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Abstract

Diel vertical migration of Protogonyaulax caienella was observed in Tanabe Bay, Wakayama
Prefecture, central Japan, during the spring blooms in 1984 and 1985. In 1984, this species
swarmed at the surface in the daytime at a density more than 5.0X10° cells<1™! (max. more than
1.0x10°% cells*17") and evenly scattered into the water column at might, though swarms appeared
sometimes in the bottom layer. Such a diel fluctuation of the vertical distribution was supported
by that of chlorophyll a. The surface swarming ‘in the daytime was alsc observed in 1985 at
densities of 3x10"-1Xx10° cells:17! in the surface layer, 3x10%-3x10* cells<1™* in the middle layer
and 3% 10% cellsel™! in the bottom layer, while they scattered almost equally into the whole water
column at night. Daytime occurrence of this species at the surface, which has a light intensity
more than 10'Ix (max. 1.2X10°Ix), indicates to be different in light preference from a related
species Proiogonyaulax tamarensis which prefer to dim light below 5x10%1x. The upward mig-
ration started before sunrise and the downward migration occurred prior to sunset. Long chain
colonies (4-8 cells) migrated more actively to deeper layer than solitary cells. The migration
velocity was calculated to be 1.66 m-h™' toward the surface and 2.5m-h™' downward, which
are nearly equal to those obtained in Gonyaulax polyedra and Cachonina niei.

Protogonyaulazx catenelle (WHEDON & KOFOID) TAYLOR WRFEHADRRE CLEE K AL TKD,
BZzHIE5 2T T, LIELIERNLYER (T4A 1979, /TP 1985) LT, HaZRTI L4155
(CeaTa & KopamMa 1986). AR THHAMBEBOEREHERO—2 L LTAEBOERY Tbh Ty

5 (TAiEA 1986). BHEIEOE S, BBILRE LTRERSEBECAH T 28280 CRERXETTS

Z tﬁx%i‘]&?‘z biva s, TDizdicid, ??%%0)% ENTEOERE I THLILENRE A,

— TR B RRERE AT, BRREBCARL, HERERBRRBEH 75 L8HLRTHS
(ErPLEY et al. 1968, Hi{{ 1982, YamocHi & ABE 1984, ANDERSON & STOLZENBACH 1985). iz, &
M, EFCERITCSMGd 5 KRy AHTMORAD B L b AEF L0 HBREZL LTS (EPPLEY et
al. 1968, EpPPLEY & HARRISON 1975, y5:JiZAs 1982, moad o &l 1984).

FEHFWEROIELS OMTLBBEIE C P caienella DHBAEEA AT HHBEYT- T8, £0O—
BLLUTERICET3MESHICDONWTOHAENE RO THET 5.
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Fig. 1. Sampling stations (1-4) at Uchinoura in Tanabe Bay.

7z, B&ARIZO, 1, 3,5, 7, 10mE#ELIScm®D 7 BT, 10mBE ClR/VY F— VAR T, #E_F15cm
BRAEIInmD Y a v8BF - —TEZRAWE Y FAIc X BRFIFRT, BAEYT-7k. BEERE LTIRKD
FHEOWTERLThOAETHE LK. bbb, KREBERKBRER, 55 (F— 5788y ) /A4~
£—=), KPRE (£rFo bk y b=—#M LMD-8AR), BAEREE DO, v v 55— TUkF
PUYLER), NH-N ([ Y F7 2/ —AERE), NO~N (97 /b)), NO>-N (Cd # 5 &1k NOs
NICBT), POsP (A F) w25V Ker—YUXHE), /007 4L a (BAEERE) ETh5.

19854Fic it 5 R15H D126, 228, 16 B 13 Bk 5 F22H D148 304y, 228k L OF23E D 128ic St. 2, 3,
4D3FEA/AT (Fig. 1), K, HLHE P. catenella OEMBERERAI Uiz, A0 EREARE L AN, 0, 1,
35, 7 W0m, I, BEL lm O7TETT-7/k.

P. catenelle 7D\ T3 1984 EQRECRER Pt Ar<Y v (1% kK F M)y CEEL, BfEeFIEK
Iml POEEEE EEBES L OMBEICOWTHE L. Ei, 198513k Lz 200 ml 2 FE 5#m
D7 4 nsE—%GERL, EAHEHCLD 10~30ml CBELAEDS, 1ml hoMIRE LS L.

& g -
1. 1945 0BERES
P. caienclla, 7 mo7 (v o LAPREORENTTOHES Y Fig. 2 WRT. P. catenella 12 5 R21H D19
FZOETRERT 5X10° cells-1™! LIk, R, 15~17 BICIZEEMET 1.0X10° cellsel™! Ll ED4H 2T
Lic. 1700 D2O0RIC 0 CREBOBERSOH LikD, F~EBICHE-» TFEL Tz, 20~24R1c i B~E
EBE DR ANTIEY—ITin » 7203, BEBMHEIIE 3X10°~5X10° cells- I OBABHEL, R~HE LD 0%
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Fig. 2. Changes in vertical profiles of cell density of Protogonyaulax catenella
(upper), chlorophyll a (middle) and light intensity (lower) at St. 1 in Tanabe
Bay from 21 to 22 May 1984.

BWARERLRE. 2B A0 0B Hchd TREBCHAT LA LED, ZAOATCRBUIEEAD, BEBLD
bBRETATEET L.

/om0 el 2l AOEPIREES 15 pgel™t LIE (BK 36.6pg-l™), o Bas 5~10 pgel™, & JB 2%
§ugl™ LT Chote. 188 Smb 15, 20 pgel™ OZEGHSHEMEE CFD, KB FTREHORITST
WA Fiz, WEIREBR 5~10 pg-l™! TiEH I - 2. ﬂ

Bif, RETCOMEREER 1.2X10x k&L, P~ER THERHLLL 100z U LoEETRLL. RED .
REFRATE UMD 5BOWEIR 300~5001x TH D, ik, LRRPDTMOBHN LEE - Tk,

BN & BB BT L ORESFOWE Y Fig. 3 KFT. HoUzBEME, BEHEBLL QCRBREL S
WL, F~EBTHmb-i. ITRHIAnbRVTFRGF~EBICH» THE L Tz, 4-8 MIREHETET
RBEECEZT, BLLTHEHLTCWALITREAELL. 1I9~URC A BB Atk 48
ARIEE - Toieh, BEFETREBOFBE~FTE LD DIEL AT L T,

FREARIIZE 18.7~20.3°C, EEAE (10m B) 1& 18.8~19.3°C ¢, BE~EBHOXBEZRH 1.0°C ©H
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Fig. 3. Changes in vertical profiles of density of solitary cell (upper), 2-3 cells
colony (middle) and 4-8 cells colony (lower) of Protogonyaulax catenella
at St. 1 in Tanabe Bay from 21 to 22 May 1984,

-7 HAIEREA 34.00 LT, EEAS 34.20 LLECHEBL T (Fig. 4).
SRISEID 5 B NH-N 12 0.11~2.25 pg at-l™! TR N O bt BEbZEho72. 2035, 21H17ES

DX TOLFLEMOP~ERF TR 0.5ug at-lI™ LT TR0 o 2. NO-N & NO,- NiZ& 4% 0,17 ug at
7V DT E 0.00~0.60 pg ate1™' THEM A<, Fi2, PO~P 0.06~0.30 pg at-17 cHSP, BEE b=
~EEHTOERBE DL bhicd- e (Fig.5).
2. 198D EHARR

REARIZ 20.3~21.8°C, EFARIL 17.2~19.6°C T, B~EBMOKBZIZ5H 15 528 1 3~2. 6°C,
16H 2% 3.56~8.9°C Th -7z (Fig. 6, tE). HWAMIIEE TIRISE A 30.00 LT, 16845 31. 60~32. 00 Ty
HEBERDIMEL TR E B I 33.40~34.10 THHE & & K E Tz - 7o (Fig. 6, TB). —%#, P.
catenellz 15 AISHD 12BICIZEBA 3.0X 1041, 0X 10° cells<1™* THHOHLT, PBTIE 3.0X100~
3.0X10% cells=1™, F7z, EETIE 3.0x10%cells 1! L Ficiry, R ETETECAHTL Tk, 22 HSEE S
~ERLD 10 cells IV UTIRAD, BRICENBEES T, Lind, 2B —1c - T, ZBHDISEIC
RBRB2 1.0X10*~3.0X 10 cells"1™ T, ATHDHPIR <2 &2 5 425 5 7225, P~ERLDDBLISHL
Tvz (Fig. 6, LB,
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Fig. 4. Changes in vertical profiles of water temperature (upper) and
salinity (lower) at St. 1 in Tanabe Bay from 21 to 22 May 1984.

P

5 H22, 23BDAHR, HirL P. catenella OREMESH% Fig. 7 WWiRT. REAEIZ 20.5~22.0°C,
f=, EEAGRIZ22HICIZ 19.0~20.0°C, 23813 St. 32319°C &, 7z, St. 2, 4 TR 17°C &I - T,
F~EFEOKEZIL22EITIE 1.65~2.5°C, 23HICIL 2.5~4.5°C Th - 7z. HAIREBEH 29.60~32.50, &
JB12220 D14R30511T 12335, 2Z2HICIIMETH -2, T, 23 O128CIE St. 3 25 33.70~33.80 TH 2D
KHRLT, St 2, 4 TiE 34.40~34.50 THE L AR EARCERZD bk, P catenella 1322814305
IZEEMN 9.0x10'~1.5X10°cells-1™" THERBEL, B, BEECRBLLCS M- Tz, 228CiIE 4~8m
Bt 3.0%X10'~1.0x 10% cells-l™ TEHIEL 7r - Tz, 23H12EHTIZREA 4.2X10%~1. 5% 10° cells-1™! ¢
BEbia<, b, BEBTIE St. 3 K< & 103 10 cells l™ OF—&—TH- 2.

E 2=

—sEAOERBER (Fig. 2) RciThbi, KE, Bo0RESFOHEE (Fig. 4) »bRKBO K&
EENE A b DEEZBND. TDLSEBT, P catenella DERELYRICH B ARELRTD Bk,
S HEOFERHG A O L AREBOLBIMCETRTL IO TN B Lo bnThS. COBDT S VY
F BB P ocatenells BMEELTEY, ooz a OEL Fig. 2) b6 5EEOABRNEBREORRE
REMTBNS. .

L, —EA BT 38R TRAROBE RS ORI —BE2 8 CEAVWIT B B EL 50T,
1985 AT L EHE 3 BAT, ABORESHFLOVWTEHART - 2. TOFE, HhRWVWIFhd P cate
nelle WEBTBRBRAEL Cnie. —7F, WEWE 5 A15, 16 B (Fig. 6) WiEBLA~EE COMEECE
WIS A, 2B L ThWE. §5H22 238 (Fig.7) KIRBERD 4~8m BRBE- Thie. ZOREBDOK
B, E412 8500 4~8m BOMIER L Tink. DT L P catenella BB 4~8m BBE L T»

el EBRBL TS,
D 2EDEEREIE P ocatenella H—ERDOEREAATAHONRIZL I RBROBEH ®T- TWBT L2
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Fig. 5. Changes in vertical profiles of inorganic nitrogen (upper 3) and
phosphorus (lower) at St. 1 in Tanabe Bay from 21 to 22 May 1984.

B9 2bDTHY, P catenclla bEKRINCIE Chaitonella antigue (FA + 0 1984) ® Heterosigma aba-
shiwo (YAMOCHI & ABE 1984) L EERABRNEBD X LTWELWVL LS. K, BEOSHEIE,»L
BFLBALTRAV. SO LRAED B HB BRECHL 4 - TiIbRB DD THNE LA RL T
5. COREELTREYE, (WENXREEROZL LI, EUROERLELCETWEELZ NS, T/
bh, EREROMRTEOZIBEOEEREOBVATTEDLE bh, SEEROBREYERET @
CRHIETEREBREODONEEN TN AT LABEI NS, BT Tl HIEETIC IS B 5 E B i
DTEXTMBNTNEA, BABETLTOEERBICT D, BRT 5MBOABZECOWTOREELERD,
TRHBFHOAHFCEE L DL ETINS.

RBED P. zamarensis Th HEREBH LD ONT WS, Lirl, A, EEMEE CRET D NRECE
35 &‘73737‘I< (F81% 1982, ANDERSON & STOLZENBACH 1985), 5,0001x BEDEIOEIEE , T\ 3
(81X 1982). T LT, *DAEIX 4,0001x (1 2E-m 2sec™!=501x THE) TEHE, FhULETRENEE
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Fig. 6. Vertical profiles in cell density of Protogonyaulazx catenella
(upper), water temperature (middle) and salinity (Jower) at Stns.
2-4 in Tanabe Bay, at noon and 10 pm on 22 and 1pm on 23

May 1985.

EDRT BT LAMONTNE (AL 1985). P. cotenslla DERETAE L OBEHRICDWTRFATS 525, &K
HIEREHED 5.0x10°~1.0X10°lx OF Icd BHEE IS HT 5 L B E Snic (Fig. 2). Thid P,
catenclla OWEWHTARZENRO-HEHERLTED, ME OREAHOEZERIIEECNT 2BEZHOECES
{HDEBZbNRS. .

7z, Fig. 2B bR ABEBOEETND P catenella © £, TE~NORBEEYEHT 3 & TFTEMNY
2.5m-h™!, EREI L66m-h™ L WIHERE SN, TOBEER Gonyaulaz polyedra ° Cachonina niei
@ 1~2 meh™ (EPPLEY et al. 1968) &I3IE—3F 528, Heterosigma akashiwo ® 1.0~1.3m-h™! (Va-
MOCHI & ABE 1984) X P. tamarensis @® 0.5~0.75m+h™" (ANDERSON & STOLZENBACH 1985) T H; <
BLETFEWELZ > T3,

BRAETT - e/ BREBENZLL, LTELEECTRZVOT, HANREBEIC X 53%BEENOEEY
BRI DV THRE T& o7, Ll, Fig. 3 K&HbN3X 5, BE, BEMERP~ERLY 3EBic
PRBRECTHELTWZORNLT, 4-8 Ml EH FARRBELVIEBCET OB LTV L. TOZ LR
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Fig. 7. Vertical profiles in cell density of Prozogonyaunlaz catenella
(upper), water temperature (middle) and salinity (lower) at Sins.
2-4 in Tababe Bay, at 2:30pm and 10 pm on 22 and ncon on

23 May 1985.
4-8 MR EHE O F BB L D S EBNOEH Y ER T T B2 & ERBLTNE, EEEEST
X - TEEFRELTER T A0 T, BEBEAZSSBAEROMIEDOE 40 E & 22 bnzd. Lich-7T, BE
REBRDRASEET b0 brORESHTHES2 bh, B% 5 circadian thythm It < F8) &
REbhav. R (1974) kB &, Heerosigma abashiwo DEFBRERPICEENSE Fe, Mn 2EDOH

EEEICT - TRESNBE VDR TWS. 4%, P catenclle ORELEIC X 3 MIERENEDEE, 7 bef

CEBSERE L OB ONWT L ER, BETALERESS.

C.omice ZRWVIZE VIR TOBETE, BRRIRCOMEARERCES 52, ®REZ LY@ BIERC
BEhL, za)éi‘aﬁ%%@@;ﬁmﬁ@ﬁm%i&?% (EpPLEY et al. 1968). H. ckashiwo THHITED L 55,
RABEETI S LAAMLN TS (Bl 1984). P. catenclla THBATH - Aot LTl m s

B 1
TOTLBEFEINTVSE (TR RER). 2T, K, F~FEIE 4% LTV 5 EEmES L 5aE -

BEHEGEOSBERBELEE L o@ER T, ERCS AHLTND 4-8 MITEERH0 2L F & o b aia s
LRETHE Fig. 3 EWT T~10K AL RS BT O 2 - 3 MIEEEE © 4-8 MISEEEE ©
1.0X10% cells-I™ DI DB, &M, BEMIICHT LT iz BRI R50 W BE B A 38T 75 = Ao e s




WrN:  P. catenella O B EWERE 167

L, BEVEMEBALERLAKRAZEZALDDLEWR D0 bHANIR.

EFLDEER P. catenella 73AFSREBRE %175 LB LMTR - k. K, EBTHE, BHICKEWTHH
hEBICLbNS LS MBERAYERT S &3/, AH, BBV LIPS TVEETOHL TV, ER
CEABEAOMBELEVWE S AARTE, HE V- X VR BEEEZERV T2 I L BEBOERYEET
BETENTHDEEZLONS.

E i B
EREEEZ BITH D, BiEY, BEFEEROBRMEE > LB REKEFHAEEREE, RRAFRFE
MEAE RS, HEAFEEFRFAAENEL, &5 NcRBREFICBIG I VAR v LR K ERR
EHREHEFRE, WRLRAKELY £ —HhfE —PRECLHLDBHOEEZRTS.
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