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The feeding ecology of four Saurida species (Saurida macrolepis, Saurida elongata, Saurida wanieso, and Saurida
microlepis) in the South Sea of Korea was investigated using stomach content analysis. Samples were collected be-
tween 2020 and 2025 using a bottom trawl. Dietary composition was analyzed using frequency of occurrence (%F),
numerical composition (%N), wet weight composition (% W), and index of relative importance (%IR]). Differences
in dietary composition among species were evaluated using permutational multivariate analysis of variance (PER-
MANOVA), multidimensional scaling, and similarity percentages based on the weight percentage (% W) of identified
fish prey. All four species showed strong piscivorous feeding habits, with fish accounting for more than 95% of total
IRI. Major prey species were Engraulis japonicus, Trichiurus japonicus, Scomber japonicus, and Trachurus japoni-
cus. PERMANOVA revealed significant differences in dietary composition among species and seasons (P<0.05) but
not among areas. Estimated trophic levels were 4.12—4.68, indicating that all four species occupied high trophic
positions. These findings provide baseline information on the feeding ecology of Saurida species in the South Sea of
Korea and a basis for evaluating future changes in prey composition and food web structure.
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Fig. 1. Sampling locations of four Saurida species (S. macrolepis,
S. elongata, S. wanieso, and S. microlepis) in the South Sea of
Korea.
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Fig. 2. Total length (TL) frequency distribution of four Saurida
species (S. macrolepis, S. elongata, S. wanieso, and S. microl-
epis) in the South Sea of Korea. A, S. macrolepis (=220, mean
TL=52.4+11.1 cm); B, S. elongata (n=153, mean TL=37.2+13.8
cm); C, S. wanieso (=478, mean TL=50.0+9.8 cm); D, S. microl-
epis (=364, mean TL=29.1£8.3 cm). Values are mean+SD.
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Fig. 3. Ontogenetic variation in the composition of identified fish prey of four Saurida species (S. macrolepis, S. elongata, S. wanieso, and S.
microlepis) in the South Sea of Korea based on the percentage of index of relative importance (%IRI). Sample sizes used for the analysis of
identified fish prey were: S. macrolepis (Small, n=25; Medium, n=33; Large, n=23); S. elongata (Small, n=24; Medium, n=20; Large, n=19);
S. wanieso (Small, n=17; Medium, n=87; Large, n=49); S. microlepis (Small, i=30; Medium, n=33; Large, n=21).
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Table 1. Annual and spatial sample sizes, numbers and rates of empty stomachs, numbers of individuals used for stomach content analysis,
and numbers of individuals used for fish-based multivariate analyses of four Saurida species (S. macrolepis, S. elongata, S. wanieso, and S.
microlepis) in the South Sea of Korea

Total collected Empty stomach Empty stomach Analyzed Multivariate analysis

Species Type Year/Area () ") (%) ") (fish only) (1)
2020 5 0 0.0 5 -
2021 36 12 33.3 24 -
Year 2022 110 40 36.4 70 -
2023 69 26 37.7 43 -
Saurida Total (2020-2023) 220 78 355 142 -
macrolepis South Sea coastal 17 6 35.3 11 7
South Sea offshore 169 53 314 116 64
Area Jeju coastal 22 1 50.0 1 9
Jeju offshore 12 8 66.7 4 1
Total 220 78 355 142 81
2021 68 25 36.8 43 -
2022 77 53 68.8 24 -
Year 2023 1 0 0.0 1 -
2024 7 5 714 2 -
Saurida Total (2021-2024) 153 83 54.2 70 -
elongata South Sea coastal 46 22 47.8 24 24
South Sea offshore 43 15 34.9 28 25
Area Jeju coastal 40 30 75.0 10 8
Jeju offshore 24 16 66.7 8 6
Total 153 83 54.2 70 63
2021 149 66 443 83 -
2022 249 134 53.8 115 -
Year 2023 37 12 324 25 -
2024 3 1 33.3 2 -
Saurida 2025 40 28 70.0 12 -
Wa%/.; - Total (2021-2025) 478 241 50.4 237 -
South Sea coastal 30 14 46.7 16 14
South Sea offshore 179 79 441 100 57
Area Jeju coastal 147 78 53.1 69 55
Jeju offshore 122 70 57.4 52 27
Total 478 241 50.4 237 153
2020 1 0 0.0 1 -
2021 65 43 66.2 22 -
2022 145 107 73.8 38 -
Year 2023 79 49 62.0 30 -
2024 14 1 78.6 3 -
Saurida 2025 60 35 58.3 25 -
microlepis Total (2020-2025) 364 245 67.3 119 -
South Sea coastal 93 55 59.1 38 33
South Sea offshore 113 67 59.3 46 32
Area Jeju coastal 56 47 83.9 9 6
Jeju offshore 102 76 74.5 26 13
Total 364 245 67.3 119 84

-, not applicable.
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Table 2. Diet composition of four Saurida species (S. macrolepis, S. elongata, S. wanieso, and S. microlepis) in the South Sea of Korea
based on frequency of occurrence (%F), numerical composition (%N), wet weight composition (% W), and percentage of index of relative
importance (%IRI)

Saurida macrolepis Saurida elongata Saurida wanieso Saurida microlepis
Trophic level 4.57 4.44 4.68 412

Prey organism %F %N %W %IRI %F %N %W %IRI %F %N %W %IRI %F %N %W %IRI
Euphausiacea 08 23 + +

Euphausia spp. 08 23 +
Caridea 07 04 02 + 08 06 01 + 34 98 16 02

Leptochela sydniensis 1.7 80 14

Unidentified Caridea 07 04 02 08 06 01 1.7 17 03
Anthozoa 08 09 041 +
Cephalopoda 232 156 145 47 71 43 26 03 105 91 160 17 59 40 40 03

Heterololigo bleekeri 0.7 04 +

Loliginidae 14 09 +

Loliolus beka 0.7 04 +

Loliolus sp. 04 03 05

Sepia esculenta 04 03 19

Todarodes pacificus 92 56 137 14 09 25 + 42 44 106 1.7 11 34

Uroteuthis edulis 28 22 + 57 34 01 01

Watasenia scintillans 0.7 09 01

Unidentified Cephalopoda 7.7 52 0.6 55 41 3.0 42 29 06
Gastropoda 08 09 02 +

Siphonalia spadicea 08 09 02
Pisces 83.1 835 853 953 943 957 974 99.7 90.3 88.5 83.6 983 90.8 83.3 94.3 995

Acropoma japonicum 21 13 02 30 21 04 25 1.7 17

/,;\g(gll}vfggieturlchthys 04 03 01

Argentina kagoshimae 07 04 + 13 09 02

Carangoides equula 04 03 01

Champsodon snyderi 04 03 041 1.7 11 03

Conger myriaster 04 03 04

Dentex tumifrons 21 15 43

Doederleinia berycoides 04 03 01

Engraulis japonicus 12.7 147 3.7 38.6 37.1 328 51 56 09 59.7 60.3 54.8

Engraulidae 04 03 01

Glossanodon semias- o7 04+ 08 06 18

Larimichthys polyactis 21 35 42

Liparis tanakae 08 06 0.2

Maurolicus japonicus 43 103 1.2 25 121 04

Pagrus major 0.7 04 + 04 03 07

Pampus echinogaster 1.7 1.2 +

Pennahia argentata 04 03 04

+, less than 0.1%.
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Saurida macrolepis Saurida elongata Saurida wanieso Saurida microlepis
Trophic level 4.57 4.68 412
Prey organism %F %N %W %IRI %F %N %W %IRI %F %N %W %IRI %F %N %W %IRI
Perciformes 04 03 11
Pleuronectidae 08 06 04
Psenopsis anomala 0.7 04 39 14 09 + 04 03 08
Scomber australasicus 0.7 04 +
Scomber japonicus 211 221 27.2 14 09 01 18.1 13.6 28.0 08 06 103
Scomberomorus npho- o7 04 7.3 13 09 76
Setipinna tenuifilis 08 06 07
Sphyraena pinguis 0.7 04 31 08 06 114
Thryssa hamiltoni 14 09 28 04 03 +
Thryssa kammalensis 29 26 41 08 06 1.0
Trachurus japonicus 49 43 6.1 100 6.9 259 84 65 65 08 06 05
Trichiurus japonicus 16.2 121 25.0 343 328 296 20.7 17.7 245
Unidentified Pisces 317 225 46 57 34 08 283 233 6.9 21.0 155 111
Hooks 07 04 + + 08 06 0.1 +
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

+, less than 0.1%.

Table 3. Prey categories and trophic level values used to estimate
the trophic levels of four Saurida species (S. macrolepis, S. elon-
gata, S. wanieso, and S. microlepis) in the South Sea of Korea.
Trophic level values were obtained from Pauly et al. (1998), Cortés
(1999), Ebert and Bizzarro (2007), Kim et al. (2021), Seong et al.
(2021, 2022), Cho et al. (2023), and Park et al. (2023)

Prey organism Trophic level
Caridea 241
Cephalopoda 3.20
Engraulis japonicus 3.12
Scomber japonicus 3.70
Trichiurus japonicus 3.84
Trachurus japonicus 3.79

ol Al x| o] A& R EA]42H] 7} 95.5% 8 i RE-S 2} 8}
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A7) e 229 Al E R =X 71 99.8%= 7Y 9
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O AAHE YU-E= 244 EA48HIth(Fig. 4). Wi Eol= <A
of 227} FhF 2= A|H] 34.8% % 7MY & HleS UE
Wom, 27| (Larimichthys polyactis)7} 29.4%% 71 th2-2
AL Sl TS0l 7k A8 A ] 4.1%: 9
st F7ols 2217} 89.0% t-E-E A3tk 5
A oll = AFX| (Scomberomorus niphonius)7| At 5 Q & A|4=H]|
T42%5E 7P =& vES Uehlloh drllsol= A0 EA
7F 4T A=A ] 88.6% % thiEE AHA|skel e, 7Y
ol 10.1%E Uetltt stAlol= A7ol7t Aisa =R
H] 97.3%= 945kl on, FAlol= BA7F96.9%= 7HE =
2 88 Ve EA0)E B9k AFo7) 717k 54.0%2}
46.0%E A8ttt i Fol= &4l dEol7H dtE L
TRH] T2 7% 71 8 BleE e sHAlol= 2
oF 15 0l7} 717 47.3%5} 45.6%:2 72 Blo| 2 THlEl 9]
on, ZA o= 7|9} 150]7} 22t 47.9%9} 42.5%E A
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Fig. 4. Seasonal variation in the composition of identified fish prey of four Saurida species (S. macrolepis, S. elongata, S. wanieso, and S.
microlepis) in the South Sea of Korea based on the percentage of index of relative importance (%IRI). Sample sizes used for the analysis of
identified fish prey were: S. macrolepis (Spring, n=12; Summer, n=54; Autumn, r=14; Winter, r=1); S. elongata (Spring, n=12; Summer,
1=32; Autumn, n=12; Winter, n=7); S. wanieso (Spring, n=19; Summer, n=47; Autumn, n=75; Winter, n=12); S. microlepis (Spring, n=31;

Summer, r=1; Autumn, n=1; Winter, n=51).

sllch SAol= A7) AtE R = A4 53.8% % 7ML=
S HES e on, WA7E33.1%2 11 the-S AHA| 53Tk
ZhlgulEolis E4, s 9 SA Ol HA7F 242 s
Z]4=4] 98.8%, 100.0% L 99.3%= Urehfo] 7Fd £35l=
Hol| Y= SIE QUTh. WhH A |oll<= #A|(Liparis tanakae)
7} A E Q2 =2 4=H] 100.0%S 2HA] 53T HA| 2 02 s
o] 452 Al whet 93 Ho| g g0l 20| Bistetes &

15045 45-2] Ho| & 2/ Zpo| & &RIs7] Ql8f o] &, Al
243t AN Table
4), o}Z(Pseudo-F=3.761, P=0.001)x} 7|2 (Pseudo-F=3.616,
P=0.004)2 -ol3t J&F UEbd BH, sde] Fait=
Ol5}A] QFFh(Pseudo-F=1.627, P=0.143). E3t o]Zx A4
(Pseudo-F=3.309, P=0.001), ©]%& x 3I(Pseudo-F=2.159,
P=0.005), 72 x 8] I(Pseudo-F=2.316, P=0.001) Z 0}% x
A4 x 8] (Pseudo-F=2.677, P=0.014)2] A5 2812 m = o
oJ}5ict. PERMDISP £-4] 23}, 01%(F=10.817, P=0.001),
AR(F=13.521, P=0.001) Z ] &}(F=4.290, P=0.022) %5 71
= W Aol A 7-9) 3 Zpo & ekt Bray-Curtis fFAHE S

o] ¢ MDS £ of A= U] F¢] Blo| 4% £4o] Aura oz
Fslo] $u Fashl TR 24e SelsA) gl
(Fig. 5). SIMPER 4] 23}, 4% 5|4 o7 1+ B ]

Table 4. Results of three-way permutational multivariate analysis
of variance (PERMANOVA) testing the effects of species, season,
and area on the composition of identified fish prey based on per-
centage by weight (% W) in four Saurida species (S. macrolepis, S.
elongata, S. wanieso, and S. microlepis) in the South Sea of Korea

Source df  SS MS Pseudo-F P

Species 3 12,980 4,326.7 3.7613 0.001
Season 3 12,480 4,159.9 3.6164 0.004
Area 3 5,612.8 1,870.9 1.6265 0.143
SpeciesxSeason 9 34,254 3,806 3.3087 0.001
SpeciesxArea 9 22,348 2,483.1 2.1586 0.005
SeasonxArea 9 23976 2,664 2.3159 0.001
SpeciesxSeasonxArea 3 9,237 3,079 26767 0.014
Residual 57 65,568 1,150.3

Total 96 293,230

df, degrees of freedom; SS, sum of squares; MS, mean square;
Pseudo-F, pseudo-F statistic; P, probability.
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Fig. 5. Multidimensional scaling (MDS) ordination of identified fish prey composition in four Saurida species (S. macrolepis, S. elongata, S.
wanieso, and S. microlepis) in the South Sea of Korea, based on Bray-Curtis similarity calculated from square-root-transformed percentage
by weight (% W) of prey items in individual stomachs. Symbols indicate different Saurida species. The two-dimensional stress value was

0.2.

FAHE 56.86-89.69%2] S LERH THTable 5). Huf H]
FAE = K gl ok E i Fololl A 7 A ER S
(89.69%), 'GHll5-o1e}k Zh| sl ool A 71 WA UrElst
tH(56.86%). & 7t BlfAMdS 8 EA], 4%, 5ol 9 A
7§olof| ol A3l o, o] 5 HoRYE-L o o] Faof
A2 7| =g ettt 53] WA= BE oA 7
2 7|xE B F I HAMIS Al 8 HolER
3l =] it} Heatmap¥} Al54 w+3&4 A3K(Fig. 6), tl50]
4 458 35AR0 F8 Ho|AES o] atgl o), THE §
A Ho| &2 o] 8 ofioll= o] 7} UpEyt T 2| sl Fol
£ 99 HEo] 7P A Ebg o H, dul g ol B 4
Z] 2] vlgo] A& 02 okt uFolis 15012 ulgo] H]
WA A eI, FluEols 29} argele] Hjgo] v
WA A e AR R o2 7F F2 35H HoES
ol g3l = £ Ho|WEO o] § u]Fof|A] 20| & B Yt

=F
=

d|

g Fafioll A @ miEols 459 A AEE vl A
I}, RE FoflA o] 7] A5 A=A =H]7E 95.0% o] E
7] Uit 1Bl o] 44 EAI7e] 414 EAS u gt o]
23t A= S tumbils: th O R S A Aol A o] 7] AF
YR EAH]7 63.2%2 71 A et Aatel gk}
], FAREQ] Saurida undosquamis©l| A= 1577} Z | 77.7%

7] -8k ol T4 9] A4 Aol Har vl jltk(Mano-
jkumar and Pavithran, 2016; Mali et al., 2017). o] A5 A]
PERMANOVA, MDS 2 SIMPER ¥4] A2 Z3tsld, %
39 oy E9 o]§ Hell= YR Afo|7t EjIE A oL,
T ol E A AT i S AdEES S
o WhE SFEIRh el ERIE A gkt vH, d ol whe |
o[ & 249 Atol= F5HA] kot 2L sl Hutol| A FAF
gF Hol w24 o] UEbtth o2t k= miFol<& o 77t
FAREE A A2 of| A o] 7HEd Mol ES S e A o7 o] &

0O

il

o=t =4 200 m o] o] TG s ofl EEdh=
A AA] SEAIAF R L] A Qlth(Russell etal., 2024). o] o510
A= o] 52 AHAQ] A4 Y Qfof sTdste 424 37.5-139.2
moj| A Al=27F YR E o, 58] F2 HolPE= elE E
, A780] & A= gl d S oA 2
SUNEE Hole 20l o]F o= d2A SlthLeeetal,
2014). o] gt Ho ] P&0] Fir 5491} AR A4 ¥ 9|7t
Ao r FHF et QYoo o] §H Aor 4
ZHElL) oh, of¥l Ate ASESS ol85t] Alms A
SR e Bz o 3 of A o] - W A4 (net feeding)o] HAY S}
& 7Hs/dS Y3 wiAlsl7 = o k. ool wht $-8=
A A 2287F A 9] o] Foj A A] R AT AFE] o] Hol Y=
= ol Wl A A9 s A atesto] 24 ol Al Allsk
o} E3F S, tumbiles: 3o 2 AP Aol A e FRAd B

A, A
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Table 5. Results of similarity percentages (SIMPER) analysis showing the major identified fish prey contributing to compositional dissimi-
larity based on percentage by weight (% W) between species pairs of four Saurida species (S. macrolepis, S. elongata, S. wanieso, and S.

microlepis) in the South Sea of Korea

Species pair Average dissimilarity (%) Main fish prey taxa Contribution (%) Cumulative contribution (%)
Engraulis japonicus 25.68 25.68
Saur/:da elongata vs. 7283 Trichiurus japonicus 21.88 47.56
Saurida macrolepis Scomber japonicus 17.36 64.93
Trachurus japonicus 10.08 75.01
Engraulis japonicus 30.26 30.26
Saur/:da e/qngata Vs, 56.86 Trichiurus japonicus 25.46 55.72
Saurida microlepis Trachurus japonicus 10.77 66.50
Maurolicus japonicus 5.35 71.85
Engraulis japonicus 24 .55 24.55
Saurida elongata vs. 7767 Trichiurus japonicus 20.12 44.67
Saurida wanieso Scomber japonicus 17.21 61.87
Trachurus japonicus 12.14 74.01
Engraulis japonicus 32.23 32.23
Saur/:da m_acro/epjs Vs. 70.45 Trichiurus japonicus 19.10 51.33
Saurida microlepis Scomber japonicus 16.60 67.93
Trachurus japonicus 5.45 73.39
Scomber japonicus 20.18 20.18
] . Trichiurus japonicus 19.75 39.92
Saurida macrolepis ve. 69.63 Engraulis japonicus 15.13 55.05
Trachurus japonicus 11.38 66.43
Acropoma japonicum 6.15 72.58
Engraulis japonicus 32.10 32.10
Saur/:da micrg/epis Vs. 89.69 Trichiurus japonicus 18.01 50.12
Saurida wanieso Scomber japonicus 15.58 65.70
Trachurus japonicus 8.49 74.19

[e]

FYLAE ATk

™ Z}H

Ty o

[l Wx7k 979 o

34 o7t =8 HolER HaE v glth(Manojkumar
and Pavithran, 2016). we}A] o A b= of 3t 1f A4
O] 7s/d< aresto] s A F et qlo, A dtolA] B
25 i ol4; olRe] Blo e 24T AR 02 ATt 2
F& UERih

A 1918 2ok AokeAs A ol A Aol 3
Ashe oJorsb 1315 Ll 2|2, Qb 02 2.0-5.0
9] HAE 7HxIt}. FEATE 2.00 7W7HEeSE 24 (her-
bivore) = 7714145 4] 41/ (detritivore) A=l sidshH,
5.00] 7W7HE&45 84 A (carnivore) = o] 4] A(piscivore) Al
=of s getch(Pauly et al., 1998; Pauly and Palomares, 2000).
o[§l AAtoll Al i Fol< 452 B 4.0 o] =2 FYTHA
£ Yepith o] F S0l 2R o7t 4 Ho
a2 IRl o] 7MY =2 YPHAE Helon, ujFoletd
i Eol e Tt o FE 8 HolBER o §5to] vl =

2 el o2 Sho Ao s W2 JYaAE B9
kx| 0.2 oFTHAZ) 4.0 oAl ol FATS] AR}
BEgn, 22 o] 2.8 uo|2 o] §5h= o] 414 ol RoA] &
UehdtH(Essington et al., 2006). F3t H|EFEA GTLof A=
o A1 ZAR7L sl oF Blo|o A9l FFHAE AR5k, 9
oo} o} o | A Mol Fagt A4S pFsk= o=
H5th(Yu et al., 2025). 0] 23t Ayf= v Fo]<4: 450] 5
& AN S/ ZARR 75T 7HeS Hilsh=
Ao R ot
o AtolA= mEol, duliEol, Fdusoloi 27|+
of w}2 o] E(ontogenetic dietary shift)o] 2+l HhH, %
v Eole e 7|l A A7 AE5A 0 2 935kl /4]
ol W2 Ho| & 24 Y] HIlrF F315HA] ettt visol<
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Fig. 6. Heatmap of square-root-transformed percentage by weight (% W) of identified fish prey in four Saurida species (S. macrolepis, S.
elongata, S. wanieso, and S. microlepis) in the South Sea of Korea. Rows and columns were ordered by hierarchical clustering based on

Bray-Curtis similarity.

7hze Aopr} wreret el S4E T glo] offret 2L
WA 2 vlo) KahH o R BT 4 Qi A0 UBiA 9)
CH(Thresher, 1984; Randall et al., 1997). o] 2|3t Fefj & EA o
2 Qlsf ;AR Aol whet o 241 Rt Ho e ©f
S5 |0, olof e} Ho| 4 o] § op4} ek Wstoh Ao

N

2 B e ck(Scharf et al., 2000). Yang et al. (2024) GA] 2
2 & o|F S, umbilel A g7l w2 Hol Mgk B a1ste]
ou, o]t At A} GA| o] 2} FARRE HEFS HGleh vhH, %t
H] 550l thE Foll Hlsl oA o2 22 A1 919 7h
A7F F= Ao xtE ez, oji A4 Aupite s I
7|5l g Hol gt o K5 ietslA| wetslr] oYt whet
A ZhesulEol o] A7]gte] whE Hol g o 5 Ssty]
A= Bk W2 A HA Y ANAE =Rkt 7R A
7FEed Ao s wekEh

o[l Aol A miFol& 459 A lUE=E =
o A, Fof| et A 2 0] 8-k Ho &S A
o= W37t QI o, ARbA o 7 4 o] Blo] A&
=2 2GS HAlr o] H3t Auf= Hol B2 AAE &3
A FHA faE WSt thE o] s Ado] MG E Ao s
rehelch 2|9 argol= daf s oA shA|ef Aol w3
W7 S ar AFhRfo] F7teks AR ofFo® Bl
wof glon, ol Aol A e uiFo]et FrlmFolo A sid
Aol x| ef 31501 9] o8- H|Eo] A Uetsith(Lee et al.,
2024). E3F Lee et al. (2025)2] 1tol| A= d3f dfjejofj A &

oXx
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