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Studies on the Life Cycle and the Distribution
of Marine Planktonic Diatoms Skeletonema costatum (Grev.) Cleve
and S. zropicum Cleve in Japanese Coastal Waters. ’

Syunshiroh Ueno™ 2

Skeletonema costatum is one of the most important planktonic diatoms in tropical and
temperate coastal waters. S. costatum had been regarded as only one species of genus
Skeletonema existing in Japanese coastal waters. Recently three Skeletonema species, S. men-
zellii, S. potamos and S. tropicum, have been found in Japanese waters. The first two species
occur a little in Japanese coastal waters, but the third species, a marine phytoplankton, occurs
more abundantly together with S. costazum in several Japanese bays. S. ropicum closely re-
sembles in morphology S. costazum with only one exception that S. tropicum possesses more
chloroplasts in one cell than S. costazum.

Diatoms have a peculiar property that within a population mean cell size usually decreases
with each cell division. This is because their valves and copulae are formed within the con-
fines of their parent frustules. After following a phase of the vegetative cell division, the size
must be restored by auxospore formation, which is preceded by meiosis and sexual reproduc-
tion. Thus a fluctuation of cell diameter of diatoms reflects their life cycle.

The aim of this study is to examine the life cycles and distributions of S. costatum and S.
tropicum in Japanese coastal waters through data of their cell size changes in natural popula-
tions and in the laboratory culture experiments.

At Hakodate Bay in the southern Hokkaido, S. costatum recovered the cell diameter only
once a year in August, when the maximum water temperature, ca. 24°C, was observed. In
other bays, Tokyo, Dokai and Ariake Bays, located in more southern parts of Japan, the res-
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toration of cell diameter was observed twice a year, before and after the maximum temperature
near 30°C. These facts suggest that the optimum temperature for the restoration may lie be-
tween ca. 20° and 30°C. On the other hand, S. tropicum occurred only during the period from
summer to early winter. The large cell of the species was obtained at the beginning of the
occurrence and the cell size decreased gradually. In S. costatum and S. tropicum, the post-
auxospore cells were found before large vegetative cells began to occur. Thus, the cell size of
natural population was thought to be recovered through auxospore formation.

S. costatum began to recover the cell size and was much abundant in the inner part of
Hakodate Bay.  These facts suggest the existence of the autogenic population in Hakodate
Bay. S. costatum does not produce the auxospore in low water temperature 10C and does not
exist in the waters where the highest temperature of surface water in a year does not exceed
10°C, excepting the areas effected with warm current. Therefore, the northern range of the
distribution of the autogenic population may be thought to be strongly dependent on the lower-
most temperature for the auxospore formation. S. tropicum began to occur in the outer part of
Hakodate Bay in November. After that the species was found in the inner part. Judging
from a hydrographical condition, at that time the Tsugaru Warm Current was inflowing into
Hakodate Bay. And also at Dokai Bay in northern Kyushuy, the large cells of S. zropicum be-
gan to occur in the outer part in September and October, and the cell density gradually in-
creased in the inner part. Therefore, it is suggested that the occurrence of S. tropicum in
Japanese coastal waters will be related to the Tsushima Current. The northern range of dis-
tribution of S. tropicum seems to be located in Japanese waters.

In the laboratory culture of S. costatum, positive relationships were obtained between the
cell diameter and the cell division rate (divisions.day '), and between the cell diameter and the
reduction rate of the cell diameter ( xm.division !): that is, the smaller cell divided more slow-
ly and showed the smaller reduction rate of the cell diameter accompanying the vegetative cell
division. The declines of both cell division rate and reduction rate of cell diameter are consi-
dered to have a significant effect on a delay of decrement of the cell diameter: Through these
observations this study can indicate that the declines will be a cause for the year round occurr-

ence of S. costatum in Japanese coastal waters.
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Skeletonema costatum (Grev.) Cleve (ZEEEEMF.LEH ¥ 7
YA Y-FRHIB L, B 6IRATHT O ENEEICE
BT A5 75 7 b THB (Braarud, 1962;
Hasle, 1973 ; Raymont, 1980; #45 1985), AFEIE =N
EIHRICB T, EEEEE L LTORBENS  (Curl &
McLeod, 1961), H#EMEL 2 ETHYWTI v 7 b~
P TKEEZ EDOABEEENDEERIELEYTHL L
b Twb (Hudinaga, 1942; 87k - 5K, 1942; FUF,
1952; Jensen & Sakshaug, 1970; Barlow & Monteiro,
1979; Verity & Smayda, 1989), & {IZiE%E, HEER L
DEFE L b EOBEES T, —EhEEEICH
HEBHLHIC2Y GLES, 1974; 3%, 1985), EEER
HMOFELZBEREE L 2> T3 (B, 1987), il
EheoT, TNELKBOEYEREIZB AT, EHEEES
ELTOBREZTTITEES L, IRRKEXICERE
FEBICRITTRELITETRE(ZoTB LV

il

THBE TR,

FEFERZETOERENEL LI &b, W77
b TRFEOMEI LY, £ < OFIFEE CTHE S N (Karsten,
1897), A=HARYAERRFIIBIZE b HE {ATh T 5 (Ste-
wart, 1974 ; Werner, 1977), F72, Z V< IZ EL4EOWH
R E LTREREESN, BEHEFERLIEICREYS ETE
BEEEl v 5 LT &7z (Hudinaga, 1942),

DLED X 512, S costatum HVEFEEREFRINZ, T 72K
EEL, BERHACHOEWMT IV b THEI LD
5, TNHLOFTOWEENHTHLAT L P AT LEVIE
GOFEOIFVZE LTHELRLTWAIZETH B, HIE,
Skeletonema BIZIZAEEZ EDOT 6 EIMONT V5, T
b b, S costatum (Grev.) Cleve, S. iropicum Cleve, S.
subsalsum (A. Cleve) Bethge, S. c¢ylindraceum P. - Lav-
renko & Makarova, S. menzelii Guillard ez al., 3 X OFS.
potamos (Weber) Hasle TH 5, T D95 LOMETIE S
costatum, S. menzelii & S. potamos D 3 TED MBI E S
NTWDBD, S menzelii & S. potamos 122> TIXAMEE
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OF O ED S LTI 3HENH LDAT (Takano,
1981; &%, 1987; /I, 1990), DAEIZHTS S costa-
sum VD Skeletonema B DM BIZIEFICZ L L, —iRIZ
S. costatum D 1 O IZRDPIEL FHTHERVHAZZLLN
T&7, LA L, SEbWEIRFEOERZELT S, ropi-
cum DWMBAFER N7z (EF, BFP)o S tropicum &
S. costatum & & B IZHYEBICHIAL, ZOREN L CHE
PLTWBDTAF ThPEDREBIFE T S costatum
LEFEEENTWTERELH S, S tropicum TEPH
DEDHBICHESTHEL, ZOBBBEER S cosia-
tum I ET L 2,

BB Vs OFHNHERICONTIE, BHICHRE
IS X AHEEOW Y ASEER, BEERIT 50
P EDBENDL, %L OWFELTThIL T 5 (Smayda,
1980 ; Reynolds, 1984 ; Harris, 1986), #ZEMIELSLTIE,
FOEHHHEREIZOWT, EFEROBED LHEANRT LIk
RIBFOZNENOEEDEE EHHEME N T 5 (Har-
graves & French, 1983 ; Garrison, 1984), —7, HWHAIS
2o W T % L OWIE DT b L (Smayda, 1958a;
Braarud, 1962; Hasle, 1972 & 1976, Guillard & Kilham,
1977), ZEEHEE & R, SREMBOBRER IS
B & RIRIEF DR, HIBHSMICKE2EEED
SEkvbhTwa, LaL, HARFIIOWTE, —#o0
IR SRS S b 2 & DAL, WIS MmICE
A EENE & HEEE LT 22 (French, 1980; Har-
graves & French, 1983)

EEEMIE, ORI X AREMOEERIEIEIZ LY,
KREIZZDOKE SEWL ST &id “MacDonald & Plitzer’s
Rule” & LT X L AIBNTW5A (Rao & Desikachary, 1970,
Lewis, 1984)o /ML L7- BEEMIIA 2 b B SR EET,
HAOREBETF IR SN, THEOOLBEMOERET 2
LT, MEokEsEEELLFEMRIMELNS
(Drebes, 1977 ; Round ez al, 1990)o $72bb, EEEME
DRESFFOEFRER BT 5o I OEEER O
Aok X 2 L EEBOBBRERMLC, BAREDMIY
A ZDEELY, HEOEFRICET L L OREITD
TV 5 (Schiitt, 1886 ; L5, 1957; Geitler, 1957 ; A5 H,
1969 ; Beillinger, 1977; K ¥, 1984; Mizuno & Okuda,
1985 ; Mann, 1988) o

FFFE TR, HAREIRIZB TS costatum & S. tropi-
cum DEBREOEHEAZEEL, AEREFEHNB L0
HFRG AR L2 DWW TR L7,

g

2 Skeletonema costatum & S. tropi-

cumDEFIREDICEAT 2R

Melosira costata & L T, Greville
(1866) 12 & ) FD TEE S N7=2%, Z D% Cleve (1873) 12
£ 1) Skeletonema BIZH SN, WEZLE L o7, HEIC
bELAEHZ, Z0BROELOMFEICLY, FMEITHEIE
R, HROWEBIIIL O T B EHLH,IZS
nNTwb,

S. tropicum 1% S. costatum X VA0EIT EENT, S cos-
tatum % Skeletonema JBIZHE L7z Cleve IZ L Y WIELHEH S
Tw 5 (Cleve, 1900)s S. tropicum D453 At K VG D2
TP ERIR R & R O P ER BT I IR IS BR S A,
Z DFFEBIE Cleve DFFELRE &, BT TIHLE LD
72\ (Smayda, 1963; Hulburt & Guillard, 1968 ; Blasco,
1971 ; Hasle, 1973 ; Guillard ez al, 1973 ; Haines & Guil-
lard, 1974 ; Guillard et al, 1974; Fryxell, 1976), Z® 95 b,
Smayda (1963) /37 < EBIZBWTC, FEZ S costatum f.
tropicum & L TR L7225, TN S ropicum L A—T
5 (Smayda, FAIE)o KFEFERL L U1 >~ FEDZAG
T, 43 TICES  OFEEREIZO W TORENZE
BITbTBY, S costatum IR T 50 (Allen &
Cupp, 1935; F3%Z - #8H, 1955; Takano, 1960; &5 5,
1960; #EH, 1961; &85, 1962; MEE - %, 1980), S.
tropicum DMBFEEIE 2\, L L, HZELIELTED
12BN T S. ropicum DWHITERE S sz (L5, #&
) o S tropicum \EIFTOBTINTHCE D & LD HH
WKE->THRT AL ERFEETOSME D, R
KFEEDEAFUHGIZ 57 L, Bile S X0 boEREREK
WA SNIZEEZ LN TV A,

S. costatum & S. tropicum VX, Z DILREIRO THELLL,
FEAAIE T RAMEE I X B EIEC b M OB REE TR DS
B b2 WS (Hasle, 1973), S tropicum T3 EBHREE
AU LETHBEDITH LT, S costatum TIE 1 £ 72
B2l Eah, TREIRBEEMEE L NV THE
HESIZ#H T & 5 (Hulburt & Guillard, 1968; Guillard
et al., 1974),

HECIREMR S HEA R R ET L, HEDOTY
BEDDEEL & ERYERE D o TR L5 2 & 0BT
FEDHE L Y A5 N Twv % (MacDonald, 1869 ; Pfitzer,
1871) Z D4R IE “MacDonald & Pfitzer's Rule” & I3
NTwb, L2L, &ICHREDOEREICBNT, Mz
KEEDPELE L Wi EOFINFENS  RIZEN T

S. costatum |3,
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5L HFETHD (Geitler, 1932), LIZEEHEMIE % B
DECEHEBROEBR L BHEOEE LOMEICL S Evnbh
T\ 5% (Round, 1972), YEJEDFEE, WAL L-EE
BOFRIEMIIIAEBFEH KT L, BET2E0bhsb
(Geitler, 1932), & 5 —F DK & SIT/NEL L =MD S
WHEABF PR S NT, MROKE SIZFEKIC T THER
Tho Tbb, HEICALNIBEOTHE(LIZEFER
DIERTH %,

BEOFMAN, PREOEECTEH L P OHIE SR
TWaA, FLE TREWEAHET, #MARET I mEEmyIc
T END EE X 5N T/ (Drebes, 1977518), —&
DHUL B EEEE DB HEAEFEIZ D W T microspore 12 & 5
W B, T DREITIEMEBR 2 35 H7% > (Schmidt, 1927 ;
Hofker, 1928; Drebes, 1977), L7*L, HMEDEIEIZDOW
T, IEHBF O, HEABTIEE T TOBREIHE
ST b (Persidsky, 1929; Iyengar & Subrahmanyan,
1944; Stosch, 1950, 1951a & 1951b), & DD % { DHFE
&Y, BLHOBERIBFER T, AHEENS—EIT
BB ESINBIZES TS (Stosch, 1954, 1956 & 1958
Stosch & Drebes, 1964 ; Drebes, 1966 ; Stosch ez al, 1973),

S. costatum DHETHFIRIZE LT, Schiitt (1893) &8 & T
BHAAKE TH R T # 818 L7z, Schitt i3 AKBFAHT
DIEBR DTS, BRBEEOREZRTEHENLE AT v
FEBEL TS, 72, Cupp (1943) IddbKTG iR A #HE T,
S. costatum D% FD post-auxospore M (H AN FIRHKE
BOFEMI) FEBEL, S costatum D¥ERIFIZT - L
TELVLLOTERWEW IR E & BT, SHE% post-
auxospore DIED A7 v F 2B L TnW5b, 7z, AT
7 ¥ FBEMET, Drebes (1974) & S. costatum D¥ERIIF
D—MOEEZFE L T5D, LHL, BRKBICBITS
S. costatum DIERPF OB T LR O D TD 3 HEFITE
EEh, DHPEICBWTIE, EELLLICHAELZET, S
costatum \TEETEL LTEZEBICHET 200 0H 56T,
RIZBERIETF OBEEHE T2,

—73, S costatum DBEDEHELIZOVTIL, bAS
ECBWTAHITIZ3HEN DD, ZORPDIDIE, B
FiEm) BT BRI (1936) DHETH B, it S costa-
tum DBREMRDOEEHEL LK LE L OBIZE SN
B h, BEOFHEIGFEEDOKETHS LIGFHL
7o ZOHEE, MAOKE S OMIAZL & FHZEIC
DWTC, BEBEICDEE»HE{ DWEFZENTSHBY
I, 1942208), IMLOWMERBZOHETICHS LIS
KhbNb, TN, TH (1949) LHM (1969) 1F, Theh

BEBLREIGEHEIZBWT, S costatum DERERIHE Lk
RSB E2BIEL, REOFHE(L, #BIT(1936)
DR L BB E L BB <, FEMROSEICES
BREDM/ANE, WRIBTERIC L AEEE VS EFEBOKE
RTHBZ L E2WOTS. costatum IZDOWTIEH LT, [
FEIZ, AH(1969) I3E# 13 A TEHE SN F 2 B OBE
DEENS, KEIHERIETOFEIR BET L L%
T Lo BT 5 X512, 45 H (19674, b) i, #Kkf
TR DI EEHEAS, KR TIEH20T, BEEETIE1, 000l
UETHLZLEREEER,PLTTIRLTWS, —F
Starheim (1969; Hasle, 1973 X D 31H) iZ /v = —ifED
JIVET 4 3V FTIE;, 9 AT/ & RO HE A L2
FIEL, 10T NTHAREICIY &b, KEMLL7-
MO BREDE F TREIT/MILT A LR LTBY, %
WD HAE D 3WGE L 1L 5 R EDEH AL L W
LTWb, TNHDOMEE, BREMBOFEHEE,S, S
costatum DHEFRZMEAT L LB LTV B END
ZEDTEL D, BONIFEHEOE  ITBEEHER
RICKITTEBLE V) F-REEY IR L TV A,

FEERIZBWT, Gross (1937) i3 S. costatum DIEK
¥ DR L, ZDHRDFEMPADHZLUNE D BEDHE/
BHMOTRLIZe ZNUCLE B E, 3 um ONEERS D &8
KIBFAERENT, 11 4pm ICBREFEELTVS,
DiE, #47ATHEIES 5 xum IZF TH/ALTW D,
Takano (1963) 13iF 52 W A I LI LIS KB FIER %
BEL220S, ZNEHEEICE B b O REEMTH S &
L TWn5, 2O0H, SEikL7-L )12, HH(1967a
b) IXREEER CEME R, AN, BTORNY, BLog
BECTHLEBLT, S costatum |2 B\ THDCTHYELEM
KL BHERIETFORE MR L. %72, Davis et al
(1973) 1%, MAEHEERERICB VT, 95% Ll E oM AE
AL L-AHEBEBIE L, #EEE o7 A BEOME
REED S BERIREA~DOBITIC L ) BHAEEATHR S
LR LT B, HiE Gallagher (1983) (3L KA D
F=TH vy NEDSSEE LT S costatum DIEFEBT
LR L BRI F OB L T b, ki, ik
WCREAL L7 MR 0% R 1310-15 om O#EFAICH Y, Hik
B RN T 2R L CREME L7-Mifg 032 (25 em B
%) LHNBE, HONIIFOBFEIINED 7L HEL
Twa,

S. costatum DEFEVPHBHNES 22 b, BEEER
ICEBEFEROMBADS L ERENTWD—T;, A
12 S. costatum D¥EEHWICHIET A0 2 2b 6, BEA
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KIGCTOETFBOIZIE D 7% {, BES LG MHEEDHE
B Lo TiRE{MbNT, ZOIELAEPRENT
HELDBENHTH b,

S. tropicum 12DV T, HEIWZ 2o TELDHT HHE
DWEMEBIC RS 52 E L oz (BT, HAR
) o S tropicum I DN E DI TIHIFROFZEHTR
HHHIC TS Bo bbb, AMIIEHRME, FiREL LU
RS O BRROBEMIC T 575, BROFE
AT WEEBRIIIHE L 2w, T/, EroL T
TOEHICRS N-HEICOARIT S &b, BEiR
WCEDBASNIMEREZZ SNTWE, —7, KL
EATTATT AT A F & T B E Rl E LTHTL,
BIIBIC BV T, LFORMEKIRAI0T DTICET S
BEZHITIEME LRV EVb T 5 (Hulburt & Guil-
lard, 1968)o L 2L, S. ropicum DHEREZARIZOWTIL,
DHYE R & REETRSSTO 2HENHLDAT, £D
EEBIZONTRECASNTHERVWOPTIRTH 5,

3 MEBLUHE
3.1 BHOBECEE

K OFEHE, WEE, HEE, WEE L 2 OB
B, BLXUFHEGECTRELL (Table 1), HEEE LIAHEE
DEWFICIZEBOFEE L EET (Figs. 1,2), BHET
FEREONIEENT, F W CEII T T E
BEL, RPETNTEBIO NN Y TRKL, 22755

122% BEORLTY VB TREE Lz, 72721, Wi
BEOSETIES YOV T—) - TF ¥ Vi CHEZE L. E
EREHIUARI L Lo BRILE L, EEAEOKRETRY
ELT, 10ml OigsEsE e L, eIt L BBy s
EERE ALY VEER, BREETIEEFENTE
gt L7z,

140°30°E

41°50'N

— —41°40'N

12
@

Fig. 1. Location of sampling stations in
Hakodate Bay.

Table 1. phytoplakton sampling sites and dates

Sites
Date
Number of
Area stations

Hakodate Bay 1 More than twice a month,

from Jan. 1977 to Nov. 1978

1 Oct. 14, 1986
12 Jul. 7, and Nov. 4, 1978

Tokyo Bay 1 Once a month,

from Jun. 17, 1987 to May 13, 1988
Dokai Bay and the 9 Once a month in 1983 and 1984
adjacent waters
Ariake Bay 1 Feb. 13 and once a month,

from Apr. 1987 to Mar. 1983
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130°50'E 131°E

|

Fig. 2. Location of sampling stations in Dokai

Bay and the adjacent waters.

3.2 EMEHSRICLIHE

B, EWEMFET CAmI s a5y - LERI
04— —2AWT, HROBEFHOEZRERZMNE Lz, o
WO DOFEME R, B IESE T BN DEBET T
ZLnean LT, —DORECOBMAEOMER L L
7o B, MBEEIMEWEETHE, MEEASAMOmHE
EABIZEETAEE LD B,

3.3 HEE

R IC BV CT19864E10 A 14 B IC Bk & 0 ZEiia %
HEGHEL, BEERICHE L,

BREIB20C O v F 2NN THRIBITICLBH
50 #E.sec”'.m ™2 (#92, 5001x) % 72 (3#980 #E.sec " l.m ™2
(#94, 000x) D12h BA12h BEDOFEMT C, # VENREBE
PIIZ 5 ml ¥ EA L7z “6-17 ¥35 (Guillard & Ryther, 1962)
TRWTIT o oo “F-17 BEE DML % Table 2 127 ¥,
REEIEERSE, 1200, L2RETT, 1050+ — 2
LA TIC X BRI % 5 L72A%, S HUMEEIRA Z 1k
THLDTHL, LPFEEERITHELECTH L), &
BETIEZ WV,

BRI L C 2 BRBIC, S92 ) BREDM/INE
RO DERIMHEH L7z, EBROBEBKIE, FigEcx
B OBH oM bz, EERIEMES A
RIS R MR A £ 9 1S, B S BUIPNIH L
FRITAE 24 Vb B Bk 21T 5 72,

3.4 KEGWR

BEEE CRAEIC BN T, HEOREL AR, S8
2 EOREGW AT 720 KIBISTRAKBEZICERIREERHC

33°50'N

Table 2. Composition of enriched culture

medium “f-17

Components

NaNO3 150 mg
NaHzPO4' Hzo 10.0 mg
Fe-EDTA 9.8 mg
NazSiO3* 9H0 56.7 mg
Thiamine* HCI 0.2 mg
Biotin 1.0 pg
Vitamin Biz 1.0 pg
CuSO,-5H:0 19.6 g
ZnS0Oy- TH:O 440 pg
CoClz° 6H:0 20.0 pg
MnCl-4H;0 360  pg
NasMoOy* 2H20 126 ©®eg
Tris 0.5 g
Filtered Sea Water 1 liter
pH 7.2

L0, WHEEKEERSZICKHLIR o285, FERIESE
(MODEL 601 MK3) % FlWCillE L7z, HBFEIRES
BEHAKIZE Y kD7 (AAREEFES, 1979), THERE,
TREEEIE B & OB R 2 7 2 T 1 Ly —
(Whatman CF/C) TAi#{%, Strickland & Parsons (1972)
DFEIZEY 54T Lz,

4 FKIPEEZEICHT B S. costatum & S.
tropicum OREFHBEDZHEL &,
AR F L& 5 UIC post-auxospore

HROHRIZOWT

S. costatum DB EFEDEEHELICOWTIL, KIFINET
WIZBWT, §CITIRTT(1936), TLE (1949) & 45 H (1969)
DEFENH B, LrL, TNLOWEIZBNTIE, S tro-
picum (DWW TOFELED 7 {, BELTHEDON TS
WD H B, REIIBWTIE, FEHEEICBWTS costa-
tum & S. tropicum DFEDEHEAL L ERIBTF B D Z
NENDOHREE, o »OMEOERE &SI
TERETHILTHBE LT,
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4.1 HEEE

BEEE R O Stn. 2 1281 B, S, costatum DHINLHEE
D 2 ERIC - BEELEILE Fig. 318 L72. S. costatum
DHIRBEEREIZE ¢ (~10%ells.ml ™), &% FLICEn
AN B > 720 —77, S tropicum(F 19774 TIZ11A12H
12, 19784ETIH11H 4 HEITHICBIR SN, RbLEE
I L219784E 11 A 17TA DBATY, 1. deells.ml ™1 E
BHEETH -7,

10 —
— 1977 /A\ A

T /]
g
K
AT
&
‘B
=4
a
— 10
()
&)

10° 1

M J J A S O ND
Months
Fig. 3. Seasonal changes of cell density of S.

costatum at Stn. 2 of Hakodate Bay in
1977 and 1978.

S. costatum & S. tropicum DFEEME DEHZAL % Fig.
41ZR LTzo S costatum OFIRIE T Ad 5 3 ARAIZIEIE
FINEEL TV T, BREOFIHEIL4. 3-5. 7 pm D
o720 7THPTAICIE, 12 gm DL EOKEHIZAS IR
L, BEOEENALN, §ADHWEMIZE S E16-20 4
m DKM AHIE L 720 2D T A26 9 BIIHITTi3,
S. costatum DFILHE L&, BEOOE L MIRBHEED
BEINASEER ICHE & Tz, KEEASHIR LG 5 DT o
19784E 7 A 4 BIZ, ¥ARFIENE, 2BoOMEsRE L
72 post-auxospore MIAEREE & 72 (Fig. 5)o AT THEL
%2 & N7z post-auxospore MR IE, T D S. costatum O 1451
ICEEE D, SO L IEERBTREOEE DI ITEN
ZEERRBRLTWS,

Fig. 5. Post-auxospore cells of S. costatum

(19.0 £ m in diameter) observed in
Hakodate Bay, July 4, 1978.

20 o 100% 1977
16 U *
*
12 i *
8 O Ly ﬁ P
T 4 1 h 11—
S ol Eln — W I I ! I I ]
g J F MY g A S 0 N
£
£ 20 0 100%
a 4 ®
e . — | 1078 E'*
© 12 | I
8
T Bk prEF =1
ol ] | 1 I
J J A S

O N

Months

Fig. 4. Seasonal changes of cell diameter of S. costatum and S. tropicum at Stn. 2

of Hakodate Bay in 1977 and 1978. * !
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WREFEESBESNZ3 BRDINSETATHD
S. costatum DMBIRE DO KFES 4 % Fig. 6 (IR L7z, %
PIOFREED Stn. 2 12351 T10, 870cells.ml ™! &5 b Eu
AR EEHYE & 728, D Stn. 12 Ti227. lcells.ml ™

Diameter
ek
) 010 10* 10° 10*
® Cell Density (cells. ml™?)

Fig. 6. Horizonatal distribution of S. costatum
in the surgace water of Hakodate Bay,
July 7, 1978.
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ERVEN o770 TDEDIZT BOMNEHEZERIEE <
ICHENTE L, BNTEYI 072, —77, OB
DKFERAIE Fig. TIORL7Z2EBYTH D, END Stn. 1
225 Stn. 9 TOD S costatum DFEFIZFDIT L A LD
8 pm KT, 9WEROMITIE—BICIEEI/IBLLT
Wiz, HERMOEEEHNO Stm. 1 £, FICEWE
D Stn. 6 TEHE S FDEWHBEIESTH 528
BAEDS18-20 pm O KRIHM SRR SNz —T5, BEETE
SL0 Stn. 10 75 Stn. 12 O 3 K A TEIBED/INEALIE
BHE T2 <, 10 pm DL EOMINEA16% 7 5 53% D\
ATHHALL,

7T A OEEBEEIZBNT, S costatum DFEEENMEIE L,
HEEHNFZWIEAND Sm. 1 RESLO Sin. 6 TIE, Lo
FE D KBRS, EHME <, FEDME LV (Fig. 8).
—7, #FEED DIN, DIP XU Si W id EWAgdH
EDERE L Stns. 11, 12 OENERTEH L, EROTERH
ZHITRVAR 2SR 5N B (Fig. 10)o LEDRER LY S
costatum DEXFEDED R b B R X IGO - HEB A,
Bk DEB i (T, REEICEAZHR CH 722k
VHLPTH 5,

I Sm.3 Stm. 2
M
Jlb L
i Stn. 6 M Stn. 1
r_l =) =
Lo
Stn. 7

Stn. 11

| Stn. 10 |—l

0 4 81216 20

Stn. 12

0 4 8 1216 20

Cell Diameter ( pm)

Fig. 7. Relative frequency of cell diamter of S costatum ar 12 surveyed stations in

Hakodate Bay, July 7, 1978.
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Salinity

Water temperature (C)

Fig. 8. Horizontal distributions of tempera-
ture, salinity and density of the sur-
face water in Hakodate Bay, July 7,
1978.

197740 9 AICiE, KREGRIAO LB E FEEC 6 pm LT
DN OBIEDBE L, MNIRENTE A EHE L
(Fig. ) F D%, 1977 TRBEIKREISHNL, T0O
FHBRFIEMOEHETH S I APHNIL L pm b,
10A FTAIZIE. 0 pm 12 F TIET L7z, 19784 TIA19774F
LEST, 8 AT TICS costatum BEEDBREDLO pm

PUFICEBUIC@H/AN LTV 7z, 1A RAIIIE, 16-20 om @

KEIRASHIR U722, T o REHROKERTE S tro-
picum TH Y, EHEDA7.9% (19784F) & H®O T 72, Fig.
412BNWT S tropicum DWHIZXENTRLIZ, LA L,
FOMBEEIZI cells.ml T EBE LT LTHERLOT
lE 2\,

197842114 4 BICHBIT 5, HMIBHEE & BREMM DK P57
i % Fig. 10 1278 L7z, BERAPLETERE Y OKBUS, S
costatum R R EEE LG T HEMND LA, THE
WEATE 572 Stn. 5 T b 84cells.ml T I &Y, &

g

Silicate
(pg-at-17")

Nitrate and nitrite
(pg-at.l™h)

Phosphate
(pg-at-1™)

Fig. 9. Horizontal distributions of nitrate and
nitrite, phosphate, and silicate of the
surface water in Hakodate Bay, July
7, 1978.

BOTHIBEE LD 572, T2ERNE S, KERDOM
JaAs4 pm 205 8 pm OFFEHIAICH Y, MHHEEIZ/NE
AL L 7=RaAs 37 L Cvade, 72721, EHMHBO Stn. 1212
1314 pm D EO REEHRBOMBEATHEAL, Zhbids
NCEBOEERE LD S tropicum ThH 72, Fig. 10 D
FENZ S tropicum DA ZR T,

S. tropicum DRI LTIk H 0B E SNz
Stn. 12 EEECEHIES R TH 5 (Fig. 1), KiRLIE
SOKTFELRTTDS, S tropicum DBEFT HIPEVIKIE
FEHFDEFIRELCTERIZAYAATHSZ LAVRIEEN
5 ,DIN DI ZERED Stn. 1 & Stn. 5 TENENS pg
atd T 82,94 pgeat. ] T OBMAESB LN, BRITH
AW EIE L 2 BARTFST 2R L7z (Fig. 12) DIP
DD DIN & FBRIC, BRI TE B TERVIRF
DARER LIz Thbb, S tropicum ORIEMIEA LI
LIk® 7z Stn. 12 OEIHEZ AV OB RSESEEITSH
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Fig. 10. Horizontal distribution of cell density and -
relative frequency of cell diameter of two °H

Skeletonema species, S. costatum and S. tro-
picum in the surface water of Hakodate

Fig. 11. Horizontal distributions of tempeature,
Bay on November 4, 1978. % : S ropi-

salinity and density of the surface water

cum in Hakodate Bay, November 4, 1978.
B . > S 147 >

Nitrate and nitrite Phosphate D, CORERRIRIFLVADDTCUED ST

(pg-at-171 (pg-at-17Y)

4.2 RFE

FRIFE CTIEEMDOVTROBEIZ D S tropicum E ROV
12D o720 S costatum DIANIFHE DEEZEAL % Table
JITR L7ze AUEIZBNTIE, S costatum W FITITEER
B, FEREENO3 AL 4 AIChHFTETAE
9AICHEEBEICHIAL, 5ALI0ABLUILAICHEES
ET L7z,

S. costatum DRBEMRE DFEHEL % Fig. 13 1R L7z,
o 6 AT S costarumDFIFHRBET. 2 pm E/REV, LA
L, CORHINIEBREDNN2.5 4m £22.5 ym EREL RS
2 & post-auxospore ML D FIRBEEAERE & /2 (Fig.
14), 7RIZEAB L, 16 pum D EOKEMEA20.8% & &
FETHHE L, Lo L, BEOFHYHEILI0.6pm it

Fig. 12. Horizontal distributions of nitrate and nitrite,
and phosphate of the surface water in Hako-
date Bay, November 4, 1978.
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Fig. 13. Seasonal change of cell diameter of S. costatum in Tokyo
Bay in the period from June, 1987 to May, 1988.

(2)

(b)

Fig. 14 Post-auxospore cells of S. costatum observed in Tokyo Bay,
June 11, 1987. Cell diameter; (2) : 12.5#m and (b) © 22.5 pm.

E30, o LTERESFROBEERE(EELEZ» 072
S A DL, 16 um P EOREMIZIEHE% L, 10 2m &K
BONEHIRAAT2. 5% L EEEO KIS &5, S costatum
BE ORI AN L7z, 9 A L1083 OBERE D
SHDZFNICE CEMLT, BEDOTYRERS pm Al
Thotre LA L, 11RITI1314-24 pm D S. costatum DK
T AS88. 7% LEEEDO RIS % 5o, ZTOFIIRED
17.3 pm EFEFICHVEER LIz JORPITIE, BED
25.2 um DIFEFIZKE W S. costatum bBIFE ENTZ, 121
122 B &, 22 pm Pl OKRBIMINIETER L T2 DOFIgmiE

1315, 4 pm £ 72 Y, BEGSHRINEILLIED 2, €D
%, FHRERF 1 AT 8pm, 2HATILOpm 2L,
S. costazum DEEEIX S SN LT (M 2R L7
Z D X 126 A D post-auxospore MO &, Z D%
D7 HOKMMIBOREIL, S costatum FEEDBEZEDE
1A, BABFORBICE 50 THH I &% & (IR
THLDTHE, —F, 1LAOKEMAOHMEMIZE, H
KFLF b post-auxospore HIED VTN HBE SN2 b5
7o F7-, BWEEERERC, BREREZROMBBEEEE G
&N B EANA LN,
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Table 3. Seasonal change of cell density of
S. costatum in Tokyo Bay

Cell density

Date cells-ml ™!
Tul. 10, 1987 1,183.0
Aug. 24 214.0
Sep. 22 8,715.0
Oct. 8 59.0
Nov. 6 0.0
Dec. 4 407.0
Tan. 18, 1988 930.0
Feb. 19 1,504.0
Mar. 3 2,854.0
Apr. 20 4,589.0
May. 13 80.0

4.3 WEE

BB B Skeletonema & 2 TEDOINA IR DEFiZE
1b% Table 4 (Z7R L7z AMEETIE, S costatum Z4ER %
EBLTHEL, MREERLIERNDS, hoZEscixdE
FizEm <, &7 A3 10%ells.ml T D — 57— &,
FEIREIDECEETHBE Lze —7, S tropicum 13 9
ADHI2ADRE N7ZEH RIS L 720 S, tropicum
1104123, 320. Ocells.ml ™' & & b BW#EEIC B L7128
CDEMDFEREEN,, S, costatum DFNE LT 2 L&,
Fo LTEWETIE 2V,

UGN BT B, S costatum & S, tropicum DEEDZE
L%, 2EERXHETI, Fig 1517/ LA, 22T

Table 4. Seasonal change of cell density of S.

costatum and S. tropicum in Dokai Bay
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Date S. costatum S. tropicum
cellseml ™! cellseml ™!
Jan. 25, 1983 880.0 0.0
Feb. 7 876.0 0.0
Mar. 8 4,000.0 0.0
Apr. 11 16.8 0.0
May 18 32,976.0 0.0
Jun. 2 11,040.0 0.0
Jul. 1 115, 200. 0 0.0
Aug. 8 0.2 0.0
Sep. 5 8,194.0 1,725.1
Oct. 3 23,240.0 3,320.0
Nov. 7 21.5 466.5
Dec. 5 2.1 28.7
Jan. 9, 1984 864.0 0.0
Feb. 14 317.0 0.0

1A 7T A ETOMEOBRELEALIE S, costatum D &I
LBbDTHB, T2, S tropicum OHIRLIHE O WHED
EOHERE % Table 5 127K L72,

S. costatum DFREENE, 1 P64, 5 A TIEOARH)
ISR L C, 19834F 4 AZIFTFIRRED 4.2 pm F THD
L7z 6,7 AICIE, 4 pm DTOAEOMIGIZIZE AL
HEL, 10-12 pm OFEOMIEAHIE LT, ok
FEDOOED A LNTz, WEZILETH L, 1983FETL Y E
(BREORENRETCHDL LI THDL, 8AIEDE, &
J27o UM/ L, 1983 EDGA I, F OFIGEAME

Table 5. Cell diameter of S. costatum and S. tropicum at Stn. 2 during
Aug. 1983-Jan. 1984 in Dokai Bay

S. costatum S. tropicum
Date Mean Range Mean Range

(pem) (z2m) (#m) (pm)
Aug. 1983 3.3 2.2- 5.6 - -
Sep. 6.5 4.0- 9.8 10.6 9.0-12.8
Oct. 8.0 4.5-10.8 14.4 8.3-17.3
Nov. 12.1 11.8-12.5 13.0 8.0-18.3
Dec. 6.1 5.0- 9.0 12. 3 5.5-15.0
Jan 1984 7.6 4.8-11.0 - -
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Fig. 15. Seasonal changes of cell diameter of two Skeletonema spe-
cies, S. costsatum and S. tropicum at Stn. 2 of Dokai Bay in

1983 and 1984.

BOBEMED 3.3 pm & o720 9 AT, 12-14 pm D
2R REOHIEIMEVEIG R 5 COTHIL, 10A1C
13 16-18 pm @ X Y KB OMAEAME L7220 Z ORI DKM
Wk S. tropicum TdH B (Table 5 ), 19834 9 A 1213,
S. tropicum ® post-auxospore ML D FA D FHREEEATE
RN (Fig. 16), TOHIVHEE I ICED, 7. S
tropicum O MBI KB FAFBHAL, TODOBL S
tropicum DRKIMBEENHIL L7z, I0AIZBWVT,
PLED S tropicum DRI, FHTHRLEVEIGTD
4.8%% 577, 11H1C1E, 108 X ) b RE DM IEH 72
ICHEE LTS, BEOBREFESHEINICHERLZ, 2
DBEBEREEITIL S, tropicum WE ) Tz L, S costatum
DBED 12 pm BWRICEEL TS, S costatum T,

16 pm

:@&@ﬁﬁmﬁﬁﬂﬁu@%fu&wﬁ,iﬁ%aﬁﬁ
, EHZEOBREOEENEE I/ LIl b, 128

LCC B, 16 pm VLD S ropicum DRIGHHRBIZTHELL,
ATl USPIgRRENHN L, Mla0/MELAHE iR T
Lo F77 8 costatum B LS. tropicum DR E b, BE

DOEEIIC IS CHRBEIBELNL TR D, Thbb, O
N TFEDEFHHEE & B EOSHNE(LICHE VBRI

b7z,

R L 7 OPSEmEIc BT, 8 AP H11AICFg 3
IR L7 A CHRE ORERIT o7z, TOREHRFICHE,
S. tropicum DEKIETIR & BEELFOBHF &I
TWwh,

19834F L 19844E D, S. costatum & S. tropicum DWE %
& LM E DK ESTE & Fig. 17 L Fig. 1812, 3&fE
DKF5 A % Fig. 19 EFig. 20 12 F#hZhR L7z, 8 AT
AR DB TE WIS S > 72 — 77, BiEH
BACOWTRDBE, WTFHORESTD, 1BLA DR
BRI 10 xm BUFICH Y, HEHREEIC b T/
FHA LTV, 9ISk DL, 19834FE Tk Sm. 4T, &
7219844ECid Stn. 4 & Stn. 9 T 20 pm Pl E o KB4
WHE L7z CORBOMIEE, WEICE~ZLIIE, S
tropicum T 5 (Table 5 ZH) o 7 WS P TR R B O
VMEAE S N7219834EM 9 B £ 104 B L UF1984ED 8 AD
MR ORBRFEIR 10 gm DT EAE L, INHIETRTS
costatum & 0 72 o T 7zo— 77, SIRAFEEEADS 107 cells.ml ™!
DF—F—UTF L TEL 2V EMERD Sm. 4 £
Bk Stn. 9 10A 121, BEIKE WV S tropicum HE
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Fig. 16. Post-auxospore cells of S. zropicum
observed at Stn.2 of Dokai Bay on
September 5, 1983. Cell diameter; (a)
19.8 gm, (b) : 192 #m, and (c) . 187 p
m (mother cell . 7.2 ym).

Cell Density

(cells» ml™1)

Fig. 17. Horizontal distribution of two Skeletonema species, S. costa-
tum and S. tropicum in the surface water of Dokai Bay and
the adjacent waters in the period from August to October,
1983.
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Fig. 18. Horizontal distribution of two Skeletonema species, S. costa-
tum and S. tropicum in the surface water of Dokai Bay and

the adjacent waters in the period from August to Novem-
ber, 1984.
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Fig. 19. Relative frequency of cell diameter

of two Skeletonema species, S. cos-

9 tatum and S. tropicum in the

E d“ suface water of Dokai Bay and the

adjacent waters in the period from
August to October, 1983.



Skeletonema J& 2 FEDEIER & 0/0

I A5
v [
Vv
o0 B
g R
£ 60 1
5 40 © "N
£ 20 :
0

04812

Diameter ( pzm)

g

LA

]

¥ =

£ 40 —~

= €

o

a0 &

0481216 Ei P 408

Diameter ( zm) 7 yi- £ 40! el g

e 82 =
a 0

048121620

Diameter ( zm)

Fig. 20. Relative frequency of cell diameter of two Skeletonema species, S. costatum and S. tro-

39

picum in the surface water of Dokai Bay and the adjacent waters in the period from

August to November, 1984.

Fe LT\ 7z, S tropicum \IBYOBEEREE A & B LA
OTWDLIENL, RUEHED S. tropicum (TMHEEINE
HL, TOBRBRICBALT, BHEICHEEL, BELL
ZLATRIEE NG,

S. tropicum H¥5 b B IR L7 BAFY ik R o FR A
(Stns. 4, 9) DKRIE, WEHEND 3 FHEADOKEELY b
131 1C 1T L&V (Table 6)o 357U EE 13 P OIFEE O
FEEELEBLTEL, Z0-0HEHERIIENTE <,
TVEE TRV EZ R L7,

P EDiERD» S, WEEIZBITD S costatum DD
LS B DEENTRERE TH LD LT, S
iropicum DFAT DFRPFIFUI M E W TH 5 LHEETE 5,

4.4 HERE

HHEFIZBWTIE, S costatum & & b1 S tropicum B°
7TAHS12A OIS L7z, AHERIZBT S, WO
MR EEE DZEEZEAL % Table 712K L72o

S. costatum |, JWIEE & RIS, FHT LB LTHEA

LT, &I, FRIBIICBWTIE3 A L 4 ADEDHE
FEHAIC, EETRLDEEEICHEALL, LrL, TO%E
13 10%ells. ml ™' DL ANVICEEEY, o LTHEER
W ZFDE, S costatum OHREFEEIZEIC@E P ICON
THA L, BiCid 10%ells.ml ™ LV OB/MER R L7z,
—7, S tropicum ZIHHEE LD S OE AR WT AICHHA
L7z#%, €OMBHEE 136 cells.ml ™ Lk o7z, €
DFHATEE 8 BICIE—EEH S L7zAs, S costatum O HI
BEPEMTRLECIALSIZA FTOHBEIZ, 7AR
BIRWEECTHI L, 1 ALBEICIE S tropicum 131
HLEP»o720

S. tropicum DHBIABFIZ O, WEOHREZ(L % Table
IR L7z 7HEI0ARIIC, MEOXEMIEAHEL
TWwh, L ICFPLMEDOMIERITIE, S wropicum
DB S, costatum £ 1) b KITH -7z, 19874 4 A
519834E 3 A E T 1EMD, S costatum & S. tropicum
DFRFEMEOEEH L% Fig. 21 IR L7z 4 APH6 A
Tl&, S costatum DEEEDZHEIT 14 pm LTRSS,
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Table 6. Water temperature, salinity, and density in situ of the surface water of Dokai Bay and the
adjacent waters during Aug.-Oct. in 1983 and 1984
Water temperater (C)

Date Stn. 1 2 3 4 5 6 7 8 9
Aug. 3, 1983 29.2 29.4 28.9 28.1 28.3 - - 28.1 28.7
Sep. 5 - 26.7 26.2 25.7 25.3 26.3 - - 27.5
Oct. 3 - 25.1 24.5 23.9 23.9 - 23.7 - 23.6
Aug. 1, 1984 28.3 27.8 27.0 25.7 25.7 - - 27.5 27.6
Sep. 3 - 24.6 24.6 24.8 24.8 24.6 - - 25.2
Oct. 1 - 23.8 23.5 22.8 22.8 - 18.7 - 18.5

Salinity

Date Stn. 1 2 3 4 5 6 7 8 9
Aug. 3, 1983 22.73  25.40 31.09 32.37 32.30 - - 32.21 31.80
Sep. 5 - 31.11 32.41 32.70 32.15 32.23 - - 32.55
Oct. 3 - 27.15 30.87 32.93 32.79 - 32.37 - 30. 86
Aug. 1, 1984 22.26 29.43 32.52 33.15 33.27 - - 23.16 32.08
Sep. 3 - 27.06 31.38 32.75 33.70 33.01 - - 32.77
Oct. 1 - 27.42 31.24 33.42 33.37 - 33.64 - 33.37

Density i situ (¢ +)

Date Stn. 1 2 3 4 5 6 7 8 9
Aug. 3, 1983 - 14.62 18.96 20.19 20.07 - - 20.07 19.56
Sep. 5 - 19.75 20.88 21.26 20.99 20.71 - - 20.54
Oct. 3 - 17.34 20.29 22.02 21.91 - 21.66 - 20.57
Aug. 1, 1984 - 18.13 20.69 21.60 21.45 - - 20.25 20.16
Sep. 3 - 17.43 20.64 21.60 21.62 21.85 - - 21.48
Oct. 1 - 17.94 20.88 22.72 22.65 - 24.04 - 23.89

Table 7. Seasonal changes of cell density of S. costa-

tum and S. tropicum in Ariake Bay

Date S. costatum S. tropicum

(cells - ml™) (cells - ml™")
Apr. 13, 1987 1,267.5 0.0
May. 15 131.3 0.0
Jun. 15 87.5 0.0
Jul. 14 363.9 13.6
Aug. 26 12.5 0.0
Sep. 29 28.6 2.7
Oct. 23 8.5 12.8
Nov. 25 6.5 1.1
Dec. 22 34.9 0.1
Jan. 21, 1988 137.5 0.0
Feb. 16 73.8 0.0
Mar. 11 9,912.5 0.0

TOFIFRED 10 pm DT LRV, 7 AI21E, 16-24 um
OXBMREAHEL, TORAEEIIB.6% @07z,
DAT 20 pm Y EOFIIZIL T TS, tropicum Td - 72,
Fig. 22(2) |2, #REEAT26.7 pm DIEFITKIMD S. tropicum
PR LTz T7z, OB S costatum D post-auxos-
pore A bBEEENTW D (RREAIRAHKERRSZAH
E—ERIEEN, FE). 7 AICBWTIE S, costatum & S. tro-
picum OTFEDO KRB FREICHIA L2, DL,

MAEDOE KR FAFEGHICERENL I L ZRETHHD
THhbo SN 16 pm L EOKRIHNEIL 8 AIZIFHEEL,

10 pem KO /NIHRLAT73. 8% L HEDORKE 5% HD,

HEOBBEERMINI LA, 9AICESE, 12 pm
LW RERS tropicum DBEVEIELPOHE L, 2D
BRI 12 13 post-auxospore MIfE IZFE T E 2o 7275, A
BT M4E L7z S costatum & S. tropicum DOSARFEAR
MBI STz (Fig. 23 )o T NIHEMEAEMIC X 2B KRET
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Table 8. Changes of cell diameter of S. costatum and S. tropicum
during Jun. 1987 - Jan. 1988 in Ariake Bay
S. costatum S. tropicum
Date Mean Range Mean Range
(pm) (p2m) (pem) (pem)
Jun. 1987 9.4 4.0-13.0 - -
Jul. 10.2 4.3-19.3 24.7 22.0-26.7
Aug. 7.7 5.3-15.0 - -
Sep. 8.9 4.8-15.3 15.3 12.5-22.8
Oct. 12.5 6.8-19.5 17.1 9.8-25.5
Nov. 11.3 5.3-17.5 19.8 15.5-21.8
Dec. 6.7 4.3-10.8 20.5 -
Jan. 1988 8.5 3.0-12.8 - -
“ L‘ 0 100% 1]
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Fig. 21. Seasonal change of cell diameter of two Skeletonema species, S. costatum and S. iro-

picum in the surface water of Ariake Bay in the period from April, 1987 to March,

1988.

TR CRBISGEE 22 & #BBITR LT WA, 104
121, 16 pm DL EOKEHIEAS17.8% L 13 & A EHED
Eor D, TOFHBRED 15.3 gm 2RL, BEEIK
EfL L7z 209 HIlid, #ENT25.5 pum DIEFITKE
W S tropicum b BIE SN T W5 (Fig. 22b) )o 10A 1213,

S. costatum DREMNE (19.5 pm ) BESH, WMEL D
ICKBIOMEA I L7 (Table § 3HR), 2%, 11412
BRFESEI/MNULL T, W% &bE 7 FaRE 12,
5 pm KT L72o 12A127%2 5 L FHREDN6.7 pm 123

TET L 1 A5 3 ADREMAIZL CEULT, #
DFAEI1L 8.5-8.9 pm OHEFICH 1, HEOBRFITIZ
EAETELL TV Y (Fig. 21),
BEFEELZTARI, 0A0HIBEERT- LTS
CWEhhod, I, 9ALEI0ADHMBERE I
10%cells.ml™' D LNV T LA%do7zo LBLES,
ZOMIEIZRE v, BEORERIZVWTR LM
TEFESBAR Z R LIS L Twb (Table T 2H),
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Fig. 22. S tropicum with wide cell diameter
observed in Ariake Bay, July 14 (a)
and October 23 (b), 1987. Cell dia-
meter; (a) : 26.7 gm and (b) . 255
pm.

4.5 RIEFEERCORR

RIETIE, S costatum & S. tropicum OFIEH A X DA
FEKEB L UFELEDERICOVWTENS, B, i
5 & VS B X 02 QBRI C OB K TG0 & KiE,
oy, BEB X UREEE L OBRICO W TIREIEROH
129l L7z,

45,1 KR

BEETE, WEE, WiEER L OE WO ERKIROFH
754k % Fig. 24 1R L7z KEMIMRIZ11.5C (HEEHE,
19874E11A17H) #°528.3C (BN, 19874E7 A29H)
ETRWAGREEPHICHI L7z, BEOEEIXIT LA EA720T
PEBCHOFHETRE, FWTNOEETLENLED
10CHIE & Z T OEKIERDIC I AR T I L 22
olze

4,5.2 BE

EEADOBHIETE OFEHE( % Fig. 25 IR L7z, KE
WFEIE6. 1 kg.m S CHEAHE, 1987487 A29H) 72 524.8
ke.m "3 (EETE, 19774E11 A12H) DIV FEEEHIEH I
BT, FRENORE CRIMIBO LB & TE L DR
BB RWZE R0, BEDTEWARNIZII R
BB L2 A5 7o

Fig. 23. S. costatum (a) and S. tropicum (b)

with some spermatozoa collected in
September 13, 1988, Ariake Bay.
Cell diameter; (a) . 7.5 #m and (b)
0120 pm.
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S. costatum DFRFEDFHEALICOWTIE, T TIZEH
WEARIBIZB VT, IL(1936), JLE (1949) B X OFH
(1967b, 1969) DFFEAH 5o L (1936) X FEMIIT,
S. costatum DEEEEDS, ZIIKE L, Bl/hS{ bt
WL TWBA, ZOFik&E o T, AL (1936) DL
OEHFEAOR(E ) 2R 5L, 5,6 AL10A»HI12
AICH TR R E , RIURFEEORTIED Fig. 13
DEFNUIC L CEML TV B, RIT(1936) 1, ZDFHZEAL
AR DBTRE P ORE LS 7B OHRTH 5
EHERR L7ze F O, TLE (1949) IZEEE T, 7o46H
(1967h, 1969) X EIGET S costatum DFEEMM FFEL,
5,6H&9,10ADFE2E, BRENSKEELFEHENLR
BTWD, (L (1949) 13 Z DA RERIEIZ L 5 D DOT
e, WRIBT 2T AEEROBRTH B LHEE L,
HH (1967a, b)IZEEFEEERIZL Y, S costatum DGR
FRB KB EDBFZEERD, ZOTEORHE TS
HEREAETWD, AFZRICBWT, HRER LOMOEE
T, BREOEEHICHARTERENOTEE L/, Ih
BHBREOEHECEBRROBRECTHH I L will T
5LDTHb,

HIFFEEIZBIT B S costatum & S. tropicum DFZEDIE
EDOEEH % Table 9 1ICF L ORIz, TIITRLAZERD,
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&—a~A  Tokyo Bay
®—@ Hakodate Bay in 1977
O-----O Hakodate Bay in 1978

@ —® Dokai Bay in 1983
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A— —A  Ariake Bay
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Fig. 24. Seasonal changes of the surface wa-
ter temperature in Hakodate Bay,
Tokyo Bay, Dokai Bay and Ariake
Bay. Circles and triangles showing
the restoration of cell diameter.

S. costatum & S. tropicum D 2FE L H 12, EE DO ILE
WICL DV EFTRE D, BERKICBELZEEL:, 7272,
S. costatum \3 EDFRII BT H, BICLT—EREL
BI{E L7223 LT S tropicum 3BT DHEIZ b %
BEHEIE L7275, BICHEREN—ERE AEmZHE >
W5,

Ki & DEMRICDONTAS &, BEEEIEARLTIC I
BET, 12LALH20CTHEDS25CHITITHE S 72 (Table
9o THIL, EEEEET S costatum DE ML O TR A
15-25CTE <, 20CTHR O S o728 LA (1967a) D
FRELC-HL TV 5, BWEHEUNOEBOFETI,
S. costatum DZEBBIZE LK ERETVWSE, 0
ZEOBERIEIE, KIRAWCHEE EATAEHE, T
BT BRICH725, —75, BB CREQEENEIZ—
ELMEE TR WOR, KRASMBOMERL ) bR &
CHRT B LHEREESND, Thbb, HEETORSKE

©-® Hakodate Bay in 1977
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Fig. 25. Seasonal changes of the density in
situ ( o t) in Hakodate Bay, Tokyo
Bay, Dokai Bay and Ariake Bay.

Circles and trianges showing the res-
toration of cell diameter.

1324.6C (19784 8 A 5 H) ¢ &, 4 H (1967a) 254
L7z S. costatum DA HEATEDOTFEKIBHEEMNICH B, —
73, BIZASIEEIC B 5 REKiRIZ29. 4T T, FHEKR
ZIEDDPITEA TV D, KRSEEOEMAMNEE S
BERTH S LHE SN TV 5 A (Mizuno & Okuda,
1985), M O EAKIRIICHEAEREAR I ), #HBA
JAFARBEND V) L IFMOBEETIIMS TV
Vi '
BEOREIIIBNT, BMBEED S, costatum T
FHEEE L HEE T, 728 vopicum TRIMEETES
720 Taguchi(1970) 12X E, 9 A DEREEICBWT S,
costatum DKL OWIRKE L, AEOESZEHNEB X
UHEM 77 > 7 b Y BEDE Pmar GGEFIE A RHE
B) s —H L THLNT Vb, BAET OB BT
BT TRES Z L, EHERBOEEREY L 23
BETIR—RIZFEO NS Z & TH S (Drebes, 1977; IR,
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Table 9. Period and frequency of enlarging cell diameter of S. costa-

tum and S. tropicum in Japanese coastal waters

Site Species  Frequency Period Water
(times- (month) temperature
year ') ()
Hakodate Bay S. costatum 1 7-8 22.3-24.6
S. tropicum 1 11 11.5-12.6
Tokyo Bay S. costatum 2 7,11 26.0,18.7
Dokai Bay S. costatum 2 5-6,9-10 19.4-22.2
S. tropicum 1 9-10 23.8-24.6
Ariake Bay S. costatum - 2 7,9-10 28.3,20.6-22.2
S. tropicum 2 7,9-10 26.7,20.6-22.2

1986) o L7245 T, BHFETE LN S costatum & S.
costatum DRI FIEH GBI T # 2 ISR & 2 L
EZbNB, T72, BWEED S costatum DERIBFILH
b FDBISCIE e o720 BEEED S costatum DY,
BEOREEEROEBAMNETRLBE(EETVLA, %
IR E CHTHICILEAE T 5 BEE T, RIS L
THRED/NMLY R T ), BENOEKETET T A
ZAHEBICHBELEER, FBRETHIRTEEIE
EbDEHEESIND,

BHEEOINRAIZB VT, 'S tropicum EEIREIED D
BHOMEVCORELICERS N, T02ABRKRISERT
HEEnN-Z 25 (Fig. 4 ETFig. 10 B318), S tropicum
WEERIET $ /2 F OIRR TH 5 BIERIC & ) ERARA
ENZLDLEREND, B, MEVORELTIE, Z
AR DIGIEFE & 2T WD Leptocylindrus mediterraneus
PEBICEAZEE TS, LoT, WHEEBEICHHTS S
costatum & S. tropicum &, % DA OFRIFELSE NTIE
BE LT B S HDEL, MEEEBOEERNETHY,
BEIEEB CIIMERETHLLEILOND,

THEE & F OBRBIIFICB VT, BHADPDL S tropi-
cum DRIVRA DI LR, ZOBRMMEEEMNICS 13
L= & &b, S tropicum \FEMTRIEL, BERIZHIHA
ENTEFEICHIE L LR EN 5, £ (1980) 137 #EE
SHBI BIER OB E Y Z 7 VEKRAT B L
ELTWh, L72H T, KIEEOD S tropicum I3, S
BEOZFNERL L, WSEERICRA SO/ H THEET
BRAERETH L EEZOND, RIRBEIBLTD S. tropi-
cum LA BHER & QBB GIEE ICEIREVWEETDH b,
KUED S. tropicum \IZDWTIE, ZD LI BEEE RV,

5 EEEEBRICBVWTEHESLNE S cosia-
tum DR FEBRERNES SV
SEEEDORERF

AREIZBWT I, BEEERIZID S costatum DS
ZUIHE ) BRELELEEISR L, S costatum DEIETRIZB T
LBEEL0EELROLIERBME Lz, 2B, &
EERICIE, WEBLVSEEL S costatum D7 W — ¥
BB E F\W e 70 S tropicum V& S. costatum & IR
BEICBOATRATEZNI &b, BELMBSREE
DEGREEICOVTIZFEALEENZVWERELT, S
costatum D&% EEFHEL L LTz,

5.1 RBECHEBESEICHEDREREEORRE

EEEOERRED S, S. costatum O 1K DGRBS
ZAEEL, 2ARNEELBMSE s 0 - VEERT 2K
ORESICHEABE, BB BROEBICHE) RELROZE
it #NFN Exp. -1la & Exp. -1b & LTE{E‘T’% L 7z (Fig.
26)0 F7=, EHE KL T30HHD Exp. -la 6458 L
FEMEDYG12 pm O 1 AROREE T, BB
L LB ER% Exp. -2 & L7z (Fig. 21).

Exp. -la Tid, BEERTHA LTS HHEIS 16.7 #m
OFREFREAHIAL, ThokBMRIZEHE LI3HHEI
LAEVWE A A5 B L7z, 16 H B 1213 post-auxospore
WO 1 ADREEEDBIE S iz (Fig. 28)0 O post-
auxospore #EE, BERMTIFEE 2 BOFEEET TR
SNFZAMPEL DY, FORKIFEC IO
ASREET 2 DI ZRETHE LTz, 20N
post-auxospore MIFLIZEIZE SN2 d 572,
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Fig. 26. Changes in relative frequency occurrence of cell diameter
of S. costatum in Exp. -1.
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Fig. 27. Changes in relative frequency occurr-

Fig. 28. Post-auxospre cells observed in Exp. -1
Post-auxospre cells . 16.9 g#m and mother

. cell 6.0 #m in diameter, respectively.
ence of cell diameter of S. costazum in » P 7

Exp. -2.
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Exp. -la IZI3 KB & /NBI O 2 JIIB AR BRICFAE L,
ANERRAEE IR EOM/NIZ L A LRV, —FDRE
BECIE20 0 B OFE 2 ik X LIRSS e 3R R OFE TR E D),
FIREE20H HD14.8 pm 2 H30HH?M12.3 pm £ T
fiaN U7z 208 HURELCIE, Hi7- 2 KR g S s
Bolze REBRFICKMMBOEI AR, SHENLI% D
530H HM82.6% F Cl2imL, AREMIaL/NMIHIIZIE
LALBERDLSLE TR 7,

—77, Exp. -1b TREXBFERINT, TOFY
BT 2 HE®6.9 pm A 534H HD4.5 pm F THRAIZ
MEAN U720 L L, 29H H O Xk EEELIE, 4 pm 2
55 pmICE—Fibo/TE, BEOHMITLAL
Rohilkol, TOD4 pm 755 pm OFEICAE
DEIEOREBRENHHZ LAREEND, 72, Exp.

-2 CIRTFBRERZ T HEDIZ2. ] pm 22521 E ?9.7 gm
FCTHA TN LT,

Db 3 EBowid, MEOSZEHE FHRELD
BRI DOWT Fig. 20 12F LD TR L, ZO%4E, BURE
BOARIZHET L OFIGHEEOH/NE (pm. division ™)
ZR L, AEBTIX0. 070 gm.division ' #*50.126 pm.
division™' OFFHICH ), KEOMIIZLERENEDREDS
naTwniz,

5.2 BREEDREEORRF

AR o) 3 SEEROE A #k MM O ORI & 0 Eib
L7z 3 la 55283 % Table 10 ISR L7 2NICE D
& 1. 24 divisions. day ! #*51. 80 divisions.day ~! D#iFH
DEIFELN, KEOMBIZERVGREEEZR LT,

Y
g 15 o) lo)
:/ \o EXp. -la Y=-0.126X+156
P lo—— o
g O\
g 10 = O\O_ Exp. -2 Y=-0.110X-+120
S
E O— O. - o Exp. -1b Y=-0.070X+7.0
Q
= L o O——0—
ot g [} [ ] ] i e
0 10 20 30

Divisions (times)

Fig. 29. Relationships between reduction of cell diameter and divi-

sion of S. costatum in three experimental cultures.

Table 10. Mean division rates obtained during the reduction of cell
diameter of S. costatum
Mean cell diameter ( g2m) Mean division

start end (cr{?\iiesions <day™)
Exp.-1 (a) 15.3 12.3 1.80
Exp.-2 12.1 9.7 1.59
Exp.-1 (a) 7.1 6.5 1.35
Exp.-1 (b) 6.9 4.6 1.24
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Exp. —1I2BWT, BWARTF X )IBH S - BHEEOK
RO NI 1 1 & b o 72 2 13, KIIMIRLIE L5
AR R LD L B HRIITE B,

5.3 BMEEERDIIalL—Tar

5.3.1 #BESEUCHES BEBEMIOWT

LAk 3 EETI, BEMHNTHIZONT, M55
L) DBREDHENE L FEEEIET Lize OMREE4E
e LTHWT, BRI BER/ADEHZ{L % Fig.
30 1R L7z o BREDHE/INEE 1 ,18-12 pm TUE0.227 gm.
day™, 12- 8 pm TIF0.175 ym.day’!, $728-4 gm T
120. 087 pm.day ! &, BEI/PEVZLETL, RICR
FEICA pm DKE R EFTBDIHUAZEL 7
(Fig. 30 A)o 24 ) OBEOHM/INE & 5B 1225 LS
%<, REMORBREENEE SREE v L F T8
L7 RET B E, 4 pm TTHAELT HDICHTRIC
#962H LDPE L2 5 72 (Fig. 30B)o BEDH/NEDET
EDBEEE DT A, SR/ MR 2B IR+ 5 2
TWBIZENROLND, BEDHI/INEL HEEED 2D
DEHIZE D, BERDOENADZNZFNOEE % M
THD, FTEBEOINELL-HE (Fig. 30C) &, &
BEDHRENEDBHEAL L 7284 (Fig. 30D) & DFILHRE

Cell Diameter ( xm)

DHENDBIEZRLIZH, TNb 2 &EDEEOELSIZIE
ZEAEEENALNLE D572,

5.3.2 AEMEIREIC & B/ EGRREOBRICONT

RIEIZBWTCIE, & X502 Table 10 ISR Lo EESE
HE L ORFRr S, KEMRE &N RO HEEED
BHEENS I 2 b— 3 v EF o7z SOEBOWH
SfEE LT, KEHITED 52 EE # 1. 80 division.day ™!,
NHHIL D Z % 1. 35 division.day ™t & L, TNZENDOH
WEE = REGHIBEETO0. 01%, /INESIREET99.99% &%
ELT 28, TIICHVEEEIIEEERTELR
fE%, FHBEEIIOWTIRERET O RS
BB LI DOTH S,

FFEOKR, Boh/-BBEEOHER % Fig. 31 II7RL
Too BEZREDIZLIZDN, REICKEMIIEHR O K E &
WAL, 30B#ICIF50% L HIZEL, 45A1&ICI395% L
FaEY, 508 BICE/NEHIRRE O HIRE4120.2% £ T
CHIET L7z SOMRIL, SEEEODTIREEICD
Db oY, BEEEIE U7 REE O KT oS/ N
B, DT 1 HATEEZEBOY I LI LHLIRLT
Wh,

Fig. 30. Mean cell diameter of S. costatum with conditional reduction and division

rates. A: reduction rate=0.227 gm-.day ' from 18 #m to 12 m, 0.175 x

m.day ! from 12 gm to 8 #m, and 0.087 zm.day "' from 8 #m to 4 pm,
#“

division rate = 1.80 dividions.day ~' from 18 gz m to 12 g m, 1.59

divisions.day ~' from 12 #m to 8 xm, and 1.35 divisions.day ! from 8 um

to 4 #zm, B: with no change in reduction and division rates, C: with only a

change in division rate as A, D: with only a change in reduction rate as

A.
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Fig. 31. Change of relative abundance of small and large cells with

conditional division rates.

54 E%

TR S N7oaiE L AR/ ORI, /NI
TEEOH/IEEIBIMEIND Z LT, S costatum DH
FEBICLOEHRIIRENVWEZEZONDL, Thbb, Fig 30
R L7z & 91, Mifes3e# B L T post-auxospore
ML (18 pm) 2 HIEETRRY A X T/RNULT 254,
BHAEDABFEL, /N CREN/NE L BEEEN
BFLAVWEAL) NI IABIEIEESOEBTELL,
C AT AR TE R B TR S N7 R O N DRET
IZHEPLLTWw5,

T AN B2 DN TOREL ) OBFEDHE/NED
BT /NS O/ LERSPEFORES WA LT, €D
ERF OWNEITIE & AR O/NULITENE N D 2 &
KB ENERIHETED, LAL, 4 TIEINL
3 & IR e A1, TOMICHE L CGRRD FE
A ETREDOE S 2 LR SN TRE ENDLEND
bo

ERFGENZ BT B S, costatum D73y FEEFROEZEE 2
FERZERT, BEOHOREMELS, BHoNIE L
ML Y b, WEEESECERSB LN, BT T
7 b v ORI A X EBEEE L OBRICOWTIE, €D
IZEALOMEEERICET A0 TH Y, —HiZ/IEH
JdEWER  AELEFOI LS, KREEL D bERE
DOWNFEICED, BEEEXLIDENEVWDR TV

(Williams, 1965; Parsons & Takahashi, 1973; Taguchi,
1976; Guillard & Kilham, 1977; Chan, 1978; Malone,
1980; Fogg & Thake, 1987), LA L, HEADERIZOW
TREFEEbO TRV, TD9 5, Durbin (1977)
V& Thalassiosira nordenskioeldii DAY A A & VaTHHE
LOBIL, BOEBREE—RVWIZLTWS, £72, Wer-
ner (1971) & Paasche (1973) & Z 1 £ M Coscinodiscus
asteromphalus & S. costatum DFEFREE B VTHIRLY 1
ZHHAE LT O WREEICEELN o T2 EHE L TV,
LA LA 5, Paasche 2SH-~X7z S. costatum OFANEH A
it 4-6 pm EFEFICHL, EROBEBFICHEDLS
B X7, A ETIT, MY A X L ERE &L DM OLD
BRSOV THED v, EEEEMIIEPIC IS, BT
Lo SEEOMBENEET A Las, AL Dl
TANARISEANL, TOKE, WRoRIEDIFE L%
13T, &I S costatum D & D 7 /NEIEEE T, HETEHE
EAMET LT 25 I LRTEFICHETEDILTH L,
F72, S costatum DRI CHEFEEELE N T L1,
BRI CORFEMBENEHELE L (BT, T4b
Y, BAITFOIEME S TR AT 5 &,
D3 BN ORI LT B 2 L ARG OBEE, T
=B, WS, TBEEBOLE (1949) LREBEOLGH
(1969) PMEICRM ENDAS, Ziud &Y H\IEFEERE
% b O KB AY NI 2 AR B CEE T A 2
LItk EELOND, ZOXREMIEO BT HARER
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Fig. 31 ISR L72BY TH 5,

72, Durbin % Passche %13 L% { ORfZe5 %S, B
BOWIEDENY A ZEIEHE LTV B, REBRICBWT 4
pm N S, costatum DIEFE DT /N 4 XA & 7-
(Fig. 26, Exp. -1b B8) . B/ A X (4 pm) fHETIH,
FREOMBEBTEI/NEL 2T X, FE2EMER %8
B 2 D7D, WM LbD LRSI L, EE
BIEZI/ANEMLT 2 &, EIEHEREDSE 2 TIPEY 5 = L i
—MEIZERD 5N T B (Geitler, 1932, Hostetter & Ruther-
ford, 1976),

FEEEERFIGR OBAERFICIE, KEMIIEERE L
Bo7ze 7z, Exp. -la ® 8 H HLLEE, post-auxospore
MBI 72 ICBIE CTE 2 h 022 1Y, Exp. -la Dk
B S BAEE 225 5 5 B LIPS & 7= 3 AT 1o
RTDHLDERZENS, Davis ez al. (1973) i, S. costa-
tum THELEAME E T, BARTIHE S NS F T,
THPLIOHBEZETHZL2WMELTEY, FHED
KGR Davis et all DFER L ) D BRI F R A% %
vy, F72, post-auxospore ML ASIEE I VIAEET LA
BRI N G o/ Z b s, BRAFERERIEEICE
PolzbDEWMREND, WETHELLSIZ, FFDH
B TH b7z post-auxospore ML D V31 b FEE 12
BETHES LTV,

S. costatum DERWFZHEEEHEIC L b0 (HH,
1967a), EVEAETEIC X % b D% 5 (Gallagher, 1983), #
DWFTIU BT S /NI DFEAE & 8 72 22 3e
BOLEFMHEEEZOND, LPL%A S, Exp. -la &
FCZ7 00— >BEHWRA—5EI285%E L7 Exp. -1b Tl
BREF R 2D o/cZ LN O DIFNICEE L &6
PEIETHI L ERELTVS,

6 MEEE

6.1 FZHHIERICIONT

Smayda (1980) i&, #W 75 v 7 b > OFEFHHEEICIZ
H %Y (Autogenic) & llZ R (Allogenic) 72 2 D D BEE
Rz LIREL T b, BHFENERICIE, 4I5S, F%
WEDOWILEE, WEERMEBLIOBW TS v o by
WEBEEFHY, —HOMEHERICIE, &5, kiR,
g, KEDOBE L ANBMWESEEIND, BETS L7 b
v OFHIIHEEICE LT, MERERIZOWTE L ORF
EPFTONT 5, FHNEEICHET 2 AZNERDERF

ROBE,LOWIEE, BETS V7 FroBaIlciE, &
CIKHRRIEFICET 2 5 00 % vt (Hargraves &
French, 1983 # X UF Garrison, 1984 # £ 18), K312
B4 5 Didd v, FETE 572 S costatum 1200
Th, 728 tropicum \ZOWNWT L, WRETFIZET L&
RO DO OFHHHEOMIE LS T TIZh W,

S. tropicum \F HAMRE D ZKIF L b MBI E V73,
BERIEF ORI BP0 U IcBE s h, KEEE
THE LGOI, Z0%, FEMBEOWMINIC L ) BEEd/N
B LT LAY, S tropicum 1310TE { F TKIEAET
T HIZAEIIEWEE LTz —7, S costatum &, 20CH]
BOKBING, WREFERBEL, LMICHETL LR
CHIEZ G, BEICHART 2R L CEEIRE LS
HETIEFHBELEEITS L \WI ETS tropicum & 13
B EEREEHOERE 2R Lz, EEMBOMBENT
fRAIRIE, S. costatum T 0 THI#E (Smayda, 1973), S. tro-
picum TI3T AT (Hulburt & Guillard, 1968 ; Guillard ez
al, 1974) ThH Y, LEOWMEROFEHIMWE X, FEM
H@,@féﬁlﬁ—l‘_ﬁﬂﬂ(?ﬂm*ﬁ@ﬁﬁ SCREBEINTWEEEZS
Nd, LaL, KEEEREETIX, S mopicum DD L
I EFEHNZHERICOVWTOHREFII VT TR,

S. tropicum DZ7> 6 EIZHIT TR LR O EER
BIZOWTIE, R ECTORRIROHEE L2320, |
EENEDWEREREELTD, S tropicum DFZEHN
DEEZBET A LI TEL o7z FIIZHBITS S
tropicum D WMINIITBHRICE AHAIC LA L, &
HREDHERNPOMEEND, LIL, S tropicum LITE
MG & DRBIRIZ OV CARBIZE CIREEMEELE S T
LY, SEOMEICHIFENG,

S. costatum T, &L BIEM_EOMBEBEDEA
T h2, Wb %“Bimodal Occurrence”H%% { MIKIF T
#HE N T 5 (Conover, 1956; Smayda, 19582 ; Braarud,
1962, Staker & Bruno, 1978; Smayda, 1980), %7z, &7
FERTEAEIFICED SKOBMICZBIZHET S L v
bt Tns VAR - 8K, 1940 ; Nakahara, 1978), —
iz, LHIOEENEREEN TS o7y DBEEPLD
TR S REZERE LTHEIF SN 54 (Martin, 1965), 7
DR AEIEEEDE & & DM OEEBIIC K E CE
FLTwa EwvbhTwa (Curl & McLeod, 1961 ; Jitts e
al, 1964 ; Jorgensen, 1968 ; Smayda, 1973)o S. costatum @
TN — L OFEIG KB X VR SN THBY  (Braarud,
1962, FWZED 7 A OBEESL L UHERETH 1, 2 A &
TRZE), ZOKXREMEOECEEEED, “Bimodal
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Occurrence” DEELER EE 2 bNDL, —J5, AiEIT4,
5 AICIEWIHEBE L RSEMICH D, THEDAR - &
A (1940) DUTOEBIC L (EHENTWD, T2bD,
SEBOEHELE RAIC, SHEE U CRERERICH
e, BIERTNEE, oS5 vy b VEET
B LD, 5 AFKE TICIE maximum AENLDTH S
A5, AT 5 AUAENCIRIEIN A2, WOhOlET
4, maximum I3 6 A BLFEI0A £ TORMICEN, - (LT
BE) o7 T Z DI DOEE)E W IEERE & b D/
MM, RAZ L BEEZLNS,

6.2 HEBEIHHICOWT

S. tropicum B3 - & b LB L ZWIEETIE, &
HOBEKEIZIOCHZICE TIRT T 5, KEETE, &
A OAKBAIOC U TIET § 540k v 77 AW
DA BE L v & vwhbii T 5 (Hulburt & Guillard,
1968), Z DARFHETRIHICB T 250 M %, T0E EHFR
SRS IC S RN, FHEE 2 o JuldeERKig,
FEOSHIRIGICAET A2 Lk b, FHEOE L DI
BHEEICE, BRROBE L F i b iRE L B ATE
B REERNICEE L TWD, AEREHEICIE B RE
B OMEAHEAL, Sho0SmIZBEMEBEHETS
LnbTwa (R, 1987), S. tropicum O HIREIE O
SIS TR SN S BEROZTI A% F 5 I & —F
L, REOGAICERAIKE LB L TNDLIENELDL
N5,

KIGEBER D 7 ) TR A F Y aEERLLE LS
tropicum DG (Hulburt & Guillard, 1968) & Hl#f L T,
RIRBICHBL T 5 S, tropicum 3R T BRI
SHEORLELOBREBETH L LMEEIND, S tropi-
cum DOIEFET BE 22 KIREATI0C UL EICH B T &, &
BErIEHTLLOTH D, KFFERFERIIBNTOS
tropicum DFAFII DNV TIESBOFRISHRES N D,

EHFFET, S. costatum DRI T IZ15C A 530T
DOKBHICFEEZTHBY (Table IBH), ZHIEEHREEE
BOfERE (HH, 1967a) £IEIF—FH L Twb, Efioded
BRIZBIT A, 10CHERB L ALBIERE TDS. costatum
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Fig. 32. Distribution of S. costazum in the Arctic Ocean and the adjacent seas. Dashed
line showing the surface isotherm of 10T in summer. 1 : Amur Bay, Sea of
Japan (Konovalova, 1972), 2 . Hakodate Bay (this study), 3 : Sea of Okhotsk
(Kawarada, 1960), 4 : northwestern North Pacific Ocean (Karohii, 1959), 5
western Aleutian waters-1 (Takano, 1959), 6 : western Aleutian waters-2
(Tsuruta, 1963), 7 and 8 : Bering Sea (Tsuruta, 1963, Motoda & Minoda, 1974),
9 and 10 ! easturn Aleutian waters (Buley, 1929, Cupp, 1937, and Karohji,
1959), 11 and 12 : Alaska Bay and neighboring waters (Allen, 1927, Gran &
Angst, 1931, Allen, 1929), 13 : Bering Strait and Chukchi Sea (Saito & Tani-
guchi, 1978), 14 : western Beaufort Sea (Johnson & Brinton, 1963, Horner,
1984), 15 : north Norwegian coastal waters (Gaarder, 1938), 16 and 17 : south
Norwegian coastal waters (Braarud, 1962), 18 : Norwegian Sea (Smayda,
1958b), 19 : south coastal waters of Iceland (The Oceanographic Laboratory,
1973), 20 : east coastal waters of Greenland (Braarud, 1935), 21 : south coastal
waters of Greenland (The Oceanograhic Laboratory, 1973), 22 : northwestern
coastal waters of Greenland (Bigelow, 1926), 23 : Labrador Sea (Holmes, 1956),
24 © east off New Foundland and Gulf of Maine (Bigelow, 1926), 25 : Narra-
gansett Bay and Long Island Sound (Conover, 1956, Riley 1957, Smayda, 1980).

51



52 o

5. WEEEIZBWTILAILS iropicum 1, T3 BEHOHR

FEFNAREE 2 AT KB OMIE THM L, £ DHRERIC
HE L7z BROKEREESDKESH DL, BEROHA
i F T, BRBERAKOEENBLATVEZENHL
WTHo7ze & o THABIZERIBIICL ) BWEEEMNIHR
Az HEEZEN D,

6. HEE T, S wropicum ORIFREATO A L1012
FPEIBICHIEL, TOBRBNICEREICHME LS
s, AEIEEEREICRHEE TLEIMIEEL,
ZOBRBEPICIA SN TEEEICEBE L0 LSS
N7z & oC, HEETE & IMIEE TOMBIRI & AFFHE
TOFA S, FFEOGAIEETRICHE B/ L Tw
HEEZLND,

7. S tropicum 3T FEENDE LWVAEEICBWTED
EHE (3,320 cells.ml ) ICHB L7, Oz & LD, S
tropicum V&, S. costatum & FRRIZ, BRI LIAMER
FEODDEEZ LN,

8. B L MEBIZBNT, KEDI0CHEIZETT 5
&, S tropicum EREIHBEE LR, HELZ
MOWEFIZ BT B S, tropicum 1FI0CLUT T HEL
B olze ZHUIILKTEETERIB TDS. tropicum DIy
AALBRICDWT, LHIDKEATI0CLUTITIERT 35 6%
ED Ny 75 ZMPALIZIEHI LR v & v ) Hulburt &
Guillard (1968) MELk & ISMIMICHIE L TV 5, T4b
b, AWFZETIR10T OKRIGFEHNHEKLICERL, —7
Hulburt & Guillard &5 ILBRICEET B L LTS,

9. AFHEEO 4 HPE (WEEE, TRE, WEEBL0H
BIHE) IZBWT AT L bRo B, ERICCERES
189 2 B EAROWR 2 FHE(LE R Lz, —ERED
BEOEEIZS A6 7 AWM, ZEHOEEE9
A1 A OIS, EOWEETEZOREHIZE
D 720

10. FHFRICBWT, BERRFBEIZDDWTS cosia-
tum & S. tropicum DFEOFRERENHAE SN, Z
DL, A7V ARYHEOREOFEHEN T DA
WBORMTH Y, #EOFEHEIFREMIOIEMIZ
Py BEOFNE, BWRATFERICEPEEICLEZ L
2T HHDTH 5,

11. 24 L 2 BEOERT 1 HEOBREEEILS. cos-
tatum 125 B b DT, 2[EHEDEEIES costatum & S.
tropicum DTFEIZ L HHDTH 72,

12. BEOEEIZ20CHZOKEIHTRE B Z LRSS
Nizo L L, BEOEHELLEZOEIPOBREER L

DR ZERIEE LN 2D 572,

13. S costatum DXL E4E D BEOF /IR, BE
AREVEEENMENRE LNz, Thbb, 12xm L
DRI TI120.126 pm.division ' TH Y, 8 pm L
T O /NN TI20. 070 gm.division ™! TH o7z, 72,
BLEEE S BRENSHEANT AICONTETL, 12 gm BL
L TUd1. 80 divisios.day ! THH DI, 8 pm LT T
131. 24divisions.day ' /R L 726

14, BEOFHELOBEERL Y, MREESEELT,
OEAATFERE LRESEET A I TIFETET
HEEZLND, BREDS pm ORI, 1.80
divisions.day ~! D4 ZEEEE £ 0. 126 pm.division ' O
RN TIE 4 pm 12 F T/NLT 2 DI120$062H
LAELZRV, L L, FEEEIRRES —12,4m TL
58, 8 pm BLTFTL.24, F7-8EDHNED8 —12 pm
T0.11, 8 pm T T0.07& 35, 4 pm FTHAT
HOICHUAZE L, DEDOYI2b—2a ¥ X0/
BLS BIZ DN TOHEERE L BB/ OIT 3RE
OAEALZ RO T I EICHEMHER LT D 2 L AR
b, LoL, ZOBRERIELSEEENET TE
HENLEFIFITEELUTTH S,

15, FREHNE O MBI 3/ NS I IR IS T 5k
L7zo REHRG & /N B EI & DR & R fEE 7
WMZEBY I ab—3a T, FOWREEREHBO
HEE R E % 1. 80 divisions.day ', ZOMIHEE %0
01%, /NEIHHRE o¥ETE B % 1. 35 divisions.day !, H
HEE%99.99% & L7854, 50H TREHZIX99.8%
OHHBEEZRLTELETLETICR o7z, Thbb,
DT RERKSREEERTE LN RIS X
Y R /Nl OB R E 7 OBERENE L Y FHH
TOLHDTHb, $72, ZOZ EIEKMOMIEHETEL
PTVIEERRTLDTHY, BRELHREHNELNE
Sz bk Df 37 AUTOETHRZERET HEIRD°
HHLEEZOND,

16. KIFUSEETO S tropicum O HIIRTL A & AFR LA
FREOSAIRS L E 2 b5 &L bIg, REDOTEEHR
HERTFETOSA O REMATRIZ S Tz,

17. L% L & LW T DS, costatum O HBLFES
#TLdb L, EOEBKRONOIOCOERBFLUILTIIAR
FEOHIBEGFIE W, 10C LT OERKIRTIES. costa-
fum FHEKAT 2 HE T 5 2 AR, 20D
FLEWbDEEZOND, $72, 10COERMLILT
WH L 72880 W3 b IR O BB W & 25 TR



Skeletonema & 2 DGR & 54 53

WCENBALIZbDEEZEZ LN,

8 #H

KWFGE T8O B2 72, dbilEd KK E S &
BI#BETRWE TR ELHE, BEL JHHEGRY
Tl SCICRLTE(HERZRLET, /-, duilE
KEIKEE FEEREIE 72 & ONR H BRI I3 5 4 0
YT ERTHEXE L, SIKRLTEN0ELELS
o TCACHRE KK EFHBAZN TR EZ 613, AKX
FREGELER O IR0LICH ) EREGHE L2
W2 L BEHOBITEDLYH ) A TTLBRE
KB EFHEL RN B L OSBIEEEREE> 51, It
MEERFEDELFIRZEIRT HICH/- ) BEL TiREL,
FWFE T TN ) A TR E LETESE F L7z, FICHE
) TEVE Lz, AKRERERMIEFRREESE 5 13k
ERFROFEERILTTI V7 b O E KD b JigE
TIHE, ZWPRIERICHBETEZ T e ho722 L,
TTHIEBE SR E LETEE E L LFUCAEE ) T8
F L7

AWFFEDWFEHBHE, iEERFRKEFEHRAER ) LB
ATIRERAE KRB LUEHBEOH 4, FERZEKEZL
SHEETE COFEEYEREDOR S A, ME)IIRIE
Flf & A EEAERBRTO—  MZIER, JLhNTEREEE

WZERTIL B EX, 18 W VA8 B 7K 2 3XER % 4 F I — RIS,

BLUMTEILZOT > 7 —D/RBRINEERRS O T
WL o/bDThHb, TR LTHERZELT T,

9. 5lRAHE

AN EERR 1942, BERIREWE. O KE, BHE,
272pp.

Allen, W. E. 1927. Surface catches of marine diatoms
and dinoflagellates made by U.S.S. Pioneer in Alaskan
waters in 1923,  Bull. Scripps Inst.  Oceanography,
Tech. Series., 1: 39-48.

Allen, W. E. 1929. Surface catches of marine diatoms
and dinoflagellates made by U.S.S. “Pioneer” in Alas-
kan waters in 1924. Ibid, 2: 139-153.

Allen, W. E. & Cupp, E. E. 1935. Plankton diatoms of
the Java Sea. Ann. Jard. Bot. Buitenz, 44: 101-174.

Barlow, J. P. & Monteiro, J. D. C. 1979. Selective graz-

ing by zooplankton populations in Southampton water.

Mar. Biol, 53 : 335-344.

Bellinger, E. G. 1977. Seasonal size changes in certain
diatoms and their possible significance. Br. phycol. J.,
12: 233-239.

Bigelow, H. B. 1926. Phytoplankton of the offshore wa-
ter of the Gulf of Maine. Bull Bureau Fish., 40:
1-509.

Blasco, D. 1971.  Composition and distribution of phyto-
plankton in the region of upwelling off the coast of
Peru. Inv. Pesq., 35: 61-112.

Braarud, T. 1935.
mark Strait 1929. II. The phytoplankton and its con-
ditions of growth. Norske Vidensk. Akad. Huvalrid.
Skr., 10: 173pp.

Braarud, T. 1962. Species distribution in marine phyto-

The 1st Expedition to the Den-

plankton. J. Oceanogr. Soc. Japan, 20th Anniversary
Vol.: 628-649.

Buley, H. M. 1929. Quantitative studies on inshore di-
atoms and dinoflagellates of the California coast in
1925.  Bull. Scripps Inst. Oceanography. Tech. Series,
2:181-187.

Chan, A. T. 1978. Comparative physiological study of
marine diatoms and dinoflagellates in relation to irra-
diance and cell size. I Growth under continuous light.
J. Phycol., 14 : 396-402.

T Bk BE H4 195, 22 YFIBRRIEGD S
T Y7 U To BAKGERTER, 4:83-9%4

Cleve, P. T. 1873. Examination of diatoms found on the
surface of the Sea of Java. Kongl Svenska Vet.-Akad.
Handlingar, 1: -13.

Cleve, P. T. 1900. Notes on some Atlantic plankton-
organisms. Ibid, 34:1-22.

Conover, S. A. M. 1956. Océanography of Long Island
Sound, 1952-1954. IV. Phytoplankton. Bull Bingham
oceanogr. Coll, 15: 62-112.

Cupp, E. E. 1937. Seasonal distribution and occurrence
of marine diatoms and dinoflagellates at Scotch Cap,
Alaska.  Bull. Scripps Inst. Oceanography, Tech.
Series., 4: 71-100.

Cupp, E. E. 1943. Marine plankton diatoms of the west
coast of North America. Ibid, 5: 1-237.

Curl, H, Jr. 1959. The phytoplankton of Apalachee Bay
and the northeastern Gulf of Mexico. Publ Inst. Mar.



54 +

Sci., 6: 277-311.

Curl, H, Jr. & McLeod, G. C. 1961.
ecology of a marine diatom Skeletonema costatum
(Grev.) Cleve. J. Mar. Res., 19: 70-88.

Davis, C. O., Harrison, P. J. & Dugdale, R. C. 1973. Con-

tinuous culture of marine diatoms under silicate limita-

The physiological

tion. I Synchronized life cycle of Skeletonema costatum.
J. Phycol, 9: 175-180.

Drebes, G. 1966. On the life history of the marine plank-
ton diatom Stephanopyxis palmeriana.  Helgolinder
wiss. Meeresunters., 13: 101-114.

Drebes, G. 1974. Marines Phytoplankton, Eine Auswahl
der Helgolinder Planktonalgen (Diatomeen, Peridi-
neen). Georg Thieme Verlag, Stuttgart, 186pp.

Drebes, G. 1977 In “The Biology of Di-
atom”, ed. Werner, D., pp. 250-283. Blackwell, Oxford.

Durbin, E. G. 1977.
marine diatom Thalassiosira nordenskioeldii.
col., 13 : 150-155.

TE A= 1949, BlFEEOKE SOELE LOERES
WERICHT AETOZEE. HIKEE, 15:332-336.
LB FEZ= 1957, FiEEEME Rhizosolenia setigera DR
2 SOFEHEA. KEFER, KEMHEWD F :pp

393-405. MRUAZMME, FH.

Fogg, G. E. & Thake, B. 1987. Algal Cultures and Phy-

toplankton Ecology. 3rd edition, The Univ. of Wiscon-

Sexuality.

Studies on the autecology of the
J. Phy-

sin, London, 269pp.

French, F. 1980. Diatom resting spores : a comparison of
occurrence in the life cycles of Chaetoceros diadaema
(Ehr.) Gran and Leptocylindrus danicus Cleve. J. Phy-
col, 16 (Suppl. Abst.): 11.

Fryxell, G. A. 1976. The position of the labiate process
in the diatom genus Skeletonema. Br. Phycol. J., 11:
93-99.

Gaarder, K. R. 1938.
Tromse district 1930-31.
1-160.

Gallagher, J. C. 1983. Cell enlargement in Skeletonema

J. Phycol, 19: 539-542.

Phytoplankton studies from the
Tromsp Museums Aarsh., 55:

costatum (Bacillariophyceae).

Garrison, D. L. 1984. Planktonic diatoms. In “Marine
Plankton Life Cycle Strategies”, eds.. Steidinger, K. A.
&. Walker, L. M., pp. 1-17. CRC, Boca Raton.

Geitler, L. 1932. Der Formwechsel der pennaten Diato-

g

Arch. Protistenk., 18 : 1-226.

Die sexuellle Fortpflanzung der pen-
naten Diatomeen. Biol. Rev, 32: 261-291.

Gran, H. H. & Angst, E. C. 1931.
Puget Sound. Biol. Sta., Univ. Wash., T: 417-519.

Greville, R. K. 1866.
atoms. XVII-XX. Trans. Microsc. Soc., 14: 77-86.

Gross, F. 1937. The life history of some marine plankton
diatoms. Phil Trans. R. Soc. London, 228B: 1-47.

Guillard, R. R. L. & Ryther, J. H. 1962.

1. Cyclotella nana Hustedt,

Can. J. Micro-

meen (Kieselalgen).

Geitler, L. 1957.

Plankton diatoms of

Description of new and rare di-

Studies of
marine planktonic diatoms.
and Detonula confervacea (Cleve) Gran.
biol, 8: 229-239.

Guillard, R. R. L., Kilham, P. & Jackson, T. A. 1973.
Kinetics of silicon-limited growth in the marine diatom
Thalassiosira pseudonana Hasle & Heimal (= Cyclotella
nana Hustedt). J. Phycol., 9: 233-237.

Guillard, R. R. L., Carpenter, E. J. & Reimann, B. E. F.
1974.
from the western Atlantic Ocean. Phycologia, 13:
131-138.

Guillard, R. R. L. &. Kilham, P. 1977.

In “The Biology of Di-

Blackwell, Ox-

Skeletonema menzellii sp. nov., a new diatom

The ecology of
marine plankton diatoms.
atoms”, ed, Werner, D., pp. 372-469.
ford.

Haines, K. C. & Guillard, R. R. L. 1974.  Growth of vita-
min Bjg-requiring marine diatoms in mixed laboratory
cultures with vitamin Big-producing marine bacteria.
J. Phycol, 10 : 245-252.

Hargraves, P. E. & French, F. W. 1983. Diatom resting
spores: significance and strategies. In “Survival
Strategies of the Algae”, ed. Fryxell, G. A, pp. 49-68.
Cambridge Univ., Cambridge.

Harris, G. P. 1986.
Function and Fluctuation.
384pp.

Hasle, G. R. 1972.
Cleve and allied species.
171-190.

Hasle, G. R. 1973.
Skeletonema costatum (Bacillariophyceae).
Bot., 20: 109-137.

Hasle, G. R. 1976.

Phytoplankton Ecology: Structure,
Chapman & Hall, London,

The distribution of Nitzschia seriata
Nova Hedwigia, Beiheft, 39:

Morphology and taxonomy of
Norw. J.

The biogeography of some marine



Skeletonema [ 2 TN IS & 5370 55

planktonic diatoms. Deep Sea Res., 23: 319-338.

FEF OEKER 1952, AFEEET VYV REOEEILD
W, HAMEFEFEREE, 8 :139-143.

Hofker, J. 1928. Die Teilung, Mikrosporen und Auxos-
porenbildung von Coscinodiscus biconicus v. Breemen.
Annls. Protist., 1: 167-194.

Holmes, R. W. 1956. The annual cycle of phytoplankton
in the Labrador Sea, 1950-51.  Bull. Bingham
Oceanogr. Coll, 16: 3-74.

Horner, R. 1984. Phytoplankton abundance, chlorophyll
a, and primary productivity in the western Beaufort
Sea. In “The Alaskan Beaufort Sea: Ecosystem and
Environments”, eds. Barnes, P. W. et al, pp 295-310.
Academic, New York.

Hostetter, H. P. & Rutherford, K. D. 1976. Polymorph-
ism of the diatom Pinnularia brebissonii in culture and
a field collection. J. Phycol, 12: 140-146.

Hudinaga, M. 1942.
rearing of Penaeus japonicus Bate. Jap. J. Zool, 10:
305-394.

Bk TE-FE T 1942, 7V TV VROEAT L
7SRE. BpWpaERERS, 54:108-118.

Hulburt, E. M. & Guillard, R. R. L. 1968. The relation-
ship of the distribution of the diatom Skeletonema tropi-

Reproduction, development and

cum to temperature. Ecology, 49: 337-339.

U BB 1985, FED bHENGEPEEIC BT A
77y b OWBBEREO)—IEE O R BRI E S
BT Vr—bElo— HETI Vo P rERE 32
67-72. :

BUE BT 1987. REIOEREFAFERIE, BEEE - £
FIRIfR - TENAERE. ARWIORE, MWEF (& :pp
91-123. EEMEAERM, FHH

Iyengar, M. O. P. & Subrahmanyan, R. 1944. On reduc-
tion division and auxospore formation in Cyclotella
meneghiniana. J. Indian Bot. Soc., 23: 125-152.

A. & Sakshaug, E. 1970.

consumer relationships in the sea. II. Correlation be-

Jensen, Producer-
tween Myiilus pigmentation and the density and com-
position of phytoplanktonic populations in inshore wa-
ters. J. exp. mar. Biol. Ecol, 5: 246-253.

Jitts, H. R, McAllister, C. D., Stephensen, K. &

Strickland, J. D. H. 1964. The cell division rates of some

marine phytoplankters as a function of light and

temperature. J. Fish. Res. Bd. Canada, 21: 139-157.
Johnson, M. W. & Brinton, E. 1963. Biological species,
water-masses and currents. In “The Ses, vol. 2”7, ed.
Hill, M. N, pp. 381-414.
York.
Jorgensen, E. G. 1968.  The adaptation of plankton algae.

Wiley Interscience, New

II.  Aspects of the temperature adaptation of
Skeletonema costatum. Physiol. Plant., 21 : 423-427.

WHEE R B BRA 1980. MR DOT T v b
MR MEARTE R, 2 - 89-146.

Karohji, K. 1959. Report from the Oshoro Maru on
oceanographic and biological investigations in the Be-
ring Sea and northern North Pacific in the summer of
1955. VL Diatom associations as observed by under-
way samplings. Bull Fac. Fish., Hokkaido Univ, 9:
259-267.

Karsten, G. 1897. Die Forminderungen von Sceletonema
coststum (Grev.) Grun. und ihre Abhingigkeit von dus-
seren Faktoren. Wiss. Meeresunters, 3: 7-14.

Kawarada, Y. 1960. A contribution of microplankton
observations to the hydrography of the northern North
Pacific and adjacent seas. [ll. Plankton diatoms of the
western Okhotsk Sea in the period from June to Au-
gust 1957.  Mem. Kobe Mar. Obs., 14:1-7.

ARG EE AR B 1940 S5 v b v R
No. 15. XA FMIFESFE, pp. 121-154.

Konovalova, G. V. 1972. Seasonal characteristics of phy-
toplankton in Amur Bay, Sea of Japan. Oceanology, 12
: 123-128.

Lewis, W. M., Jr. 1984. The diatom sex clock and its
evolutionarly significance. Am. Nat, 123 : 73-80.

MacDonald, J. D. 1869. On the structure of the diato-
maceous frustule, and its genetic cycle. Ann. & Mag.
N. Hist,, Ser. 4, 3:1-8.

Malone, T. C. 1980. Algal size. In “The Physiological
Ecology of Phytoplankton”, ed. Morris, 1., pp. 433-463.
Blackwell, Oxford.

Mann, D. G. 1988. Why didn’t Lund see sex in Aster-
ionella ? A discussion of the diatom life cycle in na-
ture. In “Algae and the Aquatic Environment”, ed.
Round, F. E,, pp. 384-412. Biopress, Bristol.

Martin, J. H. 1965. Phytoplankton-zooplankton relation-

ships in Narragansett Bay. Limnol Oceanogr., 10:



56

185-191.

A BE= - EE - AT OIER 1974 SEEOHER
TGy b VEEOER-FR. 9 &, 12:145-156.

WV AT 1936, % {if Bt ¥ Skeletonema costatum
(Grev.) Grun. D =K 2L REZE L. & 2, 16:
9-230.

FHH JER 1967a. Skeletonema costatum D75 A FEIC
DWW, HIKEE, 33:392-398.

HE WEE 1967b. HULHERE 2 EORMEEE TOE
BARTT VI oBER, 14:13-22.

HH O EIWE 1969, EEEE Skeletonema costatum & Melo-
sira moniliformis DK & EDOEFHEAL. BRI,
27:9-17.

KB E 1984, UREEMBIALIRIEEAEEE Berkeleya rutilans
DFEHMHE LR E SOEfL. #HE, 32: 262-268.

Mizuno, M. & Okuda, K. 1985. Seasonal change in the
distribution of cell size of Cocconeis scutellum v. ornata
(Bacillariophyceae) in relation to growth and sexual re-
production. J. Phycol., 21 : 547-553.

Motoda, S. & Minoda, T. 1974. Plankton of the Bering
Sea. In “Oceanography of the Bering Sea”, eds.
Hood, D. W. & Kelley, E. J, pp. 207-241.  Univ. of
Alaska, Fairbanks.

Nakahara, H. 1978.
Maizuru Bay. 1. Seasonal variation and vertical mic-

Mem. Coll. Agri. Kyoto Univ., 112:

Studies on phytoplankton in

rodistribution.
49-82.

R #Z 1986, BEEOEIER L AR BEOERE Tk
I Bt (BF) : pp. 534-592. IR, HE.

MRk BB 1987. HAIZBITARHAFROEE.
Acta Phytotax. Geobot., 38 : 7-15.

AAHEEESES (M) 1979. WpHREAE, KiRLIES.
BESTRAE: : pp 74-101 HEAMEAM, HE.

NI A 1990, FEBICHETE5 74— %
OFEEERE. HESSE, 5 (FRETI0AFLET)

: 59-68.

Paasche, E. 1973. The influence of cell size on growth
rate, sillica content, and some other properties of four
marine diatom species. Norw. J. Bot., 20: 197-204.

Parsons, T. R. & Takahashi, M. 1973. Environmental
control of phytoplankton cell size. Limnol. Oceanogr.,
18: 511-515.

Persidsky, B. M. 1929. The Development of Auxospores

in the Group of the Centricae (Bacilla-
riaceae). published by the author, Moscow, p. 16.

Pfitzer, E. 1871. Untersuchungen iiber Bau und Entwick-
lung der Bacillariaceen (Diatomeen). Bozan. Abhandl.,
hrsg. wvon Hanstein, J., 2: 1-189.

Rao, V. N. R. & Desikachary, T. V. 1970. MacDonald-
Pfitzer hypothesis and cell size in diatoms. Nowva Hed-
wigia, 31 : 485-493.

Raymont, J. E. G. 1980. Plankton and Productivity in
the Ocean, Volume-1. Phytoplankton. Pergamon,
Oxford, 489pp.

Reynolds, C. S. 1984.

phytoplankton-1.

The Ecology of Freshwater

Freshwater Phytoplank-
ton-Ecology. Cambridge Univ., Cambridge, 384pp.

Riley, G. A. 1957. Phytoplankton of the north central
Sargasso Sea. Limnol. Oceanogr., 2: 252-270.

Round, F. E. 1972. The problem of reduction of cell size
during diatom cell division. Nova Hedwigia, 23:
291-303.

Round, F. E., Crawford, R. M. & Mann, D. G. 1990. The
Diatoms. Cambridge Univ., Cambridge, 747pp.

Saito, K. & Taniguchi, A. 1978. Phytoplankton com-
munities in the Bering Sea and adjacent seas. Il .
Spring and summer communities in seasonally ice-co-
vered areas. Astarte, 11: 27-35.

Schmidt, P. 1927. Weiteres iiber die Fortpflanzung der
Diatomee Biddulphia sinensis, etcs. Ini. Revue ges.
Hydrobiol, 18: 400-414.

Schiitt, F. 1886. Auxosporenbildung von Rhizosolenia
alata. Ber. Deutsch. Bot. Ges., 4: 8-14.

Schiitt, F. 1893. Wechselbeziehungen zwischen Morpho-
logie, Biologie, Entwickelungsgeschichte und Systematik
der Diatomeen. Ibid., 11: 563-571.

Smayda, T. J. 1958a. Biogeographical studies of marine
phytoplankton. Oikos, 9: 158-191.

Smayda, T. J. 1958b. Phytoplankton studies around Jan
Mayen, March-April 1955.  Nyzt Mag. Bot., 6: 75-96.
Smayda, T. J. 1963. A quantitative analysis of the phy-
toplankton of the Gulf of Panama. I. Results of the
regional phytoplankton surveys during July and
November, 1957 and March, 1958. Bull Inter-Amer.
Trop. Tuna Comm., T: 191-253.

Smayda, T. J. 1973. The growth of Skeletonema costatum



Skeletonema J& 2 D EER & 540 57

during a winter-spring bloom in Narragansett Bay,
Rhode Island. Norw. J. Bot., 20: 219-247.

Smayda, T. J. 1980. Phytoplankton species succession.
In “The Physiological Ecology of Phytoplankton”, ed.
Morris, L, pp. 493-570. Blackwell, Oxford.

Staker, R. D. & Bruno, S. F. 1978, An annual phyto-
plankton study in coastal waters off eastern Long Is-
land (Block Island Sound). Bot. Mar., 11: 439-449.

Stewart, W. D. P. (ed.) 1974
Biochemistiry. Blackwell, Oxford, 989pp.

Algal Physiology and

Stosch, H. A. von 1950. Oogamy in a centric diatom.
Nature, 165 : 531-532.
Stosch, H. A. von 195la.

liche Untersuchungen an zentrischen Diatomeen. [ .

Entwicklungsgeschicht-

Die Auxosporenbildung von Melosira wvarians. Arch.
Mikrobiol., 16: 101-135.

Stosch, H. A. von
geschichtliche zentrischer Meeresdiatomeen.
wissenschaften, 38: 191-192.

Stosch, H. A. von 1954. Die Oogamie von Biddulphia

bisher
Auxosporenbildungen bei den Centrales.
Congr. intern. Bot. Sect., 17 : 58-68.

Stosch, H. A. von 1956.

1951b. Zur  Entwicklungs-

Naiur-

bekannten
Com. M .

mobiliensis und die

Entwicklungsgeschicht-
liche Untersuchungen an zentrischen Diatomeen. I .
Geschlechtszellenreifung, Befruchtung und Auxos-
porenbildung einigen grundbewohnender Biddulphia-
ceen der Nordsee. Arch. Mikrobiol, 23: 327-365.

Stosch, H. A. wvon 1958.

liche Untersuchungen an zentrischen Diatomeen. [II .

Entwicklungsgeschicht-

Die Spermatogenese von Melosira moniliformis
Agardh. Ibid, 31: 274-282.

Stosch, H. A. von & Drebes, G. 1964. Entwicklungsges-
chichtliche Untersuchungen an zentrischen Diatomeen.
IV. Die Planktondiatomee Stephanopyxis turris -ihre
Behandlung und Entwicklungsgeschichte.
der wiss. Meeresunters, 11: 209-257.

Stosch, H. A. von, Theil, G. & Kowallik, K. 1973. En-

twicklungsgeschichtliche Untersuchungen an zentris-

Helgolin-

chen Diatomeen. V . Bau und Lebenszyklus von
Chaetoceros didymum mit Beobachtungen iiber einige
andere Arten der Gattung. [Ibid, 25: 384-445.

Strickland, J. D. H. & Parsons, T. R. 1972. A Practical

Handbook of Seawater Analysis (2nd edition). Bull
Fish. Res. Bd. Can., 167 : 310pp.

Sverdrup, H. U., Johnson, M. W. & Fleming, R. H. 1942.
The Oceans, their Physics, Chemistry and General
Biology. Prentice-Hall, New York, 1087pp.

Taguchi, S. 1970. Seasonal variations of photosynthetic
behaviour of phytoplankton in Akkeshi Bay, Hokkaido,
with special reference to low photosynthetic rate in
summer associated with large percentage of dwarf cells.
Bull. Plankton Soc. Japan, 17: 65-77.

Taguchi, S. 1976. Relationship between photosynthesis
and cell size of marine diatoms. J. Phycol, 12:
185-189.

Takano, H. 1959. Plankton diatoms in western Aleutian
waters in the summer, 1953. Bull Tokai Reg. Fish.
Res. Lab., 23: 1-11.

Takano, H. 1960. Diatoms in pearl shell fishing grounds
in the Arafura Sea. Ibid, 27: 1-6.

Takano, H. 1963. Diatom culture in artificial sea water.
I . Experiments on five pelagic species. Ibid, 37:
17-25.

Takano, H. 1981. New and rare diatoms from Japanese
marine waters. [. Ten species from neritic waters.
Ibid, 105: 45-57.

S R 1987, RENEMOSHE, B R4
iREt, BACKERIRGRFEN = (1) : pp. 478-542. 51,
.

&® & 1980. TRAMWEEGEKBOREICOWT. T
BTN R DIRSERITIZ B A 2R 2, 1-40.

The Oceanographic Laboratory, Edinburgh 1973. Con-
tinuous plankton records: a plankton atlas of the North
Atlantic and the North Sea. Bull Mar. Ecol, T:
1-174.

BR Kt-AH E- AL FEZ 1960. LHIIBIT5
JLEBENEED T T v 7 b v EHEEROEEICOWT. E
KK, 9:70-78.

BE Rt-FH - AL FE 1962 SV FERT
DEBDT S 7 FviZonT. BERKI#H, 12:
20-26.

BH FE 1961 N AVELSIIBI B EBHEEED
AAFNZDOWT. RIAKFERTH, 10: 413-422.

Tsuruta, A. 1963. Distribution of plankton and its char-

acteristics in the oceanic fishing grounds, with special



58 L ¥

reference to their relation to fishery. J. Shimonoseki ase bei der marinen Diatomee Coscinodiscus asterompha-

Univ. Fish., 12:13-214. lus. 1. Kultur und Synchronization von Entwicklung-
Verity, P. G. & Smayda, T. J. 1989. Nutritional value of sstadien. Arch. Mikrobiol., 80 : 43-49.

Phaeocystis pouchetii (Prymnesiophyceae) and other Werner. D. (ed.) 1977. The Biology of Diatoms. Black-

phytoplankton for Acartia spp. (Copepoda): ingestion, well, Oxford, 498pp.

egg production, and growth of nauplii. Mar. Biol, 100 Williams, R. B. 1965. Division rates of salt marsh di-

:161-171. atoms in relation to salinity and cell size. Ecology, 45:

Werner, D. 1971.  Der Entwicklungscyclus mit Sexualph- 877-880.



