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Comparative toxicity of some pesticides on reproduction of Korean native freshwater Cladocerans, Moina
macrocopa and Daphnia sp.

Byung-Seok Kim', YoenKi Park, Kyung-Hun Park, Mi-Hye Jeong, Are-Sun You, Yu-Jung Yang, Jin-Sup Shin,
Jin-Hwa Kim, Seong Myeong Yoon' and Young-Joon Ahn’

(National Instite of Agricultural Science & Technology. RDA, 'Department of Science education, Chosun
University, *School of Agricultural Biotechnology, Seoul National University)

Abstract : The reproduction toxicity of several pesticides on two Korean water flea was investigated to
develop a new standard species used for ecological risk assessment of pesticide. Moina macrocopa and
Daphnia sp. were exposed to 4 different types of pesticides over 10 and 21 days, respectively. No-observed
effect concentration (NOEC) for synthetic pyrethroid, fenpropathrin on Moina macrocopa and Daphnia sp.
were 0.17 and 0.06 yg L, respectively. Diazinon, carbofuran and myclobutanil were in the order of their
reproduction toxicity to cladocerans tested. There were large differences between Moina macrocopa and
Daphnia sp. in their susceptibility to fenpropathrin, diazinon and carbofuran except myclobutanil. Daphnia
sp. is more sensitive than M. macrocopa to pesticides tested. Therefore Daphnia sp. may be a good
surrogate species to assess the reproduction effect of pesticides on aquatic invertebrates. M. macrocopa also
be a good surrogate species because it is one of the most abundant cladocera in agricultural environment,
especially rice paddy in Korea. In addition to it’s ecological importance of wide spread distribution, it has
also economical importance to make possible to shorten period for reproduction test using M. macrocopa
due to it’s short life cycle.
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Table 1. Effects of carbofuran on reproduction of Moina macrocopa over 10 days

Nominal concentration (meantsd, pig L'l)

Parameter Control
26 7.8 234 703 211.0
Survival rate, % 90 100 90 90 70 0
Reproduction
Time to first brood(day) 5.1+0.5 4.9+0.3 5.010.0 5.0:0.0 6.1£1.3 -
Total offspring/adult 50.749.5 46.7+6.7 48.1£74 41.6+6.5%  19.4%11.5%* -
No. of brood produced 29100 3.1+0.3 3.0:0.0 3.0£0.0 2.9+0.7 -
Brood size 17.6£3.2 152425 16.0£2.5 13.942.2%%  652.8%* -
Growth
Length, mm 1.6+0.1 1.5+0.1 1.6+0.1 1.540.1%* 1.410.1%* -
Molting time 5.310.0 5.610.7 5.7+0.5 5.4+0.8 5305 -
*P<0.05, **P<0.01.
Table 2. Effects of carbofuran on reproduction of Daphnia sp. over 21 days
Parameter Control Nominal concentration (meantsd, pg L'l)
0.37 1.1 33 100
Survival rate, % 80 70 90 90 90
Reproduction
Time to first brood(day) 8.8+3.1 83£15 99425 12.242.5*% 13.04£2.9*
Total offspring/adult 117.0+33.9 96.8+38.9 130.4+26.0 70.0£17.2%* 82.1+25.5*
No. of brood produced 42408 5.3+1.0 5.7+1.0 3.8£12 3.7£0.8
Brood size 277459 28.5%6.6 228424 19.245.9%* 22.9+8.1
Growth
Length, mm 32402 3.140.1 3.240.1 3.10.1 3.0:0.1
Molting time 11.6+0.9 10.840.5 11.3+0.5 10.8+1.0 11.30.5
*P<0.05, **P<0.01.
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Table 3. Effects of diazinon on reproduction of Moina macrocopa over 10 days

Nominal concentration (meantsd, pg L’l)

Parameter Control
0.06 0.19 0.55 1.7 50

Survival rate, % 90 %0 70 40 50

Reproduction

Time to first brood(day) 5.1+03 5000 5000 5000 50100 5.0+0.0
Total offspring/adult 50.7+8.6 56.6+7.5 574489 555433 49,8132 48.5+4.1
No. of brood produced 29403 32404 3.1204 3.0+0.0 32404 3.0£0.0
Brood size 17.6+2.3 17.8+3.0 18325 18.5+1.1 15.82.5 162414
Growth

Length, mm 1.6+0.1 1.650.1 1.7+0.1 1.6+0.0 1.5+0.1 1.540.1
Molting time 53405 5.840.7 5.610.8 4.8+1.0 50100 53+1.0

Table 4. Effects of diazinon on reproduction of Daphnia sp. over 21 days

Nominal concentration (meantsd, ug L'l)

Parameter Control
0.03 0.08 024 0.72 2.15
Survival rate, % 70 20 100 80 0 0
Reproduction
Time to first brood(day) 6.3+0.5 7.1+2.8 6.820.8 6.6+0.8 - -
Total offspring/adult 159.5+£13.0 144.7+17.7  157.1£26.8  125.0+31.6* - -
No. of brood produced 6.5+0.6 6.1:0.7 6.0+0.9 6.3+0.5 - -
Brood size 24.8+4.0 239443 262134 20.0+5.2 - -
Growth
Length, mm 3.240.1 3.240.0 3.240.1 3.140.1 - -
Molting time 10.0+0.8 11.3£1.0 11.4+0.9 10.3%1.1 - -
*P<0.05, **P<0.01.
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Table 5. Effects of fenpropathrin on reproduction of Moina macrocopa over 10 days

Nominal concentration (meantsd, ug L'l)

Parameter Control
0.02 0.06 0.17 0.53 1.6
Survival rate, % 90 90 100 90 70 30
Reproduction
Time to first brood(day) 44+0.5 42404 44305 4.840.7 54+1.1 8.0£2.0%*
Total offspring/adult 444437 51.0+6.9 47.1+7.1 42.4+100 35.0+9.0 6.7£2.1%*
No. of brood produced 3.1104 33205 3305 32404 29404 2.0+1.0
Brood size 143+1.9 153109 14.3£1.3 13.1£2.1 12.1+2.1 3.7+1.2%*
Growth
Length, mm 1.510.0 1.5+0.1 1.4+0.1 1.440.1 1440.1 1.120.1%*
Molting time 53405 5.0+09 5.5%1.0 5.840.4 4.1+0.4%* 3.710.6%*

*P<0.05, **P<0.01.

Table 6. Effects of fenpropathrin on reproduction of Daphnia sp. over 21 days

Nominal concentration (meantsd, pg L)

Parameter Control
0.007 0.021 0.062 0.187 0.56
Survival rate, % 100 90 90 80 0 0
Reproduction
Time to first brood(day) 6.5+0.7 6.5+0.6 6.310.6 7.0:0.0 - -
Total offspring/adult 95.5+10.6 94.7420.7 83.3118.6 94.7+182 - -
No. of brood produced 5.5+0.7 4.0£1.0 3.7£15 4.3+0.6 - -
Brood size 17.440.3 23.8+1.3 24.4+6.0 22.0+5.0 - -
Growth
Length, mm 32+40.1 3.240.1 3.3+0.1 32403 - -
Molting time 11.5+0.7 12.0+1.0 11.7+1.2 11.3+0.6 - -

*P<0.05, **P<0.01.
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Table 7. Effects of myclobutanil on reproduction of Moina macrocopa over 10 days

il

54 Hln

Nominal concentration (meantsd, mg L’l)

Parameter Control
0.1 0.31 0.94 2.83 85
Survival rate, % 90 90 100 90 0 0
Reproduction
Time to first brood(day) 44205 43405 4.7+ 5.4+12* - -
Total offspring/adult 44.4+37 473%7.9 423£27 21.049.2%* - -
No. of brood produced 3.1+04 3.1+04 3.010.0 2.740.5* - -
Brood size 14.3£1.9 15.1£1.0 14.1+0.9 7.7+2.6%* - -
Growth
Length, mm 1.5+0.0 1.60.1 1.5+0.1 1.440.1%* - -
Molting time 53405 54+05 5.0+0.5 5.1£1.1 - -
*P<0.05, **P<0.01.
Table 8. Effects of myclobutanil on reproduction of Daphnia sp. over 10 days
— Control Nominal concentration (mean+sd, mg L)
0.09 0.26 0.78 2.3 7
Survival rate, % 100 920 80 80 40 0
Reproduction
Time to first brood(day) 13.310.5 134105 13.3£0.5 15.0+1.4 - -
Total offspring/adult 69.0+8.5 72.7+20.5 82.5+19.4  27.0+8.5%* 0 -
No. of brood produced 4.3+0.5 3.720.5 4.010.8 1.5£0.7%+* 0 -
Brood size 16.2+0.7 19.4+4.6 21.0+5.1 18.8£3.2 0 -
Growth
Length, mm 32401 32402 3.1+0.1 2.940.1 2.6+0.1%* -
Molting time 10.3£1.3 10.7+0.8 10.5+0.6 10.5+0.7 8.5+0.7** -
*P<0.05, **P<0.01.
Table 9. NOECs of 4 pesticides in the reproduction tests for Moina macrocopa and Daphnia sp.
. NOEC(ug L")
Test species : ;
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Moina macroco
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