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Structure and Function of the Production
System in an Estuarine Fish Assemblage
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Yoshio Chida, Michio Omori and Akihiro Okata
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Fish species camposition and feeding relations among species inhabiting an estuarine lagoon Hiroura, located
northeastern Japan, were analyzed. Fish species were categorized into three types based on the mode of estuarine
habitat utility changing with their life history, the resident type, the seasonal migrant type and the occasional
occurrent type. Resident type fish took benthos that were abundant in their habitats whole year, but they took also
zooplankton from spring to autummn. Seasonal migrant type fish consisted of early life historical stages mainly took
zooplankton that were abundant from spring to autumn. Structure of the estuarine fish assemblage of Hiroura was
characterized by the coexistence of zooplankton feeders and benthos feeders from spring to autumn.
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Fig.1 Map showing the sampling stations.
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CTEELSS, 12812 8°CAIRETET L. £4F5
YABRMETT 2283 CEERY, 3AMBAR
HWHULALED 3.
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Table 1 Monthly changes in number of individuals of fish
collected in Hiroura Lagoon.

Species Apr. May June July Aug. Sept. Oct Nov.Dec. Total{%)
Clupanodon punclalus 0427 T W 10 0 128 LY
Herklotsichthys aunasi 0K 419 B 3 2 0 0 61 00
Engroulis japonica 0 0 0 0 7T 74 1 489 50
Auguilla jeponica ¢ 1 06 0 0 0 0 ¢ 0 <o 1
Hypomesus transperifica

mpporess 0 0 0 1 8 6 0 0 0 7<)
Plecoglossus altivelis altivels ¢ 0 0 0 ¢ 0 o 0 1 U<0L
Salangichthys microdon 2 3 U’ 5 664 133 % 3 928(10.8)
Onchorhmchus kela J 000 0 0 t 0 0 3(<0l)
Rhodens ocellalus ocellalics 0 0 0 0 4 1 b0 0 <ol
Honibarbus barbus 0 8 3 7 1 [ 11 0 00
Tribolodon brandfi 1 93173 267 7 29 3 3 Ipd(121)
Carossins ouralus langsdorfi 0 0 1 13 0 8 0 0_06 202
Cyprinks aanpio 000 L 0 0 0 0 0 U<
Hyporhamphus intermedivs 0 0 0 0 2 0 L 0 0 3<0M)
Oryzias lalipes 0 0 0.1 0 0 00 0 I
Mugil cephalus 13 40 0 1 0 2 417 42( 5.0)
Liza carinatx 0 0 012 9 18 7 W 0 508
Laleolabrax japonicus D BT 1T 2 0 0 0 4070 4D
Laiognathus nuchalis 000 9 0 Q 1 0 0 1(<0.1)
Terspon jarbua 0 0 0 0 3 B A § 0 s0(05)
Acmthopagrus schlegeli D02 1t 2 4 7 1 0 %L
Ammodyles personalus 00 0 0 0 (] 00 1 1<l
Acenirogobius pflaumii 00 0 0 0 l 0 0 0 10l
Rhinogobius sp.CB 00 0 9 5 ¢ 0 0 0 oD
Tridentiger obseuris ¢ 00 0 0 ! 1 0 0 20
Tridentiger trigonocephalis 31 0 2 7 1 02 L 23(02
Chasagobius castoneus 0 0 0 0 0 [] 00 0 d(<01)
Chaenogobius urolasnia 6 710 4 0 2 2 5 T 09)
Acanthogobius flavimanus 3B 45 68174 2 4m 12 R 2 15116
Acanthogobius lactipes 1735 & 6 268 1436 761 161 335 3023( 3.2
Eutaeniichllys gilli ¢ 1 11 ] 0 0 0 o 700D
Leucopsarion petersii o6 0 06 o0 0 0 3 0 30D
Plalycephalts indicus 58 17 6l M 26 51 & 12 & 38( 1M
Liparis tanahai 1t 0 0 0 0 1 0 1 0 2<0.l)
Kareius bicoloratus U 9 U U i 7 0 0 o 79 09
Plalichthys stellattes 00 5 3 2 0 0 0 0 100D
Takifugh niphobles D 00 0 2 0 0 0 0 2<0D
Takifugu pardalis 0 0 0 0 1 0 D0 0 <D
Total 164 275 722 775 1018 2830 1136 752 875 5%
(%) (1.9)(3.2) (8.4) (9.0} €11.8) (33.5) (13.2) (8.7) (10.2) (100)
Number of species 1% 1620 21 2 6 15 11 38
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Fig.2 Fish species compositions in the percentage of the
number of individuals and the weight percentage for
major species caught in Hiroura Lagoon from April to
December, 1996.
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Fig.3 Monthly changes in abundance in the catch number of
individuals for 15 dominant fish species.
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Fig.4 Monthly changes in the catch in (a) number and (b)
weight per haul for the three occurrent types.
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Fig.5-1 Monthly changes in size distributions of the three
species of the resident type.
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4 A (Fig.6-1) : AEHERES & T, SHNHRE
DAYHVABRENT, ABYEDHELIF ELRIN
mm B ED4 vH V4 RBRL O R/BEORYER LT
B, CHE (Y rFVAIRE) 2HERED b
ABhLEhoTwik, £RONSTA4 VY HVAREAR
ZHHOAE R L (ERL TR, 7y Vvundnis
LTwilzh 4 7 VI, EBEEED Sinocalanus tenellus
%> Pseudodiaptomus tnopinus &> S Y20V
28 Yy aBEOBEEEROEENRBEHBL TV,

6 A (Fig 6-1)
icaR P OTIFEP TSI R PLELERERS
B2 X x0fAR LoEMWHEESNb- 2. Ly
L, BEHRBREED 5Ty P APLOREE T
S>Twiz, ZORBBHICHRL -y O (K70
mmYTF) BNBOEm 7Y EEEL T,

8H (Fig.6-2) 8/ 7 v 2FBRTHE
HiIHEES S S iEmL T, Xicrr b AROAFEE
R ARCHEELYE, 9FBADEMICIEY v IR

P2k A ST & Neomysis Japon-

K& EH->T7 SEPICHMER I SERL T,
BEHRE L RENHBEEOK CEERRYEROER
Bk,

108 (Fig.6-2) : ZOWH»SREShER{RoA
AxRboTBELRZ S {4 ORI Lo i,
MM EREORED & & b I AEEEEORMMAI Ls
Sledt, TheDRBOTLAYIIE»SEE TOEH
LRI N ATH T2,

128 (Fig.6-3) : BUEZED & H w AEHRES LA
G5 AMEMRIER- 12, 25 b/NEOEERRLE
BoT7 SFEFEEL TV, 2KELTTIV 2L
VHONBOEMOBEHEIETL, ¥ FARLO
BEFL LT,

3.5 BRI RMBEORMEMRTR

ERECAHET2REORMLZ>TWEENDS B,
KA 8T S 2 b v LERFICAET 5
v M ADREEOFEME(ER LI (Fig.7), ~¥ PR
PEERELLEERERTOCNLT, BT 7> 7
FRBLRISL, BERTEST S LI EHREH R
w~L7z,

1.6 EWAHOENMM

MEENAYORMTRRICETHT, RRKEREN
2 MR TORABORMA 2 F IR Table 2 i
R L7 B REQRMA KRR PEIC - TEEL .
BEHFEOS baF BAAENEL, ERATIEHIC

FaxEHIAL W, AXFIR6ALD HEFESN Lok bEuEHiiE 5D T, aF L8777
Table 2 Seasonal changes in food niches of the dominant fish species
g;%':lkn?cf:he April June August October December

1 P, indicus* indicus P. indicus P. indicus P. indicus
{TL**60-140mm) (TL90 190mm) (TL20 -190mm)  (TL30-220mm)  (TL30-80mm)}
2 K. bicoloratus L. japonicies Japenicus A, schiegeli T. brandli
(TL130-160mm) (TL50-105mm) (TL 00-170mm) (TL35-110mm) (T‘L3i{}—420mm}
3 A, flavimanus K bicotoratus K. bicoloratus T, brandii A. flavinanus
(TL60-140mm) (TL60-90mm)  (TLS0-130mm) (TL70 -320mm)  (TLA40-140rmm)
¢ T. brandii A flavimanus A flavimanus A, flavimanus A, lacliceps
(TL110-360mm) (TL80-170mm) (TL120-200mm) (TL30 -210mm)  (TL15-55mm)
5 K. bicoloratus T, brandli T. brandti A, Iamc?s C. urolaenia
(TL20-50mum)  {(TL70-240mm) (TL110-340mm) (TL15-45mm)  (TL20-60mm)
6 A. lacticeps H, zunasi A. flavimanus T, jorbua M. cephalus
(TL35-59mm)  (TL110-155mm) (TL10-100mm) (TL15 -25mm)  (TL20-40mm)
7 T. brandli T. brandti S. microdon
(TL29-70mm)  (TL30-100mm) (TL40-75mm)
8 A. lacticeps A. schlegali
(TL25-45mm)  (TL10-60mm)
9 A, lacticeps
(TL10-35mm)
10 H, zunasi
(TL30-160mm)

* P indicus : Platycephts indicus ; K. bicoloralis ; Kareius
schlegeli ; T. brandli ; Tribolodan brandti ; A, flavimanus :
Clmenogaﬁm tirotnenia ; H, zunasis HerJu‘oLwd:mys zunast |
gichthys microdon

** TL: Total length

bicoloratus ; L. japonicus : Laleolabrax  japonicus ; A. schiegehi ;
Acaumagobm Javtmanus ; A. lacticeps : Acanthogobis lacticeps ; C. urolaenia :
T. jarbue : Terapon javbua : M. cephilus

Acanthopagrus

Mugil cebhatus ; S. micradon : Salan-
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Fig.6-1 Composition in occurrence frequency of food organisms in stomachs of the six dominant fisl
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Fig.6-3 Composition in occurrence frequency of food organisms in stomachs of the six domi-
nant fish species in December.
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Fig.7 Monthly changes in abundance of planktonic food
organisms (top) and macrobenthos (bottom) for fish in
Hiroura Lagoon.
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Fig.8 Relation between total body lengths of prey,
Polychaeta, and predator, Kareius bicoloratus, in(a)
Hiroura Lagoon and (b) Sendai Bay off Abukuma
Estuary.
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Fig.9 Relation between total body lengths of prey and preda-
tor, Lateolabrax japonicus.
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" The Ecological Role of Microphytobenthos in the Estuarine Ecosystems

Kinuko Ito, Koichi Sasaki and Takashi Minami

BREEDUITIT DR AFRES & LI, 0 - AABEERICBY 2 EASEREO R RN OVWTERL
o, RABEIHEOYI P YILTHIORMBELT, F-RAOKTHL LTLEELAB TS, £ALTVS
EYHEOBAEYRE L REMMGROMITICL D, ZOXRORWENIL, KM O0BBKISTTSOh:. BA
BERIBBER Y7527 b ERE) CEEAECESEER (BEAMIRLESLTA) Chs. RESA
RABDE HBEEATHIIEPLELD L, WO - FUKBERRIC BT 2 XBAES L CoORBIL, EEMERD T
IIBWTIL I P EDRRREVERBIS T, EERMEC QRESREEEND D, WA BEEREE b omEN)E
FCBE CE 2RI HLERBDNE, €0 4 XMMBREIC BT 25MENE 25 L2105, EEHL
DRRIZOVTERT HLORT o LRHERICL 2L, FIUIFORICBT 3RED VL DOTHIMAA VI VI
BEBEIEFP b RFIAGTELIE VI EMNG Do . FI LG CHIIREN RS RER T T R T, 1
VYV INERBRYEY CHIEARROEEREEITEN SREITCREERLE. b DPEIY, EAERA
BAREOAV VY IDBEVEEN I 2 PENERFEE LTORBEE->TVRLZ L EFRBLTVS

We discussed the role of microphytobenthos in estuarine ecosystems based on a case study at the Natori River estuary, where
is an important fishery ground of the bivalves such as Corbicula japonica and Ruditapes philippinarum, and are nursery grounds
for juveniles of fishes. Our studies based on the analysis of stable isotopes and stomach content analysis of organisms in the
estuary suggested that the trophic structure is consisted of two major pathways. One is the pelagic food chain derived from
phytoplankton, and the other is the benthic food chain derived from microphytobenthos. Many fishes collected in the estuary
were demersal fishes. Therefore, we assumed that the ecological role of microphytobenthos may be more important than that of
phytoplankton as primary producer in estuarine systems. There were many kinds of species and the variety in the life style of
microphytobenthos even in the same habitat. They had higher diversity in size and growth form. Field studies on biologicat
production process of bivalve showed the highest growth of Nuttallia olivacea, a key species in the Natori River, in summer and
sutumn. At the same site, the results of culturing experiments indicated the highest growth of benthic diatoms, & mejor food for
N. olivacea, in summer and autumn. These results suggest high contribution of microphytobenthos for high production of N.
olivacea in summer and autumn,

F-7— N EERAEE, RWES, £WEEH, MUK, Skt

1. U &I ) DI D ok Bk R LT
b r B0 0EYR, KEOXFAF BIENERBMEINDE LI ICoTES (Pellizzan et
=, KEWROWEBRITHMF L TEMSEMERFL TS, % al., 20050 ; Sasaki et al., 20047 ; (H7E - kF5, 1998Y).
BERENNIKBEROE L L TOREZE S & [ -2 FATBIERRTEIF L2 EBEORMEL LTORE
RROEEDHTHDHE, ZOEEXXILADIBAE bEEHShTWwa (FiT, 20089).
ZITOWMBETH 2. REOWETIRRERIC BT STHA - R L e BE, AREPEEL
“HREORMELT, MWTI 2 by (BEME WL LSEEHLERIREL, EENLEVWARTD
AiwbnTwa (BHh, 19939), 7=, BREELSIC

* 20094 1 A138 %4, 2009452 AUHS® RIETREVKEVAKETH2 (F - HA, 19979).

"t RIEAE AEREREHER KERFLBEIH ABIEFAAEE L TR 2 ERELBUITOEA

S FEBT , - 5= i )
T981-8555 Al & FE K 425 AT -1 B (Fig.1) &, ZHHEOY< Y3, 74 lED
Tel. 022-717-8729 Fax.022-717-8731 BATHY, YrRRRT7 2O ENALNBKREEE
E-mail : itokn@bios.tohoku.ac.jp BEELRKBTCHS.
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Fig.1 Map showing the location of the sampling station and the relative level of the experimental site. E.H.W.S.:
Extreme high water of spring tide. E.L.W.S.: Extreme low water of spring tide.

CITERYAETONTWAEYDEERELZHL M
TaDIZ, A HE - FREL UK REYRED
EJHO LN PREEOBRBRIIOVWTHIELEDTE
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2, BMEHO_KESTHLIEN TS 2 M EEE
BN ERMEREDBWICEBTAZILICLY, EE
PAEEN R LT A BREHICOWTHET .

2. EHEMOERELT

2.1 EREEICHTI-EHY

KB DEE#SIAEWERICL Y ZOEEREYERTS
T EHHRD, BENEEDOESIZB O ICEELR CENE
EETH), BRI OEREEREOFEICOVWTE
2345, WORKBIZEVAKBRTHZ2DT, KEHA -
bV DR A RARIRSE & RARR & SFET 5. RE
B IBETAEDEHCEO NS, ZJIEFLTY
AHEHES R ICHTARERL LTOREHEERL
7EBEBNT S, FEIES (Q005)01F, BERLAE
B (Skeletonema costatum) &EBOVOWEDHERY ¥
EWE LTER - HAOHEERLfTo 7%, BXR

HBICEIRI2VWLO0, EETEO L I CEELSHME
BEEESSRIZSTINATVIELOEAICE, BV
EEEMILN (Fg2). coZki, MYy 75V
7R TIERRL, EABKES RWIRE LToORHE
D—HEB-oTVZZLERBL TS, T EARM
MEIHEACHEL, $3bICBEMEECS/HL, F0
BEittidhIwnweEZILNS,

—F, T2 b IEKEEIRE AR L, KO
BELLIIBELTWD, #E - KF (1998)21: A5
N & B3 2 R KR O 77> 7 b v
HEOEGREZIT, B SI 2 ok, @M%
& BAROEBE &b IcFORBEME, FHEIKEL
ERHLTWARILERELTWS, ZDLHITARTLAS
&, KORBE EDIELTWDHEHRTFT T b
&, EEANT QRSB S X, SSEFHCSPRTE
FELTWwBLEZONS, THbbEBNRLAEME
EE (22Tl & KA o8 R0
Db (CE#E) PROLNE, TOX) ZTEMRE
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Fig.2 Average daily increments in shell length of Ruditapes
philippinarum, Corbicula japonica and Nuttallia olivacea
in the laboratory when fed on various food items at 20C7).
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ral sediment, Sed. 1 : Gamou tidal flat, Sed 2 : Natori Riv-
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T THAREOEEN 2Ry, & TEEHRRIC
WTHLLATAHALT.

2.2 MHEBRBOLEEHES

EEMMED ) bERBRAMIELERTHS. EE
BRI MEEEE L IZRRABCEDRIZENEL, &
OB BBICEA L TIRvEv, [FHESEEOEIER
RiIZKEL 32054 Aoy o b, Navicula J&IZE
{ AONHEBEEEZFH T AEEER], Cocconeis J§j I~ &
CHENDHHR, Cymbella BiE { HLNDELE
Thb. BETHEEAOBCICLD, HibK, HiE,
Hat, FEMOXICRGENEILEH L. KERE
BRI ERLESTREL -EERKRTEFL VWAL ES
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Shb. Wi (1995)2 I FHEERBEFOERO A I =
AHhZoWVT, DELBEMLEENTFEET I LEELT
W3, BIICHBET L0, AFEHBENATET 5 Ea
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ERMEL ; 65C) ZRWIFEE, MEIIIERRRY (2
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h, EREIZEABNE TS L LHEESNA, KRB
WTEAEKL LTOSHEFERTHET7 Ny
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Fig.3 Plots of average § 3C vs. 51N for organisms collected from the Nator River estuary during April to May,
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Fig.4 A schematic illustration of Nuttallia olivacea, a key
species, in the Natori River estuary. SL; Shell Length,
SL<10 mm, SL10—20mm, SL>25mm.
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Fig.5 Percentage occurrence on distribution of the stomach contents of Nuttallia olivaces, the particles in the sediment
and seawater collected from the Natori River estuary in March 19967,
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Fig.8 Changes in nitrate concentration of bottom water and interstitial water collected from the Natori
River estuary during a 16-h period from 16 to 17, Qctober 19967.
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Fig.9 Seasonal variation of average daily increments in body
weight of Nuttallia olivacea observed by marking-recapture
and caging in the Natori River estuary from June 1995 to
August 199624,

mg Chl.a m™2 day ''CTH o7z (FHRIZH, 20057). ==
TEEOHGERER (T, 20027) 2LhBEohik
HROC/ChLa=50, C/N=8 23 ¢, HHREE
TiX1,500mg C m™ day™!, FHEFETIZI80mg N
m? day ' FEEIhTwBRELHEZTEIN (FEEHD
20057), Tk, F - BK (1997)9F—ETFEICE
UABEBRERICINVHE L2140 mg N m™? day 1L
ETHo7z.
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Tablel The list of food consumption by Ruditapes philippinurum and Nuttallia olivacea in the

laberatory on a pure alba! diet; Skelelorema costatuim. = : standaid deviaiion, Unii: Chl. a
1 g/day.
Auditapes plil iopinirum
Shell Tength  Shell [length Shell Tfength Shell Tength
Water temperature 10-20mm 20~30mm 30-40mm 40-50mm
10°C 14,2(£12.7)  12,0(%6.2) 60.6(112.0) 67.7(x36,0)
16°C 26.5(+6.3) 42,9(+10. 8) 75,9(%3.9) 152. 4(£6. 2)
20°c 20.1(4£3.3) 61.2(+4.2) 86.2(+3.3) 134.6(+9.1)
Muttallia olivaces
Shell length  Shell Tength Shell Tength Shell length
Water temperature5-10mm 10-20mm 20~30m 30-40mm
15°C 10. 2(=%8.5) 16.3(%12.9) 32.0¢x11.2) 65.6(%+13.2)
20°c 15, 6(x6. 8) 21.8(x7.6) 52, 9(+8. 6) 80.6.9(+5.7)
25°C 20, 9(8. 3) 28.8(£5.3) 60.2(+10.5) 90.3(410.8)
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3 AR LR L A i D — BT RA I & L
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0 T : T T ZHNTHWD (Goto et al., 2001%). T DL 3 |CEsEM

Way July  Sept.  Nov. Feb.
Fig.10 Secasonal changes of production rate of benthic diatoms
observed by the field incubation using dialysis membranes
in the Natori River estuary in 1999,
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(Fig. 10). %5\ Entomoneis alata DIGAIBAERL
oo HEENELT500mg C m™2 day 'K Tadh o 7.
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