REPRODUCTION AND BEHAVIOUR OF THE LESSER MOUSE LEMUR
(MICROCEBUS MURINUS, MILLER 1777) IN CAPTIVITY

by
Angela R.H. Glatston

Thesis presented for the degree of PhD. from
the University of London, University College, 1979

t.J‘.&‘



ABSTRACT
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A detailed knowledge of thz behaviour and reproduction of any
exotic species of mamnmal plays an important role in the successful
maintenance and breeding of that species in captivity. Data from
the field are particularly important in evaluating results in
captivity. Where complete field data are not available, problems
arising in captivity can only be assessed by taking successfully

breeding individuals as the norm and using them as a guideline

when studying reproductive problems.

This study has been designed to establish the reproductive
parameters of the lesser mouse lemur, Microcebus murinus, using
data from the field and successfully breediiig individuals to this
end. Aberrations arising in captivity were examined and an attempt

was made to identify their causes.

During the course of this study data have been collected on
the annual variations of behavioural and physiological parameters.
Information on male and female reproductive physiology has been
collected and hormone assays have been conducted on urine samples
from oestrous, pregnant and non~nregnant females. Data on infant
birth-welght and development have also been recorded. Special
attention has been paid to reproductive behaviour, particularly
birth and maternal care. In addition, a study has been made of
social behaviour and communication. The relationship between

social behaviour, status and reproductive success has been

examined. .

Having established the "normal" condition it was possible to
examine deviations from this norm. Under certain circumstances
environmental stimulation was observed to either stimulate or
supﬁress reproduction. Suppression of reproduction is discussed
in the light of physical and social environmental influences.

Data on pathology have also been collected and adrenal weight

and histology recorded. An attempt has been made to integrate



post-mortem findings with observations on reproduction and
behaviour.

The normative data collected in this study are discussed in
terms of their adaptive significance and the deviations from the
normal condition are viewed in terms qﬁ stress. An attempt is
then made to indicate the positive influence which this and similar

studies could have on captive animal management.
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CHAPTER 1

INTRODUCT ION

i R S

The research undertaken on the lesser mouse lemur, Microcebus

murinus, during the course of this study is intended to be of both
general and scientific interest, in that it is hoped that the

study will have some bearing on the husbandry and breeding of exotic
species.

The data presented in this thesis are of obvious use to others
involved in similar captive breeding projects in which colonies of
exotic species are maintained for scientific research. However,
the implications that such work couldhave.;n the zoo world should
not be forgotten. The zoo both as a locale for research or as an

institution benefitting from research work, tends to be very much
neglected by the scientific community. As part of the research
for this thesis was undertaken under the auspices of the Zoological
Society of London and of the Jersey Wildlife Preservation Trust,
it is felt that the beneficial relationship between research and
the zoo world should be emphasised. First, however, a few words
need to be said on the topic of zoos themselves.

The- exhibition of wild animals in zoological gardens is now
a worldwide phenomenon. Fairfield Osborne (Crandall,1964), one-
time President of the New York Zoological Society, has pointed out
that “"the whole subject of wild animals including methods of
keeping them has been of engrossing interest throughout the world
for many centuries even, one might say, since the earliest days
when man captures wild animals to domesticate them". However, if
the only function of Zoos was to be the entertainment of their
human visitors, there would be very little argument to support
their continued existence. In order to justify its existence in
the modern world the zoo should also be a vehicle of conservation
in which viable populations of various animal species should be

maintained in order to ensure against their extinction. Today



some of the better zoos are beginning to aim towards this ideal.

The progressive zoos of today are far removed from the
menageries of yesterday. No longer do they seek to operate as
a kind of living museum where the most important aim is to
display one example of as many species as possible, but rather they
tend to try to establish breeding grohps of various species. As
a result methods of husbandry and breeding of their charges have
improved beyond recognition. Nevertheless, the breeding records
of most zoos leave much to be desired.

Probably one of the greatest obstacles to successful breeding
in zoos 1s stress. In general terms so little is known about the
habits of most exotic species under natural conditions that the
diet, social groupings and caging conditiong used for a particular
species are derived through a process of trial and error. This
lack of knowledge together with the constraints imposed on husbandry
by finance and the necessity to exhibit the animals to the public
results in the animals being housed in less than optimal conditions
and this results in stressing of the inmates. It is in these fields
of providing information about exotic species and of investigating
the relationship between housing conditions (including group structure

and diet) and reproductive success that scientific research can be

of use to the zoo.

The subject of this thesis, the lesser mouse lemur, Microcebus

murinus, illustrates well the problems encountered in captive
breeding projects. The reproductive output of the study colony as
a whole was well below maximum and various problems arose in the
health of the animals. As a species the mouse lemur is not
endangered, although it is accorded protection by the International
Convention on the Trade in Endangered Species. Nevertheless, it 1is
rarely seen in captivity and is virtually unobtainable from
Madagascar. Furthermore the problems encountered by conservation
projects in Madagascar (Griveaud & Albignac, 1972) indicate that
there is no guarantee that its existing status will be maintained.

Under natural conditions the mouse lemur leads a semi-solitary
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existence {(Martin, 1972a, 1973). The problems of social stress
encountered in groups of these animals are, therefore, greater
than those associated with more social species. One of the

early reports on the behaviour of mouse lemurs (Shaw, 1879)
described them as shy, wild and untameable and referred to their
quarrelsome nature and their tendency to fight fiercely in captivity.
In addition, data collected in the present study indicate that
daily and annual temperature variation and annual variation in the
timing of "dawn" and "dusk" are important to the well-being and
successdul reproduction of this species. These factors are rarely
considered in animal husbandry and may be of importance in other
species.

During the course of the study, data have been collected on
the normal reproduction and behaviour of theymouse lemur as well
as on the problems which arise in captivity. The data on
reproduction and behaviour are important as they not only provide
invaluable information for others who are breeding mouse lemurs
but they also are'interesting in relation to evolutionary theory.
The prosimians as a group retain many ancestral characteristics
(Martin, 1973) and the mouse lemur, in particular, is considered
by some authors to be closest to the ancestral condition
(Charles-Dominique & Martin, 1970). Thus, the data obtained may
also throw some light on the reproduction and behaviour of the

ancestral primate.

Although some studies have already been conducted on the
reproductive physiology of the mouse lemur; notably those by Petter-
Rousseaux (1962, 1964, 1974, 1975, Perret, 1974, 1977), Martin
(1972b, 1973) and Andriantsiferana et al. (1975), very little work
has been conducted on its behaviour. Some details on the behaviour
of the mouse lemur in the field were provided by Martin (1972a, 1973)
but diherwise little has been published. Therefore, laboratory
studies are necessary to f£ill the gaps in our knowledge of the
behaviour of this animal. Even if plentiful field data were

available, laboratory studies would still be necessary as detailed



behavioural data would be extremely difficult to obtain fraﬁ a
small, nocturnal, arboreal species under field conditions.

This thesis is divided into four sections. The first sectlon
deals with normal reproduction. Data have been collected over
three breeding seasons during the course of this study and over
four seasons by Dr. R.D. Martin. During these seven seasons
information was collected on various reproductive parameters:
testis size; oestrus, including inter-oestrus periods; gestation
length; litter size and infant development. Such extensive data
on oestrus, gestation and infant development have not previously
been published. These data for the successfully breeding
individuals in the study colony are considered together with those

obtained in other laboratory studies (Petter=Rousseaux, 1962,

1964, 1974 and Andriantsiferena et al., 1974) and in the field

(Martin,1972a, 1973). Where the data from all these sources agree

the basic reproductive parameters of the species are considered as
established.

Under natural conditions mouse lemurs are strictly seasonally
breeding animals (Petter-Rousseaux, 1968) and there is clear
evidence from previous studies that the timing of the breeding
season is primarily controlled by daylength (Petter-Rousseaux, 1970,
1974). The relationship between reproduction and photoperiod is
also examined in the first section, and data collected in this
study confirm the relationship. Annual variations in other
physiological and behavioural parameters are also investigated and
particular emphasis is laid on those activity variations which can
be correlated wflh adrenal activity. By this correlation a
behavioural measure of adrenal activity is established.

The first section also includes information on reproductive
behaviour, mating, birth and maternal care. The data on the
behaviour at parturition and early maternal care are the first
published for this species. This is primarily due to the fact
that birth and early maternal care all take place within the nest-

box. These observations, therefore, had to be undertaken with the
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aid of viewing equipment sensitive to infra-red light. The
reproductive behaviour of the mouse lemur is compared with that

of other species of primates, notably Galago senegalensis, with

a view to deducing from kehaviours common to the two

species those behaviours which might have been exhibited by an
ancestral primate form. In addition, the influence of hand-
rearing on behavioural development, particularly on the development
of normal reproductive patterns, is discussed. This information
could be of particular interest to those studying the mouse lemur
in the future as it will be necessary to know to what degree the
behaviour of hand-reared animals can be considered as normal and
whether it would be valuable to incorporate such animals in a study.

The second section of this thesis is devoted to the behaviour
of captive mouse lemurs. The first chapter 5eals with activity
patterns and social behaviour. The variations of behavioural
activity over the day, over the year and between individuals are
examined as well as the occurrence of specific behaviours.

Detailed observations of social interactions have also been made,
both in the group situation and during introduction experiments.

The results of these observations are compared with those obtained
for other prosimians and many similarities are noted and discussed.
In addition, the relationship between social status and reproductive
success is examined and differences in social behaviour within
groups of mouse lemurs are discussed and related to the reproductive
potential of the group.

The second chapter in this section is dévoted to the detailed
examination of communication in the study species. Visual, olfactory
and vocal communication are all investigated. Body posture, tail
movement and ear position are examined in terms of visual
communication. The types of marking behaviour used by the mouse lemur
are examined as are the frequency of marking and the places marked.

In addition, a histological examination was made of those areas of

skin which are rubbed against the substrate during marking behaviour

in order to determine whether specialised scent glands were involved



in marking. Vocal communication was found to be well-developed

in the mouse lemur and a total of four infant and thirteen adult
calls were identified during the course of the study. Three of
these calls seem to be involved in the control of reproduction
and, therefore, are of relevance to the third section of this
thesis in which reproductive problems are examined.

Having established the basic reproductive parameters of the
mouse lemur in the first section of this thesis, the third section
deals with reproductive abnormalities or deviation from the norm
arising in captivity. A chapter on pathology is also included in
this section in order to determine whether reproductive problems
can be associated with an overall disease syndrome arising in
captivity. However, before continuing it mist be noted that all
deviations from the normal pattern of reproduction arising in
captivity need not necessarily be disadvantageous. For example,
transfer of animals to new cages during the non-breeding season
can, in some instances, induce the animals to come into breeding
condition out of season: this can lead to successful mating 1n
some circumstances. As this phenomenon seemed difficult to
duplicate under controlled conditions, resort had to be made to
the literature for supporting evidence. An extensive literature
search ensued which indicated that similar phenomena have been
observed in other species although apparently no follow-up work
seems to have been undertaken. This is unfortunate given the
tremendous advantages which could accure to captive breeding
projects if this phenomenon were fully researched and exploited.

However, most of the reproductive abnormalities arising in
the mouse lemur in captivity have a negative effect. They include
suppression of testis development in the males and abnormal oestrus
pattérns, refusal to mate, failure of conception, abnormal maternal
care, abortion and pseudomale behaviour in the females. These

findings are very similar to those noted in other species maintained

in situations of social stress: for example, on mice maintained in



overcrowded conditions (Christian, 1955, 1956, 1971, Southwick,
1955) and for the tree shrew,Tupaia belangeri ,subjected to
fighting stress or housed with a dominant individual (von Holst,
1972, 1974). The relationship between these findings in the
mouse lemur colony and stress is examined in some detail and

recourse is made to post-mortem findings for further evidence.

Adrenal weight and histology are considered and the various
pathological conditions diagnosed are compared with those
reported in other species under conditions of stress.

The final section of this thesis is the discussion which
endeavours to draw all the results together into a comprehensive
whole. A relationship is sought between various behavioural
parameters and the stimulation or inhibitiqn of reproduction. The
various pathological findings are also examined in order to
determine whether these may be linked to reproductive suppression
and to establish the extent to which they may be considered
indicative of stress. Direct links between methods of husbandry
and reproductive suppression or pathological conditions are also
sought. An attempt is made to determine whether there is one
underlying mechanism involving adrenal stimulation which, at one
end of the spectrum, can stimulate reproduction and at the other
can inhibit it and lead to disease. To this end the theory of |
stress is invoked.

The groundwork of the relationship between stress, adrenal
activity, inhibition of reproduction and susceptibility to
disease was laid down by Selye (1950). According to his classical
theory of the process of adaptation to stress, an individual which
is subjected to long term stress undergoes a process of
physiological adaptation in order to maintain homeostasis. During
adaptation, functions which are of less immediate importance to
the organism, for example reproduction, are temporarily sacrificed
to achieve this end. This theory could explain the inhibition of

reproduction observed in the mouse lemurs. However, a problem could



then arise when it is noted that cage transfer, which is also

a stressor, can stimulate reproduction. This dichotomy is
resolved when it is remembered that Selye's original hypothesis
was formulated in terms of “chronic stress". It is considered

in this thesis that chronic stress due to environmental conditions
leads to the observed reproductive suﬁpression in accordance with
the classic theory. However, the reproductive stimulation
observed in other circumstances is considered to be the result of
"acute stress". It is the difference in the action time of the
stressor that accounts for the difference in response. Thus, one
underlying mechanism, adrenal stimulation, could lead to both
phenomena.

However, if the discussion were renderfd solely in terms of
stress much data collected during the course of the study would be
greatly undervalued. It is in the nature of this type of study
that a limited amount of data are collected on a very wide range
of topics. 1In the case of the mouse lemur study one is dealing
with a small number of animals and data collection is influenced
by their seasonal nature. Thus, for example, collection of data
on reproduction is limited to a few months of the year and to those
few individuals which are apparently reproductively normal. Data
on the inhibition of reproduction are also limited by the small
numbers of individuals and the limitations this imposes on
experimental work. As a result, data were collected on a wider
range of topics than might be the case in the conventional thesis,
both in the hope that the findings might facilitate the inter-
pretation of the reproductive results and because, as is stated
earlier, so little is known of the behaviour or pathology of this
species that alliinformation may be of use to future studies on
the mouse lemur.

The main criticism of this type of work must arise out of
the definitions of "normal" and "abnormal". In the absence of

complete field data it is impossible to establish when an animal



is behaving and reproducing normally. However, this lack of
knowledge is common in captive breeding projects involving

exotic species. This thesis illustrates the only method of
evaluating captive results in the absence of field data. This
involves a decision as to what the "normal" condition of the
species is to be during a project. This decision is influenced
by the long-term aims of the project. Once the "norm", which
may be formulated in terms of longevity, resistance to disease,
reproductive success etc., has been decided upon, then deviations
from this desirable condition can be examined and the cauées
thereof established and eliminated. Whilst this approach might
not be acceptable to the purist it ié the only way of undertaking
a study on reproductive and behavioural abnormalities arising

Y
in captivity and, therefore, its use is valid in this thesis and

in other captive breeding projects.

Finally, it is felt that the approach adopted in this thesis
can perhaps serve as a model for others who are working with
limited numbers of animals. The paucity of specimens should not
be allowed to discourage such study. Should such discouragement
become accepted little or no research would be undertaken on the
rarer exotic species. These are the very species for which, by
virtue of their rarity, research is essential to ensure theif
survival" for posterity.* If one adopts the broad approach to
research illustrated in this thesis not only is much interesting
information collected on a variety of topics but also this data
can be formulated into a general picture of the biology of the
species concerned, which in turn can improve husbandry and provide

basic information for future laboratory or field studies.

Wk
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CHAPTER II

MATERIALS AND METHODS
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1. The Study Species ‘

The lesser mouse lemur is a small-bodied, omnivorous, nocturnal
prosimian native to the island of Madagascar. The mouse lemurs,
genus Microcebus, comprise at least two species, the rare Coquerel's

mouse lemur, Microcebus coquereli, and the more abundant lesser

mouse lemur, Microcebus murinus.

Two forms of lesser mouse lemur are well~known:- a rufous
form with small ears which inhabits the rain forest areas along
tye east coast of Madagascar and a grey forﬁrwith larger ears which
inhabits the remaining forested areas of the island.

A third form has also been reported (Petter,1962,cited by
Martin,1972a). This form is similar to the rufous form described
above but has lafge ears. This animal is rare and little is known
about it, other than that it is known to occur in West Madagascar
s&mpatrically with the grey form.

In the past, all three forms of the lesser mouse lemur were
accorded species status. The grey mouse lemur, otherwise known
as the Rat of Madagascar (Buffon, 1798),was given the latin name,

Microcebus murinus, the rufous form known as Smith's mouse lemur

was named, Microcebus smithii, and the third form was apparently

known as the dormouse lemur and named Microcebus mzoxinus (Forbes,

1894)- ‘e
Today the two well-known forms of mouse lemurs are considered

as subspecies (Hill, 1953, Napier & Napier, 1967) and referred to

as M.m.murinus and M.m.rufus respectively. The rufous form is also

referred to as M.m.smithii by some authors; for example Napier &

N&pier (1967). The third form or dormouse lemur of Forbes remains

|
at present unclassified.
|

I
|
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However, some authors, notably Martin (1972a, 1973), consider
the rufous and grey mouse lemurs to be separate species and
evidence collected during the course of this study would tend to

support this view.

1.1. The Studz Colonz

Both of the above common forms of lesser mouse lemurs were maintained
in the study colony.

The colony was established in 1969 with 10 individuals (3
males and 7 females) of each type. Since then the colony has
expanded to 30 individuals. The grey mouse lemurs have prospered
and in 1977 numbered 22 individuals including 12 males. The
rufous mouse lemurs have been maintained with rather less success

and now number only 8 individuals. Of this total of 30 animals,

67 per cent are captive-~born including 6 full second generation

oﬁfspring. All animals were moved in the autumn of 1974 from

University College to the Wellcome Institute, Regent's Park.

2. Housing Conditions

Three types of housing were used in the colony. These were the
basic cube cages, a "haren" cage and an observation room. All
cages were fitted with a number of fine branches for climbing.
Table 1 indicates the kiﬁd of caging used to house each individual
over the study period.

2.1. .Basic Cages

The basic cage (fig.l) was 75 cm cube and an individual animal was
housed in each module. The cubes were arranged in blocks of two
or three. The wire walling between adjacent modules allowed
viéual, vocal, olfactory and some tactile contact between
individuals. Each module had one sliding nest-box attached to

the outside to facilitate the trapping of animals (fig.2) and one
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TABLE 1

. L =l S ey R WP R S B Gk gl S
L . A N § _§ 1 . . 2 _§ T ___§F B __F_ ¥ §F ]

University . Wellcome Institute
College
Room 1 Room 2 Observation
RooOm
Year Cube Cube Observation
cage cage cage Room
All
1973-{ RF2, RM7, MF7
1974 & MM3 housed i
in separate
room, not
included 1in
study. |
1974~ MFE
1975 MFS
MF9 MM3
uamb, Platob, -
1975~ Sam & Branb 3,RF10,RM7 MF6
1976 MMIOb & MMllbtonnie,Clyde,MF9 MF8
RFld & RM3 Ienryb,MMI,MFS MM3

a b
R‘'J & RM4 Plato, MM9 ,

b
Branwen

a indicates that the animal arrived from another collection during the
previous year.
b indicates that the animal was born during the pregeding breeding season.

d indicates that the animal died during the course of the year.
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or more ground nest-boxes or tubes were provided for the animals

to hide in. Most of the colony animals were maintained in this
type of housing when housed at the Wellcome Institute (1974 onwards).
When the colony was based at University College (prior to 1974)

the basic cage was the only type of housing available. However,
there was some modification to this b;sic cage design during the
University College period. During this time there were some multi-
module units in use in which there were no partitions between the
individual modules. These double or triple units were used to
house groups of animals as well as individual specimens. During
the period when the current study was in progress the only animals
to be housed together were the two female pairs, MFl and MF2 and

RF1 and RF3. H

2.2. The "Harem" Cage

The "harem"” cage (fig.3) consisted of a unit of five individual
cages, each of 150 x 75 x 75 cm. Above the cages was an inter-
connecting passage to which access was given by a sliding door in
each cage; in addition, each cage had access to the adjacent

cage or cages via a sliding door in the wall.

The walls of the individual cages were solid and therefore
there was no contact with neighbouring animals. However, all the
sliding doors could be replaced as required by "sliders" made of
cage wire which enabled visual, vocal, olfactory and some tactile
communication between neighbours and with animals in the inter-
communicating passage.

In these ;ages, nesting facilities were provided by the use
of plastic drainpipes which were supported in a vertical position
in the cage. Wood wool was pressed into the bottom opening
(fig. 4). The diameter of the drainpipes corresponded
closely to the average diameter of tree-hollows used by grey

mouse lemurs in the wild (Martin, 1972a, 1973).
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2.3. The Observation Room (fig.5)

Three individuals, two females and one male, were kept in an
observation room. The room measured 3.2 x 2.4 x 1.65 m and was
partially filled with branches. A window from the roomﬁgave into
a small chamber in which an observer was able to sit.

Nesting facilities were provided by plastic drainpipes which
were rather longer than those used in the "harem" cage. Twigs
were placed inside each section of the drainpipes to facilitate

the animals' movement up and down the tubes.

2.4. Temperature and Humiditx

As far as possible the ambient temperature of all rooms was
maintained between 22° and 28° c. With the ;xception of the
Observation Room, where temperature was thermostatically controlled
at a constant 25° C, all rooms had an auxillary heater which came
on with the whitg lights (see lighting below). This led to a
higher temperature being maintained duiing the artificial day
(230-28o Cc) than during the night period (220-25D C).

Each room, with the exception of the Observation Room, was
supplied with a humidifier. Relative humidity was maintained
above 40 per cent. However, even with a humidifier the humidity

never rose above 50 per cent.

2.5. Lighting

As the study species is nocturnal the animals were maintained

under a reversed lighting regime so as to facilitate behavioural
observation during the "night"”. HNight lighting was provided by
means of 40, 60 and 100 watt red light bulbs. This provided a
level of illumination in the darkened room of between 0.5 and

1.5 foot candles per square foot (i.e. between 5 and 15 lux).

This may have been somewhat bright, as Kavanau and Peters (1976a,b)

in their work on other nocturnal primates (namely the lesser

L
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bushbaby, Galago senegalensis, the slow loris, Nycticebus coucang
and the owl monkey, Aotus trivarigatus) have reported that these

species are active at much lower light intensities (between 0.042
and 2.5 lux). The relatively high light intensity used during

the artificial night did not seesm to adversely affect the behaviour
of the animals, which were generally ohly active during the red
light period.

Daylight was provided by means of fluorescent tubes and the
changeover between day and night was accomplished by means of an
automatic time-switch. The onset of the night phase was timed to
occur between 11.00 a.m. and 2.00 p.m. This enabled the animal
staff to feed the animals and clean the cages in the morning while

the animals were still asleep.

2.5.1. Light Cycle

The length of time during which the animals were subjected to
white light each-day was varied over the course of the year so as
to simulate the seasonal changes in daylength occurring in
Madagascar (fig.6), although no "twilight" period was included.
Normally a twelve-month light cycle was used but in some instances
a nine-month cycle was used in which the same variation of day-
length was compressed into a nine-month period (fig.6).

Maximum daylength was 13 hours and minimum daylength was 11

hours.

2.6. Diet

.‘

The animals were fed on a diet of mixed fresh fruit, carrots,

tomatoes, lettuce, raisins and nuts. Insect food in the form of
mealworms and locusts was given four times a week. Fresh milk
and fink mice were provided once each week and Vionate vitamin
additive was sprinkled sparingly over the food twice a week.
During the winter daylength period, care has to be taken

to reduce the quantity of food given to prevent obesity.
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2.7. Jersey ZooO

Three grey mouse_ lemurs, two females and one male, which were housed
together in the nocturnal house in Jersey Zoo0 were also included

in the study. These three animals were housed together in a cage
measuring 2.3 x 3.0 x 2.8 m. Temperature, humidity and diet were
essentially similar to those in the ma;n study colony. The light
regime differed in that there was a period of "twilight" during
which the white lights of the cage were switched off, but those
outside the cage were left on. In addition, although daylength

was varied over the course of the year, rate and pattern of

change were not based on those naturally occurring in Madagascar.

An artificial pattern was employed (fig. 7).

| %
3. Methods

3.1. Condition Checks

All animals in the handling cages, that is the basic cube cages,
were caught once a week and weighed using a 0-300g Pesola spring
balance. At the same time their tail size was estimated by visual
comparison with a size chart (fig. 8). The testis size of the
maies was estimated by visual comparison of the scrotum with a
size chart (fig. 9). The vulval condition of the females was

aléo reco%ded: the state of swelling and colouration and the
présence of a vaginal opening were noted.

Both the tail and testis size charts were derived from actual
measurements. The accuracy of this method for estimating testis
siée was evaluazedLby comparison with actual measurements of the
scrotum (table 2) and by comparison with the estimates of other
observers, On both these counts, this method appeared to be

reliéble and accurate.

I During these routine condition checking procedures the females

were examined to determine whether they were pregnant. This was

usually done by means of abdomenal palpation to determine whether
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TABLE 2
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Size Actual Conversion Estimated Scrotal Actual Scrotal
Size Measurement
A 30 x 26 mm
A - B 27 x 24 mm
B 27 x 23 mm
C 24 x 20 mm
- D" 24 x 20 mm
20 x 18 mm
D 21 x 17 mnm
E 18 x 14 mm
E - F 19 x 16 mm
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the uterine horns were enlarged. However, in the non-handling
situation (see below) only visual examination of the belly for
signs of swelling was possible. Both these methods proved
reliable during the latter half of pregnancy.

Non-handling cages were established to facilitate condition
checking without subjecting the animals to handling stress.
Animals housed in the non-handling cages, that is the Observation
Room and the "harem" cages, were therefore not weighed on a
regular basis. These animals were trained to jump onto the bars
of their cages for a food reward (fig.10). When the animals were
in this position it was possible to check tail size, scrotum size
and vulval condition in the same way as for the handled animals.
In addition, the food bowls of the animals in the non-handling
cages were placed on the scale pans of Salte; balances. This
enabled some estimate of the body weight of these animals to be
obtained whilst they were feeding. However, in most instances
it was found tha§ the animals would go to great lengths to avoid
standing on the scales and would usually reach down to the food

while maintaining a grip on some convenient branch with their feet.

3.2. Histological Observations

3.2.;. Vaginal Smears

Vaginal smears were obtained by a lavage technique. Approximately
0.5 cc of sterile saline was flushed in and out of the vagina of
a female mouse lemur using a plastic Pasteur pipette. This
flushing procedﬁre was repeated several times.

A few drops of this saline solution were then dropped onto
a microscope slide. The slide was allowed to dry in the air and
was then treated with "Dryfix", a polyethylene glycol solution
(Disbrey & Rack,1967).

The resulting smears were then either stained with haematoxylin

and eosin or with Papanicolaou stain (1942). The numbers of each
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cell type present in the smears were then estimated visually and

scored as to whether that type was very rare, uncommon, Common

or very numerous in the particular smear.

3.2.2- organs

The organs removed at post-mortem were fixed (unless otherwise

stated in the text) with Bouin's solution (Disbrey and Rack,1967),

mounted in paraffin wax and stained (unless otherwise stated) with

haematoxylin and eosin.

3.3. Behavioural Observations

In addition to the behavioural observations undertaken on the
study colony individuals, a series of observations were undertaken
at Jersey 20o. To accomplish this a series of five-day long visits
were made at monthly intervals over a six-month period and one
additional visit was made three months after the completion of the
six-month period.

Only the names of the behaviours recorded will be mentioned
here and in the result section. A full description of all
behaviours observed is provided in Appendix I.

3.3.1. Activity Cycles

Data on activity cycleS*Qere collected from the animals in the
group-housed condition: i.e. the'three specimens in the Observation
Room and the animals housed in Jersey Zoo.

In order tQ examine daily and annual activity cycles, the
occurrence of eight easily observed behaviours was recorded. These
were: still, move, groom self, groom other, feed, eliminate, nest-
box and marking. In addition it was noted when any of the animals
were in physical contact or proximity (i.e. within one mouse lemur length
apart). All of these behaviour categories, with the eiception of
the proximity scores, were mutually exclusive. For example, if an

animal was feeding in the nest-box entrance, only feeding would be
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scored. The occurrence of these activities was scored at one-

minute intervals during a twenty~-five minute observation period.
These observation periods were organised into "blocks".

Each block consisted of twenty-five observation periods - five

at each of the five observation "times". These times were:-

1. within one hour of the onset of red lighting,
2. 2.00 pnm.,
3. 6.00 pm.,
4, 8.00 pnm.,

5. within one hour prior to onset of white lighting.

The sequence of observation times within each block was randomised
using a Latin Square technique.

Four blocks of observations were carried out during each year.
Blocks I and 1I were implemented when the daylength was 11 hours.
Block I was completed before the period of shortest daylength and
Block II was undertaken after this period. Blocks III and IV were
carried out when the daylength was 13 hours. Block III was under-
taken before the longest daylength period and Block IV was carried
out after that period. The whole series of observations was
repeated over a second year in the London group but not in Jersey
where the group of mouse lemurs was only established in suitable
accommodation during the final year of the study. Thus, a second
series of observations was not possible.

The method of data collection chosen, in which only those
behaviours occurring at a specific instant in time were recorded,
would not be particularly accurate if one was dealing with
behaviours of brief duration. However, the behaviours which were
being recorded, with the possible exceptions of elimination and

marking behaviour, tended to persist for prolonged periods of time

and, as such, the method of data collection employed gave a relatively

good estimate of the percentage of time the subject spent on each
behaviour. In addition, although this method does not give an

accurate estimate of the percentage of time spent ogcupied in brief



45

behaviour patterns, the data collected are adequate to allow for
comparison of the frequencies of various behaviours during

different observation periods.

3.3.2. Social and Maternal Behaviour and Birth

These behavioural observations were made directly or from video tape
recordings and the data were collected on to check sheets, written
down directly or spoken into a cassette recorder. The video
equipment used in most situations was a Sony Portapac portable
videotape recorder. The recorded tapes were either played back

at normal speed using the portapac or, in the cases where detailed
analysis was required, a Shibaden videotape recording deck with

a slow motion facility was employed.

To secure observations of birth ormatgfnal behaviour in the
nest-box, special equipment had to be used: all behaviour in the
nest-box was observed with the aid of infra-red light and special
infra-red sensit}ve equipment.

To facilitate this, the back wall of the nest-box was replaced
by a sliding wall permeable to infra-red light. The wall was
constructed with three Kodak Wratten infra-red filters sandwiched
between two sheets of perspex.

The lighting was provided by a mains-operated 70W infra-red
light source manufactured by Plasma Electronics.

Activity within the nest-box could be observed using a hand-
held, battery operated infra-red viewer, also produced by Plasma
Electronics, or by the use of a closed-circuit arrangement.

The closed-circuit arrangement was comprised of an infra-red
video camera connected to a television monitor outside the animal
room. The television monitor in turn could also be connected to
a video recorder to enable the recording of behaviour on videotape.
Birth was only recorded using the closed-circuit arrangement as

the presence of an observer within the animal room could disturb the

mother.
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A Hansen frequency technique was used for most social and maternal
observations. An electronic timer was used which gave aﬁ audible
signal at thirty second intervals and all the behaviours occurring
within each thirty second interval were scored.

As Altmann (1974) has indicated, this method does not provide
a true measure of frequency but is rather a measure of the
frequency of intervals that include some amount of time spent in
that behaviour. However, the use of this method for comparison

either between groups of animals or when comparing the same group

over time is valid.

3.3.2.1. Introductions

Before the onset of an introduction experiment the sliding doors

to the inter-communicating passage were removed from the cages of
the animals involved. Each introduction lasted 45 minutes; timed
from the moment when the individuals first saw each other. This
method of timing.was used because the subjects would often remain
in their cages for 10 or 15 minutes after the sliding door had been
opened.

Data from these introductions were recorded onto video tape for
later analysis of visual communication signals or were recorded
directly onto check sheets using the Hansen frequency technicue.

To allow for better analysis the introduction sequences were random-

ised using a Latin Square technique.

3.3.2.2. Group Behaviour
‘c

Social behaviour in groups of mouse lemurs was followed over
45~-minute observation periods which were distributed through the
first half of the night. Data were either collected onto check
sheéts using the Hansen frequency technique or, more frequently,
observations were made on a continuous basis using a cassette
recorder to record a spoken commentary of all behaviours observed.

The timer mentioned in section 3.3.2. above was used to provide a



4 7

time base for the observations.

The observations collected in a continuous fashion were
analysed by computer using the Primate Program devised by Humphreys
(1974). This analysis provided information on the relative
frequency of behaviours and on the prqpability of two behaviours

occurring 1in sequence.

3.3.2.3. Early Maternal Behaviour:
the nest-box stage

Information collected on early maternal behaviour included data

on the amount of time the mother spent with her infants in the
nest-box as well as mother-infant behaviour in the nest-box. Data
on the amount of time spent in the nest-box were collected by direct
observation over 30-minute periods using a cumulative stop-watch.
The watch was started when the mother left the nest-box and stopped
again when she returned.

Observations of behaviour in the nest-box were facilitated by
the use of the infra-red equipment described above (section 3.3.2.).
The Hansen frequency technique was used over 30-minute
observation periods. The main behaviours recorded were suckling
and cleaning. However, notes were made on all behaviour observed.
The amount of time spent in the nest-box was generally only
recorded.during the first hour after the red lights came on. Data
on behaviour in the nest-box were collected at this time and during

two later periods, two and four hours later respectively.

3.3.2.4. Later Maternal Behaviour:

post nest-box stage

Data on later maternal behaviour were recorded during a series of

daily observations implemented between 30 and 90 days after birth.
During 30-minute observation periods, data were collected on a
continuous basis. All interactions occurring during the observation

periods were noted and the individual which initiated and terminated
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each bout of mother-infant contact was also recorded. 1In addition,
a description was made of all activities occurring within each
interaction unit (i.e. the interval between the approach of one

individual to another and the departure of one of the individuals).

3.3.3. Communication

3.3.3.1. Marking Behaviour

Marking behaviour was studied in twelve individuals, nine females
and three males. SiX of these individuals, one male and five
females were housed in the harem cage unit. The other six
individuals were housed in two groups of three, one in the
Observation Room and one at Jersey 2o00. The. frequency of marking
was recorded and, with the exception of the Jersey Zoo group, the
areas marked were also noted.

The areas within the Observation Room which were used for
marking were delineated by tracing the place where the marking
occurred onto a prepared map of the branch layout. This same map
was employed to collect information on cage use, viz. routes and
resting sites. In order to augment this information on cage use
a record was Kept as to which individual used which nest-boxes and
feeding sites. 1In the harem cages no data were collected on cage
use. Datﬁ on marking sites were obtained by comparing the marked
branch with a corresponding numbered branch on a photograph of
the cage. The branch number and the type of marking behaviour

observed were recorded onto a check-sheet.
i‘.

In the"haren"cage recording of areas marked was combined with
a record of marking frequency. All bouts of marking within each
30-minute observation period were recorded.
"In both the Observation Room and Jersey Zoo, data on marking
frequency were collected during the social behaviour observation.

periods.
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3.3.3.2. Visual Communication

A Sony Portapac Videotape Recorder was used to tape the inter-
actions of mouse lemurs during a series of introductions.
Analysis of these tapes was made using the slow motion
apparatus described above (section 3.3.2.). Using this technique
information was collected on ear, bodfland tail positions

associated with these interactions.

3.3.3.3. Vocal Communication

Tape recordings were made of as many different mouse lemur calls
as possible. All recordings were made using a Nagra tape recorder
and BASF low noise tape. As nouse 1emﬁr calls are generally
of high frequency, the fastest tape speed oft 15 inches per second
was used.

The calls were analysed using a Kay-sonagraph. Half or quarter
speed playback was used in all instances.

some attempts were made to play back various calls to the
nouse lemurs. Generally, however, the quality of the played-back
recording was poor due to the absence of suitable speakers and

therefore the animals failed to respond in most instances.

3.3.4. Statistical Techniques

The statistical procedufés used during the course of this work
have, in as far as possible, been restricted to the most basic
tests;: t-tests, F-tests and chi-squared tests. Therefore, little
explanation of method is required. However, such tests did not
suffice in all instances and recourse had to be made to Analysls

of Variance, Cluster Analysis, linear regression and various

non-parametric tests.

. 3.3.4.1. Analxsls of Variance

In order to assess the influence of subject, time, and month on

activity levels a three-way analysis of variance technique was used.
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Due to the quantity of data analysis had to be made by computer.
The SPSS subprogram ANOVA (Kim & Kahout, 1970) was used to this
end. This method of analysis was found to be particularly
suitable as ANOVA can cope with uneven cell size and even empty
cells in the data matrix. The reasons why this facility was
necessary will be discussed later (section 4).

In the event that the results from the analysis proved
significant, post-hoc comparisons by means of t-tests and concordance
tests (see section 3.3.5.4.) were used to evaluate any interesting

differences within the data-matrix.

3.3.4.2. Single Link Cluster—Analzsis

This method of analysis has been employed to investigate which
social behaviours occur together in sequence and to compare these
sequences between groups. The advantages of this method of
analysis are that:-

a) it is simple to apply and understand and it produces

a visual representation of the data;
b) it is a continuous method i.e., small changes in the
data do not give rise to discontinuous changes in the dendrogran.

Method (Morgan et al., 1976): the first step in this method

of analysis is to construct a table indicating the number of

occasions that one behavioural event succeeded another, for example:

Succeeding Behaviour

Sniff Assoc. Nest Follow Chase Total

Preceding Behaviour

Sniff 28 41 0 29 3 101
AsSOC. 10 30 0 2 0 42
Nest 0 0 0 10 0 10
" Follow 58 39 5 7 0 109
Chase 4 33 0 2 4 43
Total 100 143 5 50 7 305
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From such data, a triangqular table of similarities can be
constructed; “similarity" in this study is the likelihood of two
behaviours occurring in succession. Taking the data from the

example above this is next transformed into a table of
proportions by dividing each element in the row by the row total,

for example:-

Sniff Assoc. Nest Follow Chase

Sniff 0.28 0.41 0.00 0.28 0.03
AsSsOC. 0.25 0.74 0.00 0.005 0.00
Nest 0.00 0.00 0.00 1.00 0.00
Follow 0.49 0.38 0.05 0.07 0.00
Chase 0.10 0.75 0.00 0.05 0.10

‘

The table is then symmetrized using the method of Altmann (1968,
cited by Morgan et al., 1976), which is to sum corresponding

off~-diagonal terms; for example the similarity between sniff and

associate is (0.41 + 0.25). The similarity table is now:-

Sniff Assoc. Nest Follow Chase

Sniff 0.66 0.00 0.77 0.13
AsSSOC. 0.00 0.385 0.78
Nest _ 1.05 0.00
Follow 0.05
Chase

From the similarity table a dendrogram is constructed. First the
nmost similar pair is determined: in this case it is nest and follow
with a similarity of 1.05. These two are linked up on the dendrogram.
The second most similar pair is determined (associate/chase) and
these are also linked up on the dendrogram. Sniff links to follow

at 0.77. This forms a cluster of sniff, rest and follow at a
similarity of 0.77. Sniff links with associate at 0.66, and this
completes the dendrogram. .
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Comparison of Dendrograms (Jenkinson,1973): in order to
compare dendrograms the similarities in the above example are
replaced by ranks. Thus:-

1.05, 0.78, 0.77, 0.66, 0.385, 0.13, 0.05, O., O., O.,

are replaced by:-

1, 2; 3: 4! 5: 6: 7! 9! 9, 9:
respectively.

A value d' is a measure of comparison of two such ranked

matrices.
a* =QE§ a->,
i<j 113y 1ij
where i is the number of rows and j is the number of columns. To
ensure that 0<d'<1l, the value éé a-=->b  1s multiplied by a
‘9 LJ

constant. The constant used by Jenkinson was:-

1
max a )
3 4
1

For a dendrogram containing 13 objects this constant is 819" and

for a dendrogram of 14 objects it is

1040°
Jenkinson also deduced a table of significance for d', this
is:~
. Significance Number of Objects
level ' 12 - 13 14
1% 0.178 0.184 0.173
5% 0.234 0.219 0.213
10% 0.246 0.236 0.229

I'

3.3.4.3. Linear Regression

Linear regression was calculated either with a calculating machine
or by using the SPSS multiple regression subprogram (Kim & Kahout,
1970). In the event that it proved necessary to determine whether
several regression lines approximated to the same line an F-test
was used. This test determined whether each individual 1line

differed significantly Irom the variance of a mean fegression line,
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which took into account the data from all the separate regression

lines which were of interest.

3.3.4.4. Non-Parametric Methods

Four non-parametric techniques were employed in this study. They
werei:the Spearman rank correlation coefficient, the Kendall rank
coefficient, the Mann-Whitney U test and the Kendall coefficient
of concordance (all are discussed in Siegel ,1956).

Non-parametric statistics are particularly useful in behavioural
studies as they do not make the numerous assumptions about para-
meters required by parametric statistics. Thus, they are useful
when the data for analysis either are not truly numeric or when
they do not meet the assumptions required by a parametric test:
for example, the observations must be drawn from a normally
distributed population. The observations must be independent and,
in cases where a comparison is to be made of two or more sets of
data, these data must be drawn from populations with the same
variance.

The non-parametric statistics chosen for this study are the
most powerful available for the data. A powerful test is one in
which there is a small probability of rejecting the Null Hypothesis
when it is correct but a large probability of rejection when it
is incor}ect. When discussing the power of a test the figure
quoted represents the power-efficiency of that test compared to
its parametric counterpart. Thus, if a test is 90% as powerful
as its parametric counterpart, then to equate the power of both
tests it is negessary to draw 10 cases for the non-parametric
test for every 9 cases for the parametric test.

The Spearman and the Kendall ranking tests are measurements
of torrelation, that is to say they are used to ascertain whether
two sets of data are related and the extent to which they are
related. Both of these tests have a power efficiency of 91%. 1In
the case of the Kendall ranking test, the cumulative significance

of the level of correlation of several sets of ranﬁings s of
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interest. To this end z is calculated for each set of rankings
(Siegel, 1956) and then summated to give z total. This figure is
divided by the square root of the number of sets of ranking to
give z' which is then looked up in a table of z values.

The coefficient of concordance differs from these two methods
of measuring correlation in that it measures the relation among
several sets of data instead of between two. The significance of
the coefficient, W, obtained in this test was obtained from Pearson
& Hartley (1958), table 46.

The Mann-Whitney U test on the other hand, is used to test
whether two independent sets of results differ significantly from
each other, i.e.: it acts as a non-parametric alternative to the
t-test. It is one of the most powerful non-<parametric tests with

a power-efficiency of approximately 95% for moderate sized samples.

3.3.4.5. Significance

Throughout this thesis a probability level of 5% or lower is taken
as significant.

3.3.4.6. Means

Throughout this thesis all means given are qualified by standard

errors or, where insufficient data are available for the calculation

of the standard error, by ranges.,

4. Problems

A number of problems were encountered during the course of this
study and, as these problems were rooted in the nature of the study
and the choice of study species, it is felt their inclusion is
necessary in order to explain some of the discrepancies in the

data presented. The difficulties arose because of the paucity of
specimens available for study. This resulted in limiting the amount
of data which could be collected - a problem which was exacerbated

by the seasonal nature of the species in question. ‘As the animals
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were only really active over part of the year, the collection of
data in the fields of reproduction and behaviour was restricted.
In addition, one was dealing with a species which does not breed
readily in captivity and, even if successful reproduction is
achieved,only two young are produced by each female each year.
This meant that the number of animals available for study remained
small, although the former point resulted in the collection of
data on reproductive suppression.

This situation resulted in difficulties in duplicating
observations and made experimental work on stress impractical.
However, the most important problem arose when several events of
interest occurred at the same time, as it was necessary to select
which was the more important to the study as a whole. For example
when a visit to Jersey coincided with a month allocated to the
study of activity patterns it was not possible to complete all the
activity pattern observations. Seasonality resulted in several
females giving birth within a few weeks of each other which meant
that it was not possible to study the maternal behaviour of all
the females daily at the appropriate times.

It is felt that the difficulties encountered do not
detract from the work as a whole, given that valuable data were
collected on a little~known species.

Further, similar types of problems are encountered by most
researchers who study exotic species in captivity. For example,
in most of these cases the number of specimens available for study
is small. It is felt that the value of this kind of study should
be emphasised because,although the data collected are not extensive
enough for exhaustive analysis to be undertaken or for firm

conclusions to be drawn, they do provide necessary basic information

which is of use in future studies and captive breeding projects.



SECTION A

NORMAL REPRODUCTION

This section seeks to establish the basic reproductive

parameters of the lesser mouse lemur. Data,collected from
successfully breeding individuals in the study colony over
seven breeding seasons plus information from other captive

colonies and field studies are used to this end.



CHAPTER III

PHOTOPERIODISM

__-——-————————-
--_,-—_._--—__-_

Jolly (1972a) has stated that "... many or most primates have a
breeding season". However, as she also pointed out, a great deal
of data is neceséary to distinguish between a season of births,

in which reproduction is confined to one part of the year, and a
peak of births, where sporadic reproduction occurs throughout the
vear with the majority of births confined to a few months. This
problem of differentation does not occur in the mouse lemur, where
seasonalitv is very clearly defined.

Seasonal reproduction is a common phencmenon amongst the
lenuroid and lorisoid groups, particularly in those prosimians
which inhabit areas of marked seasonal variation in climate
(Doyle, 1974). This currently held view of prosimian reproduction
runs contrary to-that held by Hill (1953) who indicated that most
prosimians were polyoestrous throughout the year.

In Madagascar mouse lemurs are reported to breed between the
months of September and March (Petter-Rousseaux,1962, 1968, Martin,
1972a, 1973) regardless of the climatic zone in which different
individuals live. This is equally as true for the rain forest
dwelling-rufous sub-species as for the grey sub-species which
inhabits the more arid regions, although it must be noted that few
data are available for rain forest mouse lemurs. This breeding
activity corresponds roughly with the rainy season. Thus, while
the females mayibe pregnant during the latter part of the dry
season, lactation and the maturation of the young take place during
a period of maximum food availability.

" petter-Rousseaux (1970, 1974, 1975) has demonstrated that
reproductiva activity in the mouse lemur is influenced by daylength.
In the laboratory, seasonal variation of daylength is manipulated
artificially (see Chapter II, section 2.5.). The pattern of
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lighting used in the twelve-month cycle is almost identical to
that occurring naturally in Madagascar (fig.6) except that the
twilight period is eliminated. Under natural conditions most
nocturnal primate species so far investigated (e.g., the sportive

lemur, Lepilemur mustelinus leucopus, the fork crowned lemur,

Phaner furcifer, (Pariente,1974), the loris, Nycticenus coucang,

the lesser galago, Galago senegalensis, and the owl monkey,
Aotus trivirgatus, (Kavanau & Peters,1976a;b) commence their

activity at specific light intensities. With varying degrees of
cloud and foliage cover, the time of emergence from the nest can
vary from place to place and day to day. This variation in time
of onset of activity is eliminated under these captive conditions
without obvious detrimental effect. It has, proved possible by
further manipulation of the light schedule to rceduce the annual
cycle to one of nine months (Martin.1972b) (fig.o).

The data presented in this chapter were essentially collected
during this study. However in some instances the inclusion of data

from other sources has proved relevant and thus they have been included.

1. ReEroductive gxcles

During the period of short daylength the mouse lemurs are in non-
breeding condition. The females do not come into oestrus, the
testes of the males are small and spermatogenesis does not occur
(see Chapter 1V, section 1.1.).

Testicular growth occurs as daylength increases and is complete
two months aft?r the shortest day (figure 11).. When the males'
testes are maxfmally developed the females start coming into
oestrus. In captivity the first ocestrus cycles are also observed
about two months after the shortest day (figure 11).

" The females are seasonally polyoestrous; thus, if they do not
conceive during their first period of oestrus, they can come into
oestrus again. Several periods of oestrus are possible during one

breeding season. However, three is the number most commonly recorded
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in those females which do not conceive.

The breeding season persists until the longest day. After
this, as the days grow shorter, the animals return to the non-
breeding condition. The last period of oestrus observed in
captivity occurred about the time of maximum daylength. The males'
testes begin to regress within a month of the longest day and
rapidly resume their resting state (fig.11).

The nales remain in breeding condition for between 4 and 6%
months. The duration of testicular development appears to be

related to the sub-specific affiliation of the male concerned
(see section 5. of this Chapter).

2. Weight cle .\

In addition to seasonal variation in reproductive condition, the
mouse lemur also exhibits considerable variation in body weight

over the course of the year (figs. 12 and 13). It is during the
non-breeding season that body weight is at its greatest. During
this time the body weight of the adult grey males ranges between
96 - 150 grams (mean = 124.9 + 5.9 grams, n=9) and that of the

adult grey females between 90 - 138 grams (mean

111.3 + 4.5 grams,
n=11). These data correspond to maximal body weight obtained
during the short daylength period. The corresponding figures for
the rufous mouse lemurs are: males, mean = 82.4 + 5.1 grams, n=7,
range 63 - 100; females,91.5 + 4.2 grams, n=8, range 70 - 103.
(This difference is discussed further in section 4.3. of this
Chapter). «
In the study colony, weight loss commenced just prior to
shortest daylength, when using a twelve-month lighting regime
(figure 11). Body weight was at its lowest during the breeding
séﬁson. The body weight of the grey males ranged between
57 = 117 grams (mean = 72.4 + 4.5 grams, n=14) and that of the
non-pregnant ¢drey females between 69 - 90 grams (mean = 75.1 #

2.75 grams, n=14) at this time. Corresponding figures for the



6 1

00
Weight
in
pmse
.“.....'q". .-.UO’...'. i
I..- " "i
‘ o RTLL d -...'.
o * Tail A
° ’ Sil.
B
00 C
D
""l.illliii
E
F
! it i v Vv Vi Vil Vil i1 X X X1
Months
sesese w.i'ht
histogram (s taill siaze
Figure 12

The relationship between body weight and tail-¥ize

in a typical individual



waeaight

gms

1 S 10
. months
Figure 13

The annual variation in body weight (mean weight & standard deviation)

of the colony as a whole during the first year of the study

Data from the first year only were used as transfer to the Wellcome

Insti