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Dissolved Silica as the Primary Factor Determining the
Composition of Phytoplankton Classes in the Ocean

Shizuo TSUNOGAT*

Abstract

A hypothesis concerning the primary factor determining the composition
of phytoplankton community is proposed and examined. The hypothesis
comprises the following two parts. 1) Diatom is a predominant class among
phytoplankton in the ocean. However, 2) it can not propagate itself in seawater
containing dissolved silica less than 5 to 10 ug at/l which is a threshold value.
There is much evidence to support this hypothesis. The P/Si ratio of diatom of
1/152 is much less than that of deep water and thus with an increase in diatom
dissolved silica first disappears in preference to nitrate and phosphate. This
fact has been observed in the Antarctic Ocean. In the Subantarctic Ocean where
diatom is not a dominant species, the concentration of dissolved silica of 5 to 10
pg at/l does not change with the location from south to north while that of
nitrate or phosphate decreases. Nearly the same fact has been found in Funka Bay,
Hokkaido. Accoring to the hypothesis a cause of growth of the poisonous
GQonyaulaxr in Funka Bay is considered to be that the surpluses of nitrate and
phosphate by human activity induce an increase in dinoflagellata after the bloom
of diatom which ends with the consumption of dissolved silica.
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WEHREPRZCRB LTI, PECEREMEOFRREBREOROEEKTT, ¥ A BEN L (KIHETS
CEBHONTVNE, INEEHFV RISKBELLAKDOISZTERL T3, 1) BEFTIEY A BOD
STEHEL VY, BEONETRBEREVEENRT S, 2) BFOBRE TR, BEEER 74
BHOETENEY 2BENICE, THbLEDKYCILL B, TIERSEEE A8 5, 3) BE
AWONETHE, KRREESOREIRKR Y A BICES, KRESOBOEIKTEr ABBHI2L,
ERICEBOHBANSEL V. TLAFORSBRTRIAEEEVE A5 5,
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ZEEMHSCRICEALNTVEY, EYFS5L 7 MU HREDBERIE DN TR T Hih o hT
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EHE, (OWEHSS 0 7 b oEBRPRETAELIRFELT, XREDN5 L X, BIBEEY 4
BOZECEBL TRIZONBRHEILTzo COEROBIE DN, ZORIE2 W 281
BRLLRAL D, ZULT, COEZERRALT, BABETE > TO3ILEEE, BAELLITBT 3
FES5L 7 b (BEEEEO Gonyaulax) OFEFELE 7 OERROF B DONTEELTAH S,

W77 b ARERETSHIAFCHATIRSE
WHEEBNT, 7702 b OEBCHRBELZPENTNTKPREIN TN, & 4 BENEE
BBWTH 5, LdL, BEYr ABEBECONT 5~10pg at/l OFREND » T, Ch T Citfbos
FEECLREV R > T Ty ABEHREBTTAZV, T4bL, THI L BRECELKVHR
NBE, T ABENSEHET 2, 2OMRMSE»IVRY, LLILEFT ABIIHEL DL
INTHOBED TS 2 o BEHETBENITETH B,

{REDIRI & REE
A BEOILHEMAK
R Y o FUHCINTEIRL 127 4 888 (Denticula seminae, Thalassiosira spp. 72 ¥) @ SiO: &
BOHHER (BEHHER) 2RELIECS (L - RER), THZTh64.19% 5108 32.2% Td

5126 & DAAKEMMRELS Redfield 59 12 L3752 b OFHHEMREBL T, O A8
DOFEFMER (BFH) Bk L5175,

P:N:C:Si =1:16:106:152
—F, KEFEEBAK (K 2km) OBEFERFBEHARERZEBEIROLISTHIEN LN TY
39,
P:N:C:8i = 1:15~16: ~1000:40~60

¥, Sid40 &5 EIREEEICTOEATE, 60 BdtWILREHETOMTH S, T2, BEE
RO —Y L EOERBAKTIE

P:N:C:S = 1:12,5:700:64

BETH 39,

Lithio T, BRUCEBKETY 4 BENERETE, ERPV - 2RUT, ficy 4R
HoTUEIDITHD, T1r ABERED > TU 35 2 ¥ I ROFLERBERL Y~ L HB
(EBCEINTH S HWMEETIHEPKRI) LINTVEDT, KEKF»S, rA1FRRET
FTERAELA L HTLESILEBEALLONS,

35, WA GEEE TR, EIERERKICHEN, b b EBESABDY L PER
T 3EEW N3N DT, TRAOBRRMBAL L5, BTy 4FB2ZE-,TLESRTTH S,
BEEIC T3 RRE

= .—Y 5y FEFOBBECE TR, K1 OEES XX 2 0ESOWERSRT L5, B
& 60 BEASE I BRI AR (Antarctic Convergence) 3 X OF Bk 44 EEAHE W BEVFIRAR (Subtropical

Convergence) 3d 3, % L CRIMBILHRARARE 2 FaiBE, BRI & SRR IR O I 2 SRR &
ATV B,
C ORIUEIE I 2RET 2 BE & 7 I BREOKER 2K 3 & 4R T, LhbDF~ 2K
A - VERERFAERT - MBI X 5 KH-68-4 KBV THLNIZEDTH B, Chb DL D
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Fig. 1. Vertical sections of water temperature of the surface water in the South Pacific
along 170°W observed during the Hakuho Maru cruise, KH-68—4 and in the Bering

Sea along 57°N observed during the cruise, KH-75-4.
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Fig. 2. Vertical sections of salinity for the same water described in Fig. 1.
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Fig. 3. Vertical sections of nitrate for the same water deseribed in Fig. 1.
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Fig. 4. Vertical sections of silicate for the same water described in Fig. 1. The smaller
open circles, solid circles and larger open circles refer to the concentration ranges,
respectively, 4-5, 6-10 and 11-15 ug at/i of silicate.
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KT THEBEBE R L 0 Ib~0 3 PR L T 308, 7 4 EEEEE R AEICR L CER
WU T2 5~10pg at/l D/NIZEITZ 5> TLE 5T B L EMbh 3,

FEREMEOERZA 5 20, K5 CHEiEES & OCEBRIECS 2HRE YV BOBE 27T,
CORDPE, Ebd~N, »3VIEERE» O RE FEERESE 5 & 3 icid, 11X P/N=1/16
O—EDREGTEHL T B L b5, Lhid, BTk 3B E HMENYEKRB TCORELEL &3
BRILBAATR-THWALEERTEIDTD 5,

35, TN S REME 4 B3 TORBKCIIMEEES Y v BIEEITFEL, N BEREEDH
FREFITI T » TN EDHEEEIN S,

WIT 6 IR & o A BRIEOBRE R T, HPicid, b H2th@sEbn T3, T4b
5, KB Om BREAITHRIL, BHET0ENS 62T COMEBBCISNTY A BIEDABIL, Wik
BRLUSLAKKTH S, 21T, BERECOELILLTIE, MBEDCARIL Tr ABBERIZEAY—
ED 5~10pg at/l DIEZT T, —F, EEKTIE, KIEES500~1000m 3 T3y 4 BRHE X IR &
BITHIML, ZREFNOKYLBE L RBOED S —& (WEBEEICOWT 34 pugat/l, 7 A BHEICD
WT 83pgat/l) KEF - T3, 20%IE, TNTORTT ABREDAHBEMT 3 & 5 icFL EHi
LEBET5,

CDFEBROLICHRTZ L ENTr 5, ERERBICEY 3D 5IL~DEIR, KBS
DOEEL T, FURTH L ORRIINELL AR LD EHEINS, Tabb, EEAKRERKK
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Fig. 5. Relation between nitrate (N, in ug at/l) and phosphate (P, in ug at/1) in the
South Pacific observed during the cruise, KH-68-4. A straight line indicates the
Redfield ratio, P/N=1/16. Numerical figures refer to the degrees of the south
latitude where the surface water was collected. The points obtained for the surface
water are connected with thicker solid lines and those for the subsurface water are
connected with fine lines.
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Fig. 6. Relation between nitrate (N, in ug at/1) and silicate (Si, in ug at/l) for the same
samples as those in Fig. 5, where other notes are described.

THERL 1212V Ofk 70 BfSEORBAY 5 ¥ A EBHOEMIHE 5. EHBEMI NS L 20
N/Si Hoit 16/152 BE THAD 21/62 £ H 3°H» LIV OT, ¥ ABEREDOHBEHCHIL T,
B - & b ICEIAE 62 BERBEDMRIEALL T o g3, T O, BEBKEDREI X » THREE
BWEIRINDY, 2Oy ABERLEET 5. UL, MBEOHIBRREOFINEL LT, Y

57 OWEELHEINT 2, 2L CHBINGREEA S &, 7 ABRERER 10pgat/IATRIEHTL
3, RO AWBUIETET AL S5, HEBEICI Ty A MRIEREED 10 pg at/l BED 513
EAEBLL 2L B DK, TOEDY A BEMMEOREL 25TV A 1B THS 5, 2L TERERE
VTR ARERVEL L O BREEEONRESEE 5, 2L THBRES ) VBERI LA CHER
LR U rEmsusismilibiz, EmARELGKICETULRRROBETH S5, i, FRAFTTY
AFBED AT B DI, EWO S 4R S 7 ABRLBE HIROF, FRMLBEBEC LY
SHEL THBEESHAETAEEL Y ToTRIVIIDTD S,

C OB Tr ABF T 2 P BREHEL, BBIGRIIL TR SE DL T 5 HE
12, FIRFICEHL 72 Kawamura and Kureha® i X3 75+ BIER» S EII BT & BTr3,

K (s B RRIE

WE ATBIC 50 TSGR & 5 i, By A BROSFESERC 505, 4 RiKiz#-oTU 5,
ZUTS8 Bk» b 9 BE2EBORMEN D3 Lt b T 5,

WEKIBIT ST A A MO BRVEBRMES 50O T, B4 A5 9 A TOXRREOEE, v ABE
KONTHRT, SERILAMIEONTIRESICRT, Chbid, LRERFKEFRIVCERE
LY 5T 1974 ERERINETH 3,

R75, F4HIE, b5 ABERIZEALRLB-THY, 7 A BHORIHENSK > TV D%
ELHETE, 2LT, EEEAEASERL T2 HERKCRFEL 127 A BESH X iCHR
L, Wol b EET3, 8 Aitid, 10pgat/l DEBRERSERBEL T TEL, & 1 BHOE 2 0K
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H2A2, CQEIDTY ABERENZENIZIERELL VD E, & AREEEDE BRRAKD
WMAT B0, DL IDEERRZNEBERERDNY, —F, WHEBERELIEICREIEAY
g T AH, REMHERECT L E27 2 MALSERCEDBERZAL L, EMAEEREL
SRBBEERECRE > T (H8). T1bL, ¥ ABEUNOEY S S5 4 v o s b8
TEXFIRRTH 3,

FEHEBXERETT 7 P HE

W75 b OB W) BRERET 55 A TOr ABEOEEME 7 A WEOSRBIECHET
BRMERHL, ZORIEERAI, 75> 2 Lo ORI, BERIH L RREEOAND b i,
CORRICKEICTFET BHEEIZADOH L LU,

COREFHZILCEBITELELTETD 5, FlAid, Koblentz-Mishke 519 ® Taguchi'? & kh
X, BEBEER L b ALHER, BICN - ) L SO SPEREERVEN L5 TH S, COFER, N
~ VYIRS AEC T ARERES L EEEECOREUT O 4 BERER BEL T3 0
EEABND, N~V BT, A BRERENE DI, EBKO SI/N Kk N, &
WRENRELZ, ETHEEL Y ABENMD3 L, FBOWMIM»e DRAZYICEZ0OTHS
5,

b, EEOWKE TR S NIk £ 7 RY BEEEED Gonyaulaz 1€ & > T HE L 1L 5T
BREL LD A PORBICHL TH—DOMWPRRT A L EMT Y3, CORPY S B
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Fig. 7. Monthly observed silicate concentration in summer, 1974, at a station (42°16'N,
140°36’E; water depth, 92 m) in Funka Bay. Smaller open circles, solid circles
and larger open circles refer to the concentration ranges of silicate, respectively,
3-5, 6-10 and I1I-15 ug at/l.
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Fig. 8. Monthly observed total nitrate compounds at the same station shown in Fig. 7.
Values observed in April include only nitrate.
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KA 5 2 (NagSiOs) RT3 CEMBALONZY, Z2OHBREFERRIRCEVELONLD
T, T uBRHERPUIETRINEETEBETCLRBRTHS 5,
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