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and Kromkamp, 1999), %£7:, #A4 7 82 IILHET
2757 by oBFEDIEEICE L, ZORZEH
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7EREATIMBHRES ) — 7Y v 2SR LM
W7o b 0EYRE X -REEFH T 5EA
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7P EAA T VERYR AP E o THELREFR L
#Z 6N TWw3 (Stoecker and Capuzzo, 1990) 7z&, ]
DRI 51 2 EBEERED & LAIHEEICES T2V
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HRERIEIE, 2NN 28%, 26 % & AN TWw3
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WAEBERNEE, T RO EE R EE IR 2 R 5 EA
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ThHHLEEZLNTVS (IR, 2011), TRk~ 7%
a0 EEHE L CEETH 52 (2 X H L
2002), ZNHQETHIZEY T 77 P UBHEOER
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W75y 2 b v AEMIC O W T O—IRIN 2 FRIEZ D
52 LTHB, HFEECIIINE T, ElDY VI
PwruXRy MR, JEAMEED EEEIC D W ORE
MHD (—H 5, 2008; 2011a; 2011b; 2013), FHH 513,
FTWMOTBRBCBT 2E KFOEY TS 27 o
HEMG L HEOBHETCOVWTHLLICT S %
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M2 AT o 7w L mth s, Bl - & H TR
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HoREP RS %<, HHIORREEZZD 107D 11
EE, EiHIN R RIS Tk, FEERIEHNE O
1525 300 m Tt (Stn. UK1), 900 m T (Stn. UK2),
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F4H19H, 7H20H, 10 H 18 H, 2008 42 H 19 H,
SHI0H, 7H3HB X 10 H 20 H Ol K< 1T H 1
7z (Fig. 1), 77 LERBED 0, 200842 A 19 HD
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WL 7z 2 N gk L, S IEEAREE (YS]
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100 mL 72> U 250 mL % Whatman GF/F 7 4% —%
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Fig. 1.
grey colour.

N, 90 %7+ % 20mL il X 721, WG T 24 Refd
fHI U 72, BHIFS T2, SRS BB L, S0O6C
&b Chl a %% H L7 (Holm-Hansen et al., 1965).,
Fy FEWTS v kg, Ny R RIERIKER T Stns.
UKI1, UK2®#JE, Stns A, B, CoREE & VEE,
Stns. Y1, Y3, YBOEE, 3m & 6mfEhr 5220 10
LERELL, 60pm A v ¥ a2 HOTEFE L2, v bE)
W75 v vRBICEAA T VR, =T REE,
ZEEDE, KEOBHEBERPEEINTED, RERE

Sampling sites in the Shinkawa-Kasugagawa estuary, Takamatsu, Japan. The tidal flat is indicated by a
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ES5 %Ry vERAOCEELZ, Zhkidil
i, INEOEEBTER L MROMEREZEHT 270,
A KGR 100 mL 2 R VHRICERELL 72, A#KEEHE,
VT =)l - 3 RRERAGIRE 5 % £ TINA TREEL 72,
W E BT 24 R EIULRE#2, LA ZIRE, ®RHEMIC
6 mL F TIRMA L 72, IEAEEVEHE, JGABEMEE T (x40~
200) CEMW T T v o b o RERLK & ABIRE B A IE L 72,
A4 7 VHEBEREE, FBEH — 7V 2GEB LT
SRS EREREE2 <A 70X =2 —TEHAIL, 60-250
um (50 pm Z &, 250 pm #81F 125 um & &S A Xy
ML 72, Ffkic, fsofiERisfiigomst s REEaE
L, BREUEER 30 um & &I L7, AT R
DUABEBEI LIRS ZFIL, ZHiTED
AYEB L CEERORIMICE, YA X277 R1EOFY
i (n=10) 27,

22 BTSN DEYESSVEEREDOHEE

BT by DENER (DA TVE, =TV
T A, LB, ERERE TR, BEBERER) o4f
YEE & OEEERE R, £40fREOMIARE D S
UZzo HaEICH O 72 B % Table 11277, — 7%

F—H

% B DTS LT O BURR B IZ D W T A R 25 W 72
b, KR TIERLTBEDEOEERIFEH L ah o7,
LElTRD 7l 4 ORERE L, HAKS 72D 04y
mEAREL, TRESEROEHY T v 7 b v OEY R
(g Cm?d") 2k 7z,

2.3 TRETER

F - BEHNFE O TREA O O »EH T H 5 /e
O, HEEGEWERBITH - TH, WK EHKDE
HGEAICE-oTE, BEIRESRLEZILIEZON
5, 2T, HAEREZRERECL > TV 730
L, 87507 AR EEEROK L E IV
MICHEE L 72, MRITICH 7o Tk, ABLHIE 58 0 7K,
#7, Chl aigE%22—2 VU v FERERICEHE/L L, #EH
fi#hry 7 b7 =7 R (R Development Core Team, 2015)
Z T, Ward #% (Ward, 1963) 12 & 2 27 5 2 & — i@t
27w, TR ERE, TRMRE TEfo3->0s
=TT, TN=TLIZ, BYTIv 0D
BEHICB I 24EEB L OAEEOFHEEREH L
oo Elo, BT v b UBHEMR O EHI L % Lk
D3IODTIV—THTHET 2720, fHalfry 7 F R

Table 1. Empirical formulae for zooplankton carbon content (C) and growth rate (g), against prosome length
(PL, ym), body length (BL, nm), loricae volume (LV, um), cell volume (C¥, um) and temperature (7, °C).

Taxon group Unit Equation Reference
Copepods pug Cind.! log C=3.07log PL -8.37 Uye (1982)

d! £2=0.078 exp(0.0627) Uye and Shimazu (1997)
Nauplii ng Cind.! C=1.51*%10°* BL>* Uye et al. (1996)

d! £=0.057 exp(0.0697) Uye et al. (1996)
Polychaetes pg Cind.! 15?28)50. 5=2 1(2.1010g BL - anraku (1986)
Tintinnid ciliates pg Ccell! C=4445+0.053LV Verity and Langdon (1984)

In = 0.1438T -0.3285

¢ 01410913815 | Montagnes eral. (1989)
Naked ciliates pgCcelll C=0.19CV Putt and Stoecker (1989)

d! I g = 014387 -0.3285 Montagnes et al. (1988)

In(CV*103)-1.3815




HMEOTROEY 75 > 7~ v 0L - 54n - AEENE 67

D F R 4 BT B8 8 princomp (IThaka and Gentleman,
1996) 2 W CKEHY 75~ 7 b v oEYRERESE
ML, FB1FEEDEE2ERS, BLOE1FHLE
SERDICBI2KEMN - BIHIHO R 27 — % 28V
kierwy bL7,
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T D ¥E 5%, Stn. UKL THAK 12.9 psu (2008 4 7
H), Stn. YB THE 329 psu (2008 £ 3 H) #5iék L 72
(Fig. 2), Stn. C #FRE 48 L T T Lfi» 5hic
Mo CTEL 2 2HMICH D, FriC 2 OffIIZ 2007 FB
U208 40 7T HTHEICR N, EYOFEH LS
1 BlckE <, Stn. UKL ©iE 129 psu (2008 4E 7 H)
5 309 psu (2008 4 3 H) £ CLEN L 7z, [FIARIC ]
iR @ 7K i 1 Stn UKL Tz 74°C (2008 42 H), Stn.
UK1 T 288°C (2007 4E7 H) % Fdk L 7z, /Kifid
T8 L@ Stn. UKL 20 5l Stn. YB 2221 TR R
ML, EZZ Stn. UK1 & Stn. YB @75 2007 4F & 2008
FETZNZENE1°CE 46°CITEL Tz, TEEROE LA
@ Chl a BERZFHIC L > TRELEF L, T
ATREHHOES>EII NS o, HFED Chl a i
FEETE - TRmEs<3ug L' LR, BEZ:cTEO
ERiStns. UK2, A, BBXUCTEL%D, 20074 7H
O Stn. BieBWTRAI20ug LT 28 L 72, KFED
Chl g EE ST W T LyiiEicm <, 2007 4 10 Ho
Stn. UK1 8 0 UK2 Tld 2z h2h92ug L & 0090
ng LT AL 72, £ B0 E S coBRNZH
Kl ot A, THEKTIE26~58ug L' &, HFLH
BRED», PPHVIRETHST,

BESDONKE - - Chl a BEAH VI I 25—
FENTIC X » THNER O 7V —TEfT-72 L 25, BB
B 5 T B (Stns. UKL, UK2), T8 Tt
(Stns. A, B, C), T (Stns. Y1, Y3, YB) ®3 >
Y73 T 5 R TER (Fig 3), TRMPCcEMRT
ElholAFER L, TR L, TiEE kT
BHICB T 2 ¥EHKEE 2020 217°C, 205°C,
197°CTh o7z, FAMRICTIR EE, TiEss X TS

W BT 5 FEE 5L, £ F 4246 psu, 305 psu,
317psu &b, ¥ Chl a @R Zzh2h5lug L
50ug LY 34ug Lt £ o7z,
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Fig. 2. Salinity, water temperature and chlorophyll
a concentration along the line connecting the eight
sampling sites in Fig.l.
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Fig. 3. Dendrogram classified by the Euclidean dis-
tances among environmental status at eight sam-
pling sites in the Shinkawa-Kasugagawa estuary
from April 2007 to October 2008.
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o M8 5% B o B K E 1, 2008 4E 10 H o b o
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J =70 AN EOFETFEEEREILX EnEh
666inds. L', 347inds. L, 277inds. L' & b, HAfE
152 inds. L™ 1% 2007 4£ 10 A ic Bk el s, T
BT, T, TR 0% BEOER- I E A5
i3, ZhZn190inds. L7, 168inds. L, 65inds. L' ©
HY, A 696inds. L i 2007 48 10 A i Ly ol
HEniz, ZBEOMBEEE, FICkoTELDEN
KREL, WBEASHEEE RSN A b o7, HiEHER
2007 EDTHEI0H B L2008 E3IHICE L HS
h, THRERR, THs TEMoE”[ESEE, 2he
n377cells L, 259 cells L, 188cells L' TH b, FKA

g

fE1F 966 cells L™ (2007 467 H, Lifik) Tdb -7z, &
MOMERIET - KFB L Roh, TELE, T
Vi, TR OEMTEIzZAER 15 X 10%cells L7,
31 x 10%cells L™, 15 x 10%cells L' ¢ & b, i Aflix
20 x 10" cells L™ (2008 4 7 H, F¥fitlk) ¢db -7z,

T LR, TS, TEMCBI28W 752+
vEYRBOZEEH % Fig. 5 IR T, 24RO TE L
Wk & T IR O R ME & TR 0L R 2 I ORI
i, ZhZn176mg Cm®, 117mgCm™, 90mg Cm™
THh, TREREEEVEARRN, £75v 2
kY OV — T OGRS A X, ST REREIRR
5N -7 (Table 2),

T BRI BT 5 BRI, 2007 4F 4 B I RARME
26 mg Cm™, 2007 4 10 A 12 &1l 266 mg Cm A3
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Y7 b UHEINT BEAICH 5 72, 2008 41T I I
DIEHICANE L, HIiI220mg Cm B TH -7, LR
BUcB 2B T T v o b VR, AFB~BEFICH
ATLDEEL, BERIC — 7YY A L E R
KFic/ — 7V 2G%, SBESDE, BEREOHA
DAL 7ze 72721, 2007 EQEF EKFICH SN A
SRR TR O BINIE, 2008 E TR RS hs o7z,

TETHRBICBI 28W 77> 7 b v R, 2008
10 H 1 & % (66mg Cm™®), 20084E7 H I & &
(316mg Cm?) Ltotz, BTS2 7 b atknty
BOZEHEH)Z, 2008457 HEBRW T 66~116mg Cm>
ORITHR L, ZEIRIINES o7, FTHRRCBIT 2
2008 SEDE 75 v o b U RERLEK I, 2007 4F i L C
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FEBCBI 28T S v 2 b v EYRIE, 2008 4E 3
H I A% (46 mg Cm™), 2008 457 A i it & (175 mg
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rote, THEMCBI 2875 v 2 b R 2007
£ 2008 FEDTWETHEET, BREEKBIIHA T VHE
L =70 R hEAEL L, BRI MERHE R0
BHEML7z, UL, $BEOCHEEMEHROE AT
3 EA LB ED - T,

Y7o oo b AR OFEH LN E, EXND TR
LT LR, 7502 F v BEoBERE, T8
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Fig. 4. Temporal changes in mean abundance of each plankton group in the three areas (see Fig. 3) of the
Shinkawa-Kasugagawa estuary. Each value is calculated by averaging the values at surface and bottom for
the upper and lower areas or the values at surface, 3 m and 6 m depths for the subtidal zone. (a) Copepods, (b)
Nauplii, (¢) Polychaetes, (d) Tintinnids, and (e) Naked ciliates.
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BT 261 %, 53 FHT 206 % TH o7, TR
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VI AHEB X OLEH) LH2FRS (W1 7V HEB &
OB ) CREUN T 5 v Cn/e s, TR o #HIR
TRE L FHEDEE 2 FRTOBRDIZFER L TH - 72,
T Tk, 2008 4E 7 H 0% 3 o (GHEMTE RS

FOMRMER) OFR2R L, B1EED, 22X
By & D B L TR o RN R REE R L,
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HEHRFO KGR E EYED? S B o &E V-7
MIH®bb 08T S5 7 F v EfER L REREEE
Fig. 7R ¥, TRTOMMT, ERICIIBERED
HADRE WML TV B —7, KR IERERED
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FEBRELFAL, AATVEHBEIO, =T VIR D LKROETICHE > THREROEEREIIERIT/NE S
AoLER L FARED, Zh i VR L MHEmIICH 7, B0, AATVEPERLE LT,

T8 Ry o 4 EEREE 1 2007 4F & 2008 TR Rk -
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Fig. 5. Temporal changes of total biomass (a) and Fig. 6. The score of secondary principal compo-
taxonomic compositions in the upper area (b), low- nent (PC2) and the tertiary principal component
er area (c) and subtidal zone (d) of the Shinkawa- (PC3) of zooplankton biomass changes in the
Kasugagawa estuary. Each value is calculated Shinkawa-Kasugagawa estuary as a function of
from surface and bottom data for the upper and the score of primary principal component (PC1).
lower area or the values at surface, 3m and 6 m Red arrows are standardized loadings of the zoo-
depths for the subtidal zone. Cope: copepods, plankton groups. The percentages of explained
Naup: nauplii, Pol: polychaetes, Tint: tintinnids, and variances are in parentheses.

NCil: naked ciliates.
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Fig. 7. Temporal changes in total production (a)
and taxonomic compositions (b—d) in three areas
of the Shinkawa-Kasugagawa estuary. Each value
was calculated from surface and bottom data for
the upper and lower tidal flat or the values at sur-
face, 3 and 6 m for the subtidal zone. Abbrevia-
tions are as same as in Fig. b.

TR D A FERE1E 2007 5B L 2008 4E kb HEE
F OB IRBESR, LFBIOERICEIHA T
HEOEMETH D, AHEMEROH S BRI TN
Xhotz, FHEO—H® 720 EERDREAZ 2008 47
Ho100mg Cm*d' cH -7,

T C 0 A EERENE1E 2007 4E B & 8 2008 4E & HIcE
FEB X UOKFTIC I RBE R, BRI A4 7 VHED
FhThb, ~HHb EERDORKIF20084FE7 Ho
381mg Cm>d' TH-7, TRIFCOEMEBERDE
PR TR B E X PR & R L CIER I & <, T8

T OERHE ROV AER (88mg Cm>d ) b,
FE i (115mg Cm*d?) BX T (174mg Cm®
dh X viErotz,

1. EE

11 87527 2 DEBRIH EFEEE)

WHRENERRICBI 28T 7027 b AR, &
REICER KIS 2 2 ER— R TH S (Uye et al., 1987 :
Uye and Shimazu, 1997), U2 LAWEONRTH 5T
WETRMTIE, EVMEBOFHEENFELLFTCX>T
g o Twiz (Fig 5), FICEZF EKFOMF NiEhFE
THWEINDEAA T VHIE, TRE KR TERERKC
D5, XD LHERICL T TR EL LT
w7z (Fig. 5) EFOTRE KT, H47HON
bhic, HEBERPMBOMERIMELL i, &
noofEFE, FH - FEHNOFEEO X 5 2O+
WCOEY T I v o v v OFEEEHD, —RINRIREL
Rz b, WREMAOER I FEIN TS R
RLTw3, ThICBHLT, #IZIE, HERorA 7>
BTG ROFHZEN, WL TFRRIRE L SV IEM
B % #F > (Soetaert and Rijswijk, 1993) & \» 9 &0,
MERIEE DN T 527 P DEWIBTTE L,
BB CIREINICHE M T 2 (Kamiyama et al.,
2003 ; Suzuki and Taniguchi, 1998) &\ 5235 5,

—7, Mo v VEEEEES X CEYRIE,
2007 4E 4 A2 BRNE—E2 WU TR, Fic kit
B, TRBTEL LWL K ESAREZE L Tw iz
(Fig. 4, 5), &7 V— 7 OVPHEY 4 X%, HimHETE
EAEEDPMED (Table 2) oT, TiEEE TBEHFICET
2 EDE NI, MEBEEDBNICESEEIAPKRE
WEWR D, EEREEINRLZZHEBELT, Moo
OHERMBET 6N 5, BRI, YT I70 27 b
DR E 3 KRICH T % (Huntley and Boyd, 1984)
DT, XYIKEOFE BRI THA LT, MRELT
FEEBICRES L WS LTh B, FRciERIZ, HE
JE—H— SR L (Pérez et al., 1997 ; Stoecker
et al., 1983; Dolan and Gallegos, 2001) 9 %, AW
gl 51 % (Godhantaraman and Uye, 2003) 7z &,
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Table 2. Mean body size of each zooplankton groups appeared in distinct area of Shinkawa-Kasugagawa estu-

ary. Abbreviations are as same as in Table 1.

. o Naked
Copepods Nauplii Polychaetes Tintinnids .
Area ciliates
PL, um BL, um BL, um LV, 10° ym* CV, 10* pm3
Upper area 383 (114) 96 (46) 128 (88)  3.72(2.49)  0.91(0.97)
Lower area 351 (101) 110 (34) 129 (49) 425 (2.34) 1.12 (1.15)
Subtidal zone 349 (64) 101 (26) 124 (59) 4.06 (2.19) 0.78 (0.53)

BROTEETIOHEELLT W EE XS D, 4,
HA T VEIERCEMERD R, —H, EHEH L
FIHELTWBEEIICHRZ S, LHL, A T7VEHOTIR
HMOMGEFERIZESRLEKFICE G, FEESDb D IcAY)
EREL oAl E LT, ERELMETICIZ/NEDA
AT7VEPEE LT EEZIOND, E_DHNA
X, EEYMITTH AW TS v b ORETEREE DS, W,
I, RBEICHREEINDI LWL THE, 6K
RHFET BRI B VT, 30°CT054h™ & w5 IERIC
DI A b Ol ERE b FE R ST w % (Ichi-
mi et al., 2012), EyeiEkiE, IEROSEE IS E 7%
ZE (HH 5, 2014) 256, kb—REENEL, BY7
TP VOEPLWEFIThEEEZLND, Tk,
Crawford and Purdie (1992) &, 514 7 > FHDHERT)
25, TR AW AEH S LERELTWVwD, C
DT EhH, PHEbHATVHEHICE > T, B
IR ERBRIE TH D EEZ LN D,

FERA DN ORERD S, RO LEHEI R KE
$, KT M, TEMolEiz/INE {k->Tw3 (Fig
6) O, BT I b UHEOEEH AT T
BN EERE W L 2R LTS, EEEPEY
BN ERBETRIEVEVLIHBELADETELS L,
FHRE KT OB 75 v 7 b U RE I E R B AR
DFERTII AR L, TFREGCERINTVS L E2RE
LTwd, —mic, Wigics 327907 b vEE
FLEIE, R L 3% 5 (B 213 Laprise and Dod-
son, 1994), S oI, KREL WA 7V - ER
gl L [/—TVIR-ZFH] 022003 IckoT

REMT o Twi, ZBEHEOFEHLHE, T L
FiE e T TR 2> TB Y, EiETRKE, T
TREFLKRICE &> T/ (Fig 5), $EBHENE
DZEHEIZEE) & 2R, PR T OHMIC X - T
KEL B2 (H1213 Levin, 1984 ; Gaughan and Potter,
1995), § b b RFETIVO Lt & P ez s
NG BENED £, TNETNELRIEOHETH-
T-AREED B B

T Ry, MR L i L CH BT R o %
HE L, RO RSB R OBEIMEL Bo Tz
(Fig. 5), —Mic, MBHRIIERL 2K - EoBRECH
B9 27, MRBER X O BHEBEBRIIE®T 27 — 2
&, hEETL 505 (Dolan ef al. 2012), Z DR
HEEZ XL groTwiwnd, Ko7y 7HEHRKE
Ly 7YY CEROMAEBEZ 6 ND, RELT v TH
HELTEZLNDDIF, TR L MRHERICE
5, EHOMBEEY A R 2EFEDENTH B
(Kamiyama, 1994 ; Quinlan et al., 2009), A% T3,
WEROMLELZZMEY T 52 7 by O¥ A PN
TUT - F/EEHEE R CoEYOREEFEL
TV o 7 e OFEMNE AR 3, FFT £ 72 13 F 4 &
BRI DE VDS, fREHR O OE & A 2R
Bhb, by I CERE LT, AT VEHED
WESRIEZoND, BBRREEHA T BT,
FEMOEVEWEHERTH 3 (Sipura ef al., 2003 ;
Sommer et al., 2005 ; Zsllner et al., 2009) 735, &23H %
EBEIEPET T2 EE 2 50 Tw 3 (Capriulo et
al., 1981; Reck, 1988), EB%E, WHOTIRECIX, A
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ERBEEOHEICH T 204 7V HOHBEDOHEILIE
IZ/hE W (Kazama and Urabe, 2015), AAFZE0FER T
&, TIE BRSO 2007 Flc BH#EME R EHl T 2 L &
HA T VHIED L, 2008 I HRIRE R RS B L
HATUHEBEEIML Tz (Fig. 5), 9 L7z i
B CEHEE R & MR R OB, WH OfE R
TN—=TRNICBTBEERY, W77 7 ooy
FUTREDEHEYE A TR EHEECE ORE
HEINTVEOPREVELEHALLTRL, SHROME
LLTHETHSI,

12 FROEBYTZ2 9 N EMESIVEEER

- FHNWOTHO Lk & Tl 81 284
T AR E, WA T VEEMNE TS s
My (V=T 2G4 - SBEDE - BER) T,
fl DYF & LhiE U 72 55 % Table 3 1R, AFAETE
Ho4aYEl, WIEgs X R RSO — &IV EYED
HPENICH D, WANELFEOBREDONE L FAEET
Hole, T2I2L, WHRWNBLETIEAA T v HoLY R
W, WS TS b 3GERES DL, K
PHETIRE TR, BUNEY TS v 2 b v AR
%L, AATIHD 0T~ 25 CHo Tz, IHIBNHY
T v b VEEREE A TV EORA 100 fFICEL
7z (2008 47 H, M), BUNEIY TS v o b v oM
4 B, WA NRFEO—RINEME L 0T 5D
5L, EZoiiEE % Southampton & W - 72 & S8R
WL WERE T H o (Uye et al., 1998 Leakey et al.,
1992), BN 75 v 27 b OAEFERD 95 %L EE N
O TR RO IR X, A4 7 IR TH
$, WHERBREOLA, 8RO P AR 24 K
ML T Td 25 (Pérez et al., 1997 ; Stoecker et al., 1983 ;
Dolan and Gallegos, 2001), A% Tk iz E =i
25°CEBZ pmEARPRON, TOLEDOLEERIBER
S & 75 o 7o A REMEDS B B (KH, 2008) 2%, #hEHOE
EREVERPIATEROSGVEENZ LA TVWE EEX
5N, T, RFEETBEHO—XAEEIL, BERHEO
FHERE 22T LN TELDREALID? WMEHRD
—HoMEREZ, SEREI—H—2#T 2 LKE
L, E7MEHEOMBELSFE 03 LET 2 & (Tke-
da and Motoda, 1978), T8 Eii& TR TOfMERD—

HofEkEE, 2h2h5dmg Cm°d' & 627 mg
Cm’d' L%z, AFETEMOE LATICEB T 2
T b O—REERZ, FEE-REEEOLE
BEpRIEE 01547 (BRS, 2006), B3 :Chl a bk
% 30 (Wetsteyn and Kromkamp, 1994) & 32 &, £ERH
ik 112mg Cmd? £ %2, LidioT, TiED
TPlE—KAEEZ, WMERO—HOMHEREL 0727
EEZLND, MAT, RO FHEEIC X 2E K~
DA AESE (Madariaga ef al., 1992; —H.5, 2013)
327 71U 7 (Ritzrau and Graf, 1992) 08525, #H%E
HHOBWEYRE XA TR EEXL6ND,

RWFF TR L NIHER RS 5, WOTRE TR
i, ST O IR ISR W RE S, B TS
YU PVEBIIBOTEERMALE HOTHS T LR
M, ERICES 2B REO SV AEERZ,
REE - AREZE DT, 7 VIS (Baird and Ulanowicz,
1989) #4417 (Kierboe and Nielsen, 1994 ; Nielsen
and Kiorboe, 1994) O#I23H &N T 5, HF WL
ThH, EIRMENE W 7 KRR O AT T, i
BHEOAERNAA T VHEARER, LAEVE
& H 5% (Uye et al., 1996; Uye and Shimazu, 1997).
NS DOIFEE AR ORERE IS 2 &, WHOTIHE
TR EEPENESE T, BUNE TS e A
TUVHDOEFEDNT VAR RS TO AL D B,
MERE DA 7 VEHTRY A X, WOk, 178, (L%
FHAK, TR, AVERSRELEL LT, b LGN
TEREMT I b EEVEOECHSEC TS L
T5E, ZNOEHET LI 7CEHE L EORANE
W7 ov o by, St Lo, Wb 3 R
BHEICNT HELREERLIEEZOND,

43 TREVREORRET 7 v 7 ADHEE

WD TIRE LAKFO#Y 75 v 7 b v EFEREE D
LT, AHRET RSO BT 5K EZ 1.35m
(BFi (1m) & FFk (17m) o) L LT, EMoD
WA 72 b 2k - S RAEERAZBEET 2, hFEIC
ERTEHA 7 VEHOMBICHN T 2BNEY TS v 2 b
v OELSE S, T T s YRS 50 ~ 500 ng
CL'o L% 25%/REL#2 50T (Calbet and
Saiz, 2005), AWFZ T8 D Chl a #EE & i3 (Chl a
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Table 3. Zooplankton biomass and production rate in various marine systems.

Area Taxon Biomass Production Reference
(mg C m™) (mg C m? d1)
Shinkawa-Kasugagawa
estuary
Upper area copepods 9.3 2.1 this study
micro zoo 8.3 16.2
Lower area copepods 3.6 0.8
micro zoo 8.0 18.8
Subtidal zone copepods 3.9" 1.2
micro zoo 5.1 9.7"
Seto Inland Sea, Japan  copepods 13.0 Uye and Shimazu (1997)
micro zoo 4.0 2.5 Uye et al. (1996)
Hiroshima Bay, Japan  micro zoo 4.0-10.7" Kamiyama (2003)
micro 700 40" 274" Godhantaraman and Uye
(2001)
Dokai Inlet, Japan net-zoo 53.2" 38.3" Uye et al. (1998)
micro zoo 10.1™ 14.4"
Cananéia lagoon, Brazil copepods 10.3-30.7 2.8-11.1 Ara (2004)
Ch ke Bay, .
U Zsaiea © D8 micro zoo 5.0-12.0 Dolan and Coats (1990)
Damariscotta estuary, C Revelante and Gilmartin
tintinnid 0.4-33
USA . (1987)
Naragansett Bay, U.S.A tintinnids 9.0 Verity (1987)
Gulf of Maine, U.S.A ciliates <1-5.7 0.45 Montagnes et al. (1988)
Niel d Kigrb
Kattegat, Denmark ciliates <1-19 5.5 ielsen and R1grboe
(1994)
Southampton, U K. ciliates 1.4-219 5.5-24.7 Leakey et al. (1992)

micro zoo: microzooplankton. net-zoo: net-zooplankton. *Not included winter value, ** Summer only

H: 30 (Wetsteyn and Kromkamp, 1994) 2fHw2 &, T ofiz v, —RAEFED» S = REFEICE S £ TORER)

WMWY 75 7 b v EREIE 36 ~321ug CLT L&
BTEBILh5, HBOAA 7B 2RE  fE
BOEGRZ1:3Tho L L RET 5, £/, FR—K4E
PERLZ, IOV TIEATR L 72— H & 72 b A
B0 56, BAEICOVLTEERS (2006) THEINTW
%03gNm?*d’ %, Ly F74— 0V FH (C:N=106:
16, Redfield, 1958) # iV CRERICEHmT 2, Zh b

REEM U KR, T —RAEED & e R E
ICEBDERHRIZ LT %Th b, Rk, EAE—XREEE
B TR — KA & IFlEE R 14 %, FilEE
TREREDP DIFEEEREEN21 % ERAED 5N
(Fig. 8). 4S5 7l th iR =1L, bR O —M
M 72 R E B 10~ 20 % O #HE N <1 & % (Odum,
1971 ; Barnes and Hughes, 1988) %3, Uye and Shimazu
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Carnivorous copepods Tertiary
0.18 production
r= —t 3 -
12.1% :
S
Herbivorous 4
copepods Micro Z Benthic filter)  Secondary
0.54 8.6 feeder production
= -I -—= 'I - _I
' 17% (1.4%)
(e s e A AL
T T Primary
| 55 | 622 | production

Fig. 8. Annual carbon flux within the estuarine
food web in the Shinkawa-Kasugagawa estuary,
showing the annual planktonic production rate
(solid, white box) and transfer efficiency from
planktonic production to a higher trophic level
(dashed box). The grey box is primary production
of microphytobenthos, and the value in parenthe-
ses is the transfer efficiency from total primary
production to secondary production. Micro Z: mi-
cro zooplankton including nauplii, tintinnids and
naked ciliates.

(1997) 235 L C v 237 NI o FeE 4 e > 5 —
RIEEF A~ DRI (28 %) & b HKw, ZOHHE
LTk, TRICAERT e KA LIFEEEEE
L oMoES»#E X 5 b (Peharda ef al., 2012), #lx
13 San Francisco Estuary T, FHIMAL 72 A6
THH OB X o TIMASELKED Chl a IRE2FH L <
WATBELBIC, BRI THEEEYM S 2 b
VEEDHIA LT3 (Kimmerer, 2002), AFHETEH
BIcB T 204 7 HEAYREIE, WENERED 290
1 T&H -7 (Table 3), L THI - HHJIOFEIC
BBy P 2AEYEE1052gwwmt EEL, 209
5 53 %728, JEEEEKETHETHY - AP XA
ftkoTw3 (—R5, 2011b), ZhonFEHEEF, K
HAETIERT KA —H 1 7 VB OBS B EEL T»
ZHEEEE R L T, KIS, AFETRBICETST
HY LK FXERATA OFETIEYREEZZNEN 316 g

wwm? & 242g wwm 2 (—H5, 2011b) & L, Sorokin
and Giovanardi (1995) icfit > C7 ¥V DREEEH R L
HEDT76%, 15°ClcB2EBHEZMAETORKER g
B0 30mg Cd' ¥ 2L, 14EMo7H Y 0EATRIZ
259g Cm’y ! Lk s, ARk, &k FF2HA O
WEBEED5% (Yamamuro ef al. 1998), Efli&iZ
& 1 DFW g 72 b ~ 04 mg Chl a day™ (Inoue and
Yamamuro 2000), C:Chl ¢ =30 £ $ 2% &, 1 DB
fEIE53g Cm Py LA B, LizhoT, Thb i
HoEMEARIZ, R—REED 46 %EIHET 53HE
L%, THUER P FFRAFNA I BRECTHINDE,
Bl 75 v 7 s v O—REED» 5 B EAK 46 %03 C
DO EITHEIN TV B ERET B L, EBIC
@HY 7o bR HARE S — RAEERIZ30~55¢g
Cmiy ' bhb, WD REED b “REEANDE
EENRIF 1T ~31 % LFTETE D, DEokoic, TE
ORI & B —RAEFEDME % E5 &, B
TS5 by ORATRESTEZ S L, Bl —R~
KA EER OHSR NI NIFA R E RIS Wk
B,

5. G

AT &0, WIOTRE LAKRICBT 28075~
7+ AR OFHEHIZ, WRICEE SN RN
WENERROEY 75 27 b Db D EIFREL > T
LTENHLPER ST, DA T VHIREED LEFRIC
DML, BTG RESRIEICHEML v,
SHIEY TS b iE, BIEERE U TR
oK N ER LT, DA TV, /=70
A, HHH, EREICHEEREREZAZhD 7L —
TiF, EROBRBEERIC X > THEE2ZITTwB EEZR
bhd, FrC, AAT7EHEBBERERE, /—TV YR
RL LM L IFHOERIC & > THREI TV 5 A HEM: A
BWIEDPHELE RS, Fi, - HEHINOT
BEOBY TS b oEYRE CREERD, BER
ICHE SN RN ZWE N R OBY 75 v o b v
DLDERRD, MBRICEI2FERHIATIEHLID D
REWZ EWDDoTe, BMT I 7+ veikodYE-
EEREZ, MoERBERLABRE»ZAUETHD,



76 A - %

TPl —RAEFED b RAEEICE DEERE (17 %) 13—
W EOMEERBECH 72, 72720, SRIELN
TeHERFRIE, W N L IR L Th R kv &
PRBE N, TOMBELTE, THIDKI kAl
BB EHEREY TS 7 b L OBRSFDORER
B2 HOEREEMEL A 6N T AREERE X 6
Nl TOX 5 L BEYHEBIES X CERHI T8
TIEL — IR DD 2L O B 72D I1i%, oW
OFRES, 242 2EE0oTR (HHETRSCEHTRE)
CBWTHEZB G SMENH 5,

# O

RIFGE %2 BT T 51U T, BIIRFEEAIRRIEE
PEBRBEA RS, £ - LFBEAMREOA L S R
REBMEHC D & L, REAROIERICH - TC,
IS TH G 72NN, HEEARK, RHE— BRI
CEHLET,
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Seasonal variation, horizontal distribution and productivity
of the zooplankton community during flooding tides
in estuarine tidal flat in Bisan Seto

Takehiro Kazama®** Kuninao Tada' and Kazuhiko Ichimi?

Abstract

We investigated the seasonal variations and horizontal distributions of the zooplankton
community of Shinkawa-Kasugagawa, a well-studied estuarine tidal flat in the eastern part of
the Seto Inland Sea, to clarify planktonic productivity during a flooding tide. We estimated car-
bon flux, including benthic and planktonic primary producers, copepods, nauplii, tintinnids and
naked ciliates, considering each trophic level. We also evaluated the trophic transfer efficiency
of the tidal flat in this area. The annual averages of total zooplankton biomass were 17.6, 11.7
and 9.0 mg C m ™ in the upper, lower and subtidal zones, respectively; these zones were defined
based on environmental factors. The horizontal distribution and community compositions dif-
fered among the three tidal areas, especially for tintinnids and naked ciliates in the summer.
The annual averages of total zooplankton production were estimated as 18.3, 196 and 11.0 mg
Cm>d!in the upper, lower and subtidal zones, respectively. Ciliate biomass contributed
greatly to total zooplankton biomass, especially on the tidal flat during the summer. Our results
suggest that transfer efficiency is 17% for planktonic primary to secondary production and 2.1%
for planktonic secondary to tertiary production. The former is lower than the values of the en-
tire Seto Inland Sea, which were estimated in a previous study. Our results also suggest that
only 1.4% of benthic and planktonic primary production is transferred to planktonic secondary
production on this tidal flat. These facts imply that the zooplankton production mechanism is
different between the tidal flat and offshore water, and the apparent lower efficiency of the for-
mer may be caused by the existence of strong competitive grazers, such as bivalves.

Key words : estuary, trophic cascade, community composition, principal component analysis
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