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Seasonal succession of plankton community structure in fish and pearl

oyster farms of Gokasho Bay, Mie Prefecture, Japan

Kazumasa HIRAKAWA * 1, Tomosko SAKAMI " 2, Katsuyuki AIZ‘)O : 2,
%k £
Kazufumi TAKAYANAGI , and Atsushi TANIMURA

Abstract Seasonal succession in the plankton community was studied based on samples
collected monthly from May 2000 to March or April 2001 in the pearl oyster farm (Stn.A)
and fish farm (Stn.B) sites of Gokasho Bay, a typical aquaculture ground in central Japan.
Chlorophyll ¢ in the water-column reached its annual maximum in summer (July) at both
stations, but the average value was ca. three times higher at Stn.B (214 4 g/L) than that
(77ug/L) at Stn.A. The marked summer increase of chl. ¢ at Stn.B was due to exclusive
predominance of a red tide alga, Karenia (=Gymnodinium) mikimotoi. As a whole, micro-
zooplankton (ciliates) abundance showed its annual maximum in winter (January-Febru-
ary) when mesozooplankton abundance decreased. Copepods were the most abundant me-
sozooplankton and showed numerically three seasonal peaks at both stations; spring (March-
April), summer (June) and autumn (September-October). Major copepod constituents
were Acartia omorii, Oithona davisae and Paracalanus crassirostris at both stations. From
seasonal changes of biomasses and prey-predator relationships among components of the
plankton community, it is assumed that the microbial food chain plays an important role in
increasing the O. davisae population in the aquaculture ground, especially fish farm site dur-
ing the stratified summer season.

Key Words : Aquaculture ground, Plankton community, Karenia (=Gymnodinium) miki-
motoi, Oithona davisae, Microbial food chain
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Map showing the location of Gokasho Bay (lower right panel), and

the position of the sampling stations (Stns.A and B) in Gokasho Bay (main
panel). Bathymetric contours (10, 20, 30, 40 and 50m) and the areas of the fish farm
(horizontal lines) and the pearl oyster farm (vertical lines) sites are also given.



HrPEDT 7 v 7 b Y RHEOFHIER 39

b ??2\_7575‘0 f:o

LY i B N

W7o v o b v odifie L RO A 2%
X572, 05 5210miETH A B >20um, 2
~20um, <2um) OZ T T7 1)V q EEENEN &AM
Wa gt - A EHOWAKE NV F UK E IV TIT
5726 PRI 72 %R O XK1000mL @ 9 %, 200mL
ZHEBHICEBRE CHESSnM 1Y > 72BHE20um @
2y MEHWTABL, ZO5H % FIZIE2um
DRA—=2VRT 74 NV%—, GF/F 74 )IV¥%— (fLi%
#07um) TIEKRAB|LIz. Al K74 N5 —%
NNIVAFNVFIVALAT I FIZEELTHREZHMB L
(Suzuki and Ishimaru, 1990), 7@ a7 1 )V g iEED
MR T 2 F THHE TR (-20C) L7z 71
7 4V aiEOWEIIEDOLERT (F—F 791~
1 R10) ZHWTHBEIZ L VITo 720 ABFEICBW
T, HA20um oAy M R shiz2ron
T4 NVaZ%>20umizn &L, fLFE2 umdDX—7
LRT 74V —BLXOGF/F 74 V% —H EICHi%E
ENferzaa 74 Varxgst, 2~20umB LU <2
um s E Lize F72, RFZETIX, >20um, 2~
0umBIN<2 ymWGOrOa7 4 )Va%4% %,
I7uHA X, FIHAABLPEa 4 Anson
TANVaREEL, INHHA IR ruaT 4 ) aig
FEOGRRPOErTT 7 4V aiBEE ROz, T2,
5% ) ©#Kk250mL (20014E 2 ~ 3 H) & % 1Z500mL
(200045 H~20014E 1 ) # 7V — VT IVF e F (R
WRIE  1%) CTHIE L. W75 27 b roOiHk
BLOHAERE, WA TS v o by Bk, Th
SOREEILEEICL ) 5 ~8mL IZiH L, D9
£0.01~0.05mL % A= Py S (400 % ) & VTR L,
11720

(UL il N

WANE T T > 7 b (RE 20 um~02mm) O
VL, —RRICELTE R ZMERHENRLLE L TZED
B LM O A BIEALZ R 5 720, B (F
Wi CIRAE) ORI 75 v 7 b+ ViR (250mL
& 5H\WIFE500mL) W CHRER O E e 217
D f:o
MegR i - A7 HRE RIS O W I RE R R 0 f o
FEETo72. LaL, Wik EHBERELR S
Wi F 7RIS X o THRESWEERG AL, K&ES L
ERIZX 25 4 T3 E &7 BRI L TR
HiE LCRBloERZ 5 L, MERo% WIS
WL ESE (1/10~1/50) L7z,

HfFEAEE  EEIL IR T2 Za) hoREgs
R RS T (200x) THEML AL um),
HAEFNEP L 2z lisfk & LR R L7z (4
Kb, 1989), 72721, H#EHMBEREIIOVWTIZE
VAR DL/ 2% FUEE ORI E Lz (—F, 1992)
REEFETORBBEEICOWTHEANIZI0E L
(Fenchel and Finlay, 1983). #ZldE & A4 W AR
i, HEREOMTEHRIFTIZ015 (Fenchel and Finlay,
1983), %7z, & (uV ) 2FOFHHBERET
1301 (B2 AR, 1989) & L7z, Fm Wolhmalt
ZoWTIE, EWEEIC X > TRESERY, AL
WL THENT L LMD, HarRAEMHOFIEN
ZfED04% F\v:72 (Takahashi and Hoskins, 1978)
INSOREICLY, FEHI LD 2 ) OFHEhk
FREPUTOBRERZHOTHEINL, #MlakzE LT
RFEBBFRZHEE L7
7 DT WA
WRER (ug) = AEWHRAERE (um®) x107°x
HE (1.0) <k dE s AW
AR (015)
R (ugC) = WM x04
A 5 H A s
AP RARE (um®) = B9 7 OB *x05 (—F,
1992)
R EE (ug) = EWARARE X107 ° x kE (1.0)
X Wz MR R W AR R R
0.1)
Fw (ugC) =wZMREE x04

AVEMTIT N
AVEWMTZ s by (FE 1 02~2mm) OBUF
e O HZAL 2R 5 720, WEHI e
w4y b (0% 242cm, #H : 010mm) = HwT
HE E1lm 22 5 #RINE COHRBER XTI VHE, &
v MOEBICIEMEARGT 2 AL, Ay MEE#ET 50K
BT L REREHIHI0% Fv~<1) VKT
g - L7z SO 2 1/2~1/64127E L,
FRIERL 2 SEARBEMEE P CaBIET LIcy — b - A
EL, MR EERLL, £/ 8777 Ui
EROWE TR, HH (1976) OFEESEITIT-
720 Thbb, REE60TC T2 WEMEGRE, 77—
¥ —T1RHRE L7, ERZNE L. 447
VHIEER (Acartia, Paracalanus 38 X O Oithona J&)
DOV ERIIZADBEICHLT L2HEOEREZWET
HZlIZEy, hE (&R —HKEOBMRR (L5,
1986) MW CTHM L7, BIZ, Thoh A 7 VHED
WERPOREBNORE I ERI052ET LT



40 FNANE -

& (BAH 1981) 12X - TiT- 720
WIE - LFHIRBER

INBT T o b RE LB, #EEOWE - b
FRBREEZ A S 2T 5720, 7Ly 7 ETAER
suaug v 27 ACL1150-DK % T, A 5 K
F1lmEFTlmMHBETKEREES (BRIEEELD
H55) ZBWE Lie T, BAAEREE XGRS
YSI €7 V58 (YSIALE) 2 v, i O s -
ImFT1~2mMRTHEL

BAAARERFE (DOC), BAAKEEFR (DON)
B X CHIE B R ON %, Sakami ef al. (2003) @
HFEHESE, MW7 o7 vy BLUMNEY 7S
Y7 N RSB L REICB W T T 72,

& S

BRI
7J((II]1;
(Fig. 2) 75, MWisEmitic

Hior b & ONAT iR 35 o0 S i il o> J 5l 224k
FEDOMK (4~9H) 12

YRMT - IR Z -

fi2y 131 L RS
ik (<33.0psw) 36 HB X U'9 H ’&Bh?’:of%b:,
9 H® Stn.A OFIMTIIEMMEAE L L, o4

A 20 L Ciefifii (25.22psu) &R L7z, Hﬁ%fr 54
K (5~9 1) oG oK & 0 HRE O
JRAZ AR B 2 RS AT 5 L THRBOT S

Nbo LaLAH5, MEHIIZIOIZIZEENC L %
SMERADVIRE D, AKMIBEREF (3 1) ’73%‘“(
KA 5K $ TIEITH— 2R (<20C) - &S

(>34.0psu) HAMIZE > THD S, _@mﬂi\
fbix, £I21,2 2564 IZBTF 55K AL
0375687, StnBOJKETIE StnA L IEX, K
WA AmEVZD, ToEBENLIYVEL (TH) %

TRATZ, i, BAMEFEK (BIFEE  <dmg/L) &
W%ﬁ ’Jﬂi)%ifﬁ)ﬂiﬂsﬁ (5~9H) ICHHFLTKREZ
HUMZFEE L Tz,

rﬁﬂ]fﬁfﬂﬁikilﬁ(ﬁﬁﬁ?ﬁﬁ%% (DOC, DON) o
IEEE (05, 58 X UN10m ED M) @ H BN L E A
% & (Fig. 3), AMM@BAARIIWEMILICHE (5 0)
PO (9R) 1%L o728, FEMEZ@ELTITIT
StnA X ) StnBOHE D E o720 $EIZ, 5H, TH

EIBIC X B3R (>25C) EIKOHAIL & 245 BEOO IO ] & AT R D2 & ) B
Stn. A
T \\\ \\ T
‘OJK\ S
° 8 — / : Sal. (psu)
5'\ 34 L
10—31 RO Aot 3% j L
° El D.O. (mg /L)
54 3 |
7 2 3%:‘41) (( -
g M JI o N D M A
;; 2000 200]
? Stn. B
° Temp. (°C)
%\\\j B U T
10 L
) S w &y
34 5 Sal. (psu)
” I
o M vl = 8 : | D.O. (mg /L)
s 8 5\Nﬂ ,) 9
RN ALY
151 34] [ ‘|\5|'\ l :/ I l I -
J N

Mo J
2000

D J F M A
2001

Fig. 2. Seasonal changes in temperature (upper, C), salinity (middle, psu) and dissolved
oxygen (lower, mg/L) at Stns.A and B in Gokasho Bay from May 2000 to April 2001
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Fig. 3. Seasonal changes in the concentrations of bacteria ( X
10° cells/L), dissolved organic carbon (DOC, x 10%u gC/L)and
dissolved organic nitrogen (DON, uMN) averaged through the
water column at Stns.A (@) and B (O) in Gokasho Bay from
May 2000 to March or April 2001
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Fig. 4. Seasonal changes in the chlorophyll ¢ concentration (upper, xg/L) averaged through the
water column and their fractional percentage composition (lower) for the three size ranges (<2, 2-20
and >20 xm) at Stns.A and B in Gokasho Bay from May 2000 to March 2001. Dotted horizontal lines

denote the mean during the study period.
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Fig. 5. Seasonal changes in the abundance (X 10°cells/L) of three major groups (dinoflagellates, diatoms
and others) and the dominant species of phytoplankton averaged through the water column at Stns.A and

B in Gokasho Bay from May 2000 to March 2001
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Table 1. List of phytoplankton species identified in the pearl oyster (Stn.A) and fish (Stn.B) farms in

Gokasho Bay from May 2000 to March 2001

AL - $SLRT- - BRI - AL - 58 58

BACILLARIOPHYCEAE
Asterionella glacialis
Asteromphalus spp.
Biddulphia spp.
Chaetoceros didymum
Chaetoceros spp.
Climacodium spp.
Coscinodiscus radiatus
Coscinodiscus wailesii
Coscinodiscus spp.
Cylindrotheca closterium
Ditylum brightwellii

FEucampia zodiacus

Rhizosolenia calcar-avis

Rhizosolenia fragilissima

Rhizosolenia hebetata f. hiemalis

Rhizosolenia setigera
Rhizosolenia stolterfothii
Rhizosolenia spp.
Skeletonema costatum
Stephanopyxis palmeriana
Stephanopyxis spp.
Streptotheca tamesis
Thalassiosira spp.
Thalassiothrix longissima

Triceratium alternans

Dinophysis fortii

Karenia mikimotoi
Prorocentrum balticum
Prorocentrum compressum
Prorocentrum dentatum
Prorocentrum gracile
Prorocentrum micans
Prorocentrum minimum
Prorocentrum sigmoides
Prorocentrum triestinum
Protoperidinium bipes
Protoperidinium pellucidum

Protoperidinium spp.

Fragilaria spp. Pennales

Guinardia flaccida DINOPHYCEAE
Lauderia annulata Ceratium furca
Leptocylindrus danicus Ceratium fusus

Licmophora abbreviata
Melosira spp.

Navicula membranacea Ceratium tripos
Odontella sp. (cf. longicruris)

Rhizosolenia alata

Ceratium kofoidii

Ceratium trichoceros

Dinophysis caudata

Gymnodiniales
Peridiniales

CHRYSOPHYCEAE
Dictyocha fibula var. stapedia
Distephanus speculum var. octonarius
Ebria tripartita

Others *

Dinophysis acuminata

* including HAPTOPHYCEAE, EUGLENOPHYCEAE and unidentified micro-flagellates

E - KFE (8~9H) BLU%L-HFF (1~3H)
12, ¥72, StnBTHIZITHEHRICE - FkF (8 H,

10H) BXUA4-%FF (1~3H) Zaohl Wl
EMIICAT (1 HHBHWIE2 H) IEMIRKICE
L, BFICRBLT LML R L7z, ST REITH
TH (Gymnostomatida), 4*FEH (Oligotrichida) B
X OF % H (Tintinnida) Z& &2 5K ), WEN %
WLTA%RL L ARSI L7 (Table 2),

BIOH, PEHBLOHEHD S B, DEH»HEB
L 720 Stn.A TIEFZRIZ Laboea spp. (AFEH) 25,

¥ 72, A ZFE\2L Strombidium spp. (M EH) B X
" Stenosemella spp. (F#H) 25, HIZ, HFITIZ
Mesodinium rubrum (BRITH) 25HB L, £FHW
V— 27 OFEREEE L o720 StnB TRFHIWE —
7xF L LT Strobilidium spp. (VERH), kiEEd
£ H Oligotrichida 3 & U° Strombidium spp. ® 3 # X
DR S NIz ZNOHD I B, Strobilidium spp. 3K
ZR AT, RAEATEH Oligotrichida 23FKF 12,

W2, Strombidium spp. DEFIIK A BB L7z, 2

DT EMNS, Strombidium spp. (LW E HATB W TL
FIGE L CEERE o od, EFICILFT L LR
T4 L, Stn. B T b o T Strobilidium spp. 7’
L, FEERLEL7,.

AXVEMTIU b

AVET T 7 b UREERE OS2 ) O
fili) »HZIL (Fig. 7) #A 5 &, StnAIZBWT
AR ES (6 H) 268KFE (10H) BLOFE
Z(3~4 1) WML AVEHMTIS 2 oD
I b, StnA TIEA A4 7 VHE»MEA BT DRI
?M585 (5 H)~976 (6 H) % (F¥:81.0%) % 5,
WS L7z, i)y, SmBTWRAVEWM TS 27 b
WEAEIIES (6 ) »5kF (9H) BIUHES
(3~4H ) <#¥mL7: (Fig. 7)o 12HE 4 HZKE
HAT VEDERD579(3 H)~96.4(6 A) % (F¥H:
81.0%) % i, StnA L BRICHRES L. 12H L
4 B2, b - TR EE & KA o A (3
2, ZHEAEOTEMGA) D3 eEko50% P kx 5o,
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Fig. 6. Seasonal changes in the abundance (x10%ind./L) of ciliates and their dominant species averaged
through the water column at Stns.A and B in Gokasho Bay from May 2000 to March 2001. Dotted
horizontal lines denote the mean during the study period.

Table 2. List of ciliate species identified in the pearl oyster (Stn.A) and fish (Stn.B) farms in
Gokasho Bay from May 2000 to March 2001

Gymnostomatida Tintinnida Helicostomella longa

Mesodinim rubrum Leprotintinnus nordqvisti Helicostomella subulata

Didinium gargantua

Tiarina fusus

unidentified Gymnostomatida
Oligotrichida

Srombidium spp.

Strobilidium spp.

Laboea spp.

Tontonia sp.

Lohmanniella spp.

unidentified Oligotrichida

Tintinnopsis aperta
Tintinnopsis beroidea
Tintinnopsis corniger
Tintinnopsis directa
Tintinnopsis kofoidi
Tintinnopsis mortensenii
Tintinnopsis radix
Tintinnopsis sp.
Stenosemella nivalis
Stenosemella spp.

Codonellopsis morchella

Favella azorica
Favella ehrenbergii
Favella taraikaensis
Amphorellopsis acuta
Dadayiella ganymedes
Eutintinnus lususundae
Eutintinnus spp.
Salpingella acuminata
Salpingella sp.
unidentified Tintinnida
Others*

* including Heterotrichida and unidentified ciliates
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Ha s Uiz A AT VHEOWEN 2@ L TOHB
I &b ARI2ETH 72 (Table 3),
CoONAT VOB U272 ) O FIg1H)
? HWMZEAL (Fig. 7) % 2 % @ L < o F341E (10,865
itk /m’) %ZEHIZLTHZ L, StnA TIXEFE (4
H), 8% (6 ) BXUKFE (10H) @ 3EIZHb7zD
¥ =2 %R L7ze BFEY =713 Acartia omorii &
Oithona davisae, B7ZFY — 71X O. davisae, FkZFE¥ —
71X O. davisae & Paracalanus crassirostris \Z & - T
FE LTSNz, —J, SmBIIBIFLHEFY —
73 & B L CoFgE (1224404 /m®) UF
R L7275 StnA LRBRICEZE (6 H), #F (9
H) BXU%EZE (3H) O3 IZb7z) =2 &KL
720 T2, £FHINE —27 O FEREMD StnA OF
NHEMUETHo72 LOLEDS, O. davisae DF
WAL E B TR 2 D, StnA TIXEM R RIE
Z (4H) IZALNZDIH LT, StnB TEEF (6
H) IZALNIZ LRI TH LD, HAT VHED
— 7)o 2L, Stn A TId4ZFE (12H) &% (3

Stn. A
Mesozooplankton

11 Paracalanus crassirostris
0 Py Py . s—0——g

Acartia omorii

. 3
Abundance (><104 ind. /m’)

Oithona davisae

Copepod nauplii

T T T T T T T T T T T t
MJJASONDUJFMA
2000 2001

Copepods

H) g, $£72, SmBTia#ZFE (9H) £&HF (3H)
WK ABIML, 74 7 VHEOFERHNE -2, FLLT
HEFY— 27 ORBIIHS Lz,

INSEED AT VHE3IHED20004 5 A ~20014F
4HFTO1EMIIOELZEHOMBE (A&,
HfrE) O 2 K ENMTHIEKRLTAL L (Table
4), Oithona davisae \TWE R BV TREAEK S L O
BfrmRIC3MOPCREZRTE EBIZ, StnB T
Wy StnA &R TE» o 720 Paracalanus
crassirostris \X O. davisae DIRIZE < MBL L7243, 8
HREUE StnA DT L h o720 F72, Acartia omorii
R B W TEAR S X O HAE ISR LR
FLE DI, O. davisae L 7 1) StnB Tl3Wwihd
Stn.A L RTAHRdo 72,

Paracalanus, Oithona B & O Acartia J& ® % iR
T oREHEN SR SN ERD 3BARHEE
AVEMWT T s b B3R (WER) o AR
(Fig. 8)121%,20004E 1 ~4 HoOTF— % 2 Hid 35 &,
Mg I ICA B R IEOMBESRO bz (- Ko,

Stn. B

Paracalanus crassirostris
0 _%
] -

Acartia omorii
0 ‘_‘:’V__.‘\F‘"‘I—’“I"_l_’_r"l"‘?.ﬁ!
3 -

Oithona davisae

2M
]_
0

T T T T T T T T T T T 1

Copepod nauplii

0 W
MJ J ASONDUJIFMA

2000 2001

Fig. 7. Seasonal changes in the abundance (x 10" ind./L) of mesozooplankton, copepods and their dominant
species averaged through the water column at Stns.A and B in Gokasho Bay from May 2000 to April 2001.
Dotted horizontal lines denote the mean during the study period.
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Table 3. List of copepod species identified in the pearl oyster (Stn.A) and fish (Stn.B) farms

in Gokasho Bay from May 2000 to April 2001

Calanoida
Calanus sinicus
Paracalanus crassirostris
Paracalanus parvus
Acrocalanus gracilis
Calocalanus pavo
Centropages yamadai
Centropages spp.
Temora turbinata

Eurytemora pacifica

Acartia erythraea
Acartia omorii
Cyclopoida
Oithona brevicornis
Oithona davisae
Oithona nana
Oithona oculata
Oithona plumifera
Oithona rigida

Poecilostomatoida
Oncaea conifera
Oncaea media
Oncaea spp.
Corycaeus spp.
Hemicyclops japonicus

Harpacticoida
Microsetella norvegica

Euterpina acutifrons

Oithona similis

Table 4. Annual summed abundance and biomass of the three major copepods at Stn. A and B in Gokasho
Bay from May 2000 to April 2001. Percentage to the total (Oithona davisae + Paracalanus crassirostris +

Acartia omorii) is given in parenthesis.

Stn. A Stn. B
Abundance Biomass Abundance Biomass
(ind./m%) (mg dry weight/m®) (ind./m%) (mg dry weight/m®)

Oithona davisae 60,015 30.8 74,028 395
(64.8) (534) (78.4) (55.5)

Paracalanus crassirostris 20,932 13.8 15,009 233
(22.6) (23.9) (15.9) (32.7)

Acartia omorii 11,694 13.1 5,406 8.4
(12.6) (22.7) (5.7) (11.8)

Total 92,641 57.7 94,443 712
(100.0) (100.0) (100.0) (100.0)

Stn.A : p<005, StnB: p<001)s TNEDFERED S,
T XA A #EY; (Stn.A) B L O~ ¥ A 2l (Stn.B)
BT BAVEWM T V7 N VB ROFEHE) S
= FEENA T VHEIM (Oithona davisae,
Paracalanus crassirostris B X O Acartia omorii) @
AR RIC Lo ThEEINE I LWL E L5
720

WEMT>9 b2, MEREE Oithona davisae &
DOHHERF

FENAT VHEIMED S B, Oithona davisae \&
@ 2 #f (Paracalanus crassirostris B X O Acartia
omorii) LRV, HEENPSHKEORLICHD T
TA5EEHIT, FEEZMBELTStnB Tl Stn.A & g
LCTEHEICIBT 2582 R L7 (Table 4)o TDZ
M5, O. davisae \ZFBFFMSGIZBIT 2 BFEOWE
G ERARAE 2 I3 5 720 D@D —FlIC 72 5 & KT
L, BaE—HMElfoHiro R EEMY 77 27 b

v, B, ERFH L OMERMRICOWTINR, K
Mty 7o v o b v OMEBRE &4 DR IBRE
' (BAL o O. davisae : ngC/L, W75 > 27 h v
u gChla/L) OXFINC & U fEHT L7zR5 R, i i3kl
MHEOMICIIAZEZHBEIRB I o7 (-
52, p>0.05), M, AL T REHOM R % %4 4
D3R (ugC/L) D HZAL (Fig. 9) OHE» S
AB &, WHEWERIEITD ) —H L THIX
THMWEREZ R L7 BEN (5~9H) 2L T
A5 L, O. davisae DB A& StnB Tld Stn.A
X0 Zhoz0lzxf LT (StnA: 1254 ¢C/L, StnB
0289 gC/L), WiEBHROFHIA =1L StnA & iR
LT & FE o7 (Stn.A:218ugC/L, StnB
0149 ugC/L) o MEBHHH AT 5 O. davisae DHAF
®=lE, StnATlZ6 HE1I0HIZ, F7, StnBTiE6
A, THE9RAMOR LR L THELLEMT %
¥ a R L7z M5, O. davisae DIAFEDPMEIKT 5
12~ 3 H OAZERAMNE, WE RIS ER O



48 AL - $SLRT- - BRI - AL - 58 58

Stn. A

504 L]

Mesozooplankton biomass (mg dry weight / m3)

Stn. B

501

0 10 20

Total biomass (mg dry weight / m3) of Paracalanus, Oithona and Acartia

Fig. 8. Relationships between the mesozooplankton biomass (mg dry weight/m?®) and the total biomass of
the three dominant copepods (Oithona davisae, Paracalanus crassirostris and Acartia omorii) at Stns.A and
B in Gokasho Bay from May 2000 to April 2001. Data from January to April 2000 (O) were included in the
calculation (see text). Overall regression lines are indicated by solid lines ; Stn.A: Y=149X + 858 (n=16,
*=0.285, p< 0.05), Stn.B: Y=1.01X +803 (n=16, r’=0402, p<0.01).

BIAE & DY O. davisae DB % Ll o 72, WH DM
2 (Fig. 10) 1%, StnB Tl StnA LKL TX D &
WEOHE (Stn.A 7= —041, StnB:r=—-074) %
AT ELEDIT, StNA LRLEDVFETHDLEARIN
72 (t—BE, p<00l)e SO EH5, <51 #ilY
(StnB) TIWE7 3 Y44 #hiiY (Stn.A) LILEL
O. davisae & TERIH L OADOMBIRIZRDYL 0 BRI
HEFRENTWBZ LD o7,
MERICBIT2&HOMEBRBOAER (P!

mgC/m*/day) B & ¥ Oithona davisae DEER (G:
mgC/m®/day) % LL F 12759 Ikeda and Motoda (1978)
O (R: u L Oyanimal/h) & ORI E W
THEsZ L7z (Table 5). Ikeda and Motoda (1978) @
BRI BAEEW 75 7 b 22T TR L EAE BN
7707 BB THOHERTH D Z EANGES
NTw5 (Hiromi, 1994)

P=0.75R

G=25R

logR= (—0.01089T + 0.8918) logW +

(0.02538T —0.1259)
mgC/animal/h= u L O,/animal/h x12/22.4
X RQ (0.8) x10°*
T: ki (CT: &£HICBT 505 5, 10m iE

D), W: HAICBT LY ER (mg dry
weight/animal), RQ : R4

ZORER, T B O A PE R 8 AR I E S
WL, StnhATIZ7HIZ, SnBTIE8HIZHK 4
A I KA L 720 StnB IS B 5 4 I K 4R
# (445mgC/m®/day) & StnA 2B 1T 5 4E M K
(254mgC/m*/day) ¥ 2% R L72e L L %A
5, ENPLLFITIEIMA L, FRHZ ML TRAMIE
L7260 O. davisae DL E1L Stn.A Ti 8 HIZ4EM
K (11.0mgC/m*/day) ZnR L7225 10HZK< 2D
fls> H Tix5bmeC/m’/day LTI T L7z S MUK
LT, StnBIZBIF S O. davisae T3 Stn.A D& &
R, 6~9AD4 r Ailblh)mwiEfas (89
~126mgC/m*/day) H3#EFE S N 7zo W H AL 0.
davisae DEEEIILFE (12~2 ) 123 FELLIBA
L7z (ImgC/m*/day PAF)o #576 HUIH o A4 = 12 %f
3% 0. davisae DEEEOEHEG (BEE) 245 L
(Table 5), StnA TiZ6 H 10712, F7:, StnB T
X6 H, THEIHIZI00% L EOEERLZ. 2h
SO HIE, Bk L7z X9 AR OB R AT U
DI EERESEVE] (Fig 9) &—HK L7z £
72, StnB TIZEZ (6~8 H) 12 Stn.A & HEXT 0.
davisae DFELIEDE L % A% R L7z (StnA 22
~2741%, StnB : 247~5303%). 4¥12, 7 A2 id#k
BT 2 EAEEIR StnA T3 b3 522% %R
L72DIZ%F LT, StnB TlE1142% \ZE L 722 & D,
MBS CTREREREE U, 20%, BEFEIZL
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Fig. 9. Seasonal changes in the biomass (u gC/L) of Oithona davisae (solid
lines) and ciliates (dotted lines) averaged through the water column at
Stns. A and B in Gokasho Bay from May 2000 to March or April 2001

Stn. A

Biomass of ciliates { pgC/ L)

Biomass of Oithona davisae
{uec/L)

Fig. 10. Relationships between the biomasses (u gC/L) of Oithona davisae
and ciliates averaged through the water column at Stns.A and B in Gokasho
Bay from May 2000 to March 2001. Regression lines are indicated by solid
lines ; Stn.A : Y= —0.66X +260 (n=11, r’=0.172, p>005), Stn.B : Y= —061X
+339 (n=11, r*=0553, p<0.01).
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Table 5. Estimates® of production of ciliates, and grazing of Oithona davisae at Stns.A and B in Gokasho
Bay from May 2000 to March or April 2001. Percentage of grazing of O. davisae to production of ciliates is

given in parenthesis.

Stn. A Stn. B
Production of cilates Grazing of O. davisae Production of ciliates Grazing of O. davisae
(mgC/m’/day) (mgC/m’/day) (mgC/m’/day) (mgC/m’/day)
2000 May 3.883 0.165 (42) 6.818 0468  (6.9)
Jun. 1.568 4.298 (274.1) 1.917 10.165 (530.3)
Jul. 25.447 0553 (22) 7.752 8.853 (114.2)
Aug. 19.673 10.950 (55.7) 44 457 10978 (24.7)
Sep. 21423 4533 (21.2) 10.313 12.568 (121.9)
Oct. 2.122 7.250 (341.7) 14.798 2468 (16.7)
Nov. 2.090 1.070  (51.2) 3.402 2498 (73.4)
Dec. 0.569 0.010  (1.8) 2.005 0.168  (84)
2001 Jan. 3452 0.065  (1.9) 2.102 0.038  (1.8)
Feb. 1.723 0.050  (2.9) 4210 0.035  (0.8)
Mar. 2.144 0.540 (25.2) 5.429 0.568 (10.5)
Apr. No data 3903 (=) No data 0735 (=)

* calculated by using Ikeda and Motoda’s (1978) equations (see text)

FEME S ITE L <A L7z

% %=

L iEL7 b s B N2
HorpriBicBirsran 7 4 Vel (05 5Bk
O10m EOFIHME) S HRIMW TS 7 b v 8HE
wOFEMEKIL, WEE (55, 1999), HEE &
M5, 2001) BXOLEE (Kamiyama, 1994 ; *FH,
2000) EEIBRICEZFICALNT, T oKBUE, Hr
FBEREY. IFXHEVETIYFA B EONE
W RHBWY CTh b 728, &2 TOMBREHMIC
BUOWYWT T V7 by OFEHEAIZONTOMM
RN 5 %L, MEGHTORBIIITbh e h o
7oo =7, Hr B TIRMBEEMDT X 7 A 2l
BoOEMELTBY), 2 TOZ7a07 4 )V ai
FEoLNH 2 ML COFHMEEERERME (7H) &
TaAX KA TG TOENS LR TE P> 72, EH
WAL 9 5, HBEIH Skeletonema costatum L& 5
FRBOFRER L LTAREINRTWLZ 25 (1IH
5, 1980), ~ & A Y BVT B A O T ERE R

ELTCOMIUIT a v 74 #hll L LT~ ¥ 1 4%
YT L D ERFBLDEITT L TWD T L 2RIEL T
Who TORKO—DE LT, <54 3Gl cldk
ZIROT (KO BRI O (Toda ef al.,
1994) LME-C, HFEWMYWT T >0 b BHERO
MG U2y (K. mikimotoi) O % e iE
S DHARHIC X B FRA - PR 2 S A AR E R O
BB RKELHELTWA I E (T, 1982) A3%1F
bbb, HIZ, BT AXYHAWCX LMY TS 7 b
YOEA (BFE) SHXMIC~ ¥ A4 BRI BT B
W7oy N BHEREEDLIHICR>TVRD 0
AR

BB TS b (BERE)
AWFFETIIMERIH (B 58 AEH) d~5 A1 -
T aAXHA LG ILICEFE L ) AFIISmICIBIL
ZOEMRKIIHY - A VEW T T > 7 b 2 HBIE)S
SRR ANEFLER L 7212H 205 2 H ORI A B 7z,
C D &9 AEOKEINC N % FEIZAGIIHY - XV
W7oy b OFEHER (Figs.d BLUT7) O
M E 3B TH b, SO LIE, MEBREOA
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ERAFICERT 2120 00b5T, ZoMAHT
% Oithona davisae DY ENGE AT IO A PEIC
HRTEZLIMET T LIL5EE2ONR 5,
F72, RKBIIBTLBEREHOFHEIIPLEHD
BELAZ LS, FEANERECOEZVESL, 5
WCE N AR BEIC BT A OB HI 2L
DI3% — >~ (Kamiyama, 1994) &I ZEWICELR S 2
ENHLNE R STz, W, WEBTHHEHIBEL
L, FIZ5~8AICERICIHIT L Z L shT
Wb (kxR 1996). AfZETiE, WW7TI 27 b
YBURE (7007 40V aREE) OWpE LRI, M
EHEOMWAEE DO W % 8 L C OV & Rk
il (1~2H) B35 A ZMBOTNBT X 74 35
BWCTOENL LR TEP -T2, A#H I T
EHPREM L7228, 72, FORBEREILFTD
YA B TEL o 2Bl E LT, <5 1 %l
BT BB L TV A D E ) AT
LMNICTERP o7z LPLAEDS, SMEREHOERE
WEBII T A EHY CTEro722 81E, VEHOM
ELTmesnTw AR (Fenchel and Jonsson, 1988
: Rassoulzadegan et al., 1988) H37 Y »' A #hH; &
WRLTI DL HMBlLA-2 8 (Fig 3) % & & R
LTV Db AN,

XIEMT I b

BB TLEEI AT VHE 3T (Oithona
davisae, Acartia omorii B X1 Paracalanus
crassirostris) D) B, WHE T O. davisae 3B (T
~8H) 2, A. omori 134 -FZF (21, 4 7) 1T£%
Za WP L7 (OXALR, A8 1991), %72, Hirota
(1979) o#EIZ XL, REREE GEFNE) (2
BUTHINSWAE (0. davisae B XV A. omorii 1%
%% O. brevicornis B X W' A. clausi & L CTHAE) 1%
PFHOE LB L 2B E2 R L7z O. davisae 13)i
BRI QRN 2BV T ABRICE I
HREPREWT LI RSN TWwAS (Uye and Sano,
1995), o> 1 Ff P. crassirostris D% wm MBI, B
WETIHE 10A) 264 (2H) 18 (RAR,
FE 1991), F7=, WM (Paracalanus spl = P.
parvus f. minor & L CHE) TWEKFE (9~1117)
IZA BNz (Hirota, 1979)s L722%-> T, H & PIEIC
BUIFsIho 3FITEFEB LT HNEICBNTY
HNL 22Dy — 2R TS e %
D, O. davisae %% P. crassirostris, W\ A. omorii
NOZFEEERILH RO NEEICILE T 2 53T
HbHEWZ D, P. crassirostris 1%, Ly BICBWT
AR (BFHAR) HBlETALE, WERILICO.

davisae DWIZALHE L (Table 4), EKRICHBET %
O. davisae L AKRRINC R (LI, B §
% A omorii ®¥X, BT T U bV OEMREL R
B2 X CTHEHELBEHREDIDOE NV b,

CHETORFEEL X CWAWNIEICBIT 77 >
FUREZETIE, SIS A A T VE 3 MO M BlEOFH
AL % AR & ACH A O THE L Tk
W7, R BAEHRWE O B A T VHEREEA
DB OWTIIWH S LTI RV LA LERDS, X
FEMBICBWTIX O. davisae DFFHB R IZMBO 2
LB )< 7 ARG TIET I XY I A R & b
BLCTHEAEB X OBAFERIE L D 2 82095
72 (Table 4)o F7z, L&z X9, MW7 I~
7 b B I UWMETREOE BRIy [ &
WSO DT AX ARG L D E-TWDH T Eh)
Mol TNWZ, ¥F A EHGIIB VT 0. davisae
T YA Y & R L TS EICMB L2280
—or LT, Mg CIKIROFHLIIZIFIZEL
HolzZehb, IFTAEELEOIHO. davisae \Z
EoTHALRERER S /22 i2k b EZLN
%o

Oithona davisae % ¥ 2 BYEHIEE

Oithona davisae D Wb 7= 5 HH (F~KZF)
i, SIEIERICL Y, EFECERKEINL T - KROF
W TR I E M R & O U e W SR AR (Uye,
1994) oAz, AREEAREZFR S 57200—% L
ToRPRE R L B A O L E X b N D, Kl
A E UCHEBEE IR L, WEEE, SiEdE (4
EH, AfiH) BXUOMho®) AW zHlifd 588
kxR wbnTwab (Uchima, 1988 ; Uchima
and Hirano, 1986). L2°L %7255, WEHEEO I b,
H\Ix ¥ A #E5 C RS 2 4 w8 Y o —Ff
Karenia mikimotoi \346 % H Favella ehrenbergii (23
XN 5H (Nakamura et al., 1996 ; Kamiyama and
Arima, 2001), 52D EFR (L) WEOIAE
PHEEIN, A ATV (B ZIX, Acartia omorii)
OfEFLE L CIFETH 5 L 1TvndiZzwv (Uye and
Takamatsu, 1990) ¥ 7z, Granéli and Turner (2002)
ERRT T 7 b Y HEOMERRIZOWTO XA Y 2
AL RAEBR LT, K. mikimotoi D K5I A AT
VH (Acartia clausi 7 ¥ 4 F) \CX > CTHEEIRLE
Polzl#E L Twh,

—75, ME WA T, Oithona davisae DEFEHFY (7
— 7N A~EAAR) DRI TEH O Strobilidium
spp. & Strombidium spp. *EL, FT 72, HAKHED
F45H D Tintinnopsis beroidea & Favella ehrenbergii
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ZHEL TSR I LIFLEBEIATYS
(Uchima and Hirano, 1986), & ® 7z %, 7TH O <
T A BB BIT S O. davisae DEEIE (Table 5)
X, BETREHLH, HEE L TAEY YT Z
v N v (K. mikimotoi) \ZxF9 A X0 TR HUE,
Bl 2, REFFRICBWTEFO Y & 1 Y CE L
L 7= Strobilidium spp. B X OV F. ehrenbergii (AfiiZ
@B TRIE L hhoizbon, BFRTARDL L,
Strobilidium spp. DU FEMERAL L U-CHI) (2%
LT EEDLEVZ L9, Kamiyama ef al. (2003)
WXL, BEFEOILESE TR ES - MW S
AR TE AN T AV F—IRBZ R3S < Oithona
spp. I K AMERBICHTL Ny TFr - av b
O—VICE o THEBINL Z RSN, A
FEIZBWVTIE, MERFOEERIINT S O. davisae
OE L= OMMKR (Table 5) 56, 20 X9 % 0.
davisae \Z X A ERFICHTH Ny TF T -y
PO— VRS NTze LA LRSS, MEREDR
50T AN F MR 721 TIX O. davisae KR % £
KAEFFCE WA (MTERBHOAERIIHT S 0.
davisae DB LR OEED100% L LA RTH) v R
imah7=2 s (Table 5), EOARRGEHMIGTT S
TOOFHRE FOEEREZWHLNPIIT L L L BT,
B O AFEARREE DHERT U 72 0R)A VW AKIRZE ISR 3
HLAH AR AL ¥ 2 A (Hiromi et al., 2000) @
RIZOWTHEZET LLEDD %o

Sakami et al. (2003) IEZFH 7 g~ ¥ 1 25
BT BAREY7- 0 OB ERED D7 L & H9I% H3FE
FHHRAREY (DOC, DON) 12L& - THEFRF S Tnb
LR L, 2oz Enn, FREHICHE) AT - BE
ML 2> & O FEAEREA BRI U O B KA A W o 345
RS (WA, 1982) 72Tk <, MER (B
EH) offe LTEELMEOLEEICDFG LTS
ZEDRIENSL, L7z oT, v ¥ A @Y TId,
HEIZ, BFEICIIEBHROBAEEAERY (DOM) O
BN WM S - I R, F 72, BRI
KU U 7= dRil A2 b > CTH 2 T v 7 b v
(&b <, BRI REZ &) 2 &L
THEYEW (F12, AFEH Strobilidium spp.) HSEEML,
HIZ, ZTNHMERIH TS O. davisae DIEEIEH
OFHICIEE 2 0L B EN % (Table 5).
Thbh, BEFEON B~ 54 BGICBITS O.
davisae DRFERIIN % 3¢ 2 % APRHILRE IR (RER%) &
LTl e s (AT A R — M — Uil
W TR - A 7 O. davisae) HEZELRBE
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Oithona davisae 7 b B HREBEE~NDH Y 7
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(Table 6) 5, Zh oo MBEAKS X OHEHEEI

Table 6. Occurrence of fish larvae collected by ORI net* in the pearl oyster (Stn.A) and fish (Stn.B) farms,
and at the mouth of Gokasho Bay in September 2000 and June 2001 (Hirakawa, unpublished)

Stns.
Sampling date Occurrence the bay mouth
A B

8 Jun. 2001  No. of inds./haul 19 10 50
No. of species/haul 6 4 12

Dominant species Pictiblennius yatabei  Pictiblennius yatabei Pictiblennius yatabei
19 Sep. 2000 No. of inds./haul 38 13 535
No. of species/haul 14 8 40
Dominant species Rudarius ercodes unidentified Gobiildae

(broken) Spatelloides gracilis

Sillago japonica

* mesh opening; 1.0mm, mouth diameter; 160cm, length of filtering portion; 600cm
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WO FIZB T S ITE O & R TE NI
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