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Study on the Dominating Factors of Freshwater Red Tides Caused by
a Dinoflagellate Peridinjum bipes in a Dam Reservoir
-Focusing on the Multiplication Characteristics in Algae-
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ABSTRACT ; The dominating factors of freshwater red tides caused by a dinoflagellate Peridinium bipes were
studied by means of the cultivations of algae in the Asahi reservoir which was a mesotrophic or oligotrophic lake.
Targeted species of study were Peridinium bipes (clonal and axenic population), Melosira granulata (clonal and
axenic population), Nirzschia sp. (mono-population), Ankistrodesmus falcatus (mono-population), and
Synechococcus sp. (mono-population) which were collected from the Asahi reservoir except for M. granulata.
Cultivations were conducted by use of synthetic mediums (AFH, C, and Csi).

The multiplication curve of P. bipes to light showed that P. bipes was adapted to stronger light intensity than other
tested algae, though the response to water temperature was analogous to other tested algae. Half-saturation
constants of P. bipes for nitrate and B-glycerophosphate were 0.055mgNeL ' and 0.0015mgPeL" which was nearly
equal to those of M. granulata and lower than those of the other algae. These results indicated that P. bipes was
able to be superior to the other algae in the surface layer in the Asahi reservoir. This estimation was confirmed
from the monthly vertical distributions of P. bipes and M. granulata in the Asahi reservoir from April 1995 to
March 1996. Although the vertical distributions of P. bipes were not necessarily determined only by the specific
growth rate because of its positive phototaxis and negative geotaxis, P. bipes was considered to get the taxis for
making a best use of the above-mentioned physiological advantages. Therefore, the multiplication characteristic in
P. bipes should be useful to forming freshwater red tides.
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YERWTEBMMEOESRIBEI TRV, EKBFEICBVLTABEEDHMNKOERZSSE
IULih, KO BRBHERZSIERITILPSEERNENEEN TN S,
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2.1 AR KM
MR U Bir ki Bk REMO TEABMTH D, 1978FITHK LI, BREKBIZ1527F
by EFEKOTIREITRL. 6 £T. EKEKI.2km TH D, ERBIZIIARDEELE T, ki
ADORAEEIFIFLAYBREHRICER LTV S, BETEMOFEHAEILTN 0.191 mgN-L', IN
0.068 mgN L', TP 0.013 mgP-L'TH Y, VollenweiderDPE & DI-ERBLBER DS KM T2 L7
DRBL AVEERBPSRRBIIET 2, REF/KMICBIT 28KREOREIZI980FLBEED L
RhTBY, TOREEEETIRHWEREOPeridinium bipesTH 5,

2.2 EGHH

M OIER LREERMEDPeridinium  bipes (BEZO—18) BIUEEHEDOMelosira
granulata (JEE 7 0 —NIES-258{RTEMK) & Nitzschia sp. (BENK), RBWMDAnkistrodesmus
falcatus (BIB¥K) , BEEMDSynechococcus sp. (BEH) 2XR L UTER L2 M. granulata IS5t
T KL D BBLAERTHD, M. granulata DHELIRBIFAFNIES)DREREZH W=,
ZheOEBEEIKBICEBNT—RIEBEINDBETH D, THHDOEHEIIDWT, KR - XHEE
X3 HEERBEDEBICEIIERZT > ONBUIEREIICH Sl 2 REBRICH L, BFE - ) BEIIY
THHEBEGREDIEBICEINGR L TI3ERD L) Y 2RIBRWAERZEME AT — RS E
BITo Mg 2 RERICH U, SEERIBRMIIEICL > TERSY, EREEOERTE7EHE (P
bipes, Nitzchia sp., A. falcatus, Synechococcus sp.) BLU208ME (M. granulata) IZ&EL,
VBEOXRETIZ7TEBYE (P. bipes, M. granulata, Nitzschia sp.) BLUR8HM (A. falcatus,
Synechococcus sp.) WERE Lo

2.3 R DIEE

HRERHEIG A TSt A AW ERERICL DIER L. A LS, AFHIER (P. bipes) , C
K& (A. falcatus, Synechococcus sp.) , Csil§H (M. granulata, Nitzschia sp.) T& %(Table 1)o
INLDOEMTIBERERE UTHBEERE, VO BELLTLS- V) En) U BEAVWTWS, ERE
BIIXNT 2 BMGEDERIZEZNZNDEMIZBENTCa(NO ) *H 0%CaCl -2H OB E#Z,
KNO TE2RBEZFHE L -REHBEAY, BEHBRCEDTALEEFN I ERZERFL UTHAST L
ROUHDE LTUEBOBIT 2T oz VVEBEIINTZHMICEOREICR) VBEOHERBLEN
riEME RV,

Peridinium bipesDISEIZI00mL=A 7 F X D3RI TTERL, BEH6OmLICHIFEE L =P. bipes
AL % RSB AE 2100cells mL ' ERB LD ICHELT, BESLUNRBERZI POV LAY
Far—FEAVWTIT >, EVBIERMImLERNL, ZOPICEENZ 7007 lall k28
FHAZETH2MIEHEMBCERE, T LICXDRELE,

M. granulata, Nitzschia sp., A. falcatus, Synechococcus sp.OERIFOFE18mm OHKBRE 3 AL L
CIAARZTTEREL, EISmLICAER L /ZMlBE ImLy DEELT, BEBLDEAREZO Y b
O—VL7d vFar—FEHNTTo . EYBIIFNHES (TURNER DESIGNS Co., Model
110) ZAWTS30nm OHENBEEZRET S I LICLDEBIL,

— BB OLHEEE L [d'I3KE, XHRE, XBREERESICI>THEI NG, BEERET
ZEBEHE LIN,POAEEZD L, HEEERE IR EREy [d' | L EEREEFORER
BOBELTROD LS ICRAETN B,
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MONODODRG)IC X TIZ®, BALEEEES L OFENEHREEEL, BITICH W, 2B, ¥
PEEE ORI 3AITH LI 4 R THEEOFEHEE AW,

InN=InNo-mt  (2)
N AR
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K15 3)
S: REREE(mg-L')]
[ RERBES O T 2 EHELEEK
K RERBESICNS 24 EMNEH (mg L")

Table 1 Composition of mediums

B= tmaxfs = Umax

AFH medium € medium
NaNO, 20mg Ca(NO,),*4H,0 igmg
Ca(NO ) +4H,0 60mg KNO, Smg
mg
Na,glycerophosphate 10mg p-glycerophosphate am
MgSO+7H,0 20mg MgSO, £
KCl 10mg Vitamine B, 0.01ug
Tris aminomethane 100mg Biotin 001pg
Fe(as EDTA) 20ug Tiamine lug
PII Metals SmL PIV metals 0.3mL
Vitamine B, 2ug Tris buffer 50mg
Thiamine HCI 100pg Distilled water 99.7mL
Biotin lug pH 75
Distilled water 1000mL
pH 7.5
PII metals PIV metals
Na,EDTA -2H20 100mg FeCl*6H,0 19.6mg
FeCl»6H,0 2.9mg MnCl,#4H,0 3.6mg
H,BO, 20mg ZnCl, 1.05mg
MnCl,*4H,0 14.4mg CoCle6H,0 04mg
ZnCl, 1.04mg Na,MoQ,#2H,0 0.25mg
CoCLs6H,0 0.4mg Na,EDTA*2H,0 100mg
Distilled water 100mL Distilled water 100mL
Csi medium

Add HEPS 50mg instead of Tris buffer and
Na,Si0,-9H,0 10mg to C medium.
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Figure 1 Response curves of multiplication to water temperature
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Figure 2 Respose curve of multiplication to light intensity
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CRBETHD, M. granulataPA.
falcatusD#J1/ 3, Synechococcus
sp. DK/ 8L IERIT/NHET WEEE -
Tk ThHDHRPSREBHED
FREERMUPSHALRBEE LD
THoHE, MFDOLIITKREL3DD
TV=TIa2 6N %.

AVEE, ) LI EEN
SVWERBEGE
(P. bipes, M. granulata)

B)U v DEEMERII NS VWHER
DFBUEBPRKEVEREREY
(Nitzschia sp., A. falcatus)

OFEHR, VoI HEMELHDI K
SVLEREEGE
(Synechococcus sp.)
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Figure 3 Response curves of multiplication to nitrate concentration

12
“Z#z “ d *
08
' L
\i‘OG,
04 + T
02 1 Kr= 00015 Kp= 00041 Kr = 0.0021
o] L ] || [
LSRN T " T T
0 002004006008 010 02 04 06 08 1 0 02 04 06 08 1
Concentration of phosphorus [mgPeL"]
12j l l
1-] :
] 4 —
08 rd
w206
0.4
1 Kr = 0.0053 1 Kr=0.0116
e ||
0 — = R
0 02 04 06 08 1 0 02 04 06 08 1
Concentration of phosphorus [mgPeL ']
Anfustrodesmus falcatus

Figure 4 Response curves of multiplication to p-

glycerophosphate concentration

Table 2 Maximum specific growth rates of algae

Maximum specific

Species growth rate[d ]
Peridinium bipes 0.128
Melosira granulata 0.320
Nitzschia sp. 0.324
Ankistrodesmus falcatus 0.321
Synechococcus sp. 0.310

—231—-



R TH DI E2FRULC, MM EEOHEICIIEREE L LTAFRERERE (BEEEF0.110
~0.239mgN-L") %, U VBEL UTHAEAFE) VBE (BE&B0.001~0.009mgP L") #5 %7,
7Py, HENGHEICBT B KEOBFEEERIC SO IWMBEREOLSRITENT0%, BAEE)
EDHZANV DI VBROEBRZFESTI%TH 0o /2, BETORBESRME L UT300uE m s '%
HX, WATOABERKEL UTI0uE 'm s ' 25 X =, ThODERZFLZNEEKBIIBVWTE X
ZIKEF2~3m (TIEB L UKELIOm (HEDHEEITIFIFEFE Lo Figure 5& DEAETICHBWTIZP. bipes
PR REWIIBIEEE &R L, R\ TNitzschia sp., A. falcatus DILIEFEREDN K E B>, — 5,
FTH T TdSynechococcus sp. A DEIRUTITIERB D LIEFEEE 277 Lo Synechococcus sp. 3%
EBLTY L OBRLARADPEOED, BT, BT L O ICHEEEEI/NE <, KEIEEFKMIC
BOTESELEIRVERNIEERLTWS, £, M. granulata B TICBWCILEMEEE I Z
LSKIETFLTWED, ChiZBHABEIZL2HDTH %,

HHBEO S b ARBRNID 278 (P. bipes, M. granulata) I DWTIBET KDY L84 MbiE
DERIIBIT 2KEEOMIEHOB AL EFig. 67T, ZOF—FF1995FE48~1996FE38 D
MICKERELHRRICH > 7Y T L, TV UL EEER, EMETTEERE, SR LE-30TH 2,
Figure 612 &% L P, bipesid/KEN R RA 2N THEEZREICEINXETE Y, EBHITES
ZIEEELRS>TWB I D, HIIM. granulatalZ/KEFERL R DIIONTHBEKZEHDS T
W3, ZO2EOBHEOMBBOAFEIIFig. SKRSNZLEEEEDO R NDOBFRE—-B LTS, P.
bipesiIZIEDENM " BLUADEME (BE, BME) 2EL TV S8, KEDEWC X 2MEH0E
PR UHEEEREOBRNIER L TWA LIEWNWA RV, P. bipesDEMEEISMOEEIIN LTE

—O— P bipes —O—  Synechococcus sp 3000 E l T— 1 1 1 1
2800 ] (@) 0.5m at depth __{
—@— M granulata —— Nuzschiasp 2600 1 l[ \ § I I S B | |
] —O— P bipes
—&— A falcarus 2400 ] ] ‘ 1
01 300 LEem-2es! 2200 I -~@— M granuiata ||
[T Ceg" 1
009 @ P 2000
0.08 Vi 3
0.07 7o 1800 j
006 5 B 1600
N - E
0oa YL 1400~ |
004 N4 ]
= 4 ) 9% N ] | \
B 003+ A ] 1200
200273 10004 | &
& 001 RN RSO TRT Ot O A L 1 1] N o
g 0 ©--0 __ 800 i
01 E 3
2 009 ()10 pEm 2" - S 600 —
Lo08 — S 400
goor 4 & 2004 .S
5006 % -~ S oleleld * - =<8
o N 21400 ~——— —
004~ § 11997 L s goo |
003447 S % 1200 (b)2 Om at depth
0.02 e S 2 1000 N
00 i o % & I
0- WE 800 - ’_K
4 5§ 6 7 8 9 1011121 2 3 6001 \
Month 400 B
Figure 5 Calculated Specific growth rates of P. bipes, 200 %‘@J N or-1 0\\.‘
M. granulata, Nitzschia sp., A. falcatus, and e & Rl ~e-
Synechococcus sp. in the Asahi reservoir 1400 S ——
from April 1995 to March 1996 1200 (€) 10m at depth | —
1000
800
600
400 ol
. .. . . . 200 "‘J,Q\ Y [\\_&
Figure 6 Transition of populations of P. bipes (open circle) 0-Loid] T ene S PULY

and M. granulata (solid circle) in the Asahi

reservoir from April 1995 to March 1996. 458 7T 8 8 M0zt 28

Month

—232—-



EMICEMIZIDEDO—DDOHEREE ZNE, BHICH, BREL ~VISES LEP, bipes DIERE
AIERESERRITKMIC B O THRARIAERR T 2 LTRETREITAEO WL B,
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ARFECIR, BREBEMEEKMICBNCHERET BPeridinium bipesiZ & 2 WKFREICDOWT, HLAEFEE
DEBEHMICEE UTREBERZER L. UTICHRERT,
1) P. bipes, M. granulata, Nitzschia sp., A. falcatus P X USynechococcus sp. DIKIRIZ I § 5 145
IEEEFRERCLDFARLER, P bipes IO EHE L ORICHBEREVWRER I NP ok,
2) P.bipes, M. granulata, Nitzschia sp., A. falcatusH X USynechococcus sp. DHBEIIXT T 51
BREEEBRERICLDEBAEHER, P bipesUAOBEE TIHRNEENSBRRS N, BT TP. bipes
DPAEMBIEMIC I DI LRI N,
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NTHAWEHEOEEEEERICLDFAXREER, P. bipes&EM. granulata\3BHE - ) VEBIINT 2488
MEBHNE JBEPKMD K 5 iE@ o kKIcEIe LTnwWad 2 e dhmahik,
4) P. bipes, M. granulata, Nitzschia sp., A. falcatusB X USynechococcus sp. DIEBRERBERN? 5
JEET/KMIC B 2R BEOHEEREREORABLEHEL L T A, AT TP, bipesDHIEERE
idSynechococcus sp. EREHEEAETH oD, BATICBOWTIMOBE LD  KERILEMEE
ExzRL, KORBHETEBSBE RS REBI N,
5) JEET/AKMIC BN T1996FE4 H~1997F3 R D 1 FEMDP. bipesEM. granulata DB OE LT
NRFER, P. bipesid/KIENR L R DI ONMREEDIEM T 2MERAICH 57205, M. granulata TIEHIZ
WL 2ERICH D, AEOLEEEREOXNEREAMUMEANPFLSNSE. P bipesid EDEXMEB X
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