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Species composition of the catches collected by trammel net in the coastal
waters off Ulleungdo of Korea
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Species composition in the coastal waters off Ulleungdo of Korea were examined based on catches bimonthly collected by
trammel net in 2013. A total of 711 individuals and 181.9 Kg were caught and catches were composed of 4 classes 15 orders
27 families 52 species including 44 Pisces, 4 Gastropoda, 3 Cephalopoda, and 1 Echinodermata. The dominant species in
biomass were File fish (Thamnaconus modestus), Atka mackerel (Pleurogrammus azonus), and Greenling (Hexagrammos
otakii). Data were summarized using hierarchical cluster analysis (HCA) and detrended correspondence analysis (DCA) to
examine similarity in species composition for each month, and community structure in Ulleungdo was divided into two
groups. Community structures in February, April and December with low temperature and well-mixed surface water were
distinguished from those in June, August and October with high temperature and strong stratification, which could be
attributed to temporal changes in dominant species. Atka mackerel and Spear squid mainly caught in February and April,
disappearing in June, August and October, and File fish outburst was shown in October. Because the water off Ulleungdo
has been under low human pressure, it could be a good case study to elucidate effects of climate change on community
structure and ecosystem in the East sea. Continuous surveys and further studies are required to demonstrate migration route

and distribution of dominant species and long-term changes in community structure in the water of Ulleungdo.
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N2 SAFS AN, A AL 30 mjE gi
o gl elasfe] ZARe it 30-40E SoF 7] A O] Aol ATt (Fig. 1). 2Abe] ARERE AFEA)
S, o974 Aol ofat mole], Qlgkeige] of e W 60 m, W3l 18 m, 9 450 mm, g
Bl AAIR|EA o] ofslE olafA Tasil Qe AoR 83 mm= YHHR 5374 F 20355 ARESE o, 7]
771 1 qumgamzmsm ctal, 2007). o] ‘el wep 2AE AlREA] Sk AR QA
o] ZQ ofot AL FoA o s valslal 1 e T Foe YUt 2o ofgegin) A AR Y @
7)12e A A HO]W ARSI I %6_1 B ol FrgshlaL 24413 5 ofrgsigiet
A7}, wearote] tist me oiLzb AsEa 9 ARG o2l ole2 AVE EdSE =
31, S Eajotol| A A 7]E 0l AAR}%;A} ol 3jjoF Avsl7] el 2 717t AL AldE E A
2R B ZQoloxtelo] MET}; 2ol 18]l 4L A olgEl ofFe] Al A (9= S5kl
Aglsls wele] e e osh Am Folot TR $HFE) AT 01 om WA Skt
(NFRDL 2014). e EE R PR LR SR B
o=r oahg) Eajjoloro 2 HE oF 130 km ALR (2, 4, 6, 8, 10, 12¢) 33t AAASAHRE
2 3o HX]o}D:] w9} 37 A RIRE ot AREBte] AL, A A B e et T
Are] olHHo). 54 o, 2210 OF 2,000 At et EH 105-092] AhwE ARESHIch
mo] A EA| 0] S2HA| 7} 9B} 9, BXa}l & Rt =ealj] o] e a) vlasty] ffsl =eof 7
aHcdotate] Aol d4lo] 1,000 mef9le] Fte A 105-129] A5S ARgokadzel, o] e 452
7} olEta Q). e2rEs|ele] gEaR giske|d Lt} 8ofuk AR RUY] witol] 5=t s e
oA Zajore whep HAlels SRRl EaEa SHERISHS Blal, AR wjofli= o] AlZ]9] A&k
olof A HatghRol i AL o] u] Bxo] o5 AMESHlE
2 o|EalA 22 9t 39S EFsic) (Choi et AR Aol AR HE FAEAS REZES
al., 2012a; Lee and Niller, 2010). o] Z7140] 9= ©1F ARESo] EASISIC Al7jel] uhe 23lrze] 2t
ST A1) uteh afufet o s W OFE AR A veganalz] 7] <he] vegdist, helust
a5y gRo], S22 gasolo] sjorslge Azt 755 ARESto] A4 F-EA (Hierarchical Cluster
Ao wiEAo] Ack sk ojejst Websl ofmAl  Analysis, HCA)S AJR3[913L, adonis”| 55 AM8-5To]
SEraolo] ofs], sArpelo] AEskA Ao ek ST tff-3-+5-4] (Detrended Correspondence Analysis,
= HAl=Ae] e ek e ik
wm gl et gl slest 8l oS '

EHH‘{‘ 2 @E% Al-g-hct (Chung et al, 2015;
Collie et al., 2008; Tian et al., 2006). ©W2}A], = AL
o] BAL. 20134 AFEApo]ElS Ea MK E o]F)w
o gpom eswalee] 2% Al Hsks - @

—37°30°N

=
AV, 5 ol 75 AR Baliere] HdET) ) |
WRFO 2H, e Tl A o] MeS bt % ¥
ai7] 9t N2ARE AEslir) g, b= 5]
A e
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A= 2 HiH 130°40°E 050E 055E 13100°E
2013 et ‘l‘tﬂA 47 H ;301]/\_1 Zﬂu“oéji %"‘ 6§] Fig. 1. Map showing the sampling area in the coastal waters off
(2, 4, 6, 8, 10, 12¢¥)0] AA AL AREsto] o Ulleungdo of Korea, 2013.



DCAYS Allslel 2ol Aolg mAsksiol)
(Oksanen 2014, 2015). A= Z|4>+= Bray-Curtis
similarity indexs, “157Fe] oldwWlAlo= complete-

linkageS ARE-alo] 48}k

ﬂ~ Hock (Flg 2)
o, 49 S2A4lo Eq% A= 7H %EMX]
ootttk 6olli= 10 me} 20 mAfo|of| A &w=2E7F 3.0
ol YERHA dAdFo] AlAbE QLA 89l 54
20] 254C, 75 m2-2- 15.8CE UERlH 42217t
oF 10.0C = 75k d4d5o] gRlEdict 10€e0= d4
o7t oFsllFl o, 1290 4pA4]9] 220] AHs)
A e @53 ARl A apgel Ax)w
30 mo] WS A HH 290 103TC= 7Y W
okl 100] 188CE 714 =gkct.

oF STEsolA HEArde® 0@%
T A7) 155 273} S2F e Ephgtew, 11 s
£ BET) 4% ER) 3% el 15

O & F THZRA, 181.9 Kgol o] =it HdEFL &
o] (Scorpaeniformes) ©| 43} 19502 713 o]
PR o, 1 v} 07 Fo]i (perciformes)o] 81}
122, 7}x}u]& (Pleuronectiformes) 23} 5%, Hol&
(Tetraodontiformes) 237} 35, A== (Archaeogastropoda)
T Farr)E (Zeiformes)O] Zyzy 13} 2329] so0 5 W
of A=, Wil (Anguilliformes), 5
(Aspidochirotida), = (Beryciformes), ©]&2-5-
(Heterogastropoda), ©}7% (Lophiiformes), Al&E-5
(Neogastropoda), ++¢]&  (Octopoda), A} 2.7 o]&-
(Sepioidea), AF @ 2 o] (Teuthoidea)o] 212} 11} 154
R = Q) oHEelul (Scorpaenidae)’} 8F O & 71
Wol yehtew, tho= S5/ (Cottidae), =27
1} (Labridae), =21} (Sebastidae)”7} 212} 4505 A
A&t} (Table 1).
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MAG=elA 7 wol ofgEl F2 AAHAI2
163% (11670A)E =A3t EFA]  (Thamnaconus
modestus)©|™, 1 th0% A2} (Turbo cornutus)’}
14.8% (1057§ANE 248193, 94> (Pleurogrammus
azonus)7} 6.0% (4370A)), SHIEEY] (Loligo bleekeri)7}
52% B770A), 22 (Sebastes thompsoni)©] 4.5%
B270 A, =3=2) (Sebastes joyneri)©] 4.4% (3171A)),
w=71Aa] (Eopsetta grigorjewi)7} 4.2% (B07NANE Ak
25T}, A RS b W, ur 2|7} 14.5% (26,327
9% A5t b4 wol ojBlE|9li, 1 heoz
Agol7) 13.5% (24,640 g), F=dju| (Hexagrammos
otakii) 7} 7.8% (14,185 g), 22b7} 7.3% (13,234 g), &
ZEAbu] 7} 5.5% (9,985 g), SRS 7} 5.4% (9,791 g)
= *Aleklet (Fig. 3).
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Fig. 2. Temporal changes in seawater temperature (0-75 m) in the waters
off Ulleungdo of Korea, 2013.
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© T (Fig. 4a). 7WAl= 20 718 w2 1937
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Table 1. Species composition of the catches collected by trammel net in the waters off Ulleungdo of Korea, 2013 (Unit: Ind., g)

. . Feb. Apr. Jun. Aug. Oct. Dec. Total
Class Orcer Famly Speccs No. Biomass No. Biomass No. Biomass No. Biomass No. Biomass No. Biomass No. Biomass
Piscs Anguilliformes ~ Congridae Conger japonicus 1 2321 1 2321
Beryciformes Monocentridae  Monocentris japonica 1 109 1 109
Lophiiformes Lophiidae Lophionus  setigerus 1 121 1 121
Perciformes Carangidae Seriola quinqueradiata 2 168l 2 1,681
Trachurus japonicus 251 8 251
Embiotocidae  Ditrematemmincki 3 683 2 445 5 896 5 946 1 206 16 3,186
Kyphosidae  Girella punctata 4 972 4 972
Labridae Halichoeres poecilopterus 1 161 14 2235 2 2140 4 234 21 2871
Halichoerestenuispinis 6 762 6 762
Pseudolabrusjaponicus 7 8% 8 1306 2 253 11 1619 28 4034
Semicossyphus reticulatus 1 49 1 49
Oplegnathidae ~ Oplegnathus fasciatus 2297 2 360 1 554 51212
Pomacentridae ~ Chromis notatus 1 6l 1 54 4 M5 28 3 200 14 846
Priacanthidae  Cookeolus japonicus 1 219 1 219
Sparidae Pagrus major 1 25 16 3212 17 3237
Pleuronectiformes  Paralichthyidae Paralichthys olivaceus 2 1881 2 1,881
Pseudorhombus pentophthalnus 1 76 1 76
Pleuronectidae  Eopsetta grigorjewi 4 1934 20 6714 4 1046 2 20 30 9985
Pleuronectes schrenki 1 174 1 174
Pleuronichthys cornutus 1 117 1 339 1 212 3 669
Scorpaeniformes  Cottidae Alcichthys elongatus 2 85 2 169 4 255
Gymnocanthus herzensteini 19 4,65 19 4,65
Pseudoblennius cottoides 1 34 1 34
Pseudoblennius percoides 3 84 3 284
eHexagmmmlda Hexagrammos agrammus 1 9 2 2143 3 338
Hexagrammos otakii 301682 1 86 7 5286 4 LI&4 3 318 5 255 23 14185
Pleurogrammus azonus 25 16127 10 3548 8 4965 43 24640
Scorpaenidae  Scorpaenamiostoma 4 3991 1 333 5 434
Scorpaena neglecta 7 4452 1 455 1 159 9 5006
Sebastes inermis 1 240 7 1,657 8 1897
Sebastes joyneri 4 502 4 53 16 2933 1 135 6 755 31 4861
Sebastes oblongus 1 137 1 137
Sebastes taczanowskii 1 253 2 532 2 538 1 323 6 1646
Sebastesthompsoni 23 3066 7 L4 2 256 32 4468
Sebastiscus tertius 1 417 1 21 2 644
Sebastidae Sebastes pachycephalus 9 1215 7 929 1 24317 2387
Sebastes schlegeli 2 651 2 1,309 1 1,714 5 3675
Sebastes vulpes 9 3407 4 1139 13 4546
Sebastes zonatus 5 124 3 610 3 725 124009 23 6569
Tetraodontiformes Monacanthidae ~ Stephanolepis cirrhifer 2 255 304 7 559
Thamnaconus modestus 28 2,795 8 1264 21 2697 6 1118 51 18,108 2 347 116 26327
Tetraodontidae  Takifugu stictonotus 5 33606 5 3366
Zeiformes Zeidae Zenopsis nebulosa 2 792 739
Zeus faber 1 187 1 187
Gastropoda  Archaeogastropoda  Turbinidae Pomaulax japonicus 6 2126 4 471 6 1,206 1 291 17 40%
Turbo cornutus 15 4410 8 7070 8 1754 105 13234
Heterogastropoda ~ Cymatidae Reticutriton tenuiliratus 1 129 1 129
Neogastropoda ~ Buccinidae ~ Kelletia lischkei 1 55 2 25 3 280
Cephalopoda ~ Octopoda Octopodidae ~ Octopus dofleini 2 1193 1 571 1 T4 4 2514
Sepioidea Sepiidae Sepia esculenta 1 703 1 703
Teuthoidea Loliginidae ~ Loligo bleekeri 29 7,503 8 2289 37 971
Echinodermata  Aspidochirotida  Stichopodidae ~ Stichopus japonicus 1 249 1 249
Total 193 56469 155 28162 9 23062 71 15246 97 32705 99 26240 711 181,884
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a) Individual of species in Ulleungdo (%)

Thamnaconus modesius
16.3

Others

44.6 Total individuals Turbo cornutus
14.8
711
Pleurogrammus azonus
6
Loligo bleckeri
FEopsetta grigorjewi 52
4.2 Sebastes thompsoni
45
Sebastes jovneri
4.4
b) Biomass of species in Ulleungdo (%)
Thamnaconus modestus
14.5
Pleurogrammus azonus
Others 135
46 Total biomass

181.9 Kg

Hexagrammos otakii
7.8

Turbo cornutus
73

Loligo bleekeri
5.4 Eopsetta grigorjewi
5.5

Fig. 3. Individual (a) and biomass (b) of species composition of the
catches collected by trammel net in the waters off Ulleungdo of Korea,
2013.
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% ofelapo] 55.4%S Axlsk] sl 129000
QI1001 7t 5 ek, 8880l 491 65 olslol 44
(Scorpaena neglecta)7} 29.2%% Z[A|slH Hs}%ct
(Fig. 3, Fig. 5). 2558|999 HE2 A7EE 5
gk W= Halch

emsl|dolA T AT WA AEEES
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Fig. 4. Temporal variations of number of species (a), number of
individual (b) and catch (c) collected by trammel net in the waters off
Ulleungdo of Korea, 2013.
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Fig. 5. Temporal variations in proportion of six dominant species in
the waters off Ulleungdo of Korea, 2013.
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Fig. 6. Temporal changes in length-composition of filefish
(Thamnaconus modestus) collected by trammel net in the waters off
Ulleungdo of Korea, 2013.
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Fig. 7. Dendrogram based on hierarchical cluster analysis (left) and detrended correspondance analysis (right) based on species composition
of the catches collected by trammel net in the waters off Ulleungdo of Korea, 2013.
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o= ollA 4

EqEW St 2 s SFS AT (Table
2), s doli= A 7o w, WA (14.5%),
oloaéoi (13.6%), F1eeu] (7.8%), 22} (7.3%)2] 40

SYFIYT (Fig. 3b), Ealeiote] A9, 7|87 p]
(Glyptocephalus stelleri), Y+ (Gadus macrocephalus)
CFAE 314, 4] (dptocyclus ventricosus) (5-3l), Il
A o] (Dasycottus setiger), 71571 k0| (&4 FaL)
50 £%13}F9it} (Choi et al., 2012b; Sohn et al., 2014).
LolA] et SUEe Bacte] e
E}L %k%% Hel vk, F/dolA 2652] A3t Fo]
el 2], FA| (Stephanolepis cirrhifer) S-0] -
At swesfolyt vlsgt F2/4de B (Lee et al,
2010). o|&3t FQolEo] o7 2jo]|= ojF]4=Alu} A
Aeie] afo] wEel 4 olek. FajRlete] e 44lo]
100 m o}43el oA 2 ARSI, o] uhe
Aoltz QA HARele] e Uk AR 74
Sofolr}. v, HEelZARe] 79 70-100 m 441
A Ao} 2 Qo) ofglolA] Aol AT, &
sl olat v A R QR g Elof glof bt
A jol] F2 AR o)Fe] Ealo] A Ll o]
o} AZEC Al SFEsd o] 252 SR
o AZIeE Rk, Amol wste] o AT
(Choi et al., 2012a), 25 =FHe] #1741 s[|UElA 9
Hgol et Bav) glo} stk of AaddEAt
BE RO A 20W7H0] HE o) =i oo o] 8¢
0-75 m Fatr-EHleS At Ay, QAE 7t
2w w23t sjElo g wMakstar 9}t (1=0.71, p=0.002;

o O
AL

Fig. 8). u]2 $exmo] REow <ls) $9e Aojs
e A7le] eusaEe gots) ol AL of
PAN, B0 5RO Spmel Brdelel £7
el Ao A VAL oltel $54 olel &

A st Fag
D LKL
with. HCA®H DCARA]
ol EEGT 2 ERkEhe A7)0 29, 49, 1290
17257} 34-goln] AEslt W 4719 69, 8
9], 1099] 1720 & 2718202 Lol A} (Fig. 5,
Fig. 7). olefat Kotz 7} A7]HE ek o 57} 7l
QL= A0 AZrEch 293 490 2 AT Uols
ol, S7}Au], SRR = 69, 89, 1090 s}
X AL dsk ofelwola, WA o] A8 A% ofg)

01)14

ZApgel ofat ofsje] Fay

H|91ou} 1090] o glaro] F5al9rt ol Fol wel
$2% djojor ALGS sl A7) o Ao
W2V = 93, olegh %@ o] Hshe S5 ol
o) @ATEI} 2 5 1EoR UHARA AER
WSl FRt A9 Ul%l = 9k,
Semaeloly 7P 9a w0 Agage A
w5, 10900] 27 om o]4ke] @ AL Fw sl
AL, 71 9)9] A7l 21 em AF] AASo] ZHa)
%A} (Fig. 6). Fajoto] A4lals Wiz 569 202
SOl ARRlatn], e ge 21 cmi 24 o]4fo] ¥
W Akte] Holsls Ao okA 9tk (NFRDL
2010). G2 waldo]A] 4HEApgol ola) of2lsl WA
Lo o) oo Alglo] FRsat AHE Tl
)5, Aaalgoldel Aol 87%2 A Lekt
o, o] BaE e 138 AFE 2alelA A4l
alt) 4g00] fatelae S Sejeioke mah Bapel
ol, 7-9%0] ThA] EEo} 190] diulERito s Us
Sz ZAow ok A 9tk (NFRDL, 2010). &5 w800
M= 109, Exsjelold 89} 1190 WA} &
s, 10491 Gl (Fig. 87} 43S
2 o, se} A0 w2
o & xjojo] WA FRO) 2 AWS
2 2= Qlr}. gk, 19904 o AEEaels makh o
et el wEA ofglee] aAs] (hasiel
of= 7| Fulslo] ofgt Harw9le] W} njtel Sk
oItk (Jung et al, 2013). weha], W17]o] 5167w}
RBaniolo] et o W qlys) saEolof 8L, o

Lot ol5o] &SEs R ofFsto] Akt W A4
SHAOR o8- sk AUA ofUH gk uj YA

o2 ZHE sheAo gk A&5AQ) WRpR| o] AR}
oj2l mue o] Wagt Holck

F) Mo et 7| T ol ETRe] Wl 2
odape mXEA AL o] Fast folo]
FIt} (Chung et al., 2015; Hare and Mantua 2000; Tian
et al,, 2008). At 307t &5% 3o A,
the sequential t test analysis of regime shifts (STARS;
Rodionov 2004)E o]83slo] BA4¢H Auf, AAs] 27}
sh= AFS Ve (Fig. 9), B3 Akt wlastod
RO QIIEREe] OJFF Bt A7) uRol,
ISl vt el WSk S 4 sl F2
ARIAT7E 4= Qlek 2 el Az, 22 201319

.
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Table 2. Comparison of fish caught by trammel net in the East Sea

ol A - oJshel - A

Number g
Study area Period (;rviy Dominant species
species  dept

Ulleungdo 2013 5 30m Thamnaconus modestus
(the present study) Pleurogrammus azonus
Dokdo 2008 46 70~ Thamnaconus modestus
(Lee et al. 2010) 2009 100m  Stephanolepis cirrhifer
Goseong, Gangwon 2011~ 20 300~ ggg;jc;i]zl;fe SZ;IIIZZ
(Choi et al. 2012) 2012 450m P
Careproctus rastrinus

Donghae, Gangwon 100~ .
(Sohn et al. 2014) 2012 78 500m Aptocyclus ventricosus
Hupo, Gyeongbuk 2011~ 17 110~ Dasycottus setiger
(Choi et al. 2012) 2012 130m  Glyptocephalus stelleri
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Fig. 8. Time changes in averaged—seawater temperature from 0 m to 75
m in August in the waters off Ulleungdo and Dokdo of Korea, 1995-2014.
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Fig. 9. Time-series of annually-averaged seawater temperature in the
coastal waters off Ulleungdo from 1985 to 2014. Gray solid lines indicate
averages for each regime analyzed by a sequential t test analysis of regime
shifts (STARS; Rodionov 2004). STARS was implemented at the 0.5
significance level, the cutoff length of 10 years, and Huber's weight
parameter of 1.
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