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ON THE MASS REACTIONS OF GOLD FISH AND
CARP AGAINST THE TOXIC SUBSTANCE

Hrroaxt Aikawa, ToMOoO HAYASHI AND NOBUHIKO IlANAMURA

Against the similar intensity of stimuliation, the mass reaction
of animal aggregation varies in accordance with its deusity. Here,
the present authors worked out the mass reaction of wgold fish
and carp against the toxic effect of sublimate solution.

Material and method. Gold fish used, ranging from 0.8 to

7.8 2 in body weight, averaged 3 to 4g. Carp, ranging [rom 1.2
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to 11.9g, averaged 4 to 5g. They were previously
life in a small aguarium before the experiment. As a stimulaiing
substance, the sublimate solutions of various concentrations from
0.1 ®x107* to 10 x 107* normal were emploved. The cylindrical glass
bath, 30 cm in diameter and 15 cm in height, 18 hiled up with 5
liters of the sublimate solution. For killing, gold fish or carp is
put into this solution e¢ither singly or together each 2, 5, 10, 20,
30 and 100 fish respectively. The toxic cffect is expressed with
the mean death time (7 measured in minute) of N fish used
singly or together. The fish is considered as dead when it lies
down on the bottom and shows no reaction against the stimulation
upon the eye with the pointed end of a glass rod. [leath time
(T,) is the duration of time in which the fish can live after it is
put into the toxic solution. Mean death time (7 is calculated
from X7,/N, the lag period (7T'min) is the minimum death time
expended and the death interval is 7T'max— 7'min, where T'max
is the maximum death time. Death process of N fish group as a
whole is characterized with 7, Tmin and Fmax -7 min.

In independent experiment, fresh sublimate solution of 5 liters
is used in every experiment, while in repeated experiments the
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sublimate solution is used repeatedly till the toxic effect hecomes
unrecognizable. Temperature (#°C!, pH-value, O.-content (24} and
consumed amount of KMnO, (mg/l) are measured at every experi
ment, The sublimate concentration is measured colorimetrically
with the diphenyvlcarbazone method.

Fig. 1. Death process of a group of 30 gold fish {small circles) and the
change in death velocity {large circles, see Appendix 5).

Result. The death process of N fish group follows generally
to Robertson’s law (Fig. 1 and Table 1) The mean death time
is nearly similar to the time expended from the time that they
were put into the toxic solution until half of the number of fish
used (N/2) have died. The mean death time differs not only
among the groups of different individual numbers but also in the
sublimate solutions of different concentrations. In addition. death
time seems dependent upon the hody weight of fish and the
temperature of solution. The greater the weight of the fish is,
the more the death time is prolonged (Fig. 2) Nevertheless, the
individual variation in body weight is considered as negligible, so
far as we are coneerned. On the other hand, the temperature of
the solution is a decisive factor in determining the death time.
The relation of the temperaturve (#°C) to the death time {7) can
he fit to the Arrhenius’ formula (Fig. 3). Critical temperature is
10°C or thereabouts both for gold fish and for carp. The coefficient
of this formula above 10°C differs from that under 10°C as below
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Fig. 2. Relation of body weight (g} to the death time
(T in minute) in gold fish (see Appendix I-V).
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Fig. 3. The relation between the absolute temperature (§ ahs.)
and the mean death time (7% A: Carp, B: Geld fish.
sublimate temperature of solutien
concentration <100 >10°C
Gold fish 1.0 104 #==TA300 = 2060
Larp 0.4210-1=12> 101 #2=16600 #==8730
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Table 1. Death process of groups of N gold fish.

Temperature {4°C) : “510°C ! CIGC

| i I f f ! -
X (10=1 norm.y - M-1] 10 1730 100§ 3 0 10 | 30 100 10

T{in minate) = % % a5

|

[ : . %
100 50 13| } 3! | ; ] :
120 7.5 112 | L4 . 29 08 :
140 L 75| 200 — ; 7L 331 10,
160 i 75| 137 100 13| | 143 33, 8
180 200 | 188 67 24 RIS I |
200 wol s w7 128 159 140 24
220 175 | 100 333 26 | 100 20 9l 50
240 75| 76 267 3 33 114 175 28| 178
260 5.0 | 33 1000 86 200 23 118
280 25 33 133 57 25 2 ogna
300 to | T233, 29! 08 1 71
320 5 200! 29 | 1654
340 | f 67| 43 ; o2
360 ; | OB e ' 24
480 | i . — . 57 ! L2
400 ; ' : L 100 ; .24
420 ; ; | | 67 : '

Hence the death times must be compared with ecach other
only either among those obtained from the ecxperiments carried
out above 10°C or among those under 10°C respectively. As 18
seen in Table 1, so far as the number of fish used remains
constant, the mean death time is smaller and the death interval
(T'max--7Tmin) is shorter under the high temperature than under
the low. In addition, the mean death time seems to be prolonged
proportionally to the increase in the number of fish used and this
tendency is clearly intensified more under the low temperature
than under the high. When the temperature is sufficiently high,
the death time is not much prolonged according to the increase
in the number of fish used together. Therefore, the fish seem
very {eeble against the toxic effect under high temperature.

When the number of individuals used together (N) remains
unchanged, the mean death time is in inverse ratio to the sublimate
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concentration {X) and the death process progresses more slowly
in accordance with the decrease in the sublimate concentration
(see Fig. 1) The relation between the mean death time (7°) and
the sublimate concentration (X) is shown with Ostwald’s formula
as below (Fig. 4}

(10°%)

O §12~i3°C
o - £5°C N=/0
X« 506°C - =20
e - 50'C +=30
@ ¢ 4£6°C “=l00

),g-’é%v
/ B 20
(o8 Ly a3 L=:f6's;le'rtu 75 P2} E{E"Z’TJJW

X L 107* Nor)

TFig. 4. Relation between the sublimate concentration (X
and the death time (7'} A: Carp, B: Gold fish.

Y

From the results obtained from all independent experiments
(Table 2), it is known that when the solution is very high in
concentration the mean death time remains nearly unchanged
disregarding the number of fish used (N). However, it is usually
prolonged in proportion to the increase in the number (N} and
this tendency is more intensified in the weak solution of the
sublimate than in the strong one. This is assumed to be due to
the mass reaction which acts usefully on animal aggregation.

On the other hand, it is also noticed that the mean death
time iz rather shortered, when the number of fish used together
increases bevond 30 in gold fish and also 10 in carp in 5 liters
of the solution. In other words, a group of 30 gold fish and a
group of 10 carp show the maximum protective power for toxic
effect of sublimate soletion and can live longest in it. There is
the optimum density for fish in 5 liters of 1.0 %107 normal solu-
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tion of sublimaie. The optimum density must vary hol only
because of the concentration of the sublimate but alzo because of
the volume of the solution, into which they are put. Until the
number of fish individuals used together mcreases io the optitmum
density, the mass reaction is useful for animal aggregation, while
it begius to be harmful for it beyond the optimum density. Tt
is considercd by W. C. Allee that the mass reaction iz due (o
“ hiological cenditioning” of medium.

Gold fish N 2 g 4700 VT = 47 Xo&0
= 10, # -110°C U= 44 Y0
=30, 4 10°C T = 43.5 Y0&0

Larp No= 5, # <Z10°C 1T = 48 X0t
== 5, 6 ~10°C 1T = 75 X0
=10, # -10°C HT = G2 K 0ds
=10, § =61°C YT = 81 X0
=20, 0 >10°C 14— 776 X 00
=30, ¢ >10°C 17— 6LY X04

Tahle 2. Change in the mean death time { 7'} according lo the number ot
fsh used together (N, temperature of soluiion (#°Ch and the
sublimute concentration (X< 10-ti—ezingle experiment.

[

0°C i Silite >10°C
X 1674 Nor. | 10 | 0.8 ;} 06! 100! 10 ! .
sx o on gt sl dleoon seebiee sl Sion B o hes R N
N- 1 250 C, sl ‘
2 24571 260.5( 290.8 " wos] — !
(LI 221.0‘ 265.0 | 3113 188.2
3¢ ;22510 2000 349.7, | 2240
100 228.1] ‘ ’ ‘ ‘

200.4 . 1

T 3 N
0.81 0.6 041 120 10D a8 06 04
o L I ! n

X % 10-1 Nor. ; 12

Fer1l | | ; | 707! 1203] 1425 13zl 1
2 ; . | 1015 1205 775 - 1648
5 2023 2404] 2704 8103, — 1336 1484 Tie0! 1750
SV ! 1127 1885] 2073, 2280 2750
20 | ' 1086, ooz 20
30 1041 141.8

In the vepeated cxperiments {Table 35, 6 liters of sublimate
aplution of 1.2 x 107* normal solution are ar first uscd, into which
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individual groups of 10, 20 and 30 carp are put in several times.
Due to the repeated use of same solution, the mean death times
arc gradually more prolonged and solution becomes nontoxic more
rapidly in the large number of fish than in the small number.
This fact suggests also that the mass reaction acts more usefully
in a large aggregation than in the small. In every case. sublimatc
concentration (X,,) 18 measured after experiment and its decyeasing
amount (JX,) is then calculable. When the total weight of fish
used is W(g), then the relation between them is formulated as
helow
a group of 10 carp JX/W =76 X'
. 20, AX/W = 90 X0
- 30, JX/W =94 X2
Hence the decrease of sublimate concentration seems duc to
adsorption of sublimate to fish body and also to the organic matter
excreted from fish, This may be called here as * biological con-
ditioning . As the adsorbed amount of sublimate increases in
proportion to the increase in the number of fish used, then the
toxic effect is necessarily relaxed.

Table 3. Repeated experiments with carp.

— ;T O. -contenti %]
}11(1]())&1 X0 Temperatare x]';liue' JX"! E{J ‘ (m{nJ ibeforel :ttex KI;LTEG;E{II
i : |

1| 12 | 1s2-1601 70 045 a6 1217 904 870 193

2 ' 055 ¢ 16.2—170 . 70 006 44 1213 -- 83.3 —

3° 069 § 183—200! 70 022 15 f 1325 993 783 261

i i 047 1 - 1 = e L 116 985 653 : 206

5y ar | 167 70 0dz, 40| 1921 L0, 708 =

61 025 | 170-176 70 oazl 38| 17’ 977 625 193

ST o013 137-155) T2 — - #4043 11300 — R22

| g1 2 L 136 i oy e . 39| BE3 — l 47.8 =

1oz | 70 os| w02] 118 S

2. 067 [ 68 0.27 98; 1216 61 522

g 8 0.40 1 15.5—15.8 ‘ 6.9 : 0351 76 13Li : ; 8 754

1 015 | Par o — 1 ose| 4279 o 754

5.0t | D= ] 100 10381 | - s
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1] 12 053] 162|104 #1483
el 2| 065 045 | 174 | 14181 o | 608
| 3 1

Note: exper. [: 10 fish group, [ : 20 fish group, HI: 30 fish group. Sublimate
concentration after the second experiment measured colorimetrically.

0.20 — | 120 4218 42 8§42

Considered from the increase in the consumed amount of
KMnQ, (mg/l} and the decrease in OQpcontent (¢) in sublimate
solutton, the more is the number of fish used, the more the organic
matters are excreted, and, accordingly, the more remarkably the
toxic effect of solution is relaxed. Nevertheless, the mean death
time is shortened, when the number of individuals used together
increases beyond the optimum density. This fact suggests that
the solution will become intolerable again for fish, because it is
contaminated e¢xcessively with organic excrements, ‘This is the
reason why the mass reaction is wscful in the aggregation under
the optimum density for a given space and in turn becomes
harmful above the optimum density,

LITERATURE
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Allec, 1926, Anat. Rev., 34; Allee, W. C., 1827, Quart. Rev. Biol, 2, 3.

APPENDIX

(1} Killing experiments of gold fish and carp with the zublimate solutions were
carried out from November 24, 1943 to April 18, 1941 and again from Octoher
27 to November 15, 1944 by ‘i'omoo Havashi and Nobuhiko Hanamura.

iZ1 1o the foilowing Appendix tables, the abbreviations are
Ai10-1y: sublimate concentration, #°C: temperature of sublimate solution
pH: pH-value of sublimate solution, W': body weight in gram, 7': death
time in minute.
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Appendix 1. Groups'of 1 gold fish (independent experiment).

X(10-9! 10 i
7°C 112513 13 12513 W=12 (8590 11 |78-85 Wi
I S i G TR T
T | i T VK| Tl Ty W L - Wi F T,
17 60 16 143 20 222 2.6/ 2000 15 205 18208 37 205 97 230
18 67 23 190 2.1 232 30 217 15,133 1.9} 925 4.2 308 4.7, 226
22 65 25 157 2.4 178 34 191 29 192 25 2 60 200, 6.2, 192
| 21 60 26 123 42 198 25 23 41 180 27 1651 5 280 6.4 230
| 29 65 28 100 47 196 26 140, 39 205 38 188 34 295

Mean 23] 68 24] 124 37 179 2.4 200 3.4 201 24 136 25 219 51 211

Appendix 2. Groups of 2 gold fish {independent experiment;,

X(lo-n 11 w09 08 | o7 06 05
0T | (AY 5570 (B 55-62 (C) 10-65
CpH L@ 72 om0 G ro
T W T
Al 19 190 21 o
25 1 210 ‘ 2.8 | 240 9
| ! :
(B)  3aAlu34 45,252 33| : 5.6 285 3.
37 |22 311283 3. 8 . {: 3.
) 301231 | 35 250 40| 270 39 278 | 37 203 45 312 3.8 305
t0 | 235 | 44255 | 60 |205, 40 30 ' 41 303 3t 38 18 338

321227 | 34 216 38 {259 34261 | 35 | 200 33 201

Appendix 3. Groups of 10 gold fsh (independeni experiment).

X(mﬂ)} 10 Do | 20 1.0
ToC T 12-13T -_‘_fb“h(] {555 T125-13.0
B L me o f e 2-71  71=T70
wWr o w o riw, T \wr W T W T W T W T
15 63 L6 60 2.4i 113 3.0] 150 19 202 18 125 17 184 25 | 197
| 16 87 17 70l 25 138 25 154 20 210, 20 165 1. 159‘ 2.9 | 220
1§ 78 L& 65 3.4 138 40 154 28 210 21120 17 165 29 190
} 1.7! HBL 21 70 24/ 145 3.7 170 :s.li 195 26 138 18 1ﬁoi 22| 220
23 Th zal 67 29| 147 22| 175 32 190 28 13 22 169 3.4 184
25 7| 220 70 33 147 44 180 35 257 29 144 20 150] 35 | 215
25 6| 2.8 70 40 160° 16) 185 36 218 29 181 2.0 158‘ 3.6 | 120
2765 2.4} 73 3.2 165 52 190 38 225, 3.1 165 27 185 4.7 | 180
w7 79 2.4l 70} 83 1700 500 195 52 265 3.2 214 28 1900 4.2 | 199
28 65 2.9l 62 52 197 33 205 55223 39176 28 41‘ 42 | 225

Mean ‘
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10-12

85 a.0

74—76-7.

2

72

T W T W T W T W T _W‘j"_ WIT W T
28 215 23 210 27 z4o[ 21 155 16 155 15 222 55 12
30| 105 2.6 175 2.8 145 2.6 160 1.7 162 16 205 1.9 21
- 30) 190, 27 185 2.8 150 26 214 19157 17 233 57 14
35 180 2.8 190 28 250 27 217 20 155 L9 235 58 15
35| 187 30 247 20 235 28 192 20, 185 22 133 9 170
35 208 30,207 29 2400 30 173 21 130 22 273 49 176
36/ 215 3.1' 205 32 202 3.1 140' 2.1' 162 27 350 4.0 180
37 203 3.1 2400 20/ 208 3.1 238 25 175 28 236 50 190
42 225, 3.2 225 25 728) 35 175 2.8 165 3.6 275 RS 205
420225 3.2 245 29 213 39 193 2.3 172 3.5 182 5.2 20¢
Mean | 35 195‘ 24 213 2.8%- 211, 29] 186 2ol 161 24 234 53 160
X(10-9)! 1 ; 08 ! o6 ' 05
#°C J 55—75 | 10.7-12.0 | 55-85 | 5.5-85! 5585
W T\ W T\ Wi W T W T W T W T
17 203 | 15255 | 40| 180 42 185 23 210 24| 265 25| 325
19 212 | 17 265 | 50 180 | 42 198 26 260 28 287 29| 280
23195 | 19268 | 52 197 | 44 199, 27 280 29 340 2.9 305
25| 170 | 24290 | 32 197 | 43 22| 28 276 30/ 385 5.1 268
25 |235| 310380 | 35 199 | 52 16| 3.4 233 32 290 2.2 300
511185 33 300 ] 48 206 | 37 | 220 | 36 267 35 298 33 390
32| 216 | 33320 49 2121 35| 230! 37 262 3§ 278 39 288
32245 | 36! 340 , 6.1 227 55|234, 37 282 12 430 4.0 340
351240 | 39 200 | 42 247 35| 245. 39! 265 58 300 40 372
38| 250 | 43 330 | 60355 64| — 49 315 6230 41 315

Meuan | 2.

B3 210

4 f

o

'36 il,‘ 51

 Appendix 4.

Groups of 20 gold fish (independent experiment?.

X(10-4) I‘

#°C 10.7—12.0 l 1012
pH | 74 70
W Ty W W T W T W
LB . - st e bt PE
75 166 37 CO82 0207 137 184 56
L3686 180 69 {55 208 38 195 55
. 37 185| 56 475210 58203 66
| 370 185 57| 51 w2 2120 G4 210 | 64
19! 187 | 50 ; 65220, 38 212 38
181 192 81. 7| 67 225 53 215, 51
67 193 [ (LY | 3.7 227 52 220 56
64 195 | 5.2 51 TN 230 A8 223! 38
5.1 197 43 43 287 637223 64
R 49 20§ 57 64 238 50 223 72
Mean 53 ‘ 53
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Appendix 5. Groups of 30 gold fish lindependent experiment:.

X(10-1), 1.0
TWEC VT T T8R0T T T T =
PH 74-71 ’ =

W T W f W ;
1440 2.9 180 3.2 L

190" 2.9 215 32
215 2.0, 240) 5.
195, 3.0. 183 3.4
205, 3.0 ZZUi
220] 5.1 195 A
200 3.1 235,
208 3.1 250 .
105 3.2 210

=

L6 244) 10, 235
b 214 L€ 183
& 200 16 250 2
1800 1€ 265 2
’)37‘ 1.7 245 2
270 1.7 260 24, 266
2
2]

oo

Scoiocmmia!

, 18950 1.8 235
2700 1.8 258 25 240
2341 1.9 220 2.5 257

R o VB e el el
[

Po B8 I 1S S IS S EO D3 1D |

o tmin

172 32 215/ 30 2. | l,ﬂl 2.2 25 2.6 266
Mean - 3-] zm 2.5‘ _.2i
X(lu-t 1.0 I 08
0°C 8.0—~0.0 i 10—14 "5.0—75
W W W T Wi T W T W T W T WT
L 270250 14, 180 20 248 2.7) 233 4.7] 163 6.2] 220 57 242 3.2 245
© 290260 1.8 2191 21 205 2.9 280 50, 173 7.5 220 56| 243 2.2 250
a0l sov 1glenl 20 262 sol 269 2.8 1820 45) 202 5.0l 248 23 255
|30 268 17] 2480 22 225 3] 234 40 183 5.3) 222 4.0/ 250 2.4] 278
| 3.3 248 1.8 2100 23 183 36| 275 58 200 5.7 224 50! 250° 2.4/ 280
. 33| 2620 19 180 2.4 235 40 275 43 2060 4.9 231 5.2 252 2.5 283
| 33 266 1.9) 205 25 250 4.0/ 280 5.8 208 1.8 234 5.5 245 2.€| 290
| 37 283 1.9 260] 2.6 236 4.6 267 5.4 200 65 238 42| 267, 2.8l 212
| 40) 277 20| 215 26 249 471 270 3] |9141 5.2] 239 5.4] 284 2.9) 250
- ae - s a ‘ e ik 777*7777"””]7.77,_.. ¢ m——— et . - —
Mean 244 248 | 25 221 | 5f 22¢
e Lol . e A
X(10-%) 0.8 : 0.6
4°C | 30-75 i 50-75
VYW “W‘."—IT}W__'T WTTw T
3.1 2460 3.9 255 2.3 268 azi | 3.8 340
31 255 4.0 260 2.4 277 3.2 330 4u| 313
31273 41/ 260, 25 298 34 255 4.0 313
L3 8000 L1 27E 26 335 Q4‘ 325 310
| 22 270 46 273 2.8 318 35 313 43 2912
3.2 310, 47 203 29 323 15 33 45 330
2.0 288 4.9 295 29 362 A 420
8.5 290 5.1 263 29 365 3 3400 56 437
45 296! 5.1 302, 3.0 283 36 412 6.7 400
L 230 53 05 30 208 «;7| 305 69, 416
Meug 3.4 270 37 250
i |
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Appendix 6. Groups of 100 gold fish (independent experiment).

H ]
X(10-4; | 110 ' 1.0 | 06
6°C | it — 55—7.5 5.5=8.0
pH 74=70 : 7.1-6.8 70—69
Wit | w 7T wW. T WIT| WI T W' T
Clu o 171 20176 . 0.8 | 140 | 2.5, 258 1.8:243 32 ! osr
P13 I07 0 201178 ) 09 | 140 25 262 189|220 3.2 315
121320 20 206! 09| 145 2.6 231 201|215 33 254
L 167 0202110 1o 133 270 260 20,265 33 320
13]117 . 20| 224 0 10| 155 27 202 20 287 33 20
| L3167 | 201|252 1.2 140 27 218 21210 34 258
13182 ; 2.0 |220 1.2 | 146 L 2.7 | 234 21 . 243 34 |28
141122 . 201223, 131142 27 240 2.2 1330 - 3.4 . 303
141127 7 21193 1.3 148 27| 258 23| 230 . 35 ;267
140162 21199 | 1.3 | 165 28| 220 23| 247 | 35 | 28
141162 21| 201 ‘ 1.4 158 28 208 23252 35 295
, 14 168 | 2.1 208 ! 14 166 - 2.8 | 2068 2.4 265 3.5 324
P14 188 20 02200 1.4 176 28| 270 25230 0 35 328
V140200 | 2.2 1188 14 130 29| 257 25 230 | 35 336
} A1 209 22201 14 199 29 263 2.5 250 ' 3.8 287
1472181 22| 212| 15,1683 | 29 265 25 290 3.6 297
1.5 7165 | 2.2 12130 15181 | 3.0 204) 27 220 | 36 297
1.5 174 221217 1.5 204 | 30| 238 2.7 | 243 | 3.7 | 285
15 175 | 22| 222 1.7 168 ’ 3.0, 250 2.7 ’ 285 | 3.7 | 300
15186 | 22227 171194 ! 31, 259 27287 | 37 |37
. | : ' |
| 15187 | 22| 230 | 1.7 | 208 32 259 27 !322| 38285
| 15,191 23| 187 | 1.7 1233~ 3.2 260 28! 240 " 3.8 | 293
15192, 24| 204 | L8210 3.2 264 28 278 328|205
S LBy 207 24| 229 1.8 167 | 32 274 28 285 3.8 320
P LG 125 | 251207 | 1.8 (179 | 33, 261 2.8 285 ; 3.8 ' 3535
¢ 16187 | 356021211 1.8 (193 | 3.3 1 263| 2.8 1 288 | 3.9 | 273
161891 25 213 | 1.8 | 214 ¢ 33| 204 2.8 200 | 39 . 435
LG 189 | 25,219 1.8|227 ' 33| 270! 3.0 ' 267 | 39 | 336
1.6 195| 25 221 | 1.9 | 169 33 282 30,290 | 40 | 310
1.6 200! 26120 | 1.9 212 34| 255 3.0 203 40 |315
16 202 | 2.7 178 | 19 {264 | 3.4 270 3.0 | 298 | 4.0 | 336
16 225 27 (212 | 2.1 1187 | 34 280 3.0 | 322 | 41 | 258
L 171870 29 184 | 201210 | 35 216 3.0 | 324 | 4.2 368
17 198 | 29| 226 | 22251 | 35 237 3.1 245 | 43| 345
17200 3.0 | 228 | 22252 35 260 3.1 1247 44273
[ L7 211 3.0 | 2267 232141 35 263 3.1 256 4.4 | 283
©18 164! 2112831 23,245 35 270 3.1 260 , 44 330
P18 185 3.0 [ 234 23 2491 36 358 31| 285 4.8 300
18 1w 31 (234 23256 36 261 32240 | 50 265
© 18 200 32| 222 23 |262| 36 270) 3.2 287 50 338
| . | ! !
18 219, 32257 24 | 230 | 36| 20 50 | 405
P10 187, 3.3 0221 24 | 236 3.7 292 5.4 | 267
© 1.9 1941 35230 1 24 [ 245 | 3.8 263 5.6 | 380
;Lo 167 25231 | 25215 40 240 ; 5.7 | 305
D19 205 36228 25241 | 41 261 i 6.7 | 970
| L9206 36242 | 25 | 2481 4.2 262 [ i ;
1912191 40228 | 25 | 250 + 45| 258 ; ;
161225 411228 25 |250 47| 259 |
L 20 1720 4.1 242 | 25 :258 4.7 | 265 : _ |
| 20183 43 245 25 258 7.8 <305, ;
: ! i : i i I
| ] i B
Mean | 28 200 | 31| 228 | | 35 286




Appendix 7. Groups of 10 cdrp (indepenﬂent experiment ).

|
X(10-1) | 12 i 1.0 ‘l 08 | 0.63 ‘ 0.6 ‘ ‘| 115
§°C 183 145 | 104 | 105 ‘ 08 | 116 ! 183 115
: P L T i 1 .
W W T W T Wi T ‘l"i,j;, w
15 4 25 814 12 99, 45 115[ 7.9 160 1.2 161
A3 84 B8 80 4k 1400 2.7i 135 1.9 161 20 175
A8 97 24 117 2.2 147) 25 160 20, 161 86 175
5. a5 4.7 156 5.9 163 4.5 170 2.7 195
L8 45 170] 4.2 166 3.20 172, 40
L g 23 171 34 172 28 173 2.7
i 5.1 178 45 185 4.8 -
- 7.4 5.2 2130 2.4
R¥: 91| 225 A%
8.0 7.7 285 1.7 ¢
39l w7 20 :
L6l 80; 4.1 :
64 95 25 ; .
4.5/ 108/ 1.9 L A
7.0 108 1.8 P o
320121 2.2 ] | R
| 3.5 1256, 6.2 : A
| 3.9 127) 3.0 : S T
| 6.9y 1270 8.0 /A
P 9.8 139 4.0 I
Meai | E 1:;1i 55 114 42 45 185 8.1
Apnendix 8 Crr)11r19 of 10 C-,";,l'p !;.repeated experiments).
[} I
Xi10-1 | 0.47
R
e ST T
__pH L7
no. i v
W T

: 8 ‘ 2.0| 51

20 8 5.8 101

bas 113} F44] 108

P g 116 83: 100 42 127 5.5 104 3.9, 720

P42 99 28 101 58 130 36 103 60 2.9 763

L a5 100 77 108 87 148 52 108 25 5 867

55 142 33 139 65 148 55 110 65 2 BIOTS

: 6.2 148 11‘ 1561 10.1 180 4.7 15 37 L 421120
73 1220 50, 157 34 182 68 125 28 2 L L2RE30
T4 128 63 176 7.8 197 50) mri(% 2)

Mean | 4w 1200 50,120 49 144, 48 ”('i 4Ji
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Appendix % Groups of 20 carp (repeated experiments),

X0 1.2 , 067 ‘ (.40 0.15 ?
H : |
#°C 155=158 7 I51=-164 165162+ 126
pll 7.0 , 6.9 : ,
no. 1 | I v \
S S B4 A B B A ] A
wWir W T Wil Wi S oW W L
18] &7 2 921‘ 7102 18 03 200220 1.8 3800 5.6 4
32 87 7.8 03 4.4 103 30 39 245 32 300 63 1340
370 92 27 9 85 109 22 49 255 3.2/ 390, 95 1545
50/ 1000 47 96 4. 110! 3.7 i 55 256 53 32040 27 1570
430 104 3.3 1w A5 1L 2.0 2.9 258 3.5 396 3.0 lu60
5.7 105 34 1000 39 112 4.2 2 B.6) 264 115 400
3.9 108 60, 102 4.2 118 5.1 i 34) 266 2.9 411 A0
9.1 116 7.5 103; 49 116 43 ; 6.8 267 159 413 41
38 110 49 104 46 116 3.9 o 28 272 21 4207 115w
42/ 111 49 106 42/ 1170 40 26 272 30 430 (13
66 111 4.5 107 64l 1200 7.9 123 30 132 65 275 2.3 430
7.8 112 5.7 110 60 126 3.4 125 32 134 64 206 28 448
34| 113 3.9 1120 53] 129 55 128 5.6 136 4.4 279 54 478
46 115 6.1] 114 6.2 130, 5.4 128 63 137 39 283 1.3 |
, 61 115 520 115 8.1] 132 6.4] 129 3.4 138 4.9 288 56 |
| 54 128 3.7 118 29 133 5.0, 130 50 139 5.8 205 63 |
| 99120 470 119 5.2 134, 86 131; 3.1 139 63 300 23 515
| 34/ 130 5.7 125 35 136 3.6 134 59 150, 59 311 85 |
| 35 138 338 126 57| 137 65 138 51 153 34 362 57 |
| 62| 151 58/ 134 46 13 —| —~ 51 18 nef e
v ] ' : i
Mean ‘ 5.1 112; 4.95 109‘ 4.8! 122 46 119 38 131 17 2761 4.4 428 m 1048

Appendix 1. 30 individual group of carp (repeated experiments).

X (104, 1.2 0.65 0.20
9°C 1H0-17.1 3.8~ 1.4 10.0—13.7
pH = = B e i 3 _
~_no. | I [ 1 [

W T W T | WIT | W, T W T W.LT

317 50| 47 105! 33| 90| 63 146! 30 195 | 24 | 420

271 70 8711051 22| 9| 55. 158 50 197 82 420

25 74| 60|06 44| 90| 54 158! 13 215 40 42

122 85 55| 86! 49| 90| 52| 9 ' 1.3 285 32 335
45 88| 28| 90 33| 90 |100 90, 43 380 | 37 3%
20 9358 95| 45120 | 76! 123, 52 380 | 15w
fe0 98| 76 98| 72130 | £31130 ' 27 w05! 36 405

80 101 | 75 101 | 36| 133 | 241135 14 40| 50 410

38 2| 250103 78138 390|145 46 410| 33 42

7.7 06| 41 110| 38| 158 50 [ 162! 15 40| 27 a0

9.6 11| 37 114] 71| 162! 531162, 52 470 | 97 470

65 118 | 7.7 18| 28| 165 6.6 175 ' 5.8 430 | 43 47

90 118! 56 123| 6.9 | 178 | 83 1178 41 4801 74 4%
570125 83,1321 67182 (1191182 34 4% | 20 4R

62 137 40 152 89|18 |92 205 24 80| — ~—

1 . H

Mean | | 5.4 101 | 58 142 10| 42




