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Feeding Habits of Larval Acanthogobius flavimanus from the Nakdong River Estuary, Korea by Hee Chan
Choi, Jeong Hyun Cho, Sung Hoi Huh' and Joo Myun Park** (Fisheries Resources and Environment Division, East
Sea Fisheries Research Institute, Gangneung 25435 Republic of Korea, 'Department of Oceanography, Pukyong National
University, Busan 48513 Republic of Korea, 2Dokdo Research Center, East Sea Research Institute, Korea Institute of Ocean
Science & Technology, Uljin 36315 Republic of Korea)

ABSTRACT We examined the food habits of larval Acanthogobius flavimanus using 260 specimens
collected from February to April 2011 in the Nakdong River estuary, Korea. We found that larval A.
flavimanus are carnivorous, feeding mainly on copepods and tintinnids. Their diet also included
small quantities of larval polychaetes, macrostomids, larval bivalves, rotifers, barnacles, diatoms and
unidentified materials. To assess ontogenetic changes in diet composition, the larvae were separated
into three developmental stages: preflexion (<7 mmNL), flexion (7~9 mmNL), and postflexion (>9
mmNL). The preflexion group frequently preyed on tintinnids. But as the larvae of A. flavimanus grew,
the consumption of copepods for flexion group, and polychaetes for postflexion group, increased
respectively. The larvae of A. flavimanus showed one peak for feeding incidence at dusk, but the mean
number of preys per individual was high until midnight.
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A =2 8t& A AHE (Kim et al., 1986, 1987; Lee, 1992), 214 (Huh and
Kwak, 1999; Park et al., 2016) @ dX o]& LA AL (Kwak

EAYE (Acanthogobius flavimanus)> =9 A 3| and Huh, 2003; Kang et al., 2012; Han et al., 2016)°] Ag32
g d&, T x5, F= F9 sy vtz Yot A2 B2 77 o|RofA A= FUTh T £H
L 22 3o ARl 2 EEITHKim eral., 2005). §3]  BEO] Ao Bk A7} o] 2] H 21} (Kanou ef al., 2005;
B As|del G54 st gols 3E ofF 2-AFoIA  Workman and Merz, 2007), 2AE52] BEAL 27]9] 444
BAYES 20 9% UAE A9 9E0R 2usAY ool g A7 g
(Kwak and Huh, 2003; Kang et al., 2012; Han et al., 2016). Tj F=ud 9 zx0] AI7]E AA AHoE 7HYEY, 43S
F29 B=oli} o R A, 2EYE 9A AdHer FaT 5 olF A5 YFHolE AAshe A7 7] 27 HR
o}FZ otYAINE, B2 AR HAA Fp Folz o] g5t (Early Stage Mortality)7} dojutal, o= A3 95434 0]
9108, Falgo] 743 AR ol EORE 9717} o o|2oj A7) Roto] WASHE 7]ok (sarvation)7} F2 9]

AF7HA FUlA +3d 2495 ¥ 72 EF T stuoltt. 7]otell o7t A A A A BES Atz

Qs -‘?’—%"g 7] (pelagic stage)2] Z7l= thE Zzlo] 9
A WAE sEe =R
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Lasker, 1975). Tekx] zpx]o] A|7]o] 28 Ho|WYES mkoks}
£ A& AAole AE 7158 BASEY Fad adold
(Robichaud-LeBlanc et al., 1997)

wetd E AFE Seivete EHS ofF Aw U A
S G54 ol 28 HYE AA o9 F42 Hol
AES ghofstar, DA o mE Holsket A7) A4
€] (diel feeding pattern)E o}t x} 3FA T,

ERTETE

A Aol AMEE Z2EEE AR o9 AlE= 20119 29
FE 4d7pA] v 2x7] YA, 40] 5m o]t
o] vjuH ¢ Y7 skt rFol YA oA oA
IAIRE U A 6A7HA] 3A1ZE THA (R 124]= A A9,
73)/d A2 ARASHH T (Fig. 1). EF7] AA8=H Tobs
A Mg 7P B2 AAAZE AR E 20119 3ol AR
A BE o] &34t Al E+ RN8O HIE (F+: 80 cm, TE: 330
um)E o83t A4 [~2moflA F 2.5knZ 1087 =3 A
e AN, A R4S Slatel W= AT HA
(Hydro-Bios Model 438 110)& H-&}3} T},

AHE BEL 5% 54 22U oE v H, A
A 70% Rt = A5t o] & FEAFE Aol E £
5, 2282} (notochord length: NL) 0.1 mm7tA] &%3}o] 3f
#1173 (Olympus SZ40) stoll A 7= &5ttt FW-&
2 A7 (Olympus CH2)Z ©]-83t] o] F7E
2 FEsHEa, EdF0] B2 HolBES 7HeE & (genus)
A FASALH, O & HolHES JHT A9 2F
SAZA N T HolBEY T ol Yamaji (1984),
Cho (1993), Yoo (1995) 5-& &5} t}.

Ho|YEL FREZE MAFE AT H, ol 2719
el 2% HolPEE 17 um, HE HolFEL 68 um T2
Ho| &L A& &5S ST L2 HolBEY |
& S45t7] flste] HoldE TRl TAGlol Yoz
MRS § AEE gol, @52 UHY WA EE Foh=H] o]
B3, Y718 71 Al v=arxh o143l Hol BE9] A
A& Tk

FHEEY B4 A= ZF HolE Hig EARIE (fre-
quency of occurrence), Ho| &S] A 40| ¢} Fuju|2 e}
yolow, & EE o2y Zo| 1ahct.

%F = Ai/Nx 100

A71M, Ae BUEE F ST HoldEel BHE £
AR 019 AAg=olaL, N 7l WE=ol UM EEE=

70} o] A0l ok,

)
128°49°E 128°52'E 128°55'E 128°58'E

Fig. 1. Location of the sampling area in the Nakdong River estuary,
Korea.

AA1E HolBE9 AF 244 A4 (index of relative impor-
tance, IRT)X= Pinkas ef al. (1971)2] A1 o] @5}o] thow} Zrol
TFatAou, Hol =9 F7H (%W) Al F38l (%V)E °]
gotgon, Ax 12 WELRE et AT oA
(%IRDE T3t

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

Q%o mE HolBEY HIE dotrE7| {5t AT
5 Ax oo AgE A | w2t HA7]&}e] (Preflexion:
<7 mmNL), £7]A9] (Flexion: 7~9 mmNL), $7] A} o]
(Postflexion: >9 mmNL)Z Uo] Ho|RAS RASHE L,
AT AAE HolBE A7) (EF) Abel9] WA= AR
ARAS AASHETE 223 Ao mE HoldA §4 1t
ofs flsto] WAGAE A T Holo Bt JHA4 (mean
number of preys per gut, mN/GUT)2} #3] (mean volume of
prey per gut, mV/GUT)E F3lF oo, EAHE A (analysis of
variance, ANOVA)& o]§310] 914 H4& AAIasich.

w9 Dol 4B duh} chokelA B Yeske et
7] 93t 44 & X4 (dietary breadth index) B/S T-3F Tt
(Park et al.,2007; Huh et al., 2008).

Bi=(1/n—1) - 1/ P#-1)

A71A, Pz EAR i BUEE F HoldE j7F AAIsH
€ HIE0lL, ne & HolBEY Folth. o] AeE 0014 1
7HA &) RS Holu, 19 7S o et HoldEs
A3t $0=2 B 4 JtH(Gibson and Ezzi, 1987; Park et
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Fig. 2. Monthly size frequency of Acanthogobius flavimanus collect-
ed in the Nakdong-River estuary.

al.,2007; Huh et al., 2008).

g gF7)e g 2= HAEA WsE dotE
7] §fsted 718 @2 A7 AR E 2011d 3ol @S &
AUE A8 g2 AZE HAET Fa Ho|AE

AA4E BAsh A

2 o
1. Xfx|ofe] HERZet MAEoE

2 Aol BRYE Aol A4 BAS o] A%
" ARE F 200/MA 2, 490l 5570412 7P A AL, 390
AR 7 Bolkth RS AAele] ANY BEL,
Holl&= 53~7.2 mm (mean NL (£SD)=6.0£0.3 mm), 3]
54~102mm (mean NL=77+10mm)¢ HE H¥1, 3
o HAALo =715t 4YolE 4.8~6.7 mme} 8.9~12.9
mme] ¥ 27] 2o A7 ol7h @S Fig. 2).

AWEES 24T 260704 F HolE AT 2d%=
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Fig. 3. Diel changes in the number of preys per larva (®) with stan-
dard deviation (vertical bar) and feeding incidence (O ) of Acanthogo-
bius flavimanus in the Nakdong River estuary.

Table 1. Feeding incidence (FI) of Acanthogobius flavimanus col-
lected in the Nakdong-River estuary. N: number of fish examined;
NL: notochord length

Development stage N NL (mm) FI (%)
Preflexion 133 48~6.9 338
Flexion 100 7.0~89 46.0
Postflexion 27 9.0~129 519
Total 260 404

P1Aol e 519%2 Aol ket HA el &S SIS

=
2. 47| MM EY

20119 3ol AY¥E BELSE AR o9 d7] HAEA
< AT R (Fig. 3), 413 &9 % 09~10ho] 45% KL,
15~16 holl= 40%=2 7+ AT} o]F 18~19 hol| Al 4]
Fol&o] 95%2 A F718HTh. o] & A& ZHAste] 03~04
holl= A Ao &o] 25%2 F243] Robxlen, 06~07 hol =
25%2 7HF FE AR &S

T, WA 7 HolWEL B g 09~10he} 15~16h
of Z+zt 2.670A1E AAS7E 18~19 hell 9.07HAH| 2 F24 3]
F7FEA L. 1% 24~01holl 105742 FHE 23 o] F 3
o+ HolWE MA+= F43] F45H, 06~07hol 1.074A =

wol2 AAF 1057141] JUEE B4 AT (Table 2), &
ALE AX o7t 71 A5g HolPEL 2AYE 56.2%,
AR 46.0%, H30] 823%F Hof ArjE R %)
74.5%% AT 27FF (Copepoda)Z UERTE 277 %9
A EANE 28.6%, MASH] 14.7%, B5)8] 69%S |3
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Table 2. Composition of the gut contents of Acanthogobius flavimanus by frequency of occurrence, number, volume and index of relative impor-

tance (IRI)
Prey organisms Occurrence (%) Number (%) volume (%) IRI IRI (%)
Copepoda 56.2 46.0 823 7,207.7 74.5
Copepod nauplii 28.6 14.7 6.9
Copepodite 1.0 0.5 2.6
Corycaeus sp. 10 0.3 33
Euterpina sp. 3.8 0.6 0.7
Oithona spp. 17.1 74 18.0
Paracalanidae 19 0.8 134
Paracalanus spp. 29 0.6 9.8
Parvocalanus sp. 29 0.5 12.2
Unidentified copepod 8.6 19 14.8
Copepod egg 152 18.6 0.6
Tintinnida 514 36.1 7.7 22479 232
Codonellopsis spp. 6.7 14 0.5
Favella ehrenbergii 23.8 9.5 4.8
Stenosemella sp. 10 0.2 -
Tintinnopsis Kofoidi 133 3.0 0.3
Tintinnopsis spp. 37.1 220 2.1
Polychaeta 7.6 11.1 20 99.7 1.0
Unidentified polychaetes larva 7.6 11.1 20
Macrostomida 5.7 1.1 4.8 33.6 03
Bivalvia 4.8 0.8 0.8 7.5 0.1
Unidentified bivalve larva 4.8 0.8 0.8
Rotifera 29 0.6 0.1 20 -
Unidentified rotifer 10 0.3 -
Rotifer egg 19 0.3 -
Cirripedia 19 03 09 24 -
Balanus sp. 19 03 09
Bacillariophyceae 19 0.6 0.2 1.7 -
Coscinodiscus spp. 19 0.6 0.2
Us material 124 34 13 572 0.6
Unidentified egg 4.8 1.8 0.3
Unidentified materials 8.6 1.6 09
Total 100 100 6751.07 100
—:less than 0.1

LEZEeA fAo] AU adA s 61828 7 Fag Hol
*E%ol 31, Oithona spp.7t A5 LAAR 4 434302 1 th
o2 Fagt HolPEo|qdtt o]¢fo = nFY 2474 2
Zh—%' ol Bl go] A4 =it
75 oo = ol AAE HolEE SHE 514%,
7Hiﬂ¢ﬂ] 36.1%, F1H] 7.7%5 Ro] At|F2AR|5H] 23.2%
£ AR FEAESF (Tintinnida) o] At F-FHEZF ol
A Tintinnopsis spp.7]— Z3Y % 37.1%, NA5H] 22.0%, 5]
H) 21%S 2ol AhF2ER]4 89392 7Y Fa3 HolAY
Eo|%leH, Favella ehrenbergii7t Z@H = 23.8%, 7§A|H]
9.5%, 23] 48%2 AFLAAS 33932 ey I o
o Fa3 Holygo|gnt.

FEHEETF 222 $a% HoHELS S2dVE 7.6%,
AAGH 11.1%, F5H] 20%5 24X 80 A5 242|424
1.0%E X< AXHo|F (Polychaeta)| L, 25 HFA &
A A o] AR et

=]
T

8

80

60

40

20

Percentage of gut contents (by number)

o

Flexion Postflexion

Developmental stages

Preflexion

Copepoda Tintinnida [ Polychaeta EEMacrostomida
Bl Bivalvia [l Others

Fig. 4. Ontogenetic changes in composition of gut contents of Acan-
thogobius flavimanus by number.
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Fig. 5. Ontogenetic changes in the mean size with standard deviation
(vertical bar) of prey items of Acanthogobius flavimanus in the Nak-
dong River estuary.

3 Qo HEFES AT (Macrostomida)@} o] vl 3 F
(Bivalvia), ©-% % (Rotifera), T2} (Cirripedia), 725 (Baci-
lariophyceae), ©| 9 3 & (Bivalvia) @ ©]5A Ho|Eo] ¥A
HAou AdE 24X 1.0% nRte 2 ol F A8t

L uze e Al
4. AT 2o Ao wat

B apeld BARE Ao WATA w3749 2
NAFOE Lol HolPBY ANSE EOE e
o 24 WBkE 2ASHAT Fig. 4).

Vg e 271290 ARl BN E SENRERA A
A BolE MA4=2) 58.6%S A|5te] 7HF Bhol A=l
O g0 971F7} 253% Wol HAHYUT. 1 o 83F,
F£5 D 05A HolhRo] TFH 7]gt HolBESo] 8.6%
of ARSEIE BT, AAFHIFI 5.6%F AASCH T 9
o AFEI o]} F7t 242} 1.0%2 2% HAEIUC,

27140 BANAE REHRFRI 24 gaste] AF
Hol 4B AA4e) 330%8 NG W, aAFE 27 &
7¥stel 63.4% skl 4 Fa3 HolgBolgirt. 1 9
HE gol = H7|Aol7]o] Hls) HA HAH et

F7140] GANAE AXFoIFoh HA| HolHE AR
9] 523%2 7 SASIGTE 1 2o g2 Q7+ 8T 27 9% 2
old =7l Hls| 2A AAT ANTHE BAT, §E4
855 X 27 gaste] 4568 AR\ shedrt. 71 2o 7lek
Hol 4ol 11.7%8 AASHEE., n5H Dol =o] B
Holgit}.

HAE ol gBel =718 AW R (Fig. 5), 4717l <]
B WOl 2717k 1004 pmolAow], F717ol o] A
115 pm& 27] zol7k A9) §9lm, 71401¢] B ol
HE =7)% 1420 pmE F7FHA0H, Aol o] EATA
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Fig. 7. The size-related variations of dietary breadth index of Acan-
thogobius flavimanus.

et HAlE HolFEY 7] JA| FAHLE Fo7t 2719
71 B A th(Fa00=4.390, P<0.05).

EAYE AR ofo] WAGAE H Ho|FE JHAS (mN/
GUT)¢t B HolWE Hu (mV/GUT) BF A7|zpojof A
F7IR 2 SN F7kehe A EY oY (Fig. 6), 5
AR 2= WA & HolFEY HFFEuvt {4t F71st
= 272 B YH(ANOVA, Fa 100 =10.284, P<0.05).

ATE AAolo o8 HAE FYEEL H4 & AP
(dietary breadth index)= 0.18~0.309] HE E KT (Fig. 7).
A7|1ALeIo) A F7]Aol= 0219014 03022 F71ete] o ok
Fe HolHES HAlstg o, $7]&}olo] o]|2ajA AA|H
O|FE F=2 HA5HY 0.182 74T

o

AFAA BAGE AR o= AL 404%2 *

=
UL, A7|1Apol o] A &2 33.8%2 Hl-P- WL, 57



Aolo] O ZME 519%2 WLY Fe HARoIEE B
o M4l gol WA HERTE A9E B 74 o947 A
gk, dupA o 2 A 31E 9l AL (Ellertsen et al., 1981; Jenkins,
1987), A 2 A 581Y Fof| Ho|¥=F Wi HAY Bt
7] wizoln, 53] AAFEH A& 7H F50] B2 A4
2 2t (Hay, 1981; Yamashita, 1990). £3] zkx]o] A]7]
of 7k=a 71 AFL 7H Ao & (Clupeiformes)ol] £8h= &
0] B2 HJARAEE B, FdToA APE Ao
(Konosirus punctatus)®] A7)1ZX01= 38.7%9 22 A&
&5 HBow (Park er al., 1996), H57 st AP
ol Ao] QA HA Ao Eo] 49.7%= F%TH(Choi ef
al..2015b). & HolZo] &3k Hol AHHol A4 7o
202%9] |9 o MHAFo] 8-S HHTH(Choi et al., 2015a).
TH Aol SoHe A ol AHo] QA e HUF
-2 H th(Park and Cha, 1995; Choi et al., 2018). L&}
Fo= mQl A FHE /AL W soA&E A A&
§¢ =2 HARE&S B3, B4 (Cha and Park,
2001a)@} 5% | (Cha and Park, 2001b) A x]o]= Z}Z} 88.8%
o} 100%9] HAZAES BAL, TS|t (Park, 1999)9] A}
Ao} o1A] 910%2] AARAEE W), oo} o], 1l 7
o P& 7HA L Q= T2 AP 59 Q2o ot =)
Aolu FE tj &9 YAst= HolAE E& W=7t Hoj o]
24 B2 JUROIEE Holt Aoz AzEn sAw &
AT BAURE ASH 7)ol F2 e U 25
S oo FA| e WE S22 AT TS 5T o
o] FE2Q Agt wjZofl (See Choi et al., 2015¢), EFAI A 2@
St sol&E A oo vl B2 HAES Hol= ZeE A
ZHE

A7) (diel cycle) HEol wE ol F 24| Wal= &3] &
Z= ) (e.g. Huusko and Sutela, 1998; Amundsen et al., 1999;
Weliange et al., 2006). 2 oA EEHE zA|oj& 18~19
holl H1 HAEE HEL, HolBE MAFE HH 90HA=
24~01h o522 B2 B MAFE B 718 &8s A4
st= A AS 5T 5 Atk o] AR HAAES F
2t o, i HolYE JfAeE ohE ARt BlE) =
A vept ofzte] ghits] A st AR Hloh

URkH o7 x| o] A7|ole tE || SEs| Y
8kA] Z3l AlZhe o]-835te] HolE Z= As 1Este] & o,
oFztol o]F o7l AR|o]] 42 dtAo]R] gk Aot}
(Hunter, 1981; Blaxter, 1986). Y%7 sl oA Y- E H=x
I Aol = ofgtoll= AE AAZEE A Yot Alztel| 9
&sto] Ho|&5E ste AeE AYZHETh(Choi, 2014). THA
x| o7} ofF LoAE HolE HA%ths ¥ Hie o
4 Z2A)3}+=1| (Amundsen et al., 1999; Rao, 2003; Reiss et al.,
2005), 57 s+t do] £33t o] (Choi et al., 2015a)}
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g0l AAjo] A ofzhe] Yol &S A8k (Choi,
2014). SFAITE of7HA A2 AE oMol AHAE Hol7t &3]
£3E7] 3 23dsE 3= (Watson and Davis, 1989),
ot 8140 (vendace) 2Hol9] FAIAY Aol A 2 Uik} 9]
T} (Huusko and Sutela, 1998). WA EAYE of7t 4] of
E 3% HolAEY 43l: U AulEE (gut evacuation rate)
S AYE 3ot T Aol Ao Aog HZrHET
2 AFoA EEYS AA| 1Y 7HE ST HolYES 2
PR Aol 9] Bojdo g A9 @77 o] FoAL o]y
W2 AdgAqto|d E1H HE 9l=H (e.g. Young and Davis,
1990; Park and Cha, 1995; Park et al., 1996; Cha and Park,
2001a, b; Cass-Calay, 2003; @stergaard et al., 2004; Reiss et
al., 2005; Shoji et al., 2005; Fernandez and Gonzélez-Quirds,
2006; Landaeta et al., 2012), o]+ 22 A7|& 714 4%
2 ARoi7t 44 folat, AA AFAE AAEL
70~90%E AAE A2 5= YEL]7] P, F
239 oz HA H47bsst] gl Aes AzdE
(Huh and Kwak, 1997).

s o] B PEoiu AR ofe] Hol 4B Al
B, Fofutol A - E FEo] T} (Gobiidae spp.)= 22HF9t
RFHEFFE HYRAT, 1 F 9ARY =SS 44
& F2 QAeH A (Park, 1999). 122 $E7 o)A
Aol AME FEolih AXolE RARE F2 HA3}o]
(Choi, 2014), 272+5 7} BEoj} z4x]0j9] F a3t Ho|YE=
wete

2AYS Aol 227 FIME FEHSE (Cyclopoida)
9] Oithona spp. 5 &o] AA3IKTt. Oithona spp= A|A oY)
Ak o} 7 WA T, AAFE B EFTOZ (Robins
and Gallienne, 2001), 5Lt Al7|o] G573 s gollA] RAL
H FEEYIE FHRAIME £ 2RZLE UEgTt
(Unpubl. data). 12|31 22 3o A =35 Fof xp2]of A4
ATFANME Oithona spp= S 83 Ho|WEZ &8 314 (Choi
etal.,20152), EAE A oj7k U5 shpelo] wo| A4lst
£ Oithona spp.& o] 4413 Aoz Azbert

Ax]o] Al glo] woldele] Fas 4% e F sht
Z Ho|WE9 AV|E FE 4 A3 (Schmitt, 1986; Theilacker,
1987), A E HolBE2] A7]= AR oj9] Ya7]of oJsf 2
BE= Aol 7] wWiZell (Last, 1980), A2 017} 445t A
H 2 HolES ABstAY, Hold T/ 7t Wk
e AibAQl @AfolH, o] AR o7} st Al Bagt o

Hog FZF3517] fl% 7122 AYZtETh (Hunter,
1981). AA| 2 ThgFgt o] Fof ApA|o} A4 AFolAl 7ol w
£ Ho| A3 #EETh(Lee and Huh, 1989; Park et al., 1996;
Park, 1999; Cha and Park, 2001a, b; Gning et al., 2008; Choi et
al.,2015a, b; Choi et al., 2018). & AFA = EAYE 21X

N

]
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|5z ZHH - 3N
ot 44 2710 A8 $FHEFRE F2 Ao} 4
ste] et @ ZkRE ol MBS SHGaL, T Apolof o] 27
HE A AR FolRE F2 A4S olge] B
71%= B of whet Hap FbskaL, A & Hol = Tl
Fob ) BE Z7lols ARS wolt, oluw AAY
< B9l AstEA Fast v aFFE ST AL
2 23tk
EAYE F7140le] 20 HolABoIUH AN Lol Hi
Il AFE BATE o)y o5 AASe =
Ho|E £ sly=E YEYTH(Kikuchi and Yamashita, 1992;
Huh and Kwak, 1999; Kanou et al., 2005; Park et al., 2016). &
8] Y& TamaZ shr oA HPE SEYSE X0)7] (14~41
mm) AASY Ho|YE ARE 9AFE T2 HAHY
14~17 mm 7fA o)A o]F AAFo| 72 AeH= e 2
o] B Aol FAFFATH(Kanou et al., 2005). IFFqt Zrujdk

of UG BAFEE ml4o] (80 mm o5 AHSe] AAT
0|7 E Wo] A5 S E Yt (Huh and Kwak, 1999).
geb EAYEE F71%01718E ANYIRE Hold
g olF ARl et T3 ANYolRE Fa ol of
83 Zoz worEr

fo

OF
=

Wi

2

9

o]

>
oX

7 el AAlste “J% A}
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