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Feeding Habits of Larval Clupea pallasii from the Nakdong River
Estuary, Korea

Hee Chan Choi, Joo Myun Park!, Seok Hyun Youn and Sung Hoi Huh?*

Fishery and Ocean Information Division, National Fisheries Research and Development Institute, Busan 46083, Korea
'Department of Biological Sciences, Macquarie University, NSW 2109, Australia
’Department of Oceanography, Pukyong National University, Busan 48513, Korea

We examined the feeding habits of larval Clupea pallasiiusing 148 specimens collected from December 2010 to April
2011 in the Nakdong River estuary, Korea. We found that larval C. pallasii [8.3-26.0 mm NL (notochord length)] are
carnivorous, consuming mainly copepods, rotifers, cirripeds, and free-living flatworms (Macrostomida). Their diet
also include small quantities of shrimp nauplii, tintinnids, cladocerans, and larval bivalves, among other food sources.
To evaluate ontogenetic changes in dietary composition, we split larvae into four size groups: 8-12 mm, 12-16 mm,
16-20 mm, and > 20 mm NL. Rotifers were the most important prey items for the smallest group, but all other groups
predominantly consumed copepods. The largest group frequently preyed on rotifers, cirripeds and flatworms, in ad-
dition to copepods. Larvae also showed bi-modal feeding, with peaks in the late afternoon and at midnight, wherein
the mean number of prey per individual peaked at 1,800-1,900 h.
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o] f= ol Al Aol B ZJo] TAIE AH o229 7o o
FolA]u], o] A|7] et 0| & AP Helt), S8 o
312 71 A 7| AFo1 7] (pre-larval stage) R .Ch= 2] 54 2] (exog-
enous feeding) Al2tsk= Al7] ol AFgE©] mi-¢- =ThH(Hjort,
1926). AL Z7]0]] Mz QJRA4l0] ojoi2|A] HafH
7]oK(starvation)of o3t A A Q1 AFg} We AER Qe
34 70} 71710] ZAoi217] Flo] 12 AR ofa] 7]4]5 3
59| 5712 o]o] A 4= 9l 2™ (Shepherd and Cushing, 1980),
A= o]Egh P79 IpAo] o 7o rheee] dFE w|xltt
(May, 1974; Lasker, 1975). o5& Z7]|3&Ao] Qloj A Hol 9]
7184 (prey availability) T} A4 4] A5 20 QlojA] 714 =
f3t g 4ol o] & Hofsh= A2 Y A EwH(cohort) 2] 71
35 o e} o 7 A=Y A A Agt(year class) =S
Hrlsl=d] F23F 40| Eth(Cushing, 1990). webs] 27]

AL A A A Bk Ho| A ES Blehe AL A4z
3 ol R 71 FFdh= Aol9] 7]3E el A% &
4~0]tHRobichaud-LeBlanc et al., 1997).

dol(Clupea pallasiiy= 37" o172 Seluel ol 9 A
3], YEEH, Wajuh, HejEef ol £xdl= FolRFo|tt
(NFRDI, 2004). %012} Atgt7]= A-ollA B7HA 2 1 Al
718 HolA|uh F A7) = 3490, 257 o] Qe &
2 Aoy Yko & ml & o] o] Heje} slxfFel 2 714
of| & Eol= AlRt5/d& EQITHINFRDI, 2004).

gol] e 7)ol 2 FAI HE-S Ko=), £
Lt o] AHdEke] 9 S AlEE Aw R, 1910-20
ddf, 1960-70 A o] @2 EdeFS Holow, 19704 o] %
B ZF ko] F23] 7489 tHGong et al, 2009). &Lt
2000t SHERE] Folo] 2d=F wid F71shAL 9l FA
o] m(KOSIS, 2015), & A8 & Q1 Y57 skt 212 %l
SRt M AL A & Atoof] Fo] AFx|of o] Ed o] uf-$-
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=0 EAS wolil §Itk(Huh et al., 2011; Choi, 2014).

Zgotof et A At= A3 (Wailes, 1936; Choo, 2007),
Wl B Reprto] gei(Han et al, 2004), 27]4ZA
(Chimura et al., 2009)] B3t A1 5o0] Q1S Wolni, z}oi Q]
A 7doll Tt A= A 9] o] R0 2] 2] grgtth(Blaxter, 1965).

Skt galioke] di A2l o] & Alet W Sl Ye g Bkt
ool ZF k= o152 27|ASAl tigt T A A9 A
o2 SRR ALY olF F shel Hof AA] o] o] T
5 mofetar, Aol w2 Holwstel U7] A A4S el (diel
feeding pattern)= ute}s}a14} gict,

Mz H U

A1 Aol ARgE Aol AR ol AR HE Tt SRSl
A 9F 2 km HoZl S 2] Qb&oll $1215F HH(35°05 ° N;
128°55 " E)ollA] 20104 12€5-€] 2011 4€71A] vl g &
719] ot 54t 3-43] REEAR sFgleh. A7) A4 E mhok
gt A= 2011 290 5Ugt oA 09:005-E <
06:00712] 3A|7F 7HA 0 = Z 83] ARt A|7E o] 853t
Al &9 A 32 RN8O HIE(F, 80 cm; i, 330 um)E o]
3Fo] 24 1-2 moflA] 2F 2.5 knots = 107 42 AR AA|
SFIL, FTFA BAS 9Jsto] U E ¢+l 5| (Hydro-Bios
Model 438 110)E F-2}5}4ict.

ANYE FEL 5% T4 Z2UOR 1A F, Ao
Al Aol ZpR| o1& Eelgt &, A A% (notochord length, NL)S
0.1 mm7H2] ZA4Jsto] | f-&u| 7 (Olympus SZ40) Stol|A] £
2 Belskloh AU-8-E-2 4 A @ v| 7 (Olympus CH2)
S olgste] Ho| FHUR FLHF L, SdTFo] W2 oA

2 7H5 ek S(genus) =714 SR 0, 11 9] Hol =
T Bk A9 EREA 7R FA ST Ho &) 57
ol = Yamaji (1984), Cho (1993), Yoo (1995) 5-& 15ttt

Ho| Y52 FTFER NAGFE Agst 5, 847 &2 A
AL 718 A Hol &2 17 um, 717 A 7] e S
HolAE-2 68 um T2 Hol| Y52 S5 TS S 5H

me flo N

flo ma

WA S-S ol o] 85k3laL, €71 Fu A9l v=nr**h o]
&3l Hol &9 A A& 33t

A8 4 A ZF Hol el tiet SA W = (fre-
quency of occurrence), O AHE20] 7| A|=H] of Fujn| &2 e}
Welon, R s oh3a 2ol HLakgiet

%F=A/N x 100

A7), A AU 82 F o
ole] AfRl4o] L, N& $] uf
Ao,

AAlE HolAE o] A5 2 A X 43(index of relative impor-
tance, IRI)+= Pinkas et al. (1971)2] 4]& o]-8-3}o] t}-3-1} o]
Totl o, Hol &l TH](%W) thal F3]8|(%V)E ©
g31900], 23} g wEgR iksio] AthFaiA4
(%IRIE 7515k,

IRT = (%N + %V) X %F

37l whE Ho| Y=o WSS dohid 7] ffshe] A o] ApA|of
O] Al 75 4mm 74 0 & 479 =27]|54(8-12 mm; 12-16 mmy;
16-20 mm; >20 mm) 2.2 Lo Wol A8 ARSI AL, 2 A1
Ak A AE Hol s A7|(H5) Alel o] BHAl= A F 224
= AAISHT Z1E] L Aol whE ol A B4 ohelE st
o 7]t ZWA & Blo] o] Ht 7i4(mean number of preys
per gut, mN/GUT)$} £-2](mean volume of prey per gut, mV/
GUT)E 5t% 21, 2AHE4] (analysis of variance, ANOVA)
2 olgatel §ro4 24 BT,

5 v 8-S Ak} chepsi B3 glrhE shetel] 9
sto] dietary breadth index (B)E —-5+{th(Park et al., 2007;
Huh et al., 2008).

B,= (I/n-1) - (1/3P-1)

o7, Pz ZAL 9] A8 T o= 7T Aok
H|&0]1L, n & Yol =9 F4=o|t}. o] X|g= 0|4 17}
219 {915 Holw, 19 7V7kepS o ot Hol a3 A
Asl= $0 2 B 4= QItK(Gibson and Ezzi, 1987; Park et al.,
2007; Huh et al., 2008).

1)1 957 uh2 Hoje] JAIEA Hske oofiy] 9J5t
o] 2011 2] AT o] AR 2= AR A

A8 B3t Bol 42 A4S BAsct

2 o

Ax|ofe MY2E H HAE

2 AtolA] Aol ApR|ol o] HolE RAE flsto] AREE
A & 14870A190AL, 12¢0l] 17TAAIZ 7 Aglen, 2
dofl 4070412 71 WATh Aol Ao o] AAF faxE A
HEH(Fig. 1), 12€0]+= 8.3-12.0 mm (avg.: 104+ 1.0), 12
o] 9.1-12.2 mm (avg.: 10.6+£0.8), 2| 8.8-20.5 mm (avg.:
11.842.7)9] HOE R oW, 1 = 10-14 mm 7fA|¢] HI=
7F =30tk S 304 4YE A4S Sdlske Aol A
AV R 91eE et AAF o] S7Fste] 3€oll= 12.2-24.8 mm
(avg.: 18.6£3.1), 4¥o] = 13.7-26.0 mm (avg.: 21.6+2.4)2]
WS Bt

FUHEES AT 1487074 T Hol & A AR o] Ak ol=
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89ukE] = A A E2 60.1% FITH(Table 1). 2A7of wh2 4] 4]
E2 44 27191 8-12 mmofl A 29.2%2 71 wokon, 12-1
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Fig. 1. Monthly size frequency of Clupea pallasii collected in the

Nakdong River estuary.

Table 1. Feeding incidence of Clupea pallasii collected in the Na-
kdong-River estuary

Size range Number of Guts
NL (mm) Examined Filled
8-12 mm 72 21 (29.2%)
12-16 mm 20 15 (75.0%)
16-20 mm 20 18 (90.0%)
>20 mm 37 35 (94.6%)
Total 149 89 (59.7%)

mmell ] 75.0%= 323 F71ekck. o) B3 St} 7t
A 2520 mmolA AL 046% HAo] 2715 1)
2 Z7H5H9Ac.

HUE= =4

HolZ A 897041 ¢] 8= 24 22K Table 2), %]
ARz 01 9] 7H 53 ol &S SHRIE 67.4%, 7HAI5H
53.2%, 2.1]H] 42.5%2 2o} AER 7] 4H] 69.2%Z 2]
2t 2 717(Copepoda) Htt. 8717+= 5 18719 EF<tol ¥
SUaL, 824 SOl vled 827 S@RIE 38.2% 1A
=] 7.0%, F-3]H] 172%2 AhF QT4 92342 714wk
ol dAE o, I thgo s a7 o] ZENIE 16.9%, 71
A|4=H] 28.5%, F-1]H] 0.4%2 A28 4 486,92 F H
A2 F 3t Hol|A=o| ) 11 th2 2 & cyclops ZH|ET| =
A o] ZHRIE 23.6%, NA|4=1] 6.5%, F-1]H] 4.7%= 263.7
o] T aAATE HAL, 5L Ao Adlsat
A4 214.52 v 1A Fa35F Ho|AEo|iTt. 1 @] Paracala-
nus sp., Oithona spp. 52 2.2 YEITH

2217 TheoR Ho] A4E HoldRe SAUE 404%,
NAG=H] 26.7%, 98] 23%S AR5t} AtEQ R4
H] 12.6%E R ol 5 F(Rotifera) At o555 77019 thoF
gk ko] AdAlEglen, O FolA 57 ol EERlE
38.2%, NAGH] 24.7%, F-1]H] 1.2%E Ho] At|5_ AR5
990302 7174 3 Ho| ol ik L T} 2 uEH &
FR7HAHEAAAS 1052 g H4l= gl

SFF o8 2T 44.9%, NAGH] 4.1%, S]]
14.2%2 A5 24X 8.8%5 K2l 7|75 (Macrostomida:
phylum Tubellaria, class Platyhelminthes)o] Eo] 4] = 1t}

I oo 2 ARAl4E] ERIE 22.5%, HA5H] 10.0%, 5
Su] 15.0%:2 AF)ER A 440 6.0%2 A3 BH2HL(Cir
ripedia) F-47 JE 2 A4=H] 2.7%E 2l AZ2H(Cla-
docera)7} B 1A o] 4] | ¢l

2255 (Tintinnida), ©]9j3]F(Bivalvia) 4, I35
(Malacostraca) 328, 71X & o] F(Polychaeta), £}H 2 2 3(Di-
nophyceae), 1|57 Bo|Eo] Bol s T WA AT 1
ok vl A ict.

480 TE Hol =9l Hat

A5 o] AFx] o)1= 8-12 mm, 12-16 mm, 16-20 mm, >20
mm 47]¢] F7]5 0 2 o] ol YEo] JiARE VIEe R
Z/JRSkE 2ARsIGITH(Fig. 2). 78 A2 A712¢41 8-12 mm
oMe &5 77 A HolE A2 80.7%E AA|5to]
71 S 83 ootk I thEo 2 82477t 14.5%E
ol A=A, 11 Hholl 718 ol g=o] 4.8%2 4wf 414
E 3tk 12-16 mm A7]ol A= J5-77F A Haste] 214
Ho A& A2 13.9%S 24A|51ch sHl 2 7kR= 7
S7Ysto] 722%5 AASHGAL, o3 A7lllA A E&st



Table 2. Composition of the gut contents of Clupea pallasii by fre-
quency of occurrence, number, volume and index of relative im-

portance (IRI)

Prey organisms

IRI

%IRI

Copepoda
Copepod nauplii
Copepodite
Acatrtia spp.
Acrocalanus sp.
Calanus spp.
Centrophages spp.
Corycaeus clausi
Cyclopoida
Cyclops copepodite
Oithona sp.
Paracalanidae
Parvocalanus aculeatus
Parvocalanus spp.
Pseudocalanidae
Pseudocalanus sp.
Temora sp.
Unidentified copepods
copepod eggs
Rotifera
Brachionus calyciflorus
Keratella cochlearis
Keratella cruciformis
Synchaeta spp.
Polyarthra sp.
Unidentified rotifers
rotifer eggs
Macrostomida
Cirripedia
Barnacle nauplii
Cladocera
Bosmina sp.
Daphniidae
Podon sp.
Unidentified cladoceras
Tintinnida
Codonellopsis spp.
Favella spp.
Tintinnopsis spp.
Bivalvia
Unidentified bivalve larva

67.4 53.2 425 6,449.8 69.2

23 1,173.8 126

%F %N %V
303 55 16
1.1 - -
34 03 038
11 01 04
11 01 09
11 - 07
22 01 07
22 01 07
236 65 47
180 22 29
191 19 69
45 02 05
34 02 02
22 01 041
56 04 33
1.1 - 05
382 7.0 172
169 285 04

404 26.7

1.1 041 -
1.1 - -
34 02 -
34 041 -
56 1.0 05
90 06 06
382 247 12
449 41 142
225 10.0 15.0
225 10.0 15.0
124 19 187
22 01 1.0
34 07 07
45 03 14
34 09 156
135 1.7 03
56 07 01
79 08 02
34 02 -
79 04 02
79 04 02

823.5
563.2

254.8

27.0

5.4

8.8
6.0

2.7

0.3

0.1

-:less than 0.1.

|012] A4 501
Table 2. (continued)
Prey organisms F% N% V% IRl IRI%
Malacostraca 11 02 67 77 041
Penaeus nauplii 11 02 6.7
Polychaeta 1.1 - - 0.1 -
Nereis sp. 1.1 - -
Dinophyceae 1.1 - - 0.1 -
Protoperidinium sp. 1.1 - -
Unidentified materials 56 1.6 - 9.2 0.1
unidentified materials 11 13 -
unidentified eggs 45 03 -
Total 100 100 93146 100

-: less than 0.1

Number of guts filled with prey items
21 15 18 35

W i

Percentage of gut contents (by number)
3
T

812 12-16 16-20 >20

Notochord Length (mm)

0 Copepoda Rotifera m Macrostomida
M Cirripedia m Cladocera [ Tintinnida
H Others

Fig. 2. Ontogenetic changes in composition of gut contents of Clu-
pea pallasii by number.

A 99kE S TE R} 10.6%S 3T 1 2Jo] 7]e}
wo] 4 Eo] 3.0%= 23 HAIE|%eh 16-20 mm Z17]720) 4
L 027} 23 Z7hste] A PR AR T3.8%S
AAstel 1 F88 HolgEo|drk. ¥hA &3 FE A%
o] 1.3%= 73] 245H 43S Beich v, ol 7]
oM E@SH UIHE ATET 2R 22 13.8%, 58%
ul3 gho] YA EI e fEHEFRE 54% Fashsict.
>20 mm 27| oA Q7FET} 7t 51.6%2] AA|4H]
2 nglon, 4577} bl Z7Hste] 28.0%¢] AA4H1E B
ik, 7 th-0.2 o] ol 4514 gkt WAL 12.1%:2
Hl3 o] HAIE| ST, ATEL AR ] 3.0% 7459
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Y
ok
Y
JE
1
)

o, 7 9] A|2Re} § RS RE 74srt,

A48 sol g e] 7] A9 ER(Fig. 3), 8-12 mm 7]
oA Fat Yol = 27171 0.10 mmo] %1 2.1, 12-16 mm
7] A& 0.14 mm, 16-20 mm Z7]<-0f A+ 0.19 mm, 7}
A2 371791 >20 mmof| A= 0.17 mmE 4% 7h4skg o,
AR 017} A7 ehol wheh A Al E Hol e o] A7]= TAA R
fol5HA) Z7FHACHE, ,,~11.780, P<0.05).

gol A1) A7) E A B Hat Hol e HAl(mN/
GUT)= #1913t o2 HYom(ANOVA, F, ~18.663,
P<0.05), HAAo] S7IstHA Hat HoldeE Al 7t
SFATH(Fig. 4). 12|13l A7]E 7iA| & Hat Yol E Fu
(mV/GUT) E3 22730] S7bof whet {2514 S7Fsk et
(ANOVA, F,  ~47.453, P<0.05).

o] Az ofof| oJg] A4l E -85 dietary breadth index

0.30

E 025

E

1]

£ 020Ff

2

>

s 0.15

ks)

S o1t

7]

c

&  oosf

o !
0.00 : : :

812 12-16 1620 >20
Notochord Length (mm)

Fig. 3. Ontogenetic changes in the mean size of prey items of with
standard deviation (vertical bar) of Clupea pallasii in the Nakdong
River estuary.

60 600,000
50 - 500,000
40 - - 400,000 3
= <
3 o)
S 3¢ 300,000 £
S X
20 - 200000 S
10 F B=mNGUt | 160,000
--e-mV/Gut
0 §======"" . . 0
812 1216 1620 >20

Notochord Length (mm)

Fig. 4. Variation of mean number of preys per gut (mN/GUT)
and mean volume of preys per gut (mV/GUT) of Clupea pallasii
among size classes.

Mo
1%
o
ol
ox,
ok

=0.11-0.439] W9 E H Y thFig. 5). 7P 22 H7]491 8-12
mm 7|7 A= 7P e 7191 0118 H.9.2 1, 12-16 mm
A7) A= 0442 717 =94t o] thA] Zhaxste] 16-20
mm 27|37} >20 mm Z7]Ee A= 0.159] gk Bk

=
UF7| HA Y

20119 2ol AR E Aol Aol o] dF=7] A S AT
HH(Fig. 6), 4182 -2 09-10 holl 60%$31, 12-13 holl=
OF7F 7H45}o] 50%S1T}. 15-16 hol| = 50% 2 W37} glglom,
o] 18-19 hel AdAlE°] 70%2 tHA| S7FsF3ITh. 21-22 hofl
L 40%7HA] 7H48H9 01 24-01 hol| 80%E ThA] Z7}ate] =
& WHE3E9I ) 03-04 holl= A1 4] E0] 20%2 7P Wekom,
06-07 holl«= thA| F7Fsh= ke H3ich

SHE WA & Hat Hol A= 7= 09-10 hof| 1.837041E A

0.50
045 |
040 |
035
0.30
025
020
0.15
0.10
0.05 [
0.00

Dietary breadth index

8-12 12-16 16-20 >20

Notochord Length (mm)

Fig. 5. The size-related variations of dietary breadth index of Clu-

pea pallasii.

6 100
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- 80 'g{‘

@ =
o 47 =
g 160 €.
s .| 3
) g
S 140 8

2 3

1F {20 B

0 1 1 1 1 1 1 1 0

0910 1213 1516 1819 2122 2401 03-04 0607

Night

Time (h)

| Day

Fig. 6. Diel changes in the number of prey per larva (@) with stan-
dard deviation (vertical bar) and feeding incidence (o) of Clupea
pallasii in the Nakdong River estuary.
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A18H91 a1, 12-13 holli= 120703 & Z28kelch. o] % Hx} &
7k8to] 18-19 holl 3.7170A1 2 718 @2 A A4 ste] A4
B3 -FARH AES 2 olct 3HH 2122 h 01 F HyF Hol g
WA= F2 3] 7HAskeiTh thit 03-04 hof] 2.5070 4| = 2FF
o] Z7H& B3I, 06-07 hell thA] Zrasteieh. wheka o] 2
A1} ZARkE| Q1 A7) AAEAL Wt =2 W A ot
£ 3l7F A 2521 18-19 hofl 71 ghiet A 452 sh= &

CETE

M

o #H

ol Axole] 4] 27191 HAA 8-12 mme] HAES
29.6%%.om, AFR| o] 7|7t Fet AA AdAEL 60.1%2 H] 1L
2 A A g o] Rkt Fefutol Al A7l E-%](Cha and Park,
20012)2} 3%](Cha and Park, 2001b), -] 7] 2}x]0]=
A g o Ee HARIRS Hepdch FEAL Y &
& 27|50l 1.6-1.8 mmoflA] 50%9] HAES Hele
2.8 mm o|FRE 100%2] HAES BT, HA| HAEE
88.8%%Ith. B2 = 2.0-3.0 mm Ato] o] FjH|Eo] Y=
o, 100%2] AARol &S B, WEola} AHx]ol= 91%
o o MBS BT

31 Hof(Park et al., 1996)2} HA] Z}x]o{(Park and Cha,
1995)9] 74--, 2|2 A4 AellAl 242} 38.7%%F 48.6%2] =
= AAES BRlen, AA|of Al7]ERt 242} 62.2%2F 61.9%
of ) A v HABS Ho] B AT Folot fAslsich E
o = ool S s|edo] A 4= E WA} golo] 4x|o] o
Al Z¥Z} 43.9%, 21.8%% 7] A1E0] WItH(Choi, 2014).
o]0} o] HoiZ H|Fe Yol B Ax o} So] e HAES 1
ot 212 HALE 514 gobA] o]7] Wk 487} ol Rol7A
WH(Ellertsen et al., 1981; Jenkins, 1987), 2|8 2} 127 14 Z-of
2450] 4 b o] 50l AWE TS MUsHEAL s}
97] P o & shekElth(Hay, 1981; Yamashita, 1990). BHA oF
A AT 5ol o R o A5 FHY o R 1l e Y
o2 7h 3 Glo] vl A & HABE Mol 202 Azt

2 AtollA 827 AT/ A5H] 69.2%F ZFA| st
Hol Ax|oje] 714 ZR g HolHER ekt 227 A
Al P = YA L] 70-90%F AT =2 SH o= 5=
EyaEos Yriel Roy aztRl AREYS
o|o = 57| wiZofl AL} B w2 FFHA! i
2 02 3% BES olojFE £RY 4TS 3t U o
T ALY AR YA A AT FO 05 HAISHE
F5o| gol 9lrk 53] HL02 R4S A5 AT
o 27]0] 82% U 3 U SAL TRkt Fol o o] 84
TH(Young and Davis, 1990; Park and Cha, 1995; Park et al.,
1996; Cha and Park, 2001a, 2001b; Cass-Calay, 2003; Oster-
gaard et al., 2005; Reiss et al., 2005; Shoji et al., 2005; Fernan-
dez and Gonzalez-Quirds, 2006; Landaeta et al., 2012). &

L
k)

ol

-

TFollM = 27 e Ee| oA W A Y E §A4 9o, M A
A 714etat Q1ck slohe F4102 st gl Aoz of
27 9= %= TH(Paracalanidae) Q7S Wol A Al5}o]
FARSE A8 B 9 th(Kesarkar and Anil, 2010).

27157 T0R Wol A4E Hol4 B AeiFRRAI4
12.6%E 50l @3 Rk S A012] A4 ATeIA] &3
25 AAsheirks ApRaE Ao glov, dEa skl
A48l Sha-*|(Hemiramphus sajori), 2 ¢](Acanthorodeus
macropterus), T34 A 2] (Opsariichthys bidens) 5] *]0] A|7]
of| £5FE F= A4 tk= Bavk 91& Holti(Chang et al.,
2001). & A-19] o] Apx| ol = T2 FFFE Wo| S AL
B A e = 95 s o Aol =2 A E L
™(Choi, 2014), 0] 2 l&f GAt SRFAEQ] S5 7= A4S
7137} g A o= g7

o] Apx|of o] Ho| & & &5 tha o Wol AAH |
ol 77-E(macrostomida) .2, HEFE(phylum Platy-
helminthes) £}57J(class Tubellaria)ol <3l S AA=
(meiobenthos)o|tt. 45742 7] 7F AFaL HW2bsh A&k 3
g o] Hej ey a2 WAG7} vl FE5HA YepueTl, o
7 st olA AZHl EdsHAE AR|oje] Yol & F
ol ]34 o] | 9ITHChoi, 2014). HEE2- Thopet
YA S Rol AT, ATEL Pt 7|40, T2 T 8l
of 42 Apololl 443k Ao AelA ok 72 HAE &
olut FEloll AAISH 7782 Hol Axlolzk AT 4 g
B AS B Aalele] s4lo) M ¥, AL vl 2hg
(wave action)| [ F5-5-9] et Ba AFF Al7I=
el 5502 §AH 7] Tl Ao Azt

o157k Aol ket Wol g o] FxAolt 27 W A
7} 5k A2 dhbA ol dAko 2 Aloj(Park et al., 2007; Seo
and Hong, 2007; Huh et al., 2007; Huh et al., 2008; Yoon et al.,
2008)84E ofu e} 22| of Al7]of| = /gt A Hol &S =
A1}t 3717} W3l tH(Lee and Huh, 1989; Young and Davis,
1990; Park et al., 1996; Park, 1999; Cha and Park, 2001a, b;
Fernandez and Gonzalez-Quirds, 2006; Gning et al., 2008).
2 A= Hof AAofo] A4 27l e SFRE =
AAsER o, Aaketel wet 8 7-RE wol sk, 7
T A7)l A= 82, TR 9ol thFst Wol g EE A4
Blpiis

2HH & Aok ARt oA R o2 AR ol5E 4
ol whE Ho Ao HSlE Helon], 53] o5l =2 &
3tk wrEojzie] 2% oje} Holz] AAlols gERoA 27
22 o]/} AT 43 2] Holoh ALK Cho,
2014).

%+ British Columbia 4 8| ol Al % A o= A7l
e} A EE Holo] FR7EEefA = ArE Bl A4
z7)ole et T FEETAE i FERFE Tl A
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Alstetrt A7gdgte] et a2t WA R fAS s 4
I Hof & Aot FAFSHITH Wailes, 1936).

o]0 A A]¢1 o] Lol A UF7|(diel cycle) HE-2 L3t
AZbol| whE o] 2/ 9] 3= &3] ¥ tiHuusko and Su-
tela, 1998; Amundsen et al., 1999. & ¢1310] 4 Z o] x}-x] o]
24-01 hojl 22 A58 B, 18-19 hofl 7H W ot

B A7k 7 2hi AR S sl
54 s oA AR AR5 A7) FAEES A
# 2 H(Choi, 2014), 7} F-9] ZAA|7|¢} glo] TH(family)
of et Al U7) B4E w28 Holuol Lol 4
o] Zpx]0] % 24-01 hol] 11 AAIELS BT, 18-19he] 713
2 Wit vl A4S Bl Poloh S ATk
FA9F Cantabrian sfjol| 4] 3 ¥ Ao} 2= o] & okl A7t
o[ = A7t 7H s=oF Choi (2014)2] -4k}
£ R $+=1|(Fernandez and Gonzalez-Quirds, 2006),
A)7)0] 27 B 42 2Q10) xjolo] ofFt Aoz 7
TREbA] o) 7o) vhE A7 A4 ' o] A of Tt
= chobeh 8740] A4S theke Fo) U77] 414 )
3 5 A4 E o Aof 8 Aoz Az,
H W2 ofFo] AHx|o] Al7]of AlZte] ofEste] HolE A

A3k 24 Telsto] 2, U o] o] of Apxlofo] 44

-

ofr

rlr o

Ao s H
2 O 5

]_

o

O r
|3
-

p ot
rr

I
tlo -
5

1

f
rlo

ok
)

At (Amundsen et al., 1999; Rao, 2003; Reiss et al., 2005).
0] Striped bass Ato] 9] U714 4] Ejof Tt A+t= vlaL
2 o] 3wl om, 23] nlgFe] ¥l A= bt of &l
A& HolE AJAlgtetal B 1% ¢l tiMcHugh and Heidinger,
1977; Eldridge et al., 1981; Chesney, 1989). 3} 2|1 o 2] o
7412 A= ool 4445 Hol7} 28] ABhE|X] L5t
ORI A1 0] ool A3 L RakE BAL S ot
(Watson and Davis, 1989). ©]# £3}+= Vendace A}0]& o]
ek AF Aol & tet 9lch(Huusko and Sutela, 1998).
wheba] 2po] o] o7t A Al of] et A4S ATt flsiAl= A
451 ol g20) 43} 12} o] o] Al R(gut evacuation
rate) S 112{to] FRHA o= wrkel= o] e Ao A
ZhE|m, 2 dAtof A Ao ApR|o] o] ol & A3t = Hak
& uf 3743} 2 Ao} IoE AL wol, ozl 4o
olsolA| Fo.z g,
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