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Characteristics of Changes in Species Composition with Water Tempera-
ture in Set Net Fishing on the Southern Coast of the East Sea
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Dokdo Fisheries Research Center, National Institute of Fisheries Science, Pohang 37709, Republic of Korea
nstitute of Mathematical Science, Pusan National University, Busan 46241, Republic of Korea

The southern coast of the East Sea is an important area affected by large warm currents as it connects the coastal wa-
ters of Jeju Island, the South Sea, and Dokdo. From 2017 to 2021, the average catch per unit effort (CPUE; kg/day/
ship) of set net fishery at six ports in the Gyeongbuk region off the southern coast of the East Sea was the highest in
Gampo, Gyeongju, and the lowest in Hupo, Uljin. Although the seasonal variation in the CPUE differed by region and
year, it was generally high in autumn. In the set net fishery in Pohang from 2019 to 2021, we identified 72 species,
which decreased to 56 species in 2019, 46 in 2020, and 41 in 2021. The species diversity index slightly increased over
the three-year periods. We found positive correlations between the total catch (kg) of subtropical species in autumn
and the water temperature at 50 m. Among the most abundant species, we found substantially positive correlations
between the CPUE of Scomber japonicus, Scomberomous spp. and Carangids. We also noted positive correlations
between the CPUE of Todarodes pacificus, Seriola spp. and Carangids.
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Fig. 1. A map for set net fishery in Gyeongbuk areas (North to
South: Jukbyun, Hupo, Chuksan, Ganggu, Jukdo, Gampo).
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Fig. 2. Annual catches (ton) of set net fishery in all (dotted line) and Gyeongbuk (solid line).
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Fig. 3. Annual changes in proportions of catches for top 12 species caught by set net from 2006 to 2021 in Gyeongbuk.
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Fig. 4. Annual variations of CPUE (kg/day/ship) from 2017 to 2021 set net fishery in Gyeongbuk areas (Jukbyun, Hupo, Chuksan, Ganggu,

Jukdo, Gampo).
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Fig. 5. Seasonal variations of average CPUE (kg/day/ship) during 2017-2021 set net fishery in Gyeongbuk areas (Jukbyun, Hupo, Chuksan,

Ganggu, Jukdo, Gampo). CPUE, Catch per unit effort.
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Fig. 6. Monthly variations of average CPUE (kg/day/ship) for top 12 species from 2017 to 2021 set net fishery in Gyeongbuk areas (Juk-
byun, Hupo, Chuksan, Ganggu, Jukdo, Gampo). CPUE, Catch per unit effort.
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Table 1. Species composition collected by a set net in Pohang from 2019 to 2021

2019 2020 2021 2019 2020 2021 2019 2020 2021

Fish Perciformes Paralichthys olivaceus® + + +
Rajiformes Carangidae Pleuronectidae
Dasyatidae Seriola aureovittata* + Clidoderma asperrimum + + +
Hemitrygon akajei* Seriola dumerili* + + Eopsetta grigorjewi* +
Rajidae Seriola quinqueradiata* + + Cleisthenes pinetorum + + +
Okamejei kenojei Trachurus japonicus + + Platichthys bicoloratus + + +
Anguilliformes Centrolophidae Platichthys stellatus + + +
Congridae Hyperoglyphe japonica 522%7%’? é?,flll-ron ectes + + +
Conger myriaster + Psenopsis anomala + 53,? é’gg re)/ggron ectes + + +
Clupeiformes Coryphaenidae Tetraodontiformes
Clupeidae Coryphaena hippurus® + Monacanthidae
Clupea pallasii + Echeneidae Aluterus monoceros + + +
Konosirus punctatus* + Echeneis naucrates* + Stephanolepis cirrhifer + + +
Sardinops melanostictus* Lobotidae Thamnaconus modestus + + +
Cypriniformes Lobotes surinamensis* + Tetraodontidae
Cyprinidae Lutjanidae Lagocephalus cheesemanii +
Tribolodon hakonensis Lutjanus ophuysenii Sphoeroides pachygaster +
Gadiformes Lateolabracidae Takifugu chinensis +
Gadidae Lateolabrax japonicus* + Takifugu niphobles +
Gadus macrocephalus + Oplegnathidae Takifugu pardalis +
Lophiiformes Oplegnathus fasciatus + Takifugu porphyreus + +
Lophiidae Oplegnathus punctatus + Takifugu rubripes + + +
Lophius litulon + Sciaenidae Takifugu snyderi +
Mugiliformes Pennahia argentata + Takifugu vermicularis +
Mugilidae Scombridae Takifugu xanthopterus + + +
Mugil cephalus* + Scomber japonicus* + + Cephalopoda
Zeiformes Scomberomorus niphonius  + +  Myopsida
Zeidae Sparidae Loliginidae
Zenopsis nebulosa + Pagrus major* + + Loliolus japonica + +
Zeus faber Stichaeidae Sepioteuthis lessoniana + + +
Scorpaeniformes Stichaeus grigorjewi + Uroteuthis edulis + + +
Cottidae Stromateidae Loliginidae sp. +
Alcichthys elongatus Pampus argenteus + +  Octopoda
Hemitripteridae Pampus punctatissimus + Octopodidae
Hemitripterus villosus Trichiuridae Octopodidae sp. +
Hexagrammidae Trichiurus japonicus + +  Oegopsida
Hexagrammos otakii + Zoarcidae Ommastrephidae
Sebastidae Zoarces gillii + Sthenoteuthis oualaniensis ~ + + +
Sebastes schlegelii Pleuronectiformes Thysanoteuthidae
Sebastes steindachneri Cynoglossidae Thysanoteuthis rhombus +
Sebastes thompsoni + Cynoglossus interruptus + Sepiida
Triglidae Cynoglossus robustus Sepiidae
Chelidonichthys spinosus + Paralichthyidae Sepia esculenta + + +
Total number of species 56 46 41

*Subtropical species classified by Froese and Pauly (2021).
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Table 2. The number of families, genera, species and abundance
(%) in Pohang set net during 2019-2021

Family Genus Species Abundance (%)

Rajiformes 2 2 2 2.8
Anguilliformes 1 1 1 1.4
Clupeiformes 1 3 3 42
Cypriniformes 1 1 1 14
Gadiformes 1 1 1 1.4
Lophiiformes 1 1 1 14
Mugiliformes 1 1 1 14
Zeiformes 1 2 2 2.8
Scorpaeniformes 5 5 7 9.7
Perciformes 15 18 22 30.6
Pleuronectiformes 3 8 10 13.9
Tetraodontiformes 2 6 13 18.1
Myopsida 1 3 4 5.6
Octopoda 1 1 1 14
Oegopsida 2 2 2 2.8
Sepiida 1 1 1 14
Total 39 56 72 100.0
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Fig. 8. Monthly variations of (A) number of species and (B) speic-
es diversity (H') in a set net fishery from 2019-2021 in Pohang.
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Fig. 9. (A) Monthly sea surface water temperature at Pohang from
data of the coastal oceanographic observation stations (B) Bi-
monthly mean water temeprature at 0 m and (C) Bi-monthly mean
water temeprature at 50 m from the National Institute of Fisheries
Science (NIFS) serial oceanographic observation data from 2017
to 2021.
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Table 3. R-squared from a linear relationships between monthly
CPUE (kg/day/ship) of major five species and monthly mean water
temperature at 0 m depth in the southern coast of East Sea set dur-
ing 2017-2021

Major species
e o o e Cararids
Jukbyun 0.46* 0.33+ 0.48* -0.009 0.19
Hupo 0.37+ 0.26 0.46* 0.035 0.19
Chuksan 0.45* 0.31+ 0.5* 0.021 0.42+
Ganggu 047 0.29 0.56* 0.004 0.62*
Jukdo 0.27 0.33+ 0.66* -0.17 0.46*
Gampo 0.3  -017 0.5* -0.24 0.046

*P<0.05; +P<0.1. CPUE, Catch per unit effort.

Table 4. R-squared from a linear relationships between monthly
CPUE (kg/day/ship) of major five species and monthly mean water
temperature at 50 m depth in the southern coast of East Sea set
during 2017-2021
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Table 5. Correlation coefficients from correlation analysis between

Major species total catch of subtropical species and water temperature at 50 m

Area Scomber Seriola Scomberomous To daro desCarangids depth in the southerl.l coast of East Sea set during 2017-20.2 1.
Japonicus  spp. spp. pacificus Area Spring Summer  Autumn Winter
Jukbyun -0.10  0.17 0.52* 0.3 0.62* Jukbyun 0.89* 0.03 0.11 0.66
Hupo -0.18  0.35+ 0.42* 0.4~ 0.65" Hupo 0.07 -0.56 0.96* 0.55
Chuksan -0.12  0.39* 0.46* 0.28 0.33 Chuksan 0.60 -0.61 0.95* 0.57
Ganggu -0.23 0.64* 0.23 0.32+ 047+ Ganggu 0.60 -0.71 0.97* 0.76
Jukdo -0.15  -0.21 0.3 0.31+ 0.63* Jukdo 0.18 -0.68 0.95* 0.43
Gampo  0.09 0.34+ 0.07 -0.04 0.34+ Gampo 0.70 0.37 -0.21 0.58
*P<0.05; +P<0.1. CPUE, Catch per unit effort. *P<0.05.
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Table 6. Correlation coefficients from correlation analysis between
total catch of subtropical species and water temperature at 0 m
depth in the southern coast of East Sea set during 2017-2021

Area Spring Summer  Autumn Winter
Jukbyun -0.08 -0.10 -0.34 -0.92
Hupo -0.56 -0.56 -0.55 -0.96*
Chuksan -0.55 -0.56 -0.08 0.57
Ganggu -0.65 -0.51 0.22 0.76
Jukdo -0.70 -0.83+ -0.40 -0.96*
Gampo -0.20 -0.09 -0.77 -0.90+

*P<0.05; +P<0.1.

13] FEZAF A3} £ 727 ERgo] 285191, drda
20199 56%, 20209 463, 2021 41F 08 7Aasts gk

S Bt A& X1t Xéxlmoﬂxi 754—(Chun et al., 2009)
I} 2 gALMS] HA S-S v sk o 2 Aol= ¢l
AT A Ak AR ne] 27 2AFA 75%(Lee et
al., 2021), 5AF 713 E0oF Aotof| A 78%0](Lee et al., 2014) &
At aL, AlFE AAFAR HA| ol A= 5550] EdetE 5
(Leeetal. 2021) 3|9 & Frofl Zpol 7t ). ol H A+

fr

oA EHFR7} 14T e Holf SollA 7] lstger],
A= J_—’E:]?l Z tpoFr ol FETV) BT oA 2715t A=

s} 3 thopy ol AL X4 BUE S Be 53
2ol Bajo] B agh A o2 FebEr,
29 3 W opdrfol o] W, AH ojzlet L)

FHBAE dHE AR, F AL SHIHE), FEH
712, ATFHIRL), A1), ZEEH(7H)Q] ool

Z o]g)gke 424] 50 mo|A] HtpLat 8ol oko] Al
A Bk sHAE SEH(AL) T ZEHAR)2] otddof

% ojalke Fo WISt Eale Sol5 go) A
AR TS Lo Heliteh ol g1 Bl g tckl
A ot Joi] 27He 5ol A Aerselol 44150 m

olste] B9l F7H LS G AL AOR A
Zpelry.

20174 E 20214 7H4] F9.01%2] H+ CPUE ko] Hs}
E AT R, A0 0] 9] A9 Fo]7|= 12-1€o] A9 2019
o= ol F o2 Yo 2 FrS Hrh AL B3 o5
v A 22 A 7F, 7RSI Aol 2 AWAITE ol 2= 9
-5 0l 2018 6-9€of L 5T 7S F olgFe B
A 2= FFof| 4] o2 o] 7] e Ho]i L] Z]
H] 223 A 3RS Ve St} 20193 2} 20201 o = H] 1.4
2 7HA)] Mﬂ“%ﬂ o]gx]= AIHE B3tk 4129 F0]7]

BHE 27FS7A AL, el A 7P =
Hott E3] 2 Fo)7]oll= AR $17F 25-103

fe D412 o O rlr
o flo

a
:
|
5SS
momb
- Hu

cmz x| eF 2427} A S F ST Brof = 20089 8
ol Sl A 7 2 A7 EASHAAL, o Folle A A
7t E@sitt 7 Aol dig iAok 2 A oA =3
She e & = ASITh Aol 9] ol T AER 7
oA 71 ‘a@"ﬂ H Aot A2 Oﬂfﬂ Fo717F A=A
& AN Aol w2

TEo] AAlpLel 1323 CE 4EA aigcqaﬁm et al,
2019), 2017 5-E] 20219 7}1A] S8l G Aot PE??POW =
o] 490 A 119717 d5o] AA22l 13°C ooz

l#ﬂ"*iioﬁ A A2 ol A o{gﬂ 50| CPUE:

i_\,} _,]6]- ol:_,] AR 474] =K ol,} A1 50 mBE
#i Frofeh AHAE HolA] oot a15-0]9] CPUE %t
tﬂﬁ‘rt S| ol T4 e 0] 2y} & 9JeRS ujH Tk
Ajzkelt, E3t, 4%] CPUEZHE z*io] Z7)5Heg 99|
sHA| 7tk kAR, wtﬂﬁo S35}, SAR A ofgE
774o] CPUEZLS 4150 m Fat-20] 7= S7ts)
ao u;] AFQ Ao] CPUE4 = ﬁ_\r E}‘— A 50 m H+F
S2-9] W} oF o] AFA|(F-229: P<0.05, 743, {HE
0.05<P<0.1)E R4t} ®ojo] A A0 18-23Co=
o)A 9l om(Kim et al., 2017), 20179+-E 20211717 &
off - 2AQHe EF 0] SYoA] 11Y7HA] o] A7 A4
281 18°C oo & A &E|o] Hro] o] CPUEZLe] F715H3
thar gk shARE ol g Agtal e 671 3 A7l

A o]2lE BHo]F CPUERLT 4~23}+9] AahtA|of| AxE o
, %01 CPUEZLS #35-20] F7Ietol wet S7tsh=
& H SO, PR 7-251HA] 94A] UERETH0.05<P<0.1).
, 50 m4 Hat =23} P gro] 0.050]5F2 -9J 3t oFof 4
1% Uebch Aol e SRl #5402
H5 Z78o] CPUEgo| #ol5HA S7tskelen, 5
23}, ZLgto|A] 424l 50 m Hapo] 271
CPUEZ}ro| &-2l5HA A5dt= o=z 1/}1:,}14-1;]. o3t A}
= &0l EAke] wolel A 7o) ofEle wFel SlojAl &
off Qe 20| HBkE EHHE‘OP Evﬁok
L A A4l 50m°]0}—4‘ﬁ%tﬂﬂ‘—51’]'ﬂa 8= A%
T8It A ou|eit B3 ojF 50l de lﬂ%o}@ olF
A AL RS 7|HEC = 3 Faf et 7@7‘4“ o]
SEE9 T2 HIe CPUEHSHE 4l 20t 22 el
2 q1ztete] HAE whofsh= Zlo] Fasithe A UEhd
o} 2T AYAAE Bl ol Aeta ol x4 571
EEOH 5 Aol 4] of P &= 0Fo) Tx4o] Sl

et oA o E= F2A O] FAdo] EobAlaL 3

Uﬂl 53] ol A5, Aol 55 Zsks GRA o

To Ex WSt BEO R EA Qlrfal B gle

ox = o°"

e oo oo |
ot

, o
pi mg,




636

op
o
R}
op~
of
R

(Kim et al., 2017, Ryu and Kim, 2020), <~A1H 2= H5ke} o
T A= AgHH o)t
ARH OB AAE

73}, ZIH(EE), 4 (7”63)—‘% SESFehE Sol E et
ol A Al PE Fall o= 01294 Zi*é ‘?ﬂ?}ﬂ%‘

(]‘),]%OO
3lef 2yl S g Q_POHOL] iﬁii,*&A —7}1@

450 m B0l 2717k fololat ke vtk st o

ik Sl g Acks|eIo] A S e MBke dinbd
RO S 5 A 040 G WL 9o uE o) 5
Fa Wslol YL Fi 8918 nefele] FF AT A3
sk ek B2 - olsle] B2 sl AEel $24
wIBto} of 2l Wit ofwt oS ul XA Mefste] 2|4
ol @78 Aok ek 591, 4Agel ol s 30
AEErE] AT (ol $)ol sl 1esto] 5% ol
o] F719k 47k ThE o1F9] ]3I wiste] FFL ulF
Aol that AEsk Baste Eak, ol A Sl gl
%10 2 o] 3t o] 0] F2A MBI} o] 2 eLE Tl 5
W clokslolat Faf B dlershelol Al of 2l Fa
of A71%8, A Fpol Hat FAHES shtsl] Sla) B Wk
cAgralel et oh e} 21 gt A ofg] 58 TahE
) 5 qlgtafeloll Al o] Rol A HA ol ¢) AES ol §5to]
FY91 A7} o] Fol Aok & Aol

Al AL

o] AT SHPAFE FASAYSLY FEAATAE (S
% A5} AJEA A 2ALR2022034)9] 2|2l o 4
WE|glom], ThAZH @ rAle] FAFA Feis A7L
A=Y

References

Beack GW, Huh SH Huh, Park SC, Kim JH and Park JM. 2010.
Seasonal variation in species composition and abundance of
fish assemblages collected by a three-side fyke net in the
coastal waters off Gori, Korea. Korean J Ichthyol 22, 186-
194.

Chang KI, Hogg N, Suk MS, Byun SK, Kim YG and Kim K.
2002. Mean flow and variability in the southwestern East
Sea. Deep-Sea Res I Oceanogr Res Pap 49, 2261-2279.
https://doi.org/10.1016/S0967-0637(02)00120-6.

Cha BY, Kim DK, Yoon JT and Kim BY. 2008. Composition
and catch variation of fishes by a set net in the coastal waters
off Gwideuk, Jeju Island. Korean J Ichthyol 20, 28-35.

Cha HK, Lee JB, Kang SK, Chang DS and Choi JH. 2009. Re-
production of the jack mackerel, Trachurus japonicus Tem-
minck et Schlegel in the coastal waters around Jeju Island,
Korea: Maturation and spawning. J Kor Soc Fish Tech 45,

243-250. https://doi.org/10.3796/KSFT.2009.45.4.243.

Chun YY, Lee SI, Kim JB, Yoon SC and Yang JH. 2009. Species
composition of the catch by set net and quantitative chang-
es in the East coast, Korea. Abstr Annu Meet Korean Fish
Technol 135-138.

Froese D and Pauly D. 2022. FishBase. World Wide Web Elec-
tronic Publication. Retrieved from www.fishbase.org on Jul
15,2022.

Go YB and Shin HS. 1990. Species composition and diversi-
ty of fisheries resources, nekton, off the coast of Hwasun,
Southern part of Cheju Island. Kor J Ichthyol 2, 36-46

Hong JP and Lee JH. 1995. The fluctuations of catches in set
nets around Kyeongbuk province. J Kor Soc Fish Tech 31,
153-165.

Hwang JW, Kim HY and Lee SH. 2006. A study on methods of
the use of coastal station for the analysis of marine contam-
ination-focusing on Busan coastal sea area. J Korean Assoc
Geographic Inform Stud 9, 71-80.

Jung KM, Lee DJ, Kang S and Choi KH. 2014. Species com-
position and distribution of set-net catches on the coast of
Dapo, Geoje Island. Korean J Fish Aquat Sci 47, 997-1005.
https://doi.org/10.5657/KFAS.2014.0997.

Kang JH, Kim YG, Park JY, Kim JK, Ryu JH, Kang CB and
Park JH. 2014. Comparison of fish species composition
collected by set net at Hupo in Gyeong-Sang-Buk-Do, and
Jangho in Gang-Won-Do. Korean J Fish Aquat Sci 47, 424-
430. https://doi.org/10.5657/KFAS.2014.0424.

Kim JT, Jeong DG and Rho HK. 1999. Environmental character
and catch fluctuation of set net ground in the coastal water
of Hanlim in Cheju Island 3. Environmental character and
catch fluctuation. Korean J Fish Aquat Sci 32, 105-111

Kim YH, Kim JB and Chang DS. 2003. Seasonal variation of
abundance and species composition of fishes caught by a set
net in the coastal waters off Yosu, Korea. J Kor Fish Soc 36,
120-128. https://doi.org/10.5657/kfas.2003.36.2.120.

Kim IS, Choi Y, Lee CL, Lee YJ, Kim BJ and Kim JH. 2005.
[llustrated Book of Korean Fishes. Kyohak Publishing Co.
Ltd., Seoul, Korea, 615.

Kim BY, Seo DO and Lee CH. 2009. Catch fluctuation of the
pound set net according to tide age in the coastal waters of
Jeju. J Kor Fish Soc 42, 83-88.

Kim SW, Ahn JS and Lee Y. 2017. The effect of interannual
variations in water temperature on the yellowtail catch, Se-
riola quinqueradiata, in the Eastern Part of the Korean pen-
insula. J Kor Soc Mar Environ Saf 23, 909-917. https://doi.
org/10.7837/kosomes.2017.23.7.909.

Kim SR, Kim JJ, Stockhausen WT, Kim CS, Kang S, Cha HK,
Ji HS, Jang SH and Baek HJ. 2019. Characteristics of the
eggs and larval distribution and transport process in the early
life stage of the chub mackerel Scomber japonicus near Ko-
rean waters. Korean J Fish Aquat Sci 52, 666-684. https://
doi.org/10.5657/KFAS.2019.0666.



AT Yo ool mpE T2 WE 637

KOSIS (Korean Statistical Information Services). 2022. Sta-
tistics by Fishing Method by Variety of Fishery. Retrieved
from http://kosis.kr on Mar 1, 2022.

Lee JC, Kim DH and Kim JC. 2003. Observation of coastal up-
welling at Ulsan in summer 1997. J Kor Soc Oceanogr 38,
122-134.

Lee SJ, Han SH and Kim MIJ. 2021. Species composition and
variation of catches by a set net in the coastal waters of Sin-
san, Jeju Island. J Kor Soc Fish Tech 57, 25-33. https://doi.
org/10.3796/KSFOT.2021.57.1.025.

Lee SI, Hwang SJ, Yang JH and Sim JM. 2008. Seasonal varia-
tion in species composition of gill net and trammel net
catches in the coastal waters off Wangdol-cho, Korea. Ko-
rean J Ichthyol 20, 291-302.

Lee DJ, Kang S, Choi JH and Jung KM. 2014. Species composi-
tion and seasonal variations of fishes collected by set net in
coastal waters of Gijang, Korea. J Kor Fish Soc 47, 983-996.
https://doi.org/10.5657/KFAS.2014.0983.

Lee HW, Ryu JH, Hong BK, Sohn MH, Chun YY and Kim
JK. 2010. Seasonal variation of ichthyoplankton off Dok-
do in the East Sea. J Kor Fish Soc 43, 751-755.https://doi.
org/10.5657/kfas.2010.43.6.751.

Lee SJ, Yang JH, Seo YI and Kim JK. 2021. Species composi-
tion and assemblage structure of fish collected by set net at
the coastal waters of Goseong in Gangwon-do, Korea. Kor
J Ichthyol 33, 95-106. https://doi.org/10.35399/ISK.33.2.6.

Nakabo T. 2013. Fishes of Japan with Pictorial Keys to the Spe-
cies, 3rd ed. Tokai University Press, Kanagawa, Japan, 1747.

NIFS (Natioanl Institute of Fisheries Sciences). 2022. Sea Water
Property Data from the Coastal Oceanographic Observa-
tion Stations and from the Serial Oceanographic Observa-
tion Stations. Retrieved from https://www.nifs.go.kr/kodc/
so0_st _list.ko dc on Mar 1, 2022.

Ryu JH, Kim PK, Kim JK and Kim HJ. 2005. Seasonal variation
of species composition of fishes collected by gill net and set
net in the middle East Sea of Korea. Korean J Ichthyol 17,
279-286.

Ryu JH and Kim JK. 2020. Diversity and assemblage structure
of marine fish species collected by set net in Korean penin-
sula during 2009-2013. Ocean Sci J 55, 581-591. https://doi.
org/10.1007/s12601-020-0041-7.

Shannon CE and Weaver W. 1963. The Mathematical Theory
of Communication. Illinois University Press, Urbana, IL,
U.S.A, 125.

Seong KT, Hwang JD, Han IS, Go WJ, Suh YS and Lee JY.
2010. Characteristic for long-term trends of temperature in
the Korean waters. Korean Soc Mar Environ Saf 16, 353-
360.

Yoo S and Park J. 2009. Why is the southwest the most produc-
tive region of the East Sea/Sea of Japan. ] Mar Syst 78, 301-
315. https://doi.org/10.1016/j.jmarsys.2009.02.014.

Won JH and Lee YW. 2015. Spatiotemporal variations of ma-

rine environmental parameters in the South-western region
of the East Sea. The Sea J Oceanogr Soc Korea 20, 16-28.
https://doi.org/10.7850/jks0.2015.20.1.16.



