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Abstract - The Japanese anchovy Engraulis japonicus is a widespread species in the western
North Pacific and major fishery resource. To understand the spatio-temporal variation of anchovy
prey items in the coastal waters of southern Korea, the stomach contents of anchovy and the
structure of the zooplankton community were analysed at three sites(Jindo, Yeosu and Tongyeong)
from July 2011 to February 2012. The main prey itemsin Yeosu and Jindo were cyprid stage of
barnacle (>35%) and copepod Calanus sinicus(>22%) in July, respectively, while, predominant
ones in Tongyeong were small copepods, Paracalanus parvus s.l. (41%) and Corycaeus affinis
(22%). During this period, the dominant zooplankton wer e cladoceran Evadne tergestina (39%) in
Yeosu, small copepod, P. parvus s.l. (28%) in Jindo and cladoceran E. tergestina (14%) in Tong-
yeong. The dominant prey items were barnacle larvae and copepods in summer, phytoplankton
and Pseudodiaptomus marinus in autumn and P. parvus s.l. and cold water copepod, Centropages
abdominalis in winter. Anchovy prefer the prey item C. sinicus (3%) over E. tergestina (39%),
which was a dominant speciesin the catching sitein summer. P. marinus(0.5%) and C. abdominalis
(0.9%) were preferred over P. parvus sl. (30%), 21%) in autumn and winter, respectively. Prey
items varied with area and season in the coastal waters of southern Korea. These results suggest
that the prey selectivity of anchovy showed high flexibility and adaptability in the study waters.
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Table 1. The average abundance of zooplankton composition in the three sampling areas

Month July Nov. Feb.
Taxa./Station Tongyeong Jindo Yeosu Y eosu Yeosu
Dinoflagellate
Noctiluca scintillans 1 561 183
Cnidarian
Hydrozoa 27 25 14 3 *
Siphonophora 44 166 14
Polychaete larvae 1 8 25 *
Chaetognatha
Sagitta crassa 82 * 76 124 14
Sagitta enflata 21 *
Sagitta nagae 105 38 10 *
Cladocera
Podon polyphemoides 4 1 29
Evadne tergestina 154 707
Penilia avirostris 1 133 3
Unidentified Ostracoda *
Copepoda
Calanus sinicus 18 21 54 10 2
Calanus copepodite 80 1 28 149 8
Paracalanus parvuss.l. 6 39 190 2203 136
Pavocalanus crassirostris 34
Acrocalanus gibber 5
Bestiolina coreana * 76
Euchaeta indica 8
Centropages tenuiremis 5
Centropages dorsispinatus 1
Centropages abdominalis 6
Centropages copepodite 1 48
Pseudodiaptomus marinus 2 37 2
Temora discaudata 3
Labidocera rotunda 3 10
Labidocera copepodite 4 1 10
Acartia hongi 4 626
Acartia pacifica 3 38
Acartia ohtsukai 4
Acartia omorii 10 1 542 3
Acartia erythraea 2
Acartia copepodite 45 79
Tortanus forcipatus 1 2
Tortanus copepodite 3
Corycaeus affinis 10 1 68 19
Corycaeus spp. 448
Oithona spp. 671 121
Oncaea spp. 12
Unidentified Harpacticoids 64 1
Amphipod larvae * 1
Appendicularia 3 * 2 1492 14
Unidentified Salpidia
Cirriped larvae 57 4
Cirriped larvae-cyprid 3
Cirriped larvae-nauplii 86 * 123
Decapods larvae 4 *
Decapodalarvae-mysis 11 2 6
Decapoda larvae-megalopa 1 5
Decapoda larvae-zoea 83 13 74
Porcellana-zoea 3 5
Squilalarvae 2
Euphausiid larvae 16 * 19 3
Crustacean nauplius *
Bivalve larvae 10 7 2
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Table 1. Continued

Month July Nov. Feb.
Taxa./Station Tongyeong Jindo Yeosu Y eosu Y eosu
Gastropod larvae 3 22 1
Ophiopluteus larvae 6 1 1 27 *
Fish egg 16 12 31
Anchovy egg 335 19 11
Fish larvae 10 2
Average 1129 142 1817 7381 644

*:<lind. - m?3

Table 2. Diet composition of E. japonicusin the three sampling areas at July (O%, frequency of occurrence; N%, percentage abundance)

Tongyeong Jindo Y eosu

Taxa. O (%) N (%) O (%) N (%) O (%) N (%)
Cladocera

Podon polyphemoides 44 0.2

Evadne tergestina 16.4 04
Copepoda

Calanus sinicus 375 145 75.6 324 459 221

Paracalanus parvuss. |. 531 41.6 46.7 7.6 50.8 53

Euchaeta rimana 13.3 0.8 16.4 0.3

Centropages dorsispinatus 33 *

Labidocera rotunda 22 04 19.7 0.4

Acartia hongi 20.0 35

Tortanus forcipatus 6.6 0.1

Oithona similis 33 *

Corycaeus affinis 56.3 22.3 42.2 9.3 68.9 6.3

Oncaea sp. 2.2 0.1

Unidentified Harpacticoids 6.3 12 22 0.1 9.8 0.1

Copepoda nauplii 6.6 0.1
Amphipod larvae 31 0.6 44 0.2 9.8 0.1
Decapod larvae - mysis 22 0.3 115 0.1
Decapod larvae - megalopa 6.3 12 6.6 0.1
Decapod larvae - zoea 15.6 30 17.8 15 62.3 4.9
Bivalvelarvae 9.4 18 4.4 0.3 311 10
Gastropod larvae 4.9 *
Cirriped larvae - cyprid 25.0 54 311 354 88.5 54.7
Cirriped larvae - nauplii 15.6 8.4 133 1.9 54.1 29
Undentified Eggs 22 0.2 9.8 0.1
Fish larvae 33 0.1
Phytoplankton

Coscinodiscus spp. 111 6.0 311 0.8
Vacuity index 66.67 6.25 1.69
Diversity index 1.98 221 2.50
Evennessindex 0.86 0.80 0.82

* 1 <0.1%
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+ R (Sagitta crassa) ¢} 2.7} (Calanus sinicus, Par-
acalanus parvus s.l., Corycaeus spp.)7} &5 o2 &3
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Table 3. Electivity index of anchovy prey items calculated by relative abundance in the three sampling areas at July

Tongyeong Jindo Yeosu
Stomach Env. E Stomach Env. E Stomach Env. E
Evadne tergestina 0.41 38.88 -0.98
Calanus sinicus 14.46 1.62 0.80 32.38 14.86 0.37 2213 2.96 0.76
Paracalanus parvuss. I. 41.57 0.55 0.97 7.57 27.72 -0.57 5.28 10.43 -0.33
Centropages dorsispinatus 0.02 0.04 -0.31
Labidocera rotunda 0.43 0.58 -0.15
Acartia hongi 3.53 292 0.09
Tortanus forcipatus 0.06 0.08 -0.20
Corycaeus affinis 22.29 0.91 0.92 9.25 0.89 0.82 6.31 3.76 0.25
Amphiod larvae 0.17 0.11 0.19 0.09 0.05 0.28
Decapod larvee - zoea 3.01 7.38 -0.42 151 9.38 -0.72 4.92 4.10 0.09
Decapod larvae - megalopa 1.20 0.08 0.87 0.11 0.27 -041
Decapod larvae - mysis 0.25 113 -0.64 0.13 0.36 —0.46
Bivalvelarvae 1.05 0.54 0.32
Gastropod larvae 0.04 0.18 —-0.65
Cirriped larvae - cyprid 54.66 0.15 0.99
Cirriped larvae - nauplii 8.43 7.64 0.05 1.93 0.11 0.89 2.88 6.75 —0.40
Undentified Egg 0.17 8.28 -0.96 0.13 171 -0.86
Fishlarvae 0.06 0.11 -0.31
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Table 4. Diet composition of E. japonicusin Y eosu at the each season (0%, frequency of occurrence; N%, percentage abundance)

July Nov. Feb.
Taxa O (%) N (%) O (%) N (%) 0O (%) N (%)
Unidentified ostracoida 33 *
Cladocera
Evadne tergestina 16.4 04
Podon polyphemoides 34 *
Copepoda
Calanus sinicus 45.9 221 51.7 0.3 733 9.2
Paracalanus parvus s.. 50.8 5.3 96.6 31.6 86.7 60.1
Pseudodiaptomus marinus 27.6 35
Calanopia thompsoni 34 *
Euchaeta rimana 16.4 0.3 33 *
Centropages dorsispinatus 33 *
Centropages abdominalis 76.7 100
Labidocera rotunda 19.7 0.4
Acartia sp. 414 0.1 33 0.1
Tortanus forcipatus 6.6 0.1 24.1 0.1
Oithona similis 33 * 48.3 0.2 10.0 0.1
Corycaeus affinis 68.9 6.3 100.0 05 70.0 2.8
Oncaea sp. 46.7 11
Unidentified Harpacticoids 9.8 0.1 37.9 0.1 6.7 0.1
Copepoda nauplii 6.6 0.1 10.3 * 33 *
Amphiod larvae 9.8 0.1
Decapoda larvae - mysis 115 0.1 34 * 26.7 0.3
Decapoda larvae - megalopa 6.6 0.1
Decapoda larvae - zoea 62.3 4.9
Bivalvelarvae 311 10 58.6 0.3 33 *
Gastropod larvae 4.9 0.0 10.3 *
Cirriped larvae - cyprid 88.5 54.7 138 * 83.3 9.2
Cirriped larvae - nauplii 54.1 29 17.2 * 6.7 0.1
Undentified Egg 9.8 0.1 33 *
Fish larvae 33 0.1
Phytoplankton
Coscinodiscus spp. 311 0.8 100.0 63.4 80.0 6.8
Vacuity index 161 3.33 0.00
Diversity index 2.67 247 2.30
Evenness index 0.86 0.87 0.81
*:<0.1%
E. tergestinat —0.989] -9 AEAA4E vehdl 1, 7] Mg P Hol B F 267 EFLoz 314 207
871 clus -0869) 91 e Gebh o] Slel, 89 ER A 18 Ei S 10 Eires el
AP A T Jehd ol JEL ) $FZ(P.parvus 7P B HoldE $FTol s (Tabled). 517
s.l., Centropages dorsispinatus, L. rotunda, Tortanus forci- o 33 Ho|E2 X7 1F, o747 11=, 2457
patus, megalopa”] ¢} mysis7| 9] AZf{ A, E5F, nau- A, 24w A AR 5 dAEE R4,
plii7]o) w7iu) §4, w15 Axel) oz ve Mol de  abiul 4, w15 ik} Axe) Telm AwEda
MNzE2 B9 Eq] Coscinodiscus spp.¢] it FAle] A% Hol Q&
& AR 1%, 24F 1%, 245 4, myss71 o) 417
3 AAY Ho|AE F A, ol AR, B5F, wolu] fA 2Ela AEETY
aEelgiet $A6E vl A3Fe} eF 105, 47
Aol ube HA 2] Ho|YE EME flste] 314 62 T A, ol woie] A, A ofR ZEla A
WA, FA 3074A 2e]az A 307RA 2 o el A AHA EEYE] HeAER BAFENT ALY +A4FE A

B " (3 3~11em)E ol g3lth 4 AdE= &

(

Auw, Aol ST Wl ELe wriu) 4 (57.5N%)
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Table 5. Contingency table analysis of the seasonal variation of 8 different categories of prey items found in the stomachs. Values are total
number of prey examined in each season, with expected values given in parentheses. x2statistics are highly significant (***P<

0.001)
Prey type July Nov. Feb. Ny X2
Copepoda
Calanoids 1509 (2038) 7284 (7843) 2099 (1010) 10892 1350.38
Cyclopoids 338(109) 139(420) 106 (54) 583 717.95
Harpacticoids 5(4) 14(15) 2(2) 21 0.38
Decapod larvae 276 (54) 1(206) 9(27) 286 1140.37
Other crustaceans 30(7) 4(26) 2(3) 36 99.41
Molluscs 58(22) 60(86) 1(11) 119 74.16
Cirriped larvae 3074 (623) 10(2397) 244.(309) 3328 12037.93
Phytoplankton 42 (2475) 13006 (9526) 180(1227) 13228 4557.22
N1 5332 20518 2643 28493
X2 13720.41 4106.25 2151.15 19977.81***
Table 6. Electivity index of anchovy prey items cal culated by relative abundance in Y eosu
July Nov. Feb.
Taxa Gut Env. E Gut Env. E Gut Env. E
Unidentified Ostracoida 0.04
Evadne tergestina 0.41 38.88 -0.98
Podon polyphemoides 0.06 -1.00 0.00 0.39 -0.98
Calanus sinicus 2213 2.96 0.76 0.26 0.13 0.32 9.15 0.36 0.92
Paracalanus parvus s.l. 5.28 10.43 -0.33 3157 29.84 0.03 60.14 21.13 0.48
Pseudodiaptomus marinus 345 0.50 0.75 0.38 -1.00
Calanopia thompsoni 0.00 1.00
Euchaeta rimana 0.34 0.44 -0.13 0.04 1.00
Centropages dorsispinatus 0.02 0.04 -0.31
Centropages abdominalis 0.00 0.10 -1.00 9.98 0.90 0.83
Labidocera rotunda 043 0.58 -0.15 0.05 16.41 -0.99
Acartia sp. 0.10 17.02 —-0.99 0.08 0.43 -0.70
Tortanus forcipatus 0.06 0.08 -0.20 0.06 1.00 0.00
Oithona similis 0.02 1.00 0.18 9.09 —0.96 0.11 18.78 —-0.99
Corycaeus affinis 6.31 3.76 0.25 0.50 6.08 -0.85 2.80 294 -0.02
Oncaea sp. 0.17 —-1.00 1.10 1.00
Unidentified Harpacticoids 0.09 1.00 0.07 0.86 —-0.85 0.08 0.13 -0.25
Copepoda nauplius 0.06 1.00 0.01 1.00 0.04 1.00
Amphiod larvae 0.09 0.05 0.28
Decapoda larvae - mysis 0.13 4.10 -0.94 0.00 0.06 —-0.85 0.34 0.04 0.77
Decapoda larvae - megalopa 0.11 0.27 -0.41
Decapoda larvae - zoea 4,92 0.36 0.87
Bivalve larvae 1.05 054 0.32 0.26 0.10 0.46 0.04 0.27 —-0.76
Gastropod larvae 0.04 0.18 —-0.65 0.03 0.30 -0.82 0.00 0.23 —-1.00
Cirriped larvae - cyprid 54.66 6.75 0.78 0.02 1.00 9.15 1.00
Cirriped larvae - nauplii 2.88 0.15 0.90 0.03 1.00 0.08 1.00
Undentified Egg 0.13 171 —-0.86 0.04 1.00
Fish larvae 0.06 0.11 0.31

o 8757 (347 NS 3L, FA = AEEFIE (634
N)el 7h4 sk ol dE

2747 (835N%)7E A 2WE HoldE F $HEol
At A A" Ax &338 27+F+ C.sinicus, P. par-
vus s.l., Oithona similis, C. affinis, =] %] Harpacticoidsy]

thd

[e)rd =Rt

th o] 9o &3 e77{E A C. dorsispinatus, L.
rotunda®} 37 Calanopia thompsoni 18|37 FA o=
Centropages abdominalisz. 7] 2] SAJol| we} vjepd
A717h Dkt

ool A A" EAe FAEL A 16%, FA
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3.3% 123 5A 0%2] & depdoh ool A A
g B3 HolAEe] g A4y M AR 7t
WA 2 ko] ezl = A FAC M @
< 7 el (Table 4).

o gof| Al AAE P Ho|YE] FH =9} NAS
AR wel e 2 e veble (Fig. 4). s
o= wrlv] A2 cyprid”] (88.5 0%, 54.7 N%)7} 714
23} 31, C. sinicus(45.9 0%, 22.1 N%)7} 2194 %Z2]
ol gl gl FA6) T S0 ol AT AEE
gm0 " —ﬁ’—_%%—fd Coscinodiscus spp. (100.0 0%, 63.4
N%)7} 245 »& fﬂz]oﬂ/\{ fdﬁ]—)\)\_]_' P. parvus s.l.
(96.6 0%, 31.6 N%) = &2 w9} fA42 et
ek A A9 =29 “‘WEE Zolli= P. parvus
sl.(86.7 0%, 60.1 N%)7} o] & Barz 71ed 73t
> NS B dgez AT HeAES
ZA0] F2 £283= Y44 det=9l C. abdominalis
(76.7 0%, 10.0 N%) 3T}

Hx)9] WY g Ade) uhel At o] (df=14,
P<0.001)7} vebytct (Table 5). M o] & 7h¢-¢, mhn]
$A (X*=12037.93)7} 2| &&= =1E4] Coscinodiscus spp.
((?=4557.21)0] & AAA wzls Jehla, 99 ¢
WEES 2ASE AA Fd, 314 ((?=13720.41)0 =
g Fo W ehder.

Aol wpE X2 HolWE AR A o
7§ f-A2] nauplii7] (0.90), cyprid7] (0.78)¢} zoea”] 2]
AR 54 (087)) b ¥ ko) e vhehlow,
170 WA ERT F VN ERTel o) Ay
& BT A Hel ¥ $HES 29 Y4
it} 24 ¢= Pseudodiaptomus marinus (0.75)2 7}%}
2 ko oz AlESEhY. 3, o]vli o) R (0.46), C.
sinicus(0.32) 22]32 P. parvus sl. (0.03)= oo Zheo=
Wol 4 Ee Hestedont 1 ghel ¥4 gsleh o] o
A o B2 =2 o] AEAdE He f3uel
A o] EAYY FEZHIES HoAER AYHA
ekttt FAle] AAHE HolAWEL C. sinicus(0.92)¢} C.
abdominalis (0.83)7} k2] 7S R4tk HelAE == O.
similise o] $3olMs g MASE 129l g,
9 golME AL A4 FHoR e 22 7H(-099)
< B3]t} (Table6).

A =2 ol Eo tf-3-#A A, 7 AAe o)
2 ohe o] agel ZAsiAT, F13% 22% 27 7.0%
o} 30.0%¢] & Ve, el = Ao nhet =X
ol &2 AR HE3] vehlle Aol = AR
Hol| Al Bl &<l wu] F4, 2774l L. rotunda, E.

. % thenmpsoni
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s T Jt:rt'l}.mm_r
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P \n:p
0.5 dorsisy o *Zaen Megalopa
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— C r{,r.ifm.\-.ll_ h
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= & Acartia sp. * . nauplit
=
—
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Fig. 5. Correspondence analysis for prey items and areas(CA based
on N%).
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and Blades 1975; Munk 1995). ZA} & ol w}l& & *]9]
Ho| Y& AHlme Fodolr 7H @ He] AelgdS
Boled, ol AR gl wet Az g8 £3E 7HA
S EERBRECIES LSt EE RIS
apolol] ol8) vehd stz ek} (Tudela and Palo-
mera1997). =3}, o 73 ol wel Awe} of ol A B
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APAS BolFa1 )} (Alheit 2009; Bergeron 2009).
o] AT AES ASHNAM L Hol|AE o] Lol wzt
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Watanabe 2005; Yasue et al. 2010). o] A A= 2=
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