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Control of Cyanobacteria (Microcystis aeruginosa) Blooms by Floating Aquatic Plant (Iris
pseudoacorus): an in situ Mesocosm Experiment Using Stable ('*C, °N) Isotope Tracers.
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Bottom-up approaches to control of Microcystis aeruginosa blooms were comparatively
investigated through an in situ mesocosm experiment using aquatic plants (Iris
pseudoacorus). In the mesocosm experiments, floating |. pseudoacorus, seemed to be
effective in controlling massive M. aeruginosa blooms in an agricultural reservoir,
exhibiting a close coupling with temporal variations in Chl-a and DO concentration.
Shading by floating I. pseudoacorus resulted in a reduced phytoplankton abundance
inhibiting light energy availability. Moreover, |. pseudoacorus may suppress phyto-
plankton growth through the excretion of chemical substances, likes a allelopathy,
that inhibit phytoplankton photosynthetic activity. The >N atom % of I. pseudoacorus
showed higher values than POM, suggesting that I. pseudoacorus assimilates DIN
predominantly compared to phytoplankton, which was mostly M. aeruginosa. This
result strongly suggests that the M. aeruginosa bloom should be regulated by aquatic
plants, like I. pseudoacorus, this approach can affect zooplankton composition. This
is the first study that has used stable isotope tracers to evaluate the biomanipulation
efficiency through floating I. pseudoacorus.

Key words : Iris pseudoacorus, Microcystis aeruginosa, bio-control, stable isotope
tracer, allelopathy
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o] Abe- 2}A)8}7| = gk} (Sarnelle,
1993; Beklloglu 1999). HAJE Fx=F= A A o
A] Ho|AleS B3l TEZ3E (Koski et al., 1999), Aj
©-% (Engstrom et al., 2001), ¢]5 (Mohamed et al., 2003),
o]ul) 3}) 5 (Bontes et al., 2007) 5-2] Ho|o] H7 % 3}=
9, AWl o|xWAAEA A =A o] 83 cyanotoxins,
microcystins (MCs) 5-& §Hd317] o, 44} Aol
A Fo® Helglelw 1 4oz s 4R F
& WAL A% Bl e wA ¥ e ANE
o] ¥hAd 3t} (Dittmann et al., 2006, Piola et al., 2008). ©]
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3 A Shopd W AL G ol g B,
Web BAR FEFEe] ol g B FREGLE
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200002 MCs7} ALHcE A7t w3 BRusx
glom, o oz}l 7 (Sipia et al., 2001), 2]-g-o] 727}
A 2 =mAe] WL o] ATl HAHsl AAAel Uz
A A7} ¢38FS v XA =} (Magalhaes et al., 2001).
AFNA sacd] %z W FEF g TP
AW N)e2A AN BB alERert
Zollx I A= AEHA 2704 7)1 (Biomanipu-
lation)o] F&-& W3 ¢)lv}(Shapiro, 1984; Carpenter,
1985). Biomanipulation2 A efAU B o]xl&S o] &
g YEx-o] § vy o =A], Top-down &3S o]43}
o o] F(zooplanktivore)?] /WA 2ATo=H FE
ZHIECR g 2FE Alefstr}(Paine, 1965;
Carpenter 1985) A& =FE AAE= oJF (Xieet al.,
2001) &-2 & (Hwang et al., 2001)E =%3}= W&
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= Bottom-up ¥ = A ¢tE %o} (Strand and Weisner
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AR pANAL] B o2 go] 7} o] Foix|ar 9]
o} (Park et al., 2008).

A, A A FANLE FHAE o] 43 AYS A3
A ANE B 18] ' AL 3YE=E AT
3= 9 wo] o] 85 ¢)om (Peterson et al., 1987), pl €

H ABEEHIES o] &3le] AA Ho|rAlEddA oY
=L oldlsle A7t wel 43 = eIk (Parker et al.,
1989). 71&2] A7} A& AN 7S kst

w4, gk 3 Fzed pE 24,

F

Hx &3 =& o| 839 X1 (Benndorf et al., 1990; Jep-

pesen et al., 1997; An et al., 2010), ¥ dAF4= JZ2F
(Microcystis aeruginosa) A o] wI¥gE Al F-2]4=%]el| A
$=A A - (Iris. pseudoacorus)2 ©]-43 =7 A=

¥skaral 1°C, BN Qg FHHa FHAE o] g3te] W&
AYe ANt FFALL 24 AP 2
2 F71e (H2CO;, *NH, )& Ahgste] QA ol
A 28 FA 3o 24 (Peterson et al., 1987; Parker
etal, 1989) A E24S 7t & Q= M2E 7IHe=
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Fig. 1. A map showing the experimental mesocosm site in Shingu reservoir. The filled circle represents the sampling station
for this study. The mesocosm was designed to include a control and treatments of TP (aquatic plant : I. pseudoacorus).

=2 A3t (1, 2, 3, 4,6, 8, 10, 14, 22).

(1) =L (C): HHE F=F7F 4 (M. aeruginosa)

(2) A (TP): A1 FA =4 A 7}(1. pseudoacorus)

wlamEe] Foidt FANTE (F)oMelA Az ol
FAAZE AFHEA A =3y A (coconut
fiber)2 FAE 7]ulfel] = A] X232 (poly Ethylene
Form)Z ¥-2s}37 HDPE (High Density Poly Ethylene)
Az A Asstor] ABe 194 xEAE
(1. pseudoacorus)E A sla glom AlFZ 5= A
9] 17.4%¢] 33} 0.25m? 7] o]t}

Wizl A7k FIE FHR(C, BN)E
NaHCO;, (Isotech; **C>99%)%} (NH,),SO, (Isotech; ®N>
99%)E Al&3lglon, W AFZE 4=2] DIC (Dissolved
inorganic carbon), DIN (Dissolved inorganic nitrogen)2]
1BC, BN Hx7} 15%717] 2715 =8 FEosledch =4}
E A7 & AEEF IR T3] AFlst=s A3

]

A AR F SANES damFel Brlsed A
4 719¢ ekl

244 4+ AR (5L, $204 FB)E o
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2 A% 01144-74 (glass fiber filter paper, GF/F)o]] o =}3t
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X
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90% oA Eo =z FZ3}ed fluorescence spectrophotome-
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] AAk (NH,', NO, , NO; ) B 3 F7]ef <14k (PO, )
£ Strickland and Parsons (1072)2] WhHel] 2] A3sle] UV-
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At

4. A E 9 =2R=glgEe] HA A= BA

]i—— Z3}ed Lugol SN o=
ar 2 Sedgwick-Rafter chamber
Z o] 83l Fataln ]7§(AX|ostar plus, ZEISS, Germany)
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e ZmE YER $4 Qi A8E T20
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Fig. 2. Water quality conditions (water temperature, Chl-a, DO, turbidity, DIN and DIP) in each mesocosm in Shingu
reservoir (C: control, TP: I. pseudoacorus).
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8Xz{(Rsample_ Rstd) / Rstd} %1000 (%o),
X=1C or N, R="C/*2C or *®N/*N,

g Aol B3 a9 Aie] e ol s}

728 AR o) &-3)¢it) (Hama et al., 1983).
A (atom %)=100/[1H(5 sample/1000+1) X an}+1],

A= El4d 7$ 0.011180, A4Y 7<% 0.0036765.

2 =

235 A7 gtz Al
Ho|x glom 10U4HE 22¢U7}#] 21.8°C
: 425 Beolx T (Fig. 2). 454 af)
Aol Al ARANA] o] EdHE] 124 ug L tellA]
20ug L2 FA438 A4S Ho|a gl o} (Fig. 2), HET
= &7]17F SoF 131ug L el|A] 83ug L 1=
o) Aeg Rolw slch g2 ST A
Al 15.2mg LA 41mg L= B3 A4S Ho|x
Nt fﬂé%ﬂﬁh w2 Frbshe ek _'-10147}
A FaAjol sl Aot (Fig. ), e dz ol
13NTURE INTUZ F433 4SS Holx glon, o
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Table 1. Major species and relative proportions (%) of phy-
toplankton taxa in the initial mesocosm in Shin-
gu reservoir.

Relative
proportion (%)

97.71

Class Species

Cyanophyceae
Microcystis aerugionsa
Oscillatoria sp.
Spirulina

Chlorophyceae 0.8
Ankistrodesmus falcatus
Closterium aciculare
Pediastrum simplex
Scenedesmus sp.
Staurastrum sp.
Gloeocysitis gigas

Crytophycee 0.04
Cryptomonas ovate

Euglenophceae
Trachelomonas spp.

Bacillariophycae 1.32
Aulacoseira sp.
Cyclotella sp.
Navicular sp.
Synedra sp.
Nizschia

A 2] 97% o4& AA sk glom] Hhgow
Z77F 1% el & AA|skar 9lo(Table 1). o
# NALRE FRAA Aoz S
A Z+4~E B.o]x]4k (283,200~ 156,120 cell mL ™), A3
AME 1dRE FASH ZHAE Hola )o] (295,430~
32,000 cell mL™) zZ3= & o7} veptz 9o
(Fig. 3). 3 EZHIEL 4F 771 A 70.7%E A4
shar glowl, 22 14.3%, AFEo] 10.4%, X757}
4.5% o2 Yehta 9o} (Table 2). 2o Me T&
Fep=Ee] A4, A% A3} Tl BolAx AR

A ZA M= 2|7 24N 7} 3 (27%), 42 (71%), 6
o (95%), 8 (82%) = ¥+ Ti&S etz &4 10
4 (0%) = FFashs AFE Hela o (Fig. 3). AT
oA 915k e WIh= AR A% AEED T]Ee
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Fig. 3. Cell density of phytoplankton and zooplankton classes in each mesocosms (C: control, TP: I. pseudoacorus) in

Shingu reservoir.

5.88, 0.37~9.96) W& F3}&S Hola Qv (Fig. 4). =
g, =B-Z23.E (Copepod)2] BC, N atom %= AL
oA} 1.07~3.34,0.36~4.292] HS|E Ho|x 9lo] =
ZRT}(1.07~5.69, 0.37~9.72) Y& 53185 Jehiz
alt} (Fig. 4) o= A FZoA] 221 E (1. pseudoacorus)
of &3t AExA 7|o| AEFIZES A T8
A at7] wfEell Gk 718 el °C, N atom %7}
oA FEEHIE =3 U FE Holn gl A
o]t} (Fig. 5). 3+ 4=AJ A1 & (1. pseudoacorus)-2 ¥a] B}
T A4S AHEEh] 7|2 RE o|AlsRIAE F5Ete] 7
FAeol sl M=z F7185S 5] Wil °C atom%
+ 1.08~1.11%= AF7|7F 53k 71¢] W3t ek o
AA=1e} (Fig. 5). 221} N atom %+ 0.36~3.23% = A3
717 29t AA 27kt 9J=4], ©]+= |. pseudoacorus©]
o] g3le] pFo R Ry ele} 2 T
A S A EH oz Fp3l| WE o2 Alg o} (Fig. 5).

N

mal =
THI=E

Tz)ske] Hale| A WA Fr)e] AArgS F43
2 0]FA|7)7] wFEel AF7)7F St ®ma]ol| 1] 2] 5N atom

%7} Ane} 27 el Aoz o A% (Fig. 5).

o

F e

1L FANES

H AFZ WA 97% o)A} A 3}= M. aeruginosa &
o] FMzt=A A7kt #7718 'kl (PHCO;) ¥ AAkYy
(NH, )& AL B Frskel Aol Az 7]
AR = YAt 718 whAel A 42 atom
Wi Z71SE, BT S20b Zohees Azl 44
T 4718 = ol Bl atom %7} €% Z7ksb
Aok, w3 )97 B AEEYaEs FEEY

o232 o0—
Eo] 44& B Aol sl =Y FEEGE A

h= el

=2 =2

=3t



286 Aa - oled - 2

olok

A
L.

fol

.

oF

g My

ok

ro

EE R

Table 2. Major species and relative proportions (%) of zooplankton taxa in the mesocosm during experimental period in

Shingu reservoir.

Relative proportion (%)

Class Species
10/1 10/4 10/6 10/8 10/22
Cladocera 4.5 715 95.7 82.7 0.8
Bosmina coregoni (3.0 (14.9) (32.7) (33.9)
Bosmina longispina (0.8) (55.1) (63.0) (46.8) (100)
Diaphanosoma brachyurum (0.7) 1.4) (2.0)
Copepoda 143 9.9 1.7 10.2 235
Thermocyclops taihokuensis (0.2) (0.4)
Mesocyclops dissiilis (0.1) (0.6) (0.1)
Copepodites (2.3) (4.3) (2.0) (1.6) (14.0)
Nauplius a1.7) 4.9) (0.5) (7.9) (9.5)
Rotifera 70.7 18.0 25 7.0 75.6
Asplanchna sp. (0.5)
Brachionus calyciflorus
Brachionus forficula
Euclanis dilatata (0.3)
Filinia longiseta (0.3) (0.4)
Keratella valga (12.3) (10.0) (0.8) (0.9) (0.4)
Keratella quadrata cruvicornis 0.4) 0.4)
Monostyla bulla (0.5) (0.6) (0.4) (1.4) (0.8)
Polyarthra remata (13.9) (8.7) (0.4) 3.3) (73.3)
Schizocerca diversicornis (3.2) (0.6)
Trichocera marina (15.5) (5.6) 0.4 (0.5) (5.8)
Trichocera longispina (24.1) (45.0) (3.7) (0.9)
Protoza 10.4 0.4 0.0 0.0 0.0
Difflugia elegans (0.5) (0.1)
Pontigulasia sp. (9.88) (0.3)
el atom %% Z7lete, A4 427} $7184% atom  124pg LA 20pg LR FA aF Helw glow
% =g v Frk Bok A= & Rl Ao 5 (Fig. 2), §8440 TR APTelM 15.2mg LA

== AY Fade AYPLeA 028mg LR R
(1.17mg L Hxc} g3 72245 Helx 9 (Fig. 2), A
& A 1. pseudoacoruse] *N atom %7} 0.36~3.23%
2 37 F7kska 3ok (Fig. 5). ol Ad LA I. pseu-
doacoruse] H2|E o] gsle] FFozhE A&HHoz
4 2o)e) Aas Fosiel Aol ALeab) Aol 4
=)o) 2 Zy|e] A4 5= 7+43) |. pseudoacorus
A2l N atom %7} F7kehe Aeloh F, 2L
=] AdZelA 1. pseudoacorusell 2] & F7Iel] i
=x7} 743 A M. aeruginosa?] AJAFE o] A o]F
S vepict shA|RE A3 7]7E gt Aol F
718 AAo] =7} 1.83~0.28mg L1z $=d] 2
71ell A&7} dekgl7] W&ol M. aeruginosa] AAH
7 293 vhE AlgklAkzA ARgskar olear 1)
o{3 ot

A ZelA d54 ad s=v AN HeEdrE

[eJe)
f=RR=1

=z

¢ oo 4o 48 R

T

41mg L2 T AT Helx 9l fEIZIE ut
o] AeFE Bl (Fig. 2). =3, B 2ol A POM] C,
N atom %7} A& A 297 FE] 9.6, 16.0%2] ¥
& HoAut FAAMES A AP 4.3,9.6%
o= e g vehln ehFig 4). BlaTs AT
oA £ AkA H dAlE §7182] °C, N atom % }-o]
7h 13 Ak e] Ahel AR, & P Ak %
=7} 2ol obx EAst gIAITt G244 a2 FEE
Aol7h e ez wol & 718 Az 9o o}
Q1A= ¢l&] M. aeruginosa®] A2 2 Aalle] o
Fe v Zloz AR o]2fdt Z 3= I. pseudo-
acoruse] F=x<¢l M. aeruginosa?] AlAFS- As| gith=
A& SJulsle] AEEA 71902 444 (1. pseudo-
acorus)o] HZLAAL AT 4 k= AL AAs
At -5 A& (Floating macrophytes)> 4> £H7

A FFH ] U AAE B3l riAERe AEFE

el

(
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Fig. 4. *3C and >N atom % of POM and zooplankton (Copepod) in each mesocosm in Shingu reservoir during the experi-

mental period.
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