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Seasonal Variations in the Phytoplankton Assembly in Toyama Bay,

Southern Japan Sea

Akira Taniguchr'’, Yoji NakastiMa®’, Toshikazu Suzuki®’, Kazumasa HIRAKAwWA"'
Akira IMaMura®’, and Tsutomu IkEpa®’

Abstract

This paper describes the seasonal variations in abundance and species composition of the
phytoplankton assembly in Toyama Bay, southern Japan Sca. Samples were obtained by a series
of vertical hauls (0-500 m depth) with a 0.10 mm mesh net at intervals of 2-4 weeks over a full
one year period from February 1990 through January 1991. Total cell counts of the phytoplankton
assembly including diatoms, dinoflagellates and silicoflagellates (dominant in this order) were
higher from late autumn to spring and lower in summer. The annual maximum (1.6X 10 cells/ m)
occurred in Jaunary and the annual minimum (1.2X 10°cells/m') in June. Diatoms (mostly centric
species) and silicoflagellates were less frequently observed in summer, when dinoflagellates
predominantly occurred forming their seasonal peak. Diatoms were composed of both warm-
water and cold-water species, in addition to the dominant cosmopolitan neritic species. Several
diatoms were capable of forming blooms from winter (January) to early spring (March) in
Toyama Bay. Of these diatoms, the cold oceanic species such as Chaetoceros atlanticum and
C. decipiens scem to be derived from the “Deep-Water” ( < 1 C, 34.05-34.10 PSU) which
spreads broadly over the entire Japan Seca.

Key words : cold oceanic species, “Deep-Water”, diatoms, phytoplankton assembly, seasonal
variations, Toyama Bay
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BIEIILRIZE SO L AREEHICVES 2 KRBT, FEEEFICE> THERKD
FETIZHY, I EEROB ) ATRE L 7 5 B b IR 7 AN S (HiRakAwA
etal 1992). F72, BINBIZEAFELEER THHOIZ, FEEZ@E L CIHE2 5 HAR R A
K “Deep Water” (/Kift : < 1T, 345 :34.06~34.10) AMEH WA > T b, fE- T, FH
BIZBT L AKEROMY 77 v 7 b CHEEOMEE L UHARIE, EBAMIIEGH RSO
BKEBFT 5500, B OUERZK S HAFEAKDORKROZEL T, ZORBEDOF
HZLICIC L CHEBLFHNEES RTOIDOEEZONL, L Ledh, FOMERIIFRS
<, FLTC, HBEZIELO LT 2HABRRRIIBWTOMY 77 > 7 M BRI REFIZT
V=3 7% RITEFVDRTVWEY, FOEBERZELHLIZEA LSV (NacaTa
1993).

RIFFE T, FHld 2 BEENEG T L oFINBICE T, BKE, @Kk, »5030E
P, SSITHERE VDN TV 7T > 7 o e 0k ) aEHNNEZ RTOPEHS
MITAZETRMNE LA, Z0L) MBI, ki 77 > 7 b o BECHEER 2 HET
B LIZE-T, ME%&THARBEFRIZB T A2 KRBOFHELRP BB L CRBENAE N %
i 2 & EOFNLERMBI L EEZLND.

RSN, BAROIREI T BN 7w IR K EE BRI A I DR RIE DN
FHB DS 2L L B ES. $72, RawX O TRR & B 7z ALK EMF 7R B —
AIHERIEBRICGECLL DV ESHOBELRKT L.

il

MK EHE

AREFFRIE L 7oA, BIEEREEOKENI000 mD & 2 A ICF%E L7 (377 00N,
137" 14'E) (Fig. 1){2BWT, 199042 A 1 B2 519914 1 AS0H AT T, 2 ~ 4 A
24 DIREIZ X - TR/, WENFEIHAOKE X2 E % 2 (010 mmB & U70.35 mm) 2D
Ty PSR AR V8 y 74y b (TIfE 45 em, EEIOME 180 cm) 12X 5, KiE
500 mAr S RME TOHERFETH S, 1MIIOE2AELERD) B, RIFFEICH L 74
AF0I0 mmA Y 2D Fy MILBIREMTH A, ITNLOFEZERIE, HTL0%F 1S
N ) VRTINS L 7250 DA K EETFFER GO ) 12t L, #2T1/4&£3/4D2K
DF T TNCHE LT, OO 1/ 4T TV ERTRICH G A, (6
121372035 mmA v a - fy MK DRERARIFY 7T >0 b EHEOAE - FHEUIHV
7 (HirakawA et al. 19927 &7).

A At O ARSI D T, Hirakawa et al. (1992) 8 & O°Hirakawa and
IMamira (1993) IZFLHK S N TV 5.

BB OWTIRUTONEILL o7z, WD/ 4Ty TVERET AAL ) V=28
L, ZOFMEE EMICHEE L7 RIS, MR E D ELT 575, 20, £{ 05511
ml & 72130.5 mlz RS TH T A SRS F v >3 — (51 1986) (12F8 L, 128 LN L
LCT 27 b r&RESEOO%BE L7 3B 7 MEAERE (OLYMPUS CK) & H
W7zl HERAICIE, BER 10X EY 20X DL v AEHWTF o NN- DT R REL, B
DEMES & BB E T 72, 72721, MBSO TELWHEOBEIZE, Fv =
JEEFED 1 /10% MBI 72,



ELBECBI DM T T > 7 by OFELEAL —35—
COMBICLBEHT—5 &, Ay MBS NZEAGHC L 2 KEDT— 555,
WK 1 o472 ) Offatik Rz, 4B, WS SNARITEE, WIEEES L UBREIEEEIC
BT5bDTH- 7.
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Fig. 1. Map showing the location of Toyama Bay (left), and position of the present sampling station in
the central part of Toyama Bay (right). Bathymetric contours (200, 500, 1000 and 1200 m) in
Toyama Bay are also shown.

BRESUEE

1 M7 b RBRBOESHEL

199042 A 1 H2*519914F 1 A30H £ Tll24m 4 > 7)) ¥ 7 TROS NI T > 7 |k
Yid, MECHHERAECE Lo b 02 EOTCI220HHETHo72. TONRITEE
(diatoms) 767E, f¥EEHE (dinoflagellates)447#, FEEHETEE (silicoflagellates) 2 FTH o7z, =
NHED9) 5, 1MIIHED L)L THERETE A, &) THIIELANVETORELD
TERpol, E5\2, HFE CRESNZ1GMONFIIEEETOM, WHiERE43E, HEIE
2 TH o7 (Appendix 1). 1% v Ao BBFEEIR/NZ-7-01%, 1990426 A 3 HD
17FEC, #&AKI319904E12H 5 H D58FETH - 7= (Fig. 2).

2 YEMT T U b AARBEEDOEEHEL

WY 7 7 27~y oM (B, METE, BEEEEEOAE (Fig. 3)1F, &/H116X
10°cells/nf (19904 6 H15H) 2» 5 fix K1.60 X 10°cells/nt (19914F 1 B16H) & CTEILL, &
HHICEICA % (B~ FICE Do 7z, REREDPS0 mA S REAE TOHMEL TH->720OT
WY 7700 b OFEGHETHAHRBAETFOMBEERE L L TRENLEEOMEICHA~
T, RWFEOEFIID % D BN ENTHREHDEEZLITIE RO 2\,

SRMIC AL, HE, B EE, BEWEREO 3 SEFOBESEIEMIZ, S LUK
DVWTFNTRTH ZONETE L, BEOHTIEH.LH (Centrales) D b DA% - 72 (Fig. 4).
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Fig. 2. Seasonal variation in the species number of total phytoplankton assembly (bold line) including
diatoms (solid line) and dinoflagellates (dotted line) which were dominated in this order in
Toyama Bay observed during the period from February 1, 1990 to January 30, 1991.
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Fig. 3. Seasonal variation in the total number of phytoplankton cells m” including diatoms, dinoflagellates
and silicoflagellates in Toyama Bay observed in the period from February 1, 1990 to January 30,
1991.
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727201, 19904E 6 A 3 HICIXMMEEE b BEL L, 72, 1990458 1H, 6 H15H, 10H
2HBLUNA LI HICE, BEOPTHOLH XY B TIRE (Pennales) 238 5 L7z, 3 48R
ROFMHEZEHNT S L, HEIIELBKICS C CEICAWEIYED ), ot imiEEE
FEDSLIIPTTEVEBA A LN (Fig. 4). fiiy, BEHETEIIEEE & FAICE L Bk
o728, BEPLEICFZEHBE L7z, LHL, 2o ki, P LOEEIEEE
HABEOFHEILERLTWS EIZES 2., 8% 561E, ZOSEEOMILY 4 X13100
pmPLTFZOT, 010 mmA v ¥ 2ty MCTHRESNARY » 7WICHIR LML, flzid
FESKEICIRESNZEEICIIAY POHEZ VISR o 7RE LTRESNZDDOTH
0, BGHZERT 7 7 b CRERICHEEBEESFELTW/LELTY, @777 o &
B EEIE, HEHEEEEA Y MIEE» SR L2200y IVl RESI N
Mo REMNEZ LNENLTH A,
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Fig. 4. Seasonal variations in the number of cells m” of centric (top) and pennate (second top)
diatoms, dinoflagellates (second bottom) and silicoflagellates (bottom) in Toyama Bay observed
during the period from February 1, 1990 to January 30, 1991. Cell number is expressed on a
logarithmic scale.
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3 HWIEFMAHEMICLIHRBORRX S

BOLANVETERENEETSH > 22115MIC oW TE, Tk (1966), A%IEA (1966) %
ZEIZL T, TOMBFEN M H L7z, %0)4 )‘i D E, DM S A a iz
RO L9V RHTEEIX 5 L7z

(OE KAV 5 (Warm Oceanic Species @ LA FWOFE & 5297)

(OHEK M B AR (Warm Neritic Species @ ML TFTWNAE & 529)

B KA (Cold Oceanic Species © LLFCORE & 5297)

@ A 7R (Cold Neritic Species @ LU FCONFf & 5297)

®% o fh(Other specics | FAWMA LI AERY ¥ LV, HAHVIISAHEAHEETE

QY BEPS U%é@ﬂt%)*f Ehho 7o)

MW TT 7 N OHETIEERERETER L IIOUT, F7V—THOSHOMKE,
Fighds L ORI X BT L 72 (Figs. 5, 6). 72 f_ L, RIZHIT A& FDAFE (Varicty)
ik (Forma)ld, ZNHax & C1HEE LCETE L.

Bacteriastrum comosum & Bacteriastrum. comosum. v. hispida

Chaetoceros affine & Chaetoceros affine v. circinale

Chaetoceros didymum & Chaeloceros didymum v. anglica

Rhizosolenia alata & Rhizosolenia alata . indica

Ceratium carriense & Ceratium carviense v. volans 1. ceylanicum

Ceratium fusus & Cerativm fusus v. seta

Ceratium gibberum & Cerativm gibberum f. sinistrum

Ceratium lunula . brachyceros & Ceratium lunula f. megaceros

Ceratium macroceros & Ceratium macroceros v. gallicum

(1) FEEEfEE

FEE O AR (Fig. 5) @ 9 HOthers? %W 113199042 ~ 3 F, 6 ~7 1, 19914E 1 3

THhotz., T0HH2~3 FICEL7-0OthersOMEL, T RAEKRY ¥ U FONitzschia seriala,

Skeletonema costatum, Talassionema nitzschioides T, 6 ~7 I3 2D 3 ISz T

Rhizosolenia alatad % {, 1 A 213 5 Skeletonema costatumDIEH L 7=, FOMH [T

&, WOB XUWNHEIA% <, MK TEWNESH LY, £ L THETIEWORA 74 b

otz THUE, WEIRRSWOM Z ZHEATERL OO, 05 I3NFTERE & /i

TAHAEINB T TEY, FUETHMTEL2OEWNETHL I L AR LTWDLEER

LNb.,

T, COB L UCONHDE FIIEFNE C, FIZONMDA D LW E S P IZ 8 57,

INHDH L, CORMIGMEDHARBITER L, F7-ONMIXEEREOGREK t«H L7:d

DEBEENDLD, Fb i%ﬂ%ﬂmlllw@(*@ TH L2 HRBEAKZBEL T, &5

AR S R LZCBENRFKICE > TR SN TE 20D EEZHNL. ZRHD Il

DO —FD) LEINEICBWTEBRMEN L) VLo, WO HKGRAGKRD»S DL —

FNTHLEEZLN, 2O L), COMIZILE L TONMA D LD - ZBHTH L L HER S

Noh., T72, ARBEETLCOMDIENEG bl Lid, ZOHWMPEZLETHL I LEX

T ALALEZOLND

(2) whEET R

MR B L TR B s e s, CE LA S D LIS VwEEGY, B

BEO BRI TRFEEIIIEECOMMATHIE L v & v ) AR THE#M T - 72 (Fig. 6).
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Seasonal variations of the distributional group composition by number of cells (top) and by number
of species (bottom) of the diatom populations. Distributional groups are from top to bottom: Other
Species (white), Cold Oceanic Species (dot), Cold Neritic Species (mesh), Warm Oceanic Species
(horizontal line) and Warm Neritic Species (vertical line).
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Fig. 6. Seasonal variations of the distributional group composition by number of cells (top) and by number
of species (bottom) of the dinoflagellate populations. Distributional groups are from top to bottom:
Other Species (white), Cold Neritic Species (mesh), Warm Neritic Species (vertical line) and
Warm Oceanic Species (horizontal line).
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ZOZEiE, HARETEDORIA G ARTUICERIEEE O G RKEINEEA 1T L ALFIEL &
WZEIZLkBEbDTHD, ?-;UJ{'%@HHJWE«%??% I L TE RIS D & B & G2 T

VEWE W) ZEERRTHEDOTIE AV, T, WMEFEE TEWNE L ) WO s,
%%&téu%<,WN@iw%¢4x6ﬂubf#umﬁLt ST E ot ZOMR
bE7, HEOFHE/ Y — 2 LILE) SO TH o7z, 72721, WORILI9904E 3 A ik
ECHH L o7,

PLLEORERS, B S HinFHOFEMIE, BRI L 2w INUERTEO Protoperidinium
R ProrocentrumZa KO TH DO T, 010 mm A v ¥ 2 TR>FEIMIRES NG po 722 b %
ML Twad, Ry 7Tl EeEHECIH L2 E2 M EEFRRALBREL AT 5
Ceratiumh&TH ), T 530 10 mm® % v ]\ THRGHEINTLDEEZLNL. iEo
T, 010 mmA v MREY O TN BT Protoperidinium 2 Prorocentrum T IE
MK EIETE LwiITR ED, (,emtz/um};%', 2 & B ARBRIEREMEIZ0.10 mm A v B ERLEH
TIWTEEMTHALENZ D

4 FEEEOFER S

AL > THIUSICIMRT 2 S 75 > 7 b 2 Hild, ZoBERICX - T, BEH
HifE, BRALBURE, FRONBM, SFRLSE, MBI, FOUBAE, SmBE, B X OHS
Zti % sporadicti & L, A SHICHEMTTH I ENTE. DFIZZFDOHIZOWVTIERS,
DB BiE

Thalassiothriz frauenfeldii® £ 9 (ZEMZTHBELMHE S, HICHEBRLA2VERH - T
LIZEALORER DL ) OMIESHIRL720T, BZF5 CEINEIERES LT
TH» ) L HW &I D Nitzschia seriataX Thalassionema nitzschioides? & 9 % &b+
TIDy A4 7L L7

IDY AT, HMRBEEREORS LELECDEEENISREEND. FoduiE, HK
VEFMEREC & A Chaetoceros decipiens < Thalassiothriz longissimad A 5N7z. Tt 0FE
M EOGKBICRET 2 EEZLNL95, 7L TEREKOBEGBIEIZL > TEINE~EIE
n7boh, WEHKEANEELEZEINBEOFRGKEBLETCHMLTELLEDTHSLDNPDH]
FWXTE L., LaL, &K H:’ﬂ(iﬁfﬁﬁé(j decipiens?®, *TEEIE % 82 TRIHU O L

BICHEREICHB L2 L I3EIid 5.
OFFK R

19904£ 2 A2 H 4 HE T, BLUI990H 8 AH1I0HETCICHL AL 0y 1 7 L.
OFZ LB

199042 H720 6 7 H £ THkeaIC I IR L 7278, o I3 THilZ LAIE L o 7o ff
EIOYATELT.
@A B

1990 4 A7 510 A B LT, 5320 OH 2 F i iﬁfﬂb I 728, F
DD A IZIEH 7 D EEAICHIRLEE 0y 4 TE Lz, 208 4 T3k % <
Bz, BE L Lo 72 DEChaetoceros atlanticum & Odontella longicruris® 2 FiC#H -
72, RIEC. atlanticum ZHMFRIEG 2 G AKEAVERECH D, G OHASRISERFE L 720 @ & JEll
Enb.
Gfk L IR

1990 8 A HIA S TR Lz 2oy 4 7L L7,



— RTINS ¥ SR TS g

O Ktk

1990%E 5 H A 519914 1 H £ TREfMICHBI L 722 oy 4 TL L7z, 208 4 7iZidiE
KM%, MEEEORES R ELSEL SMEINS.
D% 1 BIE

19904E 12 H 2 5 19914F 1 H OWIBICH AR SNTHB Y, »2oZF0 L X OMIKEEIKE
Wol2bDEIDYATELI. TDF A TIIL, GIKVERET S 5 Chaetoceros debileds & O
C. radicans® 2 FEASFAR S 17z,
(®Sporadic i FH

e B A4 7 < (10" cells/m BLF), BOGSMWCHBL L -fA2 2Dy 4 7 & L7,

5 EBEIEOCFHAER

ARAFZelif AL C, —~ETORMW 7T > 7 N A HEROE LIS HE I T TOBELHE
W o ZZREOREINHE 250, HEHIBA L NGO T VT 7 Xy MEIZEER L7z,
THEOBELIZ 12T TH - 72,

(1) rEsH

Bacteriastrum hyalinum (Fig. 7 top)

AR, 15 (1966) 12 KU, HERRREICE DO TEBE S, AKIEH(1966) 12 XLl
HASE i T RENEIL i T AN EMMRT, 2% nl ahTnbd, REEZ KGR
MK L 7e.

EIETI, 6 2 MR %2 L7255, 19904F 4 H )20 519924 1 Hipa) ¥ CHE
L7z, Zhid, £BKRO LS4 ~9 )2 5mHA0A ~ 1 A)IcHibL 34, @b il
E, AT (Rl 5150~200 mFE T) DKL IFRIRA T A B (2 ~ 4 A
AICIEHBIL oz wv 2 5. Ml ECE R O i KAEIZ19904F 8 J130H @3.51 X 10" cells/ml
Thote, TORENIEE-ELRE, T2, 913 HITIE EhEE o7

Chaetoceros affine (Fig. 7 second top)

AR, LR (1966) 12 XU, HROWEDRFENEICEDLOTLLaATh LN, £
7z, %I (1966) 12 AU, A IEIER DL <, FRICIRETBIC S RIS BT A LR mBR K
MR L ST b, AR Z BRI L7,

BIRETIX, 19906 205 7 AoE 2k &, FHELMBL w2z, MIEEEEE <,
Z O KAEIE19904E 3 H17TH D261 X10 cellsym Th - 7. £/, 5 HUUHIEET T ¥ 7
NOBEEPCEEERE, 8 H30HIZIXHE JESM, 10H 2 HB L1015 IZIE5 EL
B o7-.

Chaetoceros atlanticum (Fig. 7 second bottom)

AR, B (1966) (2 K v, dbHAVEIET, HARHED ) < 2l KFEE o BRI
LRI S A, AR E O @ R R (L) £ TR s NS, F7o, K3 A (1966)
WX AU, BAE T ST Il o, S CRENZREIEERE L ST
WD AR 2 KPS RE L XS L 7

EINETREDPSE(6 ~10) ICIFEBE, L2 5K8020~5 )T THBIL 7.
M E R O 3 KABIE19904F 3 H17H 01.97X 10" cells/mi Td » 7. 19904F 2 A 1 HIZid
1.4X10°cells/m DB T En o 7285, BT 7 > 7 b Y EWD 5o 700K I
B EREE o7

Onwapa (1972) 1, 19697F |2 H A OFEE3Hi 2 31-X, 2 A OMEE T, C alanticum?)’
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KR 5300 mT TEL L2 RRTWS, T2, FEI0FICIE, HABO50 mEAZEICHIH
L, 451290~100 mOE S HBERBEO S OHLTH 5 LHREL T 5. RHEE, dLHORAR
BEAGKORREREL L, ZIHPLEICAP) ICONTREICL DRVGROH % 5
BELTOATLIIDOLHEEINS. RIFEICBWT, AEDSREBKIBIREKIZZ 2 LUEO,
100~200 mf& |2 A BRI ARIFE OB KRS T X0 L T L - EFER2A~2 )b E
WEICHB L7201, ZOGEESKOTRET 205200 mEUEICHFET 2EKFITHA LT
W72b D%, 500mASDEREREICL o TREINLLDEEZLNS,
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Fig. 7. Seasonal variations in number of cells m” of Bacteriastrum hyalinum (top), Chaetoceros
affine (second top), Chaetoceros atlanticum (second bottom) and Chaetoceros coarctatum
(bottom) in Toyama Bay observed during the period from February 1, 1990 to January 30,
1991. Cell number is expressed on a logarithmic scale.
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Chaetoceros coarctatum (Fig. 7 bottom)

Z’Sﬁfi UJE%(1966) L, BT E B TH LY, eI oML, HAR

WO BT 5. £72, AKkiEA(1966) 12 X iuid, HAT T BRI S VWA
Wﬂﬂf LA C, EEOERN 2 BEIREMR L SN Tw L. AR 2 BRRIEINERIC
XLz,

BB TIEIHERERRPRALIZLO D990 7 Ao B LIZ LD, FEAIEEITH
TR ET 2 BRI AT (19914F 1 J1) £ CHRE 7z B o & AiiE 19904 8 H 30
Ho1.21X10"cells/m THh -7z, 7T HITHIZWE &M 7T > 7 b V@ id Th o 720
T, RGP UNRBI L 22> 72571 X107cells/nl), &HETOH—ELfEE -7

Chaetoceros compressum (Fig. 8 top)

AR, L& (1966) 12 LA, B o diRE TR oA L, MBI @EICET D & Sh,
H%NE A (1966) 12 L AUE, NARIETIdE b ILEIIZ A 2O —D L SN Twah. K
2 W AR PRI AR L2 X L7,

FURETE, 199042 0B L 07 HZBRWCRERBR L, MBI O R EIZ19904F 3
H17TH?3.73X 10" cells/mi TH -~ 7=, 1990 6 H 3 HIZid, MRLEEIL A 0991256 cells/m 12
TELMoTN, EMWMTT 7 BB TL Lol B S FELHE o7

Chaetoceros curvisetum (Fig. 8 second top)

ARFELL, 1115 (1966) 12 L AUIIEHARRIET, NARBTIIEKICEIET L & SR, L%l
A (1966) 12 L AU, RN, WAL AL, SFIIEEICILWE SRTw A, AL
KPR AR X L7z,

BINETIE, 6~ 8 IO /KiEil =k CHIMIC MBI L 72, 72720, 5 HE9IWo, %
OUNIIIICE, —HERICHRE S N h o 72 MITECHEE O R EIZ 19904 3 [117H 06.30 X
w%ﬂvﬁf%ot.:ﬂ;)%mﬁﬁww‘%Vﬁﬂ%%ﬁBﬂMHHﬁXw%dwﬁﬂﬂi
LR, 10H15H (1.3X 10" cells/m ) (TS LA & 7 o 72,

Chaetoceros decipiens (Fig. 8 second bottom)

AL, U1 (1966) 12 LA, R B & OUGRYEC, TRMNBICRO TEET, Kallh
HL, FFIZEAFIISZWEREEN TV A, T/, EIFH1966) 12 L, ma'% IR

SATE BINENE, DOWKERTSH 2 L SN Tw D, AL G AV ERIZ X L 7.

SINETEHTHRBEL, AREPRES LD 72013199006 B 9 LD 27T T
B o7z, FREEIE O R KEIE19904F 3 H 17109538 X 10" cells/m Td - 72, 19904 2 J114
H, 2/Ji281, 8H1NOBLTI2A 5 Mz —=# 58, 4730, 471600, 5A10B
FOS5 JAMITIZSE ELTEE -7,

Chaetoceros didymum (Fig. 8 bottom)

AL, HBR(1966) 12 L iid, SilfET, BHOMRENEBICE®BICET S, /2, ki3
A (1966) 12 L AU, ek, W RET, HARETIRIRROCE L 1 5 s TR
%<,%ﬁ%@ﬁ@*9&éﬂf“%.@ﬁ%%*@@F@LEFLL

BB CIEIBEEEBRHE L7225, 5 ~100 oAz izmaLss <, o8 A Ta~114
FAIZIE, Libi%%éft otz MEE L O RARMEIZ1990F 3 J1171106.31 X 10"
cellsymMTHh Y, ZORIIZIIEZFELTEE o 7o,

Chaetoceros didymum v. anglzﬁca (Fig. 9 top)

AR, HER(1966) 12 L AU, TRIRPET, ENEBISEEICET . it,%&i#ﬂ%&

LA, R, BT, H AT B R L R T s L Y S



BUBICBII W TS v 7 N v OFFHEAL —45—

10 1
10° 1
10} 1

g ~

z " 10¢

-

wn 3

© 102
10
0

$o

3 E

§ 2

S 3

S

@ D

2 EF

Q

S 2

S

s 0

§E

T2

=S

SR

Fig. 8. Seasonal variations in number of cells m”of Chaetoceros compressum (top), Chaetoceros curvisetum
(second top), Chaetoceros decipiens (second bottom) and Chaetoceros didymum (bottom)
in Toyama Bay observed during the period from February 1, 1990 to January 30, 1991. Cell
number is expressed on a logarithmic scale.

EENTVD, HEoT, ZOMIIARL SITEAREINEEEL TRELIAHTHDEH, KL
TIEC. didymum & &8 T e D ICBKEREREICX S L.

BIETI, HERKKPERTAEAKATHE7TALLLIIPTTHIET S L L 1T,
RIEKEHTHH 3 ~4 A6 5 HICO ML 72, MEEEORKMEILX, 199048 A 1 H
D259%10 cells/i TH Y, H—EEHE o 72, WO THEHEN D %20 >728 H20H (983
cells/m) BX Uh i ) HBEDN S >7-8 H30H (227X 10" cells/mt) 12d, & HICHEEL
e ol
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Chaetoceros lorenzianum (Fig. 9 second top)

AL, LG (1966) 12 K AU, BHEGEMET, MEICAKZEICLBT 2 EEofe sh, £
72, KN (1966) 12 K AU, R, BT LT, 0T CIEFENICERZ <,
FEFIRLAN D W DA S HET 5 L SNT WD, KHE 2 BRI EREIC X5 L7,

A TR A S @ NI 2T TD19904F 7 A A 519914F 1 A T L, £
DREDWEHI AT S e dp o 720 M ECHE O AKEIZ19904F 8 H 1 H 1,14 X 10" cells/nt
Thotz. TOHBIUI990F 7 H171H (488 cells/ml) (& 55 #EdifE, 8 H201H (878 cells/ni)
B L1 15H (986 cells/m) 1 AX 5 =B E & %o 72,

Guinardia flaccida (Fig. 9 second bottom)

AR, [HEE(1966) 12 & AUE, BEORFERINEICIAC i b L3, £/, LI,
(1966) |2 & AU, IRPERRKIET, HAGTE TS b /HEIC S T@ o Bl & sh
TWwh, A& AR R X5 L7,

EHIEICBU A EHPEERC lovenzianum EFREL TW DAY, HIEFBEIIT S 512
¥, ERKIRAE MR &I %5 8 A S WMBL LGS T, 19914 1 A Fa £ THBIL 7.
B8 B DR KA IE 19904 8 301 95.59X10° cells/ni Tdh - 72, 9 A 3 H (627 cells/ni)
BLU9HITH (819 cells/m) |ZAIIMBE I DB o 7285, et 77 > 7 b AR OE =
EHEE 25 7

Nitzschia seriata (Fig. 9 bottom)

AR, IS (1966) 12 L AU, IFENEYET, BRAKED O G REE &I R OMmEIZET
HEIN, T/, AKIEA(1966) 12 X AUE, FEFNEIEE STV L. AR ZIEKED 5%
AIED W I3 SIS F THed TIE 3 Ai$ 5782 % 7 2 v 7 (panthalassic) f, 3 7 b
5 0thersiZ X4 L 7z,

AT, 6 ~7HICHE LTRESA VI LD -7-000, [ JITFHERR L.
MBS AR RI A 7% SRR S Em A W S 7z, M ECR O KB I3 iR X
Kl Td 519904 3 H17THIZW S, £ Of#HIZ7.01X10" cells/ml TH -7z, 2 H28H (4.12X
10" cells/m) B L T3 HI7THIZIE 5 L, 4 H16H (1.50X 10" cells/ml) {1355 = 85 7 &
ol

Odontella longicruris (=Biddulphia longicruris) (Fig. 10 top)

AR, (B (1966) (2 & AU, iy=iFlErET, SHMTHERICET S L3N, £, HKkid
7> (1966) 12 K AU, Rk, R v LHEAG T, HALETIEEHORFICHEBIT 2 &
ENT WD, AN & KPR ARSI L7z,

HILEIIBTAUBUIIOALBEREDO 4 AEFTICROATEY, L HhDHIF12~ 3 ADoK
T LR AT L T 7o, AR O s RAEIE19904F 1 116 H 06.39X 10" cells/m
B, B OELEEE o7 1990E12H 5 H (5.66 X107 cells/nt) (21X 55— 4 f#, 1991 1
H30H (1.63X 10" cells/m ) (255 M ff & 72 o 72,

Rhizosolenia alata (Fig. 10 second top)

AR, (B (1966) 12 & AU, ASRIBEAINEIETH 225012 Z CEL, ANRET
WEEFIZLHWE SN, HKIEAH1966) 12 XU, i, YHEEDICHIIL, HATETIZE
Wiz, FELTHEBAKCZOWAHBKCL NN ESNDL, AL/ 8Ty V8, §
% H0thersiZ[X 55 L 7.

A TOHRBUIBEARMIZR S 1, 19904F 6 ~ 12 IR E Sz, MR Z ORI
19904 7 J1 2 HD1.09X 10 cells/m TH 1), TOHEREEFOE - BELEE Lo/, ZOX
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DIREHTH A 7 AITHOHBRE IO T % 7o 7205275 cells/nd), &7 F >~ 7 b
YEDDLPoloOll, KEIIESELEE ko7,

Skeletonema costatum (Fig. 10 second bottom)

AL, 1LU#E(1966) 12 X iuE, HFEHOTENEICFERBRO TEHEICHIIT 2 %L
ENTWAD, F/, AKIFAHA1966) 12 XL, BREETOMITIILL, BATETITHRERH
BOWLEZAIILEL, BE TR, HMTREMLZVE SN TWE. RELH
FEIAERTY) ¥ UHE, 97 bE0thersiZX5 L7z,

C. d. v. anglica
(cells/m*)

C. lorenzianum
(cells/ m?®)

G. flaccida
(cells/m ®)

N. seriata
(cells/m?*)

Month

Fig. 9. Seasonal variations in number of cells m* of Chaetoceros didymum v. anglica (top), Chaetoceros
lorenzianum (second top), Guinardia flaccida (second bottom) and Nitzschia seriata (bottom)
in Toyama Bay observed during the period from February 1, 1990 to January 30, 1991. Cell number
is expressed on a logarithmic scale.
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BIHETIEINOF8 HIZ1EL & RRESN -l 2l s, HFERBRL. &
g RS A- LG B 4 B a7 SR A6 £ 5 10 #9040 £ TOHBLE L1000 cells/m A
T&¢&<,ﬂﬁ@ﬁ%@1~3ﬂ’imkmyﬁ%ﬁzé%wM%ﬁLt.it,w%#
10A 2 b —IFAYIZ10 cells/m 2\ R BIEE S 7z, MR ECH L O A IZ19904F 1 /]
161112134 X 10" cells/m (232 L, T OMEEIAMIE BRI h 2y 7 7 > 7 b > iz
CTORKETE H -7, AMORBEIIES <, 199042 71 1 H2 5 4 1] 3 HOM, 6
A3 HBLUI91F 1 B16H 121383 5%, 19904F9 A17H B L OT1HI5H 2135 —E5
i, 19904 H3H, 6 HIGHNBLUIIH 1 HICIEIE ZBELEE -7

Thelassionema niteschioides (Fig. 10 bottom)

AL, 1% (1966) 12 ﬂd SO ZRIFZ %ﬁb,ﬂ$Lﬁ®mﬁW@t%bbT¥
WS, o, A BRI WA L & SN TWah, KT (1966) (2 S AU, iR
B BT 2 Sl éfﬂfwé AR TR ¥ /ﬁ F 7% b H0therstZ[X 55 L7z

ARG 7272 1 M OFFE (199078 1) & BT, %’llli’%“ IFHAHI L. BRREEES
costatum EFPLL ) i EMICE (, B v F s BH TH - 7. Ml rE
D RAAIZ19904 2 H28H 0)1.29><101cous/mf§m 72. 19904F- 6 JT115H (451 cells/m ) 121356
BT, Z}MuulmxwuﬂwmvbiwmﬂZEM&me%mwﬁMui%;@ﬁﬁ,
5H 1 H (128 cells/m) (21355 =185 & 7o 72,

Thalassiothrix frauenfeldii (Fig. 11 top)

AFRI, LB (1966) 12 K AUE, AV, KINEE, 4 ¥ N, Moz s T,
L, HARBONE "Plﬂm LREBIIBOTEWESINL, T/, EITH(1966)
W EAUE, BT, AR TSN S L SN TS, AR 2 AP R X
srL7e.

FILE TR BIA IR Y — RO b, BIZHLEICH > TEHEERE» - 7.
MR RS, HRICTREM~ZE R DL, 1 ~2 B L0505 ~7FIZWd L7z, il
BLawvEw) ZEid—d hho7z, MlEEREORAMEIZI9914: 1 16 H 04.42X10"
(:ells/mf%o f_. 1990424 A 3825 5H 1 HOM, 81200, BLUPIHIH”»S11H
15H@ﬁﬂ Z 5, 6 A3SH”ST7TA2HDM, llﬂ 1 H, BXUI19914F 1 H30H 12

Mgfﬁrt:ﬁg 19902 1 1 HB L U19914F 1 J16H IS = s 2 - 70,
Thalassiothrix longissima (Fig. 11 second top)

AR, 1 (1966) 1 L dud, YREEARET, dEARSEE, dERTEE, dbilicii < )\rf W25
L, HARZH T i‘(.ﬂkﬁﬂ WEIZEONL L SN TS, IEA(1966) 12 L, i
PO ER CIHBIZSA T 5725, FFICEETIRFENHT LI EFHLE SN T, K
A A AR KA F FL 7.

B TERERED SWIREH IR L 00, BRI LETEH B8, i

D DBERECTERAE S MR B O R A IX19904:11 /] 1 H 2.32X10"cells/m T V)
NEOR-FMEY I T R

7B, NistiMURA(1969) 1E, HAHED FHYLES 2> & B BRI 201 )LTf%‘i;@fﬂU)(‘os*('modiscm
wailesii AP HAEFITPTTEBRL, HRBIZBUT 27V — 3 2 7O YA L 74
:&%%E‘&Lﬁbf:. LALGA e, KFETlE, C walesiild &7 7 ~ VihCT& - 7§
(2~ 5 AV AT B AN S 0 - 7227 (Fig. 11 second bottom), 1 ~ 3.0 &5
Eidhshhor.
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Ceratium lunula f. brachyceros (Fig. 11 bottom)

AFEE, 10 (1966) 12 LA, BEYNENT, BAREEBOBRAKBICE T S L nwbTwna,
A & B KPS NERE 2 X5 L 7z,

MR B OB KAEIZ19904E 7 A 2 HD64.6 cells/mi TH Y, CORICE=FLHEE >
7o, ZOMIIAMENMEZELTCIOHIC L BB L Ero7z. 72, BEEEEOHED I B

Fig. 10.
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Month

Seasonal variations in number of cells m*of Odontella longicruris (top), Rhizosolenia alata
(second top), Skeletonema costatum (second bottom) and Thalassionema mitzschioides
(bottom) in Toyama Bay observed during the period from February 1, 1990 to January 30, 1991.
Cell number is expressed on a logarithmic scale.
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Seasonal variations in number of cells m”® of Thalassiothrix Sfrauenfeldii (top),

Thalassiothriz longissima (second top), Coscinodiscus wailesii (second bottom) and
Ceratium lunula f. brachyceros (bottom) in Toyama Bay observed during the period from
February 1, 1990 to January 30, 1991. Cell number is expressed on a logarithmic scale.
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Appendix 1. Cell number (per m) of total phytoplankton assembly including diatom, dinoflagellates
and silicoflagellates in Toyama Bay observed in the period from February 1, 1990 to
January 30, 1991
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5.8 3.5 52.8 552.4 3.0

67,0 Odontel la moblliensis
Odontel la pulchella

842.8 45.8| Odontella sinensis
Planktoniella so!
Rhizosolenia alata
Rhizosolenia slata f. indica
Rhizosolenia bergoni|
Rhizosolenia calcaravis
Rhizosolenla castracanei
Rhizosolenia cylindrus
Rhizosolenla fragllissima
Rhizosolenia hebetata f. seaispina
Rhizosolenia robusta
Rhizosolenla setigera
Rhizosolenia stolterfothi!
Rhizosolenia styliforais
Skeletonesa costatum
Stephanopyx|s palmeriana
Thalasslosira declpens
Thalessiosira sp.

10904.0 274.5 2188.8 171, 780.8 134.4 68.3 46.2 820.8
5.1 42.7 102.6 . 138.8 25.6
. 312.3 96.0 32.5 100.5
102.6 N 9.8 150.8
10.2 36.6 121.5 6.5

26.0 134.0
399.3 624.6 44.8 29.3 36,31
6.8 12.2 82.5
1.7 6.1 273.6 150,

134.0

7705.0

7.2 .8 _1710.0 39,9 19,2 10855 32.

S
COUNT

11036.6]  2281,.4] 60123.6 25681 134321 S740.8  7640.9 08.7] 74721,9] 6718.2
12,0 16,0 15,0 24,0 21, i8. 23.0 19,0 21,0 25.0]

23-¢ 29-6 23-8 25-10 29-12 29-14 23-16 2%-18 29-20 19-2 19-4 19-6 19-8 19-10 |NO
1.2 .17 8.1 8.20 8.30 8.3 9.17 10.2 10.15 1.1 11,15 12.5 1.16 1.30  |DAY
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69.4 58.5 82.5 2680.0 222.0 20.4 104.0 B849.4 994.3] Asterionetia glacialis
6.6 6.4 Campylosira cymbelliforais
85.8 19.2 26.0 Denticulopsis marina
34.7 Navicula sp.
Nitzschia grunowii
34.0 33.0 1873.8 32.0 84.5 9.9 837.5 44.4 61.2 65.0 1505.0 91.5| Nitzschia seriata
274.5] _32832.0 26.4 5205 409.6 39.0 9.9 1708.5 731.8 401.2 377.0 993.3 Nitzschia sp.
19.8 7.4 Pleurosigea elongatum
6.8 26.0 60.2 6.1] Pleurosigea intersedius
6. 1 Pseudoeunot|a dolliolus
57. 12,2 138.5 §71.6 192.0 351.0 24222 407.0 40.8 162.5 6230.7 115.8] Thalassioneas nitzschioides
23, 12.2 13.2 51.2 2316.2 428.4 247.0 120.2 30.5] Thalassiothrix fongissina
88. 4.4 478.8 1623.6 5829.6 2041.6 B675.5 4953.3 B635,8 4154.8 3419.0] 44216.8 1744.6| Thalassiothrix fravenfeldii
|
210.8 323.3] 33310.8 1947.0 9299.6 2752.0 7234.5 TAT7.8] 534255 12424,5 5113.6 4400.5] 61975.7 2982, 9|SM
5.0 4.0 2.0 8.0 6.0 7.0 6.0 5.0 6.0 7.0 7. 1.0 7.0 6.0]COUNT
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Ceratium arietinue

75.0

217.8

52.0

12.4

21.0]
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Ceratiua deflexus

Ceratius furca

Coratius fusus
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3.3
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29-4 29-6 29-8 25-10 29-12 23-14 29-16 29-18 29-20 19-2 19-4 19-6 13-8 19-10  |NO
7.2 77 8,1 8.20 8.30 $.3 9,17 10,2 10.15 11,1 11,15 12,5 1.16 1.30 |DAY
Di

20,4 18,3 33.0 6.4 30.1 18.3| Ceratius arietinua
13.2 13.0 14.8 6.8 13.0 Cerat|um belone

3.4 Ceratium breve

Ceratius bucephalus

1.4 Ceratius carriense

32,8 Ceratium carriense v. volans f. cey

6.8 26.0 Ceratium contrtus

34,7 32,0 2,5 3.3 100.5 34.0 60.2 Ceratiuan deflexun

7.4
284 ] 33.5 14.8 Ceratiua furca
3.4 42,7 205,2 1452 138.8 32,0 13.2 301.5 170.2 156.4 45.5 120.4 6.1] Ceratium fusus

201.5
Ceratiue fusus v. seta

13,6 Ceratlus glbberus

10.2 24.4 [ X3 34,7 14.8 5.8 13,0 Cerstium gibberus f. sinistrum
Ceratium gracile

Ceratiun gravidum

Ceratiue intermedium

109.8 6.4 34.0 Ceratium infiexus

12,2 68.4 6.6 167.5 1.4 13.0 Ceratlum kofoidii

12.2 Ceratium longissimua
Ceratium lunula f. brachyceros

Ceratium lunula f. megacerous

o
Sl
i

125.4 [N 256,0 08.0 268.0 14.8 64,4 136,5 90.3 24.4] Ceratium macroceros

1
T 8.8 Ceratiua macroceros ver. gallicus

34,7 Ceratius massiliense

26.5 Ceratius molle

Ceratius paleatus v. ranipes

34,7 Ceratium pentagonu

[ 3] Ceratium pulchel lun

6.5 Ceratium reticulatus v. spiralis

Ceratium schaldti

13.0 Ceratium sumatranue

16.2 140.3 205.2 Ceratium tenua

[EN] 693.0 Ceratiuam trichoceros
34,7 19.2 110.5 100.5] 29,6 51,2 ll.g 6.1] Ceratium tripos typica
Ceratium vulter v, tenue
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30.6 91.5 68.4

=

138.8 108.8 5 6.8 Ceratocorys arsatus

|3

0
.5 Dinophysis forti|

Dinophysis ovum

1118.0 18.3 435.5 81.4 163,2 331.5 152.5 Prorocentrum sp.

Protoperidiniua bidentatus

4.2 54.9 72.6 34,7 44.8 110.5 167, 51.8 47 78.0 30.1 48.8] Protoperidinius depressus

Protoperidiniua divargens

Protoperidiniua granda

Protoperidinium granii

1574.5' 414.4 1.2 787.0 495,
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7.2 2.17 8.20 8.30 9.3 8.17 10. 15 1.1 15,15 12.5 DAY

N [H] . . 10.2 . 1.16 1.30
11516.0 3284.0] 94533.0 8771.4] 144661.6 9036.8] 17156.9 71244 8] 131028 4| 195656 14916.6] 25396.3] 1602558.3] 13236 4|SUM
29.0 31.0 23.0, 4“0 37.0 35.0 42.0 29.0 43.0 4.0 49.0 58.0 47.0 43.0|COUNT






