
G. N. MURRAY. 

that the month in which the rats were born was of the greatest 
importance in determining whether the animals woulu be light or 
heavy at the different agetl. 

These results also show that the influence at birth and shortly 
after was manifested until the animals were mature. 

uo 

Fig. 54.-Infiuence of time of year on relative live w~ights of rats burn during 
different mont hs-males of different ages. 

110 

Fig. 55.-Influenc€1 of time of year on relatiYe live weights of rats Lorn during 
· different months-females of different ages. 

To investigate the influence of the month in which the rats were 
born, the average weights at 4, 8, 12, anrl 16 weeks of rats born 
during different months are given in 'fable 55. The average weights 
have been smoothed by means of the moving average, three months 
being taken to get one average, and these smoothed averages expressed 
as percentag-es of the standard weig-hts at the respective ages. 'fhe 
relative weights of the males and females have been plotted in Figs. 
64 and 55. 
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GROWTH OF THE .ALDINO RAT. • 

The curves in Fig. 54 are about the same as those in Fig. 53, only 
the high and the low points do not coincide with regard to the time 
of the year. 'l'he high and the low points of rats at 4 weeks in :Fig. 
54 are a month earlier than those in Fig. 53. 'l'he relative weights of 
rats at 4, 8, 12 ,and 16 weeks are all at their maximum at the point 
June to August (i.e., rats born during these months), and then decrease. 
The 4 weeks" relative weights rise again reaching a maxumum at the 
January .point and then again declines to April when the second rise 
takes place. The 8 weeks relative weights show only a small rise and 
drop to and from January while the 12 and 1G weeks weights increase . 
continuously after December. The curves of the females show the 
same trend as those of the males, although the rise at the January 
point and the drop at the April point for the 4 weeks relative weights 
are slightly less. 

These weights therefore confirm the indication previously 
observed, viz., that the month in which a rat is born is of major 
importance in determining what its weight is going to be at 4, 8, 12 
and 16 weeks. As we have pointed out previously, it appears that 
after the rat is 8 weeks old its ultimate weight is not affected any 
more or probably only to a small extent by the environment. That 
there may be exceptions is shown by the high average weights of the 
rats of 4 weeks during January and the low average weights of rats 
of 12 and 1G weeks, and the reverse during April. 

uo 

Fig. 56.-Relative weights ot rats born during different months. (Relative 
weights at all ages averaged). 

In Fig. 56 the relative weights at all ages for each month, i.e., 
~oJ?th . when the ~ats were born, have been averaged to give an 
md1eatwn of the differences between the months. 'l'he cunes for the 
males aurl females follow the same trend and do not show any 
consistent differences. 

In th.e following table the average gains made by the 
males durmg the first, second, thinl and fourth months in the 
different months are given, also the total growth value for each month . 
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GROWTH OF THE ALBINO RAT. 

The biggest differences in gain per month are shown during the 
second and third ;months after birth, so that the largest differences 
were not due to differences in milk production. Below, the actual 
gains during each month have also been expressed as percentages of 
the average actual ·gains. They show the influence of the month 
when rats are born on the subsequent growth and also the influence 
of each month on the gains of rats of different ages. 

J'anuary .... . . : .. ........ ....... .. . . .... ... . 
Febn1ary •....... .......... . ........ . ....... 
March .................... . .... .......... .. . 
April ... .. .. .. ............ ............ .... . . 
May ....... . ..... . ............ . ............ . 
June ........... . . .... : .. .................. . 
July ...•............. .............. ........ . 
August .... . ......... . . .. ... .. .. ... . . ...... . 
Septem her .. . .......... .. .... .. . .. : ........ . 
October .................................... . 
November .......... .. ... . ... · ... . ..... .. ... . 
December ............... . . .. . ... ........... . 

!20 

110 

~ 

Influence of 
Month of 
Birth on 
Gains. 

94 
101 
97 

102 
102 
106 
108 
106 
108 
92 

'93 
90 

Influence of 
Month on 
Gains at 

Different Ages. 

90 
91 
91 
92 

106 
114 
101 

99 
107 
101 
104 
106 

" i loo~~-7~--~-f------~~~~~----~~--~~~~~ 

90 

Fig. 57.-Relative monthly gains of male rats during different months. 
[Showing influence of month of birth on gain and the actual gains during 
different months (rats of different ages).] 

These figures· are illustrated in Figure 57. The curve illustrating 
the effect of the month, when rats are born on their gains, is very 
mueh the same as those in Figue 56. The curve illustrating the 
gai:::::.s at different ages during the different months shows a lag of three 
months due to the fact pointed out earlier, that the month of birth is 
of greater importance than the month in which a rat happens to be, 
hu'; born during another month. Since the males and females show 
the same trend, we have only determined the gains of the males . 
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G. N. MURRAY. 

On account of the influence of the month in which a rat is born 
on its growth, the distribution of the males born during the different 
months during the four years are given in the following table:-

. Growth Distribution during the Four Years. 
Value 

of Each 

I j I Month. 1933-34. 1934--35. 1935-36. 1936-37. 

% % I· % % 
January . . . . ... ....... 94 14· 1 9 ·6 6 ·3 3 · 7 
February .... .. ....... 101 - 10·6 I 7·0 -
March .•... .. ... . . . . . . 97 12 ·5 10·6 

I 
- 12·3 

April. . . ... . . . .. . . . ... 102 7·8 10·6 - 13·1 
May .... . .. . . . ... . . . : . 102 {1·5 -

I 
- 3·7 

June ... . ... . . .. . ... . . 106 3·0 16 ·3 35·2 -
July . . ...... ... ... .. . . 108 9·9 20·2 I 16·9 9·4 
August . ... .. . . . ... ... 106 8·3 - I -

I 
27·0 

September .. .. . . . . . . .. 108 6·8 13·5 19·0 6·6 
October ...... .. . . ... . . 92 2·.6 - 5·6 -
November .. .. . . . . . . . . 93 5 · 7 8·7 - 6·6 
December ... . . .. . . . ... 90 7·8 - 9·9 17·6 

------

Average for Year .. . .. . . ... 87 103 103 100 

These figures show that differences between years in the growth 
of the rats can be caused through a difference in the numbers born 
during the different months. This factor may have been the main 
reason why the rats of the different years showed the differences in 
rate of growth. On monthly distribution alone 1933-34 was the 
worst year and the second and third the best and the fourth not quite 
so good. 

120 

110 

.................... .. ... lttiiJi ry . 

. Fig . 58.- Relative weights at differ ent ages_;males born durin~~: different 
month9 (Jnnuary-June). 
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GROWTH OF THE ALBINO RAT. 

To obtain an idea of the trend of the weights from the youngest 
to the oldest for each month, the average weights of the rats born 
during the different months are given in Table 56. For better 
comparison the average weights at each age have been expressed as 
percentages of the standard weights. The relative weights have been 
plotted in Figs. 58 to 61. The average weights of the fe;males 
showed less deviation from the standard than those of the males, but 
otherwise the trends for all the months were about the same for the 
males and females. We will therefore only discuss the weights of 
the males as plotted in Figs. 58 and 59. 

120 

00~~~~~~--+-~--~~~~~~~~~--~-L--L-_L~~~----
2 ' 6 7 8 9 W 11 U D U D ~. H W D ro 

A.ae(weeks), 

Fig. 59.-Relative weights at different ages-males born during different 
months (July-December) . 

120 

110 

i 
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Fig. 60.-Relative weights at different ages-females born during different 
months (January-June). 

With the exception of the months January, December, April and 
probably September, the trends for each month ran more or less 
parallel with the standard curve as the rats grew older. The rats 
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born during January and December were at first above the standard 
weights but their weights decreased continuously so that they were 
below the standard after they were G or 7 weeks old. The weig-hts of 
the rats born during April and probably September showed the 
opposite trend. 

They were at first below the standard but showed a continuous 
rise till the rats were about 11 weeks old after which the weights ran 
parallel above the standard. 'I'hese trends, therefore, show what 
one could already surmise from the positions of the relative weights 
in l!..,ig. 54 at the different months. 

120 

• 

110 -------------..,..-------'·'•· 

oo~~~-~-~~~~~~~~-7.~~~-f~~~~~~~~~---2 } s 6 7 a 9 w u u u u u H n u u ro 
AJt (weelu). 

Fig. 61.-Relative weights at different ages-females born during different 
months (July-December). 

'Vith regard to the weights of the rats born during the different 
months we can offer suggestions and may come to a few tentative 
conclusions. As we have pointed out at the start, definite conclusions 
can only be drawn after such work had been carried out under 
controlled conditions with regard to temperature, humidity, light 
and pressure. 

'The average weights of the rats of different ages born from May 
to A ngust (inclusiYe) were above the standarcl weights. :From between 
Septeml1er and October to l''ebruary the average weights at all ages, 
except the 4 weeks old ruts, were below the stan1lanl weights. The 
four weeks old rats born during December and J unuary were above 
the average while all the others were below. The lG weeks .old rats 
born during March and April were just ahovfl the standard, with those 
at 12 weeks slightly lower, while the 8 and 4 weeks ruts were much 
lower. 

}'rom these trends it does not appear likely that temperature 
alone coulrl have been the only determining factor although it may 
have playefl an appreciable role. 'l'he rat is only poorly equipped with 
a heat regulating me1·hanism and suffers easily from too low or too 
high temperatures. The optimum temperature for rats is from 70° 
to 75° F. It is, however, unlikely that the low tei:nperatures could 
have had any deleterieus effect since the room was heated during the 
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GROW'l'H O:F THE ALBINO RAT. 

winter . Rats are also most active during the night so that even 
if the temperature did not fall too much below the optimum it may 
not affect them adversely. The room had fans which ran day and 
night during the hot period of the year. The temperature nevertheless 
occasionally rose above 8[)0 to 90° F. T.he coldest time of the year 
is from Muy to August and the hottest from October to l~ebruary. 
The rats born during the cold months were therefore above the average 
weights while those born during the warm months were again below 
the average, except the youngest rats born during December and 
January. During September and October the humidity is at its 
lowest·. The disagreeable dust storms are most frequent in spring and 
early summer before the summer rainfall commences in October or 
November. · 

It is' probable that these different weather conditions all had some 
effect with the result that the rats born during that period did not 
grow so well. In Lyons, France, it was noticed in a hospital for 
children that babies cried and were uncomfortable during the time 
of the year that the dry and hot winds blew. Here in South Africa 
in the summer rainfall areas, lambs born from September to December 
do very poorly, · even with extra feeding and regular dosing for 
internal parasites. The lambs born in January and later do much 
better. 

Huntington (1938) has shown that season of birth definitely and 
significantly influenced (a) length of life, (b) chances of a successful 
life as measured by practically all criteria of success, (c) chances of 
survival through the dangers of infancy and ·childhood, and several 
other existence factors of later life. There exists an undoubted 
seasonal vitality tide "for man which directly influenced parental 
vitality as well as that of the offspring. The tide varies in its timing 
in different climatic regions and seems to depend more on the 
effective temperature level than on any other single factor. In middle 
tempera'te regions those individuals twnceived at the time of the late 
spring peak in general vitality exhibited an average life span almost 
four years longer than do those conceived at the end of the summer's 
heat. A preponderance of great and illustrious personages over the 
world were conceived at this season which offers a longer life span. 

Just what stimulated the growth of the 4 weeks old rats born 
during January is difficult to explain. 'I' he high weights were, 
however, not maintained, probably as a result o£ the depressing 
infl.uence during March and April on the rats born in January. 'l'he 
low relative weights of the young rats but heavier relative weights of 
the olclsr rats born in March and April, is probably due to the fact 
that there is some depressing effect which is not so markeu on the older 
rats since they had a ·chance of experiencing the stimulating effect of 
June, July, and August. 

At present we cannot say for certain what caused the depressing 
effect during March and April. A possible explanation, however, is 
that the shortening of the days may have influenced the activity of 
the pitnitary of the growing rats and so slowed down the growth 
rate. The 12 and 16 weeks old rats born during- January were above 
the average at 4 weeks but below from 8 weeks onward. That the 
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mature rats may also have been affected is indicated. by the 
observations that the females do not b:r:eed readily during Apdl. 
There is also a possibility that the milk secretion may have been 
affected as well in the case of those that suckled young during March 
and April, so that the weights of the 4 weeks old rats may have been 
influenced by the effect on the pituitary and by the milk supply. 

In this connection it may be of interest to mention the experience 
of dairymen in the summer rainfall area. During ~{arch and April 
there is a decrease in milk production with the best feeding. :Most of 
the calves 'are born during January and February, but even this can 
not prevent the decrease during March and April. 

. 
Fig. 62.-Infiuence of time of year on relative t a il l~ngth of rats born dm·ing 

different months- males of different ages. 

Taillenoth.-The average tail lengths· of the rats of 4, 8, 12 and 
16 weeks of age born during the different months are given in 
Table &7. The average tail lengths have been smoothed. and expressed 
as percentages of the standard tail lengths. The smoothed and relative 
lengths are also given in Table 58 and the relative tail lengths 
illustrated in Fig. 62. The rats in the youngest age class showed the 
greatest fluctuation during the year, the 8 weeks old rats less and the 
12 and 16 weeks old rats still less. The relative weights (Fig. 54), 
however, of the rats in the different age classes were much closer 
together duriug the different months, except perhaps December and 
,January, than the tail lengths were. 

The 4 weeks old rats showed a continuous d~crcase in tail length 
from January until April. After this there was a slow increase until 
August when the average tail length of rats born during that month 
was slightly higher than the average. The tail length reached another 
minimum during October when it started rising again, reaching its 
highest level in J am1ary. The 8 weeks old rats also showed two high 
and two low levels which were, however, closer to the average than the 
tail lengths of the 4 weeks old rats. The 12 and 16 weeks old rats had 
average tail lengths slightly above the standard from June to August. 
For the rest of the year they ran parallel with the average, but only 
slightly below. 
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As we have mentioned, the tail lengths of rats of different age~ 
showed less fluctuations during the year than the weights did. 'l'he 
fluctuations that did occur, coincided more or less with the trends o£ 
the weights. tl'he fluctuations of the tail lengths of the 4 weeks old 
rats differed from the weights in so far that the maximum ta~llength, 
of the rats born during January was greater than the max1mum of 
those born during August, while the opposite was the case for the 
weights of 4 weeks old rats. 

The lesser fluctuation of tail length during the year than of 
weight, would be expected since the former is earlier maturing than 
weight and is consequently less affected by environment. 

If tail length can be taken as an index of body length these 
results are different from what has been observed on the increase in 
weight and height of man. Nylin (1929) showed that several investi­
gators agreed with regard to the increase in weight and height 
during the year. Height increased at a greater rate during spring 
and early summer, while weight increase was slight. During the 
autumn and winter height increase was slight, but weight increase 
was then accentuated. 

5. Health of the Growing Rats during Different Seasons. 

On the whole the rats were very healthy. The only trouble that 
was encountered, was an infection of the lungs. In some cases it 
was noticed for only a few days; in others it continued as long as the 
rats were under observation, viz., several months in some cases. In 
a few cases young rats had internal ear disease. The head would then 
be held on one side and often the animal moved in circles. Not more 
than half a dozen of these cases occurred. 

With regard to the infection of the lungs, detailed ol::servations 
were mude only on the growing rats before they were 20 weeks old. 
Of the 1389 rats that were weighed every week 131 or 9·4 per eent. 
had lung trouble for a few days or longer. Of the 131 sick rats 83 or 
63·4 per cent. were males and 48 or 36·6 per cent females . Or put 
differently, 12·2 per cent. of all the males showed some lung trouble 
a~ contrasted to 6:8 per cent. of the females. 'l'aken as a percentage 
e1ther of all the siCk rats or of all the males; there were nearly twice 
as many males that showed the lung trouble as females. 

How the sick cases were distributed over the different a"e classes 
is of interest as shown by the following fig"llres:- o 

- AoE IN WEEKS, 

7 and I 8-11. I 12-15. 
I 

16- 20. I Total. below. 

Males ............. Number 9 22 19 j 33 83 
Per cent. 10·8 26·5 22·9 39·8 

Females •.......•• Number 8 8 12 20 48 
Per cent. 16·7 16·7 25·0 41 · 7 

All Rats ..•..... . . Number l 17 30 31 53 131 
Per cent. 13·0 22·9 23·7 40•5 

436 



G. N. MURRAY. 

There appears to be no significant difference between the sexes 
with regard to the distribution over the different ages. Both show a 
much higher incidence of disease from Hi to 20 weeks of age than 
during any other period of equal leng-th. During- that time 40·5 per 
cent of the c:1ses occurred. It should he mentioned that when a rat 
had lung trouble which disappeared and recurred ag-ain Lefore it was 
20 weeks ol1l , only the first occurrence was taken into consideration 
so that the 131 rats are all separate animals. Of the 17 cases below 
7 weeks of age only 5 were of rats which were 4 weeks old or younger. 

When the time of year during whir.h cases of lung trouble 
occurred, are grouped, there is a decided seasonal trend as shown by 
the following figures :-

'Winter. Spring. Summer. Autumn. 
(l\luy- (Aug.- (Nov.- (Feb.- Total. 
July.) Oct.) Jan.) April.) 

Males • •. . . .... .. . . Number 30 28 12 13 83 
Per ceut. 36·1 33·7 14·5 15·7 

Females • • ... . .... Number 16 12 12 8 48 
Per cent. 33·3 25·0 25·0 16·7 

All Rats . •• . . .... . Number 46 40 24 21 131 
Per cent. 35·1 30·5 18·3 16·0 

The lung trouble was therefore most prevalent during the winter · 
months. The spring months followe<l closely. During the summer 
and autumn months only about half the number of cases occurred as 
during the other two seasons. 

C. GROWTH FACTORs INFLUENCING Foon INTAKE. 

1. Pregnancy. 

(a) Average foocl intake of all females. 
(b) Influence of weight of female on food intake. 
(c) Influence of litter size at birth on food intake. 

2. Lactation. 

(a) Daily weight of females. 
(b) Daily weight of young. 
(c) Daily food intake of females. 

(i) All .females. 
(ii) Effect of litter size. 

3. Young growing rats (males and females)-food utilization. 

The energy, protein, mineral and vitamin requirements of the 
rat during growth and reproduction have all been studied in detail 
by a large number of investigators. It is, however, not our inten­
tion to cover the su.me field ngain in this section, but rather to 
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utilise the food intake as a measure in obtaining more information 
on how the rat adjusts itself with regard to its food intake during 
pregnancy, lactation and growth. 

In these experiments we intended to use a ration fairly similar 
to the stock ration. The milk intake could not be regulated properly 
since it became sour during the summer months and the composition 
varied from day to day. It was, therefore, decided to use rats 
receiving only a meal mixture and water. Some were given the meal 
and milk for the sake of comparison. Slonaker's (1931, a, b, c, d, 
e, £) studies on the protein requirements of different classes of rats 
have indicated that the optimum is close to 18 per cent. protein in 
the ration. The following meal mixture, which has been adopted as 
the stock ration after the completion of our observations, was, there­
fore, used :-

Yell ow maize meal ... ... . .. 65 per cent. 
Linseed meal ... ... .. . ... 15 per cent. 
Crude casein .. . ... 7 per cent. 
Yeast ... .. . ... ... .. . ... 3 per cent. 
Lucerne meal ... .. . ... . .. .. 2 per cent. 
Bone meal ... 2 per cent. 
Cod liver oil 2 per cent. 
CaCOa ... ... 0·5 per cent. 
NaCl ... ... 0·5 per cent. 

The crude protein of the above mixture is 18 · 5 per cent. and 
the crude fibre 3 · 0 per cent. 

Pregnant and lactating females and young growing rats were 
fed individually on the above mixture, some received milk, which 
was not controlled, and others water. A small number of males and 
females were also kept and fed in groups to compare their rate of 
growth with those fed individually. The rats fed individually could 
eat as much of the meal as they desired. The meal fed was weighed 
every day and the amount not consumed weighed hack the day after. 

1. Pregnancy. 

Three trials were conducted in which pregnant females were fed 
individually. The females were first fed in individual cages for 
about a week before they were put with the males. Every morning 
all the females were inspected for vaginal plugs. Those that were 
served were removed, each one being put back in her cage. Each 
rat then received a weighed amount of the meal mixture. The meal 
that was left over the following morning was weighed back and a 
fresh amount weighed out. This was done daily up to the birth of 
each litter and after that, for 28 days, when the young were weaned. 
In the three trials, 28 females received the meal mixture and water. 
In the third trial another six females were given milk instead of 
water. 
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In Table 59 are given the daily weights of the rats and the daily 
amounts of food consumed. The weights of all the rats that received 
water have been averaged. The average weights of the rats in the 
third trial that received milk and those that received water are also 
given. 'l'he rats that received milk ate only 9·2 g. daily of the meal 
mixture while those that received water ate daily 16·7 g. of the meal. 
The rats that had milk· showed no increase in the amount of meal 
consumed as pregnancy advanced. During the first week after 
service they consumed daily 9 g., 9·5 g. during the second week and 
9 ·1 g. during the third week. The females that received water in 
the third trial, consumed daily 15 · 5 g. the week after they were 
served, 17 · 2 g. the second and 17 · 4 g. the third week. When all 
the females (28) that received water are grouped then the daily food 
consumptions during the first, second and third weeks after service 
are 13·4, 15·5 and 16·9 respectively, and an avernge of 15·3 g. 
daily for the whole period. After -the first week the consumption 
had increased by 16 per cent. and 26 per cent. after the second week, 
or an increase of 9 per cent. from the second to the third week. 

The rats receiving milk ate a total of 193 g. of meal per rat 
during 21 days after service, which was divided evenly over the 
three weeks-33 per cent. of the total being consumed during the 
first week, 34 during the second week and 33 durin!:\ the third week. 
The other rats consumed 320 g. per rat during 21 days after service. 
During the :fi,rst week of pregnancy 29 ·per cent. of the total amount 
was consumed, 34 per cent. during the second week and 37 per cent. 
during the third week. 

All these figures show that when milk is fed, the rats do not eat 
more of the meal as pregnancy advances, while those receiving water 
instead of milk, show an increase of 26 ppr cent. from the first to the 
third week after service. It would, therefore, appear that those 
receiving milk, rather drink more milk than eat more of the meal 
mixture to supply in the increasing demands of pregnancy. 

Slonaker (1921), however, found that during pregnancy the 
daily food intake increased only by 2 g. His non-pregnant females, 
however, ate about 19 g. daily while those in our experiment only 
ate an average of 12 · 5 g. when no milk was given. He had his rats 
in revolving cages so that this may have caused some of the difference 
between his and our results. 

In a previous section (prenatal growth) the weight changes of 
different classes of rats during pregnancy have been shown. "\Vith 
.the exception of the very young females there is only a small increase 
(about 15 per cent.) in weight during the first two weeks. After 
the second week of pregnancy there is a sudden increase in weight. 
The increase in food consumption does not show the same sudden 
rise. The daily amount of food consumed reaches its maximum three 
days before the birth of the litter. After that there is a sudden 
decrease. This, therefore, corresponds to the daily increase in weight 
of the pregnant female which reaches its maximum four days before 
the birth of the litter. Slonaker (1925) also found that about four 

. days before the birth of the litter there is a decrease in the daily food 
intake, which is very low on the day that the litter is born. 
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Only in the first, and third trials were the daily amounts of food 
weighed Juring the week before the females were put with the males. 
The average amount consumed daily per rat was 9·9 g. 'l'he ayerage 
for the first trial was 7 ·3 and 12·5 g. for the third. The average 
weights of the rats were 223 and 22iJ g. respectively. When ihe 
averag-e of the two trials is taken, then there is an iuc·rease of :3f) per 
cent. in the amount of meal mixture consumed from the week before 
servire to the week after service. The increase is 70 per cent. from 
the week before service to the third week after service. 

Our·results agree with those of Cole and Hart (1938) with regard 
to the increase in the food consumption of pregnant versus non­
pregnant rats. They state that an increased appetite is manifested 
48 hours after copulation and tliat the average consumption during 
pregnancy is 30 per cent. greater · than in the non-pregnant controls. 
Their results, however, do not· agree with ours with reg-ard to the 
increased consumption during the gestation period for they found 
that the food consumption remained relatively constant throughout 
the period of pregnancy, w bile our results show an increase of 26 
per cent. from the first to the third week of pregnancy. Slonaker's 
(1927) results again showed only an increase of 2 g. in the daily 
consumption of rats after they became pregnant. It was, however, 
pointed out that his rats were in revolving cages and consumed a 
rather high amount of food daily before they were served. 

Slonaker (1927) estimated that the energy required for the pre­
natal development of each young was approximately 80 calories and 
for the postnatal growth to the weaning age 300 ealories. vV e have 
arranged the food consumption of the females during- the three weeks 
of pregnaney according to litter size at bitth in Table 60. It will be 
seen that there are some fluctuations but ·no trend is manifested. 

To see whether the weight of the female at service did not 
perhaps have some influence on the food consumption, the food 
consumed was arranged according to body weight at service. It will 
be seen in Table 61 that the weight of the female had no influence on 
the amount of food consumed. 

2. Lactation. 

(a) Daily weights of mothers. 

The daily weights of the females from the birth of the litters to 
weaning (28 days) are given in Table 62 and illustrated in Figures 
63 and 64. The weights of the rats receiving milk with the meal 
mixture and those receiving water with the meal mixture, have been 
kept separately. On account of the smaller number of observations, 
the former shows some fluctuations, otherwise the curves are more or 
less the same. After birth there is a tendency for the weight of the 
mother to remain constant or to increase slightly up to 19 days after 
the birth of the litter for those receiving water, and 20 days for those 
receiving milk, after which there is a gradual decrease up to the time 
ihat the litter is weaned. 
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G. N. MURRAY. 

In a former section (weights of mothers while suclding pups) the 
weights of females at 2, 3, anu 4 weeks after the birth of litters have 
been given. There the weights at 2 an<l 3 weeks were above the birth 
weights and at 4 weeks had again decreased to the same as the birth 
wei()'hts. 'l'he present data only show a slight increase up to about 
3 w~eks and then a continuous decrease up to 4 weeks. 1'he wei~hts at 
4 1\'eeks are therefore lower than· the weights at the birth of the litters. 

In the previous section the results were obtained from 123 rats, 
the litters of whieh were born throughout the year. The data under 
consiJeration were obtained from Oetober to December. There were 
also indieations that there may be some seasonal influence on the 
weights of the mothers while they suckled their young. The weights 
at 4 weeks, especially during the three months October, November 
and December, are below the average of all the litters. 

It does not appear, however, as if the seasonal influence explains 
all the difference found in the trends of the weights taken only at 
birth, 2, 3, and 4 weeks and those taken daily. In all cases the rats 
had access to as much food as they would eat. It seems doubtful 
whether daily handling could have had an influence since all·the rats 
were very tame. The most likely explanation appears to be the 
absence of milk in the ration. 

Cole and Hart (1938) also observed a fairly rapid weight increase 
of the females during the first 14 days of lactation. They did not 
mention what the trend of the weights of the females was up to 
weaning. · 

All our data, however, agree in that the weight decrease only 
begins to take place near three weeks after the birth of the litters. 
In taking daily weights of the mothers after the birth of the litters, 
it appears that the decrease commences at about the 19th or 20th clay 
after the birth of the young. This more or less coincides with the 
period when the young start to eat solid foorl. Moore ancl his co­
workers (1932) found that the weight of the mothers remained 
constant for a week after the litters were born ann then necreased, 
while Slonaker (1931 f) fonnn a necrease from birth, the amount 
of derrease depenrling on the amount of protein in the ration and 
probably also on the size of the litter. Macomber (1934) also found 
that the protein content in the ration had a very marked effect on 
the amount a female lost in weight during lactation. When lactating 
females received a ration with 20 per cent. protein they lost 4 g. in 
the one experiment and gained 6·3 g. in another. On a ration with 
16"'8 per cent. protein they lost 19·3 g., 40·5 g. on 10 per cent. and 
7'4 g. on 5 per cent. protein. 

HitC'hcock (1927) did not give the daily weights of his rats 
during the> lactation period but only the average weight at birth and 
at 30 nays when the litters were weaned. In one group the females 
were 0·6 g. lighter and in the other 1·2 g. heavier at weaning than 
at the birth of the litters. 

(b) Daily weights of the young. 
In 1'able 63 ann in Figures 65, 66 and 67 are given the daily 

weights and the daily increments in weight of the young while 
iuckling. 
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GROWTH OF THE ALBINO RAT. 

'Vhen all the litters are conRidered, then the daily gains show a 
fairly rapid increase up to the 8th day after hirth. From the 8th to 
the 12th or 13th day the increase is only gradual, and start 
decreasing after the 13th day up to the lGth day, and remains constant 
until the 18th day, after which there is a rapid increase in the daily 
gains. 

60 

50 

40 

30 

3 
~ 

f 
20 

20 

f 
I 

I • I 

',f 
I 

I ,. 

25 

,+Litters 
I 3, 4, 5, 6. 

AJI Iitten. 

Fig. 65.-Daily weights of young in litters of different sizes from birth to 
weaning. 

In the rat vV eatherford (1929) determined by means of the 
amounts of the Golgi material that the secretory activity reached 
a maximum from the 8th to the lOth Jay after parturition. Therl:\ 
was then a decline to a q1inimnm at the 14th day and a secondary 
rise whieh started at -the lGth day, which, however, uid not regain 
the level of the 8th to lOth day. Enzmann (1933) again determined 
the milk production of mice, which also showed a maximum at 10 
days 'after parturition and declined until the young were weaned. 
The growth curve of the young ran parallel with that of the milk 
produdion. Mothers with large litters gave more milk than mothers 
with small litters. The rate of growth increased again at the 15th'; 
day after the young had started to eat solid food. It was noteworthy 
that the decline set in before the eyes of the young opened and ·so 
before they started to eat solid foo-d. Enzmann consequently c~ncluded. 
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that the activity of the young was not the only factor involved in the 
decrease in milk flow as maiutai necl hy MacDowell and his co-workers 
(1930). They maintained that the eating of solid food was the cause 

• of the decline in the growth rate aucl not fhe decli ue in milk 
production. In tnice, Parkes (192G) obtained the same type of curve 
for the daily gains, which he divided into three phases: the first 
0-9 days-a periotl of rapid growth; 1 0-H> days-a. period of 
progressiYely reduced growth when the nutrition of the young become 
progressively inadequate; 16-21 days-when the growth again 
becomes rapid as the young learn to eat for themselves. With our 
data the growth curve during the four weeks that the young are 
suclding can also roughly be divided into three periods; from 0-13 
days, from 14-18 days, and from 19-28 days. 

1 

I 
I 

5 10 

/ 

I 
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I 3, 4. 5, 0. , 

,' All litters. 

I 

., .... , llitters 
/ ~ l 7, 8. 9. 11 . 

I .-•• "-.· ... ~~--.," _.,..,...~ ·-·-· ~-- ........ , ..... 1C ...... \ •"' ' •• / 
\ / .l' 

\1' / 

............ _ ........... / 

25 30 
A.ge (days). 

Fig. 66.-Daily gains of young in litters of different sizes from birth w 
weanmg. 

During the first period the young obtain enough nourishment 
from their mothers to show an increase in their daily gains. During 
the second period, however, the demands of the growing young have 
becClme ~o great that the females cannot supply enough milk with the 
result that the daily gains start to decrease. At 14 to 15 days the 
eyes of the young are open and they start to nibble the solid food 
with t hP- result that the decrease in gains i$ arrested at 16 days. At 
the 19th day there is an increase again which is maintained up to 
weaning. 

That this is the correct explanation is indicated by the curves 
obtained for large and for small litters. The daily weights are about 
t.he same up to B days after which the difierence increases daily. The 
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daily gains also show different types of curves. The rats in the small 
litters (3-6) show a marked increase in daily gains up to 11 days, 
while those in large litters (7-11) only show a marked increase up to 
6 days and after that only small increases up to 12 days aud then • 
decreases to 15 days. The curve of the small litters tends to remain 
constant or to decrease slightly £rom the 11 to 15 days with a drop 
at Hi days.. After that there is a steep increase, which only takes 
place after 19 days in the large litters. The earlier increase in the 
daily gains of the rats in the small litters is probably -due to the 
fact that they start to eat earlier than those in the larg·e litters which 
had been stunt!'lcl to a certain extent and consequently do not start 
eating solid food so readily. 
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F.ig. 67.-Relative daily gains of young in litters of different sizes from birth 
to weaning. 

The relative daily gains (Figure 67) are also rather interestmg . . 
The relative daily gains were obtained by expressing the gain of one 
day as a percentage of the liveweight on the previous day. At 3 days 
after birth the maximum is reached, after which there is a gradual 
decrease up to 16 days, and an increase again at 19 days which is, 
however, not maintained after 21 days, but remains at about the same 
level. The relative gains of the rats in the small litters remain 
higher than those of the large litters up to about 20 days after which 
there is very little difference. At that age, the rats in the large 
litters are already eating well, so that the relative gains are nearly 
the same as those of the rats in the small litters. At that stage the 
effect of the difference in the amount of milk obtained per rat has 
been eliminated since the rats can then eat as much solid food as 
they desire. 

The results of Rain (1935) on the growth rate of suckling rats of 
different sized litters agrees with our results. She found · that the 
growth l'li. te of rats in li Ht'lrs of 2-7 i~ ID.6l't'l ra. pid tha.n. thl\ t of rn ts 
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in litter~ of 8-13, the difference being especially marked between 
the lOth and 20th days. After 20 day& thl:' rat£' of iuerease was 
almost the same iu both groups. This fact she took to indicate that 
the retardation of growth from the lOth to 20th days when a larger 
litter was suckled was due to lack of adequate nourishment. 

The average daily weights of the pups of females that received 
milk with the meal mixture and of those that received water with 
the meal mixture have been includeu in Table U~. 

The milk ration had no infiuence on the birth weights of the 
pups. It, howeYer, appears th.at it had a beneficial effect on the 
milk production of the females for although the birth weights of the 
pup;, in the milk ration wl:'re lower they had the same average 
weight at 3 days·; At .4 days they were higher, the difference 
increasing up to 21 days when they were 63·3 g. and those on the 
water and meal ration .48·7 g. 

In mice MacDowell, Gates and MacDowell (1930) found at 15 
days after birth a break in the growth curve of the young. 'fhey 
attribute it to the c:hange in behaviour of the young. Up to this time 
the large, well fed young are markedly inartive,-the eyes have 
opened the day before; in another 24 hours they begin to run around, 
pick up solid food and begin to nibble. They are iruliscriminate in 
what they eat-even faeces of their mothers. Intestinal looseness 
develops. They can eat solid foorl, but are still dependent upon 
their mothers, since removal of mothers at this time will result in a 
continU<~d and rapid loss of weight for 4 to G days. They maintain 
that there can be no question but that a new phase of lif~:: is m augu­
rated at the enu of the second week by the eating of the first solid 
food. 'l'he transition is not as rapid as that affected by parturition, 
nor is the ehange so great as that from uterine to free existen [·e, but 
none the less comparable-a change from one source of nutrition to 
another. 

(c) Dai!y food intal.·e of females. 

The daily food intake of females while suckling young is given 
in Table G2 and I•'ig US. The food consumption of the rats that 
receivell milk is also included for the sake of colllparison. The two 
groups of rats show different trends in their consumption of the 
meal mixture. Those that received milk, only at 7·8 g. daily during 
the first week after the birth of the young. This is even below the 
amount taken during pregnancy. During the second week the daily 
increase had doubled. · It increased continuously until the females 
ate 4~ times as much during the fourth week than during the first 
week. The rats that received water on the other hand, ate more during 
the first week after the birth of the young, than during the last week 
of pregnancy. During the second week the consumption had in­
creased by 51 per cent. The increase from the second to the third 
week was only 28 per cent., but from the third to the fourth week 
50 per cent. It would appear that during the third '"eek the females 
more or less approach their limit, but at 19 days the food consumption 
shows iJr audden increase indicating that the young have com.m~need 
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G. N. MURRAY. 

takin(J' an appreciable amount of solid food. T_he rats receiving milk 
did ;ot show the same percentage increase from the third to the 
fourth week, indicating that the young made good use • of the milk 
that was fed. 

Hitchco~k (1927) fed rats with litters on a balanced ration and 
others on the same ration plus meat. 'Those on the meat rat1011 
consumed daily 37 g. of food during the lactation period, of this 
amount he estimated that 10 g. was required for maintenance. The 
other ruts ate daily 29 g. of which 9·4 g . was for maintenance. The 
average uaily food intake for the rats in our experiment that re­
ceived water was 3(i g. during the lactation period, a figure which is, 
therefore, very close to what Hitchcock obtained for his one group-. 

Litter .~ize and amount of fond conwmed.- The females that 
reared all their yming, were grouped acconling- to litter size to get an 
indi1·ation ot the influence of litter size on foo1l intake of the mothers. 
The re:mlt is given in Table fi4. The weekly amounts of food 
consumed are given along with the totals for the four weeks. The 
relative amounts have also been 1letermined, the food intake of the 
smallest litter size being taken as 100. 

'l'he fig-ures indicate that during the first week after the birth 
of the young, females with litter sir.es of 4 to 7 (indusive) take the 
same amount of £oo1l. \Vith larger litters, howe,·er, the foocl intake 
increases. During the second ami third weeks there is only a small 
increase for litters up to 7, and only during the fourth week are 
there any appreciable increases. When the whole lactation period 
(4 weeks) is taken, then females with 5 and 7 :voung only eat 9 and 
14 per cent. respectively more than those with 4 young. Larger 
litters show much larger differences in food intake. 

Althoug-h the number of observations is rather limiteil, these 
results ir11lieate that females with 7 young and less renuire more 
or less the same amount of food while the young are suckling. Only 
when the pups start eating is there an nppref'iable increase in the 
foo1l intake. With larger litters, ho"·ever, there appears to be an 
increase in food intake with each increase in litter size. During the­
ladation period of 28 days the averag-e daily food consumption of 
females with litters of 7 anrl smaller was !ll g. an!l of females 
with littPrs of 8 and above 4'2 g. Slonaker (192'>) found 
that females with litters of () and below consumed an averag-e of 
27·3 g. of food rlaily during 25 days of lactation. 'l'hose with litters . 
of 7 and ahove consumed !l8·(i go. dailv. The females with small 

littPrs were also less active than those with large litters. The former­
averag-ed 145G revolutions and the later 1858 revolutions in their 
revolving- cages. This differenf'e in activity was not due to indivi­
duality for when the same female harl a large litter her af'tivity war;. 
greater than when she had a small litter. Slanoker is inclined to 
belieYe that a difference in vitality is the cause and the vitality of 
individuals may change at various times. With a low vitality 
smaller litters are produced and the female has less inclination to run. 

Slonaker (1927) estimated that a female Sllf'lding a litter rf>quired 
300 calot·ies per young during- the lactation period. In the 
ration he U::ied, one gramme of meal mixture hud 3•8:t calories, &6 
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that 79. g. of food was required per young. When all the litters of 
different sizes are taken in our observations, then the amount of food 
required during the lactation period for an increase of every pup 
from 4 to 11 is 72 g. When the litter mcreases from 4 to 7, then 
the average increase in foo!l intake per unit increase in litter size is 
only 40 g., while with an iucrease in litter size of 7 to 11 the average 
increase in food consumption is 98 g. per unit increase in litter size 
durmg the lactation period o£ 28 days. 

Slonaker (1931 c) found with his old females that they wasted 26 
per cent of the meal mixture that was fed. The wastage in our 
experiments was not determined, but from observations it appeared 
to be much less than the figure found by Slonaker. The shape of 
the containers prevented the rats from scratching out the meal. A 
small wastage may occur when the rats scoop up meal in their front 
paws and then drop some outside the containers. 

3. Young rats after weaning. 

In this part our main ob.iect was to obtain data on the differences 
in food intake of males and females during the period that the 
greatest i!aily gains are mn<le. T n a previous sertion we han~ shown 
that sh01tly after weaning the difference in the weights of males and 
females increases rapidly. 

Young rats from five litters were use<l in this experiment. The 
youngest litter was jullt weaned and the oldest litter 12 rlnys e"rlier. 
'rhe rats were divi<led into 4 groups according to weight ani! ag·e. 
In each group there were 4. males and 4 females. 'l'he first group 
received milk with the meal mixture. each rat being put b:v itself 
in a cylindrical cage of wire mesh which measured 9 in. in diameter. 
and 15 in. high. The rats in the second group "ere al<:'l pl:H·Pd in 
these in<lividuul cages, hut received water instead of milk with the 
ineal mixture. EYery rat was fed as much as it would eat, the food 
'being weighed out every morning, after the food that was left over 
from the previous day had been weighed back. The rats in group 
three also received milk with the meal mixture, the 4 mules and the 
4 females being fed in 2 cages. Those in group four were also fed 
in 2 cages, but received water with the meal mixture. These rats 
were fed as much as they would eat. The food given was not weighed. 
All the rats were weighed daily. 

On account of the i!ifficulty in feeding liquid milk, as explained 
earlier, we used the water and meal ration but inclU<led a milk group 
to get a comparison of the growth rates. The two groups in whi<·h the 
rats were fed in lots were again included so that we could have a 
control for the treatment the rats had in the colony. 

Individual vs. group feeding. 

The males an<l the females in the four groups had the same 
average weights when the experiment commenred. · The ratR in the 
individual casres were fei! and weighed for GO days and those in 
groups for 50 days. To eliminate the daily variations 5 days were 
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taken as a period. 'l'he weights and average daily gains at the end 
of each 5-uny perio1] are given in Table G5. The males that were 
kept in the inuividual cages and receiYeu milk were 29, 27 and 26 g. 
heavier than the other three group<> of males respectively. There is 
no significant difference between the other three groups of males. 
The females on the other hand show no difference between the groups 
feu iJ11lividually and in groups so that the method of feeding had 
no influence on their gains. 

It was noticed that the rnts, kept in gro11ps in the larp:Pr t'ages, 
played and ran about a great deal. 'l'hose in the intli~"i lual t:uges 
coul1l not run about on account of the small size of the ca!res. This 
does not appear to have affected the gains of the rats, unless this 
may have caused the difference in weight of the males fe1l milk in 
individual cages. No explanation can, however, be giYen wh.v the 
males fed water individually and in groups did not show a · similar 
difference in favour of those fed individually. It appears, howeYer, 
that taken generally there has been no detrimental effect in c·on­
fining the rats to the Rmall eageR. The results obtaine1l with 
individual feeding can, therefore, be taken as comparable to what 
one will expect from similar rats kept under conditions of the rats 
in the colony. 

Mill~ vs. u·ater. 

Only those males and females that were fed in inclivillual ca)!es 
will he considered. here. The final "·eights at the end of GO lia.vs, 
or period 12, are given in 'l'ahle (i!j. The maieR that reeeivPd milk 
were 11 per cent. heavier than those that received water while th~ 
females that received milk were S per cnt. heavier than the females 
that received water. The average daily gains given in Table G6 
also show larger differences between the two groups of mnles (4·32 
and 3·R g.) than beb,een the two groups·of females (2·2G and 2 ·04 
g.). The average daily food int:1ke Rhows the reverse. The males 
that received water ate 42 per cent. more of the meal mixture than 
those that received milk, while in the ca~e of the females the diffe­
rence is 7!3 per cent. These results, therefore, inrlicate that eYeD 
after rats have been weaned they still grow better when milk is added 
to a balanced meal ration. 

Food utilisation by .qrowin,q males and females. 

Palmer and Kennedy (19!11) have shown when studying the 
effcC't of diet on growth that it is not enough to give· the amount 
of food consumed per unit of gain sinee this method doP.s not allow 

• for the food cost of maintenance, which increases as grow1h pro· eeds. 
They then recommended the use of a figure, whi1·h 'they termerl the 
"efficiency quotient", which repreRe'nts the 1ligestible dry mntter 
consumed in grs. per gr. of gain in weight of 100 g. of body weight. 

The calculation is made as follows:-

Efficiency <;J.Uotient = [digestible dry matter consumecf + 
· gain in live wehrht)-;-mean weight 

Juring the experiment] x 100. 
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In this experiment we did not determine the digestibility of the 
dry matter in the ration. Since the ration was the saBle throughout 
we used the actual amount of food consumed to determine the 
efficieney index. The efficiency indices for the four gwups of rats 
during the different periods are given in Table GG along with the 
average daily food consumptions. 

The daily amount of food intake of the males inrreases up to 
about the sixth or seventh period( 30-35 days), which is e:1uivnlent 
to an age of G5 to 70 days {Fig. G9). After that the con -;UJuption 
remains more or less constant, although the average daily gain starts 
to del:rease. The daily fooa intakes of the females only inc·rease up 
to the fourth period (20 days), i.e., when they are about G5 !lays old, 

. and then remains constant (Fig. 70) . Their daily gains abo show 
a decline. 
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Fig. 69.- Gains and meal consumed per rat per day-males. 

The efficiency indices of the males receiving water shows greater 
variation than those receiving mille The females reC'ei vin~ water 
also show more variation than those receiving mille This appears 
to be due to less variation in the daily gains of the rats reeeivin~ 
milk. The efficiency index of the males receiving water is 71 per cent 
higher than those receiving milk and of the female8 receivin~ water · 
121 per cent-. higher than those rePeiving milk. These efficiency 
inrlices are just used to indicate to what extent use waR made of thr 
milk, since to ohtain the true efficienpy index the digestible dry 
matter of the milk should also be cont:~idered . · 

The efficiencv index of the males on milk is lower than that of 
the females on ~ilk. the two overage figures being 1·!1fi anrl 2·34 
respectively, while that of males on water is lower than that of 
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females on water, 2·33 and 5·17 respectively. The effic>iency index 
of females on milk is, therefore, 72 per cent. higher than thut of 
males on milk, while that of females on water is 122 per cent. higher 
than that of males on water. The food utilisation of the females is, 
therefo1e, mut·h lower than that of the mules. They also show a 
greuter variability. 'l'he same thing was found by Palmer and 
Kennedy (1931) and ·hy Morris, Palmer and Kennedy (19<.1<.1) when 
they worked with the digestible dry matter. 
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Fig. 70.-Gains and m~>al consumed per rat per day-females. 

The effiiciency indices have been plotted in Fig. 71. There is just 
an indication that the efficiency indices of the males and of the 
females on water show a tendency to increase toward the enrl. The 
effidency indir.e5 of the males on milk show hardly any fluctuation 
indicating that relatiYely more use is made of the milk since Palmer 
and Kennedy (1931) founrl that there is a close relationship between 
growth rate and the efficiency index. 

Palmer and Kennedy (19~1) thought that the difference in the 
efficiency indiees of males and females seemed to offer an explanation 
of the sex tlifference in growth rate. In the same article they show 
that there is a close relationship between the rapidity of growth and 
the efficiency index. It woul<l, therefore, appear more logical that the 
slower rate of growth of the females is the cause that their food 
utilisation is lower than in the case of the males. When the growth 
rate of males is retarde<l, then the economy of their fo01l utilisation 
is decreased. 'l'he same is the experience with other animals. 

To test this point we selected six pairs of rats from three Iitten. 
Each pair consisted of a male and a female from the same litter 
which had the same weight. They were fed in in1livitlual cages for 
Hi days. 'Vater was given with the meal ration. Each pair received 
as much food as was consumed hy the one eating the least. The 
initial weights of the males an<l of the females were 7!3·2 anrl 73·3 g . 
anrl the averag-e weights after sjxteen days 118·3 and 118·0 g . 
respedivelv. The average total amount of food. -consumed by each 
rat was lSG g. and the efficiency index 4·38. · 
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Fig. 71.-'1 he " efficiency quotients " of different groups of ruts. 

The average daily weights of the rats and the average daily food 
consumption are given in Table G7. For the sake of comparison the 
average daily weights of males an<l of females that receiYed the same 
ration ad lib. are also included. The weights of the rats are 
illustrated in Figure 72. 

It will he seen that when the rats receive the meal ration at lib., 
~he males will weigh 150·3 g. and the females 12G·8 g. after lfl days. 
The eHi<~ieney indicPs of the males and of the females were 2·!l2 and 
3·5G respediYely. When the foocl' is restricted and hotl1 sexes receive 
the same amount then there is no difference in their effiden('y indices. 
U Palmer and Kennedy's (1931) suggestion had been correct then 
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the males should have made better use of the food they received than 
the females. More work should, however, be done to test out further 
aspeets of this question of difference in growth and food utilisation 
of the two sexes. Males and females could, for instance, be restricted 
25, · 50 and 70 per cent. of their optimum growth at different ages 
by means of the food intake and then see what the utilisation will be 
at different rates of growth and at different ages. 

170 

160 

150 

Days. 

Fig. 72.-Growth curves of rats fed restricted and unrestricted amounts of 
meal mixture. (All rats were fed individually). 

D. THE DEARING OF THE RESULTS ON ANIMAL PRODUCTJO])<. 

Our results have shown how the season affects the growing rats, 
while the new environment affected birth weights and growth rate and 
mature weights of males, and probably had some effeet on foetal 
atrophy. These results raise the question what factors actually 
influence the growing rats. But that can only be answered 
conclusively by carrying out breeding work under controlled 
environmental conditions. The three most im11ortant factors are 
light, temperature and humirlity and a combination of them. 'Ve 
have mentioned the results of some investigators but they are not 
always in agreement as regards the effects of these factors on animals. 

"\Ve would like to indicate in how far the present work has a 
bearing on future work on our rlomestic animals and also on the white 
and black races of this country. 

The ·large number of prenatal denths in our old iemales as 
comnareil with young females, lecl v. d. Plank (1939) to compare these 
results with observations on eattle. He mentioned that it has been 
noticed that heiferB Berved when quite young show greater fertility 
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than when first service is postponed in order to get greater develop­
mt!ut. lt would appear that uutil the coutrary has been proved, it 
would be wise not to postpone first service unduly long. In this 
connection, viz., postponement of first serviee, the re1mlts we obtained 
hom suckling females of different weights should be borne in mind. 
The young heavy females were not such good milkers as the old heavy 
females. ·we could not determine whether this was due only to 
greater fat development of young heavy females. Especially in pigs 
this question can be of some importance, whereas in the case of 
mutton sheep and beef cattle it is something one should keep m 
mind until work has been done on these animals. 

As regards milk production, our analysis shows that the growth 
of the suckling young may have been affected directly by the season 
as well as by the milk produrtion of their mothers. 'l'he milk 
production again is affected by the hormone secretion of the anterior 
pituitary, which in its turn is influenced by the decrease in daylight. 
·we then mentioned the experienee of da!ries during the months 
of March and April when there is such a sudden decrease in milk 
production although the feeding has not changed. To make sure 
w heth,er this sudden decrease in milk yield is due to the effect of light 
on the pituitary and through the secretion of the hormone on the milk 
gland, will, however, need further investigation. A start could be 
made by analysing the milk records of cows in different. parts of the 
country and eliminating the influence of other factors such as period 
of lactation, age, service period. Valuable information could also be 
obtained by analysing the milk reconls of large dairy herds where 
complete feeding records are kept, so as to eliminate the factor of 
change of feed. 

On rats, this question can also be carried a stage further when 
they are bred under controlled conditions as regards light. Females 
of the same age could be tlivided into two lots, the one lot ret·eiving 
increasing and the other decreasing illumination. They can then be 
served at the same time and the resulting young weig-hed regularly. 
As we have mentioned, however, increasing or decreasing illumination 
may effect the young as well as the mothers. 

In our material the importance was shown of month of birth on 
the suhsequent growth rate of the young, Those born rlnring the 
unfavourable time of the year clid not grow as fnst nor did they attain 
tl1e snme mature weight as those horn dming the favourable period. 
Temperature probably played an important part. In this conneetion 
it is of interest to mention the work of Huntington (1938). Arctmling 
to him the best season for birth in man is lute winter and early Rpring 
(February to :Man:h in the northern hemisphere) so that conception 
shoul<l be before June or July which is before the summer heat. He 
also ronsiders temperature to he the rlominant factor ancl shows how 
the death rate follows the weather. Those born during the favourable 
season may live four years longer than those born during the 
unfavour3;ble season. McCay (19!J!J) has shown in· rats that the slow 
growers hve longer than the fast growers. It will therefore be of 
great in.terest to see whether rats and other animals born during 
different seasons, s.how differences in longevity. In analysing such 
result~ the effect, 1f any, of growth rate should first be eliminated .. 
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In the course ol the four years during which we had the rats 
under observation, the birth weights decreased slightly and were 
appreciably lower than those of the original stock at the Wistar 
Institute. A longer period of obse,rvation is necessary to see how far 
this change will go. Data on our domestic animals and on man in 
this country will also he a valuable contribution. In Australia for 
instance, Robertson (1923) found a change in the birth weights of 
babies, namely 8 to 10 ounces heavier than in England. 

In spite of the low birth weights of our rats, the subsequent 
weights of our male rats were above those of the Wistar Institute. 
Some interesting data could be obtained by using castrated males and 
spayed females. In tbe introduction we mentioned the rapid growth 
of South African children. It woulfl be of great importance if 
weghts and heig·ht measurements could be taken systematically to 
see whether there is any difference between the sexes as compared 
with European standards. It is also very important to know whether 
growth stops at an earlier age or whether South Africans are larger 
than the various European races from which they come. In schools, 
weights and height measurements should be taken four times a year 
so as to get the seasonal effect on growth as well. 

Another important aspect on which more data are required in 
o~r domestic animals and in man, is the influence of season on 
fertility. We haYe shown that the largest litters were born in spring 
and summer, and the smallest in winter. Hammond (1934.) observed 
in rabbits that the number of spermatozoa in spring exceeded the 
number in autumn. The same may have happened in the rats. 
Although his results pointetl rather to seaRonal variations in the 
number of ova shed, the latter possibility should also be borne in mind. 
I£ the lengthening and shortening of the , days can influ"'lce the 
regularity of the oestrous cycles in rats, there is also a possihility that 
the number of follicles which ripen at a time may be affected as well. 
The effect of light on the anterior pituitary of birds and some 
mammals is well known. The anterior pituitary secretes the 
gonadotrophic hormone which causes the follicles to ripen. The 
number o£ follicles which ripen at a time appears to be controlled by 
the amount of the hormone secreted at this time. 

That fertility in man may also be influenced by season has been_ 
pointed out by Edwards (1938). He determined the ratio of multiple­
conceptions (1 pair of twins or triplets= 1 multiple conception) to 
single-conceptions for babies born in Liverpool during the years 
19:3f>-37. The ratio snowed two distinct peaks, one around mid­
February and another around the middle of August to September. 
Edwards suggested that the leRgthening and shortening of the days 
offered the best explanation of the phenomenon. For the low level m 
April be sugg-ested that a po~sible explanation ·could be found in the 
cumulative efft>ds of a debilitatingo winter environment finally over· 
coming the light effect at the beginning of the year. 

These different obRervations suffi<'e to show that environment has 
an influence but they also show how little we still know and Rtress the 
importance of making observations on our domestic animals and if 
possible, on the white and colo~red races of this country. 
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• 
V. SUMMARY. 

Observations were made on Albino rats over a period of four 
years (19:J:J-:J 7); 2:J~ litters were obtained comprising ~U4:J young at 
birth; 1789 (872 males and 917 females) were reared and weighed 
weekly. 

PRENATAL GROWTH. 

(a) Oestrus and service. 

The length of the oestrous period was 4 days in GO per cent of the 
cases observed, 3 days in 20 per cent, and 5 days in the remaining 
20 per eent cases. The time that v.agina:l plugs were visible varied 
from 6 hours to 10 days after service, the averag·e being 1 to 2 days. 
Nearly all females were served during the night or early morning. 

Quite a large number of the females that had brei!, had infected 
uteri. Here the ovaries were inactive except when only one horn o£ 
the uterus was affecteil; tnen the ovaries were active but the females 
did not become pregnant when served. 

(b) lT' ei.l]hts of prPgnant females. 

Different classes of females were used in studying the changes 
in weight of pregnant females: (1) Those serveil when the va~inas 
opPne<1, (2) old virgins 8 to 11 months old and weighing about 200 g. 
and (!3) females that had already had one or more litters. Onl.)' those 
pre~uant for the first time showed an appreciahle g-ain during- the 
fin;t two weeks of pregnancy, while rats lhat had htH1 litters showed 
practieally no gains. 'l'he weights of all females, ho\vever, i11creased 
rapidly during the last 7 to 8 days o£ pregnancy which is mainly due 
to the increase in weight of the· developing foetns_es. Only those rats 
pre~·nant for the first time showell an appreciable gain (5G per cent.) 
after parturition as compared with weight at service. This increase in 
permanent gain was equal to the gain during the first two weeks of 
pre~nancy. 

Litter size at birth had no influence on the g-ains of the females 
during the first two weeks, hut cluring the third week the gains of 
the females increased with increase in litter size. 

(c) lVe£.!]ltt a:nd number of foetuses. 

Females of the three clasPes mentioned above were killed at 
different stages of pregnancy. The pre\5'nant uteri showed an increase 
in weight only from the Gth or 7th day onward after ser'9'iee. By 
means of the method we used, foetuses could be weighed only from 
the 13th flay onwarcl, whereas the numrer of foetuses coul<l be 
determined macroscopically from the 7th to the 8th ilav of pregnancy. 
The three different claf'ses of rats showed large differences in the 
num her of prenatal deaths. In the case of the young females which 
were about 3 months old ani! pregnant for the time, there were only 
two cleacl foPtuses out of 190, avPrage number of living foetuses per 
litter 9·4. In the case of the oln rats 8 to 11 months, pregnant for 
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the first time and of those of more or less the same age but which had 
already had one or more litters, ;38·5 per cenL of dead foetuses were 

. found during the last two weeks, in the former class the average 
being 4 living foetuses per female, in the latter 5. 

LITTER SIZES AND WEIGHTS AT BIRTH. 

. During the first 24 hours the birth weights remained more or 
less constant, or could show a slight decrease for young born during 
the day. 

Mortality at birth was 1·4 per cent. This figure may be 
slightly higher since females often eat the stillborn. Average birth 
weights of males and females born alive were 5·19 g. and 4·9G g. 
respectively, and of stillborn 4·88 g. 4·8 g. respectively. Average 
litter size was 7 ·4 but for litters in which there were stillbirths 
l),verage size was 8 · 8. 

Sex ratio for all rats bo'rn was 94·5 per cent. It -decreased from 
163 to 77 as litter size increased from 3 to 9, then increased again to 
129 as litter size increased to 12. 

Birth weights derreasecl with increase in litter size. After a litter 
size of 9 was reached, hirth weights showed a tend~ncy to remain 
constant. 

Birth weights increased ·with age of mothers while litter size 
decreased. When litter size remained constant then age of mothers 
did not show any regular effect on birth weights. 

Females 2 to 3 months old had average litter sizes of 8·4 and 
thoRe 1'2 to 13 months old 4·7. This continuous decrease in a\·era~e 
litter size from the yc,nmgest age class to the oldest, instead of the 
expected increase to a maximum followed by a decrease, may have 
been due to the greater prenatal mortality in the older females. 
Total litter weight decreased from 43·3 g. to 25·0 g. Age of mothers 
was more important in determining litter size than parity. 

The weight of the mothers immediately after parturition clicl not 
appear to influence the birth weights of the young when litter size 
remained constant. 

LITTEn SrzEs AND WEIGnTs AT vVEANING. 

The average weaning percentage of all litters was 84·0. There 
was no pronounced drop with increase in litter size as was found in 
the pig for instance. The average birth weights of young weaned was 
5·11 g., but for young that died shortly after birth only 4·87 g. 
Greatest postnatal mortality occurred. during the first week after birth. 

Litter size at birth showed the same influence on weights at 2, 
3 ani! 4 weeks as at birth, i.e., first a decreasin~ decline in average 
weig-ht as litter size increased up to 9, then weights remained more 
or less constant up to the largest litter -size (lit) , 
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Although litter size at birth and at weaning showed practically 
a strai"ht hue, the infiueuce of litter size at weaning ou the average 
weiu·ht: was quite different and pe<:uliar. 'lhere was tirst an increase, 
the~ a decrease, another increase uutl finally a pronounced decrease. 
The most likely explanation of this appears to be the effect on milk 
supply of rats of different ages aud weight~, which were not kept 
coustant in this case. 

Rats in litters of which all were reared were heavier than rats in 
litters of which some we1e destroyed by the females. 

The young of females 8 to 9 months old were the heaviest at 
weaning, indicating that the milk supply was the highest at this 
perio<l. This coincided more or less with the production of the third 
litter. 

As mentioned the weight of the mothers did not influence the 
average bil'th weights of the young. The weights of the mothers at 
parturition, however, had a decided influence on the average weight 
of the young at weaning. As the weight of the mother increased up 
to 2GO g. the average weight of the young decreased, ancl after that 
increased again. This is probably due to difference in milk supply. 
It appeared that only in the case of young females did increase in 
weight of the mother accompany a decrease in the average weaning 
weight of the young, whereas in the case of the old females there was 
a teudeuey for the young to increase in weight with an increase of the 
weight of the mother. Young heavy females therefore appear to be 
poor milkers, probably due to excessive fat, while weight in old 
females is more likely due to greater muscle and bone development. 

Although the best females, i.e., those rearing the largest and 
heaYiest litters, were retained, it does not appear that the fertility 
of the population had been raiserl during the four years. Selection 
was probably mainly for good mothers, poor mQthers being discarded. 
This strain of albino rat has been in bred for so many generations that 
the stock is probably nearly homozygous for the number of eggs shed, 
showing that variation in litter size is probably only due to factorts 
such as foetal atrophy. 

SEASONAL INFLUENCE. 

(1) Length of time females took to become pregnant. 
(2) Litter sizes and weights at birth and weaning. 
(3) Sexual maturity of females. 
( 4) \Veights and tail lengths. 
(u) llealth. 

(1) From :March to July, autumn and winter, the females re­
mained long- with males before they became pregnant, but from 
August to February it took a shorter time. After Februarv there 
~as a s11cl<len inc.rea~e which may have been C'ausecl by the. decrenee 
m length of days. Females appear to have been affected more than 
mules. 
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(2) The average birth weights rlecreased from 5 ·19 g. du~ing 
the first year to 4·9G g. during the fourth year. Our average b1rth 
weights were appreciably lower than those obtained at the Wistar 
In~titute. 

The avenwe litter size was higher during the summer months, 
November to J~nuary (7 ·8), than during the winter months, May to 
July (G·S). Birth weights, when effect of litter size was eliminated, 
.did not appear to have been affected. 

Weaning percentages showed a decide(! seasonal trend, being­
highest between May and June, then rlecreasing until August and 
remaining low until October, after which there was an increase. 

During the four years the weights at 2, 3 and 4 weeks have 
decreased. This may have been caused. by the. effect on ~ilk pro­
ductioR of the mothers as well as by the envuonmental mfluence 
directly. There were decided seasonal fluctuations whieh appeared 
to be about the same at 2, 3 and 4 weeks. The highest weights were 
obtainecl during the winter. with a decline during the spring and the 
lowest level coinciding with the warm months, October and N ovem­
ber. 

The weights of the snckling females showed about the same · 
seasonal trends as the weights of the young, so that milk supply may 
also have been affected. 

(3) The sexual maturity of the females was affected as follows. 
During the first year the vaginas opened when the females were 47· 2 
days old and wei!!hing 10() g . and during the fourth year when they 
were 42 ·7 days old and weighing 95 g. 

(4) When the average weig-hts of out rats a:r:e compared with 
those of the original stock at the Wistar Institute, our males are 
appreciably heavier at the different ages up to 20 weeks, while the 
females show practically no difference. 

There was a marked seasonal effect on the weights. The highest 
anrl lowest points shifted about !l to 4 months as the rats hec•ome 
olcler-4 to IG weeksL...indicating the influence of the month of hirth, 
also that an early influence may persist until maturity. The highest 
weights for all ages were obtained for those born durin~ May to 
August, then there was a decrease with the lowest weights from 
about October to February. It appears that after 8 weeks the 
ultimate weight of the rat is not affected any more, or only to a 
small extent, by the environment under which it grew up. 

Tail length was affected less than weight by the environment. . . 
Although temperature may have influenced the weights of the 

ratA, it appears more likely that there may have been an effect by a 
combination of factors, probably temperature and humiditty, while 
a change in the length of the days probably also affected the growth 
of the animals through the effect on the pituitary. 

(5) Lung trouble occured in 12·2 per cent. of the males and 
6·8 per cent. of the females. This trouble occurred mostlv when rats 
were lG to 20 weeks old-later cases were not recorded. 'The disease 

4G1 



GROWTH OF THE ALBI~O RAT. 

was most prevalent during the winter months, 35 ·1 per cent. of the 
cases, spring following with 30·5 per cent. and summer and autumn 
much lower (18 · 3 and 16 · 0 per cent. respectively). 

GRoWTH AND Foon !NTAI{E. 

Daily gains of suckling young showed an increase from birth 
to 13 days, milk supply being then adequate, a standstill or decrease 
in daily gains from 14 to 18 days, milk supply being the limiting 
factor, and a continuous increase in daily gains from 19 to 28 days 
after the young have become accustomed to solid food. 

As litter size increased from 4 to 7, females required 40 g. 
additional food for each additional young for the 28 days period and 
98 g. 'for each additional young from 7 to 11. 

Food utilisation o£ females was lower than that of males and 
showed a much greater variability. When the same amount of food 
was g·iven individually to pairs of males and females of the same 
weight, then there was no difference in the food utilization. The 
difference was, therefore due to the more rapid growth of the males 
when both sexes were fed ad lib. 
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