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Our results agree with Eaton's as far as the influence o,£ age on 
litter size is concerned, although we did not first get an increase up 
to a maximum and then a decrease. When litter size was kept 
constant, we, however, found no further influence o£ the dam's age 
on the birth weight. The influence King (1935) found as probably 
due to the indirect influence through litter size, for when we kept 
litter size constant then weight of the mother had no effect on the 
birth weights of the young. This is probably due to the fact that 
the rats have been inbred for so long that the weight differences were 
only due to non-genetic factors. This is substantiated by Hammond's 
(1934) results with rabbits where weight o£ mother showed a marked 
effect on the- birth weights of the young when the different strains 
were compared, but within each of the inbred srains, weight of 
mother had no effect on the birth weight o£ the young. 'l'he innuence 
o£ the size of the mother on the birth weight of the young was also 
shown in horses by Walton and Hammond (1938). The foal is, how
ever, much further advanced than the rat or rabbit at birth hence 
maternal influence is more pronounced than when different strains of 
rabbits are taken. 

The very marked effect of dam's age on litter size is of 
importance since our results differ entirely from those found by 
other investigators for various animals (cf. p. 371). We found a 
decrease in the number born from the youngest class onward, whereas 
most investigators found that litter size in the different species o£ 
multiparous animals first increased to a maximum and then decreased 
with increase in age. Our work on the prenatal growth of the rat 
showed at least a partial if not the whole cause of the decline in 
the number of young born from the youngest class o£ female to the 
oldest. Very young females (2-3 months old) showed practically no 
prenatal deaths, while old females (8 to 11 months old), whether for 
first or later litters, showed a prenatal death rate of at least 39 per 
cent. This only takes into account the embryos that have died after 
11 days' pregnancy. The number that died during the first ten 
days after coitus was not determined. It has also not been deter
mined whether the number that die before parturition increases as a 
straight line with an increase in age. 

Another aspeCt which may play a role, is the question o£ 
maturity of the females under the new environment. Hammond 
(1933) showed that the ova shed in young growing animals shortly 
after puberty is less than later in life. With further increase in 
age less anterior pituitary secretion may be found and hence less 
ov:a shed. It has been shown that with injection of anterior pjtuitary 
hormone the number of ova shed was increased enormously. Whether 
our rats show an earlier development and hence a maximum pro
ducti~n o£ anterior pituitary hormone at the age that the first litter 
is conceived, can only be answered by further investigations. It is, 
however, noteworthy that the growth and sexual maturity of our 
rats appear to be earlier than was reported for the Wistar rat 
(Greenman and Duhring, 1931). It will be shown in another section 
that shortly after weaning our rats were heavier and that the opening 
of the vaginas in the females occurred at an early age. The opening 
of t h e vaginas at such an early age (5-6 weeks) is especially an 
indicat ion o£ the presence o£ a large amount o£ anterior pituitary 
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hormone. When the serum of pregnant mares or women, for instance 
which has a high amount of anterior pituitary hormone, is injected 
into female rats of three weeks of age, the vaginas will open four 
to five days after the injection . .. 

From our data it would, therefore, appear that litter size was 
the only factor which directly affected the birth weights of the 
young, and that the effect of age was only clue to its effect on the 
litter size, the latter decreasing with an increase in age and conse
quently birth weight increase with an increase in age of the mothers. 
'l'he litter size again determines how much of the internal secretion 
{)f the mother will be available for each young one. This internal 
secretion increases with the size of the mother when different strains 
and species are compared but remains constant when the strain is 
inbred. This explains why the weight of the mothers in our rats 
had no influence on the birth :weights of the young. 

3. Growth from Birth to Weaning. 

(a) Factors influencing litter size and average weights up to weaning. 

It is not enough if multiparous animals are fertile and if they • 
produce a large number of young per litter, but a large percentage 
of those born should be raised to weaning age. Thus, for instance, 
the real measure of the pig's productive ability is given by the 
number and weight of the pigs weaned. A large number oi young 
per litter is of no use if the mother cannot provide sufficient milk 
for the rapid growth of the young. Hence in studying the normal 
growth of the rat it is also of importance to determine which factors 
influence litter size and average weights of the young not only at 
birth but also up to the time when they are weaned. 

In this section only those females that reared one or more pups 
per litter will be considered. 

The data have been arranged in order to determine effects of the 
following factors on litter size and on average weights at weaning:-

(a) Litter size at birth. 
(b) Li~ter size at weaning (influence on average weight). 
(c) Age of mother. 
(d) Litter rank (parity). 
(e) Weight of mother at parturition. 

The seasonal influence on the weaning percentage and the 
average weights at weaning will be discussed at a latter stage . 

(b) Influence of litte1· size at birth. • 
The influence of litter size at birth on litter size at weaning is 

shown in Table 22 and in Fig·. 19 (the age of 4 weeks is taken 
throughout as weaning age). The weaning percentages are given in 
Table 22 and in ' Fig. 20. The weaning percentage is the number of 
those weaned expressed as a percentage of those horn alive. The 
curve illustrating the influence of litter size at birth on litter size 
at weaning forms nearly a straight line (Fig. 19), except for the 

380 



G. N. MURRAY . 

largest litters. In these the number weaned is slightly smaller 
relatively than the number weaned .in smaller litters. The same 
tendency is shown in Fig. 20 where the weaning percentages are 
plotted separately for the males, for the females, and also for both 
sexes together. At some points there are rather large variations, 
but there appears to be a slight trend in favour of larger weaning 
percentages for smaller litters. The weaning percentages for males, 
females, and for both sexes together are 84·5, 83·6 and 84·0 
resp~ctively. There is, therefore, only a very small difference in 
favour- of the males. 
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Fig. 19.-Number of young per litter at birth auJ at weaning. 
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. Wild . (1927) found a closo relationship between litter size at 
birth and weaning percentages in pigs. In litters of less ,than· 8 at 
birth, including those born dead, 85 per cent. were weaned~ whereas 
in larger litters smaller percentages were weaned, viz., in litters of 
.8-11, 80 per cent.; in litters of 12-16, 60 per cent.; and in litters 
of over 17, only 35 per cent. The total percentage weaned in all the 
litter sizes averaged 72 per cent. Although the number . born dead 
is positively correlated with litter size, the differences in the number 
-of dead at birth are much smaller than the above perce~tages at 
weaning. Wenck (1931) also found a high mortality in pig litters 
·of over 13 per litter at birth. Johansson (1931-32) found that when 
the litter size in pigs increased above 12 at birth the number at 3 
weeks remained constant on account of the increase in mortality, 
while Menzies-Kitchin (1937) found that there may be a decrease in 
the number surviving at 6 weeks if the number born increased above 
12 per litter. Smith (1930) came to the conclusion that the ideal 
litter size consisted of 10-12 pigs at birth. Haines (1931) found that 
for the guinea-pig, litters of 2 and of 3 were the most favourable, 
the percentage of young raised in these litters (expressed as a per
·centage of the total number of young born in litters of each of these 
sizes) being highest. The total number of young raised in litters of 
one, amounted to an only slightly lower percentage; whereas in 
litters of 4, 5 and 6 the mortality increased rapidly. 

'fhe · influence exerted by the size of the litter at birth on the 
weaning percentage therefore seems to differ in the different animals. 
The above investigators determined a relationship between litter size 
at birth and weaning percentage in pigs and in guinea-pigs, whereas 
our data show no appreciable difference in the weaning percentage 
.of the small and of the large litters. This, therefore, agrees with 
the results of Moore and his co-workers (1932). They found no 
consistent increase in the post-natal death rate of the albino rat when 
litter size increased. It was only in very small (1-4) and in very 
large litters (13-16) that they determined a greater deatP, rate. 

Murray (1934) found that of all pigs born alive 81 per cent. of 
the males and 76 per cent. of the females were weaned. Haines 
(1931), analysing the data of 30,000 guinea-pigs, found .that of those 
born alive the number of males that were raised to weaning exceeded 
the number of females that were raised to weaning by only one per 
cent. The percentage of those born alive was not affected by sex. 
This small difference in favour of the males was relatively uniform 
in all litter sizes. Slonaker (1931 e) found that during the nursing 
period of the albino rat the mortality of the females was greater 
than that of the males, which he interpreted as indicating that the 
vitality of the males exceeded that of the females during the nmsing 
period. Although we found a small difference in favour of the males 
when all rats are considered, there are rather big fluctuations when 
the different litter sizes are considered. It therefore appears that 
there may be only a small difference in favour of the males due to 
the weakest dying before birth and to the higher birth weights of 
the males. · 

The influence of litter size on the average weights of the rats 
at birth, at ~. o, and 4 weeks of age are g1ven in Table 23 and 
illus~rated in Fig. 21. The birth weight of all rats were given in a 
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previous section. 'l'he birth weights in Table 23 are only from those 
litters in which rats were weaned. The average birth weights of the 
males, the females, and o£ both sexes are 5·23 g. (845), 5. ·00 g. 
(889), ;md 5·11 g. (1,734), respectively. The birth weights of the 
rats born alive in those litters where none was weaned are 5 · 01 g. 
(143), 4·74 g. (157), and 4·87 g. (300) for the males, the females, 
and for both sexes respectively. The numbers in brackets are the 
numbers of rats from which the average weights were obtained. 
Haines (1931) found a similar result in guinea-pigs, viz., that the 

. birth weights of those which were raised to weaning age were heavier 
-about 19 g. £or guinea-pigs-than those which died between birth 
and weaning. 

70 

60 

50 

40 

3 W,o:cks. 

Fig. 21.-Infiuence of litter size at birth on average weight of young at 2, 
3 and 4 weeks. 

The same number of rats was alive at weaning as at 2 weeks of 
age. Females that destroy their young usually do so before they 
are 2 weeks o£ age. In most cases the young are destroyed before 
they are a week old. This agrees with Slonaker's (1931 e) results. 
He registered the highest mortality during the nursing period. The 
largest percentage o£ deaths usually occurred within the first six or 
eight days after birth. It was only in cases where females did not 
receive a balanced ration that they killed and often devoured some 
o£ their pups after these were two weeks old. 

It will be seen from Table 23 and Figs. 21 and 22 that litter 
size at birth influenced the average weights of the rats £rom birth 
to weaning age. 'l'he curve £or birth weights decreases as the litter 
size increases and then tends to flatten out (Fig. 11). . Although 
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there are some fluctuations, the same tendency is shown by each of 
the curves illustrating the average weights at 2, 3 and 4 weeks of 
age. In all cases the pups born in litters of two showed the heaviest 
weights, viz., 30·3 g. at 2 weeks, 49·5 g. at 0 weeks, and 70·1 g. at 
4 weeks. Apart from some fluctuations, the weights for each separate 
age class decrease with an increase in litter size, until the litter 
size 9 is reached. The average weight per pup for this litter size is: 
20·0 g. at~ weeks, 31·9 g. at .o weeks, and 49·8 g. at 4 weeks, i.e., 
significantly lower than the average weig-ht of the pups born in 
litters of 2. After litter size !:J the average weights of rats may 
increase slightly or remain· more or 1less the same, but in no litter 
size do they drop below the average weight of the pups of litter 
size 9. 
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Fig. 22.-Percentage increase of total litter weight with increase in litter 
s1ze. (At 2, 3, and 4 weeks the litter weight of 2 is taken as 100 in each 
case). 

Parkes (1926) fciund a very close relationship in miCe between 
litter size and weight at weaning. Mice in litters of one per litter 
were 3~ times as heavy as mice in litters of ten per litter. Parkes 
(1929) concluded that the variation in the growth of the various 
sizes of litters in the normal mouse is purely a question o£ differential 
nutrition. · 
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MacDowell, Gates and MacDowell (1930) also found that the 
shape of the growth curve of mice was mainly due to the limitation 
in the quantity of milk in the suckling period and this again depended 
on the size o£ the litter. 

Moore et al (1932) working with rats found hardly any correla
tion ( + 0 ·15 ± 0 · 08) between average weight g·ains and tbi mnnber of 
young per litter at weaning. 'l'his is, therefore, contrary to our 
results with regard to litter size at birth and subsequent growth rate. 
When the effect of litter size at weaning on the average weight at 
weaning is determined, then the influenee appears to be different 
which may be the reason why Moore et al found no correlation. This 
will, however, be discussed in the next section. 

Both Haines (1931) and Eaton (1932), working with guinea-pigs, 
found that as litter size at birth increased, the average weights of the 
guinea-pigs at weaning decreased. Eaton obtained a correlation 
coefficient between litter size and average weight at weaning of 
- 0 · 42 for in bred and - 0 · 33 for con hol stock. lie does not mention 
whether the effect is linear or not. Haines, however, fitted his data 
by a second-orcler parabola; the differenees in average weights 
decrease with increase in litter size and the curve eventually flattens 
out. Eaton states that the effect of litter size on gains from birth 
to weaning seems to be operative for only a short period. 

This can be expected in the guinea-pig which is relatively very 
well developed at birth and suckles only for about two weeks. 'l'he 
rat, on the other hand, is very immature at hirth and only starts 
eating at 18 to 21 days after birth. Hall and Pierce (19!14) state 
that the growth of kittens does not seem to be affected by litter size. 

(c) ln/lttence of litter size at weaning on average weight. 

In order to investigate whether litter size at birth and litter size 
at weaning have the same effect on the average weights at wea11ing, 
the averag·e weights of the rats at weaning have been arranged 
according to litter size at weaning. As will be seen in Table 25 and 
Fig. 23 the average weights of the rats at weaning follow quite a 
different trend from that obtained in Table 23 and in Fig. 21. 

There is at first an increase in the average weights as litter size 
increased from 2 to 4, then a decrease till 8, then again an inf'rease 
till 10, then a very sharp def'rease. It, therefore, appears as if some 
other factor or factors are affecting the average weights apart from 
litter size. 

Moore et al (1932) found no significant correlation between 
average weight gains and the number of young per litter at wea ning. 
If the trend of the average weights at weaning with increase in litter 
size had been the same as in our data, then it could be expected that 
no significant correlation would be obtained. 

Work done on the pig· show no agreement with reg-nrd to the 
influence of litter size anrl the weight at !3, 6 or 8 weeks of age. 
McMeekan (1936) concluded that the individual weight of the weaner 
at 8 weeks is not dependent upon the numher of 'pigs in the litter. 
At 3 weeks, however, his aver~tge weights first show a decrease £rom 
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3 to 6 per litter, then some fluctuation with a tendency to flatten ou.t 
and from 10 to 12 a continuous decrease. Menzies-Kitchin (1937) 
suggested that the high amount of dairy products given to pigs 
before weaning may be the cause that litter size at 8 weeks had no 
effect on average weight. Smith and Donald (1937) also came to the 
conclusion -that there was no general relation between weaning (8 
weeks) weight and litter size at weaning. 'l'he curve which they 
obtained 1s similar h, the one McMeekan got for pigs at 3 weeks. 
Bywaters (1937) found that the size of the litter weaned had only a 
small effect oh the weight of the pigs therein. Johansson (1931-32) 
Axelsson (1934) and Menzies-Kitchin (1937) working on much larger 
numbers of · observations all found that as the litter size increased 
the average weights of the pigs decreased. The weights of Johansson 
and Axelsson were obtained when the pigs were 3 weeks old, while 
those of Menzies-Kitchin were obtained when the pigs were 6 weeks 
old. The latter found a difference of 24·4 per cent. in the average 
weight of the young in litters of 4 and 12. 
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Fig. 23.-Influence ~f litter size at 4 weeks on average weight of young at. 4 
· weeks. 

Bonsma and Oosthuizen (1935) determined the amount of milk 
produced by sows with litters of different sizes. If their results are 
plotted then it would appear that after a litter size of 1 or 8 young the 
milk production may remain nearly constant for further increases in 
litter size. They also showed the average amount of milk obtained 
perpig in litters of different sizes after an eight week suckling period. 
A , pig in a litter of 4 or less obtained 75 lb. of milk while one in a 
litter of 9 or 10 only got 44 lb. of milk. Unless pigs in large litters 
are fed exceptionally well especially on dairy products, when they 
start to eat, then it appears that litter size will have an influence on 
th~il' av~l'age weights when they are weaned. 
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In 'I.'able 25 the corresponding litter sizes at birth are given for 
various weaning litter sizes. Expressed as percentages, the trend is 
illustrated in li'ig. 24. The smallest litters at weaning were relatively 
the largest at birth. This may be a partial or even the whole 
explanation of the curve obtained in Fig. 23. Moore et al (1932), for 
instance, found that the rats in the smallest litters were of a poorer 
type and most often produced by second rate females.. With mice, 
Parkes (1926) had the same experience; poor mothers, which would in 
any case rear a litter in an unsatisfactory manner, are. undoubtedly 
the most prone to eat some or · all of the young, while the large 
litters in which all are reared, will tend to be those of good mothers, 
which may be able to supply each individual of a large litter with 
as much nourishment as a poorer mother would be able to give to each 
individual of a smaller litter. 
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Fig. 24.-]~itter size at 4 weeks and litter size at birth. (Litter size at birth 
expressed as a percentage of litter size at 4 weeks.) 

To see whether the type of curve of Fig. 23 was due to the effect 
of poor and good mothers, the average weights of litters of which all 
pups were reared, are also given in Table 25 according to litter size. 
1Vith the exception of the observations at litter sizes of 3 and 10, the 
average weight per rat shows. a continuous decrease as the litter sizes 
increase from 2 to 12. The average weight per rat for ·a litter size 
of 2 is 70·7 g. but, when all litters are considered, only 51·6 g. The 
average birth weight of the rats in the litters where all were reared 
amounted to 5 · 32 g., as com pared to 5 · 11 g. when all rats weaned 
are considered. 
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In Table 26 the average weights of pups are given from litters in 
which all were reared and from those in which one and more and 
also two and more were killed. The result is shpwn in Fig. 25. Only 
litters in which 4 to 9 pups were reared are considered, so as to 
eliminate fluctuations due to a too small number of observations. 
The average weight of rats from litters of which all were rea-red shows 
a continuous decrease with a tendency for the decrease to become 
smaller from a litter size of 7 and above. This is obtained more or 
less the same type of curve as was obtained for litter size at birth 
and average weight at weaning. The average weights of rats from 
litters in which one and more or two and more were killed, however, 
shows quite a different trend. There is first an increase, then a 
decrease, and again an increase, i.e., the same type of curve as in Fig. 
23 when all litters are consiclered. It is, furthermore, noteworthy that 
at every point except at a litter size of 9, the average weight of rats 
!rom litters in which some were killed, is below that o£ the rats from 
litters in which all were reared . 
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Fig. 25.--Influence of litter size on average weight per young from litters in 
which all were reared and in which one or more were killed. 

Our results, therefore, agree with the experience of Moore et al 
(1932) with rats and of Parkes (1926) with mice in so far that those rats 
which destroyed some of their young, were poorer mothers, as regards 
milk supply, than those which reared all their young. The peculiar 
shape of the curve of average weights at weaning, on the other hand, 
appears to indicate that the rats rearing the smallest litters, of which 
some had been destroyed, were poorer milk producers than those 
rearing larger litters. If the females that reared the smallest litters, 
were the poorest females, it is possible that their quality increased 
according to the increase in their litter sizes, and hence there is an 
increase in the average weight as the litter increases up to 5. On 
ac:-ount o£ the downward pull of litter size, there follows a decrease . 
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There is, however, another small increase before the sudden drop 
after a litter size of 10 has been reached. In the large litters, 8 and 
higher, the number of rats killed constitutes only a sm-all percentage 
of the litter size at birth, i.e., if the litter size is 8 or more, it was 
only slightly larger at birth. Only good females prouuce suc·h large 
litters so that the material becomes more uniform with regard to the 
quality of the females when the largest litters are considered. 

The sex ratios at birth an!l at weaning show rather big differences 
for some litter sizes. There, however, appem·s to be no regular treud, 
i.e., more males for instance dying between birth and four weeks in 
some litters than in others. From Slonaker's (1931 e) results it, 
however, appeared that during the nursiug period the mortality of the 
females was greater than that of the males. 

(d) Influence of age of mother. 

From Table 27 and Fig. 26 it will be seen that the youngest age 
elass and the three oldest age classes have the highest weaning 
percentages. 'fhere is, however, some fluctuation between the 
remaining three age classes. In the age class of 10 to 11 months 
there is a marked increase above the previous class. This high 
percentage then remains constant. This is probably due to the fact 
that from the third litter onwards only those females that reared 
large litters, were used. From Table 31 it will be seen that at the 
birth of the third litter the average age of the mothers was 9 · 4 
months. 
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Fig. 26.- Influence of age of mother on the percentage of young weaned. 

As the mothers grew oliler, the number of young weaned _per 
litter followed the same downwaril trend as the number at buth 
(Fig. 27). The average weights of the rats on the other hancl showed 
an increase up t6 the age of 10 to 11 months fTahle 28). Then t.here 
is a drop with an increase again for the olclest mothers. Although 
the total litter weight was highest fur the youngest mothers, the 
total litter weights for the remaining classes showed no upward or 
downward trend. 
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Eaton (1932) found in guinea-pig·s a higher correlation between 
weaning weights and age of dam than between birthweights and age 
of dam. He considered that this might be due to the fact that older 
dams were better able to furnish the proper amount of nourishment 
for the young during the early period between birth and weaning, 
thus assuring good -gains through the entire period to weaning. 
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Fig. 2'7.- Influence of age of mother on litter size·, average weight of young 
and total weight at weaning. 

Guinea-pigs suckle their dams for only about 2 weeks. Litter 
size was not kept constant when the correlation coefficient between 
age of dam and weight at weaning was determined. The nourish
ment which the young receive during the prenatal growth is more 
uniform, as it comes from the blood stream, and is not affected so 
much by the dam's vigour. Eaton considered that the age and the 
weight of the dam was the best indication of her vigour. From 
Eckles (1919) work on calves it appeared that if conditions are 
adverse during the prenatal period, the dam rather than the foetus 
>mffers. But if the mother is in a poor condition after parturition, 
then the growth of the nursing calf is retarded. Hence the higher 
correlation between age of dam and average weight of young at 
weaning than at birth. 

Since the litter size decreased with an increase in the weight o£ 
the mother, the average weights of rats at weaning were arranged 
according to litter size at birth in Table 29 and according to lit ter 
size at weaning- in Table 30. Litters of 6 and 7 and litters o£ 8 and 9 
have been combined to g-et a large number o£ observations. The 
results are illustrated in Figs. 28 and 29. ' 

At the extremes of the different curves there are some fluctuations, 
but nevertheless the general trends appear to be quite definite. In the 
different litter sizes at birth and. at weaning, there was at first an 
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mcrease m the average weight at weaning as the age of the mother 
increased. 'l'he maximum was reached at the age of 8 months, then 
there was a decrease again. When the effect of litter size was; there
fore eliminated, the efficiency of the mothers increased until they were 
8 to 9 months old. After that there was a decrease in efficiency. 
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Fig. 28.-lnfluence of age of mother on average weight .of young at weaning, 
litter size at birth remaining constant. 
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This is, therefore, different to the effect of the age of the dam ou. 
the litter weights at birth. There the age did not affect tile average 
.birth weights when litter size remained constant. This agrees with 
Eaton's (1!J:32) observations in guinea-pigs, viz., that age of dam 
ihas a greater influence on weaning weights than on birth weights. 
According to his observations the influence of age of dam on averag·e 
weaning weights appeared to be linear. If litter size had been kept 
conRtant then a different effect might have been found. 

ThPRe curves are most likely an indication of the milk production 
of the mothers. In the pig Sambowsky (1932) found that the milk 
supply increased from the first to the third litter, and decreased 
during subsequent litters. In cattle milk yield increases up to the 
fifth or sixth lactation, and then decreases. In the rat the same 
tenilP.n~y appears to hold good. The age of 8-!:J months when the 
maximum average weights oecur, coincides with about the thi1d litter. 
It therefore ap-pears that, in the rat milk production may also increase 
up to the third litter and then decline for subsequent litters. 
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Fig. 30.-Infl.uence of litter rank (parity) on litter size, average weight of young 
and total litter weight at weaning. 

(e) Influence of litter ran!~ (parity). 

Table 31 and Fig. 30 show the influence of litter rank on the 
number of rats weaned per litter, the average weights of the young, 
anfl the total litter weight. At birth the litter size showed a 
r.ontinuous decrease with increase in litter rank from the second 
litter. At weaning there" were some fluctuations and only a small 
decrease in the number per litter. This was due to the higher 
weaning percentages from the third litter onward. 
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The apparent discrepancy mentioned in a preyious section was 
manifested again. Although the average age of the females of the 
fourth litter was 11 · 6 mouths, the average number of young reared 
was U·2 per litter, whereas for the age class 10 to 11 months it was 
only 5 · 2 per litter. As was explained, the best females were selected 
after each litter that was reared. Age varied to quite a marked extent 
since the differeu t litters were not produced when a female had 
reached a definite age. 'l 'he influence of litter rank was, therefore, 
not manifested, except in the oldest rats, when the data were arranged 
aceonling to the ages of the mothers. 

Dy discarding poor mothers, the number of young weaned per 
litter remamed near1y constant from the fin;t to the sixth litter. 'l'he 
number l.Jorn per litter was not affected. At a later stage it will be 
shown that the numl.Jer per litter at birth did not increase during the 
four years that observations were made. This rat population is 
probauly nearly homozygous for litter size by this time, so that the 
differences in litter size at birth have been influenced by non-genetic 
factors. The five females that produced five litters, weaned an 
average of 7·8 young per litter in the first litter and 6·4 in the fifth 
litter. If poor mothers are therefore not discarded, the trend of 
litter size at weaning with increase in litter rank will be the same as 
that at birth. Dy breeding only from females that produced the largest 
litters at weaning no selection for higher fertility took place. Only 
the poor mothers were discarded. Although the rats were so inbred, 
there was quite a marked variation in the temperament of some of the 
mothers. Certain females would destroy their young more readily 
than others when disturbed. 

The average weight per rat remained constant for the first and 
second litters, then there was an increase to the third, a decrease to 
the fourth, then again increases at the fifth and sixth litters. On 
account of the small number of litters, it was not possible to arrange 
the data of litter sizes 6 and 7 or 8 and 9 according to parity. For 
litter sizes 6 to 7 there was only one in the fifth litter. The 
drop in the aveTage weight per rat after the third litter, indicates the 
same influence as was found for age of dam when litter size remained 
constant. After that the influence of the few good females is seen. 
No definite conclusions can therefore be drawn with regard to the 
influence of litter rank on average weight when litter size is constant. 
When '.l'ables 29 and ~0 and .Figs. 28 and 29 are considered in 
conjunction with the influence of litter rank, it would appear that 
when the rats are uot selected, the average weights of the young at 
weaning will decrease after the third litter when the influence of 
litter sir.e has been eliminated, as a result of a decrease in the milk 
production of the females after the third litter. 

(f) Influence of weight of mother at parturitwn. 

'l'he influence of the weight of the mothers at birth on the number 
o£ pups weaned and on their average weights, is shown in Tables 33 
and 34 and Fig. 31. With an increase in the weight o£ the mother 
there was no consistent influence on the percentage of the young 
weaned. Nor was there a consistent change when the first litters 
alone were considered. From general observations it sometimes 
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appeared as if the heavy females overlay more of their young than 
the lighter females. From these figures, however, it appears that 
there was no difference . 
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and total litter weight at weaning in first litter s onl,y. 

With regard to the influence of weight on the average litter s'ize, 
apart from the initial drop, there was an increase up to the weight 
class 2GO to 279 g. and then a continuous drop. The average weight 
per rat on the other hand at first showed a continuous decrease to 
the weight class 240 to 259 g., remained the same at the next weight 
class and after that the average weights increased. To eliminate 
most of the influence of litter size, only the data of the first litters 
were arranged in Table 35. The curves are illustrated in Fig. 32. 
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Litter size decreased as the weights o£ the mothers increased irom 
180 to 200 g. and £rom 220 to 240 g., then the increase was continuous. 
'l'he curve illustrating the average weight per rat has practically the 
same shape as Fig. 31. There was first a continuous decrease in the. 
average weight per pup as the weight of the mothers increased to the 
weight of 240-259 g. and then a continuous increase in the average 
weights of the young. In spite of the increase in litter size ihere was 
still an increase in the average weights. 

Eaton (1932) found with guinea-pigs a positive correlation (0·35) 
between the weight of the dam and the weaning weight of the young. 
In the cat, however, Hall and Pierce (1934) found no relationship 
hP.tween the weight o£ the mothers and the rate o£ growth o£ the 
kittens. · 

When the litter size remains constant, the same influence is seen 
with an increase o£ the weight o£ the mother (Table 3G and Fig. 33). 
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Fig. 33.-Infl.uence of weight of mothers on average weight of young at weaning 
when litter size remains constant. 

E ven in the first litter the age o£ the mothers increased as they 
grew heavier. In Table 36 three age classes have therefore been 
taken in which to arrange the average weights as the weights o£ the 
mothers increased. The averages have 'been plotted in Fig. 34. The 
youngest age class (2-5 months) showed a decrease and then a tendency' 
tC? ·:r:emain more or less .constant. In the second age class (6-9 moriths) 
there was also a decrease, but after that a tendency to increase, 
whereas in the oldest age class (10 months and over) · there appears . 
only a tendency to increase . . It 'therefore appears that age o£ mother '· 
had some effect on the average weight curves in Figs. 31 and 32. 
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These curves (Fig. 34) also indicate that in the case of young 
females, the heavy ones are not the best mothers. It does not appear 
that litter size played any part, as is shown in Table 35 ~ud Fig. 32. 
In th~> oldest age class again the heavier females were shghtly better 
than the li"'hter ones. Since there were no observations in the lighter 
wei"ht cla~ses of the oldest group (10 months and over), no definite 
cou~lusions can be drawn with regard to the influence of the weights 
of old rats on the average weaniug weights of their young. These 
results, however, indicate that in the case of young females that 
were very heavy, a large fat deposition had taken place with the 
result that the milk prcduction was affected. Further experimental 
work will, however, be necessary to test this out cdnclusively. 

65 

60 

50 

Fig. 34.-Influence of weight of mothers on average weight of young at weaning 
when age of mothers remain constant. -(g) lV eights of mothers while suclcling young. 

In pigs, Huszti (1930) found that sows lost about 21 pounds in 
weight from the time the litters were born up to 9 weeks when the 
young Were weaned. Murray (1934) found a loss of 27 pounds from 
4 to 8 weeks after the birth of the litters, those sows producing the 
heaviest litters losing most. Zeller, Johnson and Craft (1937) weaned 
litters at 10 weeks and found that the sows lost 7·35 lb. for every 
additional pig weaned. 

In order to ascertain whether a nursing rat is affected in the 
same manner, the weights of the females have been arranged 
according to the litter sizes at four weeks. About half the litters 
were weaned at three weeks and the rest at four weeks. The rats 
weaned at four weeks showed the same trends as all suckling females 
showed up to three weeks. Only those weaned at four weeks "'ere, 
therefore, included in Table 37 so as to get a longer lactation period. 
To get a better indication of the change in the weight of the mothers, 
the average weight for each litter size at birth was taken as 100 and 
the weights at 2, 3, and 4 weeks were then expressed as percentages of 
the weights at birth. 
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On account of the fluctuations, a trend is not clearly shown with 
an increase in litter size. The weights of two litter sizes have 
therefore been combined and the results plotted in Fig. 35. Here it 
will be seen that at two weeks the weights of the mothers were not 
affected as the litter size inl·rensed. At three weeks, there was a 
continuous decrease after a litter size of six had been reaeherl. At 

. four weeks a decrease is observed after a litte:r size of R had been 
rearhed. 
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Fig. 35.-Influence of litter size on relative weight of mothers at 2, 3 and 4 
weeks after birth of litters. 

In all litter sizes, except 2, the mothers gained in weight from 
the birth of the litters up to 2 weeks. From the second to the third 
week there was only a small decrease (1·6 per cent.), but a larger 
denease (about 4 per cent.) from the third to the fourth week. When 
the litters were weaned, the mothers were only just above their 
weights after the birth of the litters. 

The total litter weight at weaning increased with litter size up 
to a litter size of 10, then there was a decrease. The influence of the 
total litter weight produced on relative weights of mothers will, 
therefore, be the same as in Table 37 and in Fig. 35 for litter size. 
'!.'he size and the weight of the litter, . therefore, had only a slight 
influence on the weight of the mother so that it would appear that 
the rat regulates her food intake according to her production and 
conRequently does not lose in weight. This is also indicated by the 
fact that during the period that the young subsist only on the milk 
of the mother, she puts on weight. At three weeks the pups usp.ally 
Rtart eating and after that the weight of the mother shows a greater 
tlecrease. 

Moore et al (1932), however, :found that the weight of the nursing 
rat decreased during the lactation period. The first week after the 
birth of the litter, weig-ht remained constant but after that decreased 
slightly every week. Their results, however, agree with ours in that 
the size of the litter had no effect on the weight of the mother. 

~;Honaker (1931 f), on the other hand, consi(lers that in general a 
mother nursing a large litter loses more weight than one nursing a 
small litter. His data were, however, obtained with rats which 
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received different amounts of protein. The group rece1vmg most 
protein lost least in weight (2 g.) while suckling their pups. 'l'he two 
groups receiving the lowest percentuge of protein in their ration had 
the largest litters whereas those on the highest protein ration and 
which lost only 2 g. had the smallest average litter at birth and at 
weaning. 

This question of food consumption of the mothers during the 
lactation period will be discussed more fully in a subsequent section 
when the data of daily weights and food consumption will be given. 

(h) Teats suclded . 
. In the pig (Bonsma and Oosthuizen, 1935; Donald, 1937) the. 

young show a definite preference for the anterior teats. These also 
secrete more milk than the ·posterior ones. After about three days 
each piglet will usually suckle its own teat only. It seldom happens 
that the number of teats suckled exceeds the number of young in the 
litter. To see whether the same thing takes place with young rats, 
the number of teats suckled have been recorded for 129 litters. 

By arranging the number of teats suckled according to litter 
size, there was an increase from 9 to 11 in the number of teats suckled 
as litter size increased from 2 to 11 as shown in the following table. 

Litter Size. 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Teats suckled per litter. 
(Different litter sizes.) 

Number Litters. 

8 
8 

22 
10 
21 
14 
22 
14 
6 
4 

Teats not suckled. 

Average N urn her 
Teats Ruckled 

per Litter. 

9 ·0 
9·3 
9·3 
9·7 

10·4 
10·2 
10·2 
10·9 
ll·O 
ll·O 

(Teats numbered from the front.) 

Teat. 

R. 1 . .. . ....... . .. . ........ . 
R. 2 ............. . ........ . . 
R. 3 . . . . ................... . 
R. 4 ................. . ... . . . 
R. 5 ....................... . 
R. 6 ..................... . . . 

No. Obs. 

8 
18 
4 
4 

15 
87 

L. !. .. ~ .................... 3 
L. 2..... . .... . . .... ........ 3 
L. 3.. .... .... ..... . .. ... . .. 4 
L. 4... . .................. .. 4 
L. 5.................. .. . . . . 12 
L. 6.. .. .. ...... .. . . . . . . .... 89 
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1 
2 
3 
4 
5 
6 

Percentage 
Times not 
Suckled. 

4 ·4 
8·4 
3 ·2 
3·2 

10·8 
70·0 
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Rats usually .have s1x pans of teats. The pair left most often 
was the sixth pair counting from the front. Out of a total of 249 teats 
not suckled, the number of times that the last pair was not suckled, 
constituted 70 per cent of this total. The second last pair came 
next, with 10.8 per cent of the total. The two second from the front 
came third with 8.4 per cent. 'l'he right second from the front was 
left 18 times in comparison with the 3 of the left second. The other 
pairs were all round 3 and 4 per cent. The rat, therefore, does not 
keep to one teat as the pig. One rat may suckle as many as 4 · 5 teats. 
There is also no gradual increase in the number of times the teats 
from the front to the back were not suckled. Only the last pair 
showed a sudden rise, being discarded more than twice as often as the 
remaining ten teats together. 

(i) Gene1·al discussion and resume of factors influencing the average 
weights of young rats at weaning. 

Litter size at birth does not seem to influence the. weaning 
percentage in the rat to the same extent as in the case of the pig and 
the guinea-pig. Litter size at birth showed the same influence on 
the average weights at 2, 3, and 4 weeks, as it did on the birth 
weights. There is at first a decreasing decline in the curve as litter 
size increases, until a litter size of 9 has bee.n reached, then the 
average weights remained more or less constant up to the largest 
litter size (12). The guinea-pig (Haines 1931) shows the same type of 
curve, whereas in the cat (Hall and Pierce 1934) no such influence was 
found. 

On account of the nearly straight line obtained between litter 
size at birth and litter size at weaning, one would expect about the 
same influenc~ on average weaning weights. Litter size at weaning, 
however, shows quite a different influence. The shape of the curve as 
litter size (at ·weaning) increases indicates that some other factor or 
factors exert an influence at the same time. 

From our data it would appear that this peculiar influence of 
litter size at weaning on the average weights of the young (Fig. 23) 
was due to the relationship between the number weaned and the 
quality of the female, i.e., the milking ability of the females increased 
with the litter size. Increase in litter size, however, had the opposite 
effect on the average weight of young at birth, with the result that 
the peculiar curve was obtained. 

In arranging data according to litter size, it should therefore be 
stated whether litter size at birth or at weaning is taken. 'rhe nearly 
linear effect of litter size at birth on the average weights at weaning, 
indicates that it would be preferable to work with litter size at birth 
when correction factors for litter size are determined, than to work 
with litter size at weaning. 

As the females grew older, the litter size at weaning decreased 
while the average weights at weaning increased. vVhen the 
litter s1ze at birth and at weaning remained constant, the 
increase in age of the mothers showed quite a differnt 
influence on the average weights at weaning. At first there 
was an increase up to an age of 8 to 9 months when there 
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was again a decrease in the weights. It was shown in a previous 
section when litter size remained constant, age of mother had no effect 
on the· average birth weights. '!'his therefore indicates the influence 
of age on milk production and consequently on the average weights 
of the young. 'l'he foetus obtains its nourishment from the lJlood 
stream which remains nearly constant with increase in age, while the 
milk production in those animals, where observations have been made, 
first show an increase and then a deerease. From these results it 
would appear that the same holds good for the rat, a maximum milk 
production being attained at the age of 8 to 9 months under our 
conditions. '!'his age coincide., more or lest~ with the bnth of the 
thi1·d litter. 

\Vith an increase in litter rank the percentage of young weaned 
tended to increase with the result that, although the average number 
per litter at birth decreaRed, the average number at weaning remained 
nearly constant from the first to the sixth litter. The increase in the 
weaning .percentage was probably due to the selection of those females 
that gave the best results at weaning. The average litter size of the 
five females that produced five litters decreased from 7·8 to 6·4 
young per litter at ' weaning. No selection for higher fertility had 
therefore taken place, only poor mothers had been discarcled since 
some females will destroy their young more readily than others when 
disturbed. Since this strain of the albino rat had been inbred for such 
a long time, it appears that they are nearly homozygous for fe1tility. 
The average variation in litter size must therefore have been caused 
by non-genetic factor or factors. Whether it will be possible to select 
for higher milk yield can only be answered after such work had been 
done for a larger number of generations, unselected stock being kept 
at the same time for control purposes. 

On account of the small number of rats that h l\d five and six 
litters, no definite conclusion can be drawn with regard to the effect 
of litter rank on average weights of young at weaning. When 
considered in conjunction with the influence of age, it would appear 
that in an um;elected population the average weights at weaning will 
decrease after the third litter as a result of the decrease in milk 
production. These results indicate that under our conditions the 
best results will be obtained by using females only until they are 8 to 
9 months old and to let them produc'e three litters. After this age 
only the best females should be selected to be used for further breedinrr 
if individual records had been kept. 

On the average birth weights the weight of the mothers had nu 
effect. On the average weaning weights there was a decided influence 
also when litter size and parity remained constant. As the wei"'ht of • 
the mother increas'ed up to 260 g. the average weight of the young 
at weaning decreased. After that the average weights increased 
again. The litter size showed the opposite trend when all the data are 
considered, but in the first litters only, litter size at weaning also 
increased after some fluctuations. A strong factor must inf!uenre the 
averag-e litter weig-ht since it usually decreased when average litter 
size increased. This influence is probably exerted through the milk 
supply. 
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One factor that appears to have some influence as the weight of 
the mother increases, is her age. Young females (2-5 months old) 
showed a decrease in the average weaning; weights with an increase m 
weight at parturition. From a weight of 240 g. the average weaning 
weights remained more or less constant. In the old group (10 months 
and over) there was a tendency for the average weaning weights to 
increase as the weights of the mothers increased. As mentioned before 
this influence is most likely through the milk production of the 
mothers. These results indicate that young heavy females are poorer 
milkers on acccount qf excessive fat deposition. 'l'he weight of old 
heavy females on the other hand is made up of extra growth in hone 
and flesh covering since the rat still grows after a year. The 
milk production of the old females was, thereforfl, not affected by the 
increase in live weight. As indicated, conclusive work to test out 
these different points has still to be done. 

B. INFLUENCE OF ENVIRONMENT. 

"\Vhen the influence of environmental :factors on living organisms 
is studied, one difficulty that immediately confronts the investigator, 
is that these factors can not be controlled. Such observations t-:hould, 
therefore, extend over one year at least to get the influence of all the 
seasons. By studying the reactions of the organisms to the ell\·iron
ment during different seasons one may obtain certain indications as 
to the factors or combination o:f factors exerting an influence. In the 
introduction we have mentioned some of the work that has been done 
on environmental .influence on animals, especially on the seasonal 
effect of the environment. In this section we will indicate how the 
environment influences different phases o:f the growing animal. 

1. Number of days females toolc to become pregnant during 
different months. 

It was 'only after our investigations had been carried on :for some 
time that a record was kept of the number o:f days that had elapsed 
since a female was put with a male until her young were born. From 
general observations it appeared that there were quite marked 
differences among the various females. As has been shown, the 
average gestation period is 22 days. There was one female which 
gave birth to a litter only 21 days after she had been put with a male, 
whereas the longest period that elapsed from the time that a female 
was put with a male until her litter was born was 53 days. 

In order to see whether the age, weight, reproduction, and milk 
production of the females differed according to the different number 
of days that had elapsed since a female had been put with a male 
until her litter was born, the females were grouped together in Table 
38 acrording to the number of days that elapsed since they were put 
with the males until their Iitten; were born. 

Although Table 38 shows that the rats in the two classes that 
were the longest with the males are the oldest, there appears to be no 
definite trend. The same holds good for the weights of the rats. Age 
and f'ondition, therefme, appear to have no effect on the time that a 
female was with a male. 
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The number of young born and weaned per litter shows rather 
large variations but no definite trend is shown. The same is the case 
with the average weights at birth and at weaning. 'l'he young that 
were the heaviest (65·2 g.) and the lightest (49·8 g.) at weaning were 
from the classes 31 to 32 and 23 to 24) with the largest average litters 
(7 · 09 and 7 · 04 respectively). According to these figures there is, 
therefore, no positive or negative correlation between fertility and 
time with males, or between amount of milk produced and time with 
males. The figures in Table 38, therefore, indicate that there was 
no differences between females that remained for a short or for a 
long time with the males. 

The females were consequently grouped according to the time of 
the year that they were put with the males. As is shown in Table 39 
and in Fig. 3G it appears that the time of the year had no effect on 
the length of time that the females were with the males. Although 
there were fluctuati<;>us, especially at the S~ptember and November 
points of the curve, there appears to be q general trend, which shows 
up better when the moving average is used, i.e., by grouping 3 months 
at every point. From March to July (inclusive) the females tended to 
remain long with the males, whereas from August to February they 
tended to remain for a shorter period. After F ebruary there was a 
sudden increase in the number of days that the females remained 
with the males. -
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Fig. 36.-Time of year and number of days females were with males before 
becoming pregnent. 

These trends during the different months appear to suggest that 
the lengtl). of day may have some influence. Rats do not breed at 
low temperatures, but the effect of low temperatures can, however, 
be ruled out since the room was heated during the winter months. 
Although rats are' rather susceptible to high temperatures, it does not 
appear that high temperatures had any influen,ce on the length of 
time the females were with the males, since the warm months show 
the shortest periods. · 

Up to the present it does not appear as if any observations have 
been made on the regularity o£ the oestrous cycles of the rat and the 
mouse during different seasons uRder laboratory conditions. Baker 
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and Ranson (1932, a, b, 1933), however, carried out experiments on 
the factors that affected the breeding of the field mouse (Microtus 
ag1·estis). The shortening of the daily period of exposure to light 
from 15 hours to 9 hours almost prevented reproduction. It was the 
female that was chiefly affected. When the mice were fed summer 
food and allowed 15 hours of light each day, they bred less at low 
temperatures (5° C.) than at summer temperatures. The fecundity of 
the males was not affected by the low temperature. From their 
observations on the mice trapped- in the fields, they found that there 
existed a general correlation between the hours o£ sunshine per month 
and the breeding. condition of mice. No correlation · was found 
between temperature or rainfall and breeding. 

It would, therefore, appear from our observations that the 
regularity of the oestrous cycle of the albino rat may be affected by 
the lengthening and shortening of the days when the rats are kept 
under conditions where type of food remains constant and where 
temperature is controlled. It would, therefore, appear to be quite 
probable that under field conditions the oestrous cycle of the rat 
will be influenced to a greater extent. Man, for instance, is not 
influenced appreciably by season under temperate conditions, but it 
was mentioned by Bissonnette (1936) that extreme conditions have 
a decided influence. The women of Patagonia and the Eskimo fail to 
have sexual or menstrual cycles in the long arctic night and the men 
lose all sexual activity and libido. They recover and resume sexual 
cycles when the daylight reappears in spring. Men of an expedition 
were affected similarly by the conditions. 

During the winter of 1938, i.e., after the observations of the 
four years had already been concluded, a number of males and females 
were transferred to a room in which the temperature was not con
trolled. The' minimum. temperature often went below 40° F. while 
the maximum did not go above 70° F. The males and females were 
kept together. ~he females were, inspected daily for signs of oestrus 
and vaginal plugs. Of the 48 females, hal£ were young virgins and 
the rest old females that had had litters, but none was more than a 
year· old. Most of the females did not show oestrus. 0£ the young, 
7 showed oestrus during 3 weeks; about the same number among the 
multiparae females ·also showed oestrus. From the general observa
tions it did not appear as if the males were affected, for the females 
that showed oestrus were ·usually served. After about 6 weeks the 
rats were taken back to the room in which the temperature was con
trolled. After 2 weeks there was an increase in the numbr of females 
which showed oestrus and which were served. There were, -however, 
a few that even after two months had not shown oestrus. 

2. Litter Sizes and Weights up to Weaning. 

(a) At birth. 

(i) Different years.-In Table 40 are shown the average birth 
weights and litter sizes covering the period of four years. J,itter size 
fitst decreased and then again increased during the last year. The 
average birth weight on the other hand decreaE?ed slightly every year. 
The average birth weight was 5·19 g. during the first year and 4·96 
g. during the fourth year. The average weights of the males and 
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females were 5 · 31 g. and 5 · 06 g. for the first and 5 · 07 g . 
and 4. ·86 g. for the fourth year respectively. 'l'hese weights are, 
therefore, appreciably lower than those of the stock of the \Vistar 
colony as shown by Greenman and Duhring ~1931). The average 
weight of 1,195 rats was 5 · 67 g. The average weights of the males 
and the females were 5·8 and 5·56 g. respectively. ·whether some 
external influence had been at work on the birth weights causing a 
decrease can only be determined after the rats had been bred for a 
longer period at this Institution. 

(ii) Different months.-We have mentioned j;he conclusions of 
several investigators with regard to the influence of environment on 
litter size and birth weight. Some were of the opinion that litter 
size and not birth weight was affected by environment, while others 
held the reverse to be the case. 

In Table 41 the average birth weights and litter sizes for the 
different months are given. As will be seen in Fig. 37 average litter 
size shows rather wide fluctuations with a high tendency during the 
summer months and a low tendency during the winter months. The 
average birth weights sho~ a high tendency only during the early 
winter. To obtain smoother curves, three months have been averaged 
to obtain one point. For February, for instance, the results of 
January, l<'ebruary and March have been avernged: for March, those 
of February, March and April, and so forth. 'l'heRe averages are 
illustrated in Fig. 38. These curves show that the litter sizes were 
at their lowest during June and July. 'l'here was then a c>ontinuous 
increase up to December, a slight drop to January, and then again 
an in1~rease to April. After that there was a sudden drop till June. 
The birth weights showed hardly any change, excent for May , June, 
and July, when they were slightly higher th~n during the rest of the 
year. 

When the fonr seasons .are considered, the following average 
litter sizes and birth weights are obtained:-

{

May . ...... . ...... . . .. . .. . . ... . . . I 
Winter.... . . . June........ . ... . ............. .. )-

July ........ . ...... . ............. ) 

{

August ... . . . . .. . ... .. ... .. ... . .. I 
Spring . . . . ... . September...... . ... . . ... . . . .. .. . ))-

October .. . .. . . . ..........•... . . .. 

· {November ... . ... . ........ . ...... I 
Summer. . . . . . Decem her. . . . . . . . . . . . . . . . • . . . . . . . ))-

,January ..... . .. . . . ............. . 

{

February............ . .... .. . . ... I 
Autumn. . . . . . March.. . . . ..... . ..... . ... . ...... )

April........ . .. .. ..... . ......... J 
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The average litter size was highest during the summer and 
lowest during the winter. The average birth weight on the other 
hand was highest during the winter, but showed hardly any difference 
during the other three seasons. If differences in litter size is taken 
into consideration, the difference between the average birth weight 
during winter and summer will be still less, not mor~ than ·14 g. 
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Fig. 37.- Influence of time of year on litter size and average birth weights. 
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Our results, therefore, agree with those of Wright (1922) and 
Eaton (1932) on guinea-pigs, viz., that the largest litters are born in 
summer and the smallest in winth. Eaton (1932) stated that it was 
the seasonal condition at the time o£ conception and not at the time 
of birth o£ the litter, that affected the litter size. In . the guinea-pig 
this io 68 days before the birth o£ the litter, while in the rat it is 
only 22 days. Hartwell, Mottram and Mottram (1923) found that 
only during the winter.months did the litter .size of the rat £a~J below 
6 at birth. In the height o£ the two breedmg seasons ( sprmg and 
autumn) the litter size was often over 12. Hanson and Sholes (1924) 
were about the only investigators who did not observe a seasonal 
influence on litter size. 

s.e · B. O 

5.6 
7. 5 

; 5.4 

!. ~ 
;: • 7.0 

e 3 
" 5.2 

6 . 5 •, 
' 5 . 0 

I 
I 

I 

-·- --· 
'•' -

I 
I 

I 

' \ 
' 
' 

loner size 

Fig. 38.-Influence of time of year on litter size and a erage birth weights 
(smoothed figures). 

A part at least of these seasonal differences in litter size appears 
to be explained by the results obtained by Hammond (1934) on rabbits. 
In his experiments, Hammond found that the numbers o£ sperma
tozoa tended to be lower during the autumn than during the spring 
months. The fertility, as measured by the average litter size and 
by the percentage o£ fertile matings, was higher in the spring than 
in the autumn both in the normal matings and in the experimental 
onc11. There wa& no rlirect proof that £ewer ova were not shed during 
the autumn months, but the reduced litter size in experimental 
matings pointed to the conclusion that the seasonal difference was due, 
in part at any rate, to variations in the sperm swarm. 

Eaton (1932) found no seasonal eff(lct on the birth weights of the 
guinea-pig. With regard to the rat, Hanson and Sholes (1924) 
maintain that there was no seasonal effect on the birth weights, while 
King (1935) found that birth weights for both sexes were very low in 
individuals conceived in July and August (summer). The weights 
increased during the autumn months and reached their maximum in 
December or January (winter), then dropped gradually during the 
spring months. There were seasonal variations in litter size also, 
according to King, the variations in the birth weights were inde
pendent of litter size. King suggested that the low birth weights 
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during the summer months could probably be attributed mainly to 
the devitalising effect of heat and humidity on the pregnant females, 
producing some metabolic disturbance that interfered with the proper 
nutrition of the yqung regardless of the size of the litter. In the 
autumn and winter months, when the temperature was under control, 
the rats regained their normal vigour, which resulted in the maximum 
birth weights. 

Our results, however, indicate that temperature had no influence 
on the birth weights of the young. During the warm months 
(October to January) the temperature in the room went up to nearly 
90° F. during the day, so that our rats could have been exposed to 
as severe temperatures as those of King. Eckles (1919) found that 
even under adverse conditions of nutrition the blood composition 
tended to remain constant, and that in the case of a pregnant female 
the mother suffered and not the foetus. This, however, does not hold 
good in all cases for Verges (1939) found that when ewes were given 
poor rations single lambs were not affected while twin lambs from 
well-fed ewes were 47 per cent. heavier than twins of poorly-fed ewes. 
It has been shown that the phosphorus content (Hess and Lundhagen, 
1922) and the calcium content (Bakwin and Bakwin, 1927) of the 
blood of children were highest during the summer and lowest toward 
the end of the winter. No such determinations have yet been made 
on rats so that we cannot say whether the blood composition was the 
same during the different seasons. 

The sex ratios during the different months showed rather wide 
fluctuations. By taking seasons only, the sex ratios were:-

Winter . . . 
Spring .. . 
Summer 
Autumn .. . ..... . .. . 

cr ~ 
84 : 100 

107 : 100 
87 : 100 
98 : 100 

In different races of the Norway rat, King (1927) showed that 
the yearly cycle in the sex ratio reached its highest point in concep
tions occurring in the spring or summer, and fell to its lowest point 
in autumn or winter conceptions. Our esults agree in the low winter 
and the high spring ratios. The summer and the autumn ratios are , 
however, different. 

Our results and those of King are, therefore, different to tliose 
found by Whitney (1939) for dogs. Those conceived during the 
warm months (June to November) showed a sex ratio of 116 : 100, 
whereas those conceived during the colder months (December to 
M:ay) showed a sex ratio of 143: 100. Huntington (1938) mentions 
that in Japan it was noticed that after a hot and humid summer 
there is an astonishing pr~ponderance of boys. 

(b) At weaning. 

In determining the litter sizes and weights of the young up to 
weaning only those litters in which one or more young were weaned, 
were taken into account. 
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Percentage of yo1Jn.rJ weaned.-During the four years there were 
238 litters in which one or more young were reared. In these litters 
there were 1,789 young of which 872 were males and 917 females. 
Of the males 84·4 per (~ent. were weaned, of the females 83·9 per 
cent., and the average for all was 84 ·1 per cent. weaned. 

The percentage of young weaned in the :first year ().933-34) was 
81· 3. The second year showed an increase to 89 ·1 per cent., after 
while the percentage weaned decreased again to 87·5 per cent. for 
the thirrl and to 82 · 8 per cent. for the fourth year. 

The average number of young per litter at birth and at four 
weeks and also the weaning percentages are given in Table 42. Both 
the adnal and the smoothPd averag-Ps are given. The smoothed 
averages were again obtained by taking three months every time to 
get one point. By this means the normal variation is eliminated to 
a large extent so that smoother curves are obtained. 

a.o 

• 7.5 

7.0 

At weaf\ing. 

G.o 

Fig. 39.-lnfluence of time of year on litter size at birth and at weaning . 

The number of young at birth for the litters in which one or 
more young were weaned follows the same trend durin"' the different 
months as when all litters are taken. The number 

0
of youno· per 

litte~ at we~?-ing more or less follows the ~rend of the number of young 
at buth (F1g. 39). It, however, rema1ns at a low level for three 
months (June to August) and does not show the drop from November 
~o J!ebruary as does the curve of the number of young at birth. This 
md1cates thnt there had been some external factor or other which 
caused this effect. 
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By plotting the weaning percentages for the different months, a 
decided trend is shown (Fig. 40). Between May and June the curve 
illustrating the weaning percentage is at its highest. 'l'here is then 
a decrease up to August and the curve remains low till October. In 
November an increase is shown which continues every month till 
:May. 'fhis trend of the weaning percentages therefore explains the 
modification of the litter sizes at weaning for the different months. 
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Fig. 40.-Influence of time of year on the percentage of young weaned. 

It is not known what factor or factors were responsible for these 
differential weaning percentages. It is of interest to note, however, 
that during this period (September to January) the rats appear to 
breed best, i.e., an iutlication of regular oestrous cydes. The appear
ance of oestrus, however, during the lactation period could not have 

' played any role since ovulation takes plaf'e 12 to 32 hours after 
parturition (Long and Evans, 1922) and then only after the litter 
has been weaned, except in the case of litters of 1 and 2 when the 
female may show regular oestrous cycles while suckling the young. 
In mir~e Crew and Mirskuia (1930) showed that oestrus ap-pears 2 to 4 
days after the removal of the litter at any time during the lactation 
period. They maintain that as in the case of pregnancy, the corpora 
lutea of ovulation is transformed into the corpora lutea of lactation 
by the reaction of the pituitary to the stimulus of suckling. Hain 
(193f)) found that by injecting oestrone into ladating rats, it bad 
injurious effects on the growth of the young while some females had 
no interest in their young any more. 'l'hese findings are only men
tioned to show the relationship between lactatiu11 and oestrus and that 
season may have some influence on theRe internal secretionR. That 
the milk secretion may he affected, is indicated b:v the flerrease in 
the weig-hts of the young in Fig. 41. Although thP high temperature 
from October may have had some influence, the decrear-;e, ho-wever, 
had already commenced between July and Au!Sust. '\Vith regard to 
the onset of the decrease in weaning percentage, it is long before the 
~ot season. In the middle of the warm season it again begins to 
me1·ease. 
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Average we£ghts of young.-The weights of the suckling young 
may serve as an indication of the milk production o£ the females and 
hence of the seasonal effect on the milk production. Rain (1935), for 
example, estimated the milk production from the weight of the young 
at 20 days when they cease to be wholly dependent on their mothers. 
In the case of a litter of 6 rats she estimated that the female must 
produce 400 g . of milk in 20 days or 20 g. per day. When 12 young 
are ·suckled the milk-yield over the same period would be 500 g., or 
25 g. per day. 

-. 3 Wub. 

/ • 4 Weelcs. 
1/ 

{./ 2 Weekl. 

~ 100~--~~---H+--------~~----~--
~ 
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~ 
95 

90~~~~~~~~--t-~--~~--~~--L-~-----J F 14 A ld J J A S 0 B D J 

Fig. 41.-Relat ive weights (smoothed) of rats befor e weaning bor.n dur ing 
different months-males. 

The weights of all the males and females at 2, 3 .md at 4 weeks. 
of age were 23·5, 36·5, and 56·5 g. for the males and 22·5, 34·5, 
and 53·0 g. for the females. During the four years that observations 
were made, there has been a tendency for the weights of both males 
and females at 2, 3, and 4 weeks to decrease (Table 43). Whether 
this reflects only a change in the milk production of the females or an 
influence on the growth rate of the young as well, is not possible to 
ascertain at this stage. It appears, however, that the decrease did 
not continue from the third to the fourth year. 'I'he _decrease in the 
birth weights of the rats during the four years may be mentioned 
again (Table 40). 

The average weights at 2, 3 and 4 w1 l)ks of the males and females 
born during the different months are gi> .m i.n Table 44. The average 
weights have been smoothed by groUJ mg the observations of three 
months every time. The relative weights (actual and smoothed) for 
the different months are also included. The relative weights were 
obtained by expressing the average weights of each month as per
centages of the standard weights, i.e., average weights of all rats. 
Only the smoothed relative weights of the males and the females have 
been plotted in Figs. 41 and 42. 
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Both these figures show clearly the seasonal effect on the weights 
of the suckling young. The males and the females show the same 
trends, .although the latter are relatively heavier and lighter than 
the males during the favourable and the unfavourable months of the 
year respectively. Except in the case of the females of 2 weeks of 
age, it does not appear that season had a differential influence on the 
rats of different ages. If the milk production of the females had been 
mainly affected, one would have expected a difference in the relative 
weights of the rats at the ages of 2 and 3 weeks-i.e., at the ages when 
milk supply of the mother is their sole nourishment-and at the age 
of 4 weeks when they eat a large proportion of solid food. Although 
milk supply can be affected by seasonal factors, these figures, how
ever, indicate that the seasonal factors may also affect the growth of 
the young rats directly. 

110 

105 

·~ 
: 95 

J F 

Fig. 42.-Relative weights of rats before weaning born during different 
months-females. 

As in the case o£ the weaning percentages it does not appear 
likely that temperature was the plain cause of the seasonal trends of 
the weights. The maximum weight is reached in winter and the 
decline commences in spring (August-September) before the warmest 
months. The minimum is, however, reached during the warm 
months, but there is again an increase during the warmest time 
(December-January) of the year. 

. It should be mentioned here that Hanson and Heys (1927) found 
-no seasonal effect on the growth of young rats from birth to 20 days 
of age. At all later stages for females and after 40 days up to 100 
days for males they found differences in the weights of rats born 
during the different seasons. 
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lVei,qhts of suckling females.-The weights of females suckling 
litters have been discussed in a previous section. 

'l'o ascertain the influence of season on the females, the weights 
have been arranged according to the months in which the litters were 
born. The monthly averages have again been smoothed by utilising 
the moving average. The birth weights were then taken as 100 and 
the weights at 2, ;1, and at 4 weeks expressed as percentages thereof. 
These results are given in Table 45 and Figs. 43 and 44. The relative 
weights of the females at ~. 0, and at 4 weeks after the birth of the 
litte1 s, showed more or less the same seasonal trends. From February 
there was a decrease until May. There was then an increase, and 
after August there was again a decrease until October or November, 

90~~--~~~-L--~~~~--~~--~--~-+--~-------
JFJIAMJJASOlfDJ 

Fig. 43.-Influence of time of year on weights of females suckling litters. 
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Fig. 44.-Influence of time of year on weights of females suckling litters
smooth~d figur~s. 
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after which the weights increased until :February. J:l'rom May to 
October the relative weights at 2 and 3 weeks showed very little 
difference. For the rest of the year the weights at 2 weeks were 
above those at 3 weeks. 

It will be seen that these curves follow about the same trend as 
those of the weights of the young. Both have a marked favourable 
period from between May and June to about Au~ust and a marked 
unfavourable period round about October and November. Both 
showed a less marked favourable period at about January and 
February and a less marked unfavourable period round Mareh, April, 
and May. The similarity of these trends during the different months, 
i.e., of the weights of the females and of their young, indicate that 
some of the effect on the weights of the young is due to the milk 
production of the females, We have pointed out, however, that some 
other factor or factors probably also affect the young directly. 

3. Setcual Matwity in the Females. 

According to Mirskaia and Crew (1929-30) a distinction should be 
made between puberty and maturity. The former they define as 
" that stage of indivirlual development characterisP.d by the ability 
to elaborate functional gametes, and by the physical ability to, and 
the desire to, play the appropriate role in matinl!' ". At this stage 
maturity of the individual has not been attained ~=;ince neither the 
sex equipmE-nt nor the individual is full grown. Their definition for 
matnrit.v is "' 'that starre of individual dP.velopment which is charac
terised by the exhibition of the maximum fertility ratio with 
reference to the conditions of husbandry that are present, and in the 
case of the female by the ability to produce viable offspring and to 
rear them ". According to these definitions then " puberty marks 
the completion of those processes of development which equiv the 
individual for fruitful mating: maturity marks the completion of 
those processes of rleYelopment which equip the indivirlual for effiPient 
reproduction ". Working with mice they also showed that some indi
viduals were mature at the time of puberty while others did not 
attain maturity until long afterwards. 

Several workers have taken the opening of the vagina as an 
indication of the age when mice and rats attain puberty. Mirskaia 
and Crew (1930) have shown, however, that in mice first oestrus 
may only appear 24-120 hours after the opening of the vag·ina. 
'l'hey, therefore, discarded the age of the opening- of the vagina · as 
an indication of the onset of oestrus .. For our purpose, however, we 
have taken the opening of the vaginas as an indication of the age 
of sexual maturity and shall show how this may be affected by 
environment. "Then the growth rate of rats is not restricted, the 
first oestrus appears within one or two days after the opening of the 
vaginas. Asdell and Crowell (1935) found that the appearance of 
first oestrus was 1·1::1 dayo after the opening of the vaginas, while 

. Engle, Crafts and Zeithaml (1938) observed that :first oeshus in 75 
per cent. of the rats occurred on the same day as the opening of the 
vagina. On account of the difficulty of establishing at what age a 
rat is mature, we do not intend to make the dist1nction between 
puberty and maturity. 
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The average age of the 659 females, on which observations were 
made, when the vaginas opene"d was 43·3 days, and the average 
weight 91 g. The age corresponds with that found by Hains (1935) 
on rats obtained from the Wistar Institute and bred at Edinburgh. 
Her rats were sexually mature at 40 to 45 days of age when they 
weighed 15 to 80 g. Our females were, therefore, appreciably 
heavier when they were sexually mature. According ·to Long and 
Evans (1922) the vagina opened at about 12 days. It has been noted 
by experimenters that with increasing time the Wistar rat tends to 
mature at an earlier date than formerly. This tendency toward 
earlier maturity appears to have continued during the four years 
that observations were made at this Institution as shown by the 
following average ages and weights when the vaginas opened:-

Number Average Average 

' 
of Age. Weight. . Females. (Days) . g. 

1933-34 .••.................. 164 47·2 106 
1934-35 ..................... 91 43·3 104 
1935-36 ..................... Ill 43·0 97 
1936-37 ......•.......•...... 283 42·7 95 

Two other points of comparison indicating the earlier maturity 
are found in the percentages of females o£ which the vaginas opened 
before they were six weeks old or before they had reached a weight 
of 100 g.:-

1933-34 .....................................•. . .. 
1934-35.' ........... ·.· .......••.........•..•.. . .. 
1935-36 ................................... • ...... 
1936-37 ......... . ........................... . •... 

Percentage of Sexually 
Mature Rats. 

Before they 
were 

6 Weeks old. 

21 
36 
44 
46 

Before thev 
Weighed. 

100 g. 

30 
29 
56 
61 

To determine whether the ages of females of the same weight 
class had changed during the four years, the rats were grouped into 
different weight classes and the average ages given in Table 46. 
F rom these figures, however, there is no indication that the age o£ a 
certain weight class had changed significantly during the four 
years. There are fluctuations but no trend is manifested when those 
classes with large numbers are considered. When the observations 
of the four years are averaged, it will be seen that there was a con
tinuous increase in the average age of each weight class in the 
weight classes of 80-89 g. and above. The two lightest classes 
showed no difference in age, whereas in the other classes the 
difference tended to increase the heavier the rats became. This 
seems to indicate that although there may be females which matured 
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at ages younger than 37 days, the tendency for those below 80 g. 
of weight was to mature at the same average age. An increasing 
difference in age of those maturing at heavier weights, points to the 
slower growth rate of those maturing at heavy weights. 

In Table 47 the observations have been grouped according to the 
ages of the females to show the distribution over the four years and 
also to give the average weights of the different age classes. The 
average weight (78·6 g.) of the females in the age class of 4 weeks, 
is above that of the average of all females of 5 weeks of age . The 
average of the 5 weeks' class is nearly that of females of 6 weeks old. 
At 6 weeks the average weights equal the standard weights or 
average for all females, but after 7 weeks the avemges are below 
the standard weights or averages for all females. The early 
maturing females are, therefore, also quicker growers than the late 
maturmg ones. 

The age and weight distribution at the time when the vaginas 
opened show big variations. The youngest age was 31 days and the 
oldest 80 days. The lowest weight was 86 · 4 g . and the highest 
144 g. Asdell and Crowell (1935), however, obtained a smaller varia
tion in the age (49-59 days) when the vaginas opened if the growth 
was not restricted. They made observation on only 14 rats in the 
control group. The weights varied from 120 to 165 g. with an 
average of 136 · 7 g. They further observed that if the rats with 
ages at opening below the mean and those with ages above the mean 
were taken separately, the average weights at opening were 134·6 
and 139·5 g. respectively, while for weights below and above the 
mean, the corresponding average ages fere 53·6 and 53·4 days. This 
they took as evidence proving that the age of the rat was a more 
important determiner of the time of opening of the vagina than the 
weight. Our results, however, do not support this view since an 
increase in weight at the time when the vaginas opened also showed 
a continuous increase in age. Only with the lighter groups, of 
80 g. and below, did average age appear to remain constant. When 
the growth of the young were retarded during the lactation period 
by means of large litters, Engle, Crafts and Zeithaml (1938) found 
an increase in the average age when the vaginas opened from 47 to 
78 days but the average weights only inrreased from 110 g. to 115 g. 
The average body lengths of the rats increased from Hi2 mm. to 
169 mm. The body weights showed greater variability than body 
lengths. From their results they concluded that age was related 
only in a secondary degree to the time of the opening of the vaginas 
and that the only close agreement in their study was between the 
opening of the vaginas and body length. 

Season.-The average ages and weights of the females born 
during the different months are given in Table 48. The averages 
have again been smoothed and illustrated in Fig. 45. The curves 
show that there were two high and two low periods for the ages and 
weights during the year. The two curves, however, follow opposite 
trends. During the periods when the vaginas opened at a low age, 
the weights were above the average; when the vaginas opened at a 
higher age, the weights were below the average. From June to 
.4-ugl).st the females attained sexual maturity at the lowest ages and 

34 415 



GROWTH OF TilE ALBINO RAT. 

from March to May at the highest. In December. and January 
there was again a decrease and an increase from September to 
November. The weight curve shows the same trend _as the. curves 
illustratinO' the relative weights of rats before weamng (F1g. 42) 
and also o'"'f rats after weaning (Fig. 55). The rats born from May 
or June to August had the highest weights at the different age.s. 
During spring and the early summer there was .a decrease, but. agam 
an increase during the lul:e summer and agam a decrease m the 
autumn. It therefore seems quite likely that season affected the 
growth rate whi<'h in turn affected the age at which sexual maturity 
was attained. Both age and weight played a role, for when growth 
rate was accelerated the vaginas open at a heavier weig·ht and a 
younO'er ao·e. "'\Vhen gTOwth rate was again retarded, the vaginas 
open;d at~ lighter weight and a more advanced age. 
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Fig. 45.-Influence of time of year on weight and age of young when vaginas 
open. (Hats grouped according to month of birth). 

Prentice, Baskett and Robertson (1930) have shown in poultry 
how rate of growth, as influenced by nutrition, may influence the 
weight when maturity was reached, as measurecl by the weight when 
the first egg was produced. It has commonly been assumed that 
pullets whic:h are permitted to mature rapidly are undersized and 
underdeveloped, and that after the first few weeks it is desirable to 
slow down the rate of development. The authors, however, found 
that those pullets fed on an intensive ration laid the first egg when 
135 days old and weighing 1,800 g. while the slow growers laid 
the first egg when they were 186 days old and weighing 1,715 g. 
The early maturing birds also proved the best producers. 

Working with coloured and albino mice Mirskaia and Crew 
(1930) made a study of the ages at which maturity was attained. 
They came to the conclusion that the attainment of sexual maturity 
of their mouse stoeks-whether relatively early or relatively late
was due to genetic charaeters and was not influenced by differences 
in environmental conditions when animals were kept at an optimum 
and constant temperature. Although our rats were in a room where 
the temperature could gc, above the optimum during th~:: summer, 
the temperature did not fall below the optimum since the room was 
heated during the winter. With the same management and feeding . 
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our results indicate that environment may have some influence on 
sexual maturity in rats, although this influence may ouly be 
indii·ect in so far that the primary influence may be on the growth 
rate. 

Hammond (1940) suggested that while the bones are still 
growing the anterior pituitary secretes the growth hormone. 'Vhen 
bone growth becomes slower or stops, there is an aceumulation of 
this growth hmmone in the blood whieh causes the anterior· pituitary 
to switeh over and secrete the gonadotrophic hormone whieh stimu
lates the ovaries or testes. In the (]Uick gTowiug animal, therefore, 
the bone growth is still quick enough to use up all the growth 
hormone, so that this switching over occurs at a heavier weight than 
in the slow growing animal, which stops or grows so slowly at a 
lower weight that the hormone concentration causes the switching 
over at a much lower weight. 

4. liV eights and Tail Lengths. 

(a) Standard curves. 

We mentioned previously that standard weights for rats under 
South African conditions have not yet been tabulated. 'Vhen growth 
studies are carried out and especially when they are compared with 
those of other countries, it is ad visahle first to establish local 
standard weights. On account of the variahility in the <"limate of 
the different areas in South Africa, the wt>ig-hts we obtained, can 
only be taken as typical of this Institute until other observations 
have been f'arried out, especially near the coast, to see whether there 
are large differences. 

It is difficult to measure the body length of the rat. This can 
only be done when the animal is killed or an:tPstheti:;;ed. . This 
method cannot, therefore, be utilised when a larll'e number of rats 
are to be measured regularly. It is, however, comparatively easy 
to measure the length of the tail of the live rat. 'l'he main precau
tionary measure should be to make sure that the point from which 
the· measurement at the base •of the tail is taken should not vary. 
We have taken th~ anus as the point at the hast>- of the tnil. Th& 
tail length is taken as an indication . of the skeletal development. 
Accor-ding to Freudenberger (1932) the relation of tnil leng-th to 
body length changes from birth to 12 weeks of age. He found that 
the length of the tail was 35 per cent. of bo<ly length at birth and · 
97 per cent. at 12 weeks as well as at one year. Hut af'cording to 
Donaldson (1915) this relationship between body length and tail 
length follows practically a straight line, f>O thnt tail length can, 
therefore, be used as an indication of the increase in body length. 

Wei,qhts.-In Table 49 are tahulate'rl the weekly weights of the 
males and the females from birth till 20 wePks. A number of rats 
were required for other purposes at the Institution with the result 
that fewer rats were available from 17 weeks onward. The 
remaining rats were born in those months during which growth was 
most rapid, with the result that the average weights for males and 
females from 17 weeks are too heavy. We have, therefore, plotted 
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the actual weights and smoothed the curves for the males and 
females. From these we then read off the smoothed weights. . In 
Fig. 4G the smoothed weights have been plotted. 

The weights of the males were slightly above those o£ the 
females right £rom birth onwards. Up to 4 weeks, however, there 
was only a slight diflerence between the weekly gains o£ the males 
and o£ the females. From 5 weeks onward there was a decided 
increase in the difference between the gains o£ the males and o£ the 
females in favour of the males. As illustrated in Fig. 48 the weekly 
gains o£ the females reached a maximum at 5 weeks and then 
decreased continuously . . 'l'he males, on the other hand, still showed 
an increase up to 7 weeks and only a very small decrease at 8 weeks. 
The males maintained more or less the same high level of weekly 
gain increases from 5 to 8 weeks inclusive. Only after 8 weeks did 
the weekly gains show a decided decrease. 
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Fig. 46.-Smoothed growth curves of males and females. 

It is o£ interest to compare our weights with those obtained at 
the 'Vistar Institute from where our rats originally came. Greenman 
and Duhring (1931) showed by means of a chart how the weights 
of the rats had increased after a number of years, that of the males 

418 



G. N. MUURAY. 

more so than that of the females. They also gave the weights of 
their rats at different ages. \Ve have plotted the weights and read 
off the weights at weekly intervals. The weights are given in Table 
50 along with those o£ Rain (1934) who made observations at 
Edinburgh on rats obtained from the Wistar Institute . 

. ---------------·· 

Age; (w«ks). 

Fig. 47.-Tail lengths. (smoothed) of males and females at different ages. 

At 20 weeks the original weights, as obtained by Donaldson 
(1915), were 210 g. for males and 180 g. for females, while those of 
Greenman and Duhring were 270 g. for males and 190 g . for females, 
and for our rats the weights are 304 g. for males and 196 for females. 
The weights given for rats of one year of age are:- · 

Males. Females. 
Donaldson . . . . . . . . . . . . . . . . . . 280 g . 230 g. 
Greenman and Duhring ... 350 g. 250 g. 

If we extend our curves up to one year for males and · females 
we ob~ain the · weights of 390 g. and 230 g. respectively. It is 
extraordinary that the weights of the females have changed only 
slightly whil(l 'those of the :inales have increased appreciably. · 

"' '··· On coni paring our weights with those of Greenman and Duhring 
we ·see that the birth weights of their rats were appreciably higher 
(5·8 g. for males and 5·()7 g. for females) than the birth weigM·s ~f 

·419 



GROWTH OF THE ALUINO RAT. 

our rats (5·21 g. for males and 4 ·98 g. for females). At 2 weeks 
our rats were heavier. The weights of our females remained above 
theirs up to 11 weeks, when the weights were the same, and then 
remained more or less the same up to twenty weeks . . Our males, 
on the other hand, showed a gradual but coi1tinuous increase over 
the wein·hts of their males so that at 20 weeks the average weight of 
our males was 304 g., whereas for their males it was only 272 g. 
The ave~:age weight actually observed was 313 ·2 g., but, as we have 
pointed out, this is slightly too heavy. 

That such rapid growth for the Wistar stock is also obtained at 
other plaees is shown by the weights given by H ain (1934) for rats 
bred at Edinburgh for one year after they were obtained from the 
Wistar Institute. The average weight of her males at 130-149 days 
was 300 g. and of her females 208 g. Up to about 13 or 14 weeks 
the average weights of our females were above those of Hain, after 
that her weights were higher. Up to 15 weeks the average weights 
of our males were appreciably higher than those of her males, but' 
after 15 weeks there were only small differences in favour of our 
males. 

Smith and Bing (1928)-their work was done at Yale 
University, U .S.A.-noticed the same trend, i.e., a marked increase 
in the weights of males but a much smaller increase in the weights 
of the females at the different ages. The aver-age weights of a com
paratiYely small number of males and females ohtained by Smith 
and Bing are above the average weights of our males ancl females. 
At 20 weeks their males weighed 3GO g. and their females 225 g. 
At 25 weeks the males weighed 400 g. With regard to such a marked 
increase in the growth of the albino rat, they suggested that in 
addition to a more perfect nutritive condition, there were morpbo
logi<:al changes that were tending toward the production of a new 
species. 

In 1930 Goodale (1938) commenced to select and breed mice for 
size. The weights at 60 days were taken as a basis up to Ul37, when 
the present progress report was written, there had been a continuous 
increase in weight. The average gain for male" was 1 ·48 g. per 
1,000 mice recorded and for females ·99 per 1,000. The average 
weight of males in the first 500 was 26·0 g. and in the last 3G·4 g., 
an inrrease of 40 per cent. The female weights were 21·3 g. and 
29·3 g., an increase of nearly 37 per cent. The present average 
weight of the mice exceeds the maximum weight of mice in the 
early generations by several grs. 

Tail Lenghts.-In 'fable 51 the average tail hmgths for all the 
rats are given. As with the weights, the tail hmgths have been 
smoothed after 16 weeks since the actual observations are too high. 
The observations (sruoothed) have been plotted in Fig. 47. From 2 
to G weeks the average tail lengths of the females were slightly 
above those of the males. At 7 weeks there was a small difference 
in favour of the males which then increased continuously. 

The weekly gains in weight and in tail length have been plotted 
in Fig. 48. Whereas the weekly gains in the weights of the males 
and of the females first showed an increase and then again a decrease, 
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the weekly gains in tail lengths were at a maximum at 3 and 4 weeks 
and then started decreasing. The length of the tail is earlier 
maturing than the body weight and hence reached its maximum 
growth mte at an earlier age. The weekly gains in weight and in 
tail length of the 'feniales showed much less difference in the age 
at which the maxima were reached than the gains of the males. 
It was shown by Dunlop and Hammond (1937) with rabbits that in 
a small breed the rate of maturity of body weight, a late maturing 
part, was speeded up. 'fhe adult female rat is much smaller than 
the nclult male and hence shows eadier maturity ns in the cnse of 
the different breeds o£ rabbits which differed in weight at maturity. 

2 3 4 5 9 10 11 12 n l4 l5 16 11 1s 19 20 
AJe (weeks). 

Fig. 48.-Average weekly gains in weight and tail length of males and females. 

When the weights and the tail lengths at the different ages are 
expressed as percentages .of the weight and the tail length at 20 
weeks, we also obtain a good indication of the difference in mnturity 
between males and females and between body weight and tail len"'th. 
The following are the percentages:- · "' 

Weight. 

Age in Weeks. 

Males. I Females. 

2 •... . . --. - ...... - ... - .... . ..... .. . 
% % 

8 12 
4 .... . .......... . .. . .... . ... . ... .. . 19 27 
6 .. . . . ................. . .......... . 36 49 
8 •........ .. . .. ... ... ....... ... . . . . 54 66 

10 .... . ....... . . ... . .... ~ . .. . . . .... . 67 77 
12 ..•. . ........ :· ........ .. . ........ . 77 85 
14 .... ...... ...... •.• ..... . ...... : . . . 85 91 
16 . ..•......................... . .... 91 95 
18 .... ...... .................... . . . . 96 98 
20 ........................... . ... . . . JOO 100 

Tail Length. 

Males. 

% 
24 
47 
67 
81 
89 
93 
95 
97 
99 

100 

Females. 

% 
27 
52 
73 
85 
91 
94 
96 
98 
99 

100 

The relative difference between the weights of the males and of 
the females was 4 per cent. at 2 weeks and 13 per cent. at G weeks. 
After that the differen~e decreased gradually. The largest diffeh!llM 
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between the relative tail lengths of the males and of the females was 
6 per cent. The difference in the rate of maturity of the weights 
of males and females was appreciably larger than the difference in 
the rate of maturity of their tail lengths. 'l'he tail lengths were 
about 4 weeks earlier i11 their maturity than the weights. 

The relation of tail length to body length was determined by 
Freudenberger (1932). He found that at birth tail length-the 
sexes and two strains of rats together-was 35 per cent. of the body 
length, 71 per cent. at 3 weeks and 97 per cent. at 12 weeks and at 
one year. The tail was relatively longer in females than in males 
in most age groups. 

(b) Different years. 

Weights.-To see whether there had been any continuous 
change in the weights of the rats during the four years that observa
tions were made; the average weights of the males and of the females 
are given separately for each year in 'rable 52. The standard or 
smoothed weights of all our rats are also included, and the weights 
obtained for the four years are expressed · as percentages of the 
standard weights. The relative weights of the males and of the 
females have been plotted in Figs. 49 and 50. 
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Fig. 49.-Relative weights during different years at different ages-males. 

The relative weights of the first year showed a continuous decline 
from 2 to 8 weeb. After that age the weights ran parallel with 
the standard weights. The weights during the second year were 
above those of the first year but also showed a slight drop up to 5 
weeks, after which they also ran more· or less parallel with the 
standard weights. The weights during the second year never dropped 
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below the standard weights. The relative weights during the third 
year were below the standard at the start. They increased more or 
less continuously up to 13 weeks and then ran parallel with the 
standard weights. Up to 5 weeks they were below the standard 
"('eights but from the 6th week onward, always above. The relative 
weights of the fourth year start at the same low level as those of the 
third year and increase up to the 6th week. At that age the weights 
were still below the standard and showed the same relative difference 
up to 16 weeks. 
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Fig. 50.-Relative weights during different years at different ages-females. 

The curves of the :females showed practically the same trends as 
those of the males. The differences from the standard were not quite 
so large for the females, and the weights during the last year were 
slightly above the standard while those of the males were slightly 
below. 

There are a few points worth noting about these weights. 

The weights for ages younger than 6 weeks during the first two 
years did not show much difference and were well above .those of 
the third and :fourth years. From the age of 6 weeks onward the 
average weights of the first year were the lowest while those· of the 
second year remained high. The weights of the third and :fourth 
years again, were low and about the same until the age of 6 weeks 
was reached. Those of . the third year continue to increase until 
they were ·the heaviest after 10 weeks. Those of the fourth year did 
not increase after the sixth week. 

The other point of interest is that most of the changes took 
place before the rats were 8 weeks old or, in other words, the weights 
'at 8 weeks indicated what. the weights at later ages would . be. If 
the rats were above the standard they would remain above at the 
same level , or if they were below, they would r~main belovv.· ~his 
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agrees with Dunlop and Hammond's (1937) work where they state 
that " animals which are larger than the mean weight when ~·otmg 
are usually also larger than the mean weight when old ". Kopec 
(1927, 1932) found differences in the weights of rabbits and mice at 
birth, which he maintained persisted until the animals had reaC'hed 
the adult stage. With rats Hanson and Reys (1927) found that 
those that were heaviest at 20 days were also heaviest at all later 
ages. 

In studying the effect of growth rate on the development of the 
rat, Outhouse aqd Mendel (1933) fed rats in such a manner that 
they maintained a daily increase of 4 g. per rat from weaning until 
they weighed 3GO g. After this weight had been reached, only those 
rats that were unusually large and vigorous at weaning were able 
to continue at thie. rate. 

It would, therefore, appear that when a study is made of the 
influence of environment on the weights of the rats, it will not be 
necessary to go beyond 8 weeks in most cases. ·when we discuss the 
influence of the months in which the rats were born, some instances 
will be shown where the weights were still changing after rats were 
8 weeks old. 
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Fig. 51.-Relative t11il lengths during different years at different ages-males. 

Tail lengths.--The average tail lengths for the four years are 
given in Table 53. The standard tail lengths which are the smoothed 
average for all years, have been included and also the relative tail 
lengths. The relative tail lengths of the males and of the females 
have been plotted in li'igs. 51 and 52. They show essentially the 
same trends as the weights; during the first two years the tail lengths 
were above the standard before the rats were 8 weeks old and below· 
the standard during the third and fourth years. After 8 weeks all the 
years run parallel with the standard, also with only very slight 
deviations from the standard. · 

424 



G. N. MURRAY. 

The same would appear to apply for tail length as for weight, 
i.e., that it is only affected before the rats are 8 weeks old. 

Outhouse and Mendel (1933) found that increase in the body 
length of the rat. was closely correlated with weight increase and 
showed little relationship to age. Dunlop and Hammond (1937) came 
to the same conclusion. They stated that the change in the proportions 
of the body as the animal grew, occurred with weight rather than 
with age as such. 

l.lO 

'········· ....... .................. 
........................... ~05 

... '-...... 
.............................................. - ............... 1934-.,5 

Fig. 52.-Relative tail Jengtns during different years at different ages-females. 

MacArthur and Dafoe (1939) discussing the increase in weight 
and height of the Dionne quintuplets, noticed that the stature of the 
children showed smaller differences than their weights. 'l'hey 
suggested that stature is evidently more hereditary than weight, in 
that it responds less sensitiYely to environmental influences. It, how
ever, appears more likely that the differencce is due to the fact that 
stature is earlier maturing than weight and hence is affected t o a 
lesser extent. · 

Although the body weights of the 1933-34 ancl 1935-36 n1ts WP.re 
appreciably" lower end higher than the standard weights respedively. 
the tail lengths of those years, however, showed hardly any <leviation 
from the stan<lar<l after 8 weeks. 1.'his is explained by the earlier 
maturity of the tail length as compared to body weight. After 8 
weeks it appears that changes in weight do not affect the tail lengths 
to any marked degree any more. Early maturing parts are also 
affected much less by environment than late maturing parts. 

(c) Different months. 

1J1ei.r;hts.-In analysing the influence of the time of the year on 
the weights of the rats, the average weights at the ilifferent ages for 
each month can be compared an<l no consi<leration taken of the month 
when the rats were born, or the average weights of the rats born 
during the different months can be compared at the different ageB. 
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In Table 54 we have given the average weights of the males at 
4, 8, 12, and 16 weeks of age for the different months. The average 
weights have been smoothed and the smoothed averages expressed as 
percentages (relative weights) of the standard weights at the four 
ages. 'l'he relative weights are illustrated in Fig. 53. All the weights 
showed fluctuations of about the same magnitude but the fluctuations · 
did not coincide with regard to time of year. The relative weight at 
4 weeks was high in February (lOG) and dropped until May (93), then 
rose to July (106) with August at the same level and after that 
decreased until November (93) and then started rising until February 
(lOG). 'l'he relative weight at 8 weeks was much lower in February 
(100) but also decreased from then onward and reached the lowest 
point in June (96) and then increased to August (107) and remained 
high till October when there was a decrease till January (97) with 
only a slight rise to February. At both 12 and lG weeks of age the 
relative weights were low in February and, apart from some minor 
fluctuation, both increased at about the same rate; The relative 
weight at 12 weeks, however, reached its maximum in September 
(108) and remained high until November when it decreased until 
February (94) . 'l'he relative weight at 16 weeks reached its maximum 
in November (109). In October and December it was, however, only 
slightly lower (108), and only after December was there a marked 
drop reaching the minimum in March (93). 
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Fig. 53.-Influence of time of year on relative live weights at different ages
males. 

The weights at 4 weeks showed two high (both lOG) and two low 
(both 93) points during the year, the former in February and July
August and the latter in May and November. The weights at 8 
weeks showed a slight rise in February (100) but this point was much 
lower than the maximum in August (107). The low points were the 
same. 'l'he weights at 12 and 16 weeks each had only one low point 
and one high point during the year. 

These figures and curves show q11ite clearly that as the rats 
became older (4 to 16 weeks) the maximum and minimum points 
shifted ahout 3 to 4 months. From this it would therefore appear 
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