 0.0002*

* denotes the significant p-values(p<0.05).

Table 3. Indentified Gaussian multiple logit model
equations with estimated parameters and p-
values, based on the presence-absence data of
O. sarsi vadicola. Parameters were estimated
by maximum likelihood estimation method and
significances were tested by Y, statistics(T=Bot-
tom water temperature °C; S=Bottom water sa-
linity % ; D=Depth m)

log [p/(1-p))=2.9872-0.0500 X D+0.000237 x D’
(p=0.0002) (p=0.0050) (p=0.0104)

log [p/(i-p)]=5.8177-1.3978X T+0.0767 X T*

(p=0.0215) (p=0.0041) (p=0.0005)

jog Jpi(1-p)}=1346.2-81.5130% 5+1.2335x §°
(p<0.0001) (p<0.0001) (p<0.0001)

log {p/(1-p)}=1090.2+0.0122 X T--66.1504 X $+1.0015X §
(p=0.0006) (p<0.0001) (p=0.0006) (p=0.0005)

log {p/(1-p)]=-2.3460+0.0371 x T*+0.0001760x D’
(p<0.0001) (p<0.0001)  (p=0.0081)
-0.0394x TD
(p=0.0069)

log J[p/(1-p)]=70.0324-1.8871x §-1.9457x D
(p<0.0001) (p=0.0054) (p<0.0001)
+0.000179 x D*+0.0550x SD
(p=0.1071) (p<0.0001)
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Fig. 4. Gaussian logit curves of probability of occurrence of Q. sarsi vadicola against salinity(upper), temperature

(middle) and depth(lower) in Korean waters

HxHog AdE 7H9A EXE 23] A4
Basl 2 fol4S Table 390 AASHL FEE)
3} £AD) 2t 2ol 2] D ke Alelstae o
3 99%2] A7 Sl F18E 2R A
o gUsl fokA B Aoz vehd D %
(p=0.1071)% §9] 5 AT A2 Hvgten,
A2 23 AAr AgES A wedsta e A
o2 7p3sledc). o|E ulsl o 2 O. sarsi vadicola®)

4% 3 859 BX F4E el a¥e} Fig
49} 50]t}.

A, Fig. 4oll4] dwigke] AxE B, Anka e
Z 0. sarsi vadicola®] &) 715A4E& Veldl = 5
o] <F 40~60%2] & gt-& el glet d =2
Al oF 33%9 WeolN #Eite] /A =&
AA A7 Hol2le o 5 glen, 529 A5

ol oF §C 2ol AY A Wit vhehtw



450 A - &

. N
3 i
2
3_;3 o Ophiura kinbergi
28.004 »  Ophiura sarsi -
26,00 Characteristic ranges of Yellow Sea i
Bottom Cold Water
6b0  8D0 1000 1200 1400 1600 1800 2000 2200 2400
Temperature (¢}

1500 -
10004 R
&
£
o
8

5004 i

2040,
— ."../%‘ ..l'l .l T 1
1400 1600 1800 2000 2200 24.00 26.00

Temperature ()

1000

Depth (m)

2400 2500 2600 2700 2800 2000 3000 31.00

i} g e

Salinity (o)
Fig. 5. Gaussian logit surface of O. sarsi vadicola againsi salinity tcmperature (upper). depth temperature (middle) and
depth-salinity (lower). In addition, habitats of O. kinbergi (filled circle) and O. sarsi(filled square) were marked.

ek e, 419 ASelE T de FH
50% vlRte] -ggto] vehda olow, 44 AAA
100 m B2l Ao vehlw gck 44 sl
& FHo2 wiz MY 2 Al ¥
(absence)®] gro] LieRd o] = o] 2} A A
ol this] Wrbx] a2 iE o) ofd B &

L
T

lo

Q17 A% 2h&-(multiple factor interaction)®] <3 3k
& Vet = Zlolw, ol ke 2 A
FTEAoF i I BEGS el
o]-f-9} 22t

Fig. 5% 2x19] 7 w5 27 9ol O. sarsi
vadicola®] ZA #5-& Jehdl 719, 2.5 70% o)

oX,



24k AR Erhabel 3% M A 24 451

Are] & 7S dl&dle Ao vehde $
A, ME dRwet g0 F7b oA oF 70% o]4t
o] gEgkol vehd o] 6~100C2] 2 M9}
32.0~33.5%<] JEE H9 oluiH =T, o] HiA
2123 (Yellow Sea Bottom Cold Water)?] 54z}
A dxsk= Aok og7lelxd o|F O. sarsi vad-
icola®] A MAlx W2 715, O. kinbergi
o} 0. sarsiz} 28 AAE O. sarsi vadicola®] A
A Hejutel] Adsle AYE o+ Aok FAUFH 5
o] @AM $4] < 50 m ] A 300 m o] el
A e BE ehiz glon, data, o] Fo]
Alel] QA E g8 AAE ST AUdSS G
4 9let. o] F 7hA] 4 849 FNAE YA
2%0] 238 MAlAE AA W vl fA]gt Q)
= o ® depgc $, A R F
A 32~33%3} 100~200 m o el A =& HERS
etz gled, Uria] £ o MAAE O. sarsi
vadicola®) A7 AMA1A W]l o2 vlojnt 9}
-2 o 4 glch. zZtzbe] Zgtel ahe} ohar A A4
219] Wt vl4g ffolE Yehie Zle o)E9
AA A 8] A 7R HeE FA 2HEe B
&o] P e el 7o wd=c).

U -

1. B2 Ophivra®; 352| BREE EH|

Mefollds AR7] 19417123 2047|256 W
A Fuel AnEielRe] $F 2 2 B
A7-E Ssisich. o]el B HEA A7 o7}
Clark(1911)0]c}. 2% B9 5559 3} 32:27 Apo]ei|
AR Bescke] A2l 2E Ao I
Ophiura sarsi® BHF7e] F8 $038 B34y,
25 A9 @sh= MAEo] tha FeAal He|
Ae 3 leg HAsgt oY AL IF
Aol AvgriatelFe] EFol A3l A7F
Matsumoto(1941)e]]  &Jsixx "= »} gl
D'yakonov(1954)% % 2|9 2] WelAd& w= /HA
=g gaksied ), 1% o] WA Sl O. sarsiz} 3~
3000 me] 541 W eloll MAlshe Ade tEA T2
40~50 me] F2Nx MAsHe o2 vehd ol
o] ult el xo]® vk oz} HAIH S| A4
M E o]zt gl Aoy wHAuksled O. sarsi vad-
icola®hi= o} Z(EEME) .2 T¥ syt

T, AL A0 BT Fell sle] A3 A
(1954,-" 31(1989) S5 O. sarsie] 0|2}t Mol A&
FAastict e}, o]l &2 ol E vehilE 8 o
o]zl A MY Wi ds] &
Aoz Wiz gona o]ladjt Ao} o] E-S
shie] ofEo g BEYAH 5 UL AEE g AHo)
A AR R o F9] AR7} ek AFss
o metal, $19) F 7 ATEE U syl 8
o Uizt AAA Favte g doizl 7o g FaHr)

2, B3 f 519959 el Rk a3
Ay gaox A7} =UD 0. knbergiv 2% 7
X 97, O. sarsi®} O. sarsi vadicola7}2] 7%l 9]
ol x B ¥ glolrle] TR o] 4 H tiEe] St
Z2] ges}t 2kE vl vl& T k&3 |y
)2 W4-E5t 942 Abo)9) 7HA, T8l E5o] A
% 5 220709 ¥4 HE 5 s7ie] #a dsl
A g-2lgh 2ol vrehilgl e, o1& 53te] F 25074
ol B Ikl o Dle] e Rgle] 7
Ao 2 vehge}. ot fdeiA e 5 a
& A Ao A O. sarsi®} O. sarsi vadicola®] 23-°)
=3 slgl =, zt A g A s A 22
=2 % A Ax falgle] glo] 93 7€ A
o= O. sarsi vadicola7}, 104 2] 3 $-oll+= O. sar-
sizh 24zt AR He] A H o2 FelEe] e A
2 et} wgh vlay Ao A3t Fl
G i) 2 gy 72|37 £F Ak 5o ¥V
27 89 SolA Pyt A= e el
(FATF4, 1994b). mabA, f 5(1995)2] Aol
A Ao ASA 5L Aol 4 gl en, F3
2 Aol A= vlsh o] 0. sarsig} O. sarsi
vadicolaZ}ol| ] vhehd 813 A A A 2191 e] Aol &
s B o, o]5-& S} £F WAE FEHok
g Qo g Azl

1oy lo e lo

2. SiEE =8 HA0IMQ OlF 350 BEL ME
2, BT, $4A 59 #AR0IT WA MAIX X|

o 4

At A FEo) A A2y EExe] delMe
AT 20] TR F8F 9 AL
wlolEodz) 7 glr}. #|<F, Grebmeier et al.(1989)2}
ol Tl o)ahd, B Berings] ¥ Chukchishe] W5
ol A ahE A4 FEAS $Ei: HA4T S
o] 2938 7o 2 Jehd ubd, of= Al thF-5-2f



452 A fA

A 8 FA o #3le] o373 Bastida er al(1992)
o] Aol A= Zt7] 8 59} 7| & J4alHe] &
ALz S 7o) A8k, & el ael T 54
A A F24)0] FEEH, ole I94] Al e
#Beg)le Aoeg yelydrlh 12y}, Bastida et al
(1992)2 o] F 712 27 8919 dgzo} 4%
A8 Soll B A Hvles 5 S A T F
A BE ofAbn FAT] FEEE ARG 2
& EAd 24-& gt

g8, I T o] Asiak AvlBotate] Ao 2
F ol ale] <178 Shin and Koh(1993)¢] A2 &
g2o] Fucly ZF83 ZHE-§ 51, pAlol utel
A} vepd AgAre] A BX = oo} AR B
2 2t $2 uFel e ¥ghel B AF A}
449) 29 AL wiRke 2 oAl Ae] ohlmz
A Al vwE Brbeshd, ohge] 3714 o]l
4] Shin and Koh(1993)9] Aol o} AL sl
B 5 glrh (1) 92 23 $4o] AT Ay
& e, 8 A7 Ad F $AT a2 F0
A o] 3%FFo] vla] FAY Al 7k ALE ¥
5 Bolokshd 2 Hefrt 28id Zleg wrlde
ojeg Aeg ey, 2) FAT dE xS A4
o A viehd wie} whabzlA 2 23818 vA] 27HA]
#A g9, &, A& 21 ik g2 5=
o] FREE AT e Yo, 3) Wt 5
g3 o] BUL AHEE ek At B
2419 Aol d Foncks A Asl} S A
o}, IR W4 R5F O. kinbergi-O. sarsi-O. sarsi
vadicola7}Y®) A<t w129} O. sarsi-O. sarsi vadicola
7+e] n)el|A] FAlel R Wi R A=k
A Solrh o)At Vg2 2 HE AT FE A2
e duEs gy A4 4 9lokFig. 3%
Table 1). :

0. sarsi= 2e]scfe] F8 A TEFCFE I
212 glow, e At a4, it U
g Y ERAAME 200~600 me] $AI} FHAH L
2 oF 10 Kme] ¥$]ol A3 H2AAelA olg &
Axe] 7Y FEE s 202 433 Uri(Fujita
and Ohta, 1989). Fujita and Ohta(1990)x= d¥-2] &
B AlsA s el AR BlAEA v E-7FAe} (Ophiura
sarsi) WA Wxel 77| FRo FZE A7lA
o] F2| Wal BXE AAshe 7 8L ovtx

F2, FH%R 22, wole] §4) o) ¥ 4 UE

gt

o2 FAsldrt w37 o)Ee] 7MY & UER
Z 3= A 200~600 mE = o] H7HK<S B
, E|l A 82| 9] %= very fine sand 2 Eo] ¢, #
FeL 25-40CE AF A AT AoE v
ehydr}. dubd o 2 30~ S| Al/mrE- Holw, 4l
Z7lell W} W EFEE 324 m FlollA] 1,8247)
Ameez gk 2elda gt z2v)Hie B2
= t}23(polymodal)e] v, s=Ale] 200~600 me] s}
A A EL A2 o) FRo dUFoE o v}
3L ®Ekedch €8, Shin and Koh(1993)9) 23}«
A& o] T 44l 49 mollA] 2,000 m7}A] B E 5=
Aeow vyehly gy, B AFNNE O. kinbergi®}
0. sarsi vadicola®} e SF318MA] #E5 & FeAlAd
(eurybathic)e] EA-& zte Z£o8 B &+ glvj(Fig.
33} Table 2). gt B2} $%(1963) 2 Liu er al.(1983)
ol 23} O. sarsi vadicola(WF A= O. sarsiZ X1
Hag s 94 Beuzezs Aol el
oSl Al/me] UL E RExse], govE: B9 33
A o, Boge it glpAaie] ol2i=
A2 el dsre] ¥ Wejel dxgoty
slgich e, o] date] A BAE 7RI,
Foppzt Ao e 2 GEEY BAE U= B
& WollAje] vimrto 2 gdeja] FZolel A7ie,
ol g2 MAAr} el FEsy FETA ol
£ Az B g 0. kinbergiXrthe Foul,
O. sarsiithy WS GEE WY ¥ AL 2
b & < ik
¥ A7e| Aol A& Ophiura%2] 3% % 0. sar-
si®} O. sarsi vadicola®] ¥ ¥+ A A HHA) &
4 ol 7o g JebdEdl, O. sarsi vadicola) 73-%
ol Fig. 1elA it A ate] e B3 5
Aldola 3Ate] 2X e E gde Az & F
ol A1(1989) O. sarsiz} = 873 I 3}od
A Ee EAd & £8 %7 24 AlgsA
goe 11 Mg o) gYsrly AFssict 1
E O. sarsiz} T8 FAX17 3 HAHE &2 &
71 BUA T A3shes A FEelr] dFed A2
2 8 5 qlvhw sleict a2y, O. kinbergi®] 2%
213}

Y,

o r A

ol ool B, 7k wF AP B

2 80~90%)l|A] AL (Yoo, 1992), ©]
Clark(1911)¢} Clark and Courtman-Stock(1976) -2,
A x|k Aot webA, O. sarsi, O. sar-
si vadicola 55} O. kinbergi7}t2] A A& %] 9]2] o]



ol AR BobAbe] 3] A A A A9 453

el AL & aksleiw, Bl TRl
H Aol Fusfzict.

BT Y2 7 Soll= salel 2w ¥4 AFde
] FEadge) Azl A4t FALE 2= A
22 vehdd), ol Fig. 28] A2 Kot O. sar-
si7} O. sarsi vadicoladl] Bl &) ¥l A Z]8E Y
Aalshes Zlo2 velr] diel ALE FEdo
a2z, ol 3 FA6A] F Fo] 25 veliR]
2L 72 N9 AAe] 2 HF Ud=E vIaY
4 3l 3709 Aol TR O. sarsig}e] o]zt
=gzl dfFel Adegw Az 2 4 9jch
0. sarsi®] 7$olle 53 2 ey} 54 600 m
olgte] of-¢ AHE HAYANME YR RoZ
b2l 2] ¢l (Clark, 1911), &3}, Shin and Koh(1993)
o) Azt E O. sarsie] BIE7}L A= A9
A oz depdel oleigt A el FEE
7ol 9lelrie] A o] o7t W Addsl
& FAEhe 7o) Bk el Aoletm ¥ 4 9l
L}, ololl g Bl FAAQ] A7yt de¢E
o= Zlolebw A
T, MEpe] 45 Aha] Aol el
HS-E Afsta(v, Fae] Aoz JA, &
gt AlERACE Exshs A2 Jet(=
-0.44397, p=0.0011)), &2 423} & AUP
Al (r=-0.90964, p<0.0001)E- = e g el g
A A oA o} 9] FA (multi-collinearity
problem)&. & = 742 WS} F Aol A= =] oF
= Ao Yehgod, galet 5 K] A5 E
Witsie e wWelx HA FAT ARBA(=
10.49939, p<0.0001)7} ZAj5H= 7 0 2 vhehr}. o]
2HE o] F /A wigEe] U ANYEE P
e Ao Adsle] o] F AFHL L F8
%7 942 daieint.

A EAL FAAE e gl E ohh 4
Aolol & Wj-fo] HAFHA}. AA7A] O kin-
bergi= 1% -} ok (Indo-Pacific species)>. 2 o]
A& 2 2o)d, 59 A=} Folxzelz} FA
A x| A8} (Clark and Courtman-Stock, 1976),
Matsumoto(1941)el] 2] BulFol| Ao} Eut gHA]7}
A= 5, T2 MAxe] 25AF@FHFAT
2n, 1987), G4l 1984)8l A o8 A== v 9]t
o, 2 AT Aol ot O. kinbergiv 1 ¥
¥t 546l whet Agt=Ev, T2 Aol A4 st

» lo o

fr jo

s b v 2%l ule) o] Yo Mo 4
G Az o2 e o) 19 oF 4009
e gtz MAEls gl Aes B3l
Liu ef al(1983)¢) 75 Ssled 5 o 2= qlc}. §hd,
Clark(1911)el} 218} O. sarsi®] £-3 & sl o
dE= 257} 234 Aql Q9le] 28 AR YL &%
FEHE vz goded B AFedME
O. kinbergi7} ©|9} frA18F o) Y& AAE ze
7402 Jepgtci(Table 2). o]4Fe] Friaf Algle g
B O kinbergit- 384 F08 FAAE 7o) B
o} eldstod(Fig. 3), w3 o] £o Ex 2| 2} ¢4
Aol #ated e & of odta 2 F87h gl

A Ala] =) gle] Apolol] g Ak 37 Green
(1971, 1972)3} wlawd 2 72] Flint and Rabalais
(1980) —22) 3. Flint and Kalke(1986) S-<] 3].o.nd, o]
E2 %% Hutchinson(1957)] AHjgrgt N-di-
mensional hypervolume®] 7N 3o} & A ubd gk
Hoh AgAe]y, B&A ] ngl ohHz E B4
(Multivariate discriminant analysis) HhH-& ©]-8-3}9]
o} v ol oM ol 5] ZF 2 o E v}
gon, o]l £ Ao AR #73 947
FAe] u¥-g A s dol AR} W AA
4 QlES slo] Fu= dAE Y B Ao e
RE] 254 HAoly) ditolch MM Fi-g Yo
3 159 9 A= AR FHE 23
Aa g ] #4 dxle Fashd Fouds
ZF7t 2|9 2] F3lolle Ho| HE uby SO ofof #
Al (trophic relationship)?} 88 FEH o 7 x4
3}gdcl. &3], Flint and Kalke(1986)= v & &A%
22]H F3e] 714 AHeME $HETE FEo)
o, Yo w7l HOE AR $RE O O
2 A7 29 Aol7) el E-& vt 1
2}, ol3Z HAE FL 3 el A Hl
2 23} 7 AA ul Al (competitive exclusion)?] 3] ¥]&
2% o)) AN £ glo, E e} 3R bt
A3 Aeld Frazre)e] A S HEA7E
AL oha Felet Aztsbd, A4S 2] A7
AejA ey xspdel FH(ecological and evo-
lutionary adjustment) 5-2] 7153 818 il
Aot & Zolr}.

Fujita and Ohta(1990)= d&2] AJafi4t 8lik—A
ol E7pabe] F(Ophiura)e] B3Eo #3 A7 5
3| Ophiura sarsi®} O. leptoctenia®} 5=%]ol| w} & &

4e o 1




-
g B
€ Hydrographic station of NFRDA., 31206
3 ® (3404°01" N and 12518 E) Depth - 100m
28.004
Hydrographic station of NFRDA, 313-07
= (372404"Nand 12500°E) Depth - 75 m

26.00-

Data fron NFRDA {1994)
600 8D0 1000 1200 1400 1600 1800 2000 2200 24.00
Temperature ()

1 |
1000 L
£
£
Q.

&
500 -
010 , 1993, 12

- [ ]
00 1000 1200 1400 1600 1800 2000 2200 2400 2600

Temperature ()
1 L
10004 -

Depth (m)

2400 2500 2600 2700 2800 2900 3000 31.
Salinity (%)

Fig. 6. Hydrographic data of 312-06 (filled circle) and 313-07 (filled square) transect bimonthly observed by National

Fisheries Research and Development Agency in 1993 (NFRDA, 1994) were marked on the Gaussian logit sur-

face of O. sarsi vadicola against salinity temperature (upper), depth-temperature (middle) and depth-salinity

(lower).
o] AL 7 AAY A= qMdTt F, o t}. O. sarsiv A& 22 $alo] L& 200~300 mell
Be| ¥ Q} Otsuchi gujch Alslz]olla ZA)EH A z3r7] 727 AR A isks Jedie, A9 o]

% <
AE ww, AANAAR GO, sarsiye £ 0o AvlErble FAel H4A sk ol
Ale] Z=71ghe)| wle}l =) Zrbalbe, e =27) 2 =& 7}ql(recruitment)e]] 7]l¥vha Az}aied C
T-ZE(size structure)?] A& =#H3le zhAgckz 3] o, uhd FAlo} 400 m o)Akl el Ap2 SN



G4 AR BoIAE 359 A A 455

v A wARA o webd six BeE e =
A ehA doluix] gx ok ot Y, ¢4
o] 300 m o)Al FollA+= O. leptocteniaz} "§%- F
BalH AR AH e 0. sarsi} 22 JHAE
& AY glcke AL Wed ol olE F 54 F
7t Ao A% o MAY ¥ APLE WY
Aoz FAsgch deld, o]Ee] A7 A= F
3 BejAal felvte vleto @ s AldAl AA
qgo] AAA z$iel FIF FAo| AE A5
DA AEA 2L AR AT 2 1 A §Y
2 P82 gk AL AR HleE 2 43l

3. Ggslio] EXsts MEIN BH9] dA= P!
24?

gate 4, B3] Faet $2] et dale] AX
58 FA #te] A7E 4 Liu er al(1983)
2} 21993y T35 B5-9 s G Apeldl 4
7t JE2a gt RxE 7h2 e A Ay
o] glctx &gl Liu er al (19832 o] Lol W&
=82 Ao] EafstA] o], £ Fulrt T3
&u g, ol 42 & FAHH ZoR F53A
o}, g, A(1993%= ©] AAZ FIFFS] AAZ
7] ¥rbs A9 Hdeg B4 A= e
ol o] giv} g A HAIHe dEE Tl
7} 74 2 Mg 8ol E 4 & A2 Bt

2z} Ul dals 2L dFE4E 2 H
o] A dvt FF7F AR GF  HEUl
AaHA B2 Agele 4% B AEFY 4%
2 F39) g8 F4H2 JFshs GFFoF LA
o za) F5E FAYHE, 1992). Lie(1985)y= =
YA U] B2 AL o] 4T AL FHH
o] 4223} ART EA B AT, 34% oA
o] dEx9} 1296 16°C o]4F 240 122C o],
2|7 4o 13C oAl & WS 2= +AE S
&'+ 2<(Hwanghae Warm Current Water)2 el gl
u} gt

By, B Afex] #H% Az Re IS4
Ophiura% 3%l g A A2 A Aol dHair=
A2 2 a3 =2 Ay 44 5 9l
v}, aje}d] o] 5] A WHE o] g3l o]}
e o] Qe Aol AAE FHEeE A 7k
g 7102 Butsidc). o] g)sled, Liu ef al(1983)
o] Aejd Aol $1xslm UL Helebe FAE

A718E el Gk . 5 39 339} 34 Alele] 4]
&k AR EL(1994)2] 24 A4 B A
(312-065} 313-07)ell tH3ted Alel] wigh Ay <
B9}l 525 FAste] melchFig 6). 2 A3 4
Al FRxe] Aol HAZ A2 weel
A AA 8leld Heg A4 F o, $&3%
A W FREe} o) FabelA 19933 129
o] AZre] 10% o] 5t2) FEo] vehbe W ¥he
2 sloju} 7o) A 0w, o] 4-(2F 18°C)el|
olgt Aoz whd=lgdch £y, 34 B9 3324 9
AR E TE A 3139 HIM & olafgt &
£ Aol Hubxial Ao Pt weh,
2o AnEg Fgx o Bks) & o, s P
o 2Ash= Al A dAZ 1 A7 59
333202 Prta B 4 glow, 1 AME ALH
58] 1242] B4 AL Ze s w3t f1les
g3 Fieke FAe) 7Hgsid

4. Ophiura sarsi vodicola®| RIQ} ZIB St X7 RIS

wpzjet o 2 ofFslot & ¥-E-2 O. sarsi vadicola
7} o] 2yl AR g Apold] F Haje} ghilkx
9 g% ), T8 gk Rl AR A
Aolt}. & 5(1995)8] Ophiuras: 35-& At =3t
Zalpaabd o Aol Fsibat Zaj4are]
O. sarsi vadicolaZ}ol] 23] A 9] Aol & AlolE 4+
sy Aoz gl ol AYd MAITELS gene
poole] A2 Th=7 9e Ao A4 + ot
o]} gt gene pool?] T A¥& F-&H Al A%
H-Al(planktonic larval dispersal}@} {45 2] &4
o] gqlof o3 He-Hckm £ 4 k. Ao 7
2.0} &= Thorson(1946)2] A7 A, O. sarsi7} ¥-f—
AN 7S 7FA =, o} F2o] FAlo] 18] dAFelx A
A2 AFE vk glot, 2 42 O. robusta®] ¥
8719 FAEo] 2EAH NYAA(EHIE =
o o8 AASE o1 E2 A AF o]F Wy
q zx]o] Aol ols FA3) ) e 717
2o A7]E ZhErhs HollA] ©]5 $3) gene pool?|
T4 FsAel alg Ao ol a2y, #Fel
o)z ] f-A BAte] BAS wals] B, ajolA
Gl o] 89l 7PEAE, AL IS dde
g} Fasle Ayt ghbee) gl o] F o
D7 WA= sl @A vlAgehe $(1992)
o] A7 E 2 o, oS IS AR Y2 5



456 FA - fAY

welAl, o] #AE O. sarsi vadicola®) JBALE 1<
ol X e} fAE At A7t o] Foi o} YA
& 9len, 53] ¥-f fA R ZF A} DA A2
ol AHE £-& o] AHelA 2 dF At A
stod dsh Zlo] 8 7EE AAkhe FEold
g, 83| ol X 2] O. sarsi vadicola®] A7 A A} A
Hele g3 M3 da ] ek & dx (10 T vl
ahstel o], A4 AAAe] A7 A5 £3E #
8 A& Y sdshke 2 9@ d¥xE 18y
59 7ol 58 9 JdEdle] AF BAAE
ok BB EAshe ZAog vebgt. weba], divt
GH7t e Fal AR o] 52 A A
g o] EAY el deug, 2=
Fal(53], AFEe} I Ad Ale])ellA g
O. sarsi vadicola®] Z| #-59} 7 oF2 £ ¥ sj&d&

stetsh do| oluch Faalwh.
AL AL

B A7 ASAFA9AN FHT B3 F
A BE AT, SIAFLT2A990)04 AT T
2 A9 3¢ HF VAR A4 drETAg
BSPN 00227-7333), SRFAFLY a2
R(1994) S ARE o4l BATATE ¥
£ ulolnl, o] ARl i3t BAIR A2} EF
& AAF A elee] £ 2 A AR SolA A
¢ Abel g ERh,

= AL

A7\ 5 AT, 1994, AT A AY d AL =
A}8 4. 229 pp.

etz 541, 1994, sokmAled B A| 423, 438 pp.

£4 5, 1992. Tk o) s} faet NG
8}8]A], 27(4): 324-331.

Al 1984, =24 AR EsRAEFEEE, Ophi-
uroidea)®] A FH-F3A AT o shedRpel st wha}
¥9}=F, 210 pp.

A&, 1989. T3 F5ll A5} A FAIE A2 7 v]
27 . AT e AAFEH T, 59 pp.

AL, FAAL, whEA], 1995, A Bl vl 1AL
& (alAaA v ErRAke =, AvlErbaleloprd)el djE
2R AR E. GFEEFFIA, 12(4), A4

-
Qstefeha, 1993. s o} sl oAb Aied . 827 pp.
AEZ, 1993, 0% Fshedsl A Ao AASE <
AgEe] X ¥ A-gostw w19 =F, 293 pp.
g2 alr U skl A, 1987, Fale] At Fel

93

gk Alel sk a1 BSPE 00097-127-3, 153 pp.
e FA T4, 19942 A% SR L A2 AEA T
% o)A} 2}, BSPI 00181-697-2, 518 pp.
2 soFed A, 1994b. ghale 4 sjFRdE Ay
o o) &hall 83X %)-. BSPN 00227-733-3, 715

pP-

BEHE, 1990. 5-39) 2o sl oFJehstel B A7 B3
37, 3: 45-71.

PR, ML, 1963. T e IR SR Rl i
PEERLIRE, 5(4): 306-321.

Bastida, R., A. Roux and D. E. Martinez, 1992. Benthic
communities of the Argentine continental shelf. O-
ceanologica Acta, 15(6): 687-698.

Clark, A. M. and F.J. Courtman-Stock, 1976. The echi-
noderms of southern Africa. British Museum
(Natural History), London, 277 pp.

Clark, H. L, 1911. North pacific ophiurans in the col-
lection of the United States National Museum. Wash-
ington Government Printing Office, 302 pp.

D'yakonov, A. M., 1954. Ophiuroids of the USSR Seas.
Acad. Sci. USSR, 55: 1-136.

Flint, R. W. and R.D. Kalke, 1986. Niche charact-
erization of dominant estuarine benthic species. Es-
tuar. Coast. Shelf Sci., 22: 657-674.

Flint, R. W. and N. N. Rabalais, 1980. Polychaete ecol-
ogy and niche patterns: Texas Continental Shelf.
Mar. Ecol. Prog. Ser., 3: 193-202.

Fujita, T. and S. Ohta, 1989. Spatial structure within a
dense bed of the brittle star Ophiura sarsi
(Ophiuroidea, Echinodermata) in the bathyal zone
off Otsuchi, Northeastern Japan. Jour. Oceanogr.
Soc. Japan, 45: 289-300.

Fujita, T. and S. Ohta, 1990. Size structure of dense po-
pulations of the brittle star Ophiura sarsii
(Ophiuroidea: Echinodermata) in the bathyal zone
around Japan. Mar. Ecol. Prog. Ser., 64(12). 113-
122.

Grebmeier, J., H. M. Feder and C. P. McRoy, 1989. Pelag-
ic-benthic coupling on the shelf of the northern Ber-
ing and Chukchi Seas. 1. Benthic community struc-
ture. Mar. Ecol. Prog. Ser., 51: 253-268.

Green, R. H., 1971. A multivariate statistical approach to
the Hutchinsonian niche: Bivalve Molluscs of Cen-
tral Canada. Ecology, 52(4): 543-55¢6.

Green, R. H., 1972. Distribution and morphological vari-
ation of Lampsilis radiata(Pelecypoda, Unionidae)
in some Central Canadian Lakes: A multivariate sta-
tistical approach. Jour. Fish. Res. Bd. Canada, 29:
1565-1570.

Hutchinson, G.E., 1957. Concluding remarks. Cold
Spring Harbor Symp. on Quant. Biol,, 22: 415-427.

Lie, H.J., 1985. Wintertime temperature-salinity charac-
teristics in the Southeastern Hwanghae (Yellow Sea).
Jour. Oceanogr. Soc. Japan, 41: 291-298.

Liu, R., Y. Cui, F. Xu and Z. Tang, 1983. Ecology of ma-
crobenthos of the East China Sea and adjacent wat-
ers. In: Proc. Intern. Symp. on sedimentation rate of
the continental shelf with special reference to the



AL wlabRH 2rhate] 3%e] A A9 457

East China Sea, edited by Acta Oceanologica Sinica,
China Ocean Pres;, Beijing, 795-818.

Matsumoto, H., 1941. Report of the biological survey of
Mutsu Bay. 36. Ophiuroidea of the Mutsu Bay and
vicinities. Sci. Rep. Tohoku Imp. Univ., Ser. 4(Biol.),
16: 331-344.

Shin, H. C. and C.H. Koh, 1993. Distribution and a-
bundance of ophiuroids on the continental shelf and
slope of the East Sea (southwestern Sea of Japan),
Korea. Mar. Biol., 115: 393-399.

Thorson, G., 1946. Reproduction and larval development
of Danish marine bottom invertebrates, with special
reference to the planktonic larvae in the Sound
{¢resund). C.A. Reitzels Forlag, Kébenhavn, 523 pp.

Yoo, J. W., 1992, The community structure and dis-
tribution of the benthic macrofauna in Han Estuary
and Kyonggi Bay, Korea. M.S. thesis, Inha Univ.,
100 pp.

Accepted January 15, 1996



