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Eutrophication and occurrences of nuisance cyanobacterial blooms in Lake
Onuma, and possible environment-friendly control strategies of blooms using
cyanobactericidal bactertia on water plants

Ichiro Imar' * , Yohei MivasHrra?, Junki Koavasur' and Hiroki DADo!

Abstract

Lake Onuma, Hokkaido, has a history of eutrophication accompanied by the
developments of agriculture and cattle breeding in the catchment area. Non-point source
loadings of nutrients caused the eutrophication and resultantly frequent occurrences of
nuisance cyanobacterial blooms there. The existence of cyanobactericidal bacteria and
growth-inhibiting bacteria against the toxic cyanobacterium Microcystis aeruginosa was
newly discovered on the water plants such as the reed Phragmites australis and floating
plant Trapa japonica in Lake Onuma. These effective bacteria were found with densities
of the order of 10°-10” CFU (colony-forming units) g~ ' wet weight, and 10*-10* CFU mL ™"
in the adjacent waters. The absence and/or lower densities of M. aeruginosa was
closely related to the abundant presence of these effective bacteria detected from the
water and biofilms of water plants. These facts provide new insights into the ecology of
cyanobactericidal bacteria and growth-inhibiting bacteria, and suggest that the water
plants provide an environment that reduces the abundance of cyanobacterial blooms in
freshwater ecosystems. The Sato-Umi concept was proposed to maintain good conditions
of Lake Onuma with decreased incidents of nuisance cyanobacterial blooms under the
adequate control managements of biomass and diversity (species composition) of water
plants.
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1.1 U & (2

PR RIB AR E R T O BB R MNAE L, B HomBAIC X ) R S i
S0 TH %, KiE (531 km® RAKE11.6m) &/NF (k381 km®, Kk
KiE44m) O2O0MBEHRER S, WiiZE/ Ny b EFFIZNSIE20m 13 & OKEE
TEP>Tw5 (Fig. ). KBOMBHIEIELVWRBEEPZHRRELZAT LI D5,
1958 AE b EM D EE AR R o 72, Z D% 2012 121, FRICKRBoAEBHE LT
EIPSIC EE RIS T 2568 Th 5 7 A% — VEHESREHIZIRE S, 4R 300 1
bDNA DN D EELEBEH & 7% 5 T\w% (Yoshimura et al., 2000). K{E AR F
TAYE, A, ANTTFEVSTIKERHAEYNOELITH Y, AIKEIHENED EA

2,

Fig. 1. Lake Onuma, viewing Nagareyama and Mt. Komagatake (A), superb
view from Mt. Higurashi-yama (B) and accumulated cyanobacterial bloom
by the wind at the coast of camping site (C) on October 27, 2017.

1 KEEZEAEROEE (2017410 H 27 H). (A) BsrEHemibt 2
LREORES, B) HELOEZAG 2 S KE L /MNEOHs, (C)
KiBdF v » TH oM BICER S N7 4+ 3.
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Thb.

L2 L7036 RKIBETR O BB BT 2 BESCHEROFRIZL D, WEOKE IR

BRI A, BEEEIKENME LR TH LT A IR ET L L) 1% 5
TWwW5 (BT, 1998) (Fig.1). 74 J 3 REBOELCEROSA 28 U CBEEICE
WA 5.2 52 Th L, KEARATEIH L THBRIC L 28580 EoWEL 5 2 5 R
WHS 5. AFT: Microcystis aeruginosa |2 & 5 7 F 2 D4, ##EFHTH 5 microcystin
2 & o TRDPFAL L TERBERDZS 2 58 6N {2 ) (2014 FEFoRE L) —i#fiz
B DR EILOFMDE L), RAGHEMEE L 2 03B 5 (Steffen et al.,
2017). FRKBOBEEG|I SR TIREELREINTEY (PR3, 2013), EEK
BICL o TT7TAIEERLBEELRD ) 5. BEEEIZITZOMICEZ  OFFERLKOE
RAERZTHEEINONTBY, 74 TIEY~OERLEZT TR L, AOFIKIZBW
TORERMEEL > TWwD (Codd, 2000). F7z, 74T X0 QBHERME VA, KEIZ
BGE LA E L Ch AT X — N ()W) TH) 2SKEME LA BGOSR
ZIAKICHIERITHEZLEIY, RBIOEMEANRZRBLGSMEL ZioTWwd (IR
A, 2018). A4 2018 FFICIZIGHI CREZMBEE 2, THIIRBETHREAEL TS
(Fig. 2).

COL)BEENS, HEAHELT A IOREITHT2FEIEOD L ERIPLETDH

Fig. 2. Milky white bloom and the alga-lysing protist Asterocaelum sp., observed in Lake Onuma on
September 17, 2015 (Kobayashi et al., 2018, modified). The discolored surface water of the lake
during the bloom (A, B). Particles observed in the water sample (C). A cyst of Asterocaelum sp.
(D). A cyst of Asterocaelum sp. after acetolysis treatment (E). A cyst containing an akinate (F). A
resting cyst of Asterocaelum sp. (G). Scale bars, 50 um.

2 RBIZBWT201549 A 17 BIEig S 7z, EEM o A4 EY Asterocaelum sp. (2 £ %
Ao [aa] Uh#kize, 2018, ). (A, B) ALA@IZHEG L2wim, (C) BEM
ErF sy uaok 1, (D) B85 S L7 Asterocaelum sp. D> A b, (E) 7+ b
1) ¥ ANLERT% O Asterocaelum sp. DY A &, (F) BEOT7T XA — M2 &HTA AN, (G)
Asterocaelum sp. DK A b .
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D, L2dEEREOBANOEBRICELVWERIPEZIN TS, T4 IBAEDOREN 2
RO 72OI1E, KIBANOKEROWAZHIRL, ERFBZHHT D Z L PRAKETH
Lo LaL, pk, BEH, g e vo 22 GEFFEHYE, non point source) 725
DFHEBAMHPKE L, HBENOTHEHIT L oo Tuiw (R, 1993). L7z
THIRFETIE, BREWE TH 2 RKEBROMBA~OWAZGENHE T2 Z LITHE L%
oMb, UbErS, 74 aOBEREMOMEPZRRORKRETH L. BHUET A+ D
Fike HIE L C, LB iR 22 & 0L mic XL 2P ENCIRER SN, T X
b REEERAAND BB A I N T WD (Liu et al., 2010; Janéula and Margalek, 2011). Z®
728, FEFHITERFER ) 27 O/NS T F aPBREOMLPEEINT V5.

IR BT B AREIB B B3 A e EICE B3 5 &, AR R R A g
B BB E D HERE AR ) A 7 O kil L L CHERIMEDRIE ST % (Imai and
Yamaguchi, 2012). M@ &3 75 > 7 b E - Fak L, FOERYEFIHL
THETA2MEOZ ETHL (49, 2011). FFETREILE LT, HEORMBESRICA L
T HMER T Y EORELEMIS, A EA B R A W2 RIR T A REME KR I A
BLTw2HTH5 (Imai, 2015). $&bbH, MET FIFLMWET Y EORMIIBHES N
BHINAF T ANV (AEMOEEER) \IFERZEORBEMESELL TWD 2 LA RN
s, BUEMEOMKREE L COEERL 7 v ELOEELRKENFH SN TS (Imai,
2015; Inaba et al., 2017; Sakami et al., 2017).

WEERERIZBWTH M. aeruginosa \2x 3 2B EMEBE KB 6% ihsh, 74
IO EAOIGHE SN TS (Lietal, 2014; Yi et al,, 2015). & 512 FiR o
BT BT HIRT v EDORE L FRIC, UK, FIERY, KRS KA O
KHIZER ENTWBINA T T 4 VLD 5 M. aeruginosa \ZkF§ % R M AT 5 B2
a7z (53, 2010 ; Imaietal., 2013; /NE1E A, 2016 ; Miyashita et al., 2018; Kl 1% 2>,
2018). L 7c%%o TREIHAET REEME L, Ko fdiis S hT7 4 3 oZ el s
KL CWwa e sn, BRWL T4+ aobilRks L TBRNICERELEZE 2 0N b (59,
2010 ; Imai et al., 2013).

DERS, REICBWCXESKIBIZBIT 2 7 4 2 O34 % HE 12 A, KAERY
DINAF T ANV AEHKRFICERT L7+ 3OREMEOEREZMNL, KEMPOAHR)
EHE U274 3OFE L 2 WIlREBRICOWTEREZNZ 5.

*RBOT VT 7 Xy FEFLIEL Onuma TH 525 (E-HBEEE), 241 F Tl2IEEHCE T Ohnuma

EREENTVDLEELD), LT LIH—LARLHEDLNL TR nS, A Tld Onuma ©
T HWL, T2, HREPLKEIZE T EEORARE R (1983) 12O VWTn5,

2. AVHEICH T EHEAEFOEE

I3 oA oiKIz, RFEMZ 7 4 2 BIRFED Microcystis aeruginosa % Hl#13 % fe /)
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WHBDOPIZOWTHREF Z IR 72, BEFIZHE THA L T2 M. aeruginosa D7 7+ 2
BRI, Fvi (RIEF v TR EEZE) »oEaHREHRL TR % &,
1/100 & %\ i 1/1000 (AR L 72308 T4 2~3 B T M. aeruginosa D 78~98% 755%
&7z (Table 1) (Imai et al., 2014).

KB EE S B BV C 2013 4E 5~10 Hic4H 1 I FAIC 3 2 30k & K o $R- L%
o7z UNEIZA, 2016). HEORIUL, BOLIROME &5 CREDRA D  BIFE T
T aADFET LM (OP), KB & KEE TEH D P THEAKR DA T 5 ILZKIELIR 7 O Hh 11
(SS), HELT A ADFERFO L VEIEE (L), %5 CIEHITO [AIEHHE A KRS
fLIE S O—3RT 2011 420 5 KIBALHFFISRA T A o—&F 250K L, ANLH

Table 1. Decreased percentage of Microcystis aeruginosa cell density in
the mixed incubation experiments with lake waters collected at the reed
belt at the site OC (Onuma camping site) and at the site JL. (Junsainuma-
Lake) (Imai et al., 2014). Bloom materials were collected at Onuma Port
and washed twice in sterilized water by leaving 15 minutes utilizing the
buoyancy of M. aeruginosa. Experimental water was decimally diluted
and added to the bloom water at the concentration of 1/10 (WOCI10,
WIJL10), 1/100 (WOC100, WJL100) and 1/1000 (WOC1000, WJL1000).
NWOC100 means the density of WOC100 and no-washing of the bloom
material. Percentage values were estimated by the difference between
the final week data (M. aeruginosa cell densities) and the initial data.
Controls (W =washed, NW =no washed) mean no addition of lake
water from reed belts.

£1 KBEX~r 7HBolE (0C) RUEERME JL o3 e
HERIL L 727K &2, KIBEM O OMEAE TI L L TV 72 Microcystis
aeruginosa FARD T F+ TR L TIT o 728 RERICB W TBIZE S
72 M. aeruginosa DA (FEERFMGE L ) 3B Tl L
7oMERR D %) . T A T BURH IR R ZE R K\ R L C 15 R UE 3
LW ARG L -ACHE R 20 7572, JL & OC 673
i o AE, 1/10 (WOC10, WIL10)), 1/100 (WOC100, WJL100),
1/1000 (WOC1000, WJL1000) (ZAFRL 7z, 1/100 A RO @ o FEEx
T, WAZARKICL &L LA WERK 2172 (NWOCL00,
NWJL100). = ¥ i & @K 2 iR L % w3 ER X 1E Control (W
Control £, NW Control K#E#) & L7-.

Experiments Decreasing ratio (%)
WOC10 97.8
WOC100 94.0
WOC1000 78.1
NWOC100 93.1
WJL10 89.0
WJL100 96.2
WJL1000 94.8
NWJL100 93.8
W Control -17.8
NW Control 29.9

W: Washing of M. aeruginosa bloom materials with sterilized water.
NW: No washing.
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2T VMR SER L 22K (KR) 12 THFo 72 (Fig. 3). %EE OP TIXiiko &, hTix
WMAKEIVOBRBEZRML:. FIVEONAFT T AIVAZRE LIE 7T Y EHEIEEK
THEESETNAF 74 V2o 2572, EEARL, EXEH EICEERENEO 20

Lake Onuma

Fig. 3. Location of the sampling sites of Lake Onuma, Konuma, and
Junsainuma in Hokkaido Japan (Kojima et al., 2016). OF, Onuma port; SS,
Sansui pond; JL, Junsainuma Lake; KR, Karima River site.

3 dbiEOKIFEER: OB, /ANB, FEER) 1281 A RRHR M T (V)
Bl372, 2016). OP KB, SSILKiEEOWH, JLEFEHE, KRAjH
JI
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Z— RS, AW FoAE0 a0 = — 2 HEEE Microcystis aeruginosa
DOMAEEF IR L CERE 2TV, ROEM R R W EM W O 82 17 - 72,
ATDONAF T 4 NS ST M. aeruginosa (273 B FEA R B X OVH S L=
MIE OB X Fig. 4 1R L7z, M5 SS CIIAEEME A8 H (2, 34 5l PH S0 1 75 23 1
DEREE TSNz He JL CIEREMRE 2S5, 6 H, M EMEA 7~9 I
B SNz, AT 3 I dSsEl SNz S KR IZB W, HREMEIL 6 H, B5HiE

10, g3

106 |

105 -
]07 B

JL

106 I

Qs I I
7

7] KR

May June July Aug. Sep.v Oct.
Date

Fig. 4. Fluctuations of numbers of cyanobactericidal
bacteria (black bars) and growth-inhibiting
bacteria (gray bars) against Microcystis aeruginosa
detected from the biofilm of reed stems collected
at SS, JL and KR (Kojima et al., 2016). CFU,
colony forming units.

4 KBEEAR®SS, JL, KR HHELL T
VEORMONA T T 4 VLD LB E N,
K Microcystis aeruginosa (2%t % 5
MW (BoN—) CHEEBEMR (KG0/N—)
OEE) UNEIE2, 2016). CFU, a0 =—JEHK
HAT,

Bacterial number (CFU g! wet weight)

106

No sample

10°
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EHR L 6~8 HIcli sz, ShoofMEIERENKOSEICE > TRilish, Fig
DING — VFRRO LN o 1z M S N R R R EME OB EIX, 92 E0
WHE 1g4720 52x10°~4.8x 10° CFU (colony forming units: 7 10 = —JEHfr) Tdh -
7z.

HARFE O M. aeruginosa \ %3 % FEEMTE B & OBl B &M R O % O L E) % Fig.
S5ICR L7z ikERIcowW T, L3 um @ 7 1 )V % — (Nuclepore filter) % i L
72 0% [ZiEME (Freeliving bacteria: FLB) |, 74 V& — EIZF ) o= — %L
72b D% [RTHAEME (Particle-associated bacteria: PAB) & L7z, #is5 OP @ PAB &
FLB 5 E 7, 8 HII&KEME & HHEHEMEA S ch el Sz, #hriSS T
NOOEEE AT AME25, 7, 9 Al s, W JLICBWTiE5, 8 10 Aokt
ENdz, FLANTERSNZI OO KR Tl 7, 8 AIAEEME & 585l M 3 4
B s Nz, S OMBETEOR S N7z, 17k 1 mL%4729)0~24x10° CFUTH Y,
PAB & FLB XA EOHEZ R L 72

HIEEW M. aeruginosa & O F R ERERIC X o TROEMTE & By 5l LS/ % fh L 72

11 op SS
103~
102.

10|..

z

1044 IL

10+ :
102 :
10! 1

0 - .
May June July Aug. Sep. Oct. May June July Aug. Sep. Oct.

Bacterial number (CFU mL")

No sample
No sample

Fig. 5. Fluctuations of numbers of cyanobactericidal bacteria (PAB =black
bars, FLB =shaded bars) and growth-inhibiting bacteria (PAB = gray
bars, FLB =white bars) against Microcystis aeruginosa detected from the
water samples collected at the sites of OP, SS, JL and KR (Kojima et al.,
2016). CFU, colony forming units. PAB: particle associated bacteria, FLB:
free-living bacteria.

K5 KEEEAREO I A SS, JL, KR & OREE OP 2 & 3RELL 72
KSR ST, H BB Microcystis aeruginosa (23t 3 % 3% B A
W (PAB, B x— [ FLB, #Hio/N—) EIEIEME (PAB, JX
D= FLB, HO/N—) OZ%H (hEIE2, 2016). CFU, 210 =—
TERCHAL. PAB, R 7 (> 3 um) © FLB, FiEf@ (< 3 um).
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MR, FVEONAFT T 4V AT INS OFHMEEFEICAER L T FH)VH
L7z, ZLC, ANLERLZI Vo a2, b REER SN F2KHE25 D
AT B EM R I S, EOBEIL T DA OFR LD H e WL OP CfH
MENEH[AI 238 o 72, PAB & FLB Tid, Al <3 5l BH 540 T oo (i 1 R FE B2 LS Me it &
iz RO TIE, BEME I PAB B/ o KEEM B SNzt E ST
W% (Park et al,, 2010). {REREOEM SR 22 2 EEATEO FHABWIC L - THA
SN, HEVIEREOARICE VIEEPEL TIT b0 LS NS, T VT T,
EDHNAF T A IVADRIFES N, MHDINA T T A VLARF DT T A5 ANSH]
HEL, LIES CIIREOTEMEZRFE L7 F w20, EBIC M. aeruginosa %%
HELCWbEEZE2oNE. TUFIIKELHIZENRELOLZIREL, I THETD
FEEOWIUE 8 U CERBEELICEB L T b, I 74 a03EIRIC O HEL T
BY, ToOERIIAY 2ERCTREFHTHL EEDNS.

3. KEFIZH B EMANFE

B O ER NI ORI T, kYO 3 27213 TR, FEMPOL R
WESE A% L, BHESEOSLES R IUILKEY D 8% 5. —BIKEDSEEKT 5
CHE T T v 7 N AL, KRDNEEN 7 B FHAKEBRIIZA H LT\ % (Scheffer and
Jeppesen, 2007). % Z CTKIEDOFEMMDINA F 7 4 IV ARKIEROMAKTI, HHFAE T4+
JE KA O Microcystis aeruginosa \Zx§ 3 % FEEHEME S E ORREHEE L T 5 OGS %
17 - 72 (Miyashita et al., 2018).

KIBEEARE (Fig. 3) 128\ T 20124F 6~11 FIZEA 1 BIKREGE & K OERILE
17- 72 (Miyashita et al., 2018). FUELOFRIUL, EYMFERS oM A (OP), WLk
MR ATOH T (SS), BLUEEE (JL) TIiT-o7z. 2 OP TIRMKDO K, Tk
EOKEF e OB 2 BRI 72, AKREIZBER AR KO A o 7212 A4, 600 [Fl5@Ed L C#I#E
EETNAF 7 4V ARE RS BEWECHILEMRE ORI, IV EOHEE LR
BICLTITo 72 UhE 2, 2016).

LY DL IRFMROINA F 7 4V 2 SR ST M. aeruginosa \ 23 % R EE AR,
BAGHE B B & OSSR T RE R e B MM O FE DL E % Fig. 6 (2R L7z, 1K OHL S
SSIZ B\ CHRIEMIE & BRI O A FHE2012 45 6 HIC b ¥ 0% 53.7x10° CFU g™
GRE) CTHI SN, ZoO®HBEINL T FI&RAM 1.1 x10° CFU g ' () %R L7
i SS DL T DRBMIZOWVTIE, 6 H1237x10° CFU g™ (JBHE) THo72Dd8 A
1213 14x10° CFU g7 (IBE) Okl /RT TR 400 /HICE THINLA. BHEHBEIL
IZBWTIR, B0, S REHEMEIT 9 HICRA32x10° CFU g ! (GRE), HpfHE
MM 29K 6.3x10°CFU g™ ' (JBHE) oFE TRz, 473 95x10°CFU g™ (i
) THsb, #HEAJLOL I OKBBIZBWTIE, FERME B X OHEHEHEME 12312
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Fig. 6. Changes in the numbers of cyanobactericidal bacteria (black bars), growth-inhibiting
bacteria (white bars), sums of those bacteria (open circles) and viable bacteria (filled diamonds)
detected from floating leaves of Trapa japonica in Sansui (SS) (a), water roots of T japonica in
SS (b), floating leaves of T. japonica in Junsainuma Lake (JL) (c) and water roots of 7. japonica in
JL (d) (Miyashita et al., 2018). ND, not detected. CFU, colony forming units.

6 KIPBEZEAE®DSS & JLORELIZKEL DFE (a, SS; ¢, JL) &KHE (b, SS; d,
JL) OEFDNAF 7 4 Vv ah bRt Sz, B Microcystis aeruginosa (2% 5 3R E
HAHE (B oN—), HEEEME (Hfo/N—), ZEEME L BEELERE O (H),
FUOHER (B2E) 0%EO%E) (Miyashita et al,, 2018). ND, JEfH. CFU, au=—#
J A

8 HICHAMEA M &N, A2 41x10°CFUg ! (GBE), #%&EH1.7x10"CFUg " (i
F) ThH, AFHMEIZ17x10°CFU g™ (BFE) THo7z. IS OME IEFHALR O R
EIEBH S, FRICEZKIEINIC S5 T A M2 S 7z,

N SS, BZEE L, B X OKEHE OP 2B 5 KL O M. aeruginosa \ 253 %
AN B L O EM R O%E O &) % Fig. 7 1R L7z, 17K SS O &I 12
BV, 10 A FCI13%H A B RN B EM R 2 S, 6~9 A2 10" CFU
mL™' 22 5 EmNEDTRD SNz (AEFORAME 4.4x 10 CFUmML™Y). ##EME 2B
TIE, 9, 10 H A EE AN <0 0l P A AT I S 7278, 2 DA FHIEIX 4.5 x 10° CFU
mL™', 1.8x10° CFUmML ™' TH - 7. T JL 1B T EEME & B pHEM R 2% 6 H
IR WEE (64x10° CFUmML™Y) T & 7z2s, 2013 1x 10° CFUmL ™ DL
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(a) PAB of the water sample in SS
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(b) FLB of the water sample in SS
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Fig. 7. Changes in the numbers of cyanobactericidal bacteria (black bars), growth-inhibiting
bacteria (white bars), sums of those bacteria (open circles) and viable bacteria (filled
diamonds) detected from the water in Sansui (SS) (a, b), Junsainuma Lake (JL) (c, d) and
Onuma Port (OP) (e, f) (Miyashita et al., 2018). Bacteria in water samples were fractionated
into particle-associated bacteria (PAB>3 um) and free-living bacteria (FLB<3 um). ND,

not detected. CFU, colony forming units.

M7 KEEEAEOE S OKELSS (a,b) & JL (¢, d), RUKHEEOP (e, f) L DiE

UL 7ok &Mt Sz, As i

Microcystis aeruginosa 25§ 538 HME (Bo

JN—, PAB:a,c, e FLB: b, d, ) ZIIHHEME (FHD/N—, PAB:a,c, e; FLB: b, d, f),
RUEHAN T & W EME oM (), ROAERE (B2 0%EOZLH (Miyashita
etal,2018). ND, FE#Hi. CFU, oo =——JEHifi. PAB, W7 ME (>3 um) ;

FLB, iR (<3 um).
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TOHERS L7z, MR JL il I O BLEAN T 1 6 12 1x 10" CFU mL™ & Rtsk L 72452
DI NETHER L7z, G &350 OP T, R4 (PAB) 5 B EEHEARH <
wE I EA R AR S N o 72, FFEME O M52 5 1%, #7K 1 mL 2472 9 # 10°~10"
CFU Ofi Tt S 47z,

2B B M. aeruginosa 0554 55 & F B A B R0 3 Bifd BEL 5540 B 0 % B O T L2 1,
B OB HFTNTIC X > TR EN 7 (Miyashita et al., 2018). 2D &H» 5, i
5 OME I X > T M. aeruginosa DEATEIZ T > b O — )L STV B H)HR R E N7,

4. 8 x B £

WRIZ B 2 KELHY 77 > 7 b 0RO, FHHRMEASE S5 T
W5 (FHIED, 1960). FoAY = — T VEHOMBICBT L RHEN T -5 25, L
TOHEFHHE SN T2 (Blindow et al,, 1998). SHAEHE AT & O/ S VI 12 E ]
THEW 7 Z > 7~y oA/ E <, TR HEHP TR 2SIL C B8R L, MEfD
BEThol. —HTHREBEHAMPHAKL BRI EIT T LMW T2 b OE
WESEHICHEML, FRCEREEO BRI X o THlKIZE Y Z O RILKMWIZHELL,
T N VEREFERLZEVD. SO L IHBICBTE IS TEH IR
Bl L [HozRE] L) 2 00REIREDEIE L T\ 5 (B 21X Scheffer et al., 2001;
Scheffer and Jeppesen, 2007; Schallenberg and Sorrel, 2009). L 2> L7256 —F T, #H-
TREE D TRFEDZEL L TV L5 TIEHTIIC [EW2IKE] »PBlEInL2FbH 5
(Scheffer et al., 1994). T X9 HREGBROMRE L L C, KAEMBIZE 27 L a8y —
PIBENTWE (FHIFAH, 1960 ; Nakai et al., 2000) .

KEE, FRICFEM O LKA 3 VIER LT, REONAF 7 4 0 AHIZAE L
T 5 R E AR R B L E M O TEIZ D W, SR T T o /2. REEEME LI5S
2B BB Microcystis aeruginosa X° 78 55 72 B 5L BE I Dolichospermum crassum 55 % R 9
HED, “EEEERICL o TEIESIN TS UNEIEH, 2016 Shimizu et al., 2017;
Miyashita et al., 2018). Z LT3 DK% 1/100, & %\ 1% 1/1000 ([ZFHR L TR 7
43 (M. aeruginosa FAK) \ZINT 5L, 7HaARFELLBATLHEIEZSIN TS
(Table 1, Imai et al., 2014). F7-7 1 0/8> —|2X > T7 4 2 Z2HHI4 2 51201%, MHH41
LVIKEDFHENSLETH D (HF, 2018). LLbrs, KEMB LMY T V7 o
B LETBEREZEZ LTw 2L LT, KEOKEODONA A7 4 VAHIZERT 51
K7 FE DR B TR R B A S B O E 25 72 IS fR B sk 5. 4fk, B 7 2 HEIESE
wER, TV EEELTCTLONY =B LODFEEL TITCHEDPEENS.

KOEORFEEEIC BN TET LWEHOZ X L LT [HilE] o REI AT
B (W1, 2006). ZAUXIPEORBEICAFEMZLFIZLY, EMSIRESCEWAEEL &
(T2bDTHAH. £LTC, BEHRT Y ERIIIREMAINE KIZAEL L 26 OMHGTE
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Concept of Satoko (Satoumi)

Lakes with increased biological productivity
and biodiversity with human managements

Phragmites australis

Control of cyanobacterial blooms
Trapa spp.

Cyanobactericidal bacteria

Nutrient
absorption

Nutrient absorption
Submerged plants

Fig. 8. Concept of “Sato-Umi" initiatives in Lake System such as Lake
Onuma. The management of water plants is proposed to be a key process
in Sato-Umi.

X8 BARRICBITS BT ofs KEOWEHEEHE Eilod
OEER T AL L TIRET S,

EoTVEEDNS, AERHBLRRMZMS L, #7726 E SRR T 2 BMRFE KO
iz B L, BiEEO—BRE L CGEES T Y RO 2 B IZHE O TT < Fh4
ZENTWS (Imai, 2015; Imai et al,, 2017). #IEOERERIIBWTY, 7Ha0EE%
L, AWt r s LENEOEEEY M LS 25H 2 HEL LT, AFE2ANS
(B OFEZH*BEATLHELREL-V (Fig. 8). I i ReERBE, KAEMY O
WIEZREHIE, BEAHLRT T IOREEZTH L TEMSHRIEZERL, 70 F, 79,
B0 aEOHFHEYOEELEY LT 57215 TR <, il L2l AROFLIZH L TZED
Fiibasifs ik s 2 s, KEFEOMMRICHEMT A EEBEbhs, LI %A v b
YERT L5, —EOTHEIEE ) INAEHTY, ZCRE D ilifE 2 #E i A
HzTwa eZExoNs, #MUNZABPBEKRELEDLY), FE2MATERTL2HELEBLC,
B EELMBEEL T HIIKIZBEDEER L.
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