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Construction of a Simple Bi-trophic Microcosm System Using Standard Test Species (Pseudokir-
chneriella subcapitata and Daphnia magna) for Testing Chemical Toxicities. Masaki Sakamoto* (0000-
0003-4493-5863), Hiroyuki Mano' (0000-0003-2684-5792), Takayuki Hanazato? (0000-0000-0000-0000) and Kwang-
Hyeon Chang? (0000-0002-7952-4047) (Department of Environmental Engineering, Toyama Prefectural University,
Kurokawa 5180, Imizu 939-0398, Japan, 'Water Environment Research Group, Public Works Research Institute,
Minamihara 1-6, Tsukuba 305-8516, Japan; *Institute of Mountain Science, Shinshu University, Kogandori 5-2-4,
Suwa, Nagano 392-0027, Japan; *Center for Environmental Studies, Department of Environmental Science and
Engineering, Kyung Hee University, Yongin 17104, Republic of Korea)

Abstract  Aquatic ecosystems are receiving various harmful effects due to anthropogenic chemical pollu-
tions. To protect wildlife, risk assessments of the chemicals are conducted using reference indexes of toxicity
estimated by species-level laboratory tests and/or micro-/mesocosm community-level studies. However, the
existing micro-/mesocosm communities are structurally too complicated, and it is also difficult to compare the
experimental results directly with those from species-level tests. Here, we developed a procedure of a simple
bi-trophic microcosm experiment which contains the common species (a green algae, Pseudokirchneriella
subcapitata and a cladoceran, Daphnia magna) for testing chemical toxicities. For the proper operation of bi-
trophic microcosm experiment, the minimum required concentration of primary producer (P. subcapitata) is
5x 10’ cells mL™". The microcosm system showed higher stability when the initially introduced D. magna
population was composed of neonates (<24-h old) than adults and those mixture. This simple microcosm
system would be an applicable tool to estimate the disturbing impacts of pollutants on plant-herbivore
interactions, and linking the species- and population-/community level risk assessments in the future studies.
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EEAB AR B AN, BEEYER THY 2
Ho= G B4 L WY 54 Brhe Lol That
OS2 o]FoXA|WH(OECD, 2011), YHHA o2 3}3h
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}% % (PNEC: Predicted No-Effect Concentration)S ©]
ko] o] Fo] Xt} (Nagai, 2016).

FAA SOl FHAHA AHEER s 9 A4
A FoEe skFol doliAe dd T2 o83t
AR o A e rlAlE F7
o2 grtd davt Jlon, FHAENHA (EFSA)lA
AETH At 371 HdS =4 A2 AEA 9
B7F ol tigt Zhol=gigle] HEEH, AR HE
FFAA (Tien) Q] HEY] SHAE ALEEE 42y
RACs (Regulatory Acceptable Concentrations)E ©]-&
g3k H717F AAE 3 T (EFSA PPR Panel, 2013).
RACsE= Al DA Z FHEY, EEAJAES 5444 2
2 HE AFEELE Tier-1 RACs, 29 U7 EEZ (SSD,
species sensitivity distribution)S ©]-&5}o] At&3H= Tier-
2RACs ¥ mpo]A 23 F T Haid 59 FHFEL
Al A2 HE AFEEE Tier-3 RACsZ A2 E th. Tier-
3RACs?] ¢ FFEA7E A= g B9 AES =
Dot 2R FFS BrhskH, Ag A =4
o] FF Yol HETH 32 A= FHAA 7

Zok, A vA= 2ok dAAQ FFS Bt
Z10] 7153tk (Van Wijngaarder et al., 2014). 0]} 2+
Aol Bkl A9 AT LA Aol £ A
(bi-trophic) = A ZHA| (tri-trophic) 2.2 TLAE o
& A0 BstEAol LB AoRN 40 179

F%e FHoR Friske Husel ANHT U
(Bredeson et al., 2015; Welch and Lundgren, 2016).

ARt o2 F £E9 AP vy 7hds] S4AF
= AAst= Ao] 7hesh] Hizel AT B 2RSS
o] Algof Hlsl B &9 HlolE7t FA = o Ut shA|Rk
HGeTE= T (NOEC: no observed effect concentration)
o] 7§ SSDEHE AAtEE NOECS #y+E Aldd
Ao WEFFS] F7o Yl NOEC7} 2 #o|& Ho|= 7
7 Eol HAStER, F £ SAHAIY HolHE 7%t
oz A AA nA = tEE S B
H7tst7] o= o E&o] wWETh(Fleeger er al., 2003). AA|
S AUolA Y= SHAAE 20 22 XA
sh, 9] B2 AHH e R EF sttt B3 ot
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v, A2 S4AEE A8l A= Q= vtol

AZIEZ AHAY BEFHL W2 AE T o5 288

2 04 E4NEE FRAGE ol gl HEC

2 S, v 2RAH (US BPA) Tl =210 AT 2

29 SAAE HHE UE A AEEEEE 105,

= 27 15, 2R 15, W7 15, |

o, QAN E 153 Asix Al7]o dA3%
TE o] QIth(US EPA, 1996).

2 dAtolMe dHAH o Hgrbssin, Ao HEA
o] £ o) B F +F9 AIF Ao} AY vwrt
71538 & g oFutA 9] ulo] 3 2 FZ (bi-trophic microcosm)
ANEAE Ndste AE FHo2, AFAE +45t= 4
At 2712 NEMA AIHY BEFF dE)S AAst
Aok ARAE FAste AL dAtan At =
28l Pseudokirchneriella subcapitata®} =% SDaphnia
magna 5 &< ©]&3t¢rt. o5 HES OECD SoA
AR o] EEAABERE A= ¢lo] (OECD,
2004, 2011), o4t SstEde thg SR £ =
o] QIt}. P subcapitata= F54 D Y53 3} thofst
=49 12k it S Bt 2E APETLE AL
L5 o] gkom (Gao et al., 2016), EHE D. magna® 7%
oA HAIHE= BHSEAET E8S 54 FAEF
A &= AHEEI ok wEbA, o] T2 AHEeE
3, ue|A2FEF A|E 2HE 7|EY T 29 ogE
Ald Axpet A3 vlust= A o] 7Hesitt

2 dFoM= TEETIEY Wil Holz o8 H=
Chlorella vulgarisSt 2 AY A A&SE P. subcapitata®)
Al W gagGE ¥2ste], D. magna®l S0 28
3t P. subcapitata®) 27] WEE ZAAsI . ES nfo] 2
23 SN AP AT A2"9 Pl fAH
7] 9% A3 z2A4E& AA5H7] Hdll, D. magna®l Z7] WA
ol gk Aol ol ARG A xS kLAt
st

ol o
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m
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1. C. vulgaris?2} P. subcapitata?| {7|EtAZF H|w

C. vulgaris (Chlorella Industry Co. Ltd, Fukuoka, Japan)
¢} P. subcapitata (NIES-35, 4¥ ZFHIH Ax2A)0f ot
MxF SASTFS B WA} P subcapitata®) B ¥
COMBO HjZ] (Kilham er al., 1998)E ©]-&-3}o] Q157 H|o| €
WollA 21°C, 12h light : 12 h darkness & 120 pmol m s ™"
o W 2|4 NS Daphnia®] F4 LT 2
Zagto] 2l 10x10° cells mL™' o]Ao] 22 (Nandini
and Sarma, 2003), @1A|FTE 0| &5t AX F=&
5x10° cells mL™'o] Bl 2ttt C. vulgaris$t P.
subcapitata®] A825 Z+Z} 2,500 mL A F5te], 245
o]83}le 1,1.3,2,48F 3435l 600 mL7} HE=S 374
o MHEEAE A 2E FH5kH.

AEZ Hx=7F A2 o2 24219 600 mL A &4 300 mL
£ Whatman GF/C 2 &2 o3}ste] o{dlg §24 F75
2 (DOC) A|&2 AHEsIlt E& 300 mLe /784
(TOC) A2 ATt ©ago £42 TOC £47]
(Multi N/C 3100, Analytik Jena AG, Jena, Germany)E ©]
&35t SHE TOC £A4golA DOC #43k= ™ &
AR 7122 (POC) L2 At AEEF2EY
Az 5 F71gagiez APAshgio

C. vulgaris D P. subcapitata®] H|EZ WX} POC #+<
A AA S o] &, 742+ AlxZof| tiet fr|eadEe
2 A=t 9714 AlZ "= 0 9] POC Ftol 0
ojgfal 7Hstal 3| A A o] AHS AUEE AR
ok 3L POC @& w471719] 202N AHEE HAG
(AUy& EA8FA

2.D. magna®| Z7|=71 4%

D. magna®| Z7] WAL W3t B2 E)S 2
gst7] S8l mrela =3 E HAES AAISHIT D. magna
=, A4 274 (20+2°C, 16 h light : 8 h darkness)ol| A C.
vulgaris (5% 10° cells mL™)E Ho|& 3to] Ajufekst 7|
AE ol&stR o, AR H= WA 7F 27] RolE 243}
at7] 13l A= A&7 o]F 3uA Absk Al "ol ZHA|
£ A&t dHlolE el mhelaz3E XS 1
Yol npo|ARFZF Y Abo|27F AE+E AY IS
FEHOT AT 52 9QlOBE D magna NA|EO] §X
7t 4 Afo]2E 4HFSH= Ao] Basith 2 At
A AHEE 235 v e 2 500 mL {8 Blo|AE A
23}tk (Sakamoto, unpublished data). D. magna®] %7]

=

L& B9 AP A 2= s ajAst7] Sl
EHE HAIAE W (OECD, 2012)9 w2t 10 inds. 500
mL™'2 ZA3sict. vlo]A W] D. magna 7] MATES
1) 8Y 7 o A 10704 (o], ‘A= AA), 2) 4
Al sAAALE 182 ofd Al S7HA A + w5 AAD),
3) 189 ofd JHA 10744 (‘v 85 A 3744 A¥
TO 2 FASAT (R ZF 3.

A3 7HA 39 Aol = COMBO HiZ|of| A uj g2t
P. subcapitata®] A =& JALHE o]&3lo] A4
S COMBO HjA|o] F]Aste] AEZ WEZ 50x10° cells
mL™'2 2483}ttt 500-mL B]o|AY P. subcapitataZt &
¥ COMBO HiA|E F9d5to], D. magnas 1ol BAIRE
Zh 270 wEt BAE -, QgHlolE WellA uiekst it
(21°C, 12 h light : 12 h darkness, ¥ 27 120 pmol m™s™").
2 AEe B4 NuA e T4 AR 19 4ae
A2 A o] ZASE BN SHAE vho]
23% A2 FEIE Aolnz, A 717 E9F 27149
Blol] 4] 9 wjorsel e NS et

o)A Wel pH, 82 AHA%E (DO),
EHE U A EEZFIEY D= (D. magna®} P. subcapi-
tata)s Z73SHH T D. magna 27|28 7Aool =5t
of 4Htel7| 74| 8] 717k Sete g Wbty 7| &5k,
A7t 71t Ste 2 Art E71sE A8, 74
TOE Ho|AE LA A BE FEZE FYH T =+,
100 mL (A g9l 1/5)& &+
AFE ATttt A $ 25T AEARE 99 H|
OAR HEH &, P subcapitata®] ME W& A3l
93 HIAIE hA] FASA HE F SOmLE FEstel 2
Z8&dor 1Y T (HFTFE 2%), Yoo HEsto] @
FAST 9 A7LL-E (CDA 500, Sysmex, Hyogo, Japan)
£ 0|83t Attt A5 4 54 T 2L
COMBO HjA|2 F&4H 50 mLE 2Z5H3th viFadS
319 E AN, £ 9 U 2HL 29 Ao
Qs

vlola2a% Aol A thehile AEZ D.magna
2} P. subcapitata D=2 o W3 & (logio (max/min)),
HEAS(CV), HA BE=E A& (Verschoor er al.,
2004). oluf, FAT W= Wstz Q3 A #7t A FFE
W= S7F A7 (A ARe 2R E AA, A+ ds
A} A 10947E, ‘mAd= A Y A9 1497he Al
F AFE dlolEloA At FEE tlolH o FE4t
A& Bartlett testE 53 A353t Ao wat one-way
ANOVA EE Kruskal-Wallis testS A A8} A2l 7+
H]3E= ANOVA ZA3}o] wat post hoc test (Tukey-Kramer
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tes) S AASHAT H= TA B4 FAAY 2ZES
o] R 3.0.2 (R Development Core Team, 2013)E ©]-83}%
o,

FEEFAES GO T A AT A, Ul
2 C.vulgarisE A3l o] YHHA o]t} (Nandini and
Sarma, 2003). T8, SR ol OJg FTE BAISHE 2
Solt QWA Wol2 ALEIE HRRE C. vulgaris
Bt} P. subcapitatas Y13 A3 (OECD, 2006).
B A A3}, P.osubcapitata®l ME 37](2F 10 um)7} C.
vulgaris (°F 2 pm)R2oh Suj7heF SRR, A2 §7184
S C.vulgaris7} P. subcapitata Rt 52 02 U
el (Fig. 1). & 222 1.0x10° cells mL™'9] C.
vulgaris®] BTl |F3t= P. subcapitata H|E D=+
26%x10°cellsmL ™19l Ao 2 A= Q). o M Z Y £7]
g e Holo A BHriste tle tha F
7t ety & 5 ok AEETIEY AZ W dH
F 5o A FH Y QlsEo] IS wow, A2
W C:PH]E= A9 ugl ¥skstch (Verschoor ef al., 2004).
d FHY Ade=rt B SHA AEES
IEZ iFT A AZE W C:PH7} RobA, o]F A4
Sh= Daphnia®) /37 R WA E0] Wolx|A "ot A= o
£ 3%9] Daphnia (D. galeata, D. pulicaria, D. tanakai)S
dioz wo] WEel AN FALE 00 Hi Hol
U %) S Scenedesmus obliquus®] 48} 91 g-fafof 5
3 243 43, 285 Fof T Hol "Wk AAHY #
17} 0|59 F 7+ AATA | FFE vlA= Aol FEH

o

8.E+03
y =0.0013x
R2=0.98

7.E+03 -

6.E+03 - ¢

5.E+03

y =0.00052x

4E+03] R*=0.90

POC (AU)

3.E+03 -

2.E+03 A
& C. vulgaris

1.E+03 - B P subcapitata

0.E+00
0.E+00

5.E+06 1.LE+07 2.E+07

Cell density (cells mL™")

Fig. 1. Relationships between algal cell densities (Chlorella vulga-
ris and Pseudokirchneriella subcapitata) and POC contents.

[¢]
ol ABETt FaFelE BILSL, Bh| FP YBe
BATHY F8 Y22 Holo] F BAFFOR AM
Fozm el HYAT Ao vluE F3) wolo

TEZ Ao A x2H AHESHE Aol 7Hs st (Miiller-
Navarra and Lampert, 1996). 2 A< A2 HE wlo]
AZFEZE o] &3 SAAIA o P.subcapitatas 5|
2 ARgshes A D.magna® 47 2 S0 ol &
3 HolE FF37] YalAE 5x10°cellsmL™' o442 &
23 go] FFEooF & Ao wH
o2 23E A[@A I 1ol D. magna®l 7] NATE
T8k A nlds AMAY HE&S A WAF
4 s vl AdA Y 29 A, A”TIZE
% A2 7t pH 5=9] ¥t gjgo] 2 zpol= BEEX
Aok, AY NAYERE 249 F} AF7IA] 7.1~83
2 FA = (Fig. 2a). o|Fol= BE Aol A
pH #tol S7kete], A8 £8 A pH 2 F 90 F==E #
A=At §EAA (DO)Y Aol At 1+ T3
Apol= B|EER] oW, D. magna Z717WA|TE0] 19
o] mds AT A" HEFoA AF HAREE
8o At AR o E Aol Bl #& DO 3ol
FAEE @4o] BEEOU, o]Fo= BE AT
A 37~48mgL™'e HYE ¢tFHor 2 5t (Fig.
2b). P. subcapitata®] NEZHE Z$-, D. magna® 4
o A gastglom, A AlE 18Y A £ e A
TolA Al F7bste Aol BEE AT (Fig. 2¢). A E
WAl o FUZE D. magna®l BE WAL= ABAE A
A +u]ds A Aol = oF 8Y £, ‘ulAds A
A Ao oF 129 o] FHE FAdtes FFS Y
EP T (Fig. 2d). D. magna® AT D= BA & 4
A +uds A Aol 104 A A, ‘vlid<s 7l
A Ao AL 149 A A oA 7HE =2 AR Y
EbtTh(Fig. 2¢). B3 A F& A9 D. magna WA+
U= ulds A Aol A ohE Ao vls) 2
v o] & Ao® UeEth BE A2FolA pH7L A
A 249 A A - A F7HeE olf= FYT AR NA
P. subcapitata®] W=7} 3A Z7}5197] dl&Ee Aoz
A2 E T DO A% D. magna®l NAlE D=7t F7He
5 Aaste A¥S UYWAY, Daphniad] HEt A
Aba QFF 2mgL! o]3tE dE A 9lo] (Nebeker et al.,
1992), D. magna®| A& 2 FAoll= FFS v|AA g2
Ao g HE.
D. magna® %7] ¢ 714 (10 inds. 500 mL™")<] =&

TE =Y A QA9 vlEo] 2245 wWEA dastgh
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300 -
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35

Time (d)
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—O— Adult + Neonate
—w— Neonate

Fig. 2. Temporal changes (mean=+ SD) in physicochemical parameters and densities of organisms (Pseudokirchneriella subcapitata and

Daphnia magna) in each treatment.

AY Tt A= D. magna®l MA|w D=7t HHALE]
o] =gste] =& A9 4ol dojubA] ool BE A
gl A P. subcapitata®] BE7} 7}, D. magna
AT ZE AolA A 712F 5 24 7hAlol 9
3F Abgto] WAEZA| ghfen g wpola2dE W JHAE
= #ste HAoz 27] =)0 AAEC A HEE
H AoR HorHr

A @A gk S+ AR shrt He AT HE
o] | HEZL P subcapitata®] 75 ‘0= WA A
gl A 71 Wke ] (P<0.05, Tukey-Kramer test), D.
magna®] 7% BE AHzZolA |25t 2to]E YERXA]
&JTH(P>0.05, Kruskal-Wallis test, Fig. 3a, b). o] ¥
F2o| 2 4% ABHOE AHZ WEst 00] B 9
H(2% A8, BE FAT AAT UE 2742 A8A
el wolg B 21X Tkl Foldg et
(Verschoor et al., 2004). 5 A4 (CV)] Ffol= 4

HEZT FASHA EE Addol digt Axet & 5= QL
o, P. subcapitata®] D=2 S D. magna®l AZA A
g 2 AFE YEFY T (P<0.05, Tukey-Kramer
test; Fig. 3c, d). A8 717t 5 A UE = P subcapitata®}
D. magna B u19% AR AelZolA ¥ ettt
(P<0.05, Tukey-Kramer test; Fig. 3e, f). ©| ZZ}Z ¥, o}
o|AZFZ A|FANA D. magna 27 WA 1359 1]
s AT FA5k= Ao| HiF A Ao R wekETh
Hj 2] Fof FFAH o] BrtstA Fa =W Yol = £
A2 (AAAAH Y AT A e FEH o R FIksHA =,
ol 3E E= FFo] BFE 750l F7Hetth(Rosen-
zweig, 1971). o]e} Z& HAF2 paradox of enrichment®
2o, Aol igFAYES T F$ vdsH TEEHE=
Aot} (Roy and Chattopadhyay, 2007). ®Hd, o]e} 72
FEALY Tt 35 LS AAA A= AY TEE
A 9=t} (Murdoch et al., 1998). AFAA 2] 75, Hol A
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Fig. 3. Maximum amplitudes (a and b), CV (c and d) and minimum densities (e and f) of populations (Pseudokirchneriella subcapitata and
Daphnia magna). Means denoted by the same letter are not significantly different from each other with Tukey-Kramer test (P >0.05).
Letters are not given in the panel b and d because no significant difference was detected among the treatments.

o

2o o712, A% AEoley AWE We U o
A B BTAH Fol HAR-EAR AT|
AHOoR FAEHE=E 283ttt (Roy and Chattopadhyay,
2007). 2 ALl A AP%*EP COMBO HjA| (P=1.6mgL™",
249} Blwsto] rhs}
A =2 AL 9 9l ;}—ﬁ—?‘? I Qo W, P. subcapitata:s
D. magna®) 440] ool Woi7|2e Wl AR YA %
© T2 paradox of enrichment7} ¥HAY3}7] 48 ZH o2}
g o ok AAZ COMBO HiA|E ©]§3t nfo|a 23 F
A (529 8572 FA)olA, paradox of enrichment
7} TASH= Ao] B Itk (Verschoor et al., 2004).
2 AFolAe D. magna 7] NAEY B2 HEfRK)
of ¥k3sto] Aol ¢t o] wdlst= Zlo] WRE o
271=2Y7NAE 189 vds AAtes F4T BS P
subcapitata®t D. magna 7NA|To] & APEEAT §lo] &
2 A HEE 30Y AE A 7Hed Ao = SIES
}.
24
A=

[*]
]

oA HAEE npo]a2IE AFA AL 93
FTE2 ¥ OECD 59 5*‘1/\]‘51 A=

ANE BE ABR, ATY W FS §A7F Sold A
350l mebA, +AAEY A FHiel A3t SekE
el IYE 2AE | Glol, vholaR2Z NUAE 3
& Aol AF 7|2 F 220 EAANY AL F
o] = Wl Az} Ao 9 oclzﬂ:)g]. A HI AES=
o] 7hs3tth. FF 2 %‘LOM AANE vfo|lARZIAZ A|H
AL Loz £ 420 AFPozL FATT 4 g
B35 Algz}_g_oi o3t Jgke wadte] B} A3t
St A A 9P _AaHIE $335t= AHo| 7F5T A=z
7]

>E 0

q 2

serEAS RS SR
F8 4 39 sz, A s st o
L wo YA B PAE N G2 g
Aol BB BEVH 4BHEL VAT 2 4
29| S4AQol RFEG AT WA AT Yt o

T A et F
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x& BEQ X257 Pseudokirchneriella subcapitata®; =

BS Daphnia magnas °1§-5t0] 3teEd 9] S4d& A4t
Apeb anjAe] AoAg-E w3 2 FEolA BrrE
4 = 713 bi-trophic TRo| 22 F Al W} o] of
gk AEZYY A% 20L& AR sHEet. vhe|2

5 AEA L BuE F] A, 5x10° cells mL™
1249] P. subcapitata (YA} s=5 AAshe Aol A4
Aoz EAHY 7] S4AEE 1T 49, B
2 (4Hzhe ol 2] 24A17bo] HA| g m| AL A
2 F/gsto] npolA2AE AlFE AIASHH A € EF
MATEe] Hep HgH s FAHE A2 YT o
©F -2 bi-trophic vFo|A2AE AFA= 2Ll gt
AR} 2po] ESHY A abgo] ud =8 Bt
ataL, AR A ] gt AP LB ME T FE9 Bt
A 2R 271 S 4 s JE A gy
2 woEd

f
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