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Table 1. Preparation of synthetic freshwater using reagent grade chemicals(USEPA Water Quality Criteria)
Water Reagent added (mg/L) Final water quality

type NaHCO;  CaSO, - 2H,0 MgSO; KCl pH Hardness  Alkalinity

Very soft 12.0 1.5 05 6.4-6.8 10-13 10-13
Soft 48.0 30.0 30.0 2.0 7.2-7.6 40-48 30-35
Moderatey hard 96.0 60.0 60.0 4.0 7.4-7.8 80-100 60-70
Hard 192.0 120.0 120.0 8.0 7.6-8.0 160-180 110-120
Very hard 384.0 2400 240.0 16.0 8.0-84 280-320 225-245
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survivorship, reproduction, and growth of Daphnia magna during 21 days after

birth
Parameter Temperature ()
16 20 24 28
Survival rate, % 90 100 100 100
Reproduction
Time to first brood 10.2+0.4 9.0£0.0 6.0£0.0 5.6£0.5
Total offspring/adult 20.216.4 148.6+18.2 103.418.8 168.8+15.5
Number of brood produced 24405 49+0.6 7.0£0.0 8.3+0.7
Brood size 8.5+2.2 30.7+3.2 14.8+1.3 20.4+2.7
Growth
Length, mm 3.9+0.2 3.910.2 4.1+0.1 4.4+0.1
Molting time 7.8+0.4 9.620.5 11.420.5 12.5+1.1
Abnormal symptom & - - -

¥ Colorless body.
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Fig. 1. Cumulative

11 13 15 17 19 21

number of offspring of Daphnia magna during 21 days after birth at 4 different temperatures.
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Table 3. Effect of temperature on survival, reproduction, and growth of Daphnia sp. during 21 days after birth

Temperature (C)

Parameter

16 20 24 28
Survival rate, % 90 100 73 78
Reproduction
Time to first brood 11.0£0.0 6.810.4 5.410.5 42+0.7
Total offspring 67.0£19.8 142.0+36.9 218.1+34.0 316.7t64.5
Number of brood produced 38z1.0 6.8+0.8 10.110.6 12.9+04
Brood size 17.7+25 20.7+3.3 21.5+2.9 24.5+4.6
Growth
Length, mm 3.0£0.2 3.1+0.1 3.010.1 3.010.1
Molting time 8.211.1 10.8+0.8 13.9+04 16.6+0.8
Abnormal symptom - - sc” sc,c”
¥ Swimming with carrying ” Colorless body.
300
—m—167C e

3 250 - e 20°C _ o
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Days after birth

Fig. 2. Cumulative number of offspring of Daphnia sp. during 21 days after birth at different temperature.



EEZAHSAAEYE AL A

Y BHSe) HALLE 7 225

Table 4. Effect of temperature on survival, reproduction, and growth of Daphnia obtusa during 21 days after birth

Temperature (C)

Parameter 16 20 2% 28
Survival rate, % 100 75 0 0
Reproduction

Time to first brood 10.8+0.6 8.3+0.9 5.810.4 -
Total offspring/adult 72.4£15.4 68.9+21.2 19.0+5.7 -
Number of brood produced 4.0:0.0 5.1£12 2.61+09 -
Brood size 18.1£3.9 14.1£5.2 7.411.0 -
Growth

Length, mm 2.740.1 2.610.1 - -
Molting time 8.9+0.7 9.6+1.1 - -

Abnormal symptom -
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Fig. 3. Cumulative number of offspring of Daphnia obtusa during 21 days after birth at different temperature.
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Table 5. Effect of temperature on survival, reproduction, and
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growth of Moina macrocopa during 10 days after birth

Temperature ()

Parameter
16 20 24 28
Survival rate, % 100 100 33 17
Reproduction
Time to first brood 5.9+0.6 4.0+0.0 3.0+£0.0 2.00.0
Total offspring/adult 228147 128.5+9.7 113.0+31.3 85.4£27.6
Number of broods produced 2.1403 6.0:0.8 6.5+0.6 6.1£1.6
Brood size 11.0+24 21.8+34 17.4+4.5 14.0+3.4
Growth
Length, mm 1.60.1 1.810.1 1.8£0.1 1.810.0
Molting time 4040.5 6.1:0.3 8.3+0.5 8.510.7

Abnormal symptom -

- - sc?

¥ Swimming with carrying.

140
120
% 100
£
@ 80
o -
5 60
(o]
= 40
20 |
0

D ays after birth

Fig. 4. Cumulative number of offspring of Moina macrocopa during 10 days after birth at different -temperature.
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Table 6. Effect of temperature on survival, reproduction, and growth of Simocephalus vetulus during 21 days after birth

Temperature (C)

Parameter

16 20 24 28

Survival rate, % 50 100 92 67
Reproduction

Time to first brood 12.6+3.6 7.6£0.9 5.310.5 5.310.5
Total offspring/adult 5.615.0 88.613.5 148.8+29.3 164.1£49.0
Number of brood produced 1.8+0.8 6.8+0.8 9.3:0.6 9.7+1.7
Brood size 29+1.5 13.2+1.9 16.1+3 .4 16.6+4.1
Growth

Length, mm 2.040.1 2.3£0.1 2.5+0.1 2.4+0.1
Molting time 7.0£0.0 9.6+0.5 13.2+0.8 12.6+0.7
Abnormal symptom - - - sc”

¥ Swimming with carrying.

180
160
140
120
100
80
60
40 -
20

Total offsprings

1 3 5 7 9

11 13 15 17 19 21

D ays after birth

Fig. 5. Cumulative number of offspring of Simocephalus vetulus during 21 days after birth at different temperature
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Table 7. Intrinsic rate of natural increase(r) of five Cladoceran at different temperature conditions

Intrinsic rate of natural increase(r)

Species 16C 20T 24T 28T
Daphnia magna 0.15040.078" 0.395+0.012° 0.542:+0.040° 0.578+0.038°
Daphnia sp. 0.290+0.104° 0.476:+0.040°° 0.449+0.292" 0.609:0.311°
Daphnia obtusa 0.285+0.028" 0313£0.177* 0.222+0.236* o
Moina macrocopa 0.446+0.068" 0.857+0.014" 1.11840.052° 0.909+0.681°
Simocephalus vetulus 0.049+0.016" 0.331+0.009" 0.44240.146™ 0.5130.034°

* p<0.05.(results of one way ANOVA using Turkey’s method)
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Optimal temperature conditions of Korean freshwater Cladoceran for development of standard toxicity test
methods

Byung-Seok Kim’, Yoen-Ki Park, Kyung-Hun Park, Jin-Sup Shin, Jin-Hwa Kim, Young-Joon Ahn'('National
Institute of Agricultural Science & Technology. RDA, 'Division of Agricultural Biotechnology and the Research
Center for New Bio-Materials in Agriculture, Seoul National University)

Abstract : Temperature is an important ambient factor affecting the physiology and metabolism of aquatic
invertebrates. In this study, we studied about the survival, reproduction and growth effects of 4 different
temperatures(16, 20, 24, 28°C) in four Korean cladoceran, Daphnia sp., Daphnia obtusa, Moina macrocopa,
Simocephalus vetulus and Daphnia magna. as an international standard species. All 5 water flea tested showed
that molting time, fecundity and intrinsic rate of natural increase(r) in high temperature condition were higher than
those in lower temperature. On the other hand, lower survivals and longer time to start of offspring were showed
in high temperature. Our results suggest that the optimal temperatures of Daphnia sp., Moina macrocopa, and
Simocephalus vetulus seem to be about 20°C except for Daphnia obtusa which as showed good survivals and
reproductions in 16TC.

Key words : Daphnia magna, intrinsic rate of natural increase, Korean cladoceran, reproduction, temperature
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