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Fig. 3-1-1. Change in salinity of body fluid of the
brackish water bivalve C. japonica acclimated to
different salinities.
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Fig. 3-1-2. Effects of salinity on the survival rate of
C.japonica at 10 and 2507 . n=20.



Table 3-1-1. Salinity tolerance of C. japonica to
at different water temperatures(TW).

WT Salinity Lethal time (days)
() (psu) LTs LT 100
0 030 030

2 030 030

S 030 030

10 10 030 030
17 030 030

22 030 030

32 14 16

0 030 030

2 030 030

030 030

25 10 030 030
17 030 030

22 030 030

32 5 6

Table 3-1-2. Tolerance of adult and juvenile C. japonica to high salinities at
different water temperature(WT).

WT Salinity Lethal time (days)
) (psu) LTn OO OO LTy
juvenile adult juvenile adult
25.6 020 020 020 020
10 28.8 020 020 020 020
320 9 020 020 020
25.6 020 020 020 020
20 28.8 6 020 020 020
320 6 10 7 1
25.6 2 8 4 20
30 28.8 2 4 3 10
320 2 3 4 4
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Fig. 3-1-3. Effects of high salinities on the survival rate of

adult and juvenile C. japonica at 10, 20 and 30 .
n=20.
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Fig. 3-2-1. Survival of adult and juvenile C. japonica exposed to
water temperatures(WT) ranging 18 - 400 .
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to water temperatures(WT) ranging 13 - 000 . Adult : n=50;
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Fig. 3-2-3. Effects of high temperatures on the survival rate of
C. japonica. n=20.

Table 3-2-1. Tolerance of C. japonica to high

water temperature(WT).
WT Lethal time (days)
(a) LTs, LT .00
28 130 130
30 030 130
32 130 130
34 130 130
36 12 16

38 3 4
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Fig. 3-2-4. Survival rate of C. japonica acclimated to different
temperatures at 3000 . n=50.

Table 3-2-2. Tolerance of C. japonica
acclimated to different temperature(WT).

WT [1  Lethal time (days)
(0) LTso LT 100
100 - 300 8 [130
2000 - 300 9 [130

250 - 300 [J 30 [J 30




Table 3-3-1. Experimental water conditions.

Experiment 1

Target water temperature(C] )

10 20 30
Anoxia DO saturated  Anoxia DO saturated  Anoxia DO saturated
Water temp.(0 ) Initial 9.0 9.0 17.8 17.8 311 31.1
Final 9.5 9.5 18.0 18.0 29.9 29.9
Meant SD 89 + 89+ 116 17.7+0.22 17.7+ 0.22 29.9+  29.9+ 0.67
1.59 0.67
PH Initial 9.08 7.91 8.81 7.91 8.75 8.11
Final 8.96 8.01 9.21 8.10 8.23 8.20
Meant SD 896+ 0.16 7.94x 0.18 9.0+ 0.12  7.91x 015 847+ 8.26% 0.10
0.25
DO(mg/ /) Initial 00.05 10.10 00.05 8.83 00.05 7.03
Final 0 0.05 9.89 J0.05 8.79 J0.05 6.89
Meant SD [10.05 10.20+ 0.48 [00.05 8.85+ 0.34 [J0.05 7.06+ 0.27
NH,-N(mg/ ¢) Initial 0.16 1.16 0.16 0.16 0.16 0.16
Final 0.03 1.84 0.03 141 0.34 7.12
Experiment 2
Target water temperature(O )
20 30
DO consum. DO saturated DO consum. DO saturated
Water temp.(O ) Initial 20.2 20.2 30.6 304
Final 21.1 21.1 30.3 29.5
PH Initial 7.92 7.94 7.94 7.81
Final 6.56 7.91 6.66 8.02
DO(mg/ /) Initial 8.15 8.12 6.8 7.4
Final 10.05 8.22 [10.05 8.02
NH,-N(mg/ ¢) Initial 0.58 0.58 0.58 0.58
Final 2.02 1.77 2.06 0.13
Experiment 3
Target concentration of DO(mg/ /)
DO saturated 0 0.5 1 15 2 3
Water temp.(0 ) Initial 28.4 28.3 28.3 28.1 28.3 28.4 28.4
Final 27.7 27.8 27.9 27.0 27.8 27.9 27.8
Meant SD 280+ 0.26 280+ 0.39 28.1+ 0.16  28.0+ 0.34  28.0x 28.1% 026 27.9% 0.29
0.34
PH Initial 7.64 7.93 7.91 7.97 8.29 7.72 7.98
Final 7.93 8.05 8.02 8.02 8.34 8.23 8.19
Meant SD 7.78+ 0.26 8.59+ 0.22 7.87+ 0.09 8.09+ 0.15 8.39+ 8.06+ 0.15 7.83% 0.15
0.14
DO(mg/ /) Initial 7.70 0.05 0.46 1.20 131 1.92 3.10
Final 7.09 10.05 0.40 111 1.63 2.06 3.18
Meant SD 6.99+ 0.29 00.05 0.44% 0.02 1.04+ 0.14 150+ 198+ 0.15 3.47+ 0.34
0.10
NH,-N(mg/?) Initial 0.48 0.48 0.48 0.48 0.48 0.48 0.48
Final 0.36 121 0.53 0.98 2.18 1.50 2.02
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Fig. 3-3-1. Influence of dissolved oxygen concentrations

on the survival of adult and juvenile C. japonica at 10,
20 and 30 O . Dissolved oxygen concentration of
anoxia was maintained under 0.05mg/¢. n=20.



Table 3-3-2. Tolerance of adult and juvenile C. japonica to low
dissolved oxygen concentrations at different water
temperatures(WT).

Experiment 1

W.T. Lethal time (days)
() LT50 LT100
adult adult
juvenile juvenile
10 117 117 117 117
20 117 117 117 117
30 5 8 15 10
5 \Q 10 @)
=,
LS 5
=3
o
~
=S
N
D
-
©
-
‘©
= 0 10 20 30 40 50 60
>
(-
3 Days

—-0—-200 —-o-DO saturated 200
—-30] DO saturated 300

Fig. 3-3-2. The change of oxygen levels (a) and survival
rate of C. japonica at 20 and 3000 (b) with time in
closed bottles. n=20.
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DO saturated, 1.5mg//, 2.0mg//¢, 3.0mg//¢

Days

Fig. 3-3-3. Influence of dissolved oxygen concentration on the

survival of C. japonica.

n=20.

Table 3-3-3. Tolerance of C. japonica to different
low dissolved oxygen concentrations(DO) .

Experiment 3

Mean DO Lethal time (days)
(mg/?) LTso LT 100
control 030 30

0 11 13
0.5 14 17
1.0 16 20
1.5 030 130
2.0 030 130
3.0 130 130




Table 3-4-1. Experimental conditions and the test concentrations of hidrogen sulfide.

Target concentration of H,S(mg//)

0 3 5 7 10 20 30 50

180

H,S(mg/?) 000 16+ 1.46 2.7+ 240 4.0+ 327 6.0+ 456 14.7+ 6.33 25.6+ 6.72 44.8+ 6.75

PH Initial 8.03 8.67 9.80 9.29 9.46 9.85 10.15 10.34
Final 8.24 8.26 7.94 8.57 9.31 10.04 10.34 10.44
NH,-N Initial 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
(mg/?) Final 0.04 1.31 0.88 0.28 0.15 0.09 0.39 0.83

28001
H,S(mg/?) 000 16+ 1.46 2.7+ 240 4.3+ 321 6.0+ 443 150+ 6.21 23.0+ 8.15 40.8+
10.91
PH Initial 8.09 8.43 8.73 8.88 9.06 9.56 9.93 10.06
Final 7.31 7.21 7.28 7.28 7.68 9.21 9.48 9.56
NH,-N Initial 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
(mg/?) Final 0.23 0.3 257 0.91 0.06 0.93 0.11 341

00 H2S indicates mean + SD.

O Dissolved oxygen concentration was maintained under 0.05mg// for the experiments.

O Salinity (5 psu) and temparatures (1800 and 2801 ) were stable for the experiments , respectively.
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Fig. 3-4-1. Survival rates of adult and juvenile C. japonica exposed to different
concentrations of hydrogen sulfide at 18 and 28 [0 . n=20.

Table 3-4-2. Tolerance of adult and juvenile C. japonica to
hydrogen sulfide.

Experiment 1

Temperature Mean H,S Lethal time(days)
@) (mg/?) LT50 LT100

juvenile adult juvenile adult

0 014 014 014 014

18 S (14 (14 (14 (14

10 014 014 014 014

0 (14 (14 (14 (14

28 5 10 9 10 14

10 8 7 9 9
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Fig. 3-4-2. Survival rate of C. japonica exposed to different concentrations of
hydrogen sulfide at 18 and 28 [0 . n=20.

Table 3-4-3. Tolerance of C. japonica to
hydrogen sulfide in Experiments 2 and 3.

Temperature Mean H,S Lethal time(days)
@ (mg/?) LTso LT100
0 040 040
3 040 040
S 040 040
18 7 040 040
10 37 40
20 25 29
30 23 28
50 23 27
0 040 040
0.5* 0 30* O 30*
1.0* 21* 27*
3 11 13
28 5 8 12
7 8 11
10 7 10
20 7 9

O Data are indicated from only Experiment
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Fig. 3-4-3. Survival rate of C.

at 280J

n=20.

Days

—o—0mg/1
——1mg/1

——0.5mg/1
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japonica exposed to low hydrogen sulfide concentration

Table 3-4-4. Median tolerance time for aquatic invertebrates to hydrogen sulfide.

Test animal

LTs (day) H2S (mg/¢) Temp.(O) DO (mg/¢)

Auther

Mulinia lateralis
Cirriformia sp.

Nereis diversicolor
Neanthes virens
Halicryptus spinulosus
Theora fragilis
Macrobrachium nipponense
Corbicula japonica
Corbicula japonica

6

5

24

8
010
1.7
0 4

050
37

6.9
6.3
6.2
5.7
6.3
5.0
1.6
7.0
10.0

20.0
12.0
O
O
9.5
15.1
19.9
18.0
18.0

0o.5
0do.5
1.0
1.0
0.5
1.0
6.4
0.5
0.5

SHUMWAY et al.(1983)
BESTWICK et al. (1989)
VISMANN (1990)

VISMANN (1990)
OESCHGER & VETTER(1992)
O O (1994)

O 0O (1995)
Present study

Present study
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Fig. 3-5-2. Effects of high temperature on the survival
rate of four brackish water bivalves. n=20.



Table 3-5-1. Tolerance of four brackish water
bivalves to high water temperatures(WT).

Species name WT Lethal time(days)

(O) LTsg LT

30 O30 O30
Corbicula japonica 32 30 O30

34 030 O30

30 030 O30
Ruditapes philippinarum 32 8 18
34 2 3

30 O30 O30
Anadara subcrenata 32 130 030

34 4 5

30 O30 O30
Musculista senhousia 32 23 28

34 21 25
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Fig. 3-5-3. Effects of salinity on survival rate of four
brackish water bivalves. n=20.



Table 3-5-2. Tolerance of four brackish water
bivalves to salinities.

Species name Salinity Lethal time(days)

(psu) LTs LT 100

0 014 014

1.5 014 014

25 - -

Corbicula japonica 5.0 014 014
10 014 014

15 014 014

20 014 014

32 6 7

0 7 9

15 - -

25 7 12

Ruditapes philippinarum 5.0 9 014
10 014 014

15 014 014

20 014 014

32 014 014

0 5 9

15 - -

25 6 9

Anadara subcrenata 5.0 8 014
10 014 014

15 014 014

20 014 014

32 014 014

0 3 5

15 - -

2.5 3 5

Musculista senhousia 5.0 6 014
10 014 014

15 014 014

20 014 014

32 014 014




Table 3-5-3. Tolerance of four brackish water bivalves to

anoxia.
Species name Dissolved oxygen Lethal time(days)

LTs LT

Corbicula japonica Control 014 014
Anoxia 13 14

Ruditapes philippinarum Control N14 014
Anoxia 2 4

Anadara subcrenata Control 014 014
Anoxia 10 11

Musculista senhousia Control 014 014

Anoxia 2 3




Survival rate(%)

Table 3-5-3. Tolerance of four brackish water bivalves to

anoxia.
Species name Dissolved oxygen Lethal time(days)
LTSO LTlOO
Corbicula japonica Control 014 014
Anoxia 13 14
Ruditapes philippinarum Control 014 14
Anoxia 2 4
Anadara subcrenata Control 014 014
Anoxia 10 11
Musculista senhousia Control 014 014
Anoxia 2 3
Cormorcu b pponca
150
100
50
0
Rudmapes ph lppnharum
100
50
0

Musculsta senhousia

150
100
50
0
0 5 10 15
Days
—o— Contol —— ANOXRA

Fig. 3-5-4. Effects of anoxia on survival rate of four
brackish water bivalves. Dissolved oxygen
concentration of anoxia was maintained under
0.05mg/?. n=20.



Survival rate(%)

Corbrcub pponra
150 44

100
50
0

Rudmapes ph narum
150 pes ph illpp

100
50
0

Anadara subcrenata
150

100
50
0

Musculsta senhousia
150

Days

—0— 0mg/! |—e= 10mMg/{ J=g=— 20mg/! —m— 30mg/!

Fig. 3-5-5. Survival rate of four brackish water

bivalves exposed to different concentrations of
hvdroaen sulfide. n=20.



Table 3-5-4. Tolerance of four brackish water bivalves to
hydrogen sulfide concentrations.

Species name Mean H,S Lethal time(days)

(mg/?) LTso LT 100

0 014 014

Corbicula japonica 10 114 014
20 14 014

30 13 014

0 014 014

Ruditapes philippinarum 10 2 4
20 3 4

30 2 4

0 014 014

Anadara subcrenata 10 12 13
20 9 10

30 7 8

0 014 014

Musculista senhousia 10 3 4
20 2 3

30 2 2




