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Physiological ecology of the red-tide phytoplanktons
in the eutrophic coastal area
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SUMMARY
I. Title

Physiological ecology of the red-tide phytoplanktons in the

eutrophic coastal area
II. Objective and Significance

Red tide is the phenomenon caused by blooms of unicellular
phytoplanktons that become so dense and discolor the sea waters. It seems
to be spreading in costal and continental shelf waters of theb world.
Although most of the phytoplankton blooms appear to be harmless,
concentrated non-toxic phytoplanktons generate anoxic conditions that
cause kills of fish and invertebrates. In recent years, a large scale red
tide has been occurring frequently in Chinhae Bay mainly due to the
industrialization of surrounding area.

A red tide takes place when physico-chemical factors such as
nutrients, sunlight and water column structure are favorable for the rapid
reproduction of the planktons. Dense plankton populations are often most
strongly developed under stratified water conditions at high temperatures
loaded with high organic substances from land run-off after heavy rains.
In Chinhae Bay, few studies on the fine scale distribution of
phytoplankton in relation to hydrographic conditions have been done so

far. Moreover, information on the productivity and photosynthetic rates

—7—



of phytoplankton in Chinhae Bay is scarce. In order to assess the
mechanism of succession and bloom of phytoplankton, we investigated
photosynthetic rates and spatial distribution of plankton by

short-distance sampling method.

II1. Contents and Scope

Hydrological structure in survey region.
Nutrients distribution.

Community structure of pytoplankton.
Patch of red tide plankton.

Primary productivity and Photosynthetic rates.

. Community structure of zooplankton.

IV. Results

Phytoplankton biomass and nutrients varied greatly across the Sta.
4. Chl.a and nutrients were high and patchs of red tide plankton were
found only inside of Sta.4. Neritic and/or offshore species in phyto- and
zooplankton were also found in Sta. 4. In other words, the region
between Sta.3 and Sta.4 appeared to be approximate boundary of the outside
assemblage, The concentrations of chlorophyll a on Oct. 28 were less than
that of previous day at Stations 1, 2 and 3 while 6.5 times higher at
Station 4. The highest assimilation index of 28.08 wg(/ugchl.a/hr was

observed at this station. Depletion of silicate caused by a rapid
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assimilation of phytoplankton seemed to be responsible to the succession
of phytoplankton community and decline of blooms itselves. The results
suggest that red tide in Chinhae Bay was mainly caused by eutrophication
which is resulted by urbanization and industrialization of the surrounding
basin. Supplementary studies on nutrient requirments and life cycles of
red tide planktons are needed to fully understand the mechanism of red

tide.

V. Policy Recommendations

1. Since the assimilation index has been a direct propotion to the amount
of chl a, the index could be used as a indicator of the phytoplankton

community.

2. The short-distance sampling method used in this study can be a
possible measure to understand the mechanism of red tide when
the additional information such as nutrients cycle, nutiritional
demand and life cycle of red tide organisms, and other environmental

factors.

3. Therefore, it is recommended that a long temm monitoring system for
red tide should be conducted in order to prevent the harmful effects

on fisheries resources and to conservate coastal environment.
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AP efAIE Y¥rF o2 =3 A2 Z+F system (estuarine system,
nearshore system, offshore system) o8 E&3s}A FAH= o gt Fronts £
ol2]¥t system I} system Atol9] tigfHl FAFoEAMY JYE 3l Aoy
(Yanagi et al., 1989; Nagashima and Okazaki, 1979), FAEEEI=9
ANelHEE AL BYE 23 Yrk (Han et al., 1990). ulebs, ALl
¥EHEE ¥ fronts & uetstm, AP JLE FHEEZIEY
Zel3 EEGAE iR, R71EACE, IYERY ¥ W i
BY coastal ecosystem 3 offshore ecosystem Atole] A% FAE vletsied]
A 719En, FFHLEE AALHY HERFE olAIIAT FET AER
o]-&g Aojct (Loder and Platt, 1984; Fever, 1936).

gk ohibgk,  WAY, AFY ejm JMESE FoE FA
LhrojZitt, 3% v B, vk ti¥ AT ¥gd uE g
W FREEY PFE A oju] FFYI} FHolUrt (Yang and Hong, 1988;
Yang and Hong, 1982; ol%, 1981; ®F, 1982). 53] oliwre] W&
2-3kme] §& $EV enPY Aoz AEIte, FILI AeolA
HILGHRAEE 7153 A7le aUFY shist Ha Utk ool
ANEEYIEY FEZAEL P, AT 2 7IESEHANA S FEZH-G thd
Aojgo] EiiEojgleom (KORDI, 1980; ¥, ujd¥Exlg), HITPYUPo=
A 2E3 ek EYF, RILIO ulE HZUJAZEY ZAHT Hol¥AEH
237t RaEdek (Yoo and Lee, 19765 Park et al., 1989; Kim, 1989).
ol VAL HEII M FAELIA ACEE FHEEDGIEY
+3 3, £38 FYULLE sdsteo]l Faddx 7, old I
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2], 3% g7 a0 ¥AsA B3t EASF (discontinuous layer
= front) & #As7] Hste] 1989 109 269 vhabgke] W&o g RE 259
BAE7Ez] FHEAE FFANEA £4] In ANA A<pumpingT ol Bk
£29 A& S Yoo, AL o 1.5km vt WAL Y3k} (Fig.
1). 2 23, X3 IFHAA 23 g0l IFH3A dE3ini, F349
A&FEZ AL, 1489 ey IS wR Yol FHIF  FH4Aol7h
EAEEYOl WAk I¥AW, PoE FEG JAFVYTE H2F
i) FYE HA LI AMUch (Fig. 2). Z71Egol st gy oes
B EXFTE THLE thadd 109 274 HuUZxE (132115%) 9
2ATE RE JATBFE 7R gSAz] 3AHY BEFTY mappingE FX
N2, 2, HE, chl.a @ IYIRY 242 Psiden, BAFITE
FHOEY 40 BHA izl B TS ¥EY FEAMYIE Yok
(Fig. 3).
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BAaQo2My =2 (Yellow Spring Instrument Co, model no. 33) W

HEL AP, WESAH L salinometer (Guildline, Autosal 84008) &

|

3. YTt E2RH 2
ZAAANO ~N), oFAZH(NO -N), FRvIoHNH ~N), AAH(PO ~P) &



128°35'E 128°43'E

] |
Masan
— —35°13'N
KOREA
10Km . o
o
Q
Chinhae
Mgsan Bay
v,
Uichang-gun
o
[e1e)
1%
= —35°03'N
Mﬁgwado
]

Fig. 1. Map showing the study area and preliminary survey track in Masan
Bay in 26 October 1989.
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TAA(S0 )9 £A&  Parsons 5(1984) & ol 93t UV-VIS
spectrophotometer (Shimadsu, UV-150-02) 2 &3 3t} ch

Chlorophyll a ¢ &3 2 dBHS #i4& GF/F BHE oY F 0%
aceton &8 24X FL WFFAMANA MAE FE3H U-VIS Spectro-
photometer & o]-&3to FA3}ct.

4. 71ZAY

7128 14-C uptake o) g3ty FHF=HUch 300ml &F9 F749
light bottles} ¥7§9] dark bottle <toll <F 200ml & 4§ AFTF 10 uli
sodiun carbonateE FU3tHrt. WS A9 incubation chamber &
o] g8 AAF sloA ¢ 2AVHEE Weton, chamber o WYL EE
BZ4E Y3 €A UHoR eSS XA wigo] B
2}7+9) sampleZ Whatman GF/F filter & AMg3tel T3P Z+zhe] vialol
wolgon], £¥ sample inorganic 14-carbon & A|A3ZIH3t 0.5N
HC1& AME3to acid fume AI1Zch.  o]lF Zzte] sample o < 10ml ¢
scintillation cocktail (Insta-gel FX) & 271%+% external standard 14-C

-

method o ¢&I3t™ carbon activity € FFstdck. FA717l& Liquid
Scintillation Counter (LKB-wallack, Rackbeta 1215) & A}&3}9ic}.

MY dide ¥ 1-2%9 glutaraldehyde 2 I3t  FAHEQ
AP E2A AHESI9ich.  Sadwick Rafter Counting Chamber & ©]-&3}d
ABEYaEY A4E d9len), Phase Contrast Microscope (Zeiss,
Bxioskop) & AH&3te] 500u) 2 1250 vwistolAM H2RF, FVRRF W

NAREZRY $3E Bskch



EBEY=aEL conical plankton net (7 30cm, BF 100m)E
Abgstel B AR 74 FEY A 10-20molA FHULER FE
FRE7Z %} In/s o FEE 3 ALF Age AP 5%FTH
EEURIOE IFT F HHAUR ERISIRAC

Mz LA M2 55 ANEE MY FUHA A F 1l
#8to] Bogorov counting chamberoll W > sEPu]ZF 3JlolA Alsiion,
o] & thA GHAAG MAM 4 (indiv./m3) 2 B8 T

Z9] AL binocular compound microscopedtolX  AAIEAct, AL F
EYIEL 2 WA E lactic acidZ2 AZFF F lignin pink B A3l
ZyulelEE UE F AP en, o= methylene blue2 HAso
433t ct.



1% 234414

A1 2 43543} chlorophyll a

1. %

FreEsdel glojxe  F34o] Ui 4L, A¥ Y chl.a 9
AULEE Fig. 4o BABUTE. BRESEHAY £ EEXE 1A Bibsh)
TEEHO o] FRY FYAHE AolRI)E oal 9y, Fig. 2004 uheialule}
HikelM gte g JU4F £ FAHoE ¢ 0.6C HE7 Jolx|m
Ach.  BHI FZANA thh 20 A5E $37 BRI

HES MR UdelA otog BYSLE HAHo 2 wolxz Yk
B3 FIONA i WMBFo] AR FAHAYLL WS A
HEAE F L6%E +2HCE thh 34 Hslch

chlorophyll a + W@Fol 30 wg/ £ 0149 e BYon, uSoiE
5 g/ L o8t %2 & Btk IgxT, RE4Esidde A 33 3
48 A2 NPE FU2R 40 m/ ¢ o189 e &2 %€ BT, 80 m/ ¢
o3 7t& EA FFIZEY 39 patchrt BAHULE BESEsA

2E&o] FAFETE chl.a F0) The 23, GRS The B S,

x

e

2. +9E% |

PESENGE UYL ohuwe) ) ZFolH SEANUE U e,
¥ Wolla o SHETE Fig. 5o BASUCL AUIY B3NN o
¥ AYE Hoh} AWHeE 44 FPol KAV AVE R AZow

TETE 227 drh



128°36'E 128°40'E
1 {

35°08'N

35°05'N

Fig. 4. Horizontal distribution of temperature (°C), salinity (%) and
chl. a (u#g/ £) in Budosudo region in 27 October 1989.
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AR on, 938 Prorocentrumss, Gymnodinium< 3 Protogonyaulax <o)

2RS4 Hou gHos JWRARY UPEL X Pk AR

7|7 A3, B0l 7ItIEE UARERFE TREuFsMY FFE
genus BE7HA7F s RRoE @A Ul OlES EBRAPIHNA F£HH
ol FZBL FERRFHIE YR HYYcl, F2F9 Rhizosolenia® % R.
alata, R. calca-avis, R. robusta, % R. stolterforthii¥ oceanic
species 2 @24 Yt} (Cupp, 1943) olEF S iR Fo) &g FTE U

BA 4TAHANA LAF T AUt (Table 1).

2. HzEFIE
7}. Patch9] %
&/‘P*HQ#;’IIH bloom (1000000 cells/L o]4}) & B3I F Chaetoceros

lorenzianus, (. socialis, Fragilaria sp., Skeletonema costatum %




Table 1. Distribution and abundance (cells/ £2) of offshore and oceanic
species in Masan Bay in October 1989.

species Sta. 300 310 320 330 390 450
Rhizosolenia alata 1468 24806
R. calca-avis 3586
R. robusta 3068
R. stolterforthii 3586 6574 43220

species Sta. 480 490 1-8n 1-12m 2-0m  2-8m
Rhizosolenia alata 8868 16968 714m 19959
R. calca-avis 5057
R. robusta 4434 678
R. stolterforthii

species Sta.2-12m  4-Om  4-2m  4-5m
Rhizosolenia alata 942 7776 4619 4425
R. calca-avis 6929 4425
R. robusta 4425
R.




Gymnodinium sanguineum ¢} 5F 2. & vLieRtch.  ulelA o]

et

& =A%
HZ YUEg=zog HFsRch. EELENAY FFFo Y H2EFEE
patch®l £ & Fig. 9ol BA&RCE. 4% AZXFS 159 AVERRE
FRE 539 HZELYIE U MNESE JUES T £5 JUHLE
ZaE0], NS WS MESE o 1000 FT2 BT AolE AT
429 F2Fo) 98 ¥AHEY Z patchel BXE AZY] gt 2EY BYES
Aokg 47t fch ool wls)  SERE{F! (. sanguineuns
Re4Esde] Add d¢g FHoE viaA FHQ9 patchE BT
ATt ol REMNHL FErjotet Qi FEI|EFH} {AMSHA, 6.
sanguineunst ¢Eijol B Ui Aol WAHY BAT JYe ALER
LA E ATt

tjo

L, A EE
BReLeads U 48" Chaetoceros lorenzianus, .

socialis, Fragilaria sp. & T7ZHEXE Fig. 100] BA18%ch. & $9

AESE $B8He2 FHM B4R FEFSF Loz rh
FARo2E B4 1,2, R399 FEF, BFAA & B¥E H Yo
HE2og2 P 45 HIAHOE ANk FH4 BT BTH A
MES 2ol A o], ox¥e S FT THEFHO ke A
YA B T

Skeletonema costatum 9 Gymnodinium sanguineum ¢ FHEXE Fig.

o

110} HEA|skch. S. costatum & EHR 4F9 FRFT BHLANA M

¥ WEYE Urhim gouh, JGERERAY G sanguinewmd B2
Baold AR Ee WEYE Bol FHEIAMNE  gelR uieh ol
FERFOE Tha THE FEMYE Bolm ULk
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Fig. 9. Patch of red-tide planktons (cells/ £) in Budosudo region in 27
October 1989: Chaetoceros lorenzianus, C. socialis, Fragilaria sp.,
Skeletonema costatum and Gymnodinium sanguineum.
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Fig.10. Vertical distribution of Red-tide planktons in Masan Bay in 27
October 1989 (I): Chaetoceros lorenzianus, C. socialis and

Fragilaria sp.
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Fig.11. Vertical distribution of Red-tide planktons in Masan Bay in 27
October 1989 (I1I): Skeletonema costatum and Gymnodinium

sanguineum.




A4 A TNERENY

upabghe] ARFAAA 7| 2ENEE FH QY (Table 2). 71ZBAHS
MBS chl.a o FESE @2l, FA4olA 549.9 6/ £/hE 7HE FUhTh
)3 A A3NA 106.7 ueC/ £/h, BH200A 137.5 1gC/ £/h, B3H1o0A 345.1
w0/ 2/hE AAARTHE Yoot A 29 FHIEchE W& B0 A
et B4 1,2, 2 3o)A chl.a & g (109 27¢) 2ot ¥X Ao 10¥
28U 24.32 g/ ¢, 16.74 mg/ 2, 9.66 1/ 22 <k 0.300A 0.6WZ & '
st whdol A@dolMe  19.58 w/ 2 <k 6.8  FIIEHTH
assimilation index Al FAdolM 718 o} 28.08 w0/ ugchl.a/h & i+
e e 71Esct. oM¥ & assimilation indext A H4oNA
ANEELAEY BUY BP0 YUtheRE usiy, 2899 chl.a 9
Z7}ot o) QUriz A"l 2l FA1,2, W 3o, assimilation
indexe FA4RcHE oy} 8.22-14.19 usC/uschl.a/h2 HIRA w2#E
HYEE B33 chl.a o ¢ BAS ZasUch. olZL Fig. 604
Bojzl ure}l o] EBAFZY WupFelAd AEEZIENT bloom 2B
Farde] 3ol Yol ol oy Fa IFPFY FERRY BB
AAEY7] WEQ Ao ARHALE. TRATEE FFGHHHole} A|2tE
FAEY A NEEYAEL Ho)9 blome] Yol E & UtkeRE

FAIRETE

— 42—



Table 2. Primary productivity, chl.a and assimilation index in Masan
Bay in October 1989.

Date 27 October 28 October

Stations chl.a chl.a Productivity Assimilation index
(ug/ 2) (ug/ 2) (ugC/ 2/h) (1eC/ ugchl.a/h)

Sta. 1 37.6 24.3 345.05 14.19

Sta. 2 39.6 16.7 137.54 8.22

Sta. 3 26.2 9.7 106.65 11.04

Sta. 4 3.0 19.6 549.87 28.08




NPE AET T G EFRE FEEYIES F 20F0%cd
2477 14F (10% 13F 1 2s8F) &8sl 718 tfge &8 P&
BE@ck. 2 Qe RYR 2F, AR 1F, "SR 2FFol H3YUrl
(Table 3).

BHEEE Y 204 4R 8FE HIEY T 12FY FEFO
TRHLEA 1 ttgT Fx2AHE vEillen, ¥F 1M a2F 558
x@sto] F 8Fol FHELEAM M WG Frigs S vhelich

ZAHE 408 AR AAH E¥EY T2 T 6F2=A Noctiluca

(o]

scintillans (©°F#3%), Podon polyphemoides (=%)1Z+%), Acartia omorii,

Oithona davisae, Paracalanus parvus (87%), Oikopleura dioika
(Ul 37)Folch

Noctiluca scintillans &  HFol ZHAI FELS FAlNl & =24}
ol 2Fo] FHIA X3t Urie A BRIEFH 2 A3t ch
(Yoo and Lee, 1987; Lee, 1987).

22479 B3-S, &9 7P (1987)2 19829 10 £ =AF sHgo|A Evadne

tergestina, Podon polyphemoides, Penilia avirostris 3¢ &8 213 v}

Act. P. polyphemoides + & ZAt 3dHPolM EF &3l Yes A
RuE vl QB2 (F& A, 1987 & A 7INEY ¥ FHY 4R|FD
Ao, FRY AFY £3E Holy FANA FAlo] AH EEXse Ao
BE3E vnix] 2F0] 2 XA 71 E¥SHA] AUE AL £ #dYg
T 22 87 E3e UIP FAC U A2 Agdch

T XA MY P FEELIE G A =9F Ao,
AR 29 nEEH e T £ET aARY EEFSE Fasrsie
BYol AUt Lee (1989) & 1986-1987d &2 sHFolM f2ztF P EL
¥d T FTHE ZABEA F 0FY ¥ L 23Fgen 1986 10

tu

rid

l

l
f
L]



Table 3. Zooplankton species composition and abundance (indiv./m3)
in Masan Bay, Korea in October 1989.
* indicates the abundance less than 5 indiv./m3.

TAXA Sta.l Sta.2  Sta.3 Sta.4
PROT0ZOA
Noctiluca scintillans 110 30 270 60
tintinnids 120 5 55 10
CHAETOGNATHA
Sagitta crassa *
Sagitta enflata *
CLADOCERA
Podon polypehmoides 100 10 250 100
COPEPODA
Acartia omorii * * * *
Acartia pacifica *
Calanus sinicus * *
Centropaghes abdominalis *
Corycaeus affinis *
Corycaeus speciosus *
Euterpina acutifrons 10 5 10
Microsetella norvegica * * *
Oithona brevicornis *
Oithona similis *
Oithona davisae 50 60 80 25
Oncea venusta : *
Paracalanus parvus 55 30 20 15
Saphirella sp. * 5 *
COPEPODID 160 180 230 120
COPEPODA NAUPLIUS 270 50 290 120
APPENDICULARIA
Oikopleura dioika 140 40 200 100
Oikopluera longicaudata 20
POLYCHAETA LARVAE 10 * 15 *
BARNACLE CYPRID * *
BARNACLE NAUPLIUS 25 15 20 *
TOTOAL 1,030 430 1,440 570



28547 718 wWob $AHEFQ Acartia omorii®t Oithona davisae & %%
3 1989 &¥E& Easiich v & ZRAE Lee (1989)9F 22 Al
TAY PYPoe FEEHIEE MAUBNSIAE 73 824F EFHIE0]
145l &8st drh.  wEbd HT 39 Aol 2 g B3 Azt
Acartia erythreaE vIX% 5F9 4Z{Y X AP adoz #Ag3ia
ATt FF At

AMEEZIEY 3%, FELEH AYEHE NG BEFY ST
Aiglo] 249 B3 F¥E vehied, FEL FAHEA Hx kg
ez &I 2 HMYNME HEEFIEY FTE eI EHA
Yo7 et AZAE 4 AUrt (Yoo and Lee, 1976). olgt T
MEEZIEY FUCHT FTEEYIEY FUSHE Fdste a9 shiz
ARE e %3 o] (1982)E 2 NP Wteg Z4F, §3) 3 290
S HTso] EEFO] HasA &S EIsych.  Zevh Acartia

sax o7t He AEERIEY FZRATE AR AEEYIE
FUSA xS e @
3 YPeE £EE R LI7HR] XYt (Pafenhoffer, 1989). ulelA
e RAIA IAFE T P30 FEEHIE FucHd B
MEEZIEY § U359 HEHH ad3 vEo] FEL3 ule £
Mo el Wo] 7Y VAHog AlgHrh

T ZAA ERT a4RY ERFHA JIAF T hig F32
AcartiaZoll &3t $E9 &¥ol uliWUrke RAdl Acartia® e FE0l
0] FAET FIUIIt AP WRALF 23] FIICPANEFOR
7¥217} ke Yamazi (1956) 9 239bE Axi3iz] @y et & Utk

o] Zo] £ Aol BBV TFTEEZIESS FYLEHY ¥
HEol FUeHUt o)FolH vtz iz AL, A @Sl ukE

m{u

F
k




FUE WA w7l AsAE 2700 AR FAEA MRRAL
"asittn ek

{4

BHE TEEYIEY VY HF 3004 1,440 indiv./m32 AR
wterm A 2004 430 indiv./m3g b AHYch (Fig. 12). EBZ9 chl.
at BAH 294 AAE N1ENe A 4olA thE 3 FHEY 10% HE9
12218 7ISRo TESYIEY 29YAE FRY 42 BAY Ak
v B 49 3.1 g/ 29 AL chl. a Y& FESYIE FA9 Yo|2A
Fesitin " F, 2 A Y99y ANEEYIEY NEYLS o
AAH] TR 8] FEEYIEY LS APsE aQog L3R
X8 YTt Atg®eh AW FEE chl.  ad £33 EXE B 39 8n
oA FA e} £ ool Y FEEFIEY 2P HA 3oA
7t W A% AxWch wetM B s AEEYIEY ABYLS o
FXGol ZIdst FEEYIEY VPSS AUAE Btz oz
ALEELE chl.aZb &7 viebd BHM FEEPIEY 2Pl Zulsie
Zgol JAHNUTE.  F, B4 chl.a e AP BAE Kol ¥y
TEEFIEY 280l A5, chl.avt $2 FA 204 s Qew
deog FA dME M EUTh

879 A8 B AFEAM Turner (1984)E (Qithona similis7}
FAPOIH I HolzAM AEBEYIEY 72T AFoE 9| &

eherthi EIafied £ 24 7125 $HUY 274 0. davisae (Table

s|

o

o

DT FARolEY B o9 FEIYIES AT Hole FReIE 1S
B@she gt ¥ £tk

Noctiluca scintillans® ZAFE 47 HAPAH BE SE2ZgmE
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Fig.12. Zooplankton abundance (indiv./m3) in 4 selected station in
Masan Bay in Korea in 27 October 1989.



2979 10% WAE veErR v 2272 Podon polyphemoidest B3 2¢t
HH 4old 2¥B 17-18%E 7I1=stdct. 3] AeLFFoE rpepd P,

polyphemoides& UIRHE <AJlFo2 dEl dFHAJLH I &¥] =3I
Wk doll 7118l JieFoeg: #FEeol (Bosch and Taylor, 1973;
Onbe, 1977), & $9 $HEE AYTW £ 24 NG WAH 22 WHYY
E£24& vehiz dckz At "t (Fig. 12).

FESHIE oA 71E iR F2EE VIS0 EEY 8AFe
28719 E@o] e Wol B 20 EVFL 3% E 7SR Loz
BAEAAE 0% WIS 71558 59 $PEoIME Qithona davisae?t
A BANAM &¥FY 5-10%E 715351 20 Paracalanus parvusE 5% W2
A BAAoNM ERACT (Flg. 12). FHE 477 2832 B3 3014 630
indiv./m32 748 wWskorl, I $AEE FAH 204 BRE ME =UTh
L74F EUFES AL By FERAM AR ¥ FH

oMt o] & AL A9 uwty ¥ F tiEsty 3 Jed A

—

7&—16‘57_&;”0]

(e} .

=

o)A FE3}A EX35HE Oncaea venusta (Farran, 1929; Wilson, 1950;

Owre and Foyo, 1967)9] Z&¥ o Yo} (Table 3) FH 4 349 ¥F=
w3 gt AtgHEch

n)& 8ol &3t (ikopleura dioikay 3 4olM FEEYIE 8T
20% 7}7to] &@ste] AZLFE A)Y3HH 2]ZHH<0 Podon polyphemoides £}
A HLPFoR JISFRen uvmxl 3 BHBAME 10%UE
NE3Irt. FEAA WukEQJ 0. dioika (Tokioka, 1940)91 H A A

U ARG AR B FHIM =W vl gol B 2 e
W Byge & whEstd FE Fetm AR, AQdew ohx
giolztxlol dA del EEstn e 0.

az7t8E AYstd 2127 P, polyphemoides s¢t Al HALAFLE EXT

longicaudata”t &HH 4 A
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F39ch. o4y EPFE V1SN FA 4oM VY 253 ZYHF

< Oncaea venusta®l 2¥ 3 o2rizig g4y Sdol 7|U"E Aoz

Sagita enflata®) &We & Fol UF ANEEY (¥, 1970)8 %Y o)
A% U3FHY 2Y Bl BAY A B RPYHE Ae=A B
fol B 2ANF URAY A5 S0l AWSE AARVTL o8 Qo]
FEEYTEY 1Y 2% SUE AV FH B 1,232 HEmoes

MR S3E UEE Qen 3 dolAE tlekshial gsiae ol

o] Folxi Y& ROE AT



= 4= 2= -

Rzl QolAe) H2UAINEY ANT HVolPAH SV 12 x
AZY7ITE Tt FHOE, £S5 F¥E FHEEFIEY oI T
29 Rl Y 13, £BH FYULEE TS, JIRANHE Fo
3t T

AE, chl.a F FYIRY 83 TEZ: FH3 FIOAM & 2ZA
M3sto], AH3IY YUFoIAM dEol w3, FIYEFY chl.ax BAI]
ZasRct. £AHELE LY FAIE U UFHole BP0 FHY
Wtgel 43 (stratified waters) 7} Sxsta Fole 2 EEE 4T 9
43 (well mixed waters) 7} &35tz JYeRA22 W Hch oY AA=
B3I 4Aroldle et Wik FAGEE St EASESNY  (tidal
frontal region) o] &x§sl31 AFo] ¥rHA Ll

FAEEYIEY EEHEE ol ZA AYA]Ho] Rhizosolenia
alata, R. calca-avis, R. robusta, 3 R. stolterforthii®} &S <oJYgA

A EBE%3E3} Oikopleura longicaudata, Oncaea venusta 3! Sagita enflata®

LN FTEZYIEC FE FH4TH EX3IACH

NEERIEC 9T blone FFAFTH FRY BASZY WFolA

sl en), blooms VA Fa4%5> Chaetoceros lorenzianus, C.
socialis, Fragilaria sp., Skeletonema costatum % vanodiﬁium sanguineum
9] 53208 velxich. olF Foll I FAEY 172 109 2894 chl.a%o]
(109 27¢) Hch 0.3-0.69Z EAsHA A4AE YULE AgHUrE F,

BJgssigolet ¥x|etr FAIEY A2 AEEYIE blooming 2 E &}
zole] fjlo] ArteRE FATrE FEEEXHA (. sanguineuns P

T ojede) AdE At FACE umAH BA patchE BAHT AT



olFY TENHELS  FErjotet  Uarde  FEAMEI  SAslY, 6.
sanguineuns} @FRijol I QIAF Aolole WA FAV Ye Ao
FEEHACL

oSOl QlolA,  FAES  HZeg Ry faFohted,
YRt} 2 AAUE AUYNA FYHE 42 FH JAHESE  si)
223 oA AET uiolgo]l AZYPAMED LIRS FAY,
YEVol 9 AiA)E I WHY JAE WnUth o) AR,
TA1S B JMFTLY FFOE QT EA P AGHSY §gozg
FEUHE ohiideld FEHoz  WASEE Hzwgd €A Aoz
B ZpEct.,
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