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Change in Abundance of Coilia spp. Larvae by the Tidal Cycle in the Han River Estuary, Korea by Ji-

Hye Kim, Tae-Yoon Song, Byung-Gi Kim, Byung-Pyo Kim and Kyung-Nam Han* (Department of Oceanography, Inha
University, Incheon 22212, Republic of Korea)

ABSTRACT The Seokmo and Yeomha channels are representative areas of high tidal energy in
the Han River estuary. Surveys of environmental variables and abundance of Coilia spp. larvae, an
anadromous fish, were carried out following the tidal cycle in August 2007 and August 2008.

It was found that mean water temperature varied by <1°C across flood and ebb tides. A clear
difference in salinity was observed between tides, with a high of 15.1 psu during flood tide, and a low
of 0.8 psu during ebb tide.

Coilia spp. larvae were significantly more abundant during the ebb tide than the flood tide (p <0.05).
Since Coilia spp. larvae are anadromous fish, it seems that they use the ebb tide as a Selective tidal
stream transport (STST) for horizontal movement in order to settle in the estuary (cultivation area),
following hatching in the upper/middle courses of the Han River.

A high percentage of larvae with improved swimming ability (measuring >13.6 mm in length) was
observed during the ebb tide.
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S04 (Coilia) 1%L A 9] & (Clupeiformes) B X T} (Engra- 1999; Forward et al., 1999; Schultz et al., 2000, 2003) AAF

ulidae) o] F2ZA], A A A S22 133 (Whitehead et al., 1988),
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159 9t (Youn and Kim, 1996). ©o]5 &2 gita}t A3
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Kang, 1993), Atgt7]o] 7 st F/7HA] &ep7}h Abghsial,
Aol U st A WETHT) o], 4%, 453 8l vt
(A= o] 5t 23t o Folth (Anonymous, 1976;
Yuan and Qin, 1984). 313t §0i& o]FL 27|HEAL A7)
HE Aol AATe 7tgsty] olA7A 7S B U
AAA 2 0]-83}=H] (Anonymous, 1976; Ma et al., 2004), ©]
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HHe) AL Rot o FoHA Rohu FAHNY AT
o AR AAFo] AR E ], WERE, s|¢17F, vt
T2 A7t oWzt FH AN AEE 5 JE=THE BF
3H= Q. ¢lo] Ho}(Forward et al., 1999; Schultz et al., 2000).
o|¢} Zro] ZX|of7} oW HAE DA FFEEA O Tt
BAL 27] Ago] BFS 7] Ul AT 1 W
& Ese Faw 2ol
o) 2 52el HEsRel AaeRAE AT
2 448 9dx Ao 41, 3 @9 fdFe] &3
o FFE vAH AA; 35 EFF 2RO SAIRE Yot
(Yoon, 2006). ThekA] B7F shelol AAlsHs ol 2ol
o] SAFE A A DA HHE AR AgH
AZAA Seluet s AR olol AL BT
(Cha et al., 1987), 3733} (Kim et al., 2014), 9+ A7} 3}
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2o 2 A5E AR (Fig. 1).
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pH meter (YSI Inc., USA)E o] &3t &A3ct. £4=2
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(TurnerDesigns 10-AU Fluorometer)& ©]-&3}o] 43} ).

Az o] HP-& B 60 cm, FE 303 umel FFY Eo|H,
Aol Ad &0 93l 1087 =8 AR 2Hx] o
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Fig. 1. A map showing the sampling area.
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Table 1. Environmental factors in the study area. T-test compared with ebb tide and flood tide data at two channels in Han River estuary.
(ns: not significant)

Total Chl.a Suspended Temperature Salinity pH DO
sediment
YH 2007 Ebb tide 3.52~5.58 129.01~760.02 25.20~25.94 2.63~6.84 7.38~7.52 5.08~5.59
(4.77%£0.78) (346.20£254.07) (25.63+0.32) 495+1.75) (743+0.07) (5.31+0.21)
Flood tide 1.95~6.80 29.61~934.05 25.69~26.38 5.27~13.35 7.38~7.85 5.19~6.15
(3.58+£2.07) (298.73£312.51) (26.17£0.25) (8.89+3.20) (7.65%0.16) (5.72+0.29)
p-value ns ns p<0.05 p<0.05 p<0.05 p<0.05
2008 Ebb tide 1.67~2.67 191.00~684.00 20.5~24.63 0.80~8.55 7.19~7.31 5.50~5.82
(2.03+0.46) (375.25+213.75) (23.49+1.99) (3.94+3.80) (7.24+0.06) (5.64+0.15)
Flood tide 0.96~2.23 27.4~755.00 24.49~24.77 147~15.14 7.17~742 5.30~5.76
(1.60+0.44) (299.48 £246.69) (24.62£0.10) (591+4.93) (7.29+0.09) (5.58%0.18)
p-value ns ns ns ns ns ns
SM 2007 Ebb tide 7.81~9.62 102.00~315.00 26.03~26.15 8.07~11.31 7.56~7.63 5.62~6.17
(8.6310.65) (199.60 £ 84.15) (26.09£0.05) (9.30+149) (7.60+0.02) (5.84+0.21)
Flood tide 8.66~11.81 42.90~206.00 26.00~26.23 8.64~14.05 7.64~8.16 5.71~6.87
(1003£1.34) (13290 63.01) (26.11+0.08) (11.49+2.08) (7.90+0.20) (6.27+£043)
p-value p<0.05 ns ns p<0.05 p<0.05 p<0.05
2008 Ebb tide 0.82~1.92 61.10~115.00 24.57~24.95 3.22~5.84 733~7.44 5.15~5.26
(1.4010.406) (86.64£23.22) (24.69£0.15) (493+1.14) (7.36+0.05) (5.19£0.04)
Flood tide 0.73~1.62 25.60~120.0 24.37~25.05 3.07~7.59 7.34~7.37 5.17~5.60
(1.20+0.33) (75.80+47.24) (24.81+£0.30) (5.17£2.38) (7.36+0.33) (5.34%+0.19)
p-value ns ns ns ns ns ns
unit: Total chl.a (ug/L), Suspended sediment (mg/L), Temperature (°C), Salinity (psu), DO (mg/L)

YH: Yeomha channel, SM: Seokmo channel

20079 ARpRoA Hx A £ 55 R RAFE
AL Y4z A9 2 5EE UYEUHIL pHE
02 3jol7} 7] 9Tt DOE ZHo] Tt 1 el o|ste]
Z}o]E R Hth(Table 1).

2. YIS

ZAF7) E Fol& A9 SdHF 2AHA T, 20074
Amigo|A Y2 Ao 1,803.6ind./1,000m®, FZ A 3132
ind /1,000 m*] E&ate] Yz Aol o ¥, AR oAl
= Y= A 136.8ind./1,000 m®, &% A] 352 ind./1,000 m*7}
Z8ste] 92 A9 o #A £33t 20080l HES
2oA YR Al 116ind./1,000 m?, ZZ Ao 67.2 ind./1,000
m’0] @3t Y= Al o ¥, AskpRAA Yz A
163.6ind./1,000 m*, Z= A] 96.8ind./1,000 m* &3} I
Alell 8 =4t} 53] 20074d0ll= & - g2 o2t o3 &
°|& EATh(p<0.05).

3 SR metxl drd2oA 614.4 ind./1,000 m?
7} ¥, dstERo)A 118.9 ind./1,000 m*7} &3 s}
of AusRoA o £ 2AFS Hon, dxd E3%
2 20079 AR4Eo|A 1,141.3ind./1,000 m?, G20 A
99.9ind./1,000 m* 7HA|7} E&FF] HmLpRoA o &4,

2008Y & MES2 A 137.9ind./1,000 m®, F3t=2 o] A]

87.5ind./1,000 m*7} @t HmpR oA E9kTh(Fig. 2).
ZAF7]0 M2 Ao EHF zo]E Lotr 7] $3|

237 ZF $EY, AR T2 R0l FAFS

three-way ANOVAS 53 24 3}t O A3 24379
w2 Zx|0]8] 2@ (p<0011),Zt 2o B2 Zx|ojo] &
AF (p<0.001), 2APA =0 E 2R 0] 9] EAT (p<0.003)
HE fogt o]zt gen, A7 7 2 AT
-8 a7 (p<0.023), 2AF7|9F 2APAEZES] A3 2Hg-a 1}
(p<0011), Zr 2 ZAPA=ZH] A28 7 (p<0.001)
HE BAHCRE {3t ztolE R T (Table 2). o]l 37}
Qo)) gt AsFES sl a0loz2 2§st & one-way
ANOVAE A A|3}] Duncan AFEH AL AAISH A3}, 2007
d ArsRoA Yz 2ol g 2EST AolE ot
(p<0.003).

3. MY HS

ZA 710 &@3E zHR o) 9] AL 2.9~30.5 mm HYZ
dgapol 71 e 2017 7tA] theFst it AT 2AWH
Slof] webs] MES20 HoleR BE F2 Ao dAte]7]
(29 mm)F-¥ 57|21 (10.2~14.2mm)7HA] o] S& o] BWekar,
Uz Ao Z7|7F0]7] (15.5~232 mm)Y}t X|o]7] (23.8~33.7
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Fig. 2. Mean abundance of Coilia spp. larvae during tidal change at two channels (YH: Yeomha channel, SM: Seokmo channel) in Han River es-

tuary. The vertical bars indicate the standard error of the mean.

Table 2. Results of three-way ANOVA on analysis the abundance of
Coilia spp. larvae in each channel and year of survey following the
tidal cycle

Source Type I sum Mean square F Sig.
of squares

Main effect Tide (T)  1587782.195 1 1587782.195 7217 011
Channel (C) 2763457.647 1 2763457.647 12.560 .001
Year (Y) 2175171.801 1 2175171801 9.886 .003
Interactions

TxC 1235132068 1 1235132.068 5.614 .023

CxY 3063277.153 1 3063277.153 13.923 .001

TXY 1572419940 1 1572419940 7.147 011

Error 8360653.357 38  220017.194

Total 24441074.000 45

mm)9| & A= &8st FFE Yt (Fig. 3). &
Aesto] wtet S Fol& AX|oj H AR Hste
29 AL Az Al H# AA 100mm, G= A] 21.9mm, A=
$29 AL AR A HAAA 112mm, 9F A] 21.8 mm=E
ZAs}o] whet Zpx| o] o] A MFol FoFt AolE Ho
(p<0.05) G= Alof] Aol  AR|o7F A &dst= AL
2 B4 =

]

ik

o] 7 Z7|AFEAL AI7]Q AR 0]7] 8] HEELS AT
o] MiEH Az HHo] Je ALz dHA Utt(May,
1974). 249 27 2 oAM= ol et &l s &
o]9] B3z7} AAE ™ (Richard and Richard, 1994; Sanchez et
al., 1996; Grioche and Koubbi, 1997), £3] stFFoA X

o18] EHF M2 24 F7]o g 24N HE dA
slo] Yyebdtiz 23 ¥ v @1tk (Grioche and Koubbi, 1997).
Kingsford and Suthers (1994)+= A}X]0]9] FxAo] AxFet
S$2F o 7] E2ve AL Busigon, 2 A5
7H AR Park (1990)9] Aol A= 1hz AZeiof &FA]of
9] 23 4Lk Zojrk vt Ao], &X (llisha elongata) 5
o AH o] 2AFo| F7toke S Herkn B ut 9
B ATAE Foid AX|ojo] S mA st o
T Aol 2 mY oM Hx Aol f £ FAFS BY
1% EE 01101 Foi& AR 7 W AR EE F
A BB F, 284 s17elo] B2tsr] SIS 43
2R _71:* & 2 (Selective tidal stream transport (STST))
£ o= AR AR 24 B5S ¥
HER o]&5te AL AA|0)9 FF o|F Aol (Boehlert
and Mundy, 1988), £3] up-estuary movement®} down-estuary
movement> STSTZX 3 B8 o Aoz ZYs}7]
3t A5 HAYSCZ IHA Utk (Churchill et al., 1999;
Forward et al., 1999; Schultz et al., 2000; Forward and Tanker-
sley, 2001; Schultz ef al., 2003). 019} FHH R L] HAFoj
A 24> W3to|| WE x| 0] o] = STSTO| o8 A=
<, 24 3500 A A FFE k= olFE=
eels (Creutzberg, 1958, 1961; Jellyman, 1977; McCleave and
Kleckner, 1982; McCleave and Wippelhauser, 1987), larval eels

(Creutzberg et al., 1978) juvenile plaice, juvenile sole, European

10 rﬁ—“

2
=

2
=
=
&

juvenile

flounder (De Veen, 1978), sockeye salmon (Levy and Cadenhead,
1995), Japanese flounder larvae (Tanaka et al., 1989), weakfish
larvae (Rowe and Epifanio, 1994), flounder larvae (Burke et al.,
1998) G2 X0l E2dFH ST 24 "t Zo]
7 Glom, o) X oj7k 7 B £BolF THS 93] =
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Fig. 3. Length-frequency histograms for Coilia spp. larvae on flood and ebb tides in the Seokmo and Yeomha channels.

FE o] &3ttt Aokt th(Gibson, 2003).

Islam et al.(2007)& Chikugo 3} £83t= AR E =
Asto] wE Sl wet 2719 el e 2 RSk
A HA 2 Y Aol LR F2 EFFES HY o

o2 AQtA FE Abghsty R3FgE Ax|ol= SHLE—' 2
Oz]-o§ o]_Q_;].7] _?,]5]] /\Pi’g(le _D’_;(]£O§) o]E 0].
oy, F WA 7He| L8] 9] o] f= X F =2 %ﬁ%ﬁ L1
¢l ojFom T AREY o|H FRE (ie. HITHZRLOR) o|F
gto] dhtofA FE PLdh= o]FLE 1 A& Neosalanx
reganius?} g1kl AFsFA Tt

gt Fold Ao olF AEL AUde et F95
g Y3 FFS W= Ao dtHE AFHA FolY &
Ay} 2pof of Aol Wete] H 13 (Xu et al., 2011) A
5 Agste] B3t £ 159 H Fol& AA oY S

Aguo] dGASFo 2 13.6mmel $7] 7| Ry 243
A 5ol AAS FA5 98-S AT X eral

(2011 9] A ANE ZAZ 13.6mmE 7|&LZ 13.6mm 1|
el e FAEEel vlor 719 A, 7 ool AL o
L A% g9eo] AE A719 Aoz B3 = Aok g
2 A 24 23 A2 Aol 13.6mm jgte] 2Hxoje] M

ojFe] AAo|7t 2 &34
o] F4H MAYSE J= A7) FHIA U
UL 1SS U 4 AT Lee and Go (2003)°f] 2J5HH
| (Engraulis japonicus) AFX|0]8] FroF AFZFolF A}

7F =9k1, UR AoE 13.6 mm
o]

2%l $HE ANALE ERehA Lehieia was
Young and Potter (2003)2 ZZ Ao &2 EFHFS 2
Favonigobius lateralis7} 9 @/NA ] £8E&0] ¥t
= ol= 3t tollA ASl= Favonigobius lateralis
I F9%580°] gle 4mmEth &L o, sk T4 T2

ol vERos P& A F95He] A7H F=x
Aol 2 hAl AH] Wiolen B ustc. w3t 4
olo] B §ASEI Yz A Ho) 527 AN G B
13} 3 (Krumme, 2004), 5-AFSHA| Platichthys flesus= 3}
F olEAl YRR 7MY w2 FYEEE Elvx stat
(Wirjoatmodjo and Pitcher, 1984).

£0]9] AHA]7|= 4~5€Y (Choi, 1994), 6~7<E (Kim, 1997),
5~64 (Chyung, 1977)2 @A HITh o224 HuEof gloi,
Lee er al.(2003)& A& WEd} XA AFZ Fo]9
AF717F 6~7H Q) SHA AFEE ojFEkar AASHATH AR o]
30+£3.40 mme F3}31A] 40L0] H RlolE BB Xu et al.
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Fig. 4. Abundance - temperature - salinity diagrams of Coilia spp. lar-
vae. The units of minimum and maximum abundance are ind./1,000
m> (YH: Yeomhwa channel, SM: Seokmo channel).

(2011)9] AFZATt= £ A4 ST ol ARl F
o 27)¢} vstgnh weba] 2 A Y A7) 8ol
B2 Aol AR E 6~7TYE B E Kim (1997), Lee et al.
(2003)9] AF+ZATe}t YA|EH T A Ao H¢ AREA7]
£ Bl g8 A e, ole 1 FRGAA =y A
TAE=H (Anonymous, 1976) B3t AbgtA]7] B e 4]
QA AL @ol o]FoR|A] okokrt. webA] FF S-EuhEt A
ojo] et A7t BaF A2 ARHL).

g 3} ShpolA Y o& Aol E2H 22
23.4+1.9~26.1+0.2°C0] )21 (Fig. 4), 20074 (26.0+0.2
°C)o] 2008 (24.45+0.9°C) T} Sol& 2pz|0]e] &3]
] =9t} Lee er al. (2003)& $o]9] Atghe 142 AARY
9] P wh=thal shqlth. whEbA] f=20] o E9kE 20079
o Fol& ofF< Atgho] Esgd AL ALRHT TG

20079 & FB2 a9 $EIF BT ABA a0} £BFE
ZgaEe] @2 7 o) ATVAS YR Revelante

and Gilmartin, 1983; Godhantaraman, 2001) =& $£&2 4
FeeETIAEY AETF St 719 va EaEo] Qi
(Abboud-Abi, 1989; Kamiyama, 1994). wh2kA] 2008 o] H] 3]
200790 & B2 a9 FEI} £ RS S22 G A
o7 AZtE )

o1& AAolY E@FS —’F—i‘*‘i i}ol% e,
ol B shrelel 42 &
A2l o429 2F 6:4 (Yoon and Woo, 2012)2 A&
Smol §9, HEHE SbFol o Fol HRERoIA $of
& A}3ole] E@Fo| o %L O AR EHTHTable 2),
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z,sHL Zsiedel A7eket QAo
A ZH%JH H} %31 ark (1990), Kim ez al. (2014)9] dATe} 2
TE(H3H4E, JR,E) A 5

3] Park (1990)9] AollME &4
2 A% +FE vk of FHNA &
o] ATt Fole A Sl At &
(Chyung, 1977; Lee et al., 2003) “$]o]” = “Zdj7] g

£ ook AFRATOE HEEA, ALY $4, S, %
F&A 5 ARHOR $hstn g 94 6}% L2 etol
oleh. @481 EA 2 FHAEAA] B AT (Gyeonggi

Research Insitute, 2008)0| 4 2t7-5t7-2] AZI*EFMM ol
BES 23 A% $oi9) FHo] Yo B AT %
AR el W ARsRold goi% AFole] FEF W
A 24 BAe RS U, gold o5 $A17) Hol &
Zalt w7} SFROIA Abgho] o] 2olA, del, Bz
A 23] 019] Ao ol2olAE Ao Azte,
£ AT A 17 Aol ST Bl A2t
$2 9 5 ¥ 2477] £ 1 ojsle] BE 12 5
& SAH AL Bl Utk 4lo] BT 287} e A
qstelolet shEjebe, Aol 38 BdFo| Og But of
Uk 277 %7 o5 slete] 41 BEAFo] WaA H
o 72 Qs 3 - okl whet Aol Stk sich
(Primo et al., 2012). 277] Wsto] whe} 2 ole] FABL
Zroj gk (Mattila et al., 1999; Guest et al., 2003), A g =
o} 313+4 (Methven et al., 2001; Guest et al., 2003) 18]
o Azl 2L e AAAGA ot B 2WE walth
(Ribeiro et al., 2006). T2t 25X7F A $=2Z20| 4 T 53
wo] 24} T2 Axoj9] 44 Heke FYoHE A=}
SayElolof g Aol2ha AR,

OF
=

257 gt oAt Aoz W 2 g a7
qEHQ Hupzol GslezolA 20079 893}
Yol A& BZL B3 2AF7| o T2 &5H o
& AR019 EdFE AR Z&]_,J] o u} =
A Az} 1°C njuke] 2232 By, JEBe Az A o
15.1 psu, S22 Al HA 0.8 psuz 240 m}_ Au}7t Ak,
ol Aol Fz AR YR A 2 ZEFS BTt
(p<0.05). o= &3H o1FQ FolH x}z1017} 7 AR E
L ZRoA H3gt & B8Rl s A&SH] ¢ &
HolF AEd 245 E(STST)CE YE{S o] fel= Ao
2 AR, £3] Y2 A 13.6mm 0|49 f9go] FAE
MALE F35HA ettt

F
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