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ABSTRACT

The effect of density on survival during the first two weeks of life after hatching was in-
vestigated for Indian freshwater carp (Cetla caila, Labeo rokita, Qirrhina mrigala, Labeo bata,
Labeo boga, and Crossocheilus latia). One-day old carp were placed in experimental units con-
taining 9 litres of water. A total of 10,911 carp was placed in 24 untreated control experimental
units and 15,734 carp were placed in 24 experimental units treated with vitamin B complex
and Bje. It was found that the relationship between percentage survival and initial number
could be described by the hyperbolic equation

(Z 100
Y = 100(2) - %

where ¥ = percentage survival, Z = number surviving, X = initial number, and a and b are
the fitted constants. In the untreated control during the first week of life, the correlation
between initial number and percentage surviving was —0-8471, which was highly significant
(P < 0-01). For the hyperbolic equation, the constant ¢ was 1:1434 and the constant b was
0-0060. By the end of the second week, the correlation was —0-5034, which was significant
(P < 0:05), The constants a and b were respectively 0-6674 and 0-0069. Treatment with vitamins
congiderably reduced the effect of density in the first week and abolished it by the end of the
second week, The correlations between initial number and percentage survival were —0:4168
for the first week and +0-1114 for the second week. Only the correlation for the first week was
significant (P < 0-05). For the hyperbolic equation fitted to the effect of density on survival,
@ = 1:0143 and b = 0-0010 for the first week. Under treated conditions in the second week of
life, a = 1-2900 and b = —0-0001.

INTBODUOTION

The dependence of survival upon density or number in a population has
been observed in a large number of species. Lack (1954) reviewed studies in
which survival was affected by litter size in laboratory guinea-pigs, brood size
in Alpine Swift (4pus melba) nestlings, and population size in adult barnacles
(Balanus balanoides). In these studies, an inverse correlation between survival
and density was observed. For the beetle (Callosobruchus chinensis) the
relationship between density, as initial number, and survival was found to
be linear, while curvilinear relationships between density and survival were

* This paper was ghown to Professor J. B. 8. Haldene, F.R.8., F.N.I,, and he made meny
valuable suggestions, for which the author is indebted.
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reported for the moth (Plodia interpunctella), the grain moth (Sitotraga cere-
allella) and the grain borer (Rhizopertha dominica) (Andrewartha and Birch
1954). While some experiments have demonstrated a hyperbolic relation-
ship between density and fecundity, it does not seem to have been noted that
the statement
‘The relationship (between survival rate and demsity) was curvilinear
at low densities but became mnearly linear at medium and high den-
sities . .. ’ (Andrewartha and Birch 1954, p. 371)
could also apply to a hyperbolic relationship.

In figh, effects of demsity upon survival of the fry have been reported
for the Whitefish and Pike-perch in Sweden and the Pink Salmon in North
America (Lack 1954). These observations were made when lakes were newly
stocked with these species, and the lack of control over food supply and pre-
dators did not permit a precise statement of the effect of density alone. In
the course of a series of experiments on the survival of Indian freshwater
carp under different experimental treatments (Das 1959; Das and Krishna-
murthy 1959), variations in initial number were observed to affect the final
proportions surviving. This effect was most apparent in the control groups
during the first week of life, less apparent during the second week, and neg-
ligible during the third week. Under treatment with vitamin B complex,
By, or yeast, the effect of density was found present to some extent during
the first week, but was abolished by the end of the second week of life.

Aside from its theoretical implications, an accurate characterization -
of the density-survival relationship for Tndian freshwater carp could have
economic value. For example, in commercial carp cultivation, the newly
hatched Indian carp are transported in containers of limited space from
spawning grounds to ponds. At present, a very large number of the young
carp die during transportation. This mortality is due in part to the high
density of the carp in the containers. If the optimum density were known,
the annual loss in carp could be reduced. In this paper, data have been
analysed in terms of the effect of initial number on survival in Indian fresh-
water carp during the first two weeks of life under two conditions, an un-
treated control and with vitamin B complex and By, treatment.

MaTERIALS AND METHODS

The data are from three experiments conducted in this laboratory. The
methods described below were identical for all experiments. The untreated
controls were handled according to the procedure detailed below; for the
treated groups, in addition, vitamin B complex and/or vitamin B, were
given daily. For details concerning the vitamin treatments, reference may
be made to Das (1959) and Das and Krishnamurthy (1959),

IB
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As Indian freshwater carp spawn only in rivers, the carp were obtained
one day after hatching from the river spawning grounds. Identification of
the species was not possible at that age due to the minute size of the carp.

“The species subsequently identified, in decreasing order of frequency, were
Catla catla, Labeo rohita, Cirrhina mrigala, Labeo bata, Labeo boga, and Cros-
socheilus latia. The carp were randomly allocated by a sampling procedure
to the experimental units. Each unit consisted of an earthen bowl 16 inches
in diameter, containing 9 litres of water, and covered with a screen of meshed
wire. Throughout the experimental period, the water of each experimental
unit was changed every 24 hours to prevent accumulation of waste products,
and fresh water obtained from the same source. Water temperature and pH
were recorded daily for each experimental unit. Water temperature ranged
from 26-5° C. to 28-4° C. and pH from 7-6 to 8-5. Differences in water tem-
perature and pH between treated and control groups were not significant.
Fluorescent tube lights were arranged to ensure equal lighting throughout the
Jaboratory. Fans were arranged for constant circulation of air and to main-
tain a uniform temperature throughout the laboratory. The carp were fed
live Daphnia cultivated in a fertilized artificial pond, given 10 c.c. by volume
each day to each experimental unit. Daily checks revealed that some Daphnia
“were always found remaining; so this ration was considered sufficient.

To obtain the experimental counts, the dead carp were completely enu-
merated each day at the same time. The dead carp were withdrawn from
the experimental unit with a glass pipette after inducing a centrifugal current
in the water, placed on blotting paper and counted. A fresh pipette was used
for each experimental unit each day. The total number of dead carp, plus
the number alive at the end of the experiment, reconstructed the initial number
placed in the experimental unit.

REsurrs

The analysis is based on 10,911 carp placed in 24 untreated control ex-
perimental units and upon 15,734 carp placed in 24 experimental units treated
with vitamin B complex and B;;. ¥or the controls, Table I shows that
while the initial number ranged from 142 to 779, the average density per
9 litres of water was 455 carp. Similarly, Table II shows that the initial
number ranged from 281 to 1,084 and the average density per 9 litres of
water was 655 carp in the treated group.

In both Tables I and II, column (1) gives the initial number of one-day
old carp and column (6) gives the number alive after one week. The percentage
of survival at the end of the first week is obtained by dividing the number
alive at the end of the week by the initial number, and converting the propor-
tion to a percentage. The percentage of survival at the end of the second
week is obtained by dividing the number alive at the end of the second week
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TaBLE I

Observed and fitted percentage survival in relation to density as initial number of untreated control
Indian freshwater carp for the first and second weeks of life

First week survival Second week survival
Number
Repli- | 1, a1 Observed Fitted zlf;‘;‘; Observed Fitted
cation number .
nurnber first
Percen- | Recip- | Recip- | Percen- | week | Percen-| Recip- | Recip- | Percen-
tage rocal rocal tage tage rocal rocal tage
0 (H 2) (3) (4) (5) (6) (N (8) (9) (10)
1 142 49-30 0-0203 | 0-0199 50-25 70 84-29 0-0115 | 0-0119 86-96
2 197 47-72 0-0210 | . 0-0232 43-10 94 53-19 0-0188 [ 0-0132 7576
3 218 40-83 0-:0245 | 0-0245 40-82 89 76-40 0-0131 0-0128 7812
4 265 51-70 0-0193 | 0-0273 36-63 137 91-97 0-0109 | 0-0162 61-73
5 307 24:76 | 0-0403 | 0-0298 | 33-56 76 75:00 0-0133 { 00119 | 8403
6 328 33-84 | 0-0296 | 0-0310 | 32-26 111 72-97 00137 | 0-0144 | 69-44
7 333 28:83 0-0347 | 0-0313 31-95 96 83:33 | 0-0120 | 0-0133 75-19
8 341 29-33 0-0341 | 0-0318 31-45 100 92-00 0:0109 | 0-0136 73-53
9 348 33:33 | 0-0300 | 0-0322 | 31-06 116 83-62 | 0-0107 | 0-0147 68-03
10 353 36-83 0-0272 | 0-0325 30-77 130 61-54 0-0163 | 0-0157 63:69
11 363 26:45 00378 | 0-0331 30-21 96 92.71 0-0108 | 0-0133 75:19
12 379 31-93 0-0313 | 0-0341 29-33 121 59-50 0-0168 | 0-0151 66-23
13 403 31-51 00317 | 0-0355 28-17 127 67-72 0:0148 | 0-0155 64-52
14 407 23-83 0:0420 | 0-0357 28:01 -97 96-91 0-0103 | 0-0134 74-63
15 432 2292 0-0437 | 0-0372 26-88 99 68:69 0-0146 | 0-0135 74-07
16 515 24.47 0-0408 | 0-0422 23-70 126 69-84 0-0143 | 0-0154 64-94
17 521 29-56 0-0338 | 0-0425 23-53 154 72-08 0-0139 | 0.0174 57-47
18 597 22-78 0:0439 | 0-0471 21-23 136 57-35 0-0174 | 0:0161 62-11
19 702 17-24 | 0-0581 | 0-0534 18:73 121 61-16 | 0-0163 | 0-0151 66-23
20 723 17-43 0-0575 | 0-0546 18:32 126 57-94 0-0173 | 0-0154 64-94
21 739 15-29 0-0654 | 0-0556 17-99 113 5841 0-0171 | 0-0145 68:97
22 752 20-74 0-0483 | 0-0563 17-76 156 47-44 0-0211 | 0-0175 57-14
23 767 - 18-64 0-0538 | 0-0572 17-48 143 48-95 00204 | 0.0166 60-24
24 779 17-59 | 0-0568 | 0-0579 1727 137 63-50 0.0157 { 00162 | 61-73
Mean 454-63 29-04 | 0-0386 | 0-0386 | 28:35 | 11546 7069 | 0-0147 | 0-0147 68:95
Standard
devia- | 193:27 10-09 | 0-0127 § 0-0115 8-56 22-62 1417 0-0030 | 0-0016 776
tion

by the number alive at the end of the first week, and converting the propor-
tion to a percentage. Column (2) gives percentage survival at the end of the
first week, and column (7) gives the percentage survival at the end of the
second week in- both tables. The correlation between density, as number
alive at the beginning of the week, and percentage survival was — 0-8471 for
the control group and — 0-4168 for the treated group for the first week, and
was ~— 0-5034 for the control group and +0-1114 for the treated group for the
second week. The correlation between density and survival for the first week
in the control group is highly significant (P < 0-01), and is significant (P < 0-05)
for the second week in the control group and for the first week in the treated

group. The correlation between density and survival is not significant for
the second week in the treated group.
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TasrE II

Observed and fitted percentage survival in relation to density as initial number of Indian freshwater
carp treated with vitamin B complex and Byg for the first and second weeks of life

First week survival Second week survival
Number
; alive
CR;?;‘%; Initial Observed Fitted after Observed Fitted
number first
number
Percen- | Recip- | Recip- | Percen- | week | Percen- Recip- | Recip- | Percen-
tage rocal rocal tage tage rocal rocal tage
0) (1) (2) (3) (4) (5) (6) (7) (8) (9) (10}
1 281 71-53 0:0140 | 070130 76-92 201 87-06 0-0115 | 0-0127 7874
2 404 66-09 | 0-0151 | 0-0143 69-93 267 85-02 0-0118 | 0-0127 78-74
3 408 80-88 00124 | 0-0143 69-93 330 81-82 0-0122 | 0-0126 79-37
4 438 71-46 0-0140 | 00146 68-49 313 94-57 00106 | 0-0127 78:74
b1 439 58-54 00171 | 0-0147 68-03 257 68-09 0-0147 | 0-0127 78:74
6 491 83:10 0-0120 | 0-0152 65-79 408 92.89 0-0108 | 0-0126 79-37
7 542 80-44 0-0124 | 0-01567 63-69 436 95:41 0:0105 | 0-0126 79-37
8 553 61-66 0-0162 | 0-0158 63:29 341 76-83 0.0130 | 0-0126 79-37
9 390 40-68 0-0246 | 0-0162 6173 240 79-58 0.0126 { 0-0127 78-74
10 597 74-37 0-0134 | 0-0163 61-35 444 88-06 0.0114 | 0-0126 79.37
11 617 63-05 0-0159 | 0-0165 60-61 389 81-75 0-0122 | 0-0126 79-37
12 620 41-61 0-0240 | 0-0165 60-61 258 95-74 0:0104 | 0-0127 78-74
13 651 48:39 0-0207 | 0-0168 59-52 315 78-10 0-0128 { 0-0127 78-74
14 652 88-65 0-0113 | 0-0168 59-52 578 95-50 0-0105 | 0-0125 80-00
15 657 64-08 0-0156 | 0-0169 59-17 421 76-96 0-0130 | 0-0126 79-37
16 714 52-52 0-0190 | 0-0175 57-14 375 88-00 0-0114 | 0-0126 79:37
17 737 55-22 0.0181 | 0-0177 56-50 407 76-17 0-0131 | 0-0126 79-37
18 785 63-82 0-0157 | 0-0182 54-95 501 60-48 0.0165 | 0-0125 80-00
19 830 78-56 0.0127 | 0-0187 53-48 652 94-33 0-0106 | 0-0124 80-65
20 838 62-05 0-0161 | 0-0187 53-48 520 68-85 0-0145 | 0-0125 80-00
21 878 80-98 0-0123 | 0-0192 52:08 711 95-64 00105 | 0-0124 80-65
22 943 37-01 0-0270 { 0-0198 50-51 349 64-18 0:0156 | 0-0126 79-37
23 985 44-37 0-0225 | 0-0203 49-26 437 62-70 0-0159 | 0-0126 79:37
24 1,084 | 43:58 0-0229 | 0-0213 46-95 470 61-91 00162 | 0-0125 80-00
Mean 655-58 63-03 0-0169 | 0-0169 60-12 | 400-83 81:24 0-0126 | 0-0126 79-40
Standard
devia- '
tion 197-36 14-84 0-0044 -{ 0-0020 7-25 | 125-26 11-67 00019 | 0-0001 0-56

A plot of observed percentage survival for the first week against initial
number in the controls showed that the relationship was curvilinear (see
Figure 1). If the relationship could be described by a hyperbola, use of a
reciprocal transformation would be expected to make it linear. - When the
reciprocal of percentage surviving was plotted against initial number, a linear
relationship was found (see Figure 2), indicating that a hyperbolic equation

: 1
of the form Y = PS¢

survival, ¥, and initial number, X. The reciprocal values are given in column
(8) of Table I. The least squares solution of the relationship between recip-
rocal of percentage survival, 1/¥, and initial number, X, yielded the equa-
tion 1/Y = 0-011434+4-0-000060X. Values of the reciprocal fitted by this

could describe the relationship between percentage
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equation are given in column (4) of Table I and lie upon the straight line
drawn in Figure 2. Broken lines, indicating the value +1 standard devia-
tion for the fitted values, are also given in Figure 2. Fitted percentage
values, which are the reciprocal values of column (4), are given in column (5)
of Table I, and lie upon the hyperbola drawn in Figure 1. For percentage

! . The
0011434+ 0'00006X
relationship between density and survival was found to account for 83-09
per cent of the variance. . The standard error of the constant a was 0-002837
and of the constant b was 0-0000055.

survival, Y, the hyperbolic equation is Y =

90

.

g o
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PERCENTAGE SURVIVAL
nJ
o

o

100 200 300 400 500 600 560 800 900 1000 1100
INITIAL NUMBER

Fra. 1. Observed and fitted relationship of percentage survival to density as initial
number in 9 litres of water for untreated control one-week old carp.

For survival in the second week, percentage survival was significantly
related to density. A plot of observed percentage survival, column (7) of
Table I, against density given in column (8) suggested a curvilinear relation-
ship (see Figure 3), while the reciprocal given in column (8) was linearly
related to -density. The least squares solution yielded the constants
a=0'006674 and b==0-000069 for the linear and hyperbolic equations des-
cribed for the first week survival., TFitted reciprocal values, using these
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constants, are given in column (9) of Table I, and the corresponding percen-
tages in column (10). The fitted percentage values lie on the hyperbola
drawn in Figure 3. The standard error of & was 0002886 and of b was
0:000023. For the second week, 26-74 per cent of the variance was accounted
for by the relationship between density and survival.

0141007, <
02
03
04

‘05

06

116%%

PERCENTAGE SURVIVAL (RECIPROCAL)

‘071147,

100 200 300 400 500 600 700 800 900 1000 1100
INITIAL NUMBER

F1e. 2. Fitted straight line, 1 standard deviation, of reciprocal of percentage
survival to density for untreated control one-week old carp,

A curvilinear relationship was also suggested when percentage survival
was plotted against initial number for survival in the first week for the treated
group (see Figure 3), which appeared: linear when- the reciproocals, given in
column (3) of Table II, were plotted against initial number. By the same
methods as used above, the constants were a = 0-010143 and b = 0000010,
with standard errors of 0-002915 and of 0-000004 respectively. Fitted recip-
rocal values are givem in column (4) of Table II' and the corresponding
Percentages are given in column (5). The fitted percentage values lié upon
the hyperbola drawn in Figure 3, and the relationship accounts for 20-92
per cent of the variance.

Survival and density were mot significantly correlated for the.second
week of lifo under treated conditions. If:the percentages in celumn (7) of
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F1a. 3. Observed and fitted relationship of percentage survival to density as initial number in
9 litres of water for control carp two-week old and treated carp one-week old.

Table II are plotted against density in column (6), they scatter without any
apparent trend. The scatter is considerably reduced when the reciprocals
in column (8) are plotted, and to examine the apparently horizontal line, the
least squares method was applied as above. For the second week of life under
treated conditions, @ == 0-012900 and b = — 0-000001. The standard errors
were 0:001389 and 0-000003 respectively. ’

A hyperbolic relationship between percentage survival and initial number
was found to describe the data for the control group in the first and second
weeks of life, and for the treated group in the first week. Hyperbolic
equations were computed for both groups for both weeks, and the expected
percentages of survival for Indian carp at the diffcrent densities, using these
equations, are given in Table III.

The effect of density upon survival can also be demonstrated by plotting
the number alive after one week against initial number. When the data in
column (6) of Table I were plotted against the data in column (1), a curvi-
linear relationship was suggested. This relationship became linear when the
reciprocals of both sets of values were plotted (see Figure 4). The linear
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TasrLe IIX

EBxzpected values of percentage survival in relation to density as initial
number of Indian freshwater carp for the first and second weeks
of life computed from fitied hyperbolic equations

Expected values of percentage survival
Density as

initial Untreated control Vitamin treatment

number

First week | Second week| First week | Second week
) M 2) (3) (4)

50 69-35 98-60 93-84 77-75
100 57-45 73-47 89-52 77-98
150 4904 58:55 85-59 78-21
200 42-78 4867 81-98 7845
250 37-93 41-64 78:67 78-68
300 34-08 36-38 75-62 78:92
350 30-93 32-31 72:79 7915
400 28-31 29-05 70-17 79-39
450 26-11 26-39 67-73 79-63
500 24-22 24-18 65:45 . 7987
550 22-59 22-31 63-32 80:12
600 21-16 20-71 61-33 80-36
650 19-90 19-32 59-46 80-61
700 18:79 18:11 57-70 80-86
750 17-79 17-04 56-04 81-10
800 . 16-89 16-09 54-47 81-36
850 16-08 15-24 52-99 81-61
900 15:34 14-47 51:58 81.86
950 14-67 13-78 50-25 82:12
1,000 14-06 13:15 48:99 82:37
1,050 13-49 12-58 47-79 82.63

Lo 1 .
equation is 7= a-t+b (%\) where Z is the number alive after one week and X

is the initial number as before. The correlation between number alive and
initial number was 0-6688. The least squares solution of the linear equation
gave a = 0-006090, with a standard error of 0-000625, and b = 1-092726,
with a standard error of 0-199062. The relationship between initial number
and number surviving after one week accounted for 55-81 per cent of the
variance. For the second week of the control group, this equation yielded
the constants @ = 0-006320 and b = 0-742148. Similarly, in the treated
group for the first week, @ = 0-000969 and b = 1:053658, and for the second
week, @ = 0:000269 and b = 1-156942.

DiscussioNn

The data reported here demonstrate clearly that density affects survival
in juvenile Indian freshwater carp. In the absence of other treatment, its
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Fia. 4. Fitted straight line, +1 standard deviation, of number surviving to initial number,
as reciprocals, for untreated control one-week old carp.

effect is- most’ prominent during the first week of life, and somewhat less
prominent during the second week. The hyperbolic equation describing the
density-survival relationship for the first week of life may be written
_ 8746
T1+X
191

where Y is the expected percentage survival at the end of the first week,
X is the density at the beginning of the week, 87-46 is obtained from the
reciprocal of the constant a, and 191 from the ratio a/b. From this equation,
it may be said that, if density were not a factor, then 87-46 per cent of the one-
week old carp would be expected to -survive when kept in 9 litres of water.
This percentage would be approximately halved if there were 191 carp ini-
tially in the 9 litres.

This equation also permits direct calculation of the number of carp
surviving at the end of the first week. If the number surviving is Z, and
initial number is X, then '

7 = X 1 )
T 0011434 4-0-00006X \100/°
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Although the mean percentage survival was relatively high for the second
week, the correlation of — 0-5034 indicated that a density effect was present.
The high average rate of survival in the second week (see Table I) can be
attributed in part to the low densities, ranging from 70 to 156, and would be
expected in terms of the hyperbolic equation. As only 26-74 per cent of the
variance was accounted for, however, it might be expected that factors other
than density were also operating.

Density also influences survival of one-week old carp treated with vitamin
B complex and By,, but it accounts for only 20-92 per cent of the variance as
compared to 83-09 per cent without treatment. Here the hyperbolic equation
may be expressed as

98-59

=13z

e
and may be interpreted as indicating that 98-59 per cent of the carp would be
expected to survive at high dilution with vitamin treatment, and density
would have to increase up to 988 carp per 9 litres of water before this per-
centage would be halved. By the second week, the treatment abolishes the
density effect, as is shown by a correlation of +0-1114 and a value of —0-00001

for b.

The effect of density on survival can also be seen by examining the
number surviving in relation to the initial number. For the first week of
survival in the control group, this relationship is curvilinear. When the
reciprocals of these two sets of numbers are plotted, they yield a straight line
(see Figure 4), with the constants a=0-006090 and b=1-092726. The
constant a for this relationship gives the constant b, times 100, for the rela-
tionship of percentage survival to initial number. Similarly, the constant b
gives a value. close to that of the constant a for percentage survival. The
reciprocal of @ gives the asymptote for the hyperbola describing the relation-
ship between initial number and number surviving, which may be interpreted
28 the maximum number of carp which may be expected to survive for one
week in 9 litres of water. For this equation, this maximum number is esti-
mated ‘as 164 carp. This value may be compared with the estimate of 167
carp provided by the former equation. For the second week in the control
and both weeks in the treated group, this equation also gives values which
are consistent with the results obtained by fitting the reciprocal of percentage
surviving to initial number. The agreement between the two sets of values
suggests that the effect of density upon survival may be expressed as
zZ ) 100

Y=100(:X~ =m

where Y = percentage survival, Z is the number surviving, and X is the initial
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number. Using this equation, the constants for the effect of density in the
first week of life in the untreated control are a = 1-1434 and b = 0-0060.
Interpreting the reciprocals of initial number and final number surviving as
volume of water available per fish, this equation permits estimation of the
final volume per fish, ¥V, from the initial volume, ». By the end of the first
week in the control group, the volume available per fish was

V = 1140+ 6162,

that is, 1-14 times the initial volume available in millilitres plus 61-62 milli-
litres. The effect of density can also be demonstrated by determining the
relationship between final number surviving and the product of initial and
final number. For one-week old untreated control carp, this relationship
was found to be linear. It is interesting to note that three linear relationships

1 1 1
have been demonstrated for these data: (i) 7= a+bX; (ii) 7= a+b(f);

and (iii) XZ = a+bZ. Here Y = percentage surviving, Z = number sur-
viving, and X = initial number. The correlations associated with these
three relations were respectively —0-8471, -+ 0-6688, and 4-0-8041 for first
week survival in the control group. For these data equation (i) gave the best
fit, and equation (ii) gave the second best fit.

Even in the presence of an adequate food supply and in the absence of
predators, density by itself affected survival in one-week old carp. By the
end of the second week, however, the density effect was considerably reduced.
This result suggests that there was some physiological change in the carp,
either as a group or individually. If the physiologically unfit were eliminated
by the density effect, then the survivors would be more fit. This change
would affect the group of carp as a whole. If this occurred in the present
study, then for an equal number alive after the first week, the percentage of
survival would be higher at the end of the second week for those units with
low survival in the first week. The partial correlations between initial
number and number alive after two weeks, holding constant the number alive
after one week, would be expected to be significantly negative. For the control
group, this partial correlation was found to be negative but not significantly
different from zero (—0-0534). For the control group, this interpretation,
originally advanced by Karl Pearson, does not appear tenable.

Perhaps there were changes in the individual carp. As they were be-
coming older, it was possible that change in age was affecting survival, with
earlier age being characterized by higher mortality. In the control group, an
dverage of 71 per cent survived the second week, while an average of only
29 per cent had survived the first week. An age influence on survival has
been noted in many species, e.g. in birds as reported by Lack (1954). The
results with vitamin treatment indicate that, even at early ages, it is possible
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to enhance survival and reduce the effect of demsity. If, during the early
period of rapid growth, the organism is in a state of physiological or metabolic
imbalance, it would be more susceptible to factors adversely affecting survival,
such as density. Introducing a state of balance by vitamin treatment may
render the organism more resistant to such factors. Without added treat-
ment, resistance would come only with advancing age. Such an interpreta-
tion has been alluded to, though not mentioned specifically, by Phillips and
Brockway (1957) in discussion on the relation of vitamin treatments to growth
and metabolic processes. Furthermore, as Andrewartha and Birch point outb:

‘The individuals that are destined to die because another has been added

to the population must first sicken . ...’ (1954, p. 378).
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