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Seasonal variation in the fish community and their
prey organisms in the Yura River estuary

Takashi Aok1' T, Akihide Kasar?, Taiki Fun', Masahiro Ueno® and Yoh YamasHITa?

Bull. Jpn. Soc. Fish. Oceanogr.

To clarify spatial and temporal variations in the biomass of fishes and their prey organisms in the Yura River estuary,
monthly surveys were conducted from April 2011 to March 2012. A total of 3121 fishes from 36 species, from 18 fami-
lies, were collected. Fish diversity was high from spring to summer, while it was low from autumn to winter. Gobies
were most abundant in the estuary, as in other estuaries in Japan. From gut content analyses, copepods, whose abun-
dance was highest in summer, chironomids, amphipods and mysids were important prey items for fishes. Food con-
sumption by fish, calculated from the amount of biomass and growth of fish, was larger in spring and summer than in
autumn and winter. It is estimated that the consumption of copepods provisionally exceeds abundance in summer.
These results suggest that the high production of zooplankton, such as copepods, contributes to fish growth in the Yura

River estuary from spring to summer.
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DHERER T L5 L7z Costanza et al. (1998) 2 X 5 &,
W - B, B 7% EORIFERORFMMEE, SERR
O TIRD BV EHEZEIN TS, HThH, wAKEHKD
Ko B I, B S O EIHER T AT 27 ) — T
BRICHESD T2 08BN ORKEBHEMRIC L - T, Euk
WHFEN A LTS (ARIEA, 2007; Kasai et al., 2010).
07z, WABIGNREAEORER & LT, EERK
2L/ L TWvB (Fujietal,2010). LA L, o AL
Bm=e#B I L D, s R CHD LT H R
720 B O o e ER & 272 ) LT, Zofiifiix 2k
WiElF T & 72 (Simpson and Sharples, 2012). 2D X 9 &y
O &, WIS BT B EW EEMGEZITEL, ok
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ez MERE, ME3g T ZEskoonTns, LaL,
18 0 Ay A FERE 7 L N T Rl W S O B 2T,
FINSOBESMIKIET LI RS20, W - 1L
ZRRBERACK A RS XIS R E SRR D, FlziE,
7T YA BB L OE NI % % Sacramento—San
Joakin River R4 B IZ 7 CHLRIITIE, mwWEliviR A
Lo T ISR & N % 5% BE KA FAE A B 2 i
W EHEE» O ORMSLZIRME L TBY, MHEOMMA
EHRICBWCIERICER 2 EH 2 R T e SINTw b
(Jassby et al., 1995; /NF&IZ A2, 2006). F72, F—A T
7 M HER DO E T H % Gippsland Lakes 128\ TlE, FEL
73R WA AR E RO REIRG I B & L BT, —
WHREB X OMREOM L 25 H A4 7 Y HEPEGE AR S h
LYt & 72 A (Jenkins etal., 2010). D X 9 KRB I &
DOEEREEDOENEZIIR L) 2T, ToRICILEL TR
HMENLEHEZHMT A2 L1, WMHEZREL T L
TRLEATNRTH 5.

WAETIE, A I B U 2 RO A S
FOENL ORFZRHZEZH 62U, MBHEEDNST 5%
ZAHTOBBEEZMHAL L) LI IREA» R OIS X
I 2% o 7= (Veiga et al., 2006; Faye et al., 2011; Susana et al.,
2011; Okazaki et al.,, 2012). BIZ1E, AIBEIZHE AU
MHClE, EFIWRT28WT7 07 b o, FEHNIZ
WS 2 8P FHT L2 E0MEINTWD (RIHIZ
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2% 1997). F 7z, Akin and Winemiller (2006) & X ¥ > 2
BILVEIALE § 2 BRI BT, RV P RO
O EFIIPUTTR2EICHEML, FICEFIIRY A
TR ORI S50% %2 o5 3 3T CHENREL  O/RNIE
R E o TWAERELTWA, AL, MEEHELH
WO EBERIZET 2 ARSI L TBY, BT
b HBEREAE & AR H O E - BRI 2 E R 72
HamZ L AL TR TV,

AWFFE TR &3 % W R, H AT il
M55 G R OW IR TSH ), BRI G HE AT T
T N VREPEMT S LML N TS (Kasai
etal,2010). Z DIEFELFEBEEPEITHE G, X2 P AREER,
BEPOHEFIIIMME LMY 77 7 b 2T 5
=07, AEI/NE WG ERAH KT 5 4FITITFEH R
W % FIH 3 210125 % (Antonio et al., 2011). £ %H
WCHZ®RT L, HEN L X X ¥ Lateolabrax japoni-
cus R ¥ J A Paralichthys olivaceus & \> - 72 KA FFE A
BYs & LT, F 727 2 Plecoglossus altivelis %5 o Tl [n] 4z £
BB E LTHML CTw b (Fujietal, 2010, 2011; 7,
1982). LA L, HIRJINIEIC BT % MR & SR
DBRIZOVTIE, TRETHLAIISIR TRV, —K
A REDSY BIRE E DB A > THR % FHZ B 2R T — 7
T, REMOFHICL o TRR L7720, EERME D FH
ZAAL TR EFHENL, T TERUETIE, HEIT
VLA B I BT 2 fOBREE & A O H BRI S
MITHIEEHME L, F9ABEHEOMMRS AN
L, TNLOFMHEERR. 51T, KFAMOKE L
BFEP SHEY OB AR ZRD, TAVF—T T v 7
DR S SRR & 81 A & O H RO FHIZALITTE
HLTESEL21To 7.

M EFE

AEKSE

FARKFALER 2 W A BN, FEIsIafEAY 1,880 km? TR
HHE T DO#40% OTHFE % 5, TRkt M I £ A% 146 km 2
T S—#m NI Td % (Fig. 1). HLIROF B FEK &1 1,400
2,200 mm £ B, HEJNOFKFEIFZHMM s TH 3
(Kasai etal., 2010). F 72, HEJIAEEALERB B
B I KM T D I ZEAT0.5 m AT & JEFIS/NE L, H
LN 802 B0 A M i H AT TR0 09 20 53R &
BMART. 2oLk, WH2 5820 km L F TR R IR
F B0, AT LD 15km DL b K F Tk
A 5 %25, 3K ST OMNHNTOZEBEIF I
KELELAENS (Kasaietal., 2010). H B BUIL )
SIRBIIHPT TRZEIC X DI EAIE 2 5205, EHhd
IZT TP %L %5 (Fig.2). Do, AFpLHE
FIZWMNMIZIRAK T2 ENDB 2 LS. —F, HED
D WEZED ST TR D SORICH L3 5
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Figure 1. Sampling stations along the Yura River estuary.
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Figure 2. Daily changes in Yura River discharge. Data source:
http://wwwl. River. go. jp

15123 % (Funahashi et al., 2013).

REANE

AL 2011424 H 25201243 HIZFC, EH 1H, H
FRC T RIS 3% 72 6 %8 25 (ST, R1-RS, Fig. 1) 128
WTAT- 72, HEJITFHD S 0 CII% v s <, il
DR W L, AEWREEICE 2 B BN S Wi, A
WCHEERZEREL TRy, BECHTOEEICX
D, 20124E2 Ho4l, BX 2011411 H, 20124E1 A,
20124E3 HDSLIZBIFBMEIIAIT-> T, SR
WREOBEFHTH Y, RI-RSIEHEIETADNETH
. OB (BX08m, MH112m Iy T YR



R 1380 8147 2 SRR A IS

OMHEE1.0mm) ZHWTHRELZ. FEMIIBWT2MH
T, KER0.5-12m DU & 7 1T FATIZ 34 R L
72 MELAFHIBMLE TN IAT7TA R D WL CTH
BLIFY, M E T-30°C D HUE THRA L 72,

OB ZH O »ITT 57291281, RI, R2, R3,
R5IZBWVWT, IKHAX Y Y 2 v b (lH0.6m, # X04m,
HHIE033 mm; LTV U & v b, JEMHIEA, 1989) % M
WTHIAM O ERREZ T 72, VU Ay MIKEHIm
DO DOIERE FIZBWTRISFEITICIOmEMLZ. B
HWRFIZ R EAI9mO =725 2 & ¢, Wz
—BIR o 7z, BAEYIAT T AN, AL AR
Wi CHHBRGE L7z, &b, ARBFZEKIEBICBIT 2 RKE O
IR IR TIFF IS W & 2 HANCHERE L
72 bT, vy MERWET B O L T BE0f]
REZTHICKMLLDTHLEREL TS,

B oK & 3513 % HH KB EE (YSIS556 MPS,  YSI
FED) XD KBEH I moIEOERE LBV TH
EL7z EHICKRBAREZIRAKL, zaa7 4 VaHricftL
7z.

SRR

WESNAHE HrREL-0b, EiEkE (SL,
mm) &{BERE (BW,g) ZMEL7z. 7272L20114E8A D
R2 D7 ¥ I Gymnogobius urotaenia, 20124ER2DT ¥ ¥
T N Acanthogobius lactipes, 3 £ 201243 HDORID T
2 5 7 )N Rhinogobius giurinus \Z B L TIXMEMEKILAZ 20>
72720, MREZE B R 72 AR D & 504K % fE A
BIEOME L7 T, oLt rRTEERE L
“C Shannon ® ¥& £t A’ (Shannon, 1948) % kI S5 I L
7z.

H’?ZS:ElnPf (1)
P
22T, PSR OMAEE A S EOMEEIC 50 5 E
&, SITMBIMERZRT.

F72, KEm, M5 10MEKE FRE LTHHNE
DN AT > 72, HNEWII RS T THRZE 21TV,
WHEZR LAV E TRIE L7, 7 BREC & IZEH L 7.
ZOBE, AT VHICHLTREATIXABERF I T XH
EIFWEENA TV, R TF I AR EESAA T L
LTHHL. 0BT 00, SaMoEN
Hh O TN ENOHAY i O AN EZEERE (Index of
Relative Importance: IRI,) % LLF O X 9 1ZRKD 72,

IRI, = (%N A%V, X%, 2)
TN, U T A ST O 46 S RV A5 72
TR & SEHE L 7 IR BN F 5036, 9% 1 45 B/ 530

HORP T OBRFEE G2 55 LR E 05, %F,
(AR O BN L S N7 B A S AR o I BUBEE

HBAETHD. ZOLT, %RLEZLTO L) IZKD7.

IRI,
%IRI, = L X100 (3)

n

D IR,
C T Tni3AEY RO R KT
FoFEAFMOLH, FWRICBT 2B YS72) ©
AT L OMKED, (nd. m™) & BT ORA 55 L1,

p=_1r (4)
WX,
ZI2T, NAFHRAIC X B REMAER, w13 RO
(11.2m), L ITRMHEHLET. 2512, BlhT2E5%
FHENT, S1CTHRE S N7MER D% B % Surf zone, R1, R2
THRE S NBIKRDO B BE DT % Intermediate, & L TR3,
R4, RS THE S N2MARDOEE D3 % Freshwater & L
THHEL.
VYA y MK DIRES N MAYE, AMoEES s
oy, AR RN L, BRI Y 72 ) O MARED,
(ind. m2) ZLUTFOX»SHEM L.

N

D=—-2" 5
Pow, XL, )

ZIT N@EVY Ay ME B EREMEE mEv ) Aoy
FOUE (0.6m), L,ixRAMHEE (19m) 2&KT

AR T 7 A WHEIEHC (GF/F, Whatmanft#) %
HCTHB L7z 74V 7 =12 LR T o lRE
Pt FE%E 90% 7 & & TI2IERANL L7zt OGRS
(Trilogy, Turner Designs #:#) #Hw<CTrzuu 7 1 Vaig
BE A L7z,

i 2

WIPERSE

KiiE4 HiZ14eCriitx itk L, TORIIEFEFTLAZ
feld, SH2LIOHIIHIT TiEEL % 5 28°CHi R Z 7R L
7z (Fig.3a). 10 H DAREIZ20UICART Ligod, 1 HIZid7°C
MR FLEk L7z, 4 56 5 HIES1 &N TRILD#1X
RN olzh, 6 A58 AITH TN O KA
StEh2ecizlm< %y, 9RUKIIFICSIDKIRDIT)
AN Y 2°CIE EEd o 7z TN TOHSEHEIC X 5
XN E oz

WArESI TIE R LC32mik & m L7z (Fig. 3b). —7
NN TR 611 ISR EoEBERR SN, KT
BWoaas bR U7z BRICRIL, R2TREFIC30EL T THY
PEATEZEIH o7 RIL Y B TIEiEkoEE
BREL R, BEFETLYUTTHH7. 7007 4 )ba
WL, SIT4AI272ugl !t & V) EWEZGLER L 7275,
ZDHRIES ug MM LT ORETHER L7z (Fig. 3¢). Il
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Figure 3. Monthly changes in temperature (a), salinity (b)
and Chlorophyll a concentrations (c) at each sampling site.

WTIZEHI5-15 ug I OF\WMEZ FLk L 72,

BEY

V) Ry MK DIRESNIEAEYE, EOREIZBNT

%éﬁ@ﬁf?zﬁ@? HOBEDE D -7 (Table 1).
A EESTHo72SITIZIT I EHR 7 — <8

% LT FRAROBI D ED > 2R TIEL A AHOE

FEDSHBI R 22 o 7.

TN A T VEHOFEILIIINESITRE S R
Tz JANNOFEES A 7 VEOBEZ &N TE
FIZEWEE R L7z FFIZ8HDOR2T397ind. m™2, RIT
297 ind. m? & W) IEFITE W EZ IR L7228, WRIZ K5

WA AT HOBED D E L h o7z

TY—Z7 oIz ® R Y, R3TIZ7H, RSTIX11HIZE
—7, S1TIE9
HIZ173ind. m2? & W) EBWEZ/R L7272, ThllstoH
TlE50ind m 2L T THo 7.

ST VHOEERTHOS1 226 R2THL, HHIZSIT
12757 ind. m ™2, R1Tix282ind. m?2& W9 IEWICEWEE
RL72. SITIEH4HETHIZERREWEZ IR L7222,
TMINNOERTIZTAUNT20ind m2 %2 B2 72 Hix%
o7z,

7 IFOEEIZS1ITIE4 A (364 ind. m™2), 5 A (66 ind. m™2),
R2TIZ8H (97ind. m?), 11 H (214ind. m™?), R3 T34
H (244ind. m™?), 5H (62ind. m™2) IZ¥—2 %KL, %
DO FIZ T NOERTHS0ind m2% FH -7z F
72, S1 T 7 IFDOH T Archaeomysis sp. D3 H L,
JN Tl Neomysis awatchensis 238 5 L 7.

B H

MBI X DRI SN MBI H 18R 368, Ail3121
itk TdH o7z (Table2). H T DML (H) &
46 T20HiteEm<L, SHBX U113 HF13DT &
o7z, A28 L CTIREBMBEIRD L 5 -
7eDETXFTY (334%) THY, RWTITZ I 7 NnE
(209%), 7¥ruan¥ (189%), AZXF (5.5%), 7HIN
¥ Glossogobius olivaceus (4.3%), 3775 4 =3 A Hemibarbus
labeo (3.3%), < /™ Acanthogobius flavimanus (2.9%), &
A I\ ¥ Favonigobius gymnauchen (2.6%), 7 L (1.9%) O
MEIC % CRBESI N2, SRS IFETERIERDI 4% %
72 (Fig.4). EREAETIEIAZF (153%) kb <,
7 F I (15.1%), ¥ ¥ 7 F Carassius auratus langsdorfii

(13.1%), </E (10.5%) HZhiThiv7z.
FRABOREEGFYE, AR HLUEM
REMARELADIS0 2 2 72RO T TH 5
(Fig. 5).

TFTY 68 HIIHITTREZEDZFL &R, FFIC
mﬁwzam%mmmﬁﬁﬁ%<%%éhtﬁx9HUV
FIEEAERES N o7, BHNEWITIFEE S A
TVHE, AV A TH o7

T2 57 0E K K AICR2RSICTESIRES R,
BERICIFEBEAERESN o7 F2LOHMEIX25-
35 mm A & DA SL CRE S N2—T, B 64121
20 mm BIE O/NI DML FRE SN2, BNEWEA
AT7VHE, ZAVAH, HAITIFPIPLTHY, 4
H, 6H, 108, 1H, 3 A4 7 YD %IRI DT\ —1,
SA, WA, RAEIA IY Y IFHD UIRIDE D - 7.

Tyiunt g, K ZITR2-R5TE S RESI N
F1330-50 mm O KEEAED L S FRES N0 ITH L, FX
54T 15-30 mm O/NEUEARD S CERES T F 723
WA ATV, TAVAE, hA IV v afiEhuOicE
fEL, #1033 AT THA T VEHR AL IV VM
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Table 1. Density (ind. m™2) of prey items for fish collected by a sledge net. ‘— indicates no data.

Station Prey item Apr. May June July Aug. Sep. Oct. Nov. Dec. Jan. Mar
S1 Pelagic copedods 48 2 4 32 5 167 16 — 5 — —
Benthic copepods 0 0 0 0 1 6 0 — 1 — —
Mysids 364 66 29 21 14 14 0 — 2 — —
Amphipods 65 8 6 757 0 0 16 — 28 — —
Cumaceans 11 8 21 77 41 174 2 — 16 — —
Decapods 0 0 0 0 0 19 0 — 0 — —
R1 Pelagic copedods 6 1 4 221 297 8 1 4 0 0 4
Benthic copepods 0 0 0 0 0 0 0 0 0 4 0
Mysids 2 23 42 26 13 4 14 12 0 0 0
Amphipods 4 1 2 282 4 1 2 10 1 0 0
Insects 0 0 0 0 0 0 0 0 0 0 7
Cladocerans 0 0 0 0 1 2 1 0 0 0 0
Cumaceans 0 0 1 1 1 0 0 0 0 0 0
Decapods 0 0 0 0 1 1 2 1 0 0 0
Isopods 0 0 0 0 0 4 0 0 0 0 0
Ostracods 0 0 0 0 0 0 0 10 0 5 0
R2 Pelagic copedods 12 5 2 101 395 57 95 13 5 12 8
Benthic copepods 0 0 1 0 1 0 6 0 0 0 5
Mysids 44 4 16 35 97 36 25 214 39 4 9
Amphipods 2 0 12 29 14 1 0 0 2 4 7
Chironomids 0 0 4 1 0 0 0 0 0 0 0
Tanaids 0 0 9 0 0 3 0 0 0 0 0
Cladocerans 0 0 0 0 0 1 13 0 0 4 0
Cumaceans 0 0 19 30 20 3 1 0 0 0 0
Decapods 0 0 0 1 1 1 1 0 0 0 0
Isopods 0 0 0 0 0 0 1 0 0 0 0
Ostracods 0 0 0 0 0 16 0 14 166 4 7
R3 Pelagic copedods 11 57 18 194 132 21 6 6 3 4 11
Benthic copepods 0 2 0 1 0 0 0 7 1 0 4
Mysids 244 62 12 8 15 0 5 4 6 36 5
Amphipods 1 0 1 2 1 16 3 6 2 5 0
Chironomids 1 4 2 0 0 0 0 0 0 4 4
Tanaids 0 0 0 0 0 0 0 0 0 0 0
Cladocerans 0 2 0 0 0 0 0 0 0 0 7
Cumaceans 0 0 0 1 5 0 0 0 0 0 0
Decapods 0 0 0 0 0 5 1 0 0 0 0
Ostracods 0 0 0 0 0 1 0 1 1 4 0
RS Pelagic copedods 5 0 6 99 94 32 1 275 15 15 4
Benthic copepods 1 0 0 0 1 0 0 4 16 21 20
Mysids 4 1 2 3 9 10 0 17 3 4 0
Amphipoda 0 0 0 2 1 1 10 2 1 4 0
Chironomids 1 1 7 0 2 0 5 4 7 7 0
Insects 0 1 2 0 0 2 4 1 1 0 8
Cladocerans 1 0 0 0 0 1 0 0 0 0 5
Decapods 0 0 0 0 0 1 0 0 0 0 0
D%IRIE, TV 77 NEOMHOFHEL X CHBLL T 40mmZ MR D LT IR I I EHANLESDo
ARF D HFEPLEIIHT TR TIRA S RES . 7z,
OFEMREE IR LY, 7TIFHELIEBH LTV 4 Y 8 &9 HIZR2T10-15 mm D /NEEAK DS

HRSHDO X ITERED 30 mm A & X137 I oM CREEINTBY, INSOMEEKDE AT L A Lk
FHEEAIA T VHLEML TV, 6 HURAKED HAT VHEOAZRFBML TV,
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Table 2. Number of fish collected by a seine net and their diversity index (H’) in each month. ‘Others’ indicates the
total number of fish, which accounted for less than 0.01% of the total.

Species Apr. May June July Aug. Sep. Oct. Nov. Dec. Jan. Mar. Total %
Carassius auratus langsdorfii 15 2 1 2 1 21 0.7
Zacco platypus 5 6 1 1 2 4 1 1 21 0.7
Tribolodon hakonensis 1 5 3 9 0.3
Hemibarbus labeo 29 8 16 5 33 3 1 7 1 103 33
Plecoglossus altivelis 14 1 43 58 1.9
Salangichthys microdon 14 1 15 0.5
Oncorhynchus keta 22 22 0.7
Cottus kazika 4 4 0.1
Lateolabrax japonicus 17 28 20 98 5 3 171 5.5
Lepomis macrochirus 2 4 1 7 0.2
Nuchequula nuchalis 3 3 1 2 9 0.3
Acanthopagrus schlegelii 1 3 4 0.1
Eutaeniichthys gilli 11 2 3 16 0.5
Gymnogobius petschiliensis 1 3 4 8 0.3
Gymnogobius urotaenia 4 16 1020 1 1 1042 33.6
Gymnogobius breunigii 1 1 4 5 5 16 0.5
Glossogobius olivaceus 1 55 77 133 43
Acanthogobius flavimanus 22 17 13 6 14 9 3 1 3 4 92 3.0
Acanthogobius lactipes 6 20 1 1 30 10 12 14 80 416 590 19.0
Favonigobius gymnauchen 1 1 1 0 57 3 10 7 80 2.6
Rhinogobius giurinus 39 60 2 2 1 1 7 125 59 65 292 653 21.1
Tridentiger brevispinis 11 1 1 1 2 7 23 0.7
Unidentified 1 1 <0.01
Others 5 6 3 2 0 0 3 0 2 1 1 23 0.7
Total 117 214 64 161 1098 168 38 243 87 174 757 3121
Diversity (H') 205 228 199 145 034 152 1.67 126 111 130 098

A 74 =34 159k LRI THHRSIICBW
T20-50 mm DOHEMAL ERFE S NF2AY, 10 H DRI AA
BAER L7z, SABEWIE A 2, JiEEA A 7 V38
BHLTHY, BRBILTEN TV

<N :5H, 6 HIEFEICR2, R3IICBWVWTI5-30 mmD
AINTUARA & 60 mm DL 1 o> FEB I K T o AR 23 7] Vg L2 FR 4R
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Figure 4. Fish species compositions as a percentage of the
number of individuals and the weight percentage for major
species caught in the Yura River estuary.

Eh, 7-10 A IE EIZRS T BT 30-50 mm D EAK A% <
RSNz, HNEWHBIIWIR 2 FHELE R L 5
H, 6 HIZilEtEn 4 7 28, KA D A4 7 2 E P
BEL TV, RE0mmEBR 57 9HICR L
AN WD RBIRIZ LS Lz, /2108, 1MAEAA3IY
VO LHEMEL, R3IARLERER T IFY IE
ff LT,

v ANE D 11-3 HIZR] & R2 T 15-40 mm DA A <
RESIN. OO BYWHIKIZZ BE T LTH - 72
B, 79 IS B HHRE S I ERIZEE S 4 7 >
RN A 7V, I VEREM LTV,

7L 0 4 H1ES1 T 40 mm Fi t2 OB ARAS, 1)IHNIZ T 50~
70 mm DEAEA L < FRE SN, 11 HIZIE R T 15 mm [l
D/NRDERD L RSN, FOSIB L ORI HRE
SN FREYE S 4 7 VAR B L Twas, &
WM CEREE S N7BR D B NEW A 5 I EEEM»S
YA

FEMFEOI L, ZAXF, ¥, TLIEREIC S
VO MR INS:, — T2 I 0E, 7yyan
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Figure 5. Monthly changes in the density of major fishes (a), average standard lengths (b), and percentage of index
of relative importance (c) for major fish species. Error bars in (b) indicate one standard deviation. N. D. indi-

cates no data.

YL, FEEAA T VHOBENREEPLE, LU
A IV ADFEPREL B DRP LA TEWUDPZALT 5%
&, AN OBEOZACIHE - 72 A OZ LR S h .

zZ =

BHEOEHEK ERR

SRARTH 5 AMEKIETIE, FHEMEZEL TxNE
R, TrIINE, TIuntokd e ERHMUEDE
5 L7z (Table 2, Fig. 4). KPP ERICHE L, HRATT
B HABEEITE CHIUNOIMIIRICBWTIE, v »nhELT
¥ uanE OREMEBDTRE S - 20T oK
FEOTW RHEIEA, 1997). F 7285 A%0 < MR
HTH HFBN BRI BT, N7 F dcanthogobius

hasta 72 EDONERHEEDE S LT 7z (Islam et al., 2007).
INOORPE LR REZTS LAEDLEL L, NERA
FoELT 52 LE, MRoOmEER 2l BAETBEIC
57, HAROMIIHIZ B 2 @os# b Lk
ARWFFEAKIBAZ B 2 BEOMEIIE, SEFIIHIITTE
, AFIREF A b o7z (Table2). FEZARVESR A
HEBRICELSEFIINITTREL, #THa46HICE
flizR L7, ZhEZokBEfBORES L LTHAT
%5 A X% (Fujietal,2010,2011), FEIISE LTRSS
¥ \1 7 F Leucopsarion petersii X° ¥ 7 7 % Salangichthys mi-
crodon (F&FF, 1986; Z4F, 1993), #l Eod7212Z DK
ZWE S T 2R T 1 Cottus kazika (A, 1999)
D& BRIFAERF - 72BN % R $ % A fiA 312



HAREE, SJFksesk, B, R, Lr
G. olivaceus
20 60 - 100%
. 80%
. 40 A %
o S 5 60%
z 20 A = 40%
.. 20%
0 4 0 +—r+—TT—T—"""TT T T 0%
) H. labeo 80 - 100% -
60 4 80%
5 60% 14
e 40 - :I X
Z 3 I . 4 40%
I i 20 A1 * 20% | &
0 HINEE 0 +———TT——— 0% -
~ E
€ A. flavimanus £
5 4 =100 - 100% 1
c <
LS 5 . 80% {
S : S ¥ = 60% . b
— 2 o = i E Y= = [a) 4
X 5 5% Eilii z X a2 ;i
> 17 ~§ £ 0% - I
g 0 8 0 +r—r—rrrrrrrrmr 0% ]
S &
2 )
8 F. gymnauchen
20 - 50 - . 100% =
40 A 80%
. i ]
10 5 30 A . I‘ d{ 60% 4 . . .
= 20 = 40% 122 2
10 20% A
0 - 0 +—r—rr—rrrrrrrr 0%
15 - P altivelis €0 - 100%
e
80%
10 1 ) 40 60%
o
] 40%
5 z 20 -
- 20%
0 M+ 0 +r—rrrrrrrrrrm— 0% 1
A J AODF A J A OD F
2011 2012 2011 2012

Figure 5. Continued.
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Table 3. Biomass of fish and prey organisms in each month. (A) is the amount of biomass and (B) is the amount

consumed by fish.

Spring Summer Autumn Winter
Fish species and prey items

(A) (B) (A) (B) (A) (B) (A) (B)
Pelagic copepods 0.03 0.09 0.21 0.94 0.08 0.02 0.01 0
Benthic copepods <0.01 0.01 <0.01 0.09 <0.01 0.01 0.01 0
Mysids 13.30 0.10 3.63 0.25 4.54 0 2.01 0
Amphipods 0.03 0.02 0.73 0.21 0.26 <0.01 0.12 0
Chironomids 0.02 0.16 0.03 0.86 0.02 0.02 0.05 0
Acanthogobius flavimanus 0.34 0.30 — 0.19 — 0.14 —
Rhinogobius giurinus 0.20 0.01 — 0.05 — 0.19 —
Acanthogobius lactipes 0.22 <0.01 — 0.03 — 0.45 —
Hemibarbus labeo 0.41 0.05 — 0.20 — 0.00 —
Favonigobius gymnauchen 0 <0.01 — 0.04 — 0.04 —
Lateolabrax japonicus 0.05 0.18 — 0.04 — 0 —
Gymnogobius urotaenia 0 1.10 — <0.01 — 0 —
Plecoglossus altivelis 0.21 — 0 — <0.01 — 0 —
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Figure 6. Seasonal changes in the biomass of fish and their prey organisms, and carbon flux. Circle and arrow size
indicate the amount of biomass and feeding by fish, respectively. In double circles, larger and smaller circles indi-
cate the total amount of biomass and feeding by fish, respectively. Dotted arrows were not estimated from fish

growth, but from stomach content analyses.
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