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Dietary Habitats of Spinyhead Sculpin Dasycottus setiger in the Coastal

Waters of the East Sea, Korea
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In this study, the dietary habits of the spinyhead sculpin Dasycottus setiger were investigated based on 156 specimens
collected seasonally between May 2018 and February 2019 from the East Sea off the Korean coast. In terms of the
weight contribution (% W), the main food items of the spinyhead sculpin were found to be teleosts (33.5%), followed
by carid shrimps (13.8%), amphipods (13.3%), cephalopods (12.0%), and polychaetes (7.1%). Dietary analyses based
on the weight contribution of different prey taxa in the diet of the spinyhead sculpin revealed considerable variation
in the dietary composition in terms of the sampling region and fish size implying intra-specific dietary segregation.
The spinyhead sculpin showed a size-related trends in dietary shift from amphipods to carid shrimps and teleosts in
northern region, and from carid shrimps and mysids to teleosts and cephalopods in middle eastern coast. Multivariate
analyses of dietary changes revealed that the dietary composition of spinyhead sculpin is significantly associated with
the sampling site, but not the fish size. Amphipods contributed more to the diets of the northern population, while
mysids typified the diets of spinyhead scuplin inhabiting the middle eastern coast, indicating differences in available

food resources between the two study regions.
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Ae 5EA A% okt Jotshs HatbRel dEollA &
ot -y o] tjupd R g = 5

tH(Naganuma, 2000; Lee et al., 2009). E3t, Fsll+ 2|k
2 248 S4lo] B3] ol A4 E4T oI B -] A
9] B0l &gt Wt &3 (Kim and Kim, 1983)0.= ¢l
o S-2juvtet Jall Tz Aot F3lo] REEE e =94,
AEfshA 25 Holal glek. o3 EA O R Fal(53] ¢
Ut 59l FEF) AL AELS 58 G e del 5
o th2 542 7hm glow, Seiket detkel 5 o) ot

o9t & k= 11f-50| thr 32 THKim et al., 2005; Park
et al., 2007; Yang et al., 2008). 21577 o](spinyhead sculpin
Dasycottus setiger)= 5] =(Perciformes), &<=Hl|7]ZHPsy-
chrolutidac)oll <31 W4 AolR2 -2 ele Eatet
B o5 2123l (66N-46N)S] 44 oF 800 m7b) A 43k
Aog dHA th(Fedorov et al., 2003). - yretol| 4] 115
Aol sl ANt AAsk= Ao ® defA] glom, =12 7
23 49 9igke] 100 m 2T} 2& 44l0] 4 Ao, E5 1
Aol FollAl o2 E= A o1F 5 sholth(Park etal.,
2007; Yang et al., 2007; Sohn et al., 2010, 2015a). 27 53}
o5 QPN TEARoIL AR Spoks ket 2
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ALE] A TH(Park et al., 2007; Sohn et al., 2010; Lee et al., 2018).
E3L HAoFS Fof] FA R o Sk -2t Sl EA R s
ZAol| A A o] = -ejutet s Aol A et A = et
(Sohn etal., 2015b). webs] LA T o= Fof HA 8o 5
Fol A Aolell F2 BEsH, T3 AAAHAS e 7
2 EARYIS & 4 qgleh. 71E Aol S e
o) W} el arke B o] Al 1Rz ole] 44
e} 7} B E] it (Mito, 1974; Jewett et al., 1989). H| = ajj<}
e 27 pabof| AAEH= 1A ol = = A ZH7(Decapoda)
T2 Ak A0 Bt 11 o HAAAH 8 ki
Z7golol gk A E At fIAANE LA o7 &3t
El7| 2 ool digh A= Tk 218 = Qlth(Napazakov
and Chuchukalo, 2006; Choi et al., 2009; Laptikhovsky and
Brickle, 2011, 24251713} o] = 42410] 2 43 uheto] 4
ASHe ol 2 AAA AR EE ol RE F2 A4S Ao
2 o4 A ek Sejuel Faf 441 300-900 mojl Al ZHs}
= FYEHl7](Malacocottus gibber)= A A4 112 2F A
A= T2 H43HAtHChoi et al., 2009). wf2kA] F-5fjo] A
Aok ALRAA o] E3t thE ST 1) ol 5 fARH 9
o]xﬂﬂ o /‘\jxl ],_L; E.A-] [e] E‘” 74 oz /\H71—Q1:]-

2 A= sl A AXYEA =8 AR} F SR}l AL
A7ol9 U&= EAE F5to] 1) =8 Ho| &S ujotst
a1, 2) A4l w2 U8 24 AfolE 4181, 3) A sf
A(f%)ol wet old 4SS UehieAl AR &
Ae] Aib= Faf At A YA 75 wHetstr] 1%k 7]
Z Az 7h E] AL kS At s ol 4] of T A A1 A 9 Ho
ATE fIe S Amr g Aoloh B3 2 A A= 7
WA Alal] 0]F] nFEZAA o] AFE Fdte] Bl s EA
£ olafistr] 91t 71 2Ak= 7} E Aol

Iz H A

A7 i R A=Y

2 AL A AMRE LA o] A|E= 20184 5ol A 2019
Y 397 AR Ea) qT(ﬂ*é ofopl)et Eal (=
A F3z) A8 9] 4241 80-250m Afoofl A Y55 th(Fig.
1). IRZAA 0] Al 2= AZ2H(bottom gill net, Z o] X 1=0] x
Z: 75 mx2mx 13 =; W2 90 mm)S ZF A Fol 24X 7 &
FAAT H o 75 AUk A A me Tl A FH
Byste] AR ket Ag Aol A ZH /A2 M4 (total
length, TL)? Al5-& 2H2F mmt g S9{714] S 38131ch 27
s 9 s 2Rt F UEE 24 A7 70% o
eh&of] Hakshaitt,

fuE=E 24

ZF A e 2 sl offoll A AAlE o]-8-5to]

39°N

38°N

37°N

36°N 4
127°E 128°E 129°E 130°E 130°E

Fig. 1. Location of two study sites in the coastal waters off Ayajin
and Hupo.

ke 7, SlYEE F R FeSISIch WA ol BE
= 753t S (species) E7HA] E70H3 0, 48F7} XK
01 577} o8& ¢ I(family) == H(order) =522 U}
e QU8B0 A Y RE HolYEe 2R x|
ok 1A L 4ot SeE B4 Ak 2 ool
A& e SR E(%F), 71AH](%N), SEHI(%W)2] Hat
W18 2 LT Hyslop, 1980). ©]% Z+ Ho] 3 (taxa)
of tiste] A5 244 A 43(index of relative importance, IRI)
= A As}9) L Pinkas et al., 1971; IRIS(%N+%W) X %F], 7
AHE A E 2 A e MRS 2 UERITH%IRD). A7 ¢
UI8E 240 WS BAS] Slstel mARole] B4
A%H23.4 em TL)S 7|50 2 vd S 70 A (immature) S 24>
A 7] (small size class), < 7i A|(mature)E T 27| (large
size class) 0.2 FLE5lo] 7} A7)+ (size class)of| 4] Bo] gt
9] 2A4& E451¥ tH(Yang et al., 2007).
SEET
i SRl A olfe] A7) A ole] A
o Faak LEQIA) 2] Slelo] Blo]d
slo] E-44 515 th(Ferry and Cailliet, 1996). £ 9]
oA HolgEo] HHH N &=AE 109 F+
F 2H21e] AR Aol A A =g W o] kol
o] Bt 5 AIlaL, FARIEE gholl thsto] Hat

ol 4 o Jl-J m{m
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o] Bt =] tiste] £0.5¢ wj A FESE JFEST
(Huveneers et al., 2007).

157Ao] $uEE 240 sfeld @ 27]3 Aoliznon-
metric multidimensional scaling (nMDS), permutational mul-
tivariate analysis of variance (PERMANOVA), analysis of
similarity (ANOSIM), Canonical analysis of principal coor-
dinate (CAP)Z o]-8-3lo] HA431%tH(Anderson et al., 2008;
Clarke and Gorley, 2015). &2 A-oflA] Z1F A o] A|lR=of
it =7REolA A AR AL, AE S U7
of Zt AR 23 A&7 SR ER] 4] wiizol -8
& 24 Histo] digh Al o] FeE aLeshA] itk

wol 4 Fauls EAAT} T 27)(E F3)] HolA
b ol 7t elo|Eazel A4 FR4E ek
2] o] m Hol g Fu|S o §ale] Thi
S-ay8l Aek(Hyslop, 1980). A= £-4.& 9J}o] 247
Z& A7)l &k MMAES FARIR 35741 =
tod &m0 % FFERE F, 4 g4 Hol Rt
T e AT o] g FARefRE A1l A
| 552 0] gt AL 3 AAle] S8 2 AolA] O
of U1 &8 Uehil ol BFt 48 #4412 5 9lof oh
FEA 0l §84S 272 4= 9t White et al., 2004; Mar-
shall etal., 2008). T3t {82 F ¢4 o= A=
HaA]717] f16te] Bt 58] AR Alg - HEH(square root
transformation)< A A]5}-%1 11 Bray-Curtis similarity S ©]-85
o] SALE W E-AE J123519 th(Platell and Potter, 2001).

41 Shol, 27128 USE 242 Aol nMDS £4
2 Esjo] AZjskstoch. TRAR] SIHEE L AT A
3} < (site), ZL7]wt(size class) ZL2] 31 2.2 Ql(site X size class)2]
At YWE-E 24 Aol o7t dFe A=A &
A3l7] Y51 two-way PERMANOVAE- A A|3141t}. PER-
MANOVAE #ET7F 72|E 0|83t BT (non-parametric)
HAREA 07 7S 57| $15ke] permutation B S A
43ttt PERMANOVAO]| 4| component of variation (COV)=
7 8919 9% HEE LB Lo, COV7E 245 54
291 4F5 T 3te] o] Ark AL elnjgich. E, two-
way crossed ANOSIM 415 §-5}0] 7} @ Qlof| o et o4 d&
55k ANOSIMEA o] Al global R FA| -2 7+ 152
AL R hO2 -1, T 410 2R GES B 4]
=5 UetlaL, 0ol 7i7heaE 251 Aol 7t §le-S YEH
AL, -1 B +10 7RSS 2 A58 ootA 2 Evh= A
& 9|u|3tch. PERMANOVA E= ANOSIME Ao A #-2]5t
2ol 7} kRS 719, CAP HA12 fo] ojul o] Haa
o] o] gzt zfojof =2 AFS A4 (correlation coefficients)
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= Uepen) Raekc) 24 vo] Baae] A sl
= AT AT 04 S e o] BRI CAP 4
5 13} 20f) vpebdla, ofof u]gkel wo] KR (unidentified
crustacean, unidentified materials)-2 -4 ol A A| 2|5} T A
7] £4& $J5te] PRIMER v7 multivariate statistics package
(www.primer-e.com)2} PERMANOVA+ add-on moduleS-
AE-51ITH Anderson et al., 2008).

2 o

fUE=E =4

B Aol A TRAA o= F 1567047} AR = AL AR
9 11.1-35.3 emE EATh 8f /57324 oteF)oll A= &
6670 A 7F QR = AL, FH(ER F32) A= T 907HAI 7 A
e ek A7 o] o] =2 ol EAE A wol
A Aol mEskl e, 24 F2 A7) 10670412 7
H}ick 2 dF= = A% 156704 3 11970A oA $ul&-
o] W Efo] aLFAA o] o A MHIE A g5t ol S Et 7N
A5 A8

a7 Aol o] AuUE-Eol A F A 1471 EFut(taxa)ol] 43
+ Ho|Eo] gRRlE Itk Table 1). a7-27%g0] 9] Ho|E
% O] 5 (Teleostei) = 41.2%2] &R E(%F), 7HA44H](%N)
29.0%, ZFH|(%W) 33.5%, AtiE 24 21 428](%IR1) 52.8%
2 7P ARt HolEo| Sl AdAlE o] F= TR 423}
7F AggE o] F-Eo] A= e, @3] AR (Bothrocara
hollandi)7t JA1El o]F o= SRIEIT) 1 th3o = AYo]
32 A9 (Caridea)?} @2+ (Amphipoda)7} Eo] 41415
e, 47k 23.5%9] EdRIE, 15.3%9F 15.6%2] WAl
H], 13.8%%} 13.3%2] 3], 14.1%2} 14.0%2] Adj524
AlHlE UERe Aolaks A7 5 A=A $-F(Crango-
nidae spp)7k 7F4 ko] AAE|S R, 2k Foll4 Anonyx
spp.7t 7H Hol A4 = it F=-F+(Cephalopoda)= =& 1l
= 19.3%, ZRAI5=H] 11.4%, S3FH] 12.0%, %IRI 9.3%S LIEF
Wk 1 @] ZAo|F(Mysidacea)= %IRI 4.5%, AA|F ol
(Polychaeta)+= %IRI 2.6%, FH}thE A o] F(Euphausiacea) =
%IRI 1.5%% 3L, 71231 Y X o] BR1-2 %IRI 1% ©|3}
T o YEEHN Tt

sint dEol ME HUEE 29| o

L)
B o

Aol 14 oloplnt &7 FE N 2728 b
o242 HTH(Fig. 2). 74 ofok7l Gctel AAJsH: 17
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Table 1. Percentage frequency of occurrence (%F), number (%N),
weight (% W), and index of relative importance (%IRI) of prey in
the diets of Dasycottus setiger inhabiting waters off the eastern
coast of Korea

Prey taxa Prey items %F %N %W %IRI
Nematoda* Total 0.8 0.1 <0.1 <0.1
Sipuncula® Total 0.8 03 0.1 <0.1
Polychaeta*  Total 101 53 71 26
Aphroditidae 34 14 26
Flabelligeridae 25 17 17
Terebellidae 08 04 06
Unidentified 34 18 22
Bivalvia* Total 08 04 08 00
Cephalopoda* Total 193 114 120 93
Berryteuthis magister 0.8 0.8 0.8
Loliginidae 08 08 08
Octopodidae 34 25 30
Watasenia scintillans 34 19 20
Unidentified 109 53 54
Amphipoda*  Total 235 156 13.3 14.0
Anonyx sp. 16.0 121 11.2
Gammaridea spp. 50 16 11
Themisto spp. 25 06 0.1
Unidentified 1.7 13 10
Isopoda* Total 1.7 17 17 041
Euphausiacea* Total 109 43 23 15
Mysidacea*  Total 143 93 59 45
Caridea* Total 235 15.3 13.8 141
Crangonidae spp. 84 46 45
Hippolytidae 25 13 04
Lebbeus polaris 08 08 08
Neocrangon communis 2.5 21 1.8
Pandalidae spp. 50 23 27
Pandalopsis japonica 0.8 0.3 0.3
Spirontocaris spinus 08 04 03
Unidentified 42 35 29
Brachyura* Total 42 31 39 06
Chionoecetes opilio 17 10 16
Megalopa crab 08 08 08
Unidentified 1.7 13 14
Crustacean Unidentified 08 08 0.8 <0.1
Ophiuroidea*  Total 0.8 04 0.7 <01
Echinoidea*  Total 0.8 08 0.8 <01
Teleostei* Total 412 29.0 33.5 528
Bothrocara hollandi 6.7 56 6.6
Unidentified 345 233 26.9
unidentfied nidenified 42 21 31 05

Prey taxa, prey type, and total dietary values of each prey taxon
are indicated in bold letters. Asterisks (*) indicate prey taxa for
multivariate analyses.

100 [—
EZZ1 Amphipoda
80 = 1 cCaridea
: Cephalopoda
60 [— ) —
—_ Brachyura
:
= Teleostei
40 .
E=S  Euphausiacea
Mysidacea
20 [~
OIT  Polychaeta
- 3 others

AYSm AYLa HPSm HPLa

Site&Size class

Fig. 2. Mean percentage weight contributions (%W) of the differ-
ent dietary component in each size class across different location
in the diets of Dasycottus setiger inhabiting waters off the eastern
coast of Korea. AY, Ayajin; HP, Hupo; Sm, small size class; La,
large size class.

2 FERY AARFE FE A4S

Two-way PERMANOVA 23} 11574 H o] U85 242
AR AT GOt 2ol 7t Ao, 27|17 T A o] o
Tk frol4d2 )IIth(Table 2). COVEEE: 8917 2 2bo]7F §
o}, sl 5k A7} two-way PERMANOVA 24 2
Fo)| 714 2 7)) 3l9dch. ANOSIM E-4of|A] 11574 o]
AUEE 240l sidel e Folgt 2fel7} il e, =27]
o ZFol= ¢l]ith(global-R=0.215, P<0.05 for ‘site’; global-
R=0.081, P>0.05 for ‘size class’).

nMDS ordination> 5] s LA o] 8= =4
Aol FHA o= F5lo] S HolHth(Fig. 3). nMDS
ordination®]| 4] 114 o}okzl glje] HHE L © EXo|| B¢,
27 3L 5| S Aol BELSh= AR Bl A7)
HE2 J 373 YUi8E 12 nMDS ordination 5ol £
ot AR B A2 7|92 AR A o' GA Eas)

Table 2. Mean squares (MS), pseudo-F ratios, components of
variation (COV) and significance levels (P) for a series of PER-
MANOVA tests, employing Bray-Curtis similarity matrix derived
from the mean percentage weight contributions of the various prey
taxa to the stomach contents of Dasycottus setiger

Source df MS  Pseudo-F COV P
Site 1 56757 2.819 14404 0.034
Size class 1 4336.8 2154 11.472 0.066
Site x Sizeclass 1 28455  1.413 9.708 0.229
Residual 43 74509.0 44.875
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Fig. 3. Nonmetric multidimensional scaling ordination of the di-
etary composition constructed from Bray-Curtis similarity matrix
that employed the weight contributions on the diet of Dasycottus
setiger inhabiting waters off the eastern coast of Korea. Blank
symbols, immature; Gray symbols, mature.

&tt. nMDS ordinationo| 4] 1A o] Y-S5 A TE
o F7b4) B AL 27)5el4) sled Holvt o 3A vt
Epom, 2 27150 BEL ¥ SeolA tha FRHE 7
2 Hort.

CAP 2423 JE%53) 13} 22 utet 152 go] 9 g2
EEL S D7) (P4 E) S Relo] w FH o2 Kl
oF 2= 91 3{CH(Fig. 4). tMDS 243} AL} sfelzt 3.2
B2 12 ke ak9 o RS, 4B 22 vt 9§
o] 217]of] upe 5 HFE BT CAP HA|A
o} 352k (Isopoda)= ofobl sleje] 2o =7 i
skt 7]elsan, 2400172 47 F(Echinoideay=
A8 27|17 S TE5H 7]of5HgckFig. 4)
JEEP TR EEL S REEEREE
ol 710157} %k

g ox o v
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oo | Hob o L md rlo ol
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H
a1, LA 14 23.4 cm$lth(Yang et al., 2007). 147 7]
Fof oJst A Aol= A 73.0 cmZHA] B Ao 2
24 9leh(Orlov and Binohlan, 2009). S3f 114 Aot &
F5}= & o7 2 W (Gadus chalcogrammus)= &S =410
A A& AN A 7F Rz SR g4 o] SRkl whek 2 WA 7 2
sh= Ao g ode A Qlth(Jung et al., 2020). E3E, 3 Fof] A4
Sho B o552 Aoz} w94 AT o] e Sale] =
EohE A o2 HIE Al Qltk(Stefanescu et al., 1992; Gibson
etal.,, 2002; Jung et al., 2020). & A= A FEA A 0| 9] 2| 4]
32 A T A 2 Aol A R she] 22 A7 ESk

o}, uebA] B Sefubet ool AAlsHe 152 ol o] At

o)

Site&Maturity
/\ AYIm
V AYMa
O HPIm
0.2+ Cephalopoda @ HPMa
N
& o
O
Isopoda A
Echinoidea Amphipgda
-0.2-+ Mysidacea
04 b : : : .
-0.4 -0.2 0 0.2 0.4

CAP1

Fig. 4. Canonical analysis of principal coordinate (CAP) ordina-
tion plot of stomach contents of Dasycottus setigerto assess differ-
ences between maturities, and between study sites. Correlations of
prey taxa with each canonical axis are represented as vectors for
the taxa with correlations > 0.4. Vectors represent Pearson correla-
tions, and the circle indicates a correlation of ‘1°. AY, Ayajin; HP,
Hupo; Im, immature; Ma, Mature.

2ol A4 B8 918 1t 212 Slol4 A 2 A
of A|ERAo] Bt Ao pekE,

&2 Aol A ALFAA ol o FE = AAEHAL, T v
o2 AolakE AR, 121 e 27| 2e) AT B2HE
LA oI HAlulgo] =9kt 2HA A-tollA] v slel def
A7 AAJshe Al Aol B A2 (Decapoda) -
R A$-F(Pandalidae)?} AJo|31E A-F(Caridea)s F+=
AABEAIL of 7o) 4SS =4 3tHMito, 1974; Jew-
ettetal., 1989). Uvtal o & ofFf= AJAetol whet A4 Ash= |
oE FHE Meete HS Kol (Gerking, 1994), i
& AAAYEIA o] 4]/ ol F(piscivore)= AZHROIA ol FE2 2
o] A3k el ch(Baeck et al., 2013; Park and Huh, 2017).
wfeba] 37 e Arhel A AT B QTR E 2L 2]
ol mjAdo] A 9] 315724 0](37-161 mm in Standard length)
o] Hol =5 A5 ol Adoi7F =2 ARk o 79
Hlgo] WokS A o2 Az

B Aol AR Fa) H
7 xZ)ol| A thE S-S B F oA & 27+
MAEL off, 757, Aolots Ae-75 T2 A8k A
T B4 AT, ofoplol A Bl Aol Al 7] 414
#0] & Y #UAL, FLof| A= A o] 79 Aol B &SItk

CAP £Ao|A = T2iet 2ol & 3910 AAS4E

(314 otobal)e} FR(S

- o=
TR 7)ol w7k -2 & 4 Ack(Fig 4). Ao
oAt ol 2] i AU 4ulg Hasekn Ho] 27
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PHs 4 Sol7] Sfatel A4 o] FelA] Alels vl
o| &S F& 443K (Persson and Diehl, 1990). & ¢1519]
= sl 4] TRAHo| ] wo| YR Ffoli= 2} seje] 4]
oA A7|e] Ao 7E A Tshs HolHES
ARG, 2 2712 AAlSe] s $18 2 2710
Hol| Y& F77F 57| Yo HHE T ofopxlofA] Ak
27139 MEAGo|7E Z2 AT BZHRE Anonyx sp.5]
=8, Anonyx<y T2z Wil A717F Z FOo8 SAY
7W7ke- S| B Algfof| 2 F3E3t(Sainte-Marie, 1992;
Takekawa and Ishimaru, 2001). 2] $-2]u2} 53 SRt
oA Anonyxz: ThzkR9] u)7| o] The BET o]
(Heo and Kim, 2018, 2021), 53] £ s{<o]| =& 3}= e
(Gadus chalcogrammus)®] $IU-&-=of| A= 2HA ] i ch(Park
et al,, 2021). o]2]st EX o & n|g| Ho} Anonyxs; THR=
2 A 8| T ofeRrl o == g o s Y2
Hh, Aol = -eluket Fafoll A WAl 222t wiizoll(Jo
and Jeon, 2007) A} el7k Blo] AloA] 2 o]} 91 A
O & A7 ot 2o = FEE A o] o] 5= 54
woll T3 A%k o] B4 e oA SE ] W] Wi
of 22 27)-0) R olo] ofs) ol 414 © Ao Tt

O F% 5ol Aetoll A 1= T A AAE =8 052 A

W

5o

lojo} 7 Ao were,

iAoz Aol whE Ho w2l Make ofFoll A UEhd:
= GRHA QL Aol aL, A A = Hol 9 o v A] maa v §l
thGerking, 1994). o1F-= APgsteiAl B3t 912717} 37k
1 FEA0] $715] thel, A ALSE F o e B
o] wjo] = Bo] £ 93t weelof n]3 o1 2] FRo| F&
Ho| & 4 41E 4= QIth(Stoner and Livingston, 1984; Scharf et
al,, 2000). A HoI L BE XA o414 olFet AL
37kl whet oA o|A] mgo] olfE A= =
4] ks Hleh Sl 7] o]l £5h= o 7 5 "ol =
&d}= Malacocottus zonurus= 3743l whel AR H o7}
ApS-Frol A of5t wol7} vlal QFARS: R 91T (Napazakov
and Chuchukalo, 2006), 53l 4l8jof] A 4l5l= FH-EH]7]
= A4 20 em ol Aol A] o}5e] 4ol F7eH AL B
C(Choi et al., 2009). o]k M3k o] 29 E= B 71| of
g S A4S d2A71E 23E 7FA2tH(Langton, 1982;
Chizinski et al., 2007).
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