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Chapter I 

INTRODUCTION 

The Theory of Regulation of Reproductive Rate within Populations 

The original hypothesis considered that soeiopsychological pressure 

might act as a stressing stimulus in some proportion to population density, 

which would activate the complex hypothalamo-hypophyseal-adrenocortical­

gonadal system (Selye, 1939, 1954; Harris, 1956). This proposal was based 

on field data reported in the literature and on the results of experiments 

in the laboratory with the pituitary-adrenocortical system. 

A relationship between reproductive endocrine function and population 

density was foreshadowed by Pearl and Surface (1909), who demonstrated 

decreased egg production by domestic fowl with increased population size 

even though the area per bird was kept constant. Crew and Mirskaia (1931) 

and Retzlaff (1938) demonstrated a similar inverse relationship between 

population size and reproductive performance in albino mice. These authors 

recognized the importance of behavioural factors in producing these effects. 

Retzlaff observed that socially dominant female mice gave the best 

reproductive performance. 

Selye (1939) demonstrated that stimuli evoking a response of the 

pituitary-adrenocortical system also suppressed the reproductive function 

of female rats. He postulated that the decreased reproductive activity 

might result from a shift in pituitary function to produce an increased 

amount of adrenocorticotrophin (ACTH) at the expense of the production 

of gonadotrophins although an actual decrease in the production of 

gonadotrophins was not shown. 

More recently, increased activity of the pituitary-adrenocortical 

system in response to increased population density, accompanied by decreased 
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reproductive activity, has been demonstrated in populations of house mice 

(Christian, 1955a, b, 1956a, 1960), rats (Christian and Davis, 1956), voles 

(Louch, 1956), deer mice (Helmreich, 1960) and chickens (Flickinger, 1961). 

Christian (1959a) has postulated that the mechanisms regulating 

reproductive rate within populations are evolved from sociopsychological 

pressures which act as stressors to the individual in some relation to 

population density. These pressures presumably will stimulate the release 

of ACTH from the anterior pituitary via pathways involving the higher brain 

centres and the hypothalamus with a resultant increase in adrenal 

glucocorticoids (Harris, 1956). Furthermore, it has been suggested that 

the secretion of gonadotrophins and growth hormone may be suppressed 

simultaneously, with a resultant decline in the output of sex steroids 

(Selye, 1939). Assuming these hypotheses are correct, then there should 

be progressively increased adrenocortical activity and decreased reproductive 

activity with increasing population density. 

Studies on Innate Control of the Reproductive Rate of Populations 

(a) Laboratory populations of fixed size 

Adrenocortical and reproductive responses were related to the number of 

mice comprising the populations when male albino or wild-stock house mice 

were placed in groups of various sizes following three weeks of isolation 

(Christian, 1955a, b, 1956b). The weights of the adrenal glands increased 

with increasing population size. The increases in weight were due to an 

increased amount of cortical tissue, primarily of the zona fasciculata, as 

shown by measurements of the zonal widths (Christian, 1955b, 1956b). There 

is excellent evidence that the fasciculata is the zone primarily responsible 

for the production of glucocorticoids as opposed to mineralocorticoids 

(Eisenstein and Hartroft, 1957; Hartroft and Eisenstein, 1957). The weights 

of the adrenal glands of wild-stock house mice increased with population size 
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at three times the rate of albino mice. The wild mice were much more 

aggressive than the albino mice, and the differences in adrenal reactivity 

probably reflected such behavioural differences (Christian, 1956b). 

Involution of the thymus gland, in the absence of an increase in 

circulating oestrogens or androgens, is an index of adrenal glucocorticoid 

activity (Weaver, 1955). Therefore, increases in adrenocortical secretion 

in some proportion to the changes in adrenal weight were indicated by the 

declines in weight of the thymus glands to below the isolated control 

weights. The thymic weights were regulated in a roughly inverse fashion 

to the adrenal weights (Christian, 1955a, b, 1956b). 

The preputial glands and seminal vesicles, as indicators of androgen 

activity (Burrows, 1949; Rennels, Hess and Finerty, 1953), declined in 

size with increasing population size in both varieties of mice (Christian, 

1955a, b, 1956b). 

A significant decline in the weight of the testes due to a decrease in 

seminiferous tubule diameter with increasing population size was eliminated 

by adjusting the weights for body weight (Christian, 1955a). Body weight 

decreased significantly with increasing population size (Christian, 1955a). 

Evidently the testes and body weight responded to population density to the 

same relative degree. 

The changes, with increasing population size, in size of the adrenal, 

thymus, and preputial glands, the body and the seminal vesicles, indicate 

increases in ACTH production and decreases in the effective activity of 

gonadotrophins and growth hormone. However, what appears to be the effect 

of a decrease in gonadotrophin activity of the pituitary may reflect 

mechanisms other than a simple reduction in production or secretion. There 

may be direct effects of ACTH or adrenal hormones by altering the sensitivity 

of the reproductive organs to the gonadotrophins, or ACTH may have increased 

the renal secretion of gonadotrophins (Smith, 1951). Possibly all of these 
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mechanisms were operating simultaneously (Christian, 1959a). This work 

supports Selye's concept of a decrease in gonadotrophic activity due to 

stress (1939) but does not establish that there was an actual decrease in 

gonadotrophic hormone production by the pituitary. However, the changes 

noted are consistent with an effective reduction in gonadotrophic activity 

irrespective of the mechanism producing the reduction. Social pressures 

are evidently the factors responsible for producing such changes in organ 

weight and function with changes in population size, as food and water were 

supplied in excess of utilization and from multiple sources, and the other 

environmental conditions were maintained constant for all populations. 

Fighting Qer ~ cannot be responsible for the changes, as fighting 

essentially ceased after the first few hours except for occasional sporadic 

encounters. Occasionally there was no fighting in a group and yet the 

organ responses were still evident. In addition, the dominant animals 

fought the most, yet had the smallest adrenals (Christian, 1959a). 

If the pressures causing the observed physiological changes are truly 

sociopsychological in nature, reserpine should at least partially block the 

pituitary-adrenal response to grouping by its suppressive action on 

aggressive behaviour (Plummer, Earl, Schneider, Trapold and Barrett, 1954). 

Fighting between mice was reduced markedly by treatment with reserpine, and 

the usual increase in adrenal weight and decreases in thymus and seminal 

vesicle weight, associated with grouping, were largely prevented (Christian, 

1956b). Reserpine did exert somewhat comparable, but less marked, effects 

on the organ weights in isolated mice, but these were not significant. 

These experiments with reserpine supported the belief that increased 

population density acts through sociopsychological mechanisms to produce 

stress with its attendant physiological reactions. 

Comparison of the behaviour of mice at two different population density 

levels suggests that territorialism and social rank are two poles of a 
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behaviour continuum related to density. At low densities individuals of 

this species are territorial, but at high densities they may become 

associated in groups which have a social rank (Davis, 1958). 

In a series of experiments with 18 groups of 6 wild-stock house mice 

each (Davis and Christian, 1957) the mean adrenal weight increased 

progressively with a decreasing dominance rank. The preputial glands 

decreased in weight with decreasing rank, but a relationship between the 

weights of the seminal vesicles and rank could not be demonstrated (Christian, 

Davis and Hilton, unpublished -cited by Christian, 1959a). 

In albino male mice, from groups of 4, 5 or 6 each, the mean adrenal 

weight decreased with increasing number of injuries, but this was paralleled 

by a decline in body weight (Christian, 1959b). The data was interpreted to 

indicate a tendency for adrenal weight to increase with decreasing social 

rank and not to reflect fighting per ~· Barnett (1955) has shown a 

comparable relationship between adrenal function and dominance or 

subordinance in rats. Flickinger (1961) reports that, after sexual maturity, 

the adrenal weights of cocks correlated reciprocally with social rank. 

Subordinate grouped cocks were found to have a slower testes weight gain 

and delayed onset of spermatogenesis compared to dominant grouped males. 

Nulliparous and parous female mice of albino and wild-stock strains 

were placed in groups and compared to isolated controls (Christian, 1960). 

Mild hyperplasia of the zonae fasciculata-reticularis, increased involution 

of the adrenal X-zone and significantly lower uterine weight were associated 

with grouping. Adrenal weight was not changed, as the alterations in the 

zona fasciculata and X-zone evidently offset each other. The author suggests 

that an increase of adrenal androgens may account for accelerated involution 

of the X-zone and inhibition of reproductive function. The X-zone is 

involuted by androgens (Howard, 1927, 1959; McPhail and Read, 1942a, b; 

Jones, 1952). Degeneration of the adrenal X-zone of inbred house mice, in 
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response to grouping, appeared to be due to increased androgenic-progestational 

hormones (Mody and Christian, 1962). 

Evidence for androgen production by hyperplastic adrenal glands of mice 

is given by Christy, Hofmann and Huseby (1962). Spayed female BALB/C mice 

developed adrenocortical hyperplasia in 4 to 6 months; the salivary glands 

then became masculinized and seminal vesicular grafts were stimulated. 

Adrenal androgens were studied in immature female mice at non-virilizing 

doses thought to be within the limits of endogenous secretion (Varon and 

Christian, 1963). Certain androgenic steroids produced delay in maturation 

of the reproductive tract. Increased follicular atresia and absence of 

pre-ovulatory follicles and corpora lutea in the ovary indicated inhibition 

of gonadotrophins, possibly of luteinizing hormone. In addition, direct 

action of these steroids on the gonads was suggested. However, some steroids 

produced the reverse effects. 

The authors suggested that involution of the adrenal X-zone, produced 

by some of these steroids, was similarly caused by an effect on pituitary 

gonadotrophin activity and by direct action on the adrenal gland. 

In female mice subjected to increased population density, the degree of 

cortical hyperplasia does not account for the magnitude of response to 

increased density seen in populations of mixed sex (Christian, 1960). There 

appears to be an additional effect on reproductive function due to increased 

secretion of adrenal androgens. 

(b) Freely growing confined laboratory populations 

Freely growing populations of wild-stock house mice into which the 

animals were born and in which they remained were studied by Christian. 

The populations and experimental design were similar to those of Brown (1953), 

Strecker and Emlen (1953), Southwick (1955a) and Clarke (1955), all of whom 

used freely growing confined populations of house mice or voles. 

A few pairs of mice were introduced into a large cage and the population 
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allowed to develop from these (Christian, 1956a). Food and water were 

available ~ libitum from several sources, and nesting space was in excess 

of the usage rate. Temperature and light were kept constant. No competition 

for food or water was observed, and there appeared to be no serious competition 

for nest space. Eight of these populations were used. Six were allowed to 

approach or actually reach upper asymptotic levels and two were stopped at 

an estimated one half of the asymptotic value (intermediate populations). 

The growth-form of these populations of mice (like those of Strecker and 

Emlen, 1953; and Southwick, 1955a) was sigmoid, and growth was self-limited. 

The number of mice in the asymptotic populations varied from 21 to 130 with 

five of them between 60 and 130. Litter survival was so low at these levels 

that recruitment into the adult population had ceased. 

The changes in the adrenal glands and reproductive organs of mice from 

the freely growing populations paralleled those from earlier experiments 

with populations of fixed size. Adrenal weight increased approximately 25 

per cent in the male and 14 per cent in the female mice from asymptotic 

populations, mainly as a result of an increase in adrenocortical tissue. 

The increased amount of adrenocortical tissue largely resulted from 

cellular hypertrophy and hyperplasia of the zona fasciculata, but in young 

mice it was also due in part to a delayed involution of the X-zone (Christian, 

1956a). The X-zone of mice is involuted at puberty in the male and at first 

pregnancy in the female (Howard, 1927; Jones, 1949). 

There was a suppression of reproductive activity in both sexes 

coincident with the increase in adrenal weight. Unlike the adrenals, 

however, the thymus and reproductive organs of the younger mice were affected 

more than those of the older members of the population. The onset of puberty 

was delayed in the younger mice, and this delay was reflected by a delayed 

involution of the thymus and adrenal X-zone as well as by the reproductive 

organs. Spermatogenesis was depressed in all but the heaviest males as 
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determined by histologic evaluation of the testes of each mouse (Christian, 

1956a). 

Reproductive performance was depressed in female mice. The number of 

young born per female in the population declined as the population size 

increased (Christian, 1956a). There was a decreased number of viable 

embryos, an increase in the number of resorbing embryos, a decreased total 

litter size, and a decrease in the prevalence of pregnancy in females from 

the experimental populations. 

Increased resorption of implanted embryos, resulting in a 60 per cent 

reduction in effective natality, was observed when deer mice were subjected 

to crowded conditions (Helmreich, 1960). Significantly increased resorption 

of embryos was recorded in the highest density classes of house mice living 

in corn ricks (Southwick, 1958). 

A regular decline in the rate of infant survival until weaning 

paralleled the decline in birth-rate (Christian, 1956a). The decline was 

essentially linear with the logarithm of the population size. The young 

were also forced from the nest at an earlier age and appeared unthrifty. 

Their stomachs contained no milk at autopsy, suggesting that lactation might 

have been depressed along with the other reproductive functions (Christian, 

1956a). 

Wide variations in the asymptotic values for several populations in the 

same amount of space, other things being equal, (see above) have been reported 

for house mice (Brown, 1953; Strecker and Emlen, 1953; and Southwick, 1955a) 

and voles (Clarke, 1955). Such variations in the maximal population size 

appear to be due to the behavioural differences between populations in terms 

of social structure, and especially the aggressiveness of particular 

individuals (Brown, 1953; Southwick, 1955b). It is note-worthy that in 

Christian's experiments the physiological alterations were qualitatively 

similar for asymptotic populations irrespective of the actual numbers of 
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animals involved. These factors led to the definition of population density 

in terms of "units of social pressuretl with a varying number of animal.s 

comprising a unit of social pressure (Christian, 1959a). 

It is of interest that Louch (1956) found a similar increase in 

adrenocortical function associated with increased population density in 

three confined populations of voles (Microtus Eennsylvanicus) using counts 

of circulating eosinophiles as the indicator of cortical function, instead 

of adrenal and thymus weights. There was also increased litter mortality 

with increased population density. 

(c) Natural populations 

The same relationship between the adrenal cortex, reproduction and 

population density, as shown in laboratory experiments, was found in natural 

populations of Norway rats from the street-blocks of Baltimore city (Christian 

and Davis, 1956). Rats were taken from 19 populations, usually more than 

once from each population, and each time the adrenal weights were obtained 

and the population categorized in terms of population status. There was a 

fundamental difference with respect to sex in the responses of the adrenal 

cortices to low stationary populations. In most circumstances, however, the 

adrenal weight of Norway rats was directly related to population density. 

These results were supported by those obtained by monthly trapping of 

populations of farm rats over a period of two years. The adrenal weights 

of these rats varied with the population density as measured by trapping 

success (Christian, 1959c). 

Three populations of rats were reduced to a constant 32 per cent below 

the initial level of high density by trapping (Christian and Davis, 1.955). 

The adrenal weights for both sexes combined were reduced 28 per cent by the 

initial reduction in population density. 

Davis (1951) demonstrated that reproduction is suppressed in rats from 

high stationary (dense) populations, which have a decreased preval.ence of 
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pregnancy compared to animals from populations increasing in size. 

differences were more striking in the main spring breeding season. Davis 

was unable to find any changes in litter size associated with population 

status, so that the effect of increased population density on rats appears 

to be entirely one of decreased fecundity or increased litter mortality. 

He concluded that, although there was an increased prevalence of pregnancy, 

mortality at parturition must be greater in increasing (low density) 

populations, as the prevalence of lactation was the same for all categories, 

but that there must also be a greater survival of young at low densities in 

order to produce the increase in population size. 

Natural populations of voles, Microtus pennsylvanicus (Louch, 1958) and 

M. montanus (Christian, 1959c), showed similar adrenal responses to changes 

in population density. In the latter case, reproductive performance was 

inversely related to density. Southwick (1958) has studied house mice living 

in corn ricks and found that reproductive disturbances at high densities were 

limited because of the high quality of the habitat. 

Kalela (1957) made an intensive three year study of populations of 

another species of vole, Clethrionomys rufocanus, which has rooted molars 

permitting classification of the animals into age groups. During the period 

of peak densities there was a marked failure of juvenile voles, especially 

males, to reach sexual maturity by late summer, compared to the preceding 

and succeeding seasons of lower densities. In the area of extreme density, 

juvenile females also failed to reach sexual maturity. The prevalence of 

pregnancy in mature females in late sumn1er was less in populations of high 

densities than in populations of low densities. Kalela found no significant 

changes in litter size associated with population density in those females 

which became pregnant. It was also noted that the size of these voles 

decreased during the period of declining population density, suggesting 

adverse effects on the young during periods of maximwa density. 
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Thus, results for natural rodent populations are similar to those from 

experimental populations of rodents in the laboratory. 

(d) Effects on later generations 

Christian (1956a) autopsied nestling mice from populations of high 

density. His observations suggested a failure of lactation coincident with 

the depression of other reproductive functions. However, there was no way 

of distinguishing between diminished lactation and a failure to nurse 

properly as a result of interference by other mice, a loss of maternal 

behaviour or other factors which result in infrequent nursing or total litter 

abandonment (Brown, 1953; Southwick, 1955b). A failure of lactation is 

compatible with the known effects of stress on the reproductive system 

(Selye, 1939) and lactation in particular (Selye, 1954). Furthermore, 

Chitty (1955) showed diminished lactation in voles due to crowding as 

measured by the weights of the offspring in a limited series of experiments. 

Further experiments (Christian and LeMunyan, 1958) were designed similarly 

to determine whether the effect of population density on the offspring was 

due to a failure of lactation or to some other factor. The experiments 

involved cross-nursing of pups born to isolated and control mothers. The 

crowded mothers were isolated following 6 weeks in groups of 20 pairs per 

cage. Litters born after separation of the groups into isolated pairs were 

divided and half the litter exchanged with half that of a litter of equal 

size and age born to a permanently isolated female. 

The weights of the young raised by the previously crowded mother averaged 

approximately 15 per cent less than those raised by the isolated mother. The 

important factor determining the weights of the young at birth or any 

subsequent time was whether the mother which nurtured them had been crowded 

or isolated. The proportion of infant mice which survived to weaning was the 

same for both crowded and isolated mothers. The effect on the young is, 

therefore, clearly a failure of maternal lactation and not an inherited defect 
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or one brought about by intra-uterine factors (Christian and LeMunyan, 1958). 

The young of crowded mice probably suffer from inanition to a degree, 

depending on the degree of stress in the mothers, from birth onwards. There 

is evidence, however, that adrenocortical hormones may be passed to the 

offspring via the milk and thus may exert a direct suppressive effect on the 

growth of the young (Glaubach, 1952). It is more than likely, then, that 

the physiological defects noted by Chitty (1954), in young voles from 

populations of high density, are due to lactational deficiencies (Christian, 

1959a). 

It was of particular interest to find that the effects of crowding 

persisted in mice for several months after they had been removed from the 

crowded conditions and placed in isolation (Christian and LeMunyan, 1958). 

There appeared to be some permanent effect on fertility and pregnancy as the 

first litters of several of the mice were stillborn (births actually observed) 

before they delivered living young (Christian, 1959a). Only 77 per cent of 

the females surviving the period of crowding subsequently bore litters and 

only 82 per cent of these litters survived to weaning. 

These results emphasized the long-lasting effects of high population 

density on reproduction in mice. 

(e) Disease resistance 

Experiments with mice on induced granuloma formation (Christian and 

Williamson, 1958), and on resistance to infection by Trichinella larvae 

(Davis and Read, 1958), suggest that grouping of mice may increase the 

production of glucocorticoids sufficiently to depress the inflammatory 

response. Thus, the hypothesis that resistance to disease decreases with 

increasing population density seems to be supported by experimental evidence 

(Christian, 1959a). 
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Purpose and Scope of the Study 

The literature reports the effects of increased population density on 

the reproductive organs of male and female mice in laboratory populations of 

fixed size, and on the reproductive rates of freely-growing confined 

populations in the laboratory. However, no reports have been found on the 

effects of increased population density on reproductive rates of laboratory 

populations of fixed size, although, by inference from other studies, the 

nature of such effects may be indicated. 

The following study was undertaken to demonstrate some effects, if any, 

of increasing the female population size per unit area, male population size 

being maintained at unity, on the reproductive mechanisms and reproductive 

rate of inbred house mice. 

The reproductive mechanisms investigated were those primarily associated 

with the female and information on male reproductive mechanisms was obtained 

only at stages where males were necessary concomitants in determination of 

female criteria. 



C57BL 

101 

CBA 

1 

2 

* 

** 

TABLE 1 

Some details of lines of C57BL, 101 and CBA 
strains of mice held in stock, as at r'1arch, 1963. 

1 2 Coat Colour 

1 ** 27 5.6 + 0.44 Black 

2 27 * 5-5 + 0.37 !I 

3 2 II 

4 1 u 

1 6 6.1 ::: o. 

2 ** 

3 18 n 

1 29 6.2 ::: 0.46 Black 

2 2 Agouti 

3 5.4 :!: 0.47 

4 2 

line were selected. 



Chapter II 

MATERIALS and METHODS 

Mice 

The two lines of mice to be used in these studies were required to have 

a high level of inbreeding, a high reproductive rate and, in view of the 

possibility of conducting experiments involving ovum transplantation, a 

genetic marker such as coat colour. 

Three strains (C57BL, 101 and CBA) comprising eleven lines of were 

available in the small animal house at Massey University. (For the method of 

naming strains see Committee on Standardised Genetic Nomenclature of Mice, 

1960.) From the breeding records of each line, data were obtained on the 

level of inbreeding (number of generations of full-sib mating) and reproduc 

performance (mean size of the first litter of the latest 20 generations). 

These data for each line are summarised in Table 1. 

On the basis of these data the lines selected were C57BL line 1 and 101 

line 2 (hereafter referred to as C57BL and 101, respectively), both having a 

high coefficient of inbreeding ( >99.5 per cent) and similar mean first 

litter size. Two of the CBA agouti lines had an irregular breeding history 

and the third CBA agouti line showed considerable variation in first litter 

size. The CBA black line had a higher reproductive rate than lines of other 

strains. The particular 101 line was selected on the basis of number of 

of full-sib mating and the particular C57BL line on the basis 

of breeding history. 

Design of the Experiments 

To examine the effects of increased population density on these mice, 

two levels of density were selected. The control density was one pair per 

box and the experimental (grouped) density was five females and one male per 
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box (hereafter referred to as groups), thus producing a three-fold increase 

in population density between control and grouped mice. 

Studies on the general reproductive processes of the mice were replicated. 

Results of the first study (experiment A), on a limited number of animals, 

were augmented by the results of a second study (experiment B) on a larger 

number of mice. Experiment B began at completion of experiment A. As there 

was evidence of certain quantitative differences between the results of the 

two experiments, it was not possible to combine these results. Thus, data 

presented in Chapter III pertain to three variables, namely, experiments, 

lines and levels of population density. 

Pre-natal mortality was also studied. The treatments were the same as 

in experiments A and B. Because of the necessity of having a large number of 

animals, virgin females were accumulated over a period of some months. This 

introduced variation due to the ages of mice. Thus, data presented in 

Chapter IV also pertain to three variables, namely, ages of mice, lines and 

levels of population density. 

Housing and Feeding 

The mice were housed a room 10' x 12' x 9' high maintained at 21°0. 

by a fan-type heater operating through a thermostat. Lighting was by natural 

daylight via a window (3' 811 square) facing south-west. 

The experimental mice and breeding stock were kept in plastic boxes 

(5~n x ll~n x 18-11 ) held on wall-mounted racks. Mice not currently involved 

in experiments (surplus males, spayed females, virgin females) were stored 

in wire cages (12 11 x 18" x 6U high) placed on metal trays and capable of 

holding 20 to 40 animals. 
\ 

Boxes and trays contained ~ti-Ift of sawdust and 

wood-wool was provided for nesting material. 

Changes of all boxes, cages and trays were made once a week, fresh 

sawdust and nesting material being used. Soiled containers were washed and 

sterilised in Zephiran solution (cages and trays were steam sterilised in the 
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later stages of the experiments). 

The mice were fed a diet of pellets prepared by a local milling company 

to the following formula:-

Wheat meal . . . . . 80 parts 
Barley meal . • . 20 
Ground oats . . • 8 
Buttermilk powder 64 
Wheat germ meal . 10 
Lime . . . • • 2 
Salt . . . . 1 

Total 185 

Food and water were provided ~ libitum; special care was taken with 

high densities of mice to ensure that food and water containers were kept at 

a high level. 

Breeding Methods 

(a) Stock mice The mice originated from twenty individuals of each line 

selected from the University stock and were randomly mated to increase their 

numbers. 

As the number of males available was limited, one male was mated to two 

females per box. The productivity of the females did not appear to be 

adversely affected by doing this. 

The breeding colony was expanded to, and maintained at, approximately 

twenty females of each l~ne. 

All pups were recorded at birth, earmarked and weaned at 28-35 days of 

age. This weaning age was selected after consideration of the growth rate 

of the C57BL pups which weighed approximately 7 grammes at 21 days, but 9 to 

10 grammes at 28 days old, the latter being a more desirable weaning weight. 

The 101 pups grew faster and might have been weaned satisfactorily at 21 days 

of age. 
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(b) Experimental mice The weaned female mice to be used in experiments 

A and B were transferred to new boxes, whereas those to be used in the studies 

on pre-natal mortality were placed temporarily in cages. The females studied 

in experiments A and B were randomly distributed to the control and grouped 

treatments. In this manner, females from one litter were normally dispersed 

between the two treatments and a box of grouped mice rarely contained females 

from one litter only. In making up a group, females weaned on the same day 

were used. The males were placed in cages at weaning and were removed as 

required to be introduced singly (i.e. one male per box) to the females as 

soon as the latter were assigned to the separate treatments. Males at least 

two weeks older than the females were used whenever possible in experiment A. 

All males were mature (3+ months old) in experiment B. 

Control of Disease and Parasites 

Young mice occasionally suffered from infantile diarrhoea which was 

treated by administration of aureomycin in the drinking water for up to one 

week. When not effective at the end of this time the treatment was replaced 

by one consisting of a loose feed mixture of 1 part buttermilk powder to 

2 parts barley meal containing penicillin (Vetspen), placed within the box. 

This mixture was given for up to one week during which time the normal feed 

was reduced to a bare minimum. 

Mid-way through the study period, tapeworms (Hymenolepis~) were 

discovered in other mice in the small animal house. To guard against 

infection the floor of the room was washed down with chloride of lime once a 

week. Despite these precautions, tapeworms were found, at autopsy, in some 

experimental mice. The incidence of tapeworms is given in Appendix I. 

Lice were controlled by dusting with malathion powder. 

On several occasions the external genitalia of some male C57BL mice 

became inflamed. To prevent transmission of any organisms involved in what 

appeared to be an infectious disease, hands and the instrument for detecting 
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vaginal plugs were washed in Zephiran after contact with the animals. 

Detection of Vaginal Opening 

In immature female mice the mouth of the vagina is closed by a membrane 

which ruptures at puberty. Thus detection of vaginal opening presents a 

convenient method for determining age at puberty. 

Females were examined daily, care being taken to prevent physical 

breaking of the membrane during examination, and puberty was assumed to have 

been reached when the membrane had separated to the full width of the vulva. 

Detection of First Oestrus 

At the onset of first oestrus marked changes were visible in the external 

genitalia: the vulva tended to be swollen; there was reddening of the vulva 

and vagina; and the vaginal orifice was enlarged. With advance to metoe 

considerable desquamation of the vaginal epithelium was observed, unless 

mating had occurred and a vaginal plug was present. 

Detection of Mating 

Detection of a vaginal plug gives evidence of mating. 

To detect plugs a finely-sharpened, smooth-pointed pencil was used 

initially. Because the diameter of the pencil was greater than that of the 

vagina, deep penetration was not possible without causing vaginal distension 

and possibly the occurrence of pseudopregnancy. In later studies a fine­

pointed, ball point pen refill was used and allowed maximum penetration with 

a minimum of irritation and distension. The instrument was washed frequently, 

after use, in Zephiran solution to avoid infection. 

Vaginal plugs persisted normally for 12 to 24 hours in 101 females and 

for 12 up to 48 hours or more in C57BL females. 

In 101 females the vaginal plug was always visible at the vulva, whereas 

in C57BL females the situation of the plug was variable, frequently being 

placed deep in the vagina, and careful probing was necessary for detection. 
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Observations at Birth of Litters 

Pregnant females were examined daily for birth of litters. 

The pups were sexed at birth. Males were distinguished from females by 

a larger genital papilla placed further from the anus, and a blackish spot 

between the two regions was also observed in males. 

As pups could be born alive yet die immediately after birth, great care 

was taken in attempting to identify stillborn pups. Such pups were arbitrarily 

regarded as those very pale in colour, and in a prostrate position, with hind 

legs extended posteriorly as at birth. 

Records 

Ages and weights of the females were recorded at:-

Weaning 

Vaginal opening 

First oestrus 

Mating 

Conception 

Birth of litters. 

Data were collected on mating, conception and parturition for the first 

three full-term pregnancies, but only data for first litters have been 

presented in the results (Chapter III). 

As litters were born, the litter size, sex ratio and number of stillborn 

pups were recorded. The litters were examined daily and all deaths up to 

weaning (at 28 days post Eartum) recorded, the live pups being weighed on 

the first two days ~~st £artum and again at 21 and 28 days. Pups were killed 

at 28 days of age and the sex ratio checked. 

As a precautionary measure against failure to detect vaginal plugs, 

daily records were kept of all females approaching, or at, oestrus as indicated 

by the external appearance of the vagina. Females were recorded and weighed 

the day following the appearance of an oestrous vagina. These data were 

in the event of pregnancy occurring without the detection of a vaginal plug. 
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Slaughter of Mice for Autops~ 

For studies on pre-natal mortality, mice, selected at random, were killed 

at either 3Z or 18z days post coitum. From each box of grouped females, some 

were killed at 3Z days post coitum, and the remainder at 18z days of pregnancy. 

On each occasion the female removed was replaced by a spayed mouse to keep 

the number in each group constant. Thirty females of each line were spayed 

and available for this purpose. 

In animals destined for slaughter at days post coitum the vagina was 

closely examined for signs of approaching oestrus. When these were present 

the mouse was not killed. Likewise the decision to kill a female at 18t days 

post coitum was made only if pregnancy was indicated. 

The females were killed by placing them in a jar containing ether absorbed 

into cotton wool. 

Examination of the Reproductive Tract 

(a) Observations at 3Z days post coitum 

t.o expose the reproductive tract. 

A mid-ventral incision was made 

The ovaries were examined macroscopically ~ ~ and the corpora lutea 

counted after tearing open the bursa ovarica, care being taken to avoid 

rupture of blood vessels and resultant fading of the corpora lutea. 

The reproductive tract was removed by separating it from the broad ligament 

and cutting through the utero-cervical junction. The ovaries were removed and 

examined under a low-power (17.5x) binocular microscope to check the number 

of corpora lutea. 

The lower end of the Fallopian tube was cut just above the utero-tubal 

junction and the tip of the uterine horn teased out. The uterine horns were 

separated at the cervical end. 

The ova were flushed out with 0.6 ml. of 0.9 per cent saline solution 

using a 1 ml. syringe fitted with a blunted intradermal needle. This was 

inserted at the cervical end of the uterine horn and the uterus held firmly 
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around the needle with tweezers. 

The washings, collected in watch glasses, were examined at 1?.5x and ?Ox 

magnification and the numbers of ova counted. Normally cleaved ova were 

regarded as fertilized. 

Uterine contractility was an initial problem in flushing out ova from 

the uterus. It was found that flushing of the uteri of C57BL mice could be 

done successfully within half an hour of killing, the uterus being fully 

relaxed. 101 females, however, the uterus was extremely contractile 

and recovery of ova was poor at that time. An improvement in ovum recovery 

rate in 101 mice was obtained by allowing an interval of 2 to 4 hours between 

slaughter and flushing. 

(b) Observations at 18~ days post coitum 

previously described. 

Corpora lutea were counted as 

On immediate removal of the reproductive tract, live foetuses (which were 

still active) were counted in each uterine horn. Dead foetuses were very pale 

in colour, did not respond to stimulation and, when closely examined, showed 

no evidence of a heart beat. Foetuses dead for a longer period were 

discoloured and small in size. 

The uterine horns were slit longitudinally, the foetuses removed and the 

implantation sites carefully identified and counted. The presence of 

deciduomata, indicating implantation sites where resorption had occurred, 

was also noted. 
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Statistical Analysis and Presentation of Results 

The data have been examined using, where appropriate, the methods of 

analysis of variance, analysis of covariance and nstudent's11 t-Test 

(Snedecor, 1956). The analyses were based on then-fold hierarchal 

classification (Kempthorne, 1952, p. 10?). In one analysis, where the 

variance of the data was proportional to the mean, a logarithmic transformation 

was made of the original data (Kempthorne, 1952, p. 154). In certain cases 

enumeration data have been transformed by 

(Snedecor, 1956, p. 315). 

square roots before 

Chi Square and Fisher's Exact Test were used as te 

for enumeration data (Goulden, 1952, pp. 369-374). 

of independence 

Results are presented in tabular form, where appropriate, with means, 

standard errors of the mean and variances quoted for each variable. The 

reported means have been taken to the first decimal place and the differences 

between means to the second decimal place, except that, where means were 

small, the means and differences between means have been taken to the second 

and third decimal places, respectively. 

Where comparisons of the variables have been made, the probabilities of 

the observed differences arising by chance are quoted. 

The type of analysis used are reported in each table. 



TABLE 3 

Weight (gms) at weaning of C57BL and 101 females 
weaned at 28 days of age. 

Experiment 

A 

B 

Comparison of 
Lines 

101 v C57BL 

Comparison of 
Experiments 

B v A 

(Data for levels of density pooled) 

Number 
Line f1ice 

C57BL 15 

101 14 

C57BL 34 

101 46 

Experiment 

A 

B 

Line 

C57BL 

101 

of 
Mean 

8.8 

10.8 

10.8 

12.5 

Difference in 
Weights (gms) 

1.97 

1.66 

1.98 

1.67 

+ -
+ 

+ -
+ -
+ -

Weight 

S.E. Variance 

0.45 3.04 

0.36 1.79 

0.30 3.13 

0.21 2.11 

Significance of 
Difference* 

0.01 < p < 0.05 

0.01 < p < 0.05 

0.01 < p < 0.05 

0.01 < p < 0.05 

* Probabilities from t-Tests following analysis of variance. 



Chapter III 

REPRODUCTIVE PERFO~~ICE OF MICE IN EXPERIMENTS A and B 

Age and Weight at Weaning 

The ages at weaning of all females studied in experiments A and B are 

shown in Table 2. 

TABLE 2 

Ages (days) at weaning of all C57BL and 101 females 
studied in experiments A and B. 

Total Number Numbers of ?1ice per Age Range at Weaning 

Experiment Line of Mice 25-27 28 29-30 31-33 34-36 37-46 

A C57BL 37 4 15 0 3 8 7 

101 43 10 14 11 0 2 6 

B C57BL 58 0 37 1 11 9 0 

101 54 0 47 0 7 0 0 

An analysis of variance was done on the weights of females weaned at 28 

days of age. (No analyses were done on the weight of females weaned at other 

ages.) There were no significant differences between weights at the two 

levels of population density; hence data on control and grouped mice within 

lines have been pooled. 

The variance of weaning weight was consistently higher in C57BL compared 

to 101 females (except line 101 controls in experiment B). Considering also 

that C57BL females were lighter at weaning (see Table 3) than 101 females, 

it is suggested that some of the former were stunted in growth at weaning 

(notably in experiment A). This may be a reflection of maternal performance 

in the C57BL line, or may be due to causes of genetic origin. 

In both experiments, C57BL females were lighter than 101 females at 

weaning. By altering the hierarchy of the analysis of variance, to test for 



Experiment 

A 

B 

TABLE 4 

Age (days) at puberty as shown by vaginal opening 
in C57BL and 101 lines of mice. 

(Data for levels of density pooled) 

Number of 
Al;l'e 

Line Mice Mean :!: S.E. 

C57BL 21 60.4 ± 2.49 

101 28 46.0 ± 0.89 

C57BL 38 40.8 ± 0.96 

101 42 36.6 ± 0.42 

Variance 

130.15 

21.96 

35.24 

7.56 

Com:12arison of Difference in Sis;nificance of 
(days) Lines 

C57BL v 101 

Com:12arison of 
Experiments 

A v B 

Experiment 

A 

B 

Line 

C57BL 

101 

Ages Difference* 

14.3 p < 0.001 

4.2 0.01 < p < 0.05 

19.6 p < 0.001 

p < 0.00]_ 

* Probabilities from t-Tests following analysis of variance. 
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differences between experiments within lines, females of both lines were 

found to be heavier at weaning in experiment B. 

Age and Weight at Vaginal Opening 

There was some doubt as to the accuracy of detecting vaginal opening, 

especially in experiment A, and more so in C57BL mice. The ability to detect 

vaginal opening accurately improved with practice. Moreover, with the greater 

period for examination (from weaning) in experiment A, there was increased 

possibility of vaginal opening being caused by physical means. Therefore, 

more confidence is placed in the results of experiment B. 

The analysis of variance revealed no significant difference between the 

ages at vaginal opening of control and grouped mice. These data have, 

therefore, been pooled (Table 4). 

As indicated by vaginal opening, 101 females reached puberty before 

C57BL females. The difference was more marked in experiment A, probably due 

to the low weight at weaning of C57BL females. Females of both lines reached 

puberty much earlier in experiment B than in experiment A. 

The variance of age at vaginal opening is considerably higher for C57BL 

females than 101 females, which may be a reflection of similar variances in 

weaning weight (see Table 3). 

The weights of mice at vaginal opening are shown in Table 5. Weights of 

control and grouped females at vaginal opening showed a significant difference 

only in line 101, experiment B; control females were heavier than grouped 

females (P < 0.001). Such a result was not predicted by the corresponding 

values of line 101 in experiment A. This result may not indicate a greater 

growth rate of the 101 control females in experiment B, as the mean age of 

these at vaginal opening was 2.1 days greater than the mean age of the 

corresponding grouped females. In the absence of data on growth rate, no 

conclusions can be drawn. 

101 females were heavier at vaginal opening than C57BL females in 



( at puberty, as shown by vaginal opening, 
in C57BL and 101 lines of mice. 

(Data for levels of density pooled) 

Number of Weight 

Mice 

20 ·5 + 0.23 1.03 -
101 15.9 + 0.17 0 .. 79 -

B C57BL 35 14.8 + 0.17 0.96 -
101 39 16.3 + 0.17 1.19 -

Comparison of Significance of 
Lines Difference* 

C57BL 101 A 0.3 < p < 0.4 

101 v C57BL B 1.46 0.01 < p < 0.05 

v B C57BL 1.66 0.01 < p < 0.05 

BvA 101 0.4 < p < 0.5 

* Probabilities from t-Tests following analysis of 



TABLE 6 

( ) at first oestrus in C57BL and 101 lines 
of mice at two of population density. 

C57BL 

B 

101 

B 

Com12arison of 
Density Levels 

v 

Comparison of 
Experiments 

A v B 

Control 

Grouped 

Control 

Grouped 

Control 

Control 

Grouped 

Line Experiment 

C57BL 

B 

101 A 

B 

Line 

C57BL 

101 

t1ean 

14 73.1 

19 72.3 

14 50.2 

32 57.2 

19 54.0 

10 67.2 

17 41.6 

17 50.1 

Difference in 
Ages (days) 

- 0.81 

6.97 

13.20 

8.47 

17.54 

12.73 

± S.E. 

± 2.66 98.99 

+ 3.10 182.09 

+ 1.24 21.41 

± 1.55 77.32 

± 1.58 47.67 

± 6.10 371.51 

± 0.94 14.88 

+ 3.23 177.06 

Significance of 
Difference* 

0.8 < p < 0.9 

0.01 < p < 0.05 

0.001 < p < o.o1 

0.01 < p < 0.05 

0.01 < p < 0.05 

0.05 < p < 0.1 

* Probabilities from t-Tests following analysis of variance. 
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experiment B, but not in experLment A. C57BL females were heavier at vaginal 

opening in experiment A than in experiment B, but 101 females did not differ 

significantly in weight between the experiments. Lack of conformity in these 

results is largely due to line C57BL in experiment A. 

Age and Weight at First Oestrus 

The ability to regularly predict mating by the externally visible 

macroscopic changes in the vulva and vagina indicated that detection of 

oestrus by the same method could be done with considerable accuracy. 

The ages of mice at first oestrus are shown in Table 6. Grouped females 

showed first oestrus later than control females in all comparisons except 

within line C57BL in experiment A. 

The variance was consistently higher for grouped females and it was noted 

that in line C57BL, experiment A, the same trend existed, indicating a 

differential response between mice at the two levels of population density 

regardless of the lack of difference in mean age. As the variance was 

proportional to the mean (Table 6) the original data for age at first oestrus 

were transformed by taking logarithms (Table 6a). This transformation did 

not alter the statistical significance of main differences as revealed by 

analysis of variance. Thus conclusions based on an analysis of variance were 

not invalidated because of non-normality of the original data. 

No differences between the lines were found, but females in experiment B 

showed first oestrus earlier than in experiment A, the difference being 

significant only for line C57BL. 

Analysis of the weights of female mice at first oestrus revealed no 

statistically significant differences among any of the comparisons. The 

overall mean weight was 17.5 ~ 0.13 gms. 



TABLE 6a 

(days) at first oestrus in C57BL and 101 lines 
of mice at two levels of population density. 

(Data transformed by taking logarithms) 

Number of Age * 
Line Experiment DensitY; l·1ice Mean Variance 

C57BL A Control 14 72.5 1.04 

19 71.2 1.04 

B Control 14 50.0 1.03 

Grouped 32 56.6 1.03 

101 A Control 19 53.6 1.03 

Grouped 10 64.9 1.09 

B Control 17 41.4 1.02 

Grouped 17 48.7 1.06 

* Mean and variance derived from logarithms. 



TABLE 7 

Interval (days) between first oestrus and first mating in C57BL 
and 101 lines of mice at two levels of population density. 

Line Experiment 

C57BL A 

B 

101 A 

B 

Com:earison of 
Density Levels 

Grouped v Control 

Comparison of 
Controls 

C57BL v 101 

Number 
Density Mice 

Control 14 

Grouped 19 

Control 15 

Grouped 29 

Control 19 

Grouped 10 

Control 17 

Grouped 11 

Line Experiment 

C57BL A 

B 

101 A 

B 

A 

B 

of Interval 

Mean ± S.E. Variance 

12.4 ± 3.19 142.71 

4.2 ± 1.70 54.92 

5.4 ± 2.71 110.26 

14.1 ± 4.73 648.19 

5·5 ± 1.88 66.82 

23.3 ± 5·75 331.12 

1.5 ± 0.92 14.39 

28.6 ± 11.15 1367.85 

Difference in Significance of 
Interval (days) Difference* 

- 8.2 0.1 < p < 0.2 

8.7 0.1 < p < 0.2 

17.8 0.01 <P < 0.05 

27.1 p < 0.001 

6.8 0.2 < p < 0.3 

0.5 < p < 0.6 

* Probabilities from t-Tests following analysis of variance. 
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Interval from First Oestrus to First Mating 

Table 7 shows the interval from first oestrus to first mating for mice 

in the various treatments. There was a significant delay in the occurrence 

of first mating in grouped 101 mice compared to their isolated controls. 

With C57BL mice there was no significant effect of increased population 

density on the interval from first oestrus to first mating and, furthermore, 

the differences were opposite in direction in the two experiments. However, 

for reasons concerned with management of C57BL mice, more confidence is placed 

in the results of experiment B, as indicating the effect of increased 

population density, than in results of experiment A. 

Study of the variance of interval from first oestrus to mating shows 

this to be greater for grouped mice (except line C57BL, experiment A) than 

for controls and, also, greater for C57BL controls than 101 controls (though 

the difference between control means was not significant). These data may 

indicate greater variation in the performance (libido) of C57BL males when 

compared to 101 males assuming that in control pairs of mice the delay in 

mating is mainly due to the male. This suggestion of variability in 

performance of C57BL males was also supported by observations on the mating 

behaviour of these animals during the experiments. 

Consideration of the manner in which data on C57BL mice were derived for 

experiments A and B also suggests a reason for the difference in magnitude 

of the result, Thus, in experiment A, there were four groups of females and 

the ratio of control to grouped males was 3.5 : 1 (14: 4). In experiment B 

there were eight groups of females and the corresponding male ratio was 

1.9 : 1 (15 : 8). Owing to the likelihood of variability in C57BL male 

performance there would seem to be a greater chance of obtaining conclusive 

results for this line of mice from eight male-groups (experiment B) than 

four male-groups (experiment A). 

The previous history of C57BL males also may suggest a reason for 



TABLE 8 

Conception rate of C57BL and 101 lines of mice at two levels 
of population density as shown the number of first 

matings resulting in a full-term pregnancy. 

Line Experiment 

C57BL A 

B 

101 A 

B 

ComEarison of ratio of 
successful to barren 

first matings 

Control v 

s B v A 

1 Probability by Chi2 • 

Density 

Control 

Grouped 

Control 

Grouped 

Control 

Grouped 

Control 

Grouped 

Line 

C57BL 

101 

C57BL 

Number of 
Full-term 

Pregnancies 

10 

7 

12 

22 

10 

7 

7 

Experiment 

A 

B 

A 

B 

Density 

Control 

Grouped 

101 Control 

Grouped 

2 Probability by Fisher's Exact Test. 

Barren 
First 2£ 
Matings Pregnancies 

8 55.6 

12 36.8 

2 85.7 

6 78.6 

9 52.6 

8 46.7 

2 88.2 

3 70.0 

Probability of observed 
or a more extreme ratio 

occurring by chance 

0.21 1 

0.46 2 

0.24 1 

0.25 2 

0.075 1 

0.0048 2 

0.024 2 

0.23 1 
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differential responses in the two experiments. Thus, in experLment A, two 

of the C57BL males in groups were litter mates and a third was a male of proven 

fertility, whereas in experiment B all males were 11 virgin11 and taken at random 

from a stock cage. Under these circumstances the four C57BL males in experiment 

A groups may have been of relatively higher and/or more uniform performance 

than their counterparts in experiment B. Differences in the interval from 

first oestrus to first mating between individual groups of mice in both 

experiments were tested by analysis of variance. significant difference 

(P < 0.05) was found between groups in experiment B, but in experiment A the 

differences were well below the level required for statistical significance. 

If differences between individual groups (of comparable size and line) are 

mainly due to the males, and the C57BL males of experiment A were of high 

and/or uniform performance, it would seem unlikely for differences to be shown 

between individual C57BL groups within experiment A. Therefore, the results 

for C57BL groups in experiment A might well be expected to differ from those 

of C57BL groups where the males were randomly selected and of uvirgin11 

reproductive ability (i.e. experiment B). 

In contrast to the above arguments, the differential responses of C57BL 

mice in experiments A and B may have been due to 11 chance 11 variation. 

Conception Rate following First Mating 

The numbers and percentages of full-term pregnancies from first mating 

(as a measure of conception rate) in the mice are shown in Table 8. 

No significant differences were revealed between control and grouped 

mice for the ratio of females producing litters to those not producing litters 

as a result of first mating. However, there was a consistent tendency for the 

percentage of full-term pregnancies to be lower in grouped mice. 

A comparison within levels of density of C57BL mice showed that there 

was a highly significant difference between grouped mice in experiments A and B, 
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but the difference between controls was not significant. For 101 mice the 

controls showed a significant difference between experiments but there was 

no statistical difference between grouped animals. In the latter case, few 

data were available for comparison from grouped mice in experiment B. 

The higher percentage of full-term pregnancies from first matings in 

experiment B may have been associated with the higher weight of these mice 

at weaning, as shown in Table 3. At first mating, however, there were no 

significant differences between experiments in the weights of these mice 

(Table 9). Nor were there any significant differences in weight at first 

mating between lines of mice or between levels of population density, except 

in line 101 in experiment A (P < 0.01, grouped mice heavier than controls). 

TABLE 9 

Weight (gms) at first mating of C57BL and 101 female mice. 
(Data for levels of density pooled.) 

C57BL 101 

Number of Weight Number of Weight 

Experiment Mice Mean + S.E. Mice Mean + S.E. - -
A 26 18.3 + 0.22 34 18.4 + 0.27 - -

B 35 17.7 + 0.23 17 18.2 + 0.30 - -



of in C57BL and 101 lines of mice 
at two levels of population density. 

C57BL Control 6 3 66.7 

13 3 81.2 

B Control 1 1 50 .• 0 

Grouped 6 1 85.7 

101 A Control 8 8 50.0 

Grouped 4 11 26.7 

B Control 3 0 100.0 

0 0 

Com12arison of 
Ratio of Occurrence Probabilit~ of Observed 

to Non-occurrence or a more extreme Ratio 
of PseudoJ2regnancy Line Ex12eriment Occurring by Chance 

Grouped v Control C57BL 0.36 
2 

B 0.42 2 

Control v Grouped 101 A 0.17 1 

C57BL v 101 A 0.0059 1 

1 Probability by Chi2 • 

2 Probability by Fisher's Exact Test. 
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Incidence of Pseudopregnancy 

Following matings of nulliparous mice, observations were made for returns 

to oestrus. When oestrus failed to occur within seven days of mating, and 

the animal was not subsequently found to have been pregnant or ill during 

this period, then pseudopregnancy was considered to have resulted. 

The number and mean duration of pseudopregnancies in the two lines of 

mice were as follows: 

Duration (da~s) of 

Number of Pseudopregnancy 

Line Pseudopregnancies Mean + S.E. 

C57BL 26 9.5 + 0.41 

101 15 9.7 + 0.73 -

The average duration of pseudopregnancy did not differ significantly 

between females at the two levels of population density or between lines of 

mice. 

The rate of pseudopregnancy in the mice at two levels of population 

density is shown in Table 10. The relative absence of barren matings in 

line 101 in experiment B was notable. No adequate reason can be advanced for 

this result. Pseudopregnancy was not shown to occur more frequently in 

either control or grouped mice, but the number of animals was few. The 

frequency of pseudopregnancy in C57BL mice was greater than in 101 mice in 

experiment A. 



TABLE 11 

( ) at first conception, where pregnancy had been confirmed 
before completion of the 

' in C57BL and 101 lines 
of mice at two levels of population density. 

Number of A e 

Line Experiment Density !>iice Mean + S.E. Variance 

C57BL A Control 17 86.0 + 3.86 253.13 

18 86.3 + 5.28 501.27 

B Control 19 60.2 + 2.44 112.73 

Grouped 35 73.9 + 4.07 579.85 

101 A Control 19 68.2 + 3.85 281.81 

Grouped 13 110.8 + 7.74 778.86 

B Control 20 47.9 + 2.45 120.13 

Grouped 10 105.6 + 16.60 2,756.04 

Com:earison of Difference in Significance of 
Density Levels Line Ex:eeriment Ages (days) Difference* 

Grouped v Control C57BL A 0.28 p > 0.9 

B 13.70 0.01 < p < 0.05 

101 A 42.61 p < 0.001 

B 57.75 p < 0.001 

Com:earison of 
Controls 

C57BL v 101 A 17.84 0.01 < p < 0.05 

B 12.36 0.05 <P < 0.1 

Com12arison of 
Groups 

101 v C57BL A 24.49 0.001 <P < 0.01 

B 31.69 p < 0.001 

* Probabilities from t-Tests following analysis of variance. 
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Age and Weight at First Conception* 

Results of analysis of data on the ages at first conception in the mice 

are presented in Table 11. These data refer only to mice which had conceived 

before completion of each experiment. 

The overall age of mice at first.conception was greater in experiment A 

than in experiment B (P < 0.01). 101 grouped mice first conceived when much 

older than their controls, whereas C57BL grouped mice were older than their 

controls at first conception in experiment B, but not in experiment A. The 

lack of difference between control and grouped C57BL mice in experiment A is 

attributed to those factors discussed in Chapter V. 

Comparison of control animals shows that C57BL females were older than 

101 females at first conception in both experiments, but the difference in 

ages was significant only in experiment A. However, at the grouped density, 

101 mice were older than C57BL mice in both experiments and the differences 

were highly significant. 

A further analysis was carried out on enumerated data because some mice 

had not conceived at the completion of the respective experiments. The 

numbers of mice in which full-term pregnancy did not occur were as follows: 

Line Experiment Control Grouped 

C57BL A 1 1 

B 0 1 

101 A 0 2 

B 0 10 

* The term conception here refers only to cases in which the resultant 
pregnancy was of full-term duration 



TABLE 12 

Conception rate, as shown by the of females pregnant 
(pregnancy full-term) by 130 days of age, for C57BL 
and 101 lines of mice at two levels of population density. 

Line Exneriment 

C57BL A 

B 

101 A 

B 

Control v 

C57BL v 101 

A v B 

* Probabilities 

1 
by 

Density 

Control 

Grouped 

Control 

Grouped 

Control 

Grouped 

Control 

Grouped 

Line 

C57BL 

101 

Densit;y: 

Number of 
tUce having 

Conceived 

17 

19 

34 

9 

20 

7 

B 

B 

A 

B 

Line 

101 

Fisher's Exact Test. 

Number of O/ 
tO 

Barren 1'1ice Conception 

1 94.4 

2 89.5 

0 100.0 

2 94.4 

0 100.0 

6 60.0 

0 100.0 

13 35.0 

Probability of Observed 
or a more extreme Ratio 

Occurring by Chance * 

0.52 

0.42 

0. 

o.ooo 006 

0.054 

0.000 0031 

0.13 1 
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As these mice were, with one exception, at the grouped density, they 

also serve to emphasize the delay of first conception associated with 

increased population density (Table 11). It is not surprising that the 

single control female which had not conceived was of line C57BL in experiment A. 

Examination of the enumerated data was made by comparing the ratios of 

the numbers of females which had conceived to those that were barren at 130 

days of age. These data are presented in Table 12. The age of 130 days was 

selected as it represented the age of the youngest females at completion of 

both experiments. It should be noted, however, that some mice first 

conceived at a greater age than 130 days, the latest record being a grouped 

101 female at 222 days of age, and such data were included in the results 

presented in Table 11. 

The ratio of parous (or pregnant) to barren females at 130 days of age, 

shown in Table 12, did not differ significantly between control and grouped 

C57BL mice in either experiment. However, this ratio was significantly 

greater for control than for grouped 101 mice in both experiments, and higher 

for grouped C57BL than for grouped 101 mice (just below statistical 

significance in experiment A, but highly significant in B). This 

ratio for 101 grouped mice in experiment A was found not to be significantly 

higher than that for 101 grouped mice in experiment B. 

Since marked differences in age at first conception were apparent, the 

effect of age on the weight at first conception of these mice was examined 

by analysis of covariance. The analysis showed that there was a positive 

regression (P < 0.001) of weight on age at first conception. Table 13 shows 

the corresponding ages and weights at first conception, and the weights 

adjusted for the effect of age. Having adjusted for this regression, no 

significant differences in weights at first conception were found either 

between levels of population density or between experiments. However, 

differences between the lines were significant: 101 females were heavier 



(gms), adjusted weight (gms) and corresponding age1 (days) 
of C57BL and 101 lines of mice at first conception 

re in a full-term pregnancy. 
(Data for levels of pooled) 

Number of Weight 
Adjusted 

Expt. ~ ?>iice Age r4ean + S.E. Variance Weight 

A C57BL 

101 

B C57BL 

101 

Comparison of 
Lines 

101 v C57BL 

25 

31 

41 

18 

92.0 + 

84.3 + -

70.6 + -
50.3 + -

A 

B 

3.89 18.7 + 0.24 -
5.39 19.1 + 0.27 -

3.55. 18.4 + 0.25 -
3.64 18.6 + 0.40 -

Difference in 
Adjusted Weights (gms) 

1.38 18.06 

2.25 18.?8 

2.50 18.60 

2.90 19.56 

Significance of 
Difference* 

0.01 < p < 0.05 

0.01 < p < 0.05 

1 not available for all mice whose age at first conception was 
determined. 

* Probabilities from t-Tests following of covariance. 



TABLE 14 

Number of pups born in first litters of C57BL and 101 lines 
of mice at two levels of population density. 

B 

101 

B 

Control v 

Comnarison of 
Controls 

101 v C57BL 

Density 

Control 

Control 

Control 

C57BL 

101 

Number of 
Litters 

17 

15 

28 

22 

17 

18 

9 

B 

B 

B 

4.4 ± 

4.5 ± 

5.2 ± 

5.1 

5·3 

4.4 

6.3 

5.1 

- 0.06 

o. 

0.92 

1.17 

0.86 

1.08 

± 

+ 

+ 

+ 

+ 

Litter Size 

o.4o 2.76 

0.32 1.76 

0.48 3.46 

0.32 2.81 

0.31 2.11 

0.48 3.99 

0.39 2.80 

0.63 3.61 

p > 0.5 

p > 0.5 

0.05 < P < O.l 

0.05 < p < 0.1 

0.1 < p < 0.2 

0.05 < p < 0.1 

* Probabilities from t-Tests following analysis of variance. 
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than C57BL females at first conception in both experiments. 

Gestation Period 

There were no statistically significant differences between the lengths 

of the first full-term pregnancy of control and grouped mice of either C57BL 

or 101 lines. However, a significant difference (P < 0.05) was found between 

the lines in both experiments: C57BL animals had a longer gestation period 

than 101 mice. 

The mean length of first full-term pregnancy for mice in each line, with 

data for levels of population density and experiments pooled, was as follows:-

Line 

C57BL 

101 

Size of First Litter 

Number of 
t-fice 

72 

54 

Gestation 
Period (days) 

19.8 + 0.06 

19.3 ± 0.06 

Significance of 
Difference 

0.01 < p < 0.05 

The numbers of pups born in first litters and results of analysis of 

these data are shown in Table 14. 

There were no statistically significant differences between litter sizes 

of control and grouped mice of either line. First litter sizes were 

approximately identical for control and grouped C57BL mice, but for 101 mice 

in both experiments the control females had larger litters than grouped females 

and the differences were very close to a significant level. 

Although litters tended to be larger in experiment B than in experiment 

A, and larger in line 101 than in line C57BL, no significant differences were 

revealed between experiments or between lines. However, comparison of first 

litter sizes of control mice showed that litters of 101 females were almost 

significantly larger than those of C57BL females in both experiments. It can 

be seen that, in each experiment, C57BL control, C57BL grouped and 101 grouped 
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mice had comparable litter sizes, and that 101 control mice had larger litters 

than all of these. 

A significant reduction in first litter size owing to increased population 

density has not been shown in these data; nevertheless the results from mice 

of line 101 may indicate that such an effect exists. However, there is the 

possibility that the observed decrease in numbers of pups born in first 

litters of grouped 101 mice was due to increased mortality of pups at 

parturition followed by devouring of dead pups before the litters were 

recorded. (Birth of individual litters was not observed.) 

Data on the number of live pups per first litter, observed on the day 

of birth, were examined by analysis of variance which showed a significant 

difference between levels of population density. Further examination of the 

data by t-Tests revealed that the number of live pups per litter born to 101 

females in experiment A was greater (P < 0.01) for control than for grouped 

mice. The trend towards fewer live pups per litter on day of birth, compared 

to corresponding controls, was also evident in C57BL grouped mice in both 

and in 101 grouped mice in experiment B, although the numbers were 

not significantly less than for control animals. 

Observations made on the dead pups suggested that few had been stillborn; 

most appeared to have died at parturition or within a few hours post partum. 

As mice readily devour dead (and, sometimes, live) pups, the reduction in 

first litter size of grouped 101 mice may have taken place immediately post 

partum and not during pregnancy. 



C57BL 

101 

f·1ean weight (gms) and adjusted 1nean weight ( ) of live 
, for 

lines of mice at 
density. 

pups at birth, and corre 
first litters of C57BL and 101 

two levels of 

Litter Weight of Live Pups 

Expt. Densit;y: Size He an ± S.E. Variance 

Control 12 4.1 + 0.48 1.40 + 0.045 0.024 

Grouped 8 4.0 ± 0.38 1.35 ± 0.032 o.oo8 

B Control 12 4.8 + 0.53 1.39 + 0.032 0.012 

Grouped 26 5.2 + 0.30 1.26 + 0.022 0.012 

A Control 17 5.1 ± 0.41 1.38 + 0.021 0.007 

Grouped 14 4 t:::; •..; ± 0.48 1.29 + 0.023 0.007 

B Control 7 6.0 + 0.58 1.31 ± 0.021 0.003 

Grouped 7 5.6 ± 0.65 1.31 + 0.027 0.005 

Difference in 

Adjusted 
Weight 

1.37 

1. 

1.38 

1.28 

1.39 

1.27 

1.35 

1.33 

Com:12arison of Adjusted 
(gms) 

Sifinificance of 
Levels of Density Line Experiment Weights 

Control v Grouped C57BL A 0.054 

B 0.107 

101 A 0.115 

B 0.019 

* Probabilities from t-Tests following analysis of 

1 Includes dead pups. 

Difference* 

0.1 < p < 0.2 

p < 0.001 

p < 0.001 

p > 0.5 
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Wei&ht of Live Pups of First Litters at Birth 

There was found to be a negative regression (P < 0.001) of mean pup 

weight on litter size at birth. This regression was verified by which 

showed the relationship to be linear and uniform for both levels of 

density in both lines of mice. was less distinct in line 101 

than in line C57BL due to less variation in the mean s of 101 pups. 

adjusted the mean pup s for litter size, it was found that 

pups born to control mice were much than those born to grouped 

in line C57BL, experiment B 1 and in line 101, The other two 

were affected scarcity of data. Nevertheless, in line C57BL, 

pups born to control mice were heavier than those born to 

mice, the difference be almost statistically significant. With 

line 101, experiment B, even fewer data were available but these showed a 

similar trend to the other control versus grouped comparisons. 

The adjusted mean pup did not indicate any statistically 

significant differences either between the lines or between experiments. 

Although pups born to control mothers were heavier than pups born to 

grouped mothers, it should not be concluded that the differences were due to 

intra-uterine (pre-natal) factors. Females were examined for occurrence of 

parturition only once daily and, thus litters may have been up to 24 hours 

old when recorded and weighed. This brings immediate post-natal factors into 

consideration. Some litters would have been suckled before 

whereas others would not. Assuming that the diurnal distribution of births 

was the same for control and grouped mice, then litters of control and grouped 

mothers should have had an equal chance of being suckled before being 'Neighed, 

* of live pups were obtained by dividing the total live litter 
weight by the number of live pups in the litter. 



Mean weight (gms) of live one-day-old pups, and corresponding number 
of live pups per litter, for first litters of C57BL and 101 lines 

of mice at two levels of population density. 

Number Number Weight of Live Pups of of Live 
Expt. Density Litters 1 Pups/Litter !•1ean ± S.E. Variance 

C57BL A Control 13 4.4 ± 0.46 1-39 + 0.03 0.015 

Grouped ,.., 2.3 + 0.52 1.23 + 0.08 o.o46 { 

B 8 4.3 + 0.82 1.41 ± 0.04 0.011 

Grouped 11 3.0 + 0.50 1.21 + 0.04 0.017 

101 A Control 20 5.2 ± 0.34 1.52 + 0.03 0.018 

Grouped 11 4.0 ± 0.47 1.29 + 0.03 0.010 

B Control 10 6.0 ± 0.56 1.48 ± 0.04 0.016 

4 5·5 ± 0.29 1. ± 0.01 0.001 

Difference in Significance of 
Experiment Weight (gms) Difference* 

Control v Grouped C57BL 0.16 0.001 < p < 0.01 

B 0.20 0.001 < p < 0.01 

101 A 0.23 p < 0.001 

B 0.20 0.01 < p < 0.05 

* s from t-Tests following of 

1 Does not include extinct litters. 
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as daily weighings were completed within one hour. However, it was noted, 

during the course of experiments, that suckling, before weighing, of pups born 

to control mice appeared to have been more frequent and of magnitude 

(as evidenced by externally visible milk in the stomach) than suckling of pups 

born to grouped mice. No data were collected on this aspect but it does 

suggest that the greater weight, when first weighed, of pups born to control 

mothers may have been due, partly or entirely, to immediate post-natal factors. 

Weight of Live Pups at One Day ~ Rartum 

The mean weights and the corresponding number of live pups in first 

litters at one day post partum are shown in Table 16. The data on mean s 

of pups were examined by analysis of variance. An analysis of covariance of 

these data, with litter size as the concomitant variable, would only have 

duplicated the results of the of variance since the differences 

between the adjusted means would have been in the same direction as the 

unadjusted means but would have been larger and 11more significantn. However, 

essentially, the conclusions after either method of analysis would not differ. 

To examine the data further, graphs were drawn of mean pup 

against litter size for live pups at one day EOSt partum. In all graphs for 

control mice a negative regression was evident though there was much variability 

which was possibly due to the effect of variable a~ounts of milk in the stomachs 

of pups at weighing. However, in all graphs for grouped mice there appeared 

to be no relationship between litter size and mean pup weight. This lack of 

a relationship was considered to be due to the effect of total litter 

abandonment in groups (i.e. some litters were probably undergoing total 

extinction, yet at one day post partum a few pups still survived though they 

were small and 

The graphs were then adjusted by deleting points for litters which 

subsequently became extinct. This had little effect on the data for control 

animals except to the regression of mean pup weight on litter size. 



In for mice this measure left so few as to 

make any indications of a , in the for 

101 groups in (there were too few data from B) a 

regression became 

Table shows that, at one day ;east ;eartum, pups born to control mothers 

were not in lit also heavier than pups 

born to mothers. Furthermore, the overall mean of 

101 females (P < 0.05) than that of pups born to 

The numbers of pups litter between birth and 

, as an index of , for all treatments in s and B 

are shown in s 1 and 2, respe 

The numbers of pups per litter born to 101 control mice to be 

than to mice in the other treatments and the rate of these 

pups to was also , so that more pups were weaned per 

litter from 101 control mice than from mice in any other treatments. 

in the other treatments litter sizes at birth were (see Table 14), 

litter in these there was a de order of pups weaned per 

treatments from C57BL control, through 101 grouped, to C57BL grouped mice. 

The difference between 101 control and 101 mice was less marked in 

experiment B than in 

In all treatments pup mortality was st in the first three days ;east 

partum and this 

treatments occurred. 

in litters born to 

differential mortality of pups in the various 

of pups was up to three days post partum 

mice than in those born to controls, and greater in 

line C57BL than in line 101. 

The greater pup mortality in grouped mice is consistent with the observed 

differences in of pups born to control and grouped mothers on day of 



pups surviving per original litter, between birth 
(at days of age), in C57BL and 101 lines 

at two levels of population density - Experiment A. 
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1 

2 

Survival of first 

B 

extant at 21 
of mice at 

101 Control 

B 

v C57BL 

101 

101 v C57BL * 

Probability by 

13 

4 

3 

21 

8 

18 

7 

B 

A 

B 

Control 

Grouped 

Fisher's Exact Test. 

* Data for and B pooled. 

lines 

ol 
£2. 

4 76.5 

12 25.0 

r .4 0 

34 8.1 

95·5 

9 47.1 

3 ·7 

~ 70.0 .,/ 

0.0045 1 

< 0.0001 1 

o.ooo 87 
2 

o. 2 

0.033 1 

0.0001 1 



- 37 -

birth ( 15) and the succeeding day (Table 16). The higher pup mortality 

in line C57BL to line 101 to be due to maternal factors. 

Casual observations indicated that either there was delayed onset of lactation, 

or that there was a delay in onset of nursing in C57BL mice. There was also 

an observed towards more frequent total litter abandonment in line 

C57BL. These differences between the lines were evident both in control and 

in grouped mice. 

The aberrant maternal factors observed in C57BL control mice were 

considerably accentuated in C57BL grouped mice. In addition, interference 

by other mice and communal nesting were factors contributing to 

mortality in groups of mice of both lines. It appeared that increased pup 

mortality in groups of 101 compared to their isola.ted controls was 

due to these factors (i.e. interference and communal nesting) which were 

associated with an increased incidence of total litter abandonment (i.e. 

deficient maternal behaviour). 

Survival of Litters 

Table 17 shows the survival rate of first litters up to 21 

pup 

of these data. survival 

rate of litters born to grouped mice was significantly lower than that of 

litters born to control animals. The result for line 101 in experiment B did 

not reach a statistically significant level, which was probably due to the 

small number of litters born to the animals. 

Furthermore, comparisons of 101 and C57BL lines showed that the survival 

rate of C57BL litters was lower than that of 101 litters at both levels of 

population density, and that the difference between the lines was statistically 

greater for grouped than for control mice. 



Line 

C57BL 

101 

Control v 

of pups per first litter at (28 
for litters extant, in C57BL and 101 lines of 

B 

B 

two levels of density. 

Number of 
Litters 

4 

13 

3 

Control 21 

8 

Control 18 

7 

B 

101 

B 

1.98 

1.28 

1.05 

4.2 ± 

2.3 ± 

4.6 ± 

3.3 ± 

5.0 ± 

3.8 ± 

5.3 ± 

4.3 ± 

Litter Size 

0.43 2. 

0.63 1.58 

0.47 2. 

o. o. 

0.27 1.50 

o. 3.07 

0.44 3.41 

o. 2.90 

0.01 < p < 0.05 

0.2 < p < 0.3 

o. < p < 0.1 

0.1 < p < 0.2 

s from t-Tests following of variance. 
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The numbers of pups per litter, when weaned at 28 days nost partum, and 

results of of these data, are shown in Table 18. Only litters that 

were extant have been included. 

In all between control and grouped mice the litter at 

was for control than for grouped animals. The differences 

between levels of population density were mainly close to the 5 per cent level 

of significance, but no significant differences were shown either between the 

lines or between experiments. 

It should be noted that, although the data presented in Table 17 concerns 

the survival of litters up to 21 days nost ~~~~~ there was no further total 

extinction of any litters from 21 to 28 post Eartum. Over this latter 

deaths of pups totalled three, all being pups of 101 controls, and were, 

therefore, negligible. 

the results presented in Tables 17 and 18 may be considered 

together and in conjunction with Figures 1 and 2. 



TABLE 19 

Mean ( of first 
litter pups 

at two levels of 
(Data refers to litters in which pups survived.) 

Sis;nificance of 
Density Difference* 

A Control 7 8.62 

0.2 < p < 0.3 

Grouped 5 7.84 

B Control 8 

0.01 < p < 0.05 

Grouped 5 6.18 

* Probabilities from t-Tests following analysis of covariance. 
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Weight of Pups at 21 Days ~ nartum 

The numbers of first litters of C57BL mice which survived to 21 

days Eost nartum were too small to permit comparison of the mean we (at 

21 Eost nartum) of pups reared by control and C57BL females. 

The available data on mean 

101 females were examined 

s of pups reared by control and 

of covariance with litter size 21 

as the concomitant variable. There was a ne regression 

of mean pup on litter size but this was not < 0.2). 

Nevertheless, the regression was increase the in 

mean pup s between levels of There was a fie ant 

in difference ( < 0.05) between 

than in B. It was also 

covariance that differences existed between levels of 

( < 0.1). The mean pup we s, within levels of 

then adjusted for litter size and the differences tested for 

These results are presented in Table 19. 

Thus, at 21 days post 

re 

only in 

than pups reared 

B. 

in line 101, pups reared 

mothers. The 

of 

, were 

control mothers 

was 

In B, seven individual groups (i.e. f 1 male : 5 females) were 

set up in line 101. No had been born to any of the females in three 

of these groups at the completion of the The ages of females in 

B were 169, 189 and 192 these groups at tion of 

respectively. Moreover, no matings (as evidenced ) had been 

recorded in two of these groups. In the third group, two females mated at an 

age (both at 49 days old) but neither, if they conceived, had a full-term 

pregnancy (no abortions were observed). No further matings were detected in 

this third group. 
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As the virtual absence of mating was considered to be due mainly or 

entirely to factors the males, data on females in these three groups 

have been excluded from previous results subse 

oestrus (e.g. data presented in Table 12). 

to age and weight at first 

Furthermore, in one of the four groups (of line 101 in experiment B) that 

did litters, females became pre and gave birth to two litters 

each, but no were detected after birth of their second litters and the 

other three females remained barren. In another of these four groups, one 

female produced litters re after first conception at 81 days of age, but 

the other four females were nulliparous, one was observed to have been 

mated once. In the other two groups of 101 mice in experiment B, one and two 

females, respectively, failed to have full-term pre 

of these was observed to have been mated. The 

s and, in fact, none 

female which failed to 

become pregnant in one group was isolated with the male at completion of the 

(the female being 176 days old). She was mated within 24 hours of 

isolation and became pregnant full-term. 

At of B the three 101 males, from the groups in 

s occurred, were immediately isolated, 

mature, 

of 

females. Two of these females became pregnant within five 

and each gave birth to a normal litter nineteen days after 

The third female mated twelve after pairing and was autopsied at 

coitum: normally-cleaved ova were recovered from the uterus. 

days 

These fifteen barren females were maintained in their respective groups, 

and other 101 males of proven fertility were introduced singly to the groups 

over a period of 2~ months. As the length of time which any 

male co-habited the groups varied, it was not to subject the results 

to statistical analysis. Oestrous cycles in mice are about five days in length 

and some of these males were present in the groups for only three days. Thus 

some males may have been present at a time when none of the females in the 
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group experienced oestrus. The results are presented in Table 20. 

TABLE 20 

Reproductive performance of 101 males in three groups of 101 females 
previously barren at completion of B. 

Mated 

l 6 3 3 3 

2 5 2 3 3 

3 3 1 l 0 

Two of the males mated twice, the other four only once. It was observed 

that most males were eager to mate on introduction, but only four were 

successful: 62.5 per cent of observed occurred within 24 hours of 

introduction of the new male. Thereafter, a small proportion of the 

males showed willingness to mate. 

The records for 101 males with control females in the studies on 

pre-natal mortality (shortly to be described) were examined for details of 

reproductive performance. It was found that 101 males were of 

with, and causing fertilization of ova in, at least four females per month at 

the control density. It was notable that these males were from the same stock 

cage as those used in the groups in experiment B. Moreover, 101 males 

oestrus, with few exceptions. Up to three matings per month were recorded. 

The results suggest behavioural disturbances including decreased libido 

in 101 males in groups and also, perhaps, a fa.ilure of sperm tion in some 

males. 

Similar results might have been obtained with 101 mice in experiment as, 

in two of the four groups, no females were pregnant by 93 and 118 days of age, 

respectively. However, the males were then replaced, as it was thought they 



might be sterile (subse 

successfully. 
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disproved) and the replacement males mated 

No C57BL males failed to mate with, or to cause pregnancy in, 

females in either experiment. 

Incidence of Disease 

An inflammation affecting the external genitalia of some C57BL males has 

been mentioned previously. This disease may have been contracted from other 

mice housed in the same room, which suffered from the 

clinical symptoms of the disease were that, following inflammation, 

developed in the prepuce and the to the 

adjacent intestines; gangrene and death followed in quick succession. The 

disease was not observed in any 101 males. None of the C57BL males in control 

showed of C57BL males in 

groups were 

of the disease, but a 

affected. 

groups were maintained for four months after c tion of 

this 

B, 

three of the four males died from the disease. 

of the males in groups 

infected and died. These were the male became infected 

and were killed. One of these groups was then exterminated, but the 

continued. total of four males had succumbed the disease in this 

young male ( old) was introduced. This male showed initial 

of the disease soon after introduction, but recovered and mated 

succe thereafter. 

males, thus diseased, were of , data on subse 

( males introduced later) and ion, for females 

the male became infected, have been excluded from the sults. 

The incidence f infantile diarrhoea did not appear to be 

mice than in controls. 

No diseases of any recorded. 

r in 



TABLE 21 

of lutea in C57BL and 101 lines of mice 
at three ages and at two of population 

Age Number of Number of Corpora Lute a 

(months) Density ~1ice Mean + S.E. 

C57BL 3-4 Control 10 8.8 + 0.36 1.29 

Grouped 9 7.0 + 0.67 4.00 

6-9 Control 13 10.0 + 0.39 2.00 

Grouped 15 9.1 + 0.25 0.92 

9-12 Control 23 9.3 + 0.20 0.95 

Grouped 22 8.7 + o. 2.11 

101 3-4 Control 13 9.6 + 0.29 1.09 

11 9.5 + 0.39 1.67 

6-9 Control 18 10.5 ± 0.22 0.85 

Grouped 20 10.1 + 0.18 0.68 

9-12 Control 27 9.4 + 0.17 0.78 

Grouped 24 9·7 ± 0.20 1.00 

Com:earison of Difference in Numbers 
Levels of Density Line of Cor:eora Lutea 

Control v Grouped C57BL 3-4 1.80 p < 0.001 

6-9 0.93 0.01 < P< 0.05 

9-12 0.58 0.05 <P < 0.1 

101 3-4 0.07 0.8 <P < 0.9 

6-9 0.45 0.2 <P < 0.3 

9-12 - 0.34 0.2 < p < 0.3 

1 Includes data from mice autopsied at 3"~ and 18t days post coitum. 

* Probabilities from t-Tests following analysis of 



IV 

S'fUDIES ON PRE-NATAL HOR'fALITY 

Introduction 

To assess the extent of -natal mortality, mice were killed at 

or 18i coitum and observations made the numbers f ova 

and on the survival of embryos or foetuses. 

The females used in these s were of three ages, the ages 

3 to 4, 6 to 9 and 9 to 12 months, and these females are hereafter referred 

to as young, intermediate and old, respectively. 

It has already been mentioned that was often inhibited in groups 

of 101 mice. This problem was overcome by rotation of males between the groups 

and the stock cage, as it had been observed that usually occurred within 

24 hours of introduction of 101 males to groups. 101 males of 

in groups, at reasonable intervals of time, were used in groups for 

longer periods. 

Number of Ovulations 

Counts of the number of corpora lutea of similar appearance and, pre 

age were used to indicate the number of ova shed at the pre oestrus. 

corpora lutea were more easily counted at 18i days 

to their larger size, there was good agreement between the counts of corpora 

made at 3i and 18i days ~ coitum. Thus, for purposes of 

these data were pooled. Table 21 shows the number of corpora lutea in all 

treatments 'and the results of analysis of these data. 

There were no statistical differences in numbers of corpora lutea either 

between lines or between ages, though there was a tendency towards higher 

counts in intermediate-aged females. 

A relationship between the level of population density and numbers f 



1 

2 

TABLE 22 

1 Number and percentage of ova recovered, and and 
of viable ova, from C57BL and 101 lines of mice at three 

and at two levels of population density. 

Number of % Ova Number of 
Density Ova Recovered Viable Ova 

3-4 Control 5 8.4 t 0.68 97·7 7.4 ± 0.51 

4 6.0 ± 1. 100.0 5.8 + 1.60 

6-9 Control 7 9.6 ± 0.48 94.4 8.1 ± 0.80 

Grouped 7 8.6 ± 0.53 .8 7.6 ± 0.69 

9-12 Control 6 8.2 ± 0.60 .5 7.3 ± 0.61 

12 8.0 ± 0.37 95.1 7.1 ± 0.42 

101 3-4 4 9.8 ± 0.75 100.0 9.0 ± 0.82 

Grouped 4 7.8 ± 0.48 81.6 7·3 ± 

9 8.8 + 0.49 87.8 8.6 + 0.44 

9 8.4 ± 0.29 82.6 8.1 ± 0.35 

Control 10 6.5 ± 0.91 .2 5.7 + o. 

12 6.5 ± 0.86 65.0 4.8 ± 0.74 

cent of corpora lutea. 

cent of ova recovered. 

% Ova 
Viable 

88.1 

95.8 

85.1 

88.3 

.8 

88.5 

·3 

·5 

97.5 

.1 

87.7 

73.1 
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corpora lutea was evident in C57BL but not in 101 mice. There were fewer 

corpora lutea in grouped females than in their isolated controls in C 

at all ages. The differences showed a gradation from be 

statistical significance in old females to very high 

mice. In line 101 1 differences between the levels of 

close to 

in young 

density 

varied in direction between ages and did not approach statistical significance. 

Viable Ova 

The s of ova recovered and the percentages of these ova that 

were viable, from mice of three ages, are shown in Table 22. 

recovery of ova from C57BL mice was uniformly high but from 

101 mice the of ova recovered fell markedly with age. 

Contraction of the uterus shortly after slaughter, which was 

re for the poorer recovery of ova from line 101, has been 

mentioned. It was observed that the uteri were most contractile in old 101 

females. Moreover, as the older females were killed first and as the technique 

for uterine contrac improved during the course of these 

studies, recovery of ova from young 101 mice was more successful. 

Viable ova were identified as those that had developed to the 

or advanced morula stage at days post coitum. The s of the 

recovered ova that were classified as are uniform for all 

the mice. There were no statistical differences between mice at the two 

levels of population density. The lower percentage of viable ova recovered 

from old 101 females, notably those in groups, was due to a high proportion 

of non-viable eggs in a few mice. 



Pre losses of ova in C57BL 
at two of 

3-4 Control 5 9.0 + 0.45 7.6 + 0.87 .6 

5 7.8 ± o. 7.0 + 0.32 10.3 

6-9 Control 6 9.8 + 0.75 6.8 + 0.87 .5 

8 9.0 + o. 7·7 + 0 ·9 

16 9·5 + o. 6.8 + 0.58 28.9 

10 9.1 ± 0.35 7·7 + 0.62 .4 

101 7 9·3 + o. 6.9 ± o. 26.2 

7 9 3 + 0.47 7.3 + o. 21.5 

Control 9 11.0 + o. ?.6 + o. .3 

11 9.9 ± 0.28 6.9 + 0.64 30.3 

9-12 Control 9.3 + o. 5.9 + 0.45 .2 

12 9.4 + 0.34 5·9 + 0.40 .2 
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The between the number of ova shed and the number of 

sites at represented the pre-natal 

to Table shows the numbers of s and 

the corre numbers of corpora lutea recorded at 18i post coitum. 

The data were transformed square roots before because 

of the small of counts of sites ( 1956, P• \ 
I • 

of covariance on the transformed data showed that there 

regression (P < 0.1) of number of implantation sites on number f 

corpora lutea. There were no statistical differences between levels of 

den , between lines or between ages, thus that the 

regression of number of sites on number of corpora lutea had 

accounted for most of the variation in the data. 

However, Table shows that the of ova tended 

be in line C57BL, in young females, and in C57BL grouped mice 

to their controls. 



1 

of intra-uterine re s, at 
in C57BL and 101 lines of mice at three ages. 

(Data for levels of .) 

10 1.2 + 0.20 0.40 L47 

6-9 2.7 + 0.30 1.30 
., 
l..o 

9-12 2.9 + 0.29 2.19 1. 

101 1.1 + 0.31 1.30 1.39 

6-9 20 1.8 + 0.45 4.06 1. 

9-12 26 1.4 + 0 1.37 1. 

C57BL v 101 3-4 

6-9 

0.075 0.6 < p < 0.7 

o. 0.05 < p < 0.1 

9-12 0.434 0.001 < p < 0 01 

Jx + 1 transformation, where x = number of re sites. 

* Probabilities from t-Tests following of 
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Post-imulantation Loss 

The difference between the numbe O.p 
J. site and the number 

of live foetuses found at coitum 

after implantation. Observation of the contents of the uterus at 

showed that ion loss was represented by 

the presence of site at which had been, or were 

resorbed (i.e. sites) and also by dead foetuses (the latter 

representing the most recent pre-natal The numbers of dead foe 

The numbers of resorption sites at all ages of both lines of mice are 

in Table 24. The data were first transformed by valves for Jx + 1 

(where = number of re site ) because of the small size of counts of 

re sites (Snedecor, I p • ) . of variance of the 

density. These data have, therefore, been combined for presentation in 

Table 24. Differences between ages were not 1 but there 

increased re of in old female 

to 101 females of the same age. of the lines within other 

ages showed that resorption in line C57BL approached in 

intermediate-aged females, but was not significant in young 



f live foetuses 

34 

52 

and 101 
line 

s from t-Tests 

......__~_, 

mice 
of 

6.0 + o. -

5.0 + o. -

4.3 + 0.23 -

o. <P< 0.1 

0.05 < P< 0.1 

of 
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The numbers f live foetuses at are presented in 

of revealed that variation due to 

lines to levels f was not 

Thus these data have been for presentation in Table 

The or 

mice. There 

females, 

difference 

young and old females 

f 

difference in 

f variation in the was associated with age of 

live foe gnancy in young than in intermediate-

in intermediate than in old s. Those 

the difference 

< 0.02). 

presented on pre-natal loss shows that 

o live foe s 

line f mice have arisen due to losse (Table ) 



v 

DISCUSSION 

The undertaken to de some ffects f 

on in line of 

f line for certain 

in of the 

f mice the line increased 

line were much more aggre than those 

101. Observations on mice in cages showed that more 

between males than 101 males. In cages of 101 male 

e ceased within 24 hours of introduction of 

the were scarred; and the that 

of males in cage , but not to In cages 

males was , more so where 

s were present; many, and sometimes all, of the were scarred; and 

deaths were few, those which did occur were often a direct re of 

In the case of females in cage and in groups, 

very rare, but C57BL females in cages were scarred at 

the base of the tail due to 11 one or more dominant animals. 

It is suggested that dominance and subordinance were more 

de line lOL was not a maintain 

any animal in a of dominance. On the other hand, 

mice of the line may have been of more even social rank; conse 

fighting, to maintain or to secure a in the social , was 

more fre With such a distinct social of 

criteria be line 101 than within line C57BL 

when the animals were in groups, and the effect of 

more severe, as has been shown. 
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Therefore, 101 mice appear to have been more stressed than 

when subj cted to increased densi 

in of fixed size, in relation to adrenal 

s and stress, has been discussed 

no constant existed between 

~nd it was concluded 

and stress. Christian 

(1963) has stated that the results with relation to 

and dominance in no way invalidate the that 

social pressures are re for increased 

of mj_ce and rat , 

that has little or no effect on the adrenal 

observed in groups of animals. 

to 

and 

in deermice 

ftheriou ( ) have adrenal 

the 

strain of house mice. The latter mice have been found to 

in 

These 

response to 

), and Bronson and 

was evident in 

ftheriou 

mice but 

in the indices of adrenal function 

appear to contradict the sugge that 101 

sponse 

stre than C57BL mice when , as aggressiveness of 101 

animals is to that of deermice in relation to the 

aggressiveness of mice of the strain. However, the 

Bronson and Eleftheriou refers to mice of two different 

made 

which may 

to Moreover, all mice in their 

were males, and responses may differ in populations of mixed sex: for 

instance, these authors observed that female deermice young were 

aggressive as trained 11 fightern mice of either 

The statements of and Eleftheriou throw some on the 

suggestion that 101 were more stressed than mice when crowded, 
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where the were unise:<ual, but do not 

such a suggestion where the were of mixed sex. In of this, 

of adrenal responses to 

of mixed sex would be 

in 101 and mice from 

f 

Greater variation in some tive characteristics occurred with 

than with their controls, e.g. age at first oestrus, 

between first oestrus and first 

Moreover, the variances f the data 

, and age first 

to the corre 

means. cessitated transformation of the data for valid 

With results for age at first oe , transformation of 

the data did not alter the of differences as de by 

of variance, but care should be taken in 

o difference where been made. 

responses to increased 

densi of interest in view of the and 

), These response of 

The mean, f 

in size, The 

distribution in direction f 

, due 

animals still showed 

with all f in 

variance accounted for such 

between adrenal adrenocortical and 

function have been discussed the existence 

of such , the results of the present are in 



with the of Welch and fer. , for 

the for age at first conception shows that mean and 

in mice than their controls. Furthermoret the in 

grouped mice was due to a of 

individuals in the groups than in the controls. 

The of relative of dominance or subordinance in the 

social animals should be noted in connection with 

endocrine \'lelch and fer (1961) and others, as mentioned 

, have observed an inverse between adrenal and 

social , and direct function and 

social rank. Christian (1963) has discussed these 

From the statements of these authors, it would appear 

certain social pressures related to social rank are or factors 

of adrenal and of tive function 

in mice. 

Females at in were than in A. 

This may have been because of methods in to 

for use in B. For l a loose feed 

mixture (buttermilk and meal) was fed to 

, and stunted pups were culled. Such methods were not used in 

pups to for A. 

Horeover, in line the males used in B were older and 

more aggressive than those used in A. When or with 

females, occurred almost in B and some females 

were killed or were fatally injured, but few such deaths occurred 

in 

data on 

killed thus, which have been excluded as re 

at weaning, were found to be lighter than average in 

This factor was also re for the mean of C57BL females 



weaned for B. 

It is to stress that, females were heavier at 

in B than in experiment and 101 were heavier than 

C57BL mice, there were no differences between the s (at weaning) of 

females cted to the control and the density in either line or 

in either Thus comparisons of control and mice are not 

biased by initial s conferred on females at either level of 

It has been shown that data on performance, at two 

of of 101 mice in B were in with 

tho data for this line in H .. owever, differences 

between the two s in the re s of mice to increased 

The data on indicated re 

increased in t and it has 

been sugge that this may have been due to lower f 

riment These tended to have thin coats due 

to poor groups to heat 

control female could not do this 

1 the control 

low s 

in release of hormone (Brown-Grant, Von 

Reichlin, 1954; Woods and Carlson, ), Furthermore, relation-

between the and the 

and Reineke, 1950; Hess, Denison and Zarrow, 1955; Bruce 

Sloviter, 1957), Christian ( ) observes that results in the 

to indicate an level of ac for proper 

func of the deviation from 

level in either direction leads to function. 

It seems , therefore, that maturation of control C57BL females in 



A may delayed partly because of their to 

conserve heat. This may have resulted in increased ac 

and, hence, suppression of reproductive function. 

On the other hand, two of the four groups of mice in 

were feed after the females were weaned, 

because of the low weight of some of the mice. This may 

maturation of females in these groups. 

On the basis of these considerations, it is suggested that 

were biased in favour of C57BL females, 

controls, in A, and that the results from 

accurate indication of the response of mice to 

These studies did not reveal an effect of increased 

earlier 

tal 

to their 

more 

on age at , as indicated 

mice. is used 

age t 

index of 

caku~, in either line of 

in mice because it 

followed by strous s, which are 

ovulation - the ultimate criterion of in females. However, it 

observed course of ts and B that, after 

of the orifice occurred in some females, 

line Moreover, no further s (such as would indicate oe 

) occurred for some time in the condition f the orifice of 

certain other females. Thus some time between 

first oestrus: the interval was least for 101 c females; 

C57BL controls and for 

101 groups and for C57BL groups in 

first oestrus indicates attainment of 

should be 

B. If it is 

, then data on age at 

for 

st 

that 

Laurie ( ) states that the condition of the orifice cilone, 



, is not reliable criterion of 

Parkes ( ) found interval of seven 

and the first ovulation. However, Southwick ( 

ft and Rowe (1957) found a correlation between the condition of 

the orifice and ovulation determined at Crowcroft 

that examination of anoestrous mice, in which 

sealed, most females were found to 

have and lack corpora lutea. 

Therefore, age first oestrus 

than age at 

means, may not be ac 

to suitable criterion 

for de may 

occur ovulation a.'1d, in 

the present studies, may be followed of anoe 

indicated first oestrus, females in groups 

later than ir controls in all within line in 

This result agrees with the f Kalela (1957) in his f 

of s Southwick ( ) 

and Crowcroft and ( f 

females a their , confined of 

wild house mice. 

females iu their 

due to in younger 

age in segre 

each. 

La.mond ( 

(1944) has 

mice 

these females were 

that oe 

littermates 

s at 

in groups of 

males. Whitten ( 

observed that female mice entered into anoestrus when 

groups, but that oestrous 

into each cage. Thus the 

s sumed 

in onset of oestrous 

a male was introduced 

s observed by 

Andervont not have occurred had each group of mice contained male. 

It of interest that of the 



..,. 
J.~r of 

difference 

of 

strus (with the 

at first determined 

s females. Before either can occur, 

is that the female It of 

Hence, the fers 

to the result for first to 

tive 

It most 

females. However, in onset of first oestrous did not 

account entire the much age of most females, 

to controls, at first The first full-term pregnancy of 

mice of both lines commenced, on f 

that f female , on , more 

tvm weeks after line and more than six weeks after 

in line 101. 

The interval from first oestrus to first in most 

to their controls, was due to of 

first to a decreased of full-term s 

from first 

The lower of full-term s from first in 

mice was not due to abortions. one case of abortion 

observed; that in 101 female. The cause may, however, have 

been an increased incidence of failure of of ova, or of 



re of te litters in pregnancy, iz1 females, 

suggested by and ( 

f first mating appears to have been to inhibition of 

in mice. It has been suggested t there may 

have been behavioural disturbance 

the groups. There is also the po 

decreased libido, in males in 

that s may 

disturbance • , subordinate females have 

or have 

the interval first oestrus 

to line 101. 

that 

in his 

No data collec 

it seems possible 101 

groups of females, may have 

consistent 

upon introduction to groups of female , 

It would also appear that, if these males 

returned when the males 

from 

se c 

s and 

fertile at levels of 

on fined of house mice 

te in male in 

not 

101 males 

in fact 

, when 

This would 

eager to 

became 

(1958) observed that 

with isolated female • 

mice were fertile 

within few of removed from crowded 

both sexes. No females became 

authors attribute this to failure of 

mice of 

in crowded cage . The 

ve processes in the females, 
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do not sent occurred. It is 

did not there 

of tive proce in males well in females in the 

crowded cage • 

all s in fertile as all were 

of succe ful with after pre in the 

for some time. 

However, such sugge should considered with reservations 

( ) the tive of male has 

in detail for any species from fre 

other than house mice; and no studie have 

criteria of fe ) indicators of 

information on subtle in 

concludes that the of s fertilize with ct to 

not been inve 

a result of female , inhibition of and 

decreased , the onset of first 

in 

( \ 
) . 

by 

in f first 

in of 

that tl1e ge stet tion the 

f in the :present 

ffects. However, there no indication f 



in female , o controls, in pre 

The duration of first gestation within the line agre s that 

Snell (1941). 

for decreased first litter size in mice in these 

not conclusive. While there may have such an effect 

in line it should also be noted that (ne ) 

correlation between size of first litter, first recorded, and the e 

of f Thus 101 controls in both 

s had both litter and least 

to 101 mice and both control and C57BL 

-natal more pups may have been devoured 

before litters were recorded. Thus the that pups would die 

be before re of the for 101 mice 

and all for 101 controls. 

literature records decreased litter size in house mice and in 

deermice ected conditions the , but not 

natural of rats and voles at 

levels of The se·veral further s of diminished birth 

in confined of house mice and voles (Clarke, 

Crowcroft and Rowe, 1957; ' 1961). 

further consideration, with to first litter size in line 101, 

that females were older than control females at onset of first 

full-term pregnancy. The difference in age is the e of two to 

three gestation First litter size increased with age of the 

where were young, l.n rats and ) ; a.nd 

litter siz,e increased with st1ccessive pre s in mice ( 

Finn ~,icLaren, 1962), may have been due to the effec of 



pregnancy 

.... 
, J..t- seems ble that 101 mice in present 

smaller litters become parous at the age as 

their controls. This would have increased the difference between 

litter sizes the two levels of tion density~ To obtain more 

accurate information the in first size, control 101 

females should have later age, that their 

first litters would have as that at which 

first litter born to 101 Se 

difference in s of control female , 

full-term pregnancy, and is to have affec 

relative f first lit 

It than 

pups born control f birth and on the 

The difference in 

indicate to 

·The of cautious in 

the of birth, f pups born to mo 

been stressed. It would have been necessary to 

in order to obtain evidence the intra-ute 

re for any in of 

and ( ) found that there was no 

between the mean , at birth, of pups born to 

isolated mothers. in these s the crowded 

into isolated before the Thus 

natal environment was similar for all of whether 

were born to isolated to ( 

There ( ) be the s of live pups 



at one and the f Hence there 

post-natal in litters born to 

those born to control mothers; and 101 pups had a 

than C57BL pups. 

females than in 

rate of survival 

indication of lactational e of the dam is the 

s of pups at 21 Most of the variation in pup 

at this age is due to maternal performance, but a small may be 

to other factors, as pups be solid food 

mothers were 

fore 21 

than pup 

of age. In 

101, pups reared 

control females at 21 and ( ) also 

similar Thus diminished lactation is indicated in 101 

ected to increased 

in pups born to 

pups of control females. This effect due to an increased incidence of 

total litter extinction, and to of within 

litters, in mice. 

there is e for diminished lactation in 101 female in 

response to 1 it is that the 

incidence of total litter extinction in litters born to 

The 

involved. 

The 

of 

causes of te lo of lit rs appear to be inter 

) . 

behavioural The 

mice cannot be to 

alone, that ficient 

several 

(Strecker 

of litter mortality in rodent 

Christian, 

litter survival attribu 

f 

mice. 

in 



f 

(Christian, 

factors 

) in dense 

inhibition of lactation, 

to combinations o the 

( ) . 

Christian and ) to 

and Emlen, 

of house vole However, the 

is due either to 

in maternal , or interference, 

factors, re s inve in detail 

Social rank be involved in in 

that total lit 

subordinate female , 

extinction 

litters 

suggestion is 

to litters born to 

to dominan females may suffer 

Calhoun (19l~9, 

subordinate rats, in 

of their young be f 

and disturbance . 

factors have been noted in mice at control 

level of This may 

of pups born to mice born to 

101 females; also at 

associated with rate, of females used in 

experiments B. 

Unlike most of the other tive criteria examined in this 

the data on litter mice were affected 

to grea.ter than were 101 mice. 

The mice in studie on had been in 

cages (sexe segre ) for up to 10 months before and 

groups ·,vere se up. The numbers of mice in these cages were sufficient to 

constitute a similar to that which obtained for the mice 

Christian and (1958). mentioned, these 

) 
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authors effe t of for some time 

£' the response J. segre of the mice into isolated 

to increased ions of 

sex than in unisexual (Christian, the mice 

studied Christian and , which were in of mixed 

crowded, have been affected more the of that the 

mice used in the l it that these latter mice must 

also been affected. The subse effects of may 

have served differences in response between control 

mice, Thus it sult f the studies on pre-natal 

accurate indication f f 101 and mice 

to difference be 

f further limited the small 

numbers of in the studie This limitation accentuated 

variation s f mice, which necessitated classification f the 

data well level f 

There fewer corpora per pre in s than in 

controls in line not line lOL indire t 

evidence that numbers f corpora lute a in to sed 

of mice may sult in tion of 

adrenal (Christian 1 s can cause 

inhibition of formation f corpora lutea ( Christian, \ 
I • This 

evidence is not satisfac certain ses of some 

adrenal caused increased formation f lutea in mice 

and Christian, 1963), and f female m~ce sulted in an increase in 

the number of corpora lutea and Christian, ) . 
It be noted that corpora lutea counted eye in 

the present 1 and not microsc o stained tions, as 



it is that c done 

lutea in females than in their controls because 

of corpora lutea in 

mean the number of 

in those in groups, and this would 

viable ova and of ova in 

controls. 

These not 

on the of that 

on the of 

not 

any ffects of 

, on pre 

If so, this 

in control than 

of 

s than in 

tion 

loss f 

increase in the 

number of gnancy with increased 

the 

( 

of 

which 

inve 

number of live foetuse 

difference vels 

young 

of mice 

losses 

f 

) 

in he 

the cline f lit 

in 

). This 

( 

affe 

to this 



to in , in line 101. The 

f the disease may been the sult of their 

environment, as groups of mice became soiled more 

than boxe There is also the that 

mice had decreased resistance to the disease 

Such an is in 'i'Jith of 

response in mice, noted 

The infe ss of the disease is indicated the 

in in the of a female 

of the disease. sistance to which then showed initial 

appears to have decreased with age f males. 

of 



VI 

per f f ( 

in boxes tion densitie 1 

5 \ 
) i 

In 

of 

f 

0 

and 18~ 

lutea 1 viable ova, 

of to 

the mice because oestrous did not 

Fir 1 therefore, been the indicator 

females of both lines 

jected to in 101 in 

0 le inclined to 

control f this liner. of inhibition of 

line 101, in to 1 indicated that 

deficient tnctin cau.se . C 

suppression of effective ac occurred in some 

101 males at the sult 

in mice of line at the levels o were 



inconclusive. 

Fewer, but fewer, full-term s resulted 

first of than of their controls in both line 

to be neither of fre of 

mice than in controls f either line. 

c that which sulted in the first full-

mice of , . .1..:1.ne were older than their 

first in line lOL The ov·erall di 0 

and lOl females at first 

of 

than of control 101 females had difference did 

in line of first 101 mice 

to inhibition of 

effect of f at 

oestrus 1 first and first 

di revealed tween control and fem.ale f 

u1 terms of the of the first gestation 

s of first litters of control 101 mice 

of 101 mice, this difference should be wi caution 

as there is re correlation tween size of first litters 

the degree f of pup • Dead pups 

fir lit recorded. The size of first litters of 

t s f did not differ. 

born to s were heavier than pups born to 

mothers in line , both on the of birth and It 

been that differences in s of on 

due to of pups control mothers, rather 

to in the en vironrnen t The in 

cond due to effects of litter 



mice of 

in 

factor to inc 

tive 

social hierarchies 

This could 

further 

for 

tive crite 

f viable 

s 

due 

for this 

carry-over effects of the 

precluded 

revealed tween control and 

fac 

f 

in 

t 

21 fle 

limited f 

tive of 

in to 

f 

data 

in 

It 

line 101 than in 

of 

than 

of would 

of 101 mice in terms f 

found in 

site live foetuses at 

on pre-natal , in the 

, is to 

ffects may 

f the mice when cted to the 

in f lute a 



in in control female 

affec the 

of the level of 

inve 

2. f 

3 f 

lOL f first 

101 f control 101 

tho This 

f 



/" o. 

tual 

or 

accumulated 

pre 

s. 

... • .!'> v:Lon 0.1. would be of in 

the of stillborn pups 

should female that are 

males at females that are 

s forehand. 

may be to reyeal 



J1J'lDERVONT , H. ( ) . J. Nat. Cancer 

S •• , BOGART, R. and SPERLING, G. ( ) . Cornell 

. I'l:em. (Cited by , Finn and HcLaren, 

BARl\fETT , S • (1955). 

BIGGERS, J •. , FINN, C.A. and 

BRONSON, • H. and ELEFTHERIOU, B.E. ( 

, R .z. ' ; . 1:;' ~ 

""CO.L. 

. ' EULER, ('I v., HARRIS, 

J. 

BRUCE, H. and SLOVITER, ) . 
BURRO~VS, H. 

CALHOU.N , J. B. 

CALHOti'N, .B. 

' J .B. 

CHITTY, D. 

CHITTY, D. 

CiilliSTI.Al~, 

( 
\ 

I 
\ 

T 
'-'. 

. J. 

CHRISTIAN, J.J. 

CHRISTiiLI'r, J. J. 

C.iiRISTIAN, . .; . 

) . 
Univ. ss, London and 

\ 
) . Science 

Ann. N. 

( \ 
I • 

( 

( 

(1956a). Ecology 

( ) . . J. 

\ 
I • Proc. Soc • 

( \ 
I • J. 

' ) . . Zool • 

G. and s. 

J. Endocrinol. 

of Sex 

York. (Ci 

Sci. 

of Ivian a11d 

181 _, 

182, 292-300 • 

( 

2nd 

. ) 

ver 

) 

CFiliiSTI,A£i, J. J. ( ) . I~. .U.• , Proc. Columbia 

Univ. Gorbman, ed.). York. PP• 

\ . ) 



CHRISTIAN, J.J. ( ) . Proc. Soc . . Biol. Med. 104, 

CHRISTIAN, J.J. ( \ 
\ I • Proc. Nat. Acad. Sci. U.S. 

CHRISTIAN, J.J. ( ' ) . In: l. ( 

and R.G. Van Gelder, - \ eas.;. Press, York and London. 

pp. 

, J.J. and DAVIS, . E. ( ) . Trans. N. Amer. Wildlife Conf • 

CHRISTIM~, J.J. and DAVIS, D.E. ( J • Nanunal • 

CHRISTIAN, J. J. , DAVIS, .E. and F.J. (Cited 

. ) 
CHRISTI.Al'i, J .J. and Le11UNYiLW, C .D. ( ) . 
CHRISTI&~, J.J. and WILLIM1SON, H.O. (1958). Proc. Soc. Ivied. 

CHRISTY, N .P., HOFHANN, F .G. and HUSEBY, R. ( \ 
J • Fed. 

CLAHF..E, J .R. ( ) . Proc. " B ., h4 • i:>OC. • .:!:...!,.._, 

3TJ~.NDARDISED GENETIC NOt4ENCLAT"L'RE OF HICE (SNELL, G .D., STAATS, 

• , LYON, IVi.F., DUNN, L.C., • , and HESTON , W. E • ) • 

,, ,_ Cancer Research g£, 

. E . and i•1IRSICAI.l\ , L • ( \ 
I • • Generalis 1, 

CROV~1CROFT , P. ru1d :ROVVE, F. P. ( ). Proc. Zool. 

DAVIS, D.E. ( ) . Ecology ,;g, 

DAVIS, D.E. ( ) . Animal 6 _, 

DAVIS, D.E. and CPJUSTIAJSf, J.J. ( ) . • Soc. . Biol . f1ed . 

DAVIS, D.E. and RE~~' C.P. ( ) . . .Soc. B . , M ' OQ • ~O..l... .d.ea. ~, 

, fii.E. and Proc. Soc. • Biol. !'1ed • .§.2, 

DICKSON, A.D. ( Nature~' 

EISEI~STEII~, A~B. and :tiP ... RTl~OFT, P.tJ1. ( ) . 



FINN, c .. 4.. .. ( l 
I • 

FINN, (1 ( '\ 
'-'• . \ I • 

FLICKINGER, .L. ( Gen. and • Endocrinol. 1,, 

GLAUBACH, s. ( ) . J. Mt. Sinai Hosp. N.Y. 1,2, (Cited 

. ) 
GOULDEN, • H. ( ) . thods of Statistical , 2nd 

York. 

HARRIS, (1956). 

A sympo ( .S. Fields, R. Guillemin and C.A. Carton, eds.). 

C.C. Thomas, 

( i 
I • H.4.RTROFT, P .l~. and EISEl'l STEIN, A.B. 

HEL:t1REICH, R.L. 

HESS, ( ) . 
HOWAP.D, E. ( 

HOV/ARD, ( 

~.TOffES, T (' J...v. ( 

JONES, . c. ( 

KALELA, o. ( 

' 0. 

York. 

KING, J. ( 
\ 

KR.AATZ, ,-, p ( \.1 ..... . 
LlU·iOND, D.R. r 

\ 

LAURIE, E.H.O. ( 

LOUGH, C.D, ( 

LOUGH, C.D. ( 

IvicPF.Jl..IL, I~.K. and 

HcPH.AIL, 

( 

. Soc • • Biol. I'led • 

) . PJuer. J. Anat. 40, 

' ) . 
) . 
) . 

' I • 

' ) . 
) . 

) . 
) . 
) . 
READ, 

READ, 

Proc • .. Soc. B. 

Proc. Soc. 

J. Endocrinol. 18, 

Proc. 

• ll1arumal. 

H.C. ( 

.c. ( 

• Soc. B. 133, 

7,0 
~' 

) . 
Anat. Rec. 

R 8b. . • ec. _., 

!~1. and REINEF~ , E • P to ( ) . T • v • 



J. and J.J. ' ) . • Endocrinol. 

• and ) . imas Folia t. 

by Biol. Abstracts.) 

. s. ) 
j • J • 

H. and ) . u. . Bull. 110, 

(Cited 

,. , SC.HI>TEIDER, • , TR!s.POLD , J. 8Il.d ( ) 
I • 

'7',T 
• J.'i • ~ Sci. 

• and ' J. ( Proc. I> Biol. 

( ) . Biol. 

L. and ) . 
• , T.,;!;.YLOR, oJ. clnd CHUDLEY, .H.J. ( J . ~~ Ecol. 

SELYE, H. ( ) . 
SELYE, H. ( . Canad. Biol. ( 

SiviiTH, R • . ' Jr. ( Proc .. Soc. • Hed. 

SI,IEDECOR, ( ) . ed. Imva State ge 

Press, Iowa. 

( ) . of the 

SOUTHWICK, ( 

SOUTlHIICK, C.H. ( Ecology 36, 

SOUTHWICK, C.H. ( ) . Proc. Zool. . London 131, 

STRECKER, R. L. and EtliLEN 1 J. 'r. ( ) . 
SUGIY.il.1viA, ( \ 

I • Acta Sch. lYled. Uni v. Kio to 37, (Cited by 

Biol. Abstracts.) 

, H.H. ru1d CHRISTIAN, J.J. ( ) . 
VIEAVER, J. ( \ 

I • J. Pathol. Bacterial. 



- 74 -

• L. and P . ( ) . 
~NHITTEll, J. 

L.D. ( ) . 



~ T '"~ 1 ' ' or apeworms \..dymeno epJ.s ~J 

Further to exaxnination of the tive tract at the 

intestines were examined for The es were found almost 

in the posterior of the small intestine. Of 

one was found to have , whereas per cent 

of the females of 101 examined 

·were fourrd most fre in young a 

of 101 females examined was young, the occurrence o 

this line, as 0 

no tween 

levels of of the mice in the of 


