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We investigated temporal and depth-related variation in species composition and abundance of the fish assemblage in
the southern East Sea. Fish samples were collected seasonally between 2007 and 2008 using a demersal trawl off the
southern coast of Korea. We identified 59 fish species belonging to 41 families. The most frequently occurring spe-
cies was Coelorinchus multispinulosus, followed by Lophius litulon, Acropoma japonicum and Apogon lineatus. The
five most abundant species were A. lineatus, A. japonicum, Myctophum nitidulum, Engraulis japonicus and C. mul-
tispinulosus, accounting for 87.04% of the total number of individuals collected. The number of species, abundance
and diversity fluctuated with sampling location and time. Permutational multivariate analyses of variance revealed
that the assemblage structure was influenced by year, season and water depth, with season being the main indicator.
These changes were visually emphasized using non-metric multidimensional scaling ordination plots. Fluctuations in
assemblage structure were due to differential contributions of the dominant species.
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(Naganuma, 2000; Lee et al., 2009). =3t 53 E5 A9kl
Az ool sl et vhere] ks whol 435429 &5l 9
3k Wtz A% Eastel(Kim and Kim, 1983), ol2igh &
Sl ela F2a oklo] BEo] ANl £1L uol
o] THsto] w2 AYA o159 A, €48 B
Aol o] g 817) %= gtk o & S0 8714 (Cleisthenes
pinetorum), ¥A|(Liparis tanakae) 5 44 #0172 04

oJ(juvenile)7} A% FHo] AAsk= Aor HuE it
(Park, 2010). L2}, 2 ool 7] FHs}o] T dupt
7ol 43 BEmo s | o) AE TR Wbt B
31 1tH(Kang et al., 2000; Tian et al., 2011; Park et al., 2017).

AF7HA] Ao TR A= TRt of (A eI, At
W, B 52 A ol 23 A7 4H 9lekJo, 2001;
Choo, 2007; Baeck et al., 2010; Park and Huh, 2015). 27 &1

52 o] Aol AHgE ol 7 S5l w0l 24 3
ol 7} LhERRLaL, ol 7} ofF0] AJehA] B4 i uof 4] &
3 B0 whE At = lot BHH, 2 AL} F L olak(
AU E AR A A5 FARE F E2E Bl
(Jo, 2001; Choo, 2007). 18} A A& ofF ++=
o] 7 Holof thato] ZARSIA 9k, ol FHTFR %
olof o' 2¢lo] o] = A= o] Jafa n|x|=A]of #sto] a1
SHA] T AE T2 Al Hsh= TRt a.qlef
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o) W dgkale] Aolw 24 47

& 7| wiof, thAsFEA] (multivariate analysis)ol ©]3f 4]
ol gt MakE gefAor A o= Ak

THbA, 2 Aot =l E ARt A ARE, = AE A
A2 o8] AT o7 T4 TR A2 A
bk 3ko]| whet Ao & e EA] ARSI & A2}
A7 ol LRSS AS3H] At 7124

B Aol ARE-H A5 g Bl Agke o 9] =4 30-
70 moj| 4] 2007} 2008 of] Al 2 A 7] A A AT(H o]
20 m; &, 4 m; @7 259 U, 3 om; AF 152 U, 1

A

=]

o] & v W3}7] §J5+] 30-40 m, 40-50 m, 50-60 m, 60-70 m A}
oloflA] TS whet 7 ol A 1314 TES o<l
SIS} 20076 A-2ofl+= 50-60 me} 60-70 moj| A Z42f 23] A
25 AL, 23] Hat ks ARSIt AR AR 2 4
AP E 3057t 5t 2 knot (9F 3.7 km/h) o] £ &2 2912 ]
FRAL, 18] A3 & 5 ol |l oF 7,400 mPo] ek A
o] AT THHAE(10,000 m?) L= eI
=(29), =(5%), 91589), 7F(11¥)= F+Z3}o]
134513le}. o] 7o) S8 el FF A= &4
o1& 24317 95kl T2} A12(10, 20, 30, 50, 60 m) 5=
25 CTD (conductivity temperature depth; SBE19, Sea-Bird
Electronics, USA)Z o] g-3lo] ZAsteict. A A2t &
oA ice boxoll Hpkslo] AR AR Lulst &, FHw A4
S AAHO.1 gy& Stk

7 dd olf 4] +2E H|wdly] $Jske] Shannon and
Wiener®] St = 2| <~(H')E -5} th(Shannon and Weaver,
1949). A7 A Sl gt 92 2a3str] Hst
of 14 o ¥k log, [x+1])E HAHALE. A, A%,
ol T2 of B, WET, T Aol 2 1A Slate]
HAFEA (three-way ANOVAS)S ALA|3H411, BE ¥4t 31
A4 (fixed factor)2 A AT

A, AR, A o 2YTLR Hol2 HAel| et
o], RIS o F dE5F X} E+= Bray-Curtis similarity S
ol-g-3to] frA= MiEZAS F535F%1AL, nMDS (non-metric
multidimensional scaling) ordinations ©|-8-5}-0 A|Z}3} 519
tH(Clarke et al., 2006). ©]% Z+ @21(¢=, AA, =4)3 34
Q19] Az aate] oS A8 $18to], three-way PER-
MANOVAS (permutational multivariate analyses of variance)
£ AAJEl9ith. PERMANOVALE AEZ71 AgE o] &3t v
W (non-parametric) FAHEA 0 2 718 H5817] 98]
permutation ¥'#H& AMS-3Hl. PERMANOVAE T3 72F 9
o1y} Abs g yte] 7o o tfste] components of variation
(COV)E Fofdlt}. £2 COVHS E48R B= Asay
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Fig. 1. Location of the study area in the southern coast of East
Sea, Korea. Samples were collected along the four isobath con-
tours (between 30-40 m, 40-50 m, 50-60 m and 60-70 m) within
boxed area.

AR F2E A4S o 2 G dehde A
(Anderson et al., 2008; Linke 2011). PERMANOVA Z1} o]
R FEA Fol g Aol 7E Ut 7-9-(P<0.05), CAP
(canonical analyses of principal coordinates)& £5}o] o] & o+
Ag TR, oW of o] 2} 1HS TR3k=T] 7]ol5te
A, B AT Aol E2AE 24519 tH(Anderson et
al., 2008). 7} o159 i 2] 7|0l e AT AT 4>(correla-
tion coefficients) 0.50]4& e & o] 5L o] &3}t

EAHEAS 918l SYSTAT softwareS ©|-8-5}% 11 (Systat
version 18, SPSS Inc., Chicago), TFHZFE4-2 PRIMER
v7 multivariate statistics package (www.primer-e.com)2t
PERMANOVA+add-on module& ©]8-3}e] 4283} thAn-
derson et al., 2008; Clarke and Gorley, 2015).

ZAF| O] HE 4222 12.7-22.8T 9 HOE Bk,
200749 Aol 7P @okar, 20084 o] 2of 7H4F =9kt(Fig.
2). A% ¢ giHE A7 A 24 F7tol| whet 7hAst
£ AFE B o, ALT Boll= B35 423 2 20| & Ho
| ket o5 o= oA Ztol mhet 0] F4 3] st
= AE B 8l=d], 20079 o Folli= 30-60 m, 2008'd o5l
+10-20 m Atolof A F4 3] FA31 T 3], 60 mo] 22

N
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Fig. 2. Seasonal and depth-related variations in water temperature
in the southern coast of East Sea, Korea.

200749 o3} 20084 7ol A XS R Yrk(11.0-10.4C).
20089 7Foll+=2007dof| ¥l 3| B A 2 2 HE2E H
=, F3l4 =4 30 m7kA] = 20T W92 gk UrER AL,
$41 50 m of3fof| 4] 4=2-0] 43| 7HAstelt

=
017 2Fo| ZE4

ZAP717E g et 4130l &3h= F 598, 35,8807 4], 505,468.1
g9 o] 77} YA = Uch(Table 1). & 343] 7oA E8]E53
(Coelorinchus multispinulosus)®] &3V =7} 7 =3ko™
(88.2%), 71 Th&-© 2 3o} (Lophius litulon) (85.3%), HF51 &
A2 A (Acropoma japonicum) (82.4%), G5 7}2]5(Apogon
lineatus) (82.4%) =2 & =S th(Table 1). ZAYIE 50% O]
4(173] o] E9)S UEhd ojF-2 F 7Folen, 123
13](2.9%)%F Z=&stoict dEFolA 7P ol e 52
st mo = A Y A2 34.51%F AAsHH 1
o}2-0 2 Qi EA| 2 2|9} AH]5A](Myctophum nitidulum)7}
ZkzE AA QA A2 26.89%2} 18.03%S 2FA|31ATh 1
th-S-© & HX|(Engraulis japonicus), ZH] 52| <0 2 Wo|
A =t 471 552 7007141/10,000 m? o]/ 2 3 = o
A AHF AWAG=2] 87.04%F A SFATE AA| 7ol A= ot
A7 A AR AT 29.21%, HA7F 16.64%E ZHA[6FA
t}. 71 tfeo 2 W EA 23], A(Chelidonichthys kumu),
ds7telE o2 AYEA=], A7 50152 HA A A
A 72.06%E A 53t

0l 2Fo| wak = AW, SMo| HE
ZAIIE A ofF FHY B, WEF, Bt

Year Season Depth
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Fig. 3. Variations in mean number of species (A), abundance (B)
and diversity (C) of fish assemblages with respect to year, season
and depth. Bars represent standard deviations. n.s, no significance;
*, significant at P=0.05.
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Fol oIt Wt AL 200813 Hf %
Rk =4 60-70 mof|l A tR2 AP} =4 o s H]
U Ul SUGEA B e, AR
HOJA| FRANE, o Fofl A& o= YAl 7] &
F& YERHTE Three-way ANOVAs A3, Q2] F<4=qF
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Table 1. Species composition of fish assemblage by frequency of occurrence (F), total number (N) and weight (W) and their percentage
collected seasonally between 2007 and 2008 in the southern coast of East Sea, Korea

Family Scientific name F %F N %N W %W
Acropomatidae Acropoma japonicum 28 824 9,647 26.89 50,438.2 9.98
Doederleinia berycoides 12 35.3 77 0.21 2,384.4 0.47
Malakichthys wakiyae 4 11.8 1" 0.03 346  <0.01
Aploactinidae Erisphex pottii 4 11.8 7 0.02 209  <0.01
Apogonidae Apogon lineatus 28 824 12,381 34.51 33,761.6 6.68
Ostorhinchus semilineatus 2 59 12 0.03 28.0 <0.01
Argentinidae Glossanodon semifasciatus 1 29 1 <0.01 56.1 0.01
Bothidae Laeops kitaharae 2 59 3 <0.01 95 <0.01
Callionymidae Callionymus lunatus 16 471 89 0.25 1,269.3 0.25
Callionymus sp.A 3 8.8 18 0.05 243.6 0.05
Callionymus sp.B 1 2.9 8 0.02 99.8 0.02
Callionymus valenciennei 8 23.5 35 0.10 3721 0.07
Carangidae Trachurus japonicus 14 41.2 128 0.36 1,059.2 0.21
Centrolophidae Psenopsis anomala 11 324 135 0.38 8,999.2 1.78
Champsodontidae Champsodon snyderi 4 11.8 8 0.02 253  <0.01
Clupeidae Clupea pallasii 13 38.2 659 1.84 3,845.7 0.76
Sardinella zunasi 1 2.9 1 <0.01 246  <0.01
Congridae Conger myriaster 25 73.5 112 0.31 6,201.6 1.23
Cynoglossidae Cynoglossus joyneri 10 294 42 0.12 1,752.2 0.35
Cynoglossus robustus 9 26.5 23 0.06 800.2 0.16
Engraulidae Coilia nasus 8 23.5 66 0.18 2,306.1 0.46
Engraulis japonicus 15 441 2,001 5.58 13,280.2 2.63
Gadidae Gadus macrocephalus 7 20.6 312 0.87 810.3 0.16
Gobiidae Amblychaeturichthys hexanema 6 17.6 24 0.07 211.0 0.04
Chaeturichthys sciistius 4 11.8 26 0.07 82.2 0.02
Hemitripteridae Hemitripterus villosus 1 29 1 <0.01 256.9 0.05
Leiognathidae Nuchequula nuchalis 6 17.6 26 0.07 394.0 0.08
Liparidae Liparis agassizii 1 2.9 1 <0.01 466  <0.01
Liparis tanakae 13 38.2 662 1.85 84,129.2  16.64
Lophiidae Lophius litulon 29 85.3 428 1.19 147,643.0 29.21
Macrouridae Coelorinchus multispinulosus 30 88.2 731 2.04 7,671.0 1.52
Mullidae Upeneus japonicus 2 5.9 4 0.01 426  <0.01
Myctophidae Myctophum nitidulum 9 26.5 6,469 18.03 11,4611 2.27
Nemipteridae Parascolopsis inermis 1 2.9 1 <0.01 385  <0.01
Ophidiidae Neobythites sivicola 2 5.9 4 0.01 186  <0.01
Paralichthyidae Pseudorhombus pentophthalmus 20 58.8 195 0.54 17,270.0 3.42
Pholidae Pholis nebulosa 1 2.9 1 <0.01 67.2 0.01
Pleuronectidae Cleisthenes pinetorum 14 41.2 339 0.95 11,730.9 2.32
Eopsetta grigorjewi 9 26.5 74 0.21 2,675.5 0.53
Pseudopleuronectes yokohamae 13 38.2 31 0.09 3,718.2 0.74
Rajidae Okamejei kenojei 3 8.8 14 0.04 537.4 0.1
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Table 1. Continued

Family Scientific name F %F N %N W %W
Sciaenidae Pennahia argentata 6 17.6 1 0.03 206.6 0.04
Scombropidae Scombrops boops 1 29 54 0.15 174.8 0.03
Sebastidae Sebastiscus tertius 2 5.9 7 0.02 532.6 0.1
Helicolenus hilgendorfii 3 8.8 35 0.10 2,025.7 0.40
Sillaginidae Sillago japonica 3 8.8 18 0.05 597.7 0.12
Sphyraenidae Sphyraena pinguis 4 11.8 7 0.02 397.3 0.08
Stromateidae Pampus echinogaster 1 2.9 1 <0.01 161.9 0.03
Synodontidae Saurida tumbil 2 59 3 <0.01 123.8 0.02
Tetrarogidae Paracentropogon rubripinnis 2 5.9 34 0.09 1451 0.03
Trichiuridae Trichiurus lepturus 13 38.2 224 0.63 12,225.5 242
Triglidae Chelidonichthys kumu 17 50.0 574 1.60 48,281.2 9.55
Lepidotrigla guentheri 7 20.6 14 0.04 565.2 0.1
Lepidotrigla microptera 1 2.9 1 <0.01 254.9 0.05
Uranoscopidae Uranoscopus japonicus 1 2.9 1 <0.01 352.2 0.07
Xenocephalus elongatus 1 122.9 1 <0.01 163.7 0.03
Zeidae Zeus faber 12 35.3 57 0.16 20,889.3 413
Zenopsis nebulosa 2 59 5 0.02 1,785.8 0.35
Zoarcidae Zoarces gillii 14.7 22 0.06 768.2 0.15

A foidol ¢l

AL 9] o) 7 2 A, A, =4 ofl Wk nMDS ordi-
nation plotof| 4] 3-7F4 6 2 JLE ] QI ck(Fig. 4). A= H = 2007
| o] 32 nMDS plot2] FaFol| 4] Adakitoll f1x]s) 9Lz,
2008 o] F F= Tl A== Farsf QST AdEE
AL 52 IHY AR, 7 152 L858, 7R 152 3%
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2D Stress: 0.17
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Fig. 4. nMDS ordination of fish assemblages constructed from
Bray-Curtis similarity matrices of the four depths and four sea-
sons. open symbols=2007, grey symbols=2008; triangle=winter,
cycle=spring, square=summer, diamond=autumn; ‘a’=30-40 m,
‘b’=40-50 m, ‘¢c’=50-60 m, ‘d’=60-70m.

off 1713 ATk B3I, o1 TES AU Ho| & Mot
g, 20079 o5 152 G2 skl 18 9121z, 20083
o] 25-& 9% A3o] 91313 Qeieh. 22 S40] whe o
F 32 nMDS plotel| A| F=310] FLE]| 2] 9Fket. Three-way
PERMANOVAs 27} ZAR|d 0] o2 27 72 dx, 4
A, 4]0l ket §-9J3t 2pol & B ¢ltk(Table 2). A%, A4, 4=
Aol digt A2 atE 52w, A x Ao tigh 43 ket
32909 AT A= FOEt AN A X 4 s A XA
Aol T ATt FoRt gakol qlieh 2t 88l = AT Ayt
of thgt COVEE2 A% x A Az aatol A 7P =9kat, 71
o2 A B} e ghe Bor.

PERMANOVA A1} 418 H 9] o] 7 342 A&}, Ate-
Ale] 4t sato] frofet RS welv] e, Qlme} A
o] RS 1ejste] CAP £41 HAI3HickFig. 5). CAP
14 AT} ol 2A-S Ao} AR ujeh folg ol S e}
Wk(tr=5.730; P=0.001; 999 permutations). CAP plotof| 4], &
1029] correlation vector 0.50]A2 UERH =1, o of%
2 A Y & TG Aol =kth(Fig. 5). #A], A
=X, #At(Cynoglossus joyneri), SotHl= & 3 o
At st 7118k, Fokl= 20079 = A,
A, ME]EA], ZA = 2008E & 8-S F-Esk=d] 7]ofs}
At 7HAY(Cynoglossus robustus)2} 743 A|(Pseudorhom-
bus pentophthalmus)= A2 73 333l o]F0]l L, 1dt
SEA| 2 2| 2} M5 Psenopsis anomala)2- 2008 o] 5 313}

ok
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o} glolck
PHZY i HS

o=
ZAFeFoITh(Fig. 6). Aa7He]wo] et 2200749 AL
of] Ui 32 = H AL, 5olli= Hat 300-400714]/10,000 m?
7t 28I o, AS 7ROl v W2 B FEFS B
%AcHFig. 6a). WIS EA 22| U5 2= 2H2F 2008 o5
I} o] B2 A7 S| L, 1 2] Aol = E A
7F A, 24=0] 7R A9 Z 3 SFSIThH(Fig. 6b, 6¢). EX| <t 7 of
(Clupea pallasiiy= F & 25 20074 o] SH ||yt =2 HZeF
< B 31(Fig. 6d, 6g), TA+= Ao diF-& A1 7F &35
CHFig. 6f). SH| X9t FotA= thE 35l vls) A=,
A Hot dEFO Z HES HolX| gSttHFig. e, 61). 4
e ol daglo] 7ol =& Bt AEFS Bl vE
Aol = H ot dE7Fo| thas WQlth(Fig. 6h).

=t
=

|

A= F 83] 9] A A RAMIA F 5959 o F
A7 stAt. & Aot 2o soo A AH oF 2 o
Z, 2 Aot LS o5 AR A 2AIA = 1
A 123] ZJHof| o8l Z- 73-99F¢] AH = 1(Jo, 2001;
Choo, 2007), 4H2Fg ZA) A= 59(Baeck et al., 2010), 4
7+ 163] 53 A A= 32%-0] A7 = 9l tH(Park and Huh,

NI ]

Table 2. Mean squares (MS), pseudo-F ratios, significance levels
(P) and component of variable (COV) for a series of PERMANO-
VA tests, employing Bray-Curtis similarity matrices derived from
the abundance of fish assemblages for differences in response to
year, season, depth and interactions of three factors. Bold values
indicated statistical significance (P<0.05)

Source df MS Pseudo-F P Cov
Main test
Year 1 47312 8.395 0.009 15.885

Season 3 107320 19.042 0.001 35.052

Depth 3 16854 2990 0.048 11.651
Interaction

YearxSeason 3 64230 11.397 0.001 37.630
YearxDepth 3 1405.0 2493 0.116 14.270
SeasonxDepth 9 8935 1585 0.141 12.611
YearxSeasonxDepth 9 12295 2.182 0.035 25.339
Residuals 2 563.6

df, degree of freedom; MS, mean square; P, statistical significance;
COV, component of variation.

0.4

CAP2

0.4 1 1 1

-0.4 -0.2 0 0.2 0.4
CAP1

Fig. 5. Canonical analysis of principal coordinates (CAP) ordina-
tion plots of fish assemblages to assess differences among terms of
year-season interaction. Species correlations with each canonical
axis are represented as vectors for species with correlations greater
than 0.5. Vectors represent Pearson correlations and the circle indi-
cates a correlation of 1. open symbols=2007, grey symbols=2008;
triangle=winter, cycle=spring, square=summer, diamond=autumn.
Species abbreviations: Acja, Acropoma japonicum; Apli, Apogon
lineatus; Calu, Callionymus Ilunatus; Cyjo, Cynoglossus joynert,
Cyro, Cynoglossus robustus; Lita, Liparis tanakae; Loli, Lophius
litulon; Myni, Myctophum nitidulum; Psan, Psenopsis anomala,
Pspe, Pseudorhombus pentophthalmus.

2015). & A-ollA AR E ofFe A A /AT 2Abe] H]sf
A3, S AL Hrhs WA, A AR 20T
dutA o g AE 4 AN HHSe7 SRS QY
H& olF57t S7he B3 HQItK(Shin and Lee, 1990).
E3, E YR A Aol TS A7)0 ol7E AHHE A, A
A 2APZE S Aol A2 Th= o {E ofF AEAE 2
sksto] R sh7] wiizoll, e of (A, S, AR 5) AR
of uJsf o theFgt ool AR FTh(An, 2002). webA, 2 A+
= 197 2APF obd A RALR I8l A A1 =
Aol Bl A o7t A AATE A QI AR 544 vl
A W2 ofFo] AR = Sl

A ol FolA BE7helmd RSEA=Z7F AA A
AAMA=E] 60% o)/ ZFAIsto] 7H -5 5F%tH(Table 1).
2 2ALeL 22 sl ol A A ofF Aol A Fiell A
= BAFo](Conger myriaster) (Park and Huh, 2015), 42y
A= 78 0|(Trachurus japonicus)2} <o1(Mugil cephalus)
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Fig. 6. Seasonal variations in mean abundance (+SD) of nine common fish species (a-i) during 2007 and 2008.

(Baeck et al., 2010)7} -4 Z0| it} o]e} Zro| 2] o] o] wh
£ 9259 ol o) 70] oJgk o] % A8iAIo) o], 4417 &
Tl o]F9] Apo] wimom AZHEL &, Tl Ao
H(benthic fish), AZPgol A= Kol (pelagic fish)7} 4%
o2 AHHE vHA, Aol A= WA A4 o] F(semi-benthic
fish)7} -5l ek =t ol| A 2 AL AR o] FH(A 1)
£ ARESto] R W2 o) A RAOIA = REA A of 7
£ $HEo 2 B¢ the.g. Huh and An, 2000; Jeong et
al., 2014). E3H S0 A 22 o] (A ) o] &3t o) 7 T
A AFE AR, 23 FYTEHY, 4 15-30 m)oflA
= E%e|(Callionymus lunatus), T="35( Tridentiger trigo-
nocephalus) 50| 83+, S22 F3E(=4] 20-50 m)of|
A= =W 7|(Liparis tessellatus), 7157 A0 Glyptocephalus
stelleri), &7FAHA]| 5ol -3 th(Lee, 1999; Lee, 2011). ©]
of Zro] Fof o] TR =(H T vs T A A (A%

vs )] wheh -4 F0] Ao 5 Bk

SOl At o e Ao w31 AolE 2l
1, A= R 200797 2008\ o5 A 2 AolE B
ek ol2fdt Afol= AEE, Al oS JdjFez A
= ek S ST Ao izolletl, +HE Sl W
SEA 2 9] @& 2008 o Fol| =9k, HA|9F Hol=
2007 ol 5ol =9kt of2igt A=, A olF IO A
ol AF T2 AT 4 et oS-l HE AR
2 4] S7hll w220l 943 fashs A% ZA,
20079 o ZH = 50 mol|A], 2008 o] 5olli= 4241 20 mo]|
A o] §43] skl o] 23t o FA AF 22
+ F ol ARl A Sk ARt 85l o3t A G W
=¥ fEo 2 YA ok(Kim and Kim, 1983). A5 @7}
& o] &2 A7 EdstE 2008 Aol W4l gk WA
o] & =3 WElEA=A o @ Fo] w3, AS E4]
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0]

OFH 20079 o Foll= FolF7Ql WAeF o7t & o
A7 S = I E Ao g Aot s EE
P&l H] sl 42-2] W50l v~ Higtshe, o] 25k

TS0 STl FFE vIA A FHFENA AL
= UEhd 7hsAdof itk Z1eu o] 23t -2 i E @lof 2+ A
=5 A AT Sol4d, 2l o1FE] A A Ao
59 aQlo] o3t ¥go HA <l aolo® 2§34 Qlrt

2 Aol A AR E oF F o] ofF2 Ao Al =
A3 ol & =01, HAIL}F 01 9] A w3l A 25714 vl
gol9] Aol wok=t(Park, 2010), 7 o F-2 27 A=A
of Aletsh= Aoz oA UIL(NFRDI, 2004), ¢354
© TR ol A At & Fokgt AR of 7} 73t oA F A o] A5
O] -2 H-ET} TAGlo] A AAA H ASFOR o]
8317] J5to] 2@ A0 werEch vy, A5 Eah
HEA 22 njgolet o] BE dF ZFslo](Park, 2010),
Ate ol A H FEARE = A o= wetE| i)

Wk 2Aps o of f AEF A2 Aol wet 2
Aol & HolA| ohgith. dukA o= off R AAA] 2
o] zpolof| whe} FHFE0] Aol e, o]23k Afol=
% 4l A 30 B4 FaFE W=The.g. Koslow
1993; Smale et al., 1993; Moranta et al., 1998). Moranata et
al. (1998)2 o| &3t 2}o] & 200-1800 me] tjS-A}H(continen-
tal slope)ofl A 2519137, McClatchie et al. (1997) 424 &
7}ol| whe} & 5 % 7Kspecies richness)7} 713 B9
oh Aol Az el whel vk 2T Aol S B
ARk, 55eh A3 UehlA] ehglt & At v S
T 21(30-70 m)ofl A o7& H5H7] wixzoll, o7 3
of 49 FakS el S Ao w A7 E It et
A, - salloll A B\ ARl A AT e T o &
o]5 wA kL of" aglo] ofefgt Zpolof] P w|A|=A]of
e =71 At7E e

A= Sl FE Qs ol A Ao s R H ofF

rE rlo BN e
ot go rlo rh
O o 4y

4

o
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