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Effect of tide and river flow on physical and biological properties in the estuarine

turbidity maximum of the Chikugo River estuary during spring in 2005:
evaluation as a nursery for the estuarine-dependent fish,
Japanese seaperch Lateolabrax japonicus

Jun Snon"', Keita W Suzuki® and Masaru TANAKA 2

Physical and biological surveys were conducted at 4 to 6-day intervals from early March to mid April 2005 to investi-
gate how variability in tidal amplitude and river-flow fluctuations affect survival of larvae and juveniles of an estuarine-
dependent fish, Japanese seaperch Lateolabrax japonicus, through altering biotic and abiotic properties of the estuarine
turbidity maximum (ETM) region of the Chikugo River estuary, southwestern Japan. Mean daily river flow was near the
recent 10-years average during early March and early April but it equaled the 10-years record high during late March.
The highest concentration (6.8-15.6ind. L™") of Sinocalanus sinensis, the major prey copepod of the Japanese seaperch
larvae and juveniles, was observed in a layer of near-bottom water at 4.4—14.7 km upriver from the river mouth, and
near the downriver tip of the ETM. Predation and downriver dispersion may be more important factors than starvation
effects on mortality of larval and juvenile Japanese seaperch in the ETM region because the observed concentration of
S. sinensis was near the maximum observed during spring in a previous study in the same area. The highest turbidity
(1239.4 NTU) was observed on the sampling day of the highest tidal amplitude (469 cm) while turbidity was <113.7
NTU on the days of low tidal amplitude (32-158 cm). An anthomedusan jellyfish, Spirocodon saltator, a potential
predator of the Japanese seaperch, occurred only at the stations in the Ariake Bay. Physical factors such as tidal ampli-
tude and fluctuation in river flow are thought to be important determinants of early-life survival of Japanese seaperch in
the Chikugo River estuary through control of mortality from predation under variable turbidities and downriver disper-

sion to the high-salinity area where jellyfish predators are more abundant.
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%3t U TR & 11 5 334)E (resuspended sediment) 238 & & &
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WEND, BWENENZ EIZMAN - pEE T T v o b
VEHEETOHMT 5720, @k KR RO YAk
IZE S THRY 2 V4 — 5 JOEE SR EM O MAGIR &
LTOWRE IR DERARALREELON TS
(Dodson et al., 1989; Jassby et al., 1995; Sanford et al., 2001).
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et al., 1998; North and Houde 2003).
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i, 1981), ZLOKERBEAMORESL L K> T3
(FAE, 2003). {FHEFBICHRRI 4 0 1 U i s K B
IZHEHP IS % A X% Lateolabrax japonicus DRE Y& L
TLDHOIEELRAER-TEELILN TS (VEE
20, 1981; HIth - FAET, 1982). SRR O ¥i &AW vE L
HIZTECHEARDRIT0% % 8 % 728 (HARMBHEES, 1985) ,
Z OZEF I UROYIELBREE R AEPE I K & < T
20 hsd. 7o, WILESRAANomIZET S
WA T, WIS & B ARBEO ) & HVEMAERE N KT T
WENMNEZEZOND, LA L6, SR A
5 MR I A TOAIEIZ I TR TTRD A R WY
BEPEERH T 5 v 2 b v ROEIHEST LI L
WEXNTWBE OO ([MIEIEH, 2005, HHIEHL,
1982, 2004) , K D EROEMREE I3 2 2B 550
HidZ L,

7 ZTCAMIZETIZ, SARINC I 2R34T KON
EOEWIZ L & %D EEE RO - YR D%
WHAEHEEL, BEOBNAETH 5 2 XTFOYIHIEKIC K
IETHBE ARG Uz, SAIBICH T 5 2 2 FOYHIAREIC
DNTIT 19802 S ikt L T X hTwa s (e
1EA, 1981; KM, 2004; v - #3%, 1982), AWK
F—ADFEMEIT L LTREEIZfIrbhTE 2, 72, 8
FOFEBIZB T B ERROFAE S5 65 16km
IZhE U, iR BRSO K G2 5 %923 km)
FTORNTkmDBRERE AR TE T ar -7 (HIL
BEA, 1999; RH - e, 1981; HE S, 1982). #x b
TR R A & KIEE TORMIT/NUOHEH ST 5 Z &M
AR O LIS DOHEA Z 1T TNz, 7 2 TR TIE,
RN 3 A R B & & & I AT % O B 2 o
HAIDBEWZ B Z DT B/ EGEH L, FiE
BOWUE &P T, MEADOFEIREMTH DS H4 7V
BELOWENEHES TH 5 2 7 7O 040 & Iid T
55 HI TR A BEINEDO HIZH Y 7)) v 7 % dr 5 7=,
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YERERAES LUEYRE

20054E3 H7H 2 5 4 A 13HIZ4-6 HIERRTAG 8Bl
HEIT -7z, WML, 20O EFH23kmiZfiE T 0B K
HEOR T £ TOMIZERT 726 553 L OWIE A & il § km
TOMICER T 723 HOAF 10ME2FAEER L L7z (Figure
. 2055, FHllo7ESiEmEoREICK T 558N
(HIL®FIE A, 1999; Matsumiya ef al., 1982, 1985) &[] L
MEIZH 5. REMICBOTYHREOBM 8T 5 v
bV BERUZXFHEROREERT > 72, FHERICIE
H rh oD Gl ik 0D 4 2 g ST AT U2 i BB 0D 78 1 TR A A Bl A
U, FiAECE D > TREIL, WEloR 3 ek % Tl
MO ERIZH T 2EEK T L, SR 25
1S km IZA7E 2 i (FERRKARHT) (250 5%
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Figure 1. Sampling stations around the Chikugo river estuary,
Kyushu Island, southwestern Japan. Measurements of physi-
cal environments and samplings for zooplankton and larval
and juvenile fish were conducted from 7 March to 13 April
2005. Data on daily river flow of the Chikugo River was ob-
tained at the Chikugo Weir.
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Figure 2. Mean daily river flow at the Chikugo Weir during the
sampling period from 7 March to 13 April 2005 (circles) and
means for 10 years (1996-2005) in addition to years of the
highest (1998) and lowest records (1999). Closed circles indi-
cate sampling days in 2005 and numbers in parentheses show
difference in tidal level (cm) between the high tide in daytime
and low tide prior to the high tide on each sampling date.

S H H p o & 2 AT 5 TRlOWRLO 2,
32-469 cm D # TZH) L 7z (Figure 2).
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ERDAFT 20 13mOMH S+ v b (lEsm, HAEWIZ
B 3.5mA 1.5mm, %P 1.5mA033mm) 2N T
1045 10D 26 @ K- Ba, % AR TR 2 knot TIT - 72, S Bl

TElWnTE, AEMREDO LS HERMREH IS T,

K770 o b v IR 2 ORERBICHIR®E T 52 5
FAEMFHERORE S L TKDEETH 5 (Breitburg,
1988; Sullivan ef al., 1994). % ZC, HMefat v Mk B ER%E
Yp k0o 7 7HAEHANSmmD 7' 7 2 F v 7 BUE G
EROCOEN URERZNE L 72, ko 728 EME 95% T
8 ) = LTHRIE L THRB -7, @75 v 7 b v OFRE
EHWE L TNV F= v HAGRIZKDER, P KUER X
DSLET DAL, HEV0.05mmD * v b TIEL T 5%k
=) yHIZIRFE L 72, FEREICEWT, Mty MICK
DSOS NTARED & 2 X RAFHER A BRI L, KGO
I23EDNT1000m® & 72 D OEEENZIRR L 72, M LTl
L7227 7y HOWER A 1000m> H 72 D IS L2, IR
KizkoGohr=@8mrs 2 bry0S5H, YARIZE T
% A X FAFHER O FEEDREY) (HI¥FIEA, 1999) TH
5 714 7 VA Sinocalanus sinensis O 3K T 4 b BHOAE A
ERRER L, ZOAEEILS 720 OEREICHE L
7.

FANRET — 2 OfFEHR
BEORKNNZBT 2 8E10EMORRE BT+ 2 I
T, 19962003 FF I DWW EAEER (E L@,
1998-2005) 124K TV B MO T iR HIfAr (fER
ARK DA 5 25.9km L) O HE R % FV 7z,
2004 5 & 082005 DI R & LT, [H 1258 E UMb
75 B i S5 3R B 1T N 3% T R — & X — ¥ (http//
www.gst.mlit.go.jp/chikugo/) (A2 & 172 H I T iis D
HWHE # W2, BEFEO Vi E 10F ik KT
H 5 7219984F, RIETH 572199943 & O F: 104ER D
H P23 & & A AR & B (3 H A 5 4 HbAr)
IZDOWTRD 2 T 71{L L 7=,

B 2

ANIFREDOZEED

2005 4B ZEO HFWEIZ, 3 A BANCi3f 2 10 B o
P ECRE UCHERE L7228, TRNSIZI L <M
F 0B TR TH - 72 1998 E-[6 H D H -3k & 4k In]
5 HEED 6N/ (Figure 2). 4 A LANCIEEZE 10F-H O
BEZFHE LG Zh L T THER L 2. RFEERM W)
W OGH M), 8 GATa) Lol 4l L)
DIWNX 5 L2E, ThZhollomad, vills
K OB B E 10T S IRIEE L < P lIcikm 2
Moz,

WIRIRIE
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Figure 3. Salinity contour lines (psu) and contour shading of
turbidity (NTU) in the Chikugo River estuary from 7 March
to 13 April 2005. The location of each sampling station is
marked by a triangle on the top. The sampling date is indi-
cated in each panel.
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H, 4 A8 H) 123 & KB 28 B A TP IR 3 0
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Figure 4. Distribution in percentage of occurrence of larval and
juvenile Japanese seaperch around the Chikugo River estuary
from 7 March to 13 April 2005. Number of fish collected is
indicated in each panel.

FREN, 90.0, 819.5, 956.6 NTU Td - 7=. WJIIHEA
100t-s' % Lol > 723 A 17 HUEO4FEHIZIE, ZThb
DT D RN H R T EEE AR BED R E 2 K D AR T b
D, IhSDFAHD S BWINZE I F A H O i EfE
DU L 723 H28 H (448 cm) 1235 T & Z D i 5 13 800
NTU Aiifii & KA > 72
AX %I EH AT S. sinensis DT
ZZXRFHEFRIZIH7TH2 S5 4 A2 HOMIZMIE S L<iE%z
ko &MillosET, 4 H 8 HLBRIZMI2 5 16.2km L
DIFTRABOE T BN TZTh Thinb L FfE S h -
(Figure 4). 4H2H & 4HSH DT, 54D HL 2K
25km Ly ~\EE) L 7z,

Sinocalanus sininsis O F A EEIZNTHOFAE R IZ L0

Eo.,YYY YV V VvV VVV Y
~ 10
<
‘%5‘/__,_&————”' Z
317
D‘IO_ 4
2

’_____As

3/19

/_,J/e,/zs

4/13

| T T T T T T 1
-10 0 10 20

Distance from river mouth (km)

Figure 5. Concentration contours (no.L™') of Sinocalanus
sinensis in the Chikugo River estuary from 7 March to 13
April 2005. The location of each sampling station is marked
by triangle on the top. The lower right corner of each panel
contains the date of the sampling.

FDOE RN S LW 15km DE DB THE A > 72 (Figure 5).
BB O T3 & Z 1-25psuDHFIHTH - 72, AW
B O % EIE3 A28 HO 156 AL T, WIhoH
HHIZHW T A& ILERE TRD 5 i,

IS TEOR R

Mefar o MK DEEIN2 X HIZIRTHIv I 7
Spirocodon saltator T -7z, MBI T LD & Lk
MOERTIZ S TEE ST, WD 3E R TOAERE S
N7z, REINZFERISE, PMUOERIE E SMEE N
=/ - 72 (Figure 6).
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Figure 6. Distribution of Spirocodon saltator in the Chikugo
River estuary from 7 March to 13 April 2005. The upper
right corner of each panel contains the date of the sampling.

IR ZIC KD HREZTII W, 28T Vo U R
E B T AN % 7= AT HEFU 0 i 2 BIDRHE Y BR BT 58
LRg0, )KL S CIRNEE S RE L 72558, T2F 2
7 —EERIC K D R T T RTINS IR AL E B fakk
WY ENFEOWE - EYIRREIRHE M D > T s, Th
5 OREZFEOYENRO FHNEZ Z 6h 5 [HLAK],
(W] &0 [k 12X 5560 (Houde, 1987) O féfi %
KIS 5 %7280, Wl EUEE KB OO R A A
Yak UTHH XT3 (Chesney, 1989; Kimmeler et al.,
1998; North and Houde, 2001; Sirois and Dodson, 2000). =&
JEKBEDOPIEE - A BRI & SOOI, - A DRE
AL PEEINCELF 2 -2 BRETIX, FF
DGR E DGR A S AR OFEE &R L, MR
DMAEBD BEMEFRFODZ LA P IZEN TS
(North and Houde, 2003). W[JI[¥RaE DO K, BElkn» & D
SREYVE O UG &8 U T Ik A PE A B <&, AT

HeEF O BRI BRI A2 & D IF129° % (North and Houde,
2003; Shoji et al., 2005b). £ 7=, EENDEIE S KOFHA
IZK DKL SOCRKEEPFET 27280, ERFICED 5 M
95 Hh 4 7V Eurytemora affinis & Z i % FHEADREY) &
9 % striped bass Morone saxatilis ¥ & UF white perch M. amer-
icana {FFDP TMANERBRIN LD EHSWEN L7 v T
TEH g 5 &% Z 5Ty 5 (North and Hodue, 2003).
XL, DEPIKNEIETH D, AK6miZi#ET
2N ZED B A T BRI T, BEFIZB T3
SIS R BE D W PR BRI AN 0 W) | [ R D 5 B % 20 T4
LR T WA A S ZERHL 2 E B 572, KIFFET
O N8BT — & 28 &12, SR kS s KB
BRI A, BFHORERFED FEK & T b [HILAK]
(], BXU (k] (Houde, 1987) DZE AL T A X
FAHEFDAEFRIZ KT T OV T TICER T 5.
(B | 2Z2AL 5 3HHENZEEDLEE)
FFEOFUL I KD 5578 K KB 36 00T 2 X FA1HE
FUIBRBHICE ST 04 7V S sinensis #HBT 5
(HEEIE A, 1999, HIp - FAE, 1982). SRR O &
KRB I B Z X FAFHEF O 2 Kk D 2 Uiz tb
NRTENWZ M5, VA TIIFHERIZE > TL D I
DR EIBRIR AR S DL EZ 5N Tn5 (HILE
E2, 1999). MEDHAETIE, HFEHHRA 16143157
W23 L 72200147 H 6 BIZHINNIZE 1 B S, sinensis D
RO BAHEE L 722 &E BRI THE D (Ueda et al.,
2004), iEmOMGG & SIS K D IINNIZE T 5 2 X F1F
MEF D BDRVEYIBREL AL 2 g e S h b, Ly
Lans, ARMEEBIRPICEM S 72150ts ' FELIT O
FHOWMBEZEBE D & & TIE S. sinensis D 55 A A3 THIE
FTHZLE a7, 61T, 2005FOFEHZ LD &S
sinensis D& E (6-15SHAMKRL™) 1% 1997434 H 4T
O Y AKIKTOREZEC TN S - REEE (B8
ALY (DU L (HECEHE A, 1999), 150t-s~ FEIE LI
TOHFHDWEZEB D & & TIEZ X FAFHER O DR s
BRI AL N TR T, LT, EFOD
PRI I W TR E 5 HZED 1057 D 1 FEE Oy 2 H)
DEETIE, WMEOBHNICE S R WADREYBIE O EAL 2
ETT (ALK 232 X FAFHEBOWFED FEH & 2% > T
7= &3 E AR,
(R 2X2ALD 2E5EDEE
VR & REI NI X D AR B ORI E 55
WERE T, JIERER RS M FHEfIC L > TR D
BAiRE&E L 2D S5 % (Breitburg, 1988; Miner and Stein, 1993;
Vinyard and O’Brien, 1976). L 22 L7Z&h 6, YKk CHEAE
Ry dfi e LR U722 7 r BUIHRN O 5 TIREREE X
Nurorz, —F, REMFREAPOLTI2HENHES
12X 2 2 X FFHER OB EFRBIZ OV TIZAE 28 0
D, B4 5 1A LD 2 X %50 | RIGM: AFE
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ENEIHREE LTEBETHILEEZONTWS (80K -
Hr, RFEE). LrLahrs, AfETL L OFEHIC
BigR & M7= 200 NTU DL EOKERIE, — AR ik
FHO AN 2 ROGHERER AT 5 2 (KT X 1 2 W
PHE#% 2 545 728 (Breitburg, 1988; Miner and Stein, 1993;
Vinyard and O'Brien, 1976), &% KELEITD 2 X FAF
MEfIZ R A HREIRE e e h 5,

F 7z, GBI RIS U 2@ B B S,

WARIZEAY 4m Ll EOFHA HIZIZEE £ 200 NTU % _E0] 3 7Kk
WA Kkm P LA 572, Zh e OFEHICIKEEDO AT
3, AZXFFHEARL L AT 5KE (REIE»,
1981) 2B W T EEIE A 200 NTU % Elal> Tz, ZHhic
KU, WIRZED 2m DI O B3R EEIE 23 63.6 NTULLT

TdH D SEEAKOIELD /NS oz, PLEDZ M5,

Y3 A TR F6 1 ISR OEE A BRI TH D, W
MZEN K E < EEE AR & < FET 2B I
BHITHTAHEY 2 L& — L0 b 5 A=HBI I
WMORES & U TOBRIZEE D, MICTHZEN N0
BITIEZOENMET T2 & BEEN S,

TR OZEE AT IR O R BB IR B A RIE$ 2
EEME L o7z, HFFE A 100-150t- s~ R THE
&L 72200543 H M, BIRiEAKEOFAEH TH -
TEEWEARBOFEEIIAETH 572, Tl i
FOWZETIL, 200147 A 6 HIZHZ) O H P35k 5 4
16143t-s 2B L ZBRI, WA 5 Z D 16 km i
2 TOAKIE— 1235 THE A 800 NTU % LRl 5722 &
NG XN T\ D (Ueda et al., 2004). TH 6 DFEFRIL,
2001 2B & 7z K S 8 S it 1] sk o A S 12
b0 EEAS PRI 5500, @B 10RO 3 H T
BX 72150t s S £ TORBOMIMNE, T4 8
EBIFEDHEINI L, WIEWE OB RAKOUEG
& RFHIREC BT 2 AL —DIK T ABC T, &
EAKBMOFEEE MRS E 2 2md. Thbb, AXFHR
PRI L9 2 3 HOmBRZT QPN TIE, MEOH
MAEEDOMKTE2E 726 L, HENHEEICLD 2L
MEFAHR I NS TREM A H® S 5L E A 6N 5.
THRAD [#BX] 2EHL S 2 REDEE)

O R DRV EMI OIS K D AFHER LY [HLEK] 1S4 5
WHEMEME L, EWEEICKD (i) OfERAMET 32
MR EEE KBTI, SO FEAMWEERE LT, T
WAD [Bh] EZhrgleaeias ALK R [HE]
DEBENEHNEE Z 5T % (North and Houde, 2001;
Secor et al., 1995; Sirois and Dodson, 2000). $SELIRA A3 LK
HIFNIIEE T, WIIREDRICE S AW EL -
2F 27 ) —EEIC KD BREO TREMNZER ST A1
MR TIRAE [B%R] ShAREMEPMK T2 £ 5
LT % (North and Houde, 2003; Sanford et al., 2001). Z#1L
L, SN A T 5 2 X ST R IC T S A

FTHEAAE DD (EiEAa, 1981), I EOBRIZiZ E
FEINZ & & S BTN ORREAKOFE) &R U 72531
ML 2475 CKH, 2004). L7224 T, SN
FHRIZ I B 2 X FATHER O 5 AR IS I3 R AR OB % A H
FafBlE R -dLEL1 o5, YAKETIEREORMNC
v, SERA DA ZIREED 5K S OIRIEE A &K
BREAZ L L, IR ICHARTEEO KA & D #EL Tt
ANEHEN DB (Ueda et al., 2004). FREOR KITEKREIZHEHp
DAY B A X FAFHEROMIM EAFHFET 2 & FEHC, T
WD [Fk] T 2EHEFR DL O LRI NS,
1990-2000 4F-0 M A ¥5 1F B 2 X FAFHER ARG & &
FOWEOBIZIZEOHEBIBIRA D 5T % (Shoji e
al. KFEFE) T id, ZOHERE LT 3.

WA TIEZINE TEL OFIZB TR X FR{FHEROM
JUNAND 433 A T & ClcifR X T g (HIEIE
2, 1999; Matsumiya er al., 1982; KH, 2004). LA L
BHR5, 20051234 H2 HYENZMIE L iEZh kD
IO E AT AR E 25> TH D |, WA T 5%
Ll o72DIF4A8HUBE TS > 7. 2005 F-HFFIZHNT,
2 R FAFHEF O L AEIZEED 5 - (4 H2 H -8
H) &, MESBEI0EBOREL N2 5B X7
ANEMT UZREN (4 H Bf) 12335, ZoMRIE,
SHTHZBL THEN S 5722 EBERED Z X F DM
LAELRBERE L ST EARIET S,

TR AR U 7R RS K O AFHER ST &
W L4 254, RIKRHECRIHEO R D) & B T & % KR
ERIODPREIENTHEEEZONS. AFETAX
FOMHE LM ErE-eEZOoN54H2B»54H8H
W20 CORENE, WA ZE 2 158 cm 22 5 469 cm A\ & B9
U 7=BEHNCARYS ¢ 5. 2YKERIC 351 558 2 038 AE Tl iiihy
FED K E VKM Z POIZEREA T b2, A%
Tid4-6 HIMBE T 2 IR 220 HICHHE 217 - 726558,
W ZEN K E < 5 B D 6 HLINIZ 2 2 F O )11 E
R E N B EEEIR SNz, SH K 0O TO
ACERAFE LTI 2212k, A XRFHEMOM F & 4
IV LEIBEHBSWS Mc kB DN S,

fFHEfas (iR 12X 6 ShafEhud, mnz T
2 okl TEWwWEELIL6hE, Fo -2
BLER WIS F6 W TH AR, 2 )i L 72 striped bass fF#
DIRIEER % 4T > 72 Secor et al. (1995) &, i 7wa v b &
D & EFMATHOR L 725 A S T RMAITRGR L 2254
DAFFOERENEZ NI icd &D %, Tz
THPEH B E N EEE THMT S D EEL 2. A%
T, SRBNIERIZ I B 2 X FATHEROTIER) 2 JEH
WA H L UTHE L 222 7 7F )5 A &
F, WM& O E RO A TIRE S, HBEOYK
BTENLEIIZIFDOERERBICIODVWTEAHTH S
M, I I rEOMO v 5 L R A B BRE R OAT
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HEf 2 SRS R T % O TdH T (Baily and Batty, 1984;
Sullivan et al., 1994; Shoji et al., 2005a), WM& O & HHlIZ
B3 AZXFFHEROMES L L TEELFMAEELD S
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