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Feeding Habits of Larval Konosirus punctatus from the Nakdong River
Estuary, Korea

Hee Chan Choi, In Seong Han, Young Sang Suh and Sung Hoi Huh'*

Fishery and Ocean Information Division, National Fisheries Research and Development Institute, Busan 46083, Korea
!Department of Oceanography, Pukyong National University, Busan 48513, Korea

We examined the feeding habits of larval Konosirus punctatus using 165 specimens collected from May to August
2011 in the Nakdong River estuary, Korea. We found that larval K. punctatus [3.9-8.4 mm notochord length (NL)] are
carnivorous, consuming mainly rotifers. Their diet also included small numbers of rhizopods, tintinnids, euglenoids,
copepods, larval bivalves, dinoflagellates, diatoms, and unidentified materials. To evaluate ontogenetic changes in
dietary composition, we split the larvae into three size groups: < 5 mm, 5-6 mm, and > 6 mm NL. The smallest size
group frequently preyed on rhizopods. As NL increased, the number of rotifers increased relative to those of rhizo-
pods. Larvae also showed bimodal feeding for feeding incidence, with peaks in the midafternoon and at midnight,
while the mean number of prey per individual peaked at 18:00-19:00 h.
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dRz710) AFgEC] v 7] wiigoll o 7o 2712 A "d
T ol AT Aol A wle- S astcH(Hjort, 1926). A
ab 7)o dojube tig Aol S8k 22 5 Sh= 4]
ARt oA 4 o] o] o] 2| 2] Jrato] WAYSH= 7] ol(starvation)
=, o] 2 QIFt AHA Yl AM T 2 AFER QIR FaAE
7|(pelagic stage)7t AoIA|A| = of thE LAxto] 3] u]4]
E g-&0o] 57}% 31 (Shepherd and Cushing, 1980), A= o]
3 odele] 7o) ofgo] 7ieleol QJakS vl Atk(May, 1974;
Lasker, 1975). teb4] 27| A8 S0l A] ALz 8 2jo]4
22 SISHE AL AAZAT} Bol 28 e FEol: Ajolo)
713)& H7}sh=dy 593 2 40|tl(Robichaud-LeBlanc et
al., 1997).
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Mz H A

A4 Aol AR Ao AHX|o] o] A2 20119 5URH 8
A7HA] o 7] 9 o Fek A7 o] o] ol Rtk EZE A o]
Sm ol & Fa1, To] Jofs Wol i Ao R sy
&7 s kel YAITE AR oA 3-43] WHE AR SFA A,
410] 5-10 me2 B4 23 )40 kS Bo] W ROz
A= B ARolA 78] W sk RekFig. 1). 471
AR ThoRS 9I3E AR 20119 SPo] BUa HHOA
09:0042-5] 21 06:00744] 3A|17F 7HA 0 & - 83] Aot Al &
£ o 83tk Al2o] A%1E RNSO U|E(F7: 80 cm, B2
330 um)E o]-&-3ko] 4241 1-2 moj|A] F 2.5 knots 2 1057+ 4
B AE AL, A E4E fiste] HIE kel £
Al (Hydro-Bios Model 438 110, Hydrobios GmbH, Altenholz
Germany)E 72} 3{H}.

AR FEE 5% T4 2ETROR WA F, AP
A 70% oere 2 As}eich. o|F dof Ax|ojS el 5,
A% (notochord length: NLY& 0.1 mm7HA] 73510 2l
1|7 (Olympus SZ40, Olympus, Tokyo, Japan) ol 4] 917
& wejshoich. FUGES HOHIAEH(Olympus CH2,
Olympus, Tokyo Japan)& o]-83}o] wo] Faulw 159
i, Fdwo] U wo| e 7 S(genus) M 54
St 1 9 Mo 1 Bk 9] BREAZHAIN 57
Shi}. 2o &) %A o] = Yamaji (1984), Cho (1993), Yoo
(1995) 5= Farshaict.

ol Ee FHUR HAEE Ast 5, Hol e 27|
whe} 2% SOl AE-L 17 um, TfE Hol RS 68 um Tl

1 [}
128" 49'E 128° 52 E 128°55 E 128°58' E

Fig. 1. Location of the sampling area in the Nakdong River estu-
ary, Korea.

wlo| 4 BS| 453 B Z4StYk. 2217 wolyBe|
wo| 42 S50l WAle] Wso
AT T AL fol, BES Yo WAL Toki of

L, 4715 5] 2]l v=ar*h o] &3l ol o] A1A

USR] £ 23R 2t o UEo] thet SN (fre-
quency of occurrence), H o] AE-0] 7§ A 4=H] 2} Fuju] 2 Lpe}
Wlon, SR Es o 2ol SE6k3ih.

%F=A/N x 100

o714, A= AUEE 5 ol Hold=o] WHH Aol 2]
o] 9] ZjA4=0] L, N2 1ol W-8=o] AUAE Ho xpx]o] 9]
Aok,

A1 E Ho &9 At 2 A X|43(index of relative impor-
tance, IRT)+= Pinkas et al. (1971)2] 4]-& o]-8-3}o] t}S-1} o]
Tat o, HolES] FEFH|(%W) thAl F3]8|(%V)E o
gstglon, A} 7h2 MESE FAlste] g e x| 4=H]
(%IRDE -5+

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

7ol whE o] =] HSHE dohi 7| flste] A o] ApA] o]
O] AJ2E 1 mm 7+ 2 &2 3742] 27]3H(<5 mm, 5-6 mm, >6
mm).2 Lol SOl 24 S ZAIBI9, HAat Al4lE o
oA 27](512) Ajo] o] T MR FTIR AL AN alsict,
225 Aol ahE Blo)414] B4 wlolg Sistel 272 )
Al & Hol o] it 7 A|<=(mean number of preys per gut, mN/
GUT)2} F3](mean volume of prey per gut, mV/GUT)E +
Sl o, BAREA (analysis of variance, ANOVA)Z ©]-83
of o4 A& AAIsHITh

E3t, A%E 9722 EXCELS o] 83}0] Ho|P&-S du}
U oreFstA AL Ql=7hHe Thetetr] 913t dietary breadth in-
dex (B)E 53 tH(Park et al., 2007; Huh et al., 2008).

B=(1/m1)-(1/ 3P/-1)

o7, Pz AR} 9] A= T Yolda 7 AAshe
H[&0]1L, i & Bo| =0 Fpoltt. o] Ag= 0914 17}
A9 HRIE Holm, 1o 775 o vt HolES Al
Al5l= £0 2 & 4= QItk(Gibson and Ezzi, 1987; Park et al.,
2007; Huh et al., 2008).

223 AF7)e] me Aofo] A4S WEHE Stoha] 9
sho] 2011 5o AT Aol AR & oz AlZE
AAET Hat Hol = A £S5
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oA ol Apx|olef HolE EAS flsto] ARg-
=l /\]E—: Z 1657114913, 8ol 26714 = 7+
Lol 5470 A= 714 wekch Aol zpx]o]o] A} B Al L
HEH(Fig. 2), 5¥= 4.7-72 mm [mean NL=5.5+0.47
(S.D.) mm], 64| 3.9-8.4 mm (mean NL=5.6+0.87 mm),
790l 3.9-7.1 mm (mean NL=4.9+0.67 mm)2] HYE =
o] Pt ZAAzFo] 7FASI O, 8Yofl= 4.4-5.7 mm (mean
NL=5.0+0.39 mm)2| H 9|2 thA] F7}sk3lTt.

05

05

>

o

=

o

=]

o 1

1

I Jul.
n=45
Aug.
n=26

6-7 7-3 3-9

Notochord length (mm)

Fig. 2. Monthly size frequency of Konosirus punctatus collected
in the Nakdong-River estuary.

Y LELS BAFE 16577 2 Hol|= A5 Ao zpx|o]=
8202 = A5 49.7% SAtH(Table 1). 24 7ko] w2 44
E2 A4 27190 5 mm v|Rto| A 35.3%% 7 Hekon, 5-6
mmoj A 54.6%= 7184k 74 2 6 mm 0|4} 7] o)l A
HAES 61.5%% A o] F7te] wheh F7tskeiTt.

Hol S AAlet 827HX1|—4 FU-8= w4 AaKTable 2), %10
Apzol9] 7 S ARt HolES: SN e 49.2%, A5
42.6%, FajH] 68 8% E Ho] AS5 /X4 81.8%5 Af
ARt -3 (Rotifera) e}, 55+ FollA S @RI 22.0%, 7N
A8 21.3%, F-3]8] 33.8%5 AR vlEd &5-F7F 4
ZQ AR 1214602 71 Zast Ho o] 9l T, 922
Aol T AR 309.002 T thFo 2 a3 HolYE
o]glt}. o] ol %= Synchaeta spp.7} ZHAYIE 8.5%, 7| A|4=H]
9.6%, F-3]H] 16.3%E Ko A5x4 219302 a5
HolAEo| AT}, 1 &]o|| Trichocerca spp., Monostylis spp.2}
7]_0 =] E_':,]_o] H]qu ul—o] /‘\j/\lE]OJr,}

o o2 $a%h Yoldla2 SaNE 20.3%, 7HA]
8] 19.1%, F3]8] 33%E Hof AFaAAX|+H] 6.8%E
2FA|8F 57 (Rhizopoda) it &% 5 S04 Difflugia
spp.7F ETRIE 13.6%, 7HAI=H] 10.3%, F3]H] 2.1%5 =
of T8RS 167.82 7P 837 HolEolglon,
Euglyphidae7} Z@UIE 8.5%, 7}3|2H] 8.8%, 21| 1.2%
2 AU a4dAa 85.02 Uehl = WAz St Holds
o]t

TESTF th o & wWol A H Hol e FERIE 10.2%,
A =8] 5.1%, FajH] 8.7%F AHA|ste] AthF2 42| H]
2.1%E HQl 54 25 (Tintinnida)o] %131, H41H 54
W35 3= Tintinnopsis spp.7} &R E 6.8%, 7 A5=1] 2.9%,

Fulu] 4.0%S AFA|5ke] AjEe A
Holggelsich
SZAH = 2.0

4712 7V Q536

=3 U (Euglenoida) 7| At £ 2.
ZdAFH] L5%E BlaLd] go] A= glom, I thgo = a7}
F7HSH T2 A4 1.4% = Eol A4 = 3l

71 9)of) AlEEeaE¢] obH B 27 (Dinophyceae) 9t 1+ 25

Table 1. Feeding incidence of Konosirus punctatus collected in the
Nakdong-River estuary

Size range Number of Guts
NL (mm) Examined Filled
<5mm 51 18 (35.3%)
5-6mm 88 48 (54.6%)
>6 mm 26 16 (61.5%)
Total 142 82 (49.7%)

NL, notochord length



Aol 2px]o]0] 414 755

(Bacillariophyceae), ©]vlj9j&F(Bivalvia) 40| Ho|U&E &
AR o) 71 FE - A ]l
A&l e Ho| xgo| Hat

HHE Aof A}z o} = <5 mm, 5-6 mm, >6 mm 371 2] 27|+
O Upo] FUEES MATE 7o s Yole 24 |

o= 2AFRITH(Fig. 3).

Table 2. Composition of the gut contents of Konosirus punctatus
by frequency of occurrence (F%), number (N%), volume (V%%)and
index of relative importance (IRI)

Prey organisms F% N% V% IRl IRI%
Rotifera 492 426 68.8 5479.1 81.8
Asplanchna spp. 1.7 07 13
Monostylis spp. 34 15 20
Synchaeta spp. 85 96 163
Trichocerca spp. 1.7 07 6.0
unidentified rotifers 220 213 338
rotifer eggss 169 88 94
Rhizopoda 203 19.1 33 4555 6.8
Difflugia spp. 13.6 103 21
Euglyphidae 85 88 12
Tintinnida 102 51 87 1412 21
Parafavella spp. 1.7 07 43
Tintinnopsis spp. 6.8 29 4.0
unidentified tintinnids 1.7 15 04
Euglenoida 85 96 19 975 15
Euglena spp. 34 44 07
Lepocinclis spp. 34 29 041
Phacus spp. 1.7 15 07
Volvocidae 1.7 07 04
Copepoda 68 37 99 918 14
copepods nauplii 51 29 96
copepods eggs 1.7 0.7 03
Bivalvia 1.7 0.7 08 25 -
unidentified bivalve larva 1.7 0.7 0.8
Dinophyceae 85 6.6 03 590 09
Gonyaulax spp. 514 29 02
Peridinium spp. 34 37 02
Bacillariophyceae 34 15 09 8.1 0.1
Coscinodiscus spp. 34 15 09

Unidentified materials 220 1.0 53 3608 54
unidentified materials 22.0 11.0 5.3

Total 100 100 6,695.5 100
-: less than 0.1

7P AL 371591 <5 mmolA= LRV AA HolAY
= WAT2 41.9%F AR5t 7Hd 523 Ho| == YE
stk Le|al AlEEYAEY o] wull & A u]E oA
Fo] Z3hel 7]E} Yo Eo] 22.6%2 1 FS LERY AL, &
THESF 2R 47 12.9%% 11 v 2 wol
A= Qe 1 kel &5 79 R 2R 2 3.2%, 6.5%E 4
A A= ek

5-6 mm =7 = &5 77F A F7Fske] AA] wlol Ay
= MAE] 41.5%F AHAste] 7HE 545 ol E= vE
WS, L& A Ak 12.3%E A8t i
Ui ot S7kske] 13.8%9] ZiAl4-Bl & Hloh A, &
ZARZEL 7EA510] 3.1%0] AA|4HE B, QR T
OF7F 74T, 11 9] 7|eF Hol g Eo] 24.6%E A5k H]
WA o] A= e}

7P & 3271591 >6 mm 7|l A= 2FF7E AA 9ol
& WA 75%E 7P okt 1 oo I55F
7F12.5%E o] A7)t FARE AARlE B H5A
R o7 7hasle] 2.5%S A8 1 2jo] 71EF ¥
o]A4E0] 10.0%F 2|5t =0, 2HH 272} o] ulj a7 7} of
Folglot.

A4 Hol =9 27|15 A HH(Fig. 4), <5 mm 7|+
ol A= Hit BolYE =717} 0.05 mmo]glen, 5-6 mm =
715el A= 0.06 mm, 7 & 271521 >6 mmeofAl= 0.07
mm= 7] 2o|7F A} ¢llar, Apx|oj7} Ad7gstel| whet A
AlEl Yol BEY] A7]= FAXHLCE {3 Alo|7t ¢l
(F, =2.018, P>0.05).

2,79

Number of guts filled with prey items

18 48 16

50 r

Percentage of gut contents (by number)

<5 5-6 =8
Notochord length (mm)

ORotifera ORhizopoda BTintinnida BEuglenoida B Copepoda BOthers

Fig. 3. Ontogenetic changes in composition of gut contents of Ko-
nosirus punctatus by number.
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Zol Zpx| o1 9] 7|5 HA| & Bt ol A& ZHA| S (mN/
GUT)+= 5-6 mm 7|0l A ot AskietzE ohA] S7tst
= %S B oW (Fig. 5), AA S 2= 73t Ato] 7k gl
THANOVA, F, =0.516, P>0.05). ZL7]5*8 /14| & Hat |
oJAE Fu|(mV/GUT) 3+ HAAe] F7to| whe} Z7}5h=
S Helou, BAMCR Fof3t STk HolA] gttt
(ANOVA, F, =1.407, P>0.05).

o] ZpA]ofof] Q)] Al A1 H 852 dietary breadth index
£ 0.38-0.529] 915 Bl rk(Fig. 6). 7H 22 27]591 <5
mm 7] 7P =2 10l 0.528 Hon, 5-6 mm
A7)FNAE 0.4, 7P 2 >6 mm 27| A= 0382 7
A} 2r2=skeich

0.10
£
E o003
w
£
@
= 008
>
@
e
(=%
B o004
@
N
w
S 002
@
=
0.00

<5 5-8 >6
MNotochord length (mm)
Fig. 4. Ontogenetic changes in the mean size of prey items of with

standard deviation (vertical bar) of Konosirus punctatus in the Na-
kdong River estuary.

3 1,400
5 1 1,200
4 1,000
2 3
5 1800 @
Q s s
£ a0 X
1 2
1400 0~
r *- —m—N/GUT
) - mvisur | ™
0 0
<5 5-6 >6

Notochord length (mm)

Fig. 5. Variation of mean number of preys per gut (mN/GUT) and
mean volume of preys per gut (mV/GUT) of Konosirus punctatus
among size classes.
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o
oX,
toh

UF7| A EY
20118 5ol HYH o] Ao]2] AF7] HAEAL Al
B(Fig. 7), AA1E9] 29 09-10 holl 60%%37, 12-13 hofl=
oFZk Zt2:5}0] 50%91ck. 15-16 holl= 80%= %718t
0]3 18-19ho] A441E0] 60%= THA] T43}%i T} 21-22 hofl+=
40%717] 7431901} 24-01 hol| 100% THA] Z7}3ke] =
7h& W} SIT 03-04 holli= 41418 0] 20%= 325 Wot
6, 06-07 holl= 10%2 71 32 A& BT

skl A & Bt ol AR A4 09-10 hell 1L87HAIE A
A3, 12-13 holl= 20012 Z7Fskdek. ol 5 B 27}
3}o] 15-16 hol 2.970A], 18-19 hol] 4. 070 A 2 7P B2 Ho|
£ 4t 3 2122 h ol B Hol e R4 7
% 7haalod, 10-1.770719) 92 B k.

M

[VRGIV]

050

040

Dietary breadth index
o

010 F

0.00

<5 5-6 >6

Notochord length (mm)

Fig. 6. The size-related variations of dietary breadth index of Ko-
nosirus punctatus.

100

G
180 o
@
_ s
@ =]
o 1 B0 @
a4 =
£ a
£ z
> 3 @
o 140 5
T @
? 2
420 ~

1

0 : 0

08-10h  12-13h  15-18h 18-18h 21-22h 24-01h 03-04h 06-07h
| Day |

Day |

Time

Fig. 7. Diel changes in the number of prey per larva (@) with stan-
dard deviation (vertical bar) and feeding incidence (o) of Kono-
sirus punctatus in the Nakdong River estuary.
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oo

2 Aol A Hof ARl oj= Aol 49.7% = Skl 44
2711 227 5 mm v|9k A A 2] A E2 35.3%% A4 E0
o wokek. avtolA] A Aol 7130l 4] 27]o]
38.7%9] @ AAES Bylow, A7t ¢t 62.2%2] H
WA o M AIES 1 G th(Park et al., 1996). 7+ H o o] £
Sk G| S7|Rbo = A 27]0f 48.6%2] R A ES B
o, A AELS 61.9%2] Bl A W A4 ES HAAth
(Park and Cha, 1995). 3t & ¢15-0} 5 ATt 3| ol A =34 %
gol Apx|o A-toll A A4l 2710 29.2%2] ul$- W2 HAE
= HAaL, B2 e} 5012 A2 of HA| 242} 43.9%2} 21.8% =
27| AAEC] WATHChoi, 2014). ]2} 2Fo] ol & vl5gt
ol ApRoj 50| W AAES Hole A2 A4S ok ¢
o}A] o]7] Heh= 4317} o|F o] A U (Ellertsen et al., 1981;
Jenkins, 1987), 2|53} 317 2H4 Fofl 2140 9] A= 714 o]
FEo] Hol e v sk AY k67 e o2 ekt
(Hay, 1981; Yamashita, 1990).

Hh shoktol A A4 El B SL2](Cha and Park, 20012)2}
S A|(Cha and Park, 2001b) #A}x]o}= Z+z; 88.8%%} 100%
of AES Elon, URoii(Park, 1999)2] A2 HA|
91.0%¢] & 4I5S BT o] 5 Kol ojfo] A of5
o 35 om 1) Aol FehE 1AL 2lo] ofelel efat v
olu} = wj ol WAISH= wolE 9 HIE] Hof HmA
£ HABE Kol Aow AzE,

WolAE FolH £EFIL AEaA 818%E 7}
A o voluga et =) ojfel 27144 AT
o4 857E 72 Jaslgrhs drRns A9 gtk 2
2} Holo} o} g 2lo] Fest WEolz} 2HAlole] 22 414
AolM 2257k 7V F 28t Bo] =0l 4rkChoi, 2014).
E3 Y5 shRoll A4lske= - R|(Hemiramphus sajori),
W of(Acanthorodeus macropterus), A 2|(Opsariichthys
bidens)7} 2|01 A17]0] 9572 Bol AATRE 117} ek
(Chang et al., 2001).

3 <o) o] R0l P RS Ho] W
B 57 shpele] ok AelA S A E e, 414
27] S0 93RS 22 443 Holo} ol B Eola}
ApR| o] 2 B} o QR ol A == A 3 = Yl tH(Choi, 2014). ©]
2 3 Al EHAES S5 RE A 7187 EE A
o7 YZHETh vyt o5 T e AL R f57E A4
T A AT AR o o] Ao 1 9171 3.9-8.4 mmE F F
of ulsf FeH, A7) HA] A9k7| flZ oz A2t T

2 2] ApRjo] A Aol QlojA] Holde o] Fast A4 &
0] 2= Sh= Hol &9 F7|o|tl(Schmitt, 1986; Theilacker,
1987). A4l vlolaEe] 7l AFlole] Azlo] ol
AR EE o] Q7] WlEolth(Last, 1980). o2} 2o] A3

Z HolES AAsHAY Yol 24 Yl
AU Q] A do & 2] of 7} AdAetol| wt
2t ezt o|AIE 55571 Agt 712k 2 A Z- = (Hunter,
1981), thekek A2 o] Fofl A LelyithLee 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). 1 Aol A &= o] Apx]ol= 4 4] 2719
49 A AE R TEF RO §2ALRE F2 445
U7 AgAketoll et a5 = Boldghs shlal, Hol 4w
A7)= FAA LR {51l = ko A} F7tske] Hold

Hol| YEZo| U FFF= Al AdAsHA] Qotth(Park et al.,
1996). o] = thE sHd-E 7131 Q= & A A 2] g ato]
of| th2 A= FF2 Apolo o3t A o & AYZtETh T3k
Ayo] w2 AL Blolo] $57} GeiAl ATHE Bede,
AA 2710le 82 =592 fAY sl gle &
74 g 22 4Alsleh} Aalgo] S7kgto] el ke
2 ST 54 %55 Wol AL48kIct. Park ctal. (1996)
SHH, AEAESRY 9557 82 25094
AR} o w2 7] oo (Buskey et al., 1993), Ho|A=S &
3] 9 4 gl ol Wake o 2 iAol R A4 Ao
2 Holr},

9177] (diel cycle) HE-S Eaket Al7to] T2 o] 4432]
3}= 58] ke tH(Huusko and Sutela, 1998; Amundsen et
al.,, 1999). & Aol A Zof AF2[o]=24-01 hof] 2|3 4 E=
HElouh, 370AINE 7] w] o] 717 2hs] A Al gtetal wetr] of
ATk Al 15-16 hof] 80%2] A AlE-2 Kol &s] 44643
31, 18-19 hef| 71 @2 ot Ho| = 7WA|lE Hol 2 A-xt
HF Hohes e 5o 7P 2l A Al gE-2 skl

QHH E-2 o Fo] Akx|o] A|7|of| A|Z}of| &Esto] HolE A
g5t} & off, Y& o] F o] FofXl Ax|o] 9] A
+o Ao th(Hunter, 1981; Blaxter, 1986). &
ol A AR H2|eF g-o] AFR|ofie ofto]
FA] Qdof AJZto]| o]&Esto] Ho|&-g2 ot A o=
Choi, 2014). Z12fu} Hlo] A3 Ql= Aol e
Strh= A3 2117} ok 225 (Amundsen et al.,
1999; Rao, 2003; Reiss et al., 2005), 570 Edsl= T2
A2 0] 7} o7t e w o] AE-5 A4 41313 tH(Choi, 2014).
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