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Feeding habits of zooplankton, in particular, copepods in Lake Naka-umi

Susumu Ohtsuka?, Shuji Ohtani?, Yasushi Seike®, Hidenobu Kunii?
and
Shuhei Nishida®

Abstract: Gut contents of five dominant copepods, Acartia hudsonica, A. sinjiensis, Eurytemora
pacifica, Sinocalanus tenellus and Oithona davisae, occurring in the Lake Naka-umi from January to
September 1997 were examined with scanning electron microscopy. All the species fed on dominant
phytoplankiers such as Prorocentrum minimum, Cyclotella spp., Thalassiosira spp., Skeletonema
costatum, and Minidiscus comicus, and rarely on benthic pennate diatoms, suggesting that these
species are opportunistic feeders and show little food segregation within the copepod community. In
April 1997 a dinoflagellate Nectiluca scintillans was blooming, and voraciously fed on P. minimum,
copepod eggs and zooplankton fecal pellets, which may more or less influence the occurrence of a
red tide phytoplankter P. minimum, population growth of pelagic copepods, and flux of sinking
particles. The feeding ecology of other dominant zooplankters in Lake Naka-umi, such as
appendicularians, chaetognaths, cladocerans, mysids, rotifers and veliger larvae, were reviewed,

Key words: zooplankton, copepods, Lake Naka-umi, Prorocentrum minimum, Cyclotella,
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HEld, 19504EfCICIE A X, =Y, b4 FF,
AF, VLY, FATHYI, FRY, FT/
Vo EOXREWOEETH Y, EMM1A ML ED
KIGTFHH o 7243, 1986 T FD 1057 1280k
L7:. CORERO—E L CrhilpkE LR TIRFE
DEEFEHINTVD (ARFHEESEEIREMN
HERE, 199).

ZODX) REESSEROEEF I AMELTD
BN T 7 7 Y OERERITINETL BIRA
FRERE, BEEOKERBRG T P.OE LTHE
PiITbNT &4 £/, FHEE, Tif, SREEOAE
THUGE LAY ESII 2o i O & C Rl B gE &
iz (OUERES, 1969). fwit, FHEIZ BV TR EE
O TR EEEIE Prorocentrum minimum OB BEEE BB
FELIHBICHIAESR ENTW S (Kondo et al., 1990a,
b,c). LOL%XE, Bl 7527 b OMEHE
f, 2FE 0TI UEEAOEHEHNSEICD
WTItE & A ERFEIMTh R Ty,

22T, ARFFETIE, 19974 1~9 F 112, HiFicH
WL7-8 7o 2 b CROVESETDZHA T VI
(Copepoda) 5%, # T X A B D Acartia hudsonica, A.
sinjiensis, Eurytemora pacifica, Sinocalanus tenellus,
7 07 AH® Oithona davisae (BFH:13H, 1998 ; KIF
320, 1999) OFLERARY 2 AL BT AN TRE
L, #0fEr L2 /42, 1997F4 B ICKER
H U 7= e B Noctiluca scintillans DEFIPS G BB IZ 78
BLLOT, ZIHRET L. 20oftosily 75 > o
FACELTY, ShETOMREEHL, BiECH
TAEIRIY T v N Y ERERNT O,
HRERCBIT AL HEET 5.

M#E e A E

4, HEERBWEREL2H A7 VP
HLD1ES (St-4, KiE6T~7.0m) K UFHHANIZ,
FELERD2ES (St-24, KES2~9.5m ; St.-26,
HKEE LS5 ~3.8m) IZBWT, 19974€1 B 10H, 488
H, 7R 108, 982, 30DEM, 4 ADHRETHEDS
iz (F1). B, RETXAOESH LB LR
HATVEIZOWTIZ19974E4A8R, 982, 3 H
DFRBORBER LA, FEEERXSS 7 b
v b (J@H 0.lmm) %, E» 5 50cm L ~FEHE T
SEME L. U7 NEELBRH 0% RS ED
WCHMER A=) S CEE L. £/, REEICKIE, 18
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Fig.1. Plankton sampling stations in Lake Naka-umi.
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FoNlzh A7 VI8 (IR orhhrs, £
BMET T, HILBF IR IrR NI DDA E
s U, BEAKCTEBEM»S—27%, BiEL-, #H
LzhA 7 vEOMR, &, fR, BREERLICRT,
FERFEMIRT T2 O & 8% B T LE
ek, WS - THEYE TE A5
BT awi I RPIZE LA, AEWIEIY)
RT 7 4NWF— (Type HA 0.45um) LIZEE[58%
L7z, 70, 90, 99, 100% ZFNFRI—) (%3
) TRAL, Fyr—F —ohT—B7, BiRs
T BB L7 ANy — 2 ELhRESCYY, @H
F—7TREGEOLICO®, 414V RANy & —
(JEOL JFC-1100} Ta—5 1 > &% L7-1&, £&EEE,
THEME (JEOL T-20) THEX T -7,

19974E4 A 8 0\ FPE CoRE A L 7230 M Noctiluca
scintillans DERBRIZ, B4 REFY &2 R LN/
DT, T HEBEMBECEERE 2T 7.

5 R

B, BR, BERE

B4 2 1O St-4 DGR, g, BEREZEO
MESTMOFHELERY. KREER L EERT
EFELWERRDLNT, 1A, 59 10hFTIEXR, &
miE EA LA 1THICE61~73C, 4 AiICid 117~
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Fig.2. Vertical profiles of water temperature (A), salinity
(B) and dissolved oxygen (C) at St.-4 in Lake Naka-umi.

F 1. 1997 FFIPESL-4, 24, 26 ICBVTHEE LAk y 4 7 VESHEOKE, BE. TMNORT I LE
MEWHEIER LB
Tablel. Body length and density of adults of five dominant copepods at St.-4, 24, 26 in the Lake Naka-umi in 1997. Number in
parentheses means number of individuals examined for gut content analysis.

LARBERD135%2iE L7, wEB T Atk
D 234 %, 4 BIZHED 285 % 2kl 7o,

BHREBERESH2MLY, BEETH L, BEX
BT OoRTIEACTEY, HER Tl kDo 72, §F
Wa4~9BICIERETELKTL, 98 IZidon &
Lol RETIE9~ 140% TH - 7=,

FEHAT7 VESEOHERR

F1ITESt-4, 24, 261 BB HA 7 VEBRAED
TR IRT . Oithona davisae \3EE S, &FERICE
WTBBEAREE Sz, AFIIEICES L, Im 7
N DEREI 3,841 ~ 82,683 ERIZR AL, —F, fib4
FIIFHMEENMEZETHY, 1, 4 HIZO I Acartia
hudsonica, Eurytemora pacifica WL, 7, 9 HiZ®D
# A. sinjiensis 7P B L 72, Sinocalanus tenellus (3 4,
9 BICHESHIEE L. TR DEE 0. davisae 12
W 5 &K,

St-4 L RETRXHDSL-24, 26 DEHEY 75 » 7 b
vOMBITEEAEEDL VI EHEI T
5 (BFEH, 1998).

FEHA T ESEOHEEEATY
Acariia hudsonica (3, 4)

1,4 H & TR0 EHEBE Cyclotella spp. ([3E, 4A),
Skeletonema costatum (X 4C), AN E BEBEE
Nitzschia spp. (X13G), Amphorasp. (X 3F), IW¥EE
BE3H Prorocentrum minimum ([ 3B-D, 4) 7 Eh3ii

Species

10 January 8 April

Density of adults (ind.fm3)

10 July 2,3 September

Bady length (mm)

St-4 St-24 St-26 St-4  St-24

S51.-26 8t-4  St-24  St-26 St-4 S5t-24 S5t-26

Acartia hudosonical) 4024 4335 550 1395 1,397
female 0.8-1.2 @ (10 9
male 0.7-1.0

Acartia sinjfiensis1) 0 o] o] 0 0
femate §.9-1.1
male 0.8-1.0

Euryternora pacifica 2} g 3121 4,125 279 140
female 1.10-1.26 @ )
male 0.92-1.08 (1)

Singcalanus tenellus® ¢ 0 0 186 140
female 1.03-1.45 (8) [k
male 1.03-1,40

Qithona davisae 4) 20569 26705 26813 5579 3,841
female 0.49-0.61 ) {12) {6)

male 0.47-0.54

8,974 o 0 0 0 0 0

0 0 130 0 0 G 8,965
(13)

289 0 0 0 0 i} 0

868 0 ¢ 0 o 0 498

10,711 29,714 26370 34,955 11,076 1,621 82,683
(10) (13)

Body length from: 1) Ueda (1897); 2} ltoh (1997); 3) Ohtsuka (1997); 4) Nishida {1597).

5t Adult specimens were involved in the original sample,
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SN/,

$1Z P. minimum (ZHALE IZTEH L TV 55677,
1, 4B IZH o7 (HILE» SRS 0D
FE3312~18um TH o 727, K& - 1A (1996) (2
INFEMOESIZ19 ~22um EHEL T, 2
TS E TSR & L LB L 22 B8 2 M AS 2 4
L7zohd Livkw), ZofEaiz4 H o St-4, St.-24
WTFIIZBWTHRI L Th o7z, HEEED—EH2 P.
minimum (IFRMIEIT & A EER T W2 WHIE AT
a7z (3E-G, 4A-C). 2 bDH A Xz H
EEBE Cyclotella spp. T 4 ~9um, JURHEEEHE CIZE
E 11~ 22um THHILED» S 12 ITEEL B THRE SR
e

T O, D TH N EE B T Ebria sp. (43C)
4IRS,

Acartia sinjiensis (X 5)

HIFERIAR(Z, Hrols B EEEE3E Thalassiosira tenera ([
SAEER15um ) <2 E BEEE Prorocentrum minimum
(H5A) DRI SN2, HHI0, BEIEEICR SN
s

o PAMZIZERED Sum GBI OBRER F25 R 6
N7z, FRLTVWBE L) REFRDROLNE DI,
KRESHOLHEWLTAZ 7)) THE»S Lk (1
5B). IO &) REREAFIIMO4FEIZS RSN,

Eurytemora pacifica (X6, 7)

L, 4H & b IThkA R, SRS R S .
Acartia hudsonica [F1FE\Z, THETEHIAD Prorocentrum
minimum (€ 6C-E, 7A, B) AYHEIIHH Sz, 1
HAZI3 108 € 39 Protoperidinium sp. 7 ([M6A, B) (i
KE35m) RGN, ZOWEEEIZ 1 A ICHRE
SR AP ORI SN, BERELZ{, 18
\Z4& Cyclotella spp. (M 6C, D) (&4 ~ 8um),
Neodelphineis pelagica (1 6D), 7 O, 4 7
GH, HREEES B Sz (K6F, G). 4 I
i3 Skeletonema costatum (X 7B) & B &7z,

Sinocalanus tenellus (] 8)

3R EER L, B Prorocentrum minimum
(1 8A, D, E) #5St.-4, 24 & b |[ZHE IR S h
2. BEEEHOERA b oML S, Cyclotella
choctawhatcheeana ([¥18B) (£ 12um), Nitschia sp.
(KI8C), Thalassiosira pseudonana ([18D) , Skeletonema
costatum (X 8E) % EHH 67,
Oithona davisae (X9, 10)

- B - P

HEFISVZELHY) (FR1), HILEASTD
Dol 4 BITIESt-4, 24 L b (TR
Prorocentrum minimum (F19C, D) H¥El &7, &
7z, St-4 TR HICb s (M 10D). fho A
A7 YEHOHEILEAD» S IR EIZE A ETEOER
TV Wl AHE IR S hehs (72 21,
6E), A TITEN ML D AAME S 7z, B
T, 4 HIZIEREA 5 ~ 6um @ Cyclotella spp. ([X9A,
B), EEH Tum O Thalassiosira pseudonana (X 9B)
REFOMOEEREBEB 2%, 7 HIZIX Skeletonema
costatum (X 10A), Cyclotellasp. (X 10B), 9 A2
B 4um @ Minidiscus comicus ([¥10C, D) %% {
R s .

LHIZB LT, WEMER OISR % L7
borlibh, BETE LR,

" 37 F 17 Noctilluca scintillans 0 &R D EIEE
(E11)

BRI IEIEEER 70~ 80um D 7 1 7 DU (14
11A I BZ6 L, HED S L T Acartia hudsonica
& %\ X Sinocalanus tenellus DYP & F A3 % : Kasahara
et al., 1974; Kimoto et al., 1986 &), H 4 7 L ¥ Dk
fr e Wb s b o (K10B), EHEEMEIE Prorocentrum
minimum ([ 10C, D) 2R Sz, B, #
HIXZFIZTXTON. scintillans DEFIHAIZ = IZH 5
iz

i o

hA T OB

Lolol, AEE LSO N A 7 VHORKERNT
NETITEENICHE SN2 LRI EA SRV,
BNERIZE B, HDHWIEEEOEALAERE IO W
TN X BN T WD, —i%I2, AcartiaJB
B3R 777 PR RICBET LY, INEETIE
WHE\CHER R EOWINE 77 » 7 b v & B
% (Turner, 1984 ; Turner and Anderson, 1983 ; K% ,
1990 ; Ohtsuka, 1991 ; Ohtsuka er al., 1996). 4[],
i TilAS L 72288 A. hudsonica, A. sinjiensis \ 3L D,
HEE, MWEEELEOMYW TS 7 h R ER
ELTBY, 8777 b i3kl E NG oz,
AR ETITAFHESBHERD T ) % (Ohtsuka, 1991),
TEHOMTELZ EIMETELZ EPHPLTWAS
%% (Ohtsuka and Hiromi, 1987), 7% &b b %
BERELTWABIHIE SN/, T2, HilETO
WNE TS s b oBfERREICET AT — ¥

FHEC B BB T > 2 b, BICHA T YEORIIONT

3. Acartia hudsonica (REARIHE) OTALE NE . A-B. St-4, 1 H; C-G. St-4, 4 H . A. Navicula sp., B. Prorocentrum
minimum, C. P. minimum (%), Ebria sp. (%<F1), D. P. minimum, E. Cyclotella sp., F. Amphora sp.. G. Nitschia sp.
=) 10um (A-D,F,G), 5um (E).

Fig.3. Gut contents of Acartia hudsonica (adult female). A-B. St.-4, January; C-G. St.-4, April.A. Navicula sp., B.

Prorocentrum minimum, C. P. minimum (), Ebria sp.(arrowed), D. P. minimum, E. Cyclotella sp., F. Amphora sp., G.
Nitschia sp. Scales: 10um (A-D, F, G); Sum (E).
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[ 4. Acartia hudsonica (FARME) OWALEPIEY. St-24,4 H. A. Prorocentrum minimum (%), Cyclotella sp.
(ED), B. P. minimum, C. P. minimum, Skeletonema costatum (J<E[), D. P. minimum (%), Nitschia sp. (J<
Fl). A4 —J :10um.

Fig.4. Gut contents of Acartia hudsonica (adult female). St.-24, April. A. Prorocentrum minimum (%), Cyclotella sp.
(arrowed), B. P. minimum, C. P. minimum, Skeletonema costatum (arrowed), D. P. minimum (%), Nitschia sp. (arrowed).

Scales:10um.

HHEIZB T A 77 7 b, BRICH A T IEOREMEIZOWT

BI5. Acartia sinjiensis (SAFIE) OWELENEW. St-26, 9 A. A. Prorocentrum minimum (%), Thalassiosira
tenera (%Fll), B.Bacteria? A% — )V : 10um.
Fig.5. Gut contents of Acartia sinjiensis (adult female). St.-24, September. A. Prorocentrum minimum (%), Thalassiosira

tenera (arrowed), B. Bacteria? Scales: 10um.
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[ 6. Eurytemora pacifica (WiA&ME) OAGEPIEY. St-4, 1 H. A, B. Protoperidinium sp.?, C. Prorocentrum
minimum, Cyclotella sp. (7F1), D. P. minimum (%), Cyclotella sp. (K &\ IH), Neodelphineis pelagica (/]
SWRE), E. P.ominimum, F.EERFOWIT, G. Neodelphineis pelagica. A — )V 10pm.

Fig.6. Gut contents of Eurytemora pacifica (adult female). St.-4, January. A. Protoperidinium sp.?, C.Prorocentrum
minimum, D. P. minimum (%), Cyclotella sp. (indicated by large arrow), Neodelphineis pelagica (by small arrow), E. P.

minimum, F. Diatom fragments, G. Neodelphineis pelagica. Scales: 10um.

PR B T AEW ST 7 b, FRCHAT VEORMEIZOWT

7. Eurytemora pacifica (BofiE) OH{LENZEY. St-24, 4 H. A. Prorocentrum minimum, B. P. minimum
(%), Skeletonema costatum (F=F|l). A% —Jb . 10um.
Fig.7. Gut contents of Eurytemora pacifica (adult male). St.-24, April. A. Prorocentrum minimum, B. P. minimum

(), Skeletonema costatum (arrowed). Scales: 10pm.
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8. Sinocalanus tenellus (SfRME) DOIHLEHEY. A-C.St-4, 41 ;D,E.St-24,4 H. A. Prorocentrum
minimum, B. Cylotella choctawhatcheeana, C. Nitschia sp., D. P. minimum (%), Thalassiosira pseudonana (%
FN), E. P minimum (%), EEMEREN. A4 — 10um (A, D, E) ;5um (B, C).

Fig.8. Gut contents of Sinocalanus tenellus (adult female). A-C. St.-4, April; D, E. St.-24, April. A. Prorocentrum
minimum, B. Cylotella choctawhatcheeana, C. Nitschia sp., D. P. minimum (¥), Thalassiosira pseudonana (arrowed),
E. P. minimum (%), diatom fragments. Bars: 10um (A, D, E); 5um (B, C).

BHEICBITAEYM TS 7 by, A A T VEOREEICOWT

SWEED), Thalassiosira pseudonana (K Z\VEI), B. Cyclotella sp. (R & WAEHD), HEEME U nik
Ell), C.Prorocentrum minimum (), D. P. minimum (%), EHFAGB T (ZED)). A4 —)b . 10um.
Fig.9. Gut contents of Qithona davisae (adult female). A-C. St.-4, April; D. St.-24, April. A. Cyclotella sp. (indicated by

small arrow), Thalassiosira pseudonana (by large arrow), B. Cyclotella sp. (by large arrow), diatom fragments (by

small arrow), C. Prorocentrum minimum (%), D. P. minimum (%), diatom fragments (arrowed). Scales: 10um.
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[410. Oithona davisae (HiAFHE) DHELENEY. A, B.St-4, 7/, C,D.St-4, 9H. A. Skeletonema costatum,
B. Cyclotella sp., C. Minidiscus comicus, D. Prorocentrum minimum (%), M. comicus (JFl). A% —) : 10pum.
Fig.10. Gut contents of Qithona davisae (adult female). A, B. St.-4, July; C, D. St.-4, September. A. Skeletonema
costatum, B. Cyclotella sp., C. Minidiscus comicus, D. Prorocentrum minimum (%), M. comicus (arrowed). Scales:

10pum.

THEC BT AEWM T o7 b v, BITHA T VEORERICDNT

X 11, V27 F 27 Noctiluca scintillans DENIHE. St-4, 4 . A 7 A7 VHEOI (%H), B. 747
VH () DK (KED), C. Prorocentrum minimum (%F1), D. BIMIZE 5 LY iEF - 72 P. minimum (%
Fl). A4 —Jv 1 100um (A-C) ; 10um (D).

Fig.11. Contents in food vacuoles of Noctiluca scintillans. St.-4, April. A. Copepod eggs (arrowed), B. Fecal pellet of

copepod (?) (arrowed), C. Prorocentrum minimum (arrowed), D. P. minimum packed in food vacuole (arrowed).
Scale: 100um (A-C); 10um (D).
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BIEEA LR, SHROMERETH S, 20253
MBI T o - B2 522D 6T, wih
DEEE, MEERELR LT IR LTWA KED
WHETHENWZ LD (R1EBH), B25 JHNTD
FAXL TV HIBIREMT S L E L SN, Sum fitk
7 L AER O 20% @ 200pum < HWVORTF-E THN >
FU»7agEL# 2 515 (Ohtsuka, 1991 ; K¥F - 7
M, 1997).

Prorocentrum minimum (2314 % W HERE E RS A A
7 VEOBEERIRES RV, RPRETLLC
A RN 5 RWEIEIE Heterocapsa triquetra (T 17 ~
29um ;FEfRIE A0, 1997) x5 S EAEMEE ML T
WhH, ZORBERESES L, BELHE00 ~
2500cells/ml 1233 % REK CHEMERZITo728 &
%, Acartia hudsonica BLAR VBT 1R 2 7- 0 12130
~ 7804 IEELT 5 2 L ARE X TS (Turner
and Anderson, 1983).

Eurytemora B \3ZAcartia B 3 1) & & & ICHFEMME
AR EEZ 5T 5 (Ohtsuka et al., 1996). 4
BIFE4 L 7:E. pacifica T b4 IR, MiFEEE
FEREEL LN, Fx 7 FHEEDE herdmani @
e B L Tvr A (Ohtsuka et al., 1996).

Sinocalanus tenellus |3 EERZ N T+ DIEATAERER
FELLAAE SR T A, RIEIIEEFETE Thalassiosira
weisflogii P WEEPEIE Isochrysis galbana T ¥ TE 5
A, BLOIR ) =TI 7 AGESEACHERETS
(Kimoto et al., 1986 ; Hada, 1991). Hada (1991) X,
AL BIRAR T IC & A Kt T OEAFEE A
BARICAF-oTWwAEBAE LT, BFCL5B8H50
PR A DI AIZ X B HFE L HEW L 7225, RIFFE
TRIDERHAEZBEOCTEHET IBERERIESRE
TN AN '

Qithona davisae DEFLEBIZOWTIIMANZ L
V., BREBRTIE, BEHEAROERE UEARE
W X3, Heterosigma % EOWEFER R 55 L n»

A#ERAH A (Uchima and Hirano, 1986a). T 7, B
BB A EM 2 EEEATYRATHEEERUIL
B\ o 72 (Uchima, 1988), L#A*L, 4ED
WETE, BHEEEE Prorocentrum minimum 2N Z
T, Cyclotella spp., Minidiscus comicus, Skeletonema
costatum 7z & ORI O FLL B EERRIEASTH L E D o iR
ahiz, Fio, A ERZENTIEME, JEDH A
TG =) T AEE, FEICHLEREERE <
el EHET A2 & AHE STV B 45 (Uchima and
Hirano, 1986b), AFZE Tl Sinocalanus tenellus FIAE
W2/ =7 AR L TWAEREE S Lk

- KAMER] - R OF - BHEMN - MHET

ol

AR L SHEOH A 7 VEIZHBIREISELR 5
KAMDL ST, ERMICIOKICEE LS R A X
DFEN 75 v 7 b, IBEEEEREIE Prorocentrum minimum,
EEESE Cyclotella spp., Thalassiosira spp., Skeletetonema
costatum, Minidiscus comicus % & (FEIZ BT HHEY
TS5y b OHMBIZEE L TliKondo et al., 1990a; K
4, 1997, 1998 % BR) 2 BT L L HEALND. B4
RTEBICBVWT, RETLIEEOH A T VEHOM
THVWHITHEZLZ R ONT, WIRbEFHICE
BIAEETAIHELE 2 A X0 F2R|NT 5
opportunistic feeding # ¥ 2BV HEE N TV S
{Poulet, 1978 ; Turner, 1991). H{#ED & 9 %K
BWTH, SEOOBRBERRLZHIZLIDPDLOET
(Ohtsuka, 19915H8), &5 L7-HAR PP TH . -
72, Oithona davisae i 5 ~ 20pum F2RE O/NEIEEHIC
FFo-EmAFER SN A, F7-, Uchima and Hirano
(1986a) %% L OFEREZEZE L T, S HRIZERIFEHRE
HEOEELHMIT L IR T LLEFH L.

TL{MTHEY, ME,PLOES LITICLE LE
ALNBEREEPIKEEEFERD BL S LF,
Acartia sinjiensis 72 W IE L HRAERE + 15 2
M NTEDN (Kimoto ef al, 1988), BEMIZHE
i TR -7 Eb H 5.

hA T ELUADEM TSI N, ¥ATF 2T
D BREHLERS

e S MBS REERTWE I 4 7 VBN D
FEEHYW T o by (FH, 1959; FRE, 1965; L,
1997 ; BFHiFH, 1998 ; KIEFTA, 1999) L ZhFET
CHISEN TV ARMET LLTICRTY.

Pl TIE, RMIEIL Oikopleura dioica H3HIRT 5
(L, 1997 ; KIFiTH, 1999). BHEIEIZMAL 2 56
BRETCEICF/ T2 ¥4 X (<20um) @
BT R EAT A5, AL 0.1um BLT O+ b FHE
T&, 2~ 15um ORFITH L TITHRKASEME
12.5ml/animal/h TH 5 (EH , 1984).

B T Sagitta crassa BT 5 (KFIT D,
1999). RERIZELRERET, IA4A T EEEIH
Y54, MIEEISBERREEHERETLHIIED
% b (Nagasawa and Marumo,, 1984 ; 3%, 1990).
HEEIIBWTIE, RMIXEC Oithona davisee (=0.
aruensis L LTy ZHAELTHYH (Nagasawa and
Marumo, 1984), FHICB W T L REZ TICHET S
B, BELL MBI T IIERT L VEREDHE
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T5E59. SEOPETH, By o VgL
2, HILEEETETH o2, ThiEEFEOEAFRS
PBICERET AL LML TWE EEZ LN
% (Nagasawa and Marumo, 1984). ¥ 7, W& Til,
O. davisae BLAR & EAS1Y) v F V720 130018465
BOWEDR, AYAL il A 1EFES2-DH 1448
BEWETHIITET, 747 VEBEE~OFE
B3 E BfED 5 LT A (Nagasawa and Marumo,
1984).

i HE T Evadne tergestina, Podon leuckarti, P.
polyphemoides, Penilia avirostris @ 4 FEATH 5 5
HFINTwaE (E, 1997; KEIZH, 1999). BWEH
WTE, WFROHED 3sum B F oL HEEE £
HEL, 20Mf, BEEER2CDENT 22 L8
MHENTWS (Kimefal., 1989a, b),

iR E TR DS, 7 3 $fCld Neomysis japonica,
N. awatschensis D2FENTERE S L7z (KEIT D, 1999).
ERBED N, intermedia (2 2WTHE, FOREIFE
(1963) ICL > TREL (B ENT V5. i, K
S AT E, DAV BEE SRR
MTHEATH. /2, HEVWLTS (L, 1997).

7 & HTIX Brachionus I8, Keratella J&, Finlinla
BORBEISFERINTWE, IHSENZFY 7, %
ANEERE, /YT s P ED20um T
DORFEEEL TS 2w (L, 1997).

FOMZTHEONRY Vv —4hi (GRB e hiE
WEEL, BHCERTA2Y< Y3, 797, &
FEFATA EDHEEEZ SRD IFH (1964)
FER) FEINCE CRBLD (KIFIES, 1999),
NGRS, WERIEE L S o T

B (=W, 1957 ; HH, 1964).

IR RRIE O 2 7 F 2 7 Noctiluca scintillans (1B
Wz EETAZEEELL ASH LR T W
{Enomoto, 1956). Hifpiz By s REORMIZ o E
TOLIAHEFLR . PHETE, 47 VHOIE
FEUIHELTBY, 747V EOBTHIIz KD
WCBEHRIOHE (Acartia spp., Sinocalanus tenellus) @
BAEEBZEI L3 HEE RITT Il TFESR
5. FE, AATVEr O TZ »o b DR
bEETHIET, MESNOWHILE~DFEL S
%, REYVPLETHAH., 8612, HRIZBWTHE
53 % HISEHEIE Prorocentrum minimum % B AR
LTy, W47 VELEOEEZD CBESR L, &
%, FEOBEAEE P ERBMICIIET A L8 E)l S S
F. VAT FayOREHICBTARBRIREIRE
THACHAES TR, B (1965) 12 L hid,

1953 2 A FTRAPHETIA Z AITHH L7247, 1964
FIRFRERDZEDTE L (ol wny, T,
KE 1L (1996) DOy 7S 7 O
Wiz M <HE L-XIC BRI TRV,
L72d o T, 196445 2 2 LIRS, 255809 AR, &+
WL T A TEMEY S B .

1976 £ICHEPBL BEICB VT, HWEEE
Heterosigma inlandica 75 & 4 5 Rl A5 84 L 7-BELC
b, V2T dNREL, TREFER LA EIH
HFEINTWB (FI, 1977) . EBEHNTIIY Iy Fa
v 1HME 1 0872 D BEMED H. inlandica BT
LrEEINTHE (FIL, 1977).

FHRCET AL BRI ST v 7 by OREERE
BHREZEZRBTLE, COXBOTI Vo b o HEA
MU BV T BLA 2 e A WH4H (grazing food
chain) L, REER L 20550 IE3IIEEEE
WENL, L L, BENEREVEMEYR 75 7 b
EDIHEETH Y, ZOWMEBETAF3I v 71081l
THEEZLNE, CNEFTOTI 7 P IRAET
EER AR L, BT o by, TR SR
FERETAIT IBOEERENTOATVRVWDT,
AWEHEICBT AL ANF—OFERTL T HEY
LI-DICRT IFOBFE, EEEELR e RET
LYBEMENHAH BB, TAVELREDNNZFY T
YA XK TZENTEIEPOEBEITDLND
B #7121 microbial loop & 2 & &I HEH SRR IR
T5.

BEE ORI E BATT B 10 H 71, B A S AR
Keyy—DA5 v 7OFA 3 BHEEICRY, B
IHLET S, hiERAETEATIHRE SN T I8
REJIEE R E Yt 5w wi-oT, L TR
L7z,

Ao ICRE R ETRME REES
09480122, 10660180) KRUSETH 7 - F hw—5 -
77 ¥ FHIESOMR = 2 Tirbh .
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