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

HlROAKI AIKAWA, TOMOO HAYASHI AND NOBUI-JIKO IlANAMUHA 

Against the similar intensity of stimulation, the mass reaction 
uf animal aggregation varies in accordance with its density. Herc~ 

the prt'sent authurs worked (Jut the mass reactiun of gold fish 
and carp against the toxic effect of sublimate solution, 

Material aud method. Gold fish used, ranging from 0.8 to 
7.8 g in body weight, averaged :> to 4 g. Carp, ranging from 1.2 
to 11.9 g, averaged 4 to 5 g. They were previously trained for a 
life in a small aquarium before the experiment. As a stimulating 
substance, the sublimate solutions of various concentrations from 
0.1 x 10-4 to 10 X 10-4 normal were employed. The cylindrical glass 
bath, JO em in diameter and 15 cm in height, is fiUed up with 5 
liters of the sublimate solution. For killing, gold fish or carp is 
put into this solution either singly or together each 2, 5, 10, 20, 
30 and 100 fish respectively. The toxic effect is expressed with 
the mean death time IT 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 
(Tn) is the duration of time in which the fish can live aftN it is 
put into the toxic solution. Mean death time IT) is calculated 
from IT,,/N, the lag period (Tmin) is the minimum death time 
expended and the death interval is Tmax- Tmin, where Tmax 
is the maximum death time. Death process of N fish group as a 
whole is characterized with T, Tmin and Tmax ~~ Tmin. 

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 repeated ly t ill the toxic effect hecomes 
nnrecognizable. Temperature (fiT !, pH-value, O,-content (en and 
consumeu amoun t of KMnO .. (mg!l) are measured at every exppri 
men!. The sublimate concentrdtion is measured colorimetrically 
with the diphenylcarbazone method. 
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Fig. 1. Death process of a g roup of 30 go ld fish tS01<t.1I circles) and the 

change in death velocity (large circles, see Appendix 5). 

J{esult. 'TIle death process of N fish group follows generally 
to Robertson's law (Fig. 1 and Table 1) The mean death time 
is nearly s imilar to the time expended from the time that they 
were put into the toxic solution until half of the number of fish 
used IN/2) have died . The mean death time differs not only 
among the groups of different individ ual numbers but also ill the 
sublimate solutions of different concentrations. In addition, death 
time seems dependent upon the body 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 
ind ividual 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 determini ng the death time. 
T he relation qf the temperat ure (WC) to the death time (T ) can 
be fit to the Arrhenius' formula (Fig. 3). Critical temperature is 
10'( or thereabouts bot h for gold fi sh and for carp. The coefficient 
of this formula above lO'C differs from that under 10'C as below 
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Fig. 2. Relation of body weight (g) to the death t ime 
(1' in m inute). in gold fish (see Appendix I··V). 
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T'ig. 3, The rela tion between the absolute t empe.ra tufe- ( I} ilbs .'j 
:md the mean death time ~ T :o. A; Carp, 13: Gold fish. 
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Table 1. Death process of groups of N gold fish. 

Temperature (00C) I ~>lOGC 
I 

<lV'C 
, 

----------

_-~~~~~~~~~~;~--i~~~=11---io i 30 lOO :10 10 30 

T(in minute) 

100 

120 

140 

If() 

180 

220 

240 

260 

280 

3UO 
:i20 

340 

:360 

J80 

400 

420 

,,;; ,;; 
5.0 i 1.3 I 

7.5 ' 11.2 

7.5 20.0 

7.5 13.7 10.0 

20.0 18.8 6.7 

20.0 17.5 1G.7 

17.5 10.0 33.3 

7.5 1'5 26.7 

3.3 

i ----

3' 

4 

13 

2-1 

2.9 0.8 

7.1 3.3 

14.:1 :J.3 

11.4 10.8 

27 12.8 J5.9 

26 10.0 25.0 

3 3.3 11.4 17.5 

8.6 

2.9 : 

20.0 2.9 , 

6.7 ·1.:1 I 

6.7 

10.0 

6.7 

5.7 

20.0 

2.6 

O,R 

----- -

IOO IOU 

10 

8 

14 2-1 

9 5.9 
21) 17.1; 

23 

! 

1 

11.8 

2.4 

1.2 

2.4 

Hence the death times must be compared with each other 
only either among those obtained from the experiments carried 
out above lOT or among those under lOT respl'ctively. As is 
seen in Table 1, so far as the number of fish used remains 
constant, the mean death time is smaller and the death interval 
(Tmax .... Tmin) is shorter under the high temperature than under 
the low. [n 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 temperatun' 
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 feeble 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 subl imate 
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concentration (X ) and the death proCeS$ progresses more slowly 
in accordance with the decrease in the sublimate concentration 
(see Fip:. 1) The relation between the mean death time (T) and 
the sublimate concentration (X ) is shown with Ostwald's formula 
as below (Fig. 4) 
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ri~~, 4. Relation between the sublimate ,;oncentnltion tX_l 
and the death time (T ) A: Carp, B: Gold fish. 

From rhe results obtained from all independent experiments 
(Table 2 ), it is known that when the solution is very high in 
concentration the mean death time rema in" nearly unchanged 
disregardi ng t he number of fish used (N ). However, it is usually 
prolonged ill proport ion to the incrfase in the number (N ) and 
this tendency is more in tens ifi ed in the weak solution of the 
sublimate than in the strong one. This is assumed to be clue (0 

the mass reaction which acts u,.efully on animal aggregation. 
On the other hand, it is also noticed that the mean death 

time is rather shortened, when the number of fish used together 
increases bt'yond 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 solution and can live longest in it. There is 
the oPlimum density for fish in :, liters of 1.0 )( 10-' normal solu· 
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lion of sublimate. The optimum density must vary 110t only 
because of the concentration of the sublimate but dis" becdus" of 
the volume or the solution, into which they are put. Until the 
number of fish individuals used together increases to the opt ilTlUlll 
density, the mass reaction is nseful for animal aggregation, while 
it begins to be harmful for it beyond the optimum density. It 
is considered by W. C. Allee that the mass reaction is due to 
"biological conditioning" of medium. 

Gold fish ,y 2, lj : 4('-7°C liT ~ ,)2 .YO.fi 

- 10, () :lOoC liT 0= ,H yll.~Jl 

:10. " ")O°C l/T,= 41.5 .:yow 

Carp N -- S, II <:lOoC liT --- 48 XI)·.l,·j 

S, lj >lOoe liT .- '75 Xo.:~ 

,~ 10, " lOoe liT "-, SO.:?' X()A~ 

. 10, , -'''6.1 "C 1/1' ,- 61 XO.i;C; 

-- 20, lj :>lO'-'C l/T·~ '/7.6 X[),I;:) 

~ :~O, lj >lO°C liT 61.9 X I),4;, 

Tnhh~ 2 Change in the mean death time \ T") according to the number of 

rish used together V"/i, temperature of solution (/Juel ~md the 
:;ublimate concentration lXx lO-,I,i-single experiment 

x X 10'-'1 Nor. 

x-

10 

30 

100 

X ,/ 10--\ 1\or. 

10 

20 

30 

,~)O"C 

225.0 ! 

245.7 I 200.5 290.8 I 

I 221.0 I 265.0 :H1.3! 

225.1; 270.1! :H9.7 i 

228.1 ii' 
;'~21 osl 0.6 

I .. _--r--
0.4 

, 

I :202.3 24J 41 274.4! :no.:)· 
! 

10.0 ! - 1.0 

03.1 182.61 
fi9.3 

188.2 

22·H)I: 

200.4 ' 

1.2 1.0 

79.7 120.3 

101.5 120.5 

1:13.6 

112.7 188.'>1 

108.6 

104.1 

, 

I 

0.8 0.6 OA 

1425 1,1:-1.3 , 
77.S 11;4.g 

1·18.·J tH.O 175.u 

2u7,:1 ~28.0 
! ns.U 

1:W.2 2(n.o 
141.8 

In the rt'jJ('atcd l'xperiments (Table 31, :i liters of sublimate 
solntion of 1.2 x 10-' normal solution afL' at first used, j1l(o which 
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indivirlual gn ,ups of 10, 20 und 30 carp are put in .everal times. 
Due to the repeated usc of same solution , the mean death t imes 
arc gradually more prolonged and solut ion becomes nontoxic more 
rapidly in the large number of fish than ill rhe small number. 
This fact suggests also tha t the mass reaction acts more Llsefully 
ill a large aggregation t han in the sma li. Tn every case. sublima te 
concentration (X,, ) is measured after experiment and its decrt"asin g 
amount (JX,, ) is then ca1culabk. When the lotal weight of fis h 
I\sed is lV(f(), then the relat ion betwee n them is formulated as 
below 

, group of 10 

" 
" 

20 
30 

ca rp 

" 
" 

JX/ W = 76 X1.2I 

JXj W = 90 X° ;c, 
JXj W = 94 X" 'i2 

Hence til e decrease of sublimate concentration seems due to 
adsorption of sublimate to fish body a nd also to the organic matter 
excreted from fish. This may be call ed here as " biological con· 
di tion ing " . As the adsorbed amount of sublimate increases in 
proportion to the incrtase in the number of fi sh userl, then th ~ 

toxic effect is necessarily relaxed. 

Exper. !.,~X lO 
no, 

, 

Table 3. Re~leated experiments with ca rp . 

I
' I pJI- ( I W i T IO~ - content. ~ ~t ) 

' 1 emperatllre value i j XI/, fg) I (min.) l---.··· ···· j-----

'---f 
I i 
?I -: 

, j i l~fore ! a.~~e r 
;:~ 1[;.~ - lE.n i ~.O---O-..1~T -"'-;6-1 1 2 t~7 90.4 

u .i'5 W.2- 17.0 7·U 0.06 .. J1J ! H 1.3 

87.0 

83.:< 

78.:1 

65.3 

70.8 

uk.S 

3 0 .69 

-I U.17 

I! 5 11.3'; 

IT 

() 0.25 

1 

" 1 

O.B 

1.2 

0 .67 

(1Ai) 

n.I !"i 

18.:3--29.0 : 7.0 0 .22 ' ·is I 1:12.5 

0.10 ,11 I' 111.6 
Ib .l 7.0 0. 12 I ·10 192. 1 

17.0--17.6 7.u 0 .12 i 38 17('.S 

13.7-15.5 

15.6 

lfi.5-JS.R 

7.2 

7.0 

tUJ 

ii.9 

7.1 

';5:< I 
0.27 

0 35

1 

·f2 

:-Jg : , 
;0"81"" 1118 
98 1 

:: Ii 

100 

12U i 

13LfI 

·127.9 

1038.1 

!J9.0 
qr. ~ . ,) .~) I 

10 1.0 ; 
97.7 

]]:<.0 : 

- i 
-----·· ··'--··'r-' . 

-I 7.8 

70 

Kr\llnO~(mg/l ) 
consumed 

193 

261 
29(1 

·19:1 

!l22 

435 

522 

7S,1 

754 

842 
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1 1 I 
III I 21 

i 3 I 

1.2 0.551 IG2 I IOU 48 ,193 

0,65 OA5 ml H1.8 608 

0.20 - I 120 421.:; 42 8,1Z 

Note: exper. I: 10 fish group. II: 20 6sh group, III::::O fish group. Sublimate 
concentration after the tiecond experiment measured colorillwtrically. 

Considered from the increase in the consumed amount of 
KMnO, Img/l) and the decrease in Oz··content t%) in sublimate 
solulion. the morc is the number of fish used. the more the organic 
matters are excreted. and. accordingly. the more remarkably the 
loxic 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 [or fish, because it is 
contaminated excessively with organic excrements. This is the 
reason why the mass reaction is useful in the aggregation under 
the optimum density for a given space and in turn becomes 
harmful above the optimum density. 

LITERATURE 

PnweU'ie, E. 8., I1!inois Biolugical fvIonographs .. 1, 2; Schuett, T F. dud W. C 
Allce) 1926, Anat. Rev., J,1; Allee, W. c., 1927, QUClrt. Rev. BioI., 2, 3. 

ApPENDIX 

(1) Killing experiments of gold fish ilnd carp with the <;ublim~l.te solutions were 
carried out from November 24. Hl.J3 tl) April 18, HHl- :mci ;igain from October 
27 to November 15. 194·1 hy 'J'ornoo Hayashi anel Nobuhiko Hanamura. 

i 2) In the foilowing Appendix tables. the abbreviations arc 
.1'1:10--,1): sublimate concentration, (joe: tcmperatLlre of sublimate ::iolutiun 

pH: pH--value of sublimate solution, r-V: body \-veigh! in gram, T: death 
time in minute. 
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Appendix 1. Groups of 1 gold fish (independent experiment). 

x (10--1) ! 10 

12· 13 13 12.5 13 10 12 Ii 8.5 - 9.0· r"C j7.8-8.sTTr5=12-
I.~ I 7.1 7.4 7.4 . 7.4 7.1 I 7.0 7.0 

w 'T-
I 
lV'I-YTtv' Ti. '_W_-~I T",-W-T w, TW, T W·. T . 1--- --- .~ --1--

1.7 60; 1.61 143! 2.0- 2221 2.61 200: 1.5 20:3 1.81 208 3.7: 205 9.7, 230 

1.8 67 2.2: 190! 2.1' 232'" 3.oi 217: 1.5',1 135 1.9
1

! 225; .. 1.2'; :-308 ~1.7:, 220 
" .,1 

~.Z 65' ~.O, 152 2A! 178: 3 -1' 194 2,,3 192 2.51237 I).n 200 6.2 i9:~ 

2.1 60
' 2.61 123 4.2

1 
198: 2:51 ~231 4.1 180; 2.71 165! 3,D 280! ().,1 250 

, 2.9: 65 2,8! 100 4.i 195i 2.61 HOi 3.9: 215: :U~, 183! 3.4 295 

M~an - '2.11-63, ~~Ci241 3"~:, -i7~~:.~~;~~)[~A' 2~~ ___ 2.~ ___ ~36i 2.5 249; 5.1i 241 

Appendix 2. Groups of 2 gold fish (independent experiment';. 

.1'(10") 1.1 1.0 0.9 O.! 0.6 0.5 , 0.8 1 
ooe --'(A") o5".5~7".O~----;-(BD);--05."5-'--;6.2 (e) ·1.0 6.5 
pH (A) 7.2 iE1 7.0 ,e; 7.0 
---WT~t I-TV-i TTVITI rv Crew 'fTWf'!" WiT 
(A) -~--! 1901 -2.1--1 214 ---2~2r23~ ;.;:-- 210 1-2~ : 29((1:.8;' 'zi;I-Z.zi 322 

2.5 '1210 I 2.8 I 240 2.3: 232 2.9 230 i 3.1 I 2951 2A! 218 2.8: ~3GO 
rH:: :1.;; 234 ,t.5 I 252 3.3 i 254 I :J.5 230! 2.9 ; 252

1

! 3.61285 3.5' :332 
3.1 I 212 3.1 263, 3.7: 270 i 3.8 295 ·-Ui 305 ::L81 ;160 3.9 3,15 

I,C) :-3.0 12:11 3.5 25() I 4.0 1270 I ~3.9 278! 3,7 293 ·t.51 312! 3.8 305 
·1.0 I 255 4.4 i ~55 ! 6.0 295 : 4.0 , 320 I _4~~ __ ~~~1 :-l:J!281 4.S 338 

Mean __ ~{~ __ ! 227 I :~~:'~_L 2'16 __ ~~J 259 3..1 261 i 3.5 1 290 

t\.Jean 

Appendix :l. Groups of 10 gold fish (independent experiment). 

10 

12C:iT 

W'T W 

,1.0 
.L __ 

2.0 1.1 

·t.G-G.O "'1.5-5.5' 5.3-fl.5 

1.0 

12.5-13.0 
, 7.2-7.1 7.1-7.0 

~;U'~~4i-~1~1 ;~)i-;-50 1;9 ~J2- ~81 :~:-~7 l~r::+~:~ 
70i 2.5

1 
138: 2.5

1 
154 2.0 210 , 2'°1165 1:/ 1501 2.9 I 220 

1.8i 78: 1.8 65 3.41138 4.l!i 154 2.8 210 2.11 129 1.7· Hi-5, 2.9 190 

1.7i (;5' 2.1j 70 2.°

1

' 145 3.7! 170 3.1, 195 1 2.6 l:j8; l.S 1;101 ;·u 220 

2.:3 7si 2.1! h7 2.9 H7 2.21 175 :1) 190 2.8:' 14:~ 2.2 1691 3.'1. 184 

2.5 7°11 2.2: 70, :-U, 147 4.4 180 3.5 257 2.9'114'1 IS0j 3.5 215 

---I 
1.5 63 1.6

1 

1.6! si 1.7 

2.5: 65 2.3' 70i c1.01160[ 4.()! IRS ;·1.6 2lH 2.9 1<'31; 158, 3.6 120 

2.7 6si 2.41 73
1 

3.2 165' 5.2 190 3.8 225! 3.11165: 1851 3.7 180 

'~-7 701 2.4. 7(11 J.3 170! 5.0 i 195 5.2 265! :{.21 214! 190] ·1.2 199 

651 2.91 63! 5.21 1971 ;{.:{: 205 5.5
1 

223 ;{.g! 17B 2·8 _ ~'~?I 4.2 225 

71 :_~~l ~~L~1_~~~ __ 3.8~=~:_ .. 3·~I_-~:~9f 2.7 j 161 

2,8 

2.3 160, 3,4 1Y9 
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1·1.5 -14 .0 

pH 7.1- 7.0 7A- 7.ft -7.2 7.·t - 7.2 

- ~r 'Y---;UF!7'!-- J-V~T- ;W-t, HF1'--+ w:-~;.- IV-;--;r --lV "1' -
-2.si-;i"s' --2~!-210 1 -2~7 -24~ !~: -155 --~i lS5!-1-.!~ : ::221 5.S 127 -~1.1. 1 127 
3'°1105 2.6 175, 2.8: 145

1 
2.6 160 1.::"; 1(,;2: Hi' 20S 1.1) 21:2 1.7 :~ G5 

3.0 190 2.7; 1851 2.8' 150, 2.6 2141 1.91 1571 L'; 2:l:l 5.7 142 ·1.0. \:10 
3.5 180 Z$ . 19;)' 2.8, 2501 2.7 2 1 i ~ 2,0; 1551 1.9 2 :~5 5·8 155 r:,' · .• ~ I. 'l' · .• l~ :.~ 
~).5 1 187 :~ .O :!4-'TI 2.91 235 2.1:1 Hl~, 2'(): 185 2.2 _;'7'23,.! ,]' .':,1 170 ,_ 
3.5; 208 :3.0; 2071 2 . ~ 1 2401

1 

a.o I73! 2 .1 ,. 13U 1 22 ~.1.'~ l7fo ~-i.;i l lSi! 
3.6' 215 3.1' 205: 3.~ · 202 3.1 l .ld 2.11 l62· '.J -, 350: 4.1) 180 5.5 157 
~"l. 7 203 3 . .1 · 2·1U! 201 206 ::U 238 2.5 175 z:,gl 23(i 5.0 190 4.9i I'iO 
·1. 2 225 :'3.2] 22S' 2.5 2281 3.5 175 2. 8] l ef) 3.6: 275i h. t' ~:05 3.9 172 
·12 225 3.2, 2-1-5; 2.9

1 
213 :I <~ 193 2.81 172 3.6 lS2! 5 ') :W~ n.6 ]'I:, 

: .. _ _ _ _ _~~_ I 

-~"1~an·- I - ~1.·5 ! i9~ ! 2.~ 2131 2.8: 211 : 2.9! 18n: 2.Z i 161: ~ .4 i 23.1 ! -~: ~r l(;g ·L8 l;c,,} 

X (lO-")' 0.8 0.6 0.5 

ApptlJd ix oJ , Groups of 20 gold tis h ( independent cxperimcu t.t 

XOO -" ) i loU _ _ __ I _ _ ._. ____ _ . _ _ _ _ ._ . _ _ 
U'C 1Ol.7 - 12.0-- ·- -'------w.--i2-- -- -· 

- --, ----- ----- --------- - .. __ ._- ----
pH 7.1J 7.0 

1,lean 

i=-il:...... 
! 7.5 
I 3.6 

:~. 'i 
~.7 • 
·1.9 ! 
.1.8 I 
(j, 7 

(H 
5. 1 
4.9 

'-T ' 

165 
IRQ 
185 
185 
187 
192 
193 
195 
197 
200 

:t7 
6.9 . 
S.I) : 
5.7 • 
5.n 1 

K.l 
·1.9 
5 .2 
-1.3 
5 .7 

.5,3 

·, ' --T vV 

~(jO ·kS 
203 ·1. 6 
207 ;'1.5 
230 ;'\'(3 
23{) 2.7 
2:13 ·k2 
2:35 2. '1 
~:iS ',.! IS 
2,10 :t7 
25U ·l .6 ! 

208 

i 
Hi(} 
18n 
J82 
185 
185 
187 
Hl2 
19ii 
196 
200 

-fj:r '-~t l V 

~tl : 207 :,t7 
5·5 2()S 3.8 
4.7 i 210 fi8 
;··2 212 :jA 
('.5 220 :·t 8 
ti. 7 225 . 5.:1 
:1.7 227 5.2 
;'.0 230 15$ 
4.3 237 l i.~.: 
6.4 238 5.0 

cl.. :) , 2CH 

T 

183 
196 
~In 
21(l ! 

~12 i 
Z] S ~ 
22 l . 
~2 : 3 
U:~ 
22'-) 

w -i' 

5.(; '~3{) 

5.~ 2;~ · : 
IC;,(j ~:J5 

(l.U I :23R 
~~.s 238 
5 . .1 2,.10 
5Jl 2·to 
:).8 250 
(,.0 258 
7.2 ~ iS 

227 
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Appendix 5. Group~ of 30 .IlOlrl fti sh (independent experimen L 

X( IO -~ : I~ 
---0'':''(:-'"'' :''' 

pH 

- -"R3-=-9.6------------,.,., ... 
7.4-7.1 

--- -7:8- 8.5 

.I\·1ean 

"'H'" -7" TV---T--]:V" "I-" w- 'r---w-I'T--'-Wl-- l~ -!-Wi~FTWT-'r---

'.J,.:) H-Oi 2.~ '180;-3-.2 -"2:20 i 
1.3 270 :!. 1.1 ~26 -' :!.6; -2~i.1i - 1.(/23::r2'::?:i.lS 

2.4 190 2.9 215 3.2: 235 U -; 2£0 2. 1' 23C 2.H: 214, l.E] 1831 2.2 26U 
2."~ 2Ei 2.9 240j 3.J' 23C 1.G .l 75 2.2 1·1-1 2.8 2~O: U' 250 2.3i 157 
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Appendix 6. Groups of 100 ,,{old fish (independent experim ent). 
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Appendix 7. Giotips of 10 C<irj) (independent t~xperiment). 
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A.IJpendix H. Groups 01' 2() C"ll'p \repeated l~.xperimenis:: . 
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Append ix 10. 30 individ ual g ro up of c:n'p (rel)eated expet·ime nts). 
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