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Depth-dependent Variability of Fish Fauna in the Coastal Waters off Hupo, East Sea by Chung Il Lee, Hea

Kun Jung, Soon Man Kwon, Moon Hee Han, Kang Su Seol and Joo Myun Park™ (Department of Marine Bioscience,
Gangneung-Wonju National University, Gangneung 25457, Republic of Korea)

ABSTRACT The temporal and depth-related variations in the species composition and abundance
of demersal fish assemblage were studied in the coastal waters off Hupo, East Sea. Fish samples
were collected seasonally between 2011 and 2017 at two stations of study area using trammel net
and bottom gill net. In total, 46 fish species belonging to 17 families were collected during study
period, with 36 and 22 species occurring in depths of ~80 m (site A) and ~140 m (site B), respectively.
Glyptocephalus stelleri, Cleisthenes pinetorum and Gymnocanthus herzensteini were abundant at
shallower site, and Dasycottus setiger at deeper site. The number of species, abundance, biomass
and diversity fluctuated with water depth, but not temporally (both seasonally and annually). Analysis
of similarity (ANOSIM) revealed that the fish assemblage structures were significantly different with
water depth, but not by year or season. Non-metric multidimensional scaling (MDS) ordination
plot emphasized visually in spatial difference of fish assemblages, and it was due to differential
contributions of dominant species in relation to water depth and temperature.
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M B BEE L go0, ol S Bl 4ehH BAMsE A
A0l 71ZHstel e w0 ot (Kang et al., 2000;

AL AAEE 23 ZH doto] 9|3t Fjgo g A Tian et al., 2011; Jung et al., 2017; Park et al., 2017).
Zog2 SA7F A& I FEFoz AUy dZ4H e oJF 9 AFt BE EAS oldfiste AL 7 o7 A4
79 o] A2 AFHY 8 Ay AFH EAS 7HA A 3Pl B3 T 7|25 APt 4FHA +
T ek Sal= A E dotsl (marginal sea)Z, S <9t A #EE 98] =931tk (Hilborn and Walters, 1992). &
o] AeAE BFolA AtE wet dotsts REEF @ QbAoA Aol WE oAF £HY T HEE FE UE
ZojA EAStE 12, 1gY dnbdRe IS e £4 % (shelf)Z} T SAH (slope) A A A HE7L EAYRITE (e.g.
£ 7FAX 2 Itk (Naganuma, 2000; Lee et al., 2009). T3, 53} Fujita et al., 1995; Moranta et al., 1998; Kallianiotis et al.,
L Qoo g ZLE £A]o] —17;‘5‘] Z7)st= A3 EA 2000). 1 ] AA1R| 9] A EA (e.g. Gaertner et al., 1999),
R AQblAE AdEZH AFZFY &5 9T Y5 &3 =, 4&, 3F 5 22 £19 =94 54 (e.g. Mahon and
(Kim and Kim, 1983)2.2 <13} °]7SOH A= Falet F=3o] Smith, 1989), 8 o]F9] Ho|7} HE AHAYEL EE(eg.
B o2 £33, AH e 12 & Bolx it} F 53 Colloca et al., 2003), 13 Y% (e.g. Choi et al., 2012)°]

o] E97 7wz} o]of] ME AE Y EE9 W}t 2t 7 Fxo|A Apol7t WARITE WA, o] F Y AITHA
HES AdA +29 H3le} IfF9 S wet ¥t
t’r%_ Hth(Baeck et al., 2010; Park and Huh, 2015).
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Lee, 1999; Han et al., 2002; Baeck et al., 2010; Park and Huh,
2015). 530 BE AoNA Az FEe o §ste] olF 2
AT AW o} Ao met RolR AW E: HolR
(E9hH7F A3t (Baeck et al., 2010; Park and Huh, 2015).
ol ZF o]0 YA EAX L LI oA BEX EXo =
A2 AtE AT} Lee er al. (2008)2 S8 FE% FHoA
4% TR 2ARAT, ART S0 uet olF 2P A

EFH $-Fol thES EASHHT Lee 201D)+= T3 &4
I 32 Hek 20~50 mollkl A-DEZ otter trawlS ©]-&3F A
o1 2UE AL, A4l $HRE FAT AW
2ol o5 249 A44 Ao} A5 Haspstch, 2eh
37 Q75

ol 729 FHE A 2 AAA) A
5 o, olge 24 #& &
oo oJF @2lo] oj= HL o] JFS w|A=A|of Hsto] 1
k2] Atk Fafet Lol F& 37 HellA 4ol 543
Wt oM Aol o3t BE F-AA 2 Aol7t
et = 17| " &l (Moranta et al., 1998; Abad et al., 2007),
o ol 2F TN FAloll HEt FFe 2T Zavt

B FE Al AEAFI 4%
YT ol T T2 A Aol 2
AN ol 2R A7 W (A=t A
B ATAIE F3 ofF 27 Aol
Rolel, §F 4712 48 24 2EY
1%6} | 918 712427} @ ol

ERTETE
1. A2 ZHE
2 dFo A AR AEEE T AAE £

Agrol A 2011W A 2017W7HA] AEERE AF 54 Th (Fig.
D). 2 AFoA AHLE oF= AFAH (trammel net, A 0] x
EO|XEZ:90mx2.8mx10Z, % FE: 600 mm, Y T
85 mm)d A ZEAY (bottom gill net, 2 0] X 0] X Z: 75m X2
mX 13 %, F5: 90 mm)°| it} o F A&+ 22 4lo] tE
7S] B (4 A, ~80m; B B, ~140mlH 24417 5
ok o5 AATt] AFE AHHSIHL, AEL AL (12¥9~2
), 5 (3¥E~59), 95 (6¥8~8Y), 7= (9E~119)E F&3}
o A2 WS 20119 ol 214 20159 BAHE A
A AA ARE AR, 20159 AFNA 20179 7
7M1= B BolA A o7 ST HEol ¥
< A= FH RIS A5 st +3E 2, 98, &
Z&A4F4 (DO, dissolved oxygen)E CTD (Sea-Bird Electronics,
SBE19 plus V2)& ©|-&3to] #asigit. +4E 29 4%
T2E AA 7 Aol AW, A=EE Z Zol7t §l7] o
2o,z AEE d=9 B ez UEit

AAE AN B2 A ice boxd] Eydte] AFA=Z 0t
T ARANA FFE7A TR TEE AL BA
F(0.19= AT AR 7+ o] 7 3+ FishBase 9
Ato] E (www.fishbase.org)ol| A1 2HQ18}ITt (Froese and Pauly,
2017).
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Fig. 1. Location of two study sites in the coastal waters off Hupo, East Sea. Samples were collected within boxed areas in each study site (i.e. site

A and B).
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Z 99 olf ¥4 F2E H|2st7] Hste] Shannon and
Wiener?] £t} = X4 (H)E 5} th(Shannon and Weaver,
1949). ol 79 T2 JEE= A= A AFY Fol
et FFH A ofF Aolo] WE LHFTY FF= 43
517] $J5t] AEEA Aol oF £ dE Y=g o] &%
Presence/Absence® H3}+5} Tt

A, 54, AR olf 2 P29 AolF BT 9
3to], HEkst o]F AEF A FEE Bray-Curtis similarityS ©|
£35lo] SAlE M EYAE I35 2, nMDS (non-metric
multidimensional scaling) ordination ©]-83} A|Z3} 1%
o} (Clarke er al., 2006). B o7 &8 (& |85}
+319] 20| & v|W 37| $13}+e] one-way analysis of similarity
(ANOSIM) £4& stgltt. 283l & Ao A FAlol Aol
o] oA AgL7] Wizel, ol #HY A=W, AFEE Aol
= 4 AFEE B43}% T ANOSIM E4 9 A global-R 54|
F2 4 IA5Y S U= o2 - 194 +19 |
AZ, 0 7I7hEeE IF 7F Zol7t §l, -1 = +19
TWHESE 7 A5 FY5H FRETE AE YulEi.
ANOSIM #4] A1}, o] f 3 Fxo||A] ztol7} {27t ¢
(P<0.05), nMDS ordination ploto]| A 015 #3& TE59 1L,

=

of| ofFo] 2t 1FE TS JlelstatAE BAstY
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40 |
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Depth (m)
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t}(Anderson et al., 2008). Z} o]F 9] AF 7= RA}L
717k &t 53] o)A @3t A4S A4 (Spearman’s rank
correlation coefficient) 0.4 ©]AQl o]&£-& 0| &3} t}.

SHT ARl e B4, BE, o] Holg B4}
7] A3t ZAREA (two-way ANOVAs)S AAISHIT &
A= TYH S (fixed facton 2 A FsHATH 2424 23
o7k -2l 3t 7, Tukey’s testS F8ko] AFFEA S AAISH
At a2El3 APE B3 8219 Aol Student’s t-testE
ol gstol fol4 e AZeALt.

BAE AT} Student’s t-test= SYSTAT softwareS ©]-8-5}
%31 (Systat version 18, SPSS Inc., Chicago), CHHFEA 2
PRIMER v7 multivariate statistics package (www.primer-e.
com)®} PERMANOVA + add-on module ©|-&3}o] 433}
% Th(Anderson et al., 2008; Clarke and Gorley, 2015).

Z4 EI.
1. A £2HE
2 AT HE A9 B dx’ HEs2 AFFRE A
A W% EAo] E15t4th(Fig. 2). 34 AdAL 7123 A
Lo E2EE $4 oF 50m A=A Z+2F 17°C8} 12°C A
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Fig. 2. Seasonal changes in vertical structures of water temperature at site A (left) and B (right) in the coastal waters off Hupo, East Sea.
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Table 1. Species composition of fish assemblages collected seasonally between 2011 and 2017 in the coastal waters off Hupo, East Sea

Site A Site B Total
Family Species
N W(g) N W(g) N W(g)
Clupeidae Clupea pallasii 210 51,1629 97 16,548.2 307 67,711.0
Alcichthys elongatus 66 6,263.9 66 6,263.9
Cottidac Gymnocanthus herzensteini 516 65,9549 19 59535 535 71,908 .4
Gymnocanthus intermedius 134 12,062.2 134 12,062.2
Icelus cataphractus 173 11,605.2 173 11,605.2
Aptocyclus ventricosus 1 705.6 1 705.6
Cyclopteridae Eumicrotremus asperrimus 6 10714 6 10714
Eumicrotremus orbis 1 1,254.1 1 1,254.1
Engraulidae Engraulis japonicus 25 379.1 1 20.6 26 399.7
Gadidae Gadus macrocephalus 61 25,8240 36 14,223.7 97 40,047.7
Hexagrammos agrammus 9 1,506.9 9 1,506.9
Hexaerammida Hexagrammos octogrammus 10 4,684.5 10 4,684.5
exagrammidae Hexagrammos otakii 9 42124 9 42124
Pleurogrammus azonus 19 5,168.9 19 5,168.9
Liparis tanakae 38 20135 38 2,013.5
Careproctus rastrinus 1 160.4 5 904.8 6 1,065.2
Liparidac Crystallichthys matsushimae 7 1,3399 7 1,3399
P Liparis agassizii 1 3342 1 3342
Liparis punctulatus 54 9,262.3 12 12,1729 66 214352
Liparis tessellatus 1 40.1 1 40.1
Lophiidae Lophius litulon 10 13,756.7 10 13,756.7
Cleisthenes pinetorum 518 46,771.6 81 14,604.0 599 61,375.6
Clidoderma asperrimum 16 2,665.2 16 2,665.2
Eopsetta grigorjewi 1 480.2 1 324 2 512.6
Glyptocephalus stelleri 1,609 97,7762 1,050 112,058.0 2,659 209,834.2
Pleuronectidae Hippoglossoides dubius 22 3,303.8 26 8,082.2 48 11,386.0
Microstomus achne 2 378.9 2 3789
Pseudopleuronectes herzensteini 189 23.445.6 189 23,4456
Pseudopleuronectes schrenki 2 258.8 2 258.8
Pseudopleuronectes yokohamae 1 2920 1 2920
Verasper moseri 2 89.7 2 89.7
Psychrolutidae Dasycottus setiger 13 2,897.9 1,569 344,148.6 1,582 347,046.5
Salmonidae Oncorhynchus masou 1 5943 1 5943
Scombridae Scomber japonicus 5 702.8 5 702.8
Scomberomorus niphonius 9 3,783.8 9 3,783.8
Scombropidae Scombrops boops 2 626.8 2 626.8
Helicolenus hilgendorfii 1 126.5 1 126.5
Sebastes steindachneri 1 249 .8 1 249 .8
Sebastidae Sebastes thompsoni 5 1,210.1 5 1,210.1
Sebastiscus marmoratus 3 278.1 3 278.1
Sebastolobus macrochir 5 4329 5 4329
Stichaeidae Lumpenus sagitta 8 426.8 8 426.8
Trichodontidae Arctoscopus japonicus 23 1,428.8 20 1,348.3 43 2,777.1
Lycodes tanakae 79 114,821.8 79 114,821.8
Zoarcidae Lycodes toyamensis 3 1,1854 3 1,1854
Lycodes nakamurae 1 127.0 1 127.0
Total 3,600 391,748.3 3,190 661.,466.4 6,790 1,053,214.7
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E2 93 &30l & olRoA FASFI, 5 AFle &
Aol mt o] 2 HH o2 fHasGnt A BAAE A%
2ol 7Hed ALl EFFH 50m F=AA A Edo] &
o] oL, o] F 4l oF 80 m7HA] e FAS Holtt
7k 90 m oJske] 4ol Af oA A FAS T 1Y &
B oAF] BFONA oF 30m S| F2o0] F43] Has)
R, 4 oF 90 m7HA] =20] 3°C HE=AHA| Aot F
018 4 7MY =22 A% B AY B 5°C 0|5+ A
SH 02 FASHHT. SHAIRE A A H2 B A ol vlsf AHiE
o= A W3] Fo] zlom, B X H9 #22 £ AE
H3} glo] 94 & MAE AL o= Yeidld

MY

2. 018 2ol B4

ZAZI1ZE Bt 173 £3b= F 46F, 6,790714, 1,053.2
kg9 &7} AR = QU (Table 1). 7FAHu] T} (Pleuronectidae)

F7F 10% &¥st 7B B, I gEes 43
(Liparidae) o157} 6%, F=7} (Sebastidae) 177}t 55, 5
Z 7N} (Cottidae)@t F| =@ ] T} (Hexagrammidae) o7} 4
T AR =AU Aol A 7Y Hol AAE T2 7157
u] (Glyptocephalus steller)Z % 2,659/ A7} AR = o] A
R A9 392%F AA ST 1 thF o2 1777 o]
(Dasycottus setiger), 2-7}A40] (Cleisthenes pinetorum), T3
) (Gymnocanthus herzensteini)7t ARHE A=, A7) 45
S007HA o) ARHAAL™, A HHMA 79.2%F 2
A8ttt AAF A LFAT )7} 347,046.52(33.0%), 7]
E7FA4E] 7} 209,834.2 ¢ (19.9%), BH 2] (Lycodes tanakae)
7} 114,821.8 g(10.9%) 2.2 A F = At

A oF F2AS AHEY, A AdA= T 36F,
3,60070A,391,748.3 g9 AA77F QAN A4 BlA= F
22%,3,19070A, 661 ,466.4 g o]F7} JH =, AH AoA
= 570 o B, AAEE B3 BolA ¥ =4tk A- A
NM= 7157HAb], &7kAb], 737 3ol a, BA
BE 1 FAA0], 7|E71A 0], 271X 81U (Icelus cataphractus)
7F Ak, AR 7 $A-FY AolE By

-

3.01% 2 TXO| AB HS

1

ANOSIM 24 23} AR 9] of 7 24 2= AH (e
Aol wet fo% Aol Houh, ZF AoA A= E
= Al-o| tiste] /23t Zpol7} ¢lSith(Table 2). ANOSIME]
global-R T3+ 7 7+ v]ao A 7H &4ttt

ANOSIM Z}e} fALSHA AL 3199 o] f I
o w2} nMDS ordination ploto| A F7tF o2 L&
(Fig. 3). 84 B (54 120~150 m) oJF {2 1o
of 91303 9T, B A 50~90m) ol FHL 19
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Table 2. Results of one-way analysis of similarity (ANOSIM) for
the differences of fish assemblages in response to site, and year and
season within each study site. Bold value indicated statistical signifi-
cance (P<0.05)

Sources Global-R P
Site A versus B 0.877 0.001
Site A
Year -0.086 0.682
Season 0.264 0.097
Site B
Year 0.177 0.153
Season 0.069 0.348
Site 2D Stress: 0.12
[ Site A [m]
/A Site B
O
L]
he
O O
O
(]
O

Fig. 3. nMDS ordination of fish assemblages constructed from
Bray-Curtis similarity matrices at two study depths. Species correla-
tions are represented as vectors for species with correlations greater
than 0.4 and occurring more than 5 times. Vectors represent Spear-
man’s correlations, and the circle indicates a correlation of 1. Species
abbreviations: Clpi, Cleisthenes pinetorum; Dase, Dasycottus setiger:
Gyhe, Gymnocanthus herzensteini; Gyin, Gymnocanthus intermedius;
Hidu, Hippoglossoides dubius; Loli, Lophius litulon; Lyta, Lycodes
tanakae; Plaz, Pleurogrammus azonus; Pshe, Pseudopleuronectes
herzenste.

2% HA AUt ANOSIM Aol A A7 ofF
2L 40 folat L WA, A EL dnol o
2ol Aolrt Qo] W], 2t 4 ol TUL T
3l=d] 7]43t ©J%-2 nMDS ordination plot®] vectors®Z U
EFRith(Fig. 3). 1 A¥}, F 9F°] AHE olf 23& &3
1) correlation vector 0.4 0]A42 LERNTH T2 A A o], d
EX], 37V (Hippoglossoides dubius)~ 33 BE F-&3}
=4 7193192, 7HX 3 Y (Gymnocanthus intermedius), BT
3], £71A0], A4 (Pleurogrammus azonus), F7FAH0]
(Pseudopleuronectes herzensteini), 3oV (Lophius litulon)=

A AE 28kl 71998

4. 0|7 29| B+, AEY, WA, CIE=2| ASU HS

271 % APE oF 2R T, BEF, AT,

s
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Fig. 4. Variations in mean number of species (A), abundance (B), biomass (C) and diversity (D) of fish assemblages with respect to study site and
season. Bars represent standard deviations. * =significant at P=0.05, and n.s = no significance.

FHG=ATE ML Al o HES BAH(Fig. 4).
Two-way ANOVAs 21, &% YA - 7 o3t
ol UANATE, T4t FHIFEATE A AdA H =
THANOVA, P<0.05). AZE 2 @ZFut zpo]7} §2late
T, 4m A WS (Ee, AN, FUFER s A" o
3t ggFo] ¢l ANOVA AFSZE4] (Tukey’s test) 2
FE 7HE A B8 AdEG 43, A5H 7P
2 et Audos sy olF UL A¥Y
bol7k 24 ghebAT A ACIA o B olFo] 2@t
3, web] FrRFEAS ES HYTh 191 BE ¥4E
AN FAY ALY HEEY £ FAH G940 gt
(ANOVA two-factor interaction terms, P>0.05).

Lo

@ do
rh

S e 1 R A 1
s flo

5. YL S2|2tg20le| X0

ZA oA AAE AT S22 Zol7t Foste
U, Q8T S24AE Fo3 Zol7b LT (Student’s t-test,
P=0.05; Fig. 5). 4t =42 B4 AollA 702m (+14.62), %
A BollA 130.6m(£7.50)QL, B 522 AA A4 7.0°C
(£4.18), 33 BollA 24°C (£0.67) 5T $&2 40 Z&
A3 BoA o Wttt B A2 B3 AolA 340 psu (£
0.16), A3 BollA 34.0psu(+£0.03), 121 &EAAE A
A°llA 449 mg/L(£1.27), 4 BollA] 436 mg/L(£2.57) 22
A 7 Fol7E Aol 7t glith(P>0.05).
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Fig. 5. Box plots for water depth (m), temperature (°C), salinity (psu)
and dissolved oxygen (DO) at two study sites in the coastal waters off
Hupo, East Sea. Open cycles = outliers.
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L 2 173} 462 9] o] /E
Atell ol vjmA @ ofF
2 AQE oF I (Family)y= ThFshA] o3k, A3 E o
o] tfF-2(25%F)°] &1 OlE (Scorpaeniformes)ll <5} Tt.
ol A = “‘-TLQP FARE AT B AFAEE olE
‘fﬁiﬁﬂ,i;ﬁ 5 39} FRAA 22 10
31 (Choi et al., 2012),
H ﬂ?}oﬂk] 19-1—} 28-6—(Hwang et al., 1997), 3E3}ol| A 27
3} 58% (Han et al., 2002)9] o577} A A=, A oF
T AA 3, oY 74, A Yol wet Aol H AR,
AHE oF2 £ A+AY 4 L8 (Order or Family)oll =
HE|R] Aok AR og Ak 99 olF I+ FolE
(Perciformes) ©]&-o] 71 3hH, F4=of vld|sto] thekst
1& (Family) 9] o] 77} At FaliolA A0, AT, &
25 OE o E AR ol f A AFAE FolE oF
7} 713 S35k gEtE]l o) EFT 2AS YEHHtHe.e.
Lee, 1999; Baeck et al., 2010; Park and Huh, 2015). Z}# <A+
=2 4 50m oJW Q] w3 ¢ oA AAFE AT
A, & A= A oF 80me 140 m Atolofl A A FE AH
shich mebA 2 AoA olHdt BRa 24Y Aol &
A7t A AEol Hlsl By 2 AN oFRE A

Wotol A chopyol B4 Shekm £Wol% olF7k SARA

£ Ayshect & A7 o
o] Aol AT

am
N,
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_1::_1,
[\)
lN
[
E
5
opy M
o g
N Q.
Ju
N
24 9
™
Jﬂ

o‘o‘
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r]I

—4 FTro b= ealol 242 A4 Bl
A WAtk (see Fig. 4). S804 =40l Zlojgof me} of
$ol Bl gasiE B¢ 3 G52 28 oF 24
AT (Lee et al., 2008)2}F A5 A QY olF &3 AT (Park et
al., 2007 A= SRIE AT T3 fAlo] - XA R o)A
EuolZ oje] £ A 37 B Ha) Aol 23 A
oI HE SIS Tk (Park ef al., 2007). O AT Ao T2
% chpgel Aol7) ehte £a 29 olfrt AAT +
Sl 87 W7k 3R 2y Eolc 1 AT A
W AL 44 Bol ua) ABHOZ 52 W7l WAL, T
T 22 W] 2T + Y= BL ojFo] 2 F o}
FAE Aoz B AN o B3E A wekhd,

3 ATl AU olF Fol $HEL o] 52
I}, 7pRpu] o, FA o] &3 o] {FS 0l %tk (see Table 1). ©]5
BE AN olFoR o) $E2 W 100m ol5tel 4
Aol A Y3 ofF TR AT (Lee et al., 2008)2} &7 7} FE
A2t 20~50 moA] otter trawlo]] HAE o]F FF HFolA]
= $-ZF &5ttt (Lee, 2011). £3, AR E ofF F 117
o], Z7HAI3H, HelEX, 242, I HA, EAA

S8l =4 300m o]stof| A A 2Ash= thEZ Q] A o]
2 d8A don, A S8 el olf +8e HES=
Z07 Rt (Park et al., 2007; Sohn et al., 2010). ©
B, O1F 0% Bol EF o|ajel ol 2US YEale
oJFEE DU, 59 olF 2UL UL oY olf AT

T2 AL slofstart

24 o9 olR 2 FRAS S0 Tt T Hol
S R NS B ATk 240l g el BEA B4
of ARE AMYSHA GRAT, F A 7 A= RJF 719
Apol7k AR FUYIL, B AA XA o - A7 W
ol vehg wE9 AIHA gzt 2R 487l dEol (e.g.
decadal-scale; Fodrie et al., 2010), o]&3t A& A A 1]
SAEY F7Fel muE Rolzta Ak ol et Aol
+AF SE8FY &ol Hzol=dl, +H-F Sl 7S,
A3, §74A ], 7R &2 A (R A4 &
ZFol w1, nFAA o], HYZA, E7HSd+= 2 4
(B4 B) ol #3& &= ojFolqUth o] AT A 01
F T8 Aol 2 B2 Aolz YT 4 =T, %
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TFzo|A ZolE vehd 7hgAdol ok Iy o] 2dt 4
HE Qo] =4 oo Fg3 2+ BEFT AAY FE5ol
59 aglo] olHE Mo EFH aQlo=w 8
T}. Moranta et al. (1998)2 o33t =4 3] F+=29 z}o]
200~1800 m2] t|FA}H (continental slope)ol| A 23}
McClatchie et al. (1997)2 80~898 mol|A] =4 Z7}o]| ulz}
% F 5 (species richness)7} £71g-2 235t Smale er
al.(1993)= Aol w2k AL (<100 m), HE-(90~190 m),
AR Y EANE (>200 m) ZRHOE FTEEGTH HE B A7
< H2F F2 =A™ A B0~140 m)o A AFE AHHSHRA
7440 o 100m AEAA S 72 Hol7} thety] o

5 2Ao] olElt 24T £20) GYS WL Ao

i ¥ ox rlo

H

gutH oz At FHofA ofF FHE AZe wet 24

= S B TEu 2 dFEigelA F AR B
F Al O oF #3Y d2F 2 FH FRA Zol7t
LRstA] gttt =Alo] FE g dF EEEEad
o] & W3E Ho|z| ¢7] o, BE +H 1= EZ AF
AAst S e (Labropoulou and Papaconstantinou,
2000). §H, =410] &2 AF A= (<50m) AEA 3]
3 27t A HEkedl, FalolAl
o7 AAH 37t 5H AT W

(Baeck et al., 2010; Park, 2010).

2 AFe Tl T Aol AFAL I ASAGAA Y
e o 23 F249 #4448 Zolof i 8T 2H=E
HoFoh & 47 2% FE A +4 80me} 140m o F
e A Bb At S46 o 2 9T wkth oy
FAY Aol 54 Wato] wet F4 W FrhpHASY 7
20k SHF Ffo] jRolglrh. T £ AT 109 o4
71k 24 BIE BAHSA Q9] o), Az o7 2
o ol3t Fpoli= FAT S ghgich. AANA o7 T AT
E AETPES FN7IL olF A BE U BE 93
Z0% A7t §e, A7 23 BUHSES 9% 712 AR
7t Aok &% AFA A & AT} dAst 71710

7 23E 2R, dUEE B 7]5HSe]| 9
3 3l SRR AE 2Rl vXE S Heled T

B ATE Ba) F8 FE Ao A4skE ol R 2 A
A g F4ld 2 Zolg EHgch Ao AHEE AR
201187 20179 Atolo] AFER AJFALH A5

Sof 2 A 0|7 43

Joi

A o] g3sto] AT F 1720l &= 4659 oF
7t AR, A A oF 80 molA 36%F, B B
A oF 140 myol A= 22F0] AY =AU BEFNA +HF
2 71E7FA 1] (Glyptocephalus stelleri), £7}A0] (Cleisthenes
pinetorum), 73 (Gymnocanthus herzensteini), 15273
o] (Dasycottus setiger) F=H], AR 3£ FL =4 AHA
A)IA H ol AFHJLE, F4 152 Z4E 4 (FE B)
oA dEFo] o T 2AFY oF ZHY T4, AE
T A, TS Ee sl gt HetHAR A (AE E
E dx)o] uat ¢33 2ol 1T ANOSIM (Analysis
of similarity) 23} E3t olF &3 F2+ F4H wet xfo]
7 felstA, A EX ARl wek et Aol7t 9
= Ao Z HoFth nMDS (Non-metric multidimensional
scaling) ATHE olejg T TR AZHOR o] T8
T, olEe TRE 24T 52 Holo] B2 $HEY F

PRE o] ROz AW 4 At

A A
2 a7 AR e A Eed A T2 AEE AFSY
ABET AR 240 E&& & FeaFdigta oA
T AR EE@RUL o] =22 fgeAE Adez g
FAR 7| e AEd (7T SYRA A, MICTZ|9E F e
S 35 - wE7le NI FLNITHEAR]S A
off 93f o]Fojxl HolH, ofof ZAL=HY T
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