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Milky-White Bloom in Lake Oshima-ohnuma Caused by an Algae-lysing Protist,
Asterocaelum sp.

Junki KOBAYASHI", Yasuhide NAKAMURA** | Yohei MIYASHITA", Hiroki DAIDO" and Ichiro IMAI"

Abstract

Harmful algal blooms of certain nuisance cyanobacteria are observed almost every year in Lake Oshima-
ohnuma, located in Hokkaido, Japan. However, an unusual milky-white bloom was observed in September 2015.
The causative organism of this milky white bloom was an algae-lysing protist, Asterocaelum sp., feeding on
Dolichospermum planctonicum, which caused the cyanobacterial bloom. The bloom of the cyanobacterium D.
planctonicum was recognized (8.6 X 10° cells mL™") before the milky-white bloom and the number of Microcystis
aeruginosa, a cyanobacterium, increased (1.2 X 10* cells mL™") after the milky-white bloom. Microscopic
observation revealed seasonal fluctuations in the cell numbers of the algae-lysing protist and cyanobacteria.
Quantification in this study confirmed the hitherto-known information that members of the genus Asterocaelum
feed on D. planctonicum and cause the milky-white bloom. The observation on the number of Asterocaelum sp. as

well as that of cyanobacteria is newly proposed to understand the mechanism of harmful algal blooms in freshwater
ecosystems better.

keywords: Asterocaelum, cyanobacterial bloom, Dolichospermum, milky white bloom, harmful algal bloom
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NIRRT D

aeruginosa DT ENPEM LTz (1.2 X 10° cells mL™), BEBIE & Asterocaelum JBZ N F N ORI DOZE
R ZHL NPT LTzTe®, D. planctonicum fIBEE DK T 2 EELT 2 ENTX, Asterocaclum B D.
planctonicum TR L T v a 2K T2 VW OERDHAPEMT Oz, SBREBEREZRE LT
57 AT, Asterocaelum sp. #JREH LT DT v aDIELBRICAN, TV 7 b OFEEMRRK S
KEBREDOET=ZY 7 &l L T < BBEER RSN,

F—J— K Asterocaelum, 7=, Dolichospermum, /==, HEEET N —h

(201746 B 15 HZAF 1 2017411 A 17 B %H)

ZL®HIZ

HEEER R 5 RITEL B L 7o TV B 3,
BEIC BT A EEEE N — AL HERICRITF 2 KER
MEO—D2THD, BT, ERESKERELTKES
<y MROB (AW L) TEBONWAIEGRZIIT A2 L
BiEh, BEOEL, ERRBIUNEER~DEEER
ERIEEZ L, 1950-1960FERP 6 K& REEL R ->T
W5 (IEi%,2007), 7TAIE—DEETHRINEZ
ELBH, BEERENEEL TERSINEELE P
BEEIRBETZZ L bHD, TAHaDERE LTI
Microcystis aeruginosa=° Dolichospermum J& 0O B ¥ 53 &n
HITI Y, Dolichospermum J& IIAEL ORI B EERIRIC
DB ol M) a— A LFENAEEEERT D, Y
a—AERERT DM, BEOFEMIRICMZ, K
BE2BLTABTCAERREZMAILOSZDDOT *
F—hEBEEECRTOINT oA MR ERDD (FL,
1996; FIL « 1k, 2013; %, 2007).

LI AT, AKEXLAGR»LEAR LRI ERRE
(LAF, vyma, 8, 1990) babhTih, 742t
FRRICBEBOEBLSER S L5370, MEBHLER
METHD, 2DV wadFEEEKEHTHREINLTEY
(Canter, 1973; Cook and Ahearn, 1976), AFRTIL19824F
CEFEABHTRELTWD (MREED, 1985), 20174
DEFICIIEFROFEHHATL KIFEEL v apiigz v,
AR CIRERR L OEESRES LTS (EFH
#,2017), 2O madRAE LTI, Dolichospermum
JBDEBIE A BEET 5 Asterocaelum & &\ 5 HEJBSREM
DREEH B LN TWAH D (Canter, 1973; K, 1981),
EAERHICETIERAYENRERIIZ L, 28
ZRRPFTBLARATHS (Adlet al, 2012), EIFHITD
WTHRBARRBZ VD, BEHETS T A— YLK
RRE L Bbh 23V 2 MAO2 DB D 5 EPRHE S
T3 (RS, 1985). YA MHELTHEH2OD%
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ATBHMENTEY, FhEFAT AN (BiH%, EEE
THORNCENDREROREE) AT A N (RESLM
DENHHZM A 272D OFE) LIFEND, KERE
L 7= Dolichospermum J& % Asterocaelum & MERE L TRk E
DY A M (BLEPEDOERITE) ZAEHLEL, 2K
HICEBTEIZ L TyvrapRBETdEELbRATVDS
(RS, 1985), £, YR aDFHEA D =X L%
EZ 84 5 B2 X Dolichospermum J& D AR EE) i iE B
T 5N H D (Funakoshi et al., 2001),

AMEORERNE L LrEERE R, LiEEES
FEBICANBETDIRBENNEENI 2O0DWMBIHRY
(Fig. 1), YZHBIIBIT2EELRELHTHD (R
B4, 2003). LA L, 1980FERPOETLTWVWEE
% #& 1k (Yoshimura et al., 2000) 2 X 9 Microcystis J& %
Dolichospermum 72 £ 2 BRR &35 7 4 a B EFER
ALTRY, HROFQIZLZBREOENL, BRIV
ERRA~OFER L OMEMESINLTWD (BFL,
1998; 7K, 2010; /[#k, 2014), 20154, TA D34
BICHEALGEEICE > TLAG» OFAB LRI KE
BRyvuaBlSi"RE L, KFETHE, Zovran
JRRAY & EREIC OV TR ORI R B EH S
DL, ZOREBBOMBEAZRALT,

MR EFE

SHEORE

BT A 2 BSEHEIC B 5 Stn. OP (Fig. 1) €T,
20145 A5 108 L2015FE5 A5 11 AOHMiIcE
A1, KEkzEHEKk LTz, Tk, 2015858, 511 4
ZRHARO5>DEM (Stns. 1-5, Fig. 1) 2Tk &5
BL%., E5IZSm OPTIE, ¥waRAEIL >N ToHE
WEZITT2015F9 A 1T R IO EAET T2, £,
KB A TR K & R 26N DONEE & 9 — (YSI
Nanotech) & FAWTKIEZHAIE L7,



B RBITINTHRAE LT VABEME IR A4 49 Asterocaelum sp. DFLHE T /V— 2
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Fig. 1. Sampling stations located in Lake Oshima-Ohnuma, Hokkaido. OP: Ohnuma Port; Stns. 1-5: offshore stations.
B 1. ALHEEWE B ABICR T 2 T > OFEH A, Stn. OP: K¥BMRAE & 53 LUMHHTR T 72 Stns. 1-5.

Fig. 2. Milky-white bloom of algae-lysing protist, Asterocaelum sp., was observed in Lake Oshima-ohnuma
on September 17, 2015. Lake surface during bloom (A). Particles observed in water sample (B).
Resting cyst of Asterocaelum sp. (C). Cyst of Asterocaelum sp. (D). Cysts after acetolysis treatment

containing akinate (E) and heterocyte (F) of Dolichospermum sp. ak: akinate, hc: heterocyte. All
scale bars are 50 pm.

2. EERBIZBWT20ISEIA1TRICHRE Ly ra (LEATLV—L) OBETLEORRET
B B IREEMEIR A AW Asterocaelum sp.. 31 A FEAERFIC B b Wi D7 B 03B T dH o 72 Stn. OP
fHEDRT (A)., LABT N —LFITBE I NIHIT (B). Asterocaelum sp. DA A b (C)
BXORY R+ (D). 7E& LY XL D Dolichospermum GDT ¥ 3% — b & &t X b (B)
LRIBO~NT oA heEv A b (F). aki 7H¥F R — b, hae ~"TrYA K, RF—/L—
134T 50 pm.

111



/NIRRT 1D

KEBERIED DT
BEEEZICHIAKEE 0 10-150 mL Z GF/F /5 2 7 7
AN=T 4 NE—THEBL, EXLTHERELE, £
BREICTIRB L7 A VE—%fREL, Ko E2HET5
72DIC90% 7 TR BERSATICEE Lz, fhH
BOTE b ERICOWTEINEET (10AU005, Turner
Designstt) Z AW THNAE () zHEL, FORIVE
DIEE (IN) 2z THERNAME () ZRETDIZ &
T, /enTd 4 VvaBERIN 7247 40TV EBES
BH L7 (Persons et al., 1984), 7, A— b T+ T4
% — (Quatro, Bran Luebbe ) %\ CHIARE 2 047
L, UTIRTEEEEDOREZ 1RTOWELE (1E
L, BEEDT VyE=y AEERPBRE SN2 2015F
AT DY T NDh, BIELZIEIT -7 ): FHEERE

Z£3%& (NOy-N), HAEEEZESR (NO,-N), T VE=T A

W
o

Pl =Rrid

8Z%& (NH-N), U EEREY  (PO,-P). MHAMEER,
HEBEEERLINT VESY AREROMEZBFE
¥ 22 % (DIN: Dissolved Inorganic Nitrogen) & L, F 7z
Y UEEREY VR EFHERK Y - (DIP: Dissolved Inorganic
Phosphorus) & L"C, DIN: DIP}t% k7,

TS50 b OBES SV
WKEBO—HE2KRBEI% ERDEI T NVELT IV
Tt FCTEEL, #MBEMET CERBEOMaEZ%&
HEBETOFEL, FHEEEL Uiz, wEERES
¥ Asterocaelum sp. [ L Ci%, Z/VENTATE RE
EBROBBTRT A—HOBRIIEETHL D, v
A ME (YR FBROHAY R ) 22N TOHHMIEE
CHIfaY A X &I LTz, E7, VA MEDEREZFEM
WCBIET D 7edlz, JEO—EIC >\ TIEMiaE & B E

—_ = =
S N A~ oO

{ -/ Dolichospermum planctonicum
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Fig. 3. Water temperature (A, B), concentrations of Chlorophyll @ and pheophytin (C, D) and
cell densities of plankton in surface water at Stn. OP in 2014 and 2015 (E, F). Note that
the dotted line indicates the date of observation of the milky-white bloom (September 17,

2015).

X3. 2014 3B L ON2015FD Stn. OPEBICRITH/KIE (A,B), 7wn7 f)LaBEL
Tx2FT7 4 F U EE (C,D) BXOF T 07 b OMAEE (B, F). X/ 57H
DEFRIL, v r aRBEPHERINIZ20159 A 178 %2777,
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B RBITBTHAE LT EBIE R E £ 9) Asterocaelum sp. DFLH BTV — A

TAHTERN) S RAEEZH Lz, EHIT, 2016469 A 17

H T 1X Stn. OPIZ THLEE L 7= Mk 38 oh 1T Asterocaelum R
sp. DAEHMBEBIRD bl d, RN ELL 28 Stn. OP
2217, 201420154 %@ U C/KIBOEFN L EE N Z — 1T

KERZEZR LN b o7 (Fig. 3A-B), M7 H
IR EKIE (245°CR X 1N26.6°C) LigoTeds, TN
10 H % TI210.5°CHB X N10.9°C~METF L7z,
HEEZESR (NO,N) i, MFEKICSAPLT-8AIC
PIFTRA L, Z0%10 AT TEY LR L7z (Fig.
4A-B), TREFAREZERIE, 20144130.12-0.41 pM, 2015
F130.025-0.33 uM O#iFH TEH L7z (Fig. 4C-D). 2014
FEOTVE=U LAREERIICH»HIAIITT, Bl

L 249 A 244 B, |
1T 164 . 16 5
S 8] e 8 > °°
! % 0 ® o o o 02 oo ¢
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Fig. 4. Inorganic nutrients in surface water at Stn. OP in 2014 and 2015: NO;-N (A, B),
NO,-N (C, D), NH,-N (E, F), Dissolved Inorganic Nitrogen (G, H), PO,-P (I, J)
and DIN:DIP ratio (K, L). Note that the dotted line indicates the date of observation
of the milky-white bloom (September 17, 2015).

4. 20144E3 L2015 4E D Stn. OP DRBIT R 1T 2 EEREBITIE HEEER (A,
B) , HFEMREZE R (C,D) , TV E=vU L8EBER (EF) ,AGFEKZER (G H),
BEERY > 1,)) BXUDINDIPE (K, L). X277 7HOmEE, e
A PHERENTZ 201549 A 17 H 25T
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INRTEFIE

FBS (ca. 0.7 uM) LA F DfE %7~ L7z (Fig. 4E-F). —7,
20154E13 8 A ICH/ME D 0.064 upM % FEEk L7214, v =
aMFEELLEIAITHIZ66TMETER LR, vu
I BEK LB ORI A 25 BITIXLST yME THA Lz,
DINVE, MFEICEDOKIMR ZHBEERL DT
O, WHEBEEEELFKEOEEH Zx~ LT (Fig. 4G-H), Y
VEEREY X, 2014435 H OR/IMETSH 5 0.07 uM &
DIBOTHEML, 10 BICHRAMEDO0.14 pM & 508k L T2
(Fig. 41-7), 2015438 &8 L T2014FE L W T hiC
BVETOHBEZ R LA, 9A17HICIX0.19 uM & —
BEIC VW ME 2 588k L 72, DIN: DIP tt D Z=HiZ5 LI B
LT, MEOCHICIEEZENRRD bz (Fig. 4K-L).
2014413 28.0-1712 DEEFHTHSE L TR Y, 7HIT&/)
ERoOTHHbL LY R7 4=V REED 16U EER LT
2, 2015 FITIT1.4-1324 DEHFTHRB L TBY, &/
Lol 8AICIIV Y R7 4=V REEEREL FRIS T
W, ZDO#%DIN: DIPEIZ9H 17 B IZ67.0ICE TERL,
P#Ly K7 40—V Rtbw EEBMETHR L.
rwan74)va BERX, 2014F5H259 BITHFT

51 A i 20
41 Stn. 1 A; 16
3 ; 12
A2 g 8
21 s 4
— | O\
bO-—‘—f—@——r——‘—:l()
Esi¢ ! 20
3 41 Stn.3 § 16
S 3 § 12
&2 AE’ 8
gl .,65 o |4
§0_a—rﬁrﬁﬁF%—no
S5 E i 20
O :
41{Stn.5 ; 16
3 5 12
AP
2 T
0 2 oS 2 4 0
MJ J AS ON
2015

O NWRAOV O FINWARA W

ML, 9 AICHEARDII ug L' sk LickicEd Lt
(Fig. 3C). —7, 201507 nu 7 ¢ )vald8 AIThiT
THEML, RAME (208 ug L") ZEEFE LA, rap
FAELIH 17T BITiE2.0 pg LA Lz (Fig. 3D).
W4EDT7 =374 F U RERX, 7unT 4)vakld
HoFehE R, 8HICRAM29ugL' L o7 (Fig
3C)e —H, 0I5FETIET7 =47 4 F U DEIZ8ARIC
BRMED20.7 pg L' & L7z, 9H 17 B LAEIZED
B> L7z (Fig. 3D).

SRHAT AR DT B VB CIIEEEE R 2§ (Microcystis aeruginosa
& Dolichospermum planctonicum) & JRA=4=%) Asterocaelum
sp. BERE I iz, 20144 D Stn. OP TILM. aeruginosa
PEIMEBELCESLTRY, MiEKiEsAickARD
4.1 X 10’ cells mL" & 72 Y (Fig. 3E), D. planctonicum %
ENCHBE L (BRRBELS X 10%cells mL"), %7z,
Asterocaelum sp. (IR I N hr o, —7F, 20158 D
B ZID. planctonicum MEL L, FEHEIISAIcR KL
7272 (8.6 X 10’ cells mL") (Fig. 3F), ZD#H I = 2R
FEA U729 A 17 BiZiXAsterocaelum sp. D A ME D1

Stn. 2 i 16 _
0 50 12 ¢
q e 8
' L
/ <’4 E
A A A U
D 20 £
Stn. 4 | 16 2
! 12 5§
LN
SN
MJJ AS ON
2015

~/\- Dolichospermum planctonicum
-~ Microcystis aeruginosa
- Asterocaelum sp. (cyst)

Fig. 5. Cell densities of cyanobacteria (Microcystis aeruginosa and Dolichospermum

planctonicum) and algae-lysing protist, Asterocaelum sp. (cyst) in surface water at
Stns. 1-5 in 2015. Note that the dotted line indicates the date of observation of the

milky-white bloom (September 17, 2015).

5. 20155 D Stns. 1-5FKBIZB T HEEFE (Dolichospermum planctonicum 3 X F
Microcystis aeruginosa) & VR¥EVEIR A A=#) Asterocaelum sp. ¥ A + DHIFEEE.
X7 T 7HOBARIL, e aBERHERIN201549 8 17 A 277
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B RBIZINTHRA LT iE BRI A 24 Asterocaelum sp. DFLE AT )V— A

Fig. 6. Algae-lysing protist, Asterocaelum sp. feeding on cyanobacterium, Dolichospermum
planctonicum. A: Amoeba-like phase of Asterocaelum sp. engulfing trichome of D.
planctonicum. B: 10 minutes after phase shown in A. The trichome was completely engulfed.
C: 30 minutes after phase shown in A. Spines were formed, and the cell was transformed into a
spherical cyst. td: trichome of D. planctonicum. s: spine.

X1 6. ¥2%24H Dolichospermum planctonicum % 883 5 YR Ea Ik IR 42 £ ) Asterocaelum sp.. A :
BERLERE. D. planctonicum O b Y =2 — K E Y IAA T B Asterocaelum sp. DT A —
SN, B 1044, U a—AZSELICEYAT. C:300%. BAREICSREE ST
RS, BRIRDU A K &72%. td: D. planctonicum @ b Y 22— A, s: Asterocaelum sp. ®

EIRIN I

X 10% cells mL" &£ T_ELH L, [T D. planctonicum D
MEIXET Lz, £, ¥ v aD3ALUEM. aeruginosa
DA RSNz (1.2 X 10 cells mL™),

Stns. 1-5

20154 Stns. 1-5 T& 8 H T D. planctonicum DE 53 R,
ST (R ARBEEIESN. 2044 X 10* cellsmL"), & DEE
EEOMREIL9 A RITIEBD Lic (Fig. 5). Asterocaelum
sp. DYV A NEENL, Stn. OPDIE & W T 5 LIKBEE T
Holcb DD, THUBEEERICBWTHER KRS N,
BRARBEEIISN. 2 D10 cells mL' ThHolc, AEIILE
RITBWT8-9 A Ikl k L e o7ehs, 11 BTk
FEAEBERINR BoT,

Asterocaelum sp. D FEHEER

va aFAEROWMAKPICIIHEY ST b Uonige
A EBEINT, KEBD 23 Asterocaelum sp. D> A~ F
ThHH, Thbicidv R b (Fig. 2D) LAY A b (Fig.
2C) D2EA 7B H BTz, ¥ A b DEZRITHR/NN359
pm, FK125.6 pm, F#53.8 = 14.5 (S.D.) ym, A
A N TidF/N56.1 pm, FAK93.4 um, F#J66.9 *+ 8.8 (S.D.)
um TH Y, MAT A MIVANEHBERLTKETSH >
foo T NY VALEENR LICRETIE, —HOY R b
DNERIZ D. planctonicum \{ZHERI72 T F X — ho~T 1
A MR bz (Fig. 2E-F).

Asterocaelum sp. DHEMIZ %5 & LT BAMBEBEIC
£V, Asterocaelum sp. 73 D. planctonicum % $&fH3 B ¥ 1
Bz iz (Fig. 6). BZEBMREFD Asterocaelum sp. 1%
T A—=rNRTH Y (Fig. 6A), D. planctonicum® k J 22—
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L EERERICE Y IAA TW- T2 (Fig. 6A-B). DA
HBET LTI0BERBT S &, MBSEPKE L
729 FBICEHIREE S FE AL S e (Fig. 6C). Z O#HIR
W2 BOMBMIIL, e ankEaEED TNy
Z b (Fig.2D) ¢RI LB TH - Tz,

£ K

ERBRETIE, 1990F7H LA, BLU199248A
[y v a@FERTHEINTEY, 1990FDY v 2
Dolichospermum J& M 1E I L 7 B2 Stn. OP 118 THI3
ARMFELELTWe (BEER, FAME). ZDOFERE AW
HOFRERP G, 2015F9ADY v aid, EFCKERAE
L T7 A4 = A LT D. planctonicum %, Asterocaelum
Sp. DT A— FENEE L CHEE L, BEEZOT XA —N
FRERE LIV A N (BXOEOKRITER) BN &2 5HE
THZLICE VRSN EBESND, TAHaZ2AER
HIEREEE > v aDRRE &2 5 Asterocaelum J& D E &
B2 BRIC OV TR ARZLL, BRICHEEZL T
5 DX 192 FDRFRABMICKITET —F DHTH
% (JEIR - #K,1985), —F, AL TIEY v aRFBEF
(201448 ) EFAELE (20154) ThENICRIT 2R
L Asterocaelum J& DRI DEFEB ZH LT L,
gk, vuaFAERTRIT S D. planctonicum $HRE
BEORKTZER(TE, REOEHERIT Asterocaelum
JB23D. planctonicum R L T raZETDH LD
PERDEANERMT BT,

T A —\FBRIRAE AW Nuclearia simplex \Z X.  Dolichospermum
sp. DIBEEEEBR DOFER, Dolichospermum sp. 13 1EEE - R



IR 1D

SNDFICLVERBEF~KEDOT VE=Y LABER
BEHTIFEI/REINTHS (1A - &, 1985), &
Wige¢, D. planctonicum OFIfZEBRA L9 A 17R
(ualRELLER) OSm. OP TIXEHE LB LT
ERICEBEDOT VE=U ABERIBBREINTEY,
v aRAERNCITIERITED > 72 DINDIPH b 3 v 2 D>
RAEBITI6LLEDOEVME L 72> T (Fig. 4F, L), &
52 C# o Tz Asterocaelum J& 12 Y. 5 Dolichospermum Jg§ 0
TN— LRAEER, FEAEBDOT A 3 B EL T3 S
WEETIE, —RAERRBESOLSICRLD. LrL
BB, RO X Sy e aARFRECEBOEL
CEREMNS, T, YuaRARIKEBLET VT
ZU ABERICLY, KEEH~OFEELD DIEA A
AT =T (NHy) BPEEIICENT 52 ERRES
TW3 (LA - #, 1985), X iz, YradFEE
72 5 Asterocaelum JB& BRIZEE LT, EEINT-EENE
iz L COAZEHORENLH Y (IUA - $k, 1985),
KEELHHEABRR~DODEELRSEIND, TDLD
2, el dHERESV— L L RIS - ERBY
REZEL - LTREERD B0, BHRICEETS
AsterocaelumlB DTHAS A N EE=Z Y LT T84 L,
EBMREZREIRILERDD LEL LD,

SHEZE L EEEEEZIILD & 5 A0ME BARET
BEO®ERE, £ L TCKBARER B O/MNREELER
HOBERIL, AT L BREMcHERIEE Z L,
TZRELHILBLETFET, T, BEAT—FORE
HEHBEEZGY £ Lt EHETRFHE RO T
HPHRR, (WP ARFEHEERO B HERERS L OExR
FEYEEEYRTEBOFH LETE LR b it EE L
i, DX VESE L PR, RREST OB, JbiE
ERFKERELORAFE L HBRICRER MR Y &
Uiz, FKFBRESFEREOSREENALE, RKERE
BREEEE ORILES A B IO EYMAENEESEOE
Bicix, 2582 CRITEE £ Uk, SREICEA TR
BTz LET, AHFIEIZISPS BHFE (JP 17]03204) DB
REZTELOTT,

X
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