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Feeding Ecology of Smallmouth Argentine Argentina kagoshimae in
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We analyzed the diet composition of smallmouth argentine Argentina kagoshimae, which were collected via bot-
tom trawl in the South Sea during February, April, August, and October 2021. Their size range was 8.1-21.4 cm
total length. A. kagoshimae are mesopelagic carnivores, mainly consuming benthopelagic Euphausiacea and Caridea
crustaceans. Polychaetes were the second largest prey component in their diet, which also included small quantities
of copepods, amphipods, and arrow worms. Stomach content compositions substantially differed among body size
levels in A. kagoshimae. The results of non-metric multidimensional scaling ordination and permutational multivari-
ate analysis of variance of dietary data revealed no significant dietary differences. The results of a graphical analysis
of the diet composition showed that A. kagoshimae are specialized feeders characterized by strong individual feeding

specialization.
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7} A|u A (Argentina kagoshimae)y2 85 Aregentini-
formes) A3 2K Argentinidae)of] 43h= o] F(Fig. = 2|1t
gf Jofiel AlFr FH S 239 Y2, Bold, 55
ool == F3E5hH, 4 100400 m A F-ofl F-2|& A of A]
AJshs A0 2 ok# A QJtH(Kim et al., 2005, 2019). Z oA
ZFIAMPE S A AA 02 a3t bRk of AR, A
QI E20]¢] Sof EE|5| 3150151 %(bycatch species)©
B2 YEAkRE, olFoltt o2 du ' o] 8-Hr) dRoA=1t
o] E}aL HrkElol IS, AolR, FHaTe] AR ol
53 glet

Zh A E o] &3t MTE T} o 79 Ho| A& Tt 3
= Argentina sphyraena, Glossanodon leioglossus®] 3 0|4}
2] e THRAR) BT S Eo] 918 B o T A4

o|tH(Whitehead, 1984). 1 &]o|| Argentina silus®] £-3, 7§
&R, AR E PABA EA(Bergstad, 1993), Glossanodon
semifasciatus®] AFgt7] 171 (Nashida et al., 2007), Glossan-
odon leioglossus®] 0]} o] 4| &] =L7] AdktA of g A+
(Bilge and Giilsahin, 2014), Argent ina sphyraena®] 131} 43
% AH(Ferri et al,, 2017) & B of 7] A+7F 7 43
o] QUARE 7P A AE Of A A= A SiTh
el Al 2Bl X consumers)= S5 GG ==A AR
T F7lES A A o7 Ak e et al Yt
9] Ho] A& (foodchain)2 A A primary producer)?} 0] 52
A5 AAISh= 241559 13148 RK(primary consumers), %
AE5ES Ho|Z dl= 22}4H] A} (secondary consumers)©|A]
32}4xH|AKtertiary consumers), 4x}4xH]|2K(fourth-level con-
sumers)Z ©]o] X tH(Castro and Huber, 2003). ©]2]gt Ho|A}
S0l 1Akl Ak} 3240]7) Afolo]) $17] 8k 22k m] A (4
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2R, o1R)SL 3, 43kl 50| A7 WHEold 4= gl £
7158 sk Fa3 o2 Tt o] g FTH 4IRS
of wol 4R slels 2L g e oA 8T
52 sjostel, AEA 7] SAA ARl S SaE 4

A% 7|2AR R B8 5 Stk A57HA] HE
ol ol] A Aol A 23k asm] Ao S F = oSS E
F 7121 E(Apogon lineatus), "B X (Engraulis japonicus), '8
(Thryssa kammalensis), 178 ©|( Trachurus japonicus) -°1, %
oY(Clupea pallasii), ?FR -5 2 |(Acropoma japonicum) -5-©|
8l+=t(Choo, 2007; Youn et al., 2013; Baeck et al., 2014; Kim
etal., 2015; Jo et al., 2022; Son et al., 2022), 7} LA|o}AE E
SFFARE Hol & Al A 5tod, 23kaxm| o] st o] ek 7}
A& Al g Zskeich

B AdTe TS H22 AP Y fUlE= BAS F
skof 1) AUl&-= 242 whefstaL, 2) 7|3k ut Al of whE |
o= 2449 ato] 9l 3) of Rt A A RS Zh=A] 24K
th & A A= e = St def Lol o] shel et Al
Y25 ufotol| Fo3t AR E AlstaL, HejA 7|6 4
Apdte] o] ek S ffgt 7| 2R 2 AREE 42 9)& Aot

f

2
o
)
)
2 M orr N

o Ttof] AR HE-2 20214 24, 5Y, 8¢, 11¥9] A=
EE(bottom trawl)o] HAHE =PpAtakshd pAkrfek AL
A B 235(1,679E ) o]8-5ke] wafl Lafoll A AR skt
(Fig. 2). AHH AFE= AR ME(G. semifasciatus) 2]
Q=4S wA|5l7] 9 BH7|(Kim et al., 2019)& -5}
A= AEstelon, o W= 4315 WAIsH7] fls) Aol
A 10% 578 22U O 1 S AFAR Rt o]+
7+ 7)) 2] AA(total length, TL)Z} A|Z(total weight, TW)<
Z}7F 0.1 em2}0.1 geb7H4] S48k 01, 8.1-21.4 cm, TL,
7.1-70.4 g, TWO] H$2 W},

9 Lge 24

2 Al o] 2EFE sl ofloll A siF7heek A
YHAZ ol-g8to] AR, Holdes THER 725K
o 2iE Holdes 7het F(species)E/HA] 7313
o, &P} ARYE o] 257t o2 7-f- IH(family) Ee= =
(order) P22 YT U820l A TdE 2E Holy
=2 TRER MATE 5359 Sse, gl
SIE ANA= Aol A Al A2 E

A W8 24 2ibe vt 22 Ao 7} woE o
ste] SARIE(%E), 7HAI=H](%N), 5530 (% W)= LR
tH(Hyslop, 1980).

Fig. 1. Photograph of smallmouth argentine Argentina kagoshi-

mae.
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Fig. 2. Location of study area in the South Sea of Korea. Samples
were collected within oval area.
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4714, A= AHE=E 5 ST Hol =l W ZFaAlnt
A O] 7jA=0] AL, N& Ho|E A AR 7haAlnpE o] 5 7
A, NoF Wz slid Hol =2 WAl 557, N, 4 W, .
& AA Ho] Aot HEwolth.

Ho| &2 A=A A]4x(index of relative importance,
IRI)+= Pinkas et al. (1971)2] 4] o]-&-5}o] 451 T
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370 2714(<10 cm; 10.0-15.0 cm; >15.0 cm )& &2 55191
o), 7k 27 o] BRE 24 B4,

ZFAJEAIE O] HolFQ T (dominant or rare), AJ4A2F
(specialist or generalist), 414]Z(niche width)> T34 "H
(graphical method)& AE-5}o] UEFY 2ItH Amundsen et al.,
1996). o] W& ZHWE(%F)of thslo] prey-specific abun-
danceE =23} 24 LERY W, preyspecific abundance:
che 3t 2ol Fasich,

P=Y.S,/%5,% 100

7] A, Pi= Ho] 8= 9] prey-specific abundance, S+= ¢
S5 F U E O 5%, S HoldE 5 AT HAI 9 9
U&= 5 AA Bol = SFolth

ZF 8z o] 3t prey-specific abundanceS L2 Abof L}
ERYj = B2 Amundsen et al. (1996)0] <&l A|ot=|$l o,
W AtollA] o 7o) AR E R AR A ST &
A AR E ST ol EF(Ee Sih)ol L ZoflA A
o fAEE -4 Hol & (dominant prey)o]H, & 4
2125 7} (high betweenphenotypic component) 414 &35
QIS Lpehint. ole] Aol A HABSEE F& A4
Z2 74t vk, A4 QUL B 414152 71IchPlanka,
1988).

XzEM

2 Aol A A ZF AR O] FA =7t 8= 2
< Argslr] 9lgh Rt A gl flal Hol A4S F5t
o] 24159 th(Ferry and Cailliet, 1996). 5412 ${3}] # o] &Y
o] HHH /NAES A& 103] FAHLIRE 7 2H2ho] FAk9lgh
A = o] Fgto thet Hat Ho| RRat 5 &
Alstgieh. ol o] Aol skl s o, Yu-8&
A4S 2R AR R EESklnh Ao FATA A
Aol 53 gk o] 10719 ghol & Ho] Bk ol sk
+0.5Y o A FHE,2 7151 tHHuveneers et al., 2007).

272 A whE Hol e 2449 ZolF dotir] 9
3l non-metric multimensional scaling (nMDS), permutational
multivariate analysis of variance (PERMANOVA), Canonical
analysis of principal coordinate (PCO)E- ©]-8-5}0] F-A5}% T}
(Anderson et al., 2008; Clarke and Gorley, 2015). Ho]A=2]
FHUW) AR} 2 2719 HolBES HAISHS
) 2} Blo] Bige] Al A 5248 Lhehdl 42 Q1 22 0]
Wolb wolE Feu|S ol galo] hAREAl (multivari-
ate) 4233513 ch(Hyslop, 1980). ALREAL 98| 7| +L1}
Aol &3h= TMAES A= 35704 = Eefste] 2005
O 7 73 H, 2 205004 Yol Rk Hat T HE
= AAtekSiT) ol gt A9 H AT1Fo A Hol Rt
O] Bt gk A2 T AA O QI8 2/l A 079 HlES

e

Bl Hol Efat 5 Al 4= qlo] ohs 2419 2
A A = QItH(White et al., 2004). E3+ AUE-&E 5
O] Ak sjAlS FAAl7]7] Sl Bt SEH
b7 AlgH3K(square root transformation)S 4345}
Bray-Curtis similarityS- 0]-8-5}0] GAIE |EYAE 1=
S tH(Platell and Potter, 2001).

HA AgatE 9 A QUE-= 249 AFoli= mMDSE
A& Eoto] AlZtElsleltt. o] 3 ZFAmpE QUi 8E 24
oA A7)k (size, two levels), 72 H (season, two levels) 1
2]37 28 ¢l(season X size class)?] AlT @il w2 GoJAlL
two-way PERMANOVAE 5-3}o] H413}¢t}. PERMANO-
VAL Z2 7F A& ]88 H| X< (non-parametric) F-AH-
Ao g2 7HdE HF517] 918k¢] permutation -2 ARE-3ITE.
PERMANOVAO{ 4] component of variation (COV)= 2+ &
%19 FF AEE UE= ghe =, COVZE 245 54 84
E1= 4b5 E3le) o] 2ok AL Eaich, PERMANOVA
o B EAA folt Hol7t Lkt e 49 AR B
stof 7|37t ato] 2 A 2ol FoAdS AT
5 PERMANOVARAIOA] §of7t ol CAPEAS §
sko] of" wo] Ff<to] o3t Ajolof & A%
(correlation coefficients)E UERH=A] 4319}, 2+ 9
R0 A A 7)ol T ATAS 04012 UER
Hol ERw-& PCOAES 13} 20 Uebllch $Iu-8& =4
o] thHEEA-S PRIMER v7 multivariate statistics package
2} PERMANOVA +add-on module2 AR&-3}o] EA4181%ich
(Anderson et al., 2008; Clarke and Gorley, 2015).

&
%A

o H

fr < 4>

ot F 1697114 9] Z7FaL Al o] A5 =l om,
AEEo] AANH ITNAE 240l A&-3FGITE o =22
A A E A ol A A mEskelen, 24 i
A7) TNA R SR = o] FESE 2 PRSIt U8
= BAollA 7MY 83k Mol a2 %IRI96.25 A}A| gt 't
LAY 0] Z(euphausiacea, %F 73.2, %N 89.8, %W 82.0)%2
, £ Euphausia spp.7} 552 Z4x/3h9ich Table 1), 2
20 2= %IRI 2.45 #}A] gt Aol F(caridea, %F 25.8, %N
4.1, %W 8.2)R =4, 5= 7| M-(Leptochela sydniensis)
ot 1 Qo ZAx|F o] (polychaeta), T2 F(amphipoda),
2 7FF(copepoda), S} (chactognatha)= =& 3} A| Wk
%IRI 1.0% P|REC & -9 o H]-5 2pA| 513,

433 A= ©E HoldE =g

ZFA A o] 7] Ee]| whE Ho| e 2/ A A
<10 em =7|toll A= bR o] 77t %IRI80.0 A9-7-7F

L5
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%IRI 11.95-0.2 FQ3 Ho|&o|glon, thg o2 = w7}
F7F %IRI 8.15 A5 tHFig. 3A). 10-15 cm Z7]-0)| A
= alohE Ao 77t %IRI98.9% U852 2] gEg
AR SF om, SZEFoF 70 HlE-2 %IRI 1.0 P|YEe =
Drashe AR Belth >15 cma 7| ol A= Wl Ayo]
9] Hl&-o] %IRI89.4% Zhax5k3] o, Aot AA|H ol F
7} 2 %IRI 7.3, 1.98 2715k oFARS B gTh

A HolE 244 BT A} S d ol duprkaz A o]
F7F%IRI78.8% 71 5 A3k Ho|&o| o, o 541} 7}
SH T oo 57t 212F %IRI 89.0, 82.85 =2 %IRI
£ 2| A tHFig. 3B). A& Holl= 1, o5, 7F&oll =2 %IRI
= AARE dutrhr Aol 77E A AR oRgtom, AR o]

ot 71e A A A =] W&ol 212 %IRI61.591 23.7%
83 o=t

At

=l
7RA[upE o] A A e et Ad A ek utetstr] fisto] 9
-g-=oll thet s AiE o] 85t3lth(Fig. 4). 7FLAwA
ol 7P 8% Yol e dHE Aol R, ol
%5 A A= A4 E 315 (specialist predator) & & 4=
ok A5 IR AR F o), T A A SHI A
SUNEE Hof -9 F2 4453 ehth

g0 AR T2 gAlge

W 30
rlo 3@

bl

Two-way PERMANOVA 23} 7} AJopAE o] QU85 %

Table 1. Composition of smallmouth argentine Argentina kagoshimae) stomach contents by frequency of occurrence, number, weight, and

an index of relative importance (IRI)

Taxa Prey items %F %N %W %IRI
Amphipoda Total 21.6 21 1.1 0.5
Byblis sp. 341 0.2 0.3
Gammaridae 5.2 0.7 0.5
Hyperiidae 1.0 + 0.1
Parathemisto sp. 124 1.3 0.2
Brachyura Total 3.1 0.1 0.1 +
Copepoda Total 7.2 25 + 0.1
Euphausiacea Total 73.2 89.8 82.0 96.2
Euphausia spp. 73.2 89.8 82.0
Caridea Total 25.8 4.1 8.2 24
Leptochela sydniensis 17.5 3.7 4.0
Unidentified Macrura 10.3 0.5 42
Stomatopoda Total 1.0 + 0.3
Chaetognatha Total 3.1 0.5 1.9 0.1
Sagitta sp. 3.1 0.5 1.9
Gastropoda Total 1.0 + 0.1 +
Ophiuroidea Total 1.0 + 0.7 +
Polychaeta Total 12.4 0.7 5.7 0.6
Total 100.0 100.0 100.0

+, Less than 0.1%.

Table 2. Mean squares (MS), pseudo-F ratios, components of variation (COV) and significance levels (P) for a series of PERMANOVA tests,

employing Bray-Curtis similarity matrix derived from the mean percentage weight contributions of the various prey taxa to the stomach

contents of smallmouth argentine Argentina kagoshimae

Source df MS Pseudo-F cov P
Season 1687.3 2.5146 17.389 0.051
Size 2 2932.8 4.3707 26.782 0.007
SeasonxSize 73124 10.898 50.031 0.005
Residual 23 671.01 25.904
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Fig. 3. Size-related changes (A) and seasonal change (B) in dietary
compositions of smallmouth argentine Argentina kagoshimae.

A AGE R o3 Afol= il o, A7 7F fof g &}
017} Q11 TH(Table 2). 2821 7+ A+ & I(season X size) = &
AA 1994 vt COVE AT} A7]5k] oJgt &
W7 74 F o, 2819 AT B at EIF =2 g4 Uit
PERANOVA AR B4 AT} 10-15 cm 7] 7H0]| A= 2} o
£ 7 fojet Apole el ony, 13 712, ohg 7S 7§
OJgt afo] & LrEh A] 9hQITE 215 em =L7]tof| A= 53t o

Table 3. Results of pairwise PERMANOVA tests for season-size
class interaction within each season and size class

Size class (cm, TL)

Season

<10 10-15 215
Spring vs Summer 2.381* 2.316*
Spring vs Autumn 0.946
Summer vs Autumn 3.496*

TL, Total length. Asterisk indicates statistical significance at
P<0.05.

5, 5 7R, ol 53 7R 7 BE APl A #-9) 3t Zfol & ot
BRI A] 2F24TH(Table 3). #-&2] 25 A H WA 57} vi-5- 2
o] SAA 275 oF7| A1 BhEo] ot Aol A A L] skelT

nMDS ordination&- 7}LA|RFAEO] A - I} A7]|of| whE
U&= 23] 7} FBlsHA| T2 E A Shas HolFth(Fig.
5). nMDS ordination®| 4] 10~15 cm=7]|++ F23} >15 cm &
B EE R o2, 71g BE g0 Falo] TRE) oot
=g

CAP 24 Aut 55 13 25 wet 7 A|upE o] 9§
2 RRE AL 27139 8210 2t g7 £e
P EA = & = ARITK(Fig. 6). nMDS 24 7 AR
AR} A7)5 2 B QRS 13wt #heofl 325K,
A8 08w FREX) O TS BT CAP 24
of| A ko] fm ZFALAIRPAE O] 153} o] § R ES TR
Sh=t| 7] =7} =3k h(Fig. 6).
oo

ATAPRES] 7P FRE HolEe wniciaols
(Euphausia spp.)& SEE ol FHeletA Exsl= 2
A %% 2 (Brinton et al., 2000), 4EZ&HIET} -2 AJAA}
S 91 AAE A Fag 1Kol slrhi o
(Ohman, 1984). T35} Liu and Sun (2010)°]] 23 Wujchat
Aol = T2 20 m 3ol == FZSHAITE, Wik vF ATt 5
oto]] AF o2 Upof 4=2]o|F(diel vertical migration)= F
TRl Hskql), o] 2fgt AR s HH, it el E ©f
T Ao 7 7E R o] o] Fof Xl W AIZF Fet AFL
2 058192 1 tff A lo] o] Fo]Rl A FhekEl gk, of
OF AR 23S BQl A ATE A EH -2t Fafol
A A5H= 7)1 27 |(Glyptocephalus steller))@} Haljoll A4]
Sh= RIRAEA|2X](A. japonicum)= FHlctatAyo] 7o) 4]
Hl&o] #ohal HAl E|Ql=t], ShA gt & Fol AAfolRw
ol Ae getshd & ot AE Sie & 4= Qe Zlolth
ZFAmpE ] A 2 F a3 Hol ME-E S E 7 A
(L. sydniensi) =t et 2ol gel s e F0 4
S 2715 B S5 4% R T Aol Atk

ZHIAPRE O] 7|7 Hol s 2 A A, =
£ 27| 2ol el EAolRE 714 ol HAlsto] Fatat
HIH S HolA] ¢ttt o]t T2 A= FEdEHAE
15348 a7 RE LS thE o fEoli= & 49
Slch(Baeck et al., 2014; Son et al., 2022). A&H Ho]zxA] 9]
A3} Pl =1, AR, 7ol et 2ol R E 7HE B
o] JAISIACB, A g0l AAHOIRE 714 ol 44I51ol
ApolE KAl o]= F7HA] AE A4S & 4 et D A
7hE A& ATk Pl Ayol o] AR & et ¢l
A Aol Bhaf] v uLA] wEgh 4220f 22 H32 5 Hol= 7kl
Autsigo] 2atlol e Hloluk Az AR A% A5 2)
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Fig. 4. Graphical representation of feeding pattern of smallmouth argentine Argentina kagoshimae in the coastal waters of South Sea, Korea.
Am, Amphipoda; Br, Brachyura; Ch, Chactognatha; Co, Copepoda; Cr, Caridea; Eu, Euphausiacea; Ga, Gastropoda; Op, Ophiuroidea; Po,

Polychaeta; St, Stomatopoda.

2D Stress: 0.06

Group
A Spring/ 10-15cm
Spring / 215 cm
0O Summer/ 10-15 cm
Summer /215 cm
O Autumn /<10 cm
@ Autumn / 10-15 cm

Fig. 5. Non-metric multidimensional scaling ordination of the dietary composition constructed from Bray-Curtis similarity matrix that em-
ployed the weight contributions on the diets of smallmouth argentine Argentina kagoshimae inhabiting waters off the South Sea of Korea.

Euphausia pacificas ¥33t Euphausia spp= -2 W &

5 vhrek Sl 820] o8l A2 ZAjalele] o] ol
7Fs/dolth(Lee et al., 2016). 1= Aol A= ARA 7t
QAo HE|A|uE AEd E5PH AR WA Hol g
= 29| Aol & o7l grtar A ztElo] 5 FE3 A4 =
HE Foll Aot AuE Algalof & Aol
ZFIAAE-S A A e 240 drlt Aol 7RE %F
7328 A1 E3E(specialized feeder)?] E4-S B L) 0|2}
e A= 53 o Boll s M o= 8 e o S5
Zdsto] JAl&o] £97] R g TE Y=, ZFaAmt

SR SRR oA Aol 7|9kl 7] 5] 50 A A A}
(opportunistic foeder)e] £ 7MEEL FZHL, ojo} 22 7]
slo ] 4148 THE 2RMEMIAL Ol ROINE th BoIg
21 8lth(Baeck et al., 2014; Kim et al., 2015; Son et al., 2022).

& Aol A e A A7)kl whE 7R upE of 4414

o PAFE BT NSE B At 27)73 A%
7HA SR A2 Alolg BE ABIAE 213 Ao} glo]
334 29 BARE 71 gol HAISHch e CAPEA
oA B} o] FS FHsH=T] drtchEAol R 7lelstec,
ol= ol ek Aol 5.0 HAlu| o] ol Srrt Weki, 5
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A Spring / 10-15 cm
Spring / 215 cm
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01
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Fig. 6. Canonical analysis of principal coordinate (CAP) ordination plot of stomach contents of smallmouth argentine Argentina kagoshimae

to assess differences between season, and between size classes. Correlations of prey taxa with each canonical axis are represented as vectors

for the taxa with correlations>0.4. Vectors represent Pearson correlations, and the circle indicates a correlation of “1°.

2l

TEUH7IA-9f vlEo] vl A =97 vl A o= Al
k. A48 Aol uhe BolE Mehs diE of Foll Al Lt
Lhe dRb Rl @42 sk A A4 ouA] zdiste 2
& lov(Gerking, 1994), 22 A4 Ao Edst= 55 7+ 2
Z1of w2 U AH A ol gAY o] anbt lek(Lang-
ton, 1982). SA|%k 7FILAIHAE o] -0, iAol 7
oF 2 FU HolBAS FAIT 4 S Hreo HoleR ¢
HH2Ql Ao R S A w ] QFokTh. TRt ZPAIAMAE O] 27
SRR 22 e 7R AE & = 2l ol

A4 4= e Holde &

RS ARAIR A

Kol
=
=

o] =EL 2022WE IPpARERY
(R2022030)9] #] ¢d& ot =3 A<
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