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THE ECOLOGY OF SMALL RODENTS IN THE GRASSLAND COMMUNITY
OF THE QUEEN ELIZABETH NATIONAL PARK, UGANDA,

by Brian Richard Neal

During the period April 1965 to May 1966 a totel of 2,390
small mammals, representing I4 species of rodents and
various species of Insectivora, were collected in four
gressland areas of the Queen Elizaebeth National Park,
Uganda, Two areas were trapped throughout a complete year
and the main seasonal changes occuring in the grassland
Wefe recorded,

In one area the distribution of the different rodent
species was studied with respect to the major plant
communities, Bach species was found to have a slightly
different distribution. In general those species with
more specialized feeding habits had restricted distributions
compared with the omnivorous species,

The distribution and hebitat preferences of the rodents
were found to be profoundly modified by burning in the
gressland. At first the number of animals and species
present in the burnt areas were reduced, apparently by
emigration to the unburnt sreas, Some species were more

effected by the burn then others, Trapping in the burnt



and unburnt areas during the ten months after the fire
showed that preferences for the two areas changed markedly
during this period.

A study of the breeding biology revealed that all rodent
species were breeding at a maxXimum during or towards the
end of the two rainy seasons each year, although different
species varied in their breeding patterns. There was =2
marked loss in weight of the testes, epididymides and
seninal vesicles in some species during the dry season,
and some males appeared to be in anoestrus during the dry
seasons like the females,

A study of changes in the age structure of the populatiou
throughout the year, supported the cycle of breeding

activity elready established.
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I. INTRODUCTION

The Order Rodentia has been classified in various ways
by Thomas (1896); Tullberg (1899), Miller and Gidley (1918),

Winge (1924), Weber (1928), Ellerman (1940) and Simpson (1945).
These classifications have been discussed by Ellerman (1940, 1949)
and Simpsoﬁ (1945) and in the following account Simpson's sub-
division of the Order has been followed. All the small rodents
collected in the present study have been included by Simpson in

the Families Cricetidae and Muridae. These two families form

the nucleus of the Muroidea, which is a superfamily of the myomorph
rodents.

According to Simpson, members of the Muroidea probably
evolved from the sciuromorphs in the late Eocene. The most primi-
tive members are the cricetids which first appeared in thé“
Oligocene of North America, Europe and Asia. They mainly evolved
in Holarctica, occasionally extending southwards as geographic
conditions allowed. In various areas, suéh as Madagascar, these
'southern migrants were insulated from the later murid invasion,
radiated and became the dominant small ground rodents. Where
they were not so insulated, such as in southern Asia and Africa,
they became subordinate to the dominant murids.

Thevmurids probably evolved from the cricetids in the
01d World,trbpical zones of Africa, southern Asia, East Indies and

Australia. In these regions they have radiated and become the



dominant small ground rodents, and a few have migrated into the
Palaearctic region. They have been introducgd into the New
World by man so that, in the present day, the family has a world-
wide distribution.

Typically, however, the murids are found in the tropi-
cal and subtropical regions of the 0ld World, and the cricetids
in‘the New World and Palaéarctic regions. It is generally true
" to say that thé biology of these animals is only well known for
those occurring in North Americg and the Palaearctic region, with
‘the result that for most murids and many cricetids very little is
known.

The paucity of scientific study and the importance of
studying the mamméls of Africa has been emphasized by Matthews'
(1954) and Meester (1954). Matthews stressed the importance of
- big game studies, whilst Meester suggested that the study of small
mammals was equaliy important because *of the scientific and eco-
nomic problems they present.

The numerous scientific expeditions that have- visited
Africa, such as those reported by Thomas and Wroughton (1909-10),
Hollister (1919), Allen and Lawrence (1936?, Frechkop (1938, 1943,
1954), Hatt (1940), Sanderson (1940), Allen and Loveridge (1942),
Lawrence and Lovéridge (1953), Loveridge (1953) and Happold
(1966a) have collected much incidental information about the
Muroidea. However, as Matthews (1954) has remarked, the main

object of most expeditions has been to collect dead specimens for



museums rather than to study the animals in the field. Conse-
quently, most of the maéerial collected can only be used for
taxonomic studies,

General accounts for small african rodents have been given
for South West Africa* by Shortridge (1934), South Africa by
Fitzsimons (1920) and Roberts (1951), for Zambia by Ansell (1960),
for what was then French Equatorial Africa, French West Africa,
-Algeria and neighbouring French Territories by Dekeyser (1955),
 for West Africa by Booth (1960), for the Congo by Schouteden
(1944-6, 1948) and Eastern Congo by Curry-Lindahl (1956, 1960),
for Kenya'by Copley (1950), for Eastern Uganda by‘Watson (1950),
and for Uganda by Delany and Neal (1966) and Hopkins (undated
manuscript). These all list the species known to occur in these
territories, and then describe what is known about their ébology
and biology. All these works admirably illuétraté how little is
known about african small rodents.

The first detailed general ecological study on small
african rodents appears to have been made by Sanderson (1940) in
the North Cameroons forest area. This excellent study was primarily
designed to test the effects of ecological conditions on varia-
tion at the specific and subspecific levels. The habitats where

.each species occurred were accurately described, and breeding

*This area, together with place names mentioned subsequently in
the text, may be found in fig. 1.



records and general aspects of their biology were also noted.

Most of the early ecological studies on small african
rodents were made in the Congo. Wanson, Richard and Toubac
(1947) made a general survey of the small mammals occurring around
Leopoldville. Their objeét was to describe the ecology of the
various species sé that a useful relatioﬁship with bubonic plague
or the murine typhus, which they harbour, could be established.
They made notes on the habitats, diets apd biology of the various
species, and then recorded the ectoparasites each species carried,
‘and what part they played in different diseases.

Pirlot and van den Bulcke (1952) made a collection of
small rodents in Katanga, initially for a taxonomic study, but
decided to study thelr ecology instead. They described their
trapping techniques and compared them with those used in Britain
and America. They estimated the density of the populations occur-
ring in a vaéiet& of major habitats, and concluded that the relict
patches of forest contained an exceptionally high population
density compared with any other area studied. They also considered
climatic influences on the populations, and regular changes in .
the sex ratio over the year. Their results suggested that the
small mammal behaviour varied according to the species and sex.

lPirlot (1953) went on to descriBe the ecological dis-
tribution of the small rodents in Katanga using the same material
that was collected in the previous study. The study was not very

detailed because the rodents were only identified as far as genera



and the habitats in which they occurred were classified into only
four main types. He largély discussed the problem, suggesting
facfors which may affect the distribution, rather than being abie
to say precisely what the distribution was. Later, Pirlot
(19579) went on to study the ecology of small rodents occurring
in Ruanda Urundi and the adjoining area of the Congo to the west
of ‘Lake Kivu. The study was as vague and hypothetical as his
previous one. He compared his results with those obtained from
Katanga and noted that the faunas of the two areés were quite
different. He related this difference to the differences in
habitat and altitude.

The same general area of the Congo to the west of Lake
‘Kivu was studied in more detail by Rahm and Christiaensen (1963).
They trapped all the major habitats in the area, which théy
accurately described, and related the distribution of most.small
mammals to the type of habitat. Most species were found to bé
quite specific in their choice of habitat. They also made notes
on the diet, biology and breeding of the various species.

Misonne (1963) made a study.of the rodents occurring
iabout 150 miles to the north of the last study area, around the
Ruwenzori Mountains in the Albert National Park. He described
the general characteristics of the area, including the topography,
climate and vegetation, and then described fhe distribution giving
notes on their biology of the various species collected. In this

way the work was‘very similar and compared well with the previous



studies. Misonne went on to discuss the inter-relationships of
the various species, how the distribution of dne affected another,
and the'associations of the different species within the various
‘habitats studied. He also considered the distribution of relict
species associated with mountains and tropical rain forest
throughout the whole of Africa. .The invasion of East and Central

Africa by Rattus rattus (Linnaeus), and the competition between

Rattus rattus and Mastomys natalensis Smith, was also discussed.

The distribution of rodents in high forest in Uganda
was investigated in more detail by Southern and Hook (19633).
They found a large number of species which showed some habitat
specialisation in this complex major habitat. Different species
preferred wet or dry forest and ground or shrub layers.

Delany &19643) studied the ecology and breeding of the
small mammals in Uganda during the last six months of 1961. All
the majér habitat types in Uganda were trépped, using a variety
of treaps in an attempt to capture the whole size range of these
animals. Most habitats were found to contain a large number of
species, many of which were specific to one type of habitat.
There was very little breeding in most species which suggested a
limited breeding season which may cqincide with the rains. In
pontrast a few‘species were breeding when caught, which suggests
either that they breed throughout the year, or that the differen£

species do not breed simultaneously. Different species were also

found to vary in their activity during the day. Later, Delany



(1964b) went on to study the small mammals occurring in the Queen
Elizabeth National Park in western Uganda. Five localities

were trapped intensively, ranging from grassland through scrub

to 'semi-deciduous forest. The species collected and their
abundance varied according to the habitat. They appeared to be

at a maximum in thick grassland where numbers of large game animals
were low. When their feeding habits were Studied, some rodents
were found tb Be purely insectivorous, others herbivorous, and the
rest omnivorous. There was little reproductive activity during
‘the three month study (July - September), but the population
structure pf the most abundant species indicated a limited breeding
season, He concluded that the distribution and abundanoe.of

small mammals was accounfed for by the nature of the vegetatioﬁ,
through the food and cover it provides, and how this is modified

by large mammals and fire, Hatt (1963) made a live-trap study of
- the small mammals in Rhodesia for a pefiod of four weeks in July
and August 1961. He attempted to find the habitat preferences,
distribution and relative abundance of the various species, and
also performed homing experiments. The homing ability of the
various species varied considerably, and thé results were compared
with those of similar experiments in America,

The distribution and biology of most of the small rodents

" found in Malawi have been studied by Hanney (1965). He related
their distribution to the habitat and the rainfall. The mor-

phometrics and variation in coat colour have been described for



many species. In most species suffieiently studied the repro-
ductive activity wae at a maximum during the wet season or
early part of the dry season. There was evidence that in some
species the males also showed seasonal variation in their repro-
ductive activity. The influenee of burningAin the grassland
was also stu?ieq.

A general survey of the small rodents in the Serengeti
National Park in northern Tanzania was carried out by Misonne
and Verchuren (1966). Ecological notes were given for each species
together with a general survey of the different biotopes. The
density of the peﬁulation in various habitats was estimated and
mortality‘factors discussed. They conclgded, like Delany
(19642); that they were most abundant in little-grazed grassland
where there were no trees. They found two important causes of
mortality, predation by birds, and sudden flooding.

Instead of studying the general ecology of all the small
rodents occurring in a particular area, other workers have sfudied
the biology of just one animal, or one particular aspect of the.
biology of the.different rodents.

The most prolonged and detailed research on african
rodents has been to determine what part they play in the trans-
mission of bubonic plague. Roberts (1939) and Heisch, et al
(1953) in Kenya, Hopkins (1949) in Uganda, Davis (1946, 1948, 1953)
in South Africa, Devignat (1946, 1849) and Misonne (1959) in the

Congo, have all made considerable contributions to this study.



Whilst Roberts (1939) and Hopkins (1949) found no evidence fof
the alleged relation of field-rodents with plague in East Africa,
the improved techpiques employed by Heisch et al (1953) showed
conclusively that wild rodents did form a plague reservoir in
Kenya. Similarly, other workers have found in their territories
that the plague-causing bacillus can be present in sylvatic
rodeﬁts, domestic rodents, as well as in man. It is transmitted
from one animal to another by certain specific fleas. In Africa
the domestic rodents, most important in the transmission of

plague to man, are Mastomys natalensis and to a lesser extent the

introduced Rattus rattus. In certain areas in the east of the

Congo there are peridomestic'rodents, principally Arvicanthis

and, to a lesser extent, Mus minutoides Smith, which are inter-

mediate between the sylvatic and domestic rodents and which blay
an important role in the transmission of plague between these

two communities. The sylvatic rodents, which are most important
as reservoirs of bubonic plague, are different in different parts
of Africa. The most important in the eastern Congo are

Arvicanthié, Otomys irroratus (Brants), and Lophuromys flavopunctatus

Thomas, in Kenya are Arvicanthis, Mastomys and Otomys species,

.and in South Africa are Tatera brantsi (A. Smith) and Tatera afra

\

(Fray).
The biology of some of the rodents which play an impor-
tant role in the transmission of bubonic plague to man has been

well studied,'partiCularly the domestic rat Mastomys natalensis.
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The breeding of this rodent has béen studied in Sierra Leone by
Brambell and Davis (1941), In Tanzania by Chapman, Chapman and
Robertson (1959), in the Transvaal by Coetzee (1965), and in the
laboratory by Oliff (1953) and Johnson and Oliff (1954). Thesé
studies have shown that there is seasonal fluctuation in the

breeding of this animal, with maximum reproductive activity at

the end of the rains. The animal is a prolific breeder with
tremendous powers of increase. Davis and Oettle (1938) have
shown that it is very suitable for use in the laboratory. The

early post natal development of this animal in the laboratory
has been studied by Meester (1960), and the.growth and sexual
maturity in the wild by Pirlot (1957c). Its behaviour has been
studied by Veenstra (1958), and the occurrence, structure and the
homology of the prostrate glands in the adﬁlt female has 5éen
-studied by Brambell and Davis (1940).

The growth and reproduction of the two gerbils, Tatera

brantsi and Tatera afra has been studied by Measroch (1954) for

the females, and by Allanson (1958) for the males. They found

that breeding was seasonal for both species, Tatera brantsi

breeding at a reduced rate for part of the year, and Tatera afra
having a definite breeding season with no breediné at other times.
Petter, Chippaux and Monmignaut (1964) studied the
growth ana biology of reproduction and actiVity of Lemniscomys
striatus (Linnaeus) in the laboratory. They established growth

curves for the weight and body length, the gestation period,
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average litter size, and average duration of the oestrous cycle.
Trapping in the region at Bangul in the Central African Republic
showed that breeding was seasonal and at a maximum in the two
rainy seasons.

Pirlot (1954, 1957a) studied the 5reeding of a variety
bf rodents from Katanga and the eastern Congo. The results
suggested seasonal breeding for some species, but for othefs no
seasonal breeding was indicated. However, his results are open
-'to question as he makes no attempt to identify the rodents further
than the generic level, relying on the species distribution estab-
lished by Séhouteden (1947) for the identification of the species.
Furthermore, his criteria for determining juvenil;s and adults
are very arbitary.

Southern and Hook (1963b) also studied the breeding of
a variety of rodents in Uganda and Kenya. They had too little
data, and the study was too short (three months), for any firm
conclusions to be drawn. However, there did appear to be
differences in the breeding rates of the different species.

A similar general breeding study of small rodents was
made by Happold‘(lQéQE) in the northern Sudan. A}though the
limited information prevented any firm statements being made, the
results suggested that the desert species breéd at the end of the
‘rainy season, whilst the species found along the Nile and in the .

houses probably breed throughout the year.
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The ecology, breeding and pre- and postnatal develop-

ment of Acomys cahirinus dimidiatus Cretzschmar and A. c. minous

Bate have been well studied by Dieterlen (1961, 1962, 1963a,b).
In Malawi, the biology of the giant rat Cricetomys has been studied

by Morris (1963), and the pouched rat Beamys major Dollman by

Hanney and Morris (1962). Hanney (1964) made a further study of

the harsh-furred rat, Lophuromys flavopunctatus.

This iAtroduction to the work published on african
Muridae and Cricetidae covers most of thg major studies. It is
evideﬁf that considerable variety exists in the ecology of the
different species,; which enables this group to exploit the majority
of the resources of all types of habitat. Compared with temperate
regibns most habitats contain a 1grge'number of species, and in
many areas of Africa this group may be of considerable impoftance
to man.

The study of small african rodents, however, has been_
carried out in a few stereotyped ways which have imposed certain
limitations on our knowledge.of the group. Most studies have
been very general, and usually concerned with relating the distri-
bution of the animals to the major habitats. Any other infor-
mation about these rodents has been largely accidental in such
studies, with the result that only a few notes on the biology are
available for most species. Where one aspect, such as breeding,
has been studied in more detail for a large number of species, there

have been limitations of time, lack of material, or an inadequate
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analysis of fhe available material. The only detailed studies.
have been on single, isolated species, which limits the compari-
sons that can be made between different species because of the
different conditions in which they live. These studies have
often been qarried out in the laboratory, far removed from field
conditions. When material has been collected in the field, the
seasonal changes observed have seldom been accurately related to
seasonal changes in the climate and vegetation, because the
relevant observations were not made. In general, most studies,
have either been so broad as to find out little about any one
species, or so specific that few comparisoné can be made.

The aim of the present study has beenlto investigate
certain aspects of the ecology of small rodents in one of the more
simple habitats, open grassland, over the seasonal cycle of..the
year. This habitat was chosen because Delany (19649) found that
it contained a large number of species in great abundance. Con-
sequently, a comparison of the biology of a few species was possible,
to see how differently they behaved in similar conditions. The
distribution of the various species within the grassland in
relation to the different plant communities in the area has been -
analysed, and the effect of burning in the grassland on the dif-
feregt)rodents haé also been studied. The main emphasis of the
study has been on the breeding cycles of the various species, in
relétion to the seasonal changes.in the grassland. Changes in

the age-structure of the population throughout the year have been

studied, to find out more about the question of seasonal breeding.
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II., MATERIALS AND METHODS

(A) Trapping Methods
(1) Traps

(a) Bréak—back Traps

One of the features of the small mammal fauna of Africa
is that it includes a large number of species which have a con-
siderable size range. Pirlot and Van den Bulcke (1952) and
Delany (1964a,b) have stressed the importance of using different
sized traps to capture the whole size range of these animals.,

To achieve this, three different traps were used in the présent
study. The Museum Special break-back trap, used by Delany
(19642,9) and Happold (19662} was used for the smaller species,
For the larger species two commercially produced break-back traps,
the Reporter and Giljotin, were used. The first of these two
traps, used by Delany (1964b), was made of metal with a large
raised platform which released the action of the trap when dep-
ressed, whilst the other was made of wood with a small raised
platform of metal which activated the trap when depressed,

The trap selection for two of the traps, the Reporter
and Museum Special, has been analysed in an Appendix to this
section. The results suggest that the traps are not entirély
satisfactory as each species is apparently sampléd in a different
way.

(b) Live-Traps

The only trap available for the live-trap study was

the smallest model Havahart live trap, used by Southern and Hook
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(1963a), Delany (1964a)and Happold (1966). This trap was
unsatisfactory for a general live-trap study because Delany
(1964a) demonstrated that it selectively caught the smaller indi-

viduals.

(2) Bait
For the first two and a half months no bait was used,
but after June 4 all traps were baited with a mixture of bapana
and maize meal. The two substances were mixed together into a
firm paste and then left to ferment in a closed jar for at least
a day until it smelt strongly of alcohol. The bait was originally
chosen because it was cheap and readily available throughout the
year. It appears to be the first time such a bait has been used.
A variety of baits have been used‘by other workers in
Africa, Pirlot and Van den Bulcke (1952) used smokeg'bacon,

fresh cassava, malze, carrots, palm nuts, groundnuts and wild

fruits. Hanney (1965) used groundnuts smeared with peanut butter
and Happold (1966) used dates and peanut ‘butter. There is little
information about bait preferences, Pirlot and Van den Bulcke

(1952) suggested tﬁat Crocidura preferred meat and Aethomys and
Cricetomys preferred palm nuts. They also suggested that animals
would only enter traps if the bait was palatable and the bait
smell was therefore unimportant. This last suggestion was not
supported by the results of the live-trap study. The two Mus

species were often caught but rarely ate the bait in the trap.



In the present study, the baited traps caught a greater
variety of species, and three to four times as many animals as
the unbgited traps. No species appeared to avoid the baited
traps, because all the species that were caught in the unbaited
traps were also caught in baited traps. = The baited traps
apparently attracted some species mofe than others, especially

Lemniscomys striatus.

(3) Trap Placings

(a) Break-back Traps

Throughout the study in the Crater Track, Royai Circuit,
and Katwe Count &area, the traps were set in lines on the ground
with a ten pace interval between each trap and each trap line
approximately 50 yards apart, A similar arrangement of traps
has been used by Pirlot and Van den Bulcke (1952), Delany (1964a,b)
and Hanney (1965), The traps were visited every morning, the
catches removed, and fhe traps then moved and set in another trap
line. The trap lines were marked out by the wheel-tracks of a
landrover. The traps were usually set about two yards from the
trap-line, but if a bush was near, the traps were always set
underneath it. After a trap had been set, the grass was tied in
a knot over it to mark its position, and to help prevent the trap
from being 'sprung' by heavy rain,

The Museum Special and Reporter traps were usually used

in these areas (see Table 1), and were set in alternate positions

and approximately equal numbers.
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On Mweya Peninsula,‘the traps were set in the
Arvicanthis runs around the houses, or set in the houses near
to any holes in the floor or wall. The Reporter and Giljotin
traps were generally used, although a number of Museum Special
traps were also set.

Trapping was carried out every month from April 1965
to May 1966 in the Crater Track Area; from April 1965 to March
1966 on Mweya Peninsula; in June 1965 in the Royal Circuit Area;
and in July 1965 in the Katwe Count Area. Tﬁe total number of
traps set in each locality is indicated in Table 1.

(b) Liye—Traps

Live trapping was only carried out in the Crater Track

Area. As there were only 64 traps available, a 20 yard grid
covering an area 140 yards by 300 yards was used. This gave
each trap two grid pladings.. When set, each trap was wired to

two metal stakes set in the ground tb prevent the trgp being
dragged away by small carnivores, such as mongoose. Each trap
was coverea with a sheet of polythene to keep the occupants dry
during rain, and also by a layer of grass which shielded the trap
from the sun.

The traps were set in alternate lines of the grid, and
after prebaiting for one or two days, were set for three days.
They were then moved to the unoccupied trap lines where they were
set for two days more. The traps were visited between 8 and 10

o'clock in the morhing, and 5,30 to 6.30 in the evenings. A
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total of 5,808 trap days and nights were used. Trapping took
‘place from June 1965 and was continued for every month except

December, until April 1966.



(B) Material Collected

(1) Animals Caught

The number of animals of each sex andrsbecies has been
summarized in Table 1. In a total of about 15,708 trap nights,
2,396 small mammals, representing 14 species of rats and various
insectivores, were collected. The species of rats were identified
using the keys in Delany and Neal (1966). These identifications
were subsequently confirmed by comparison with the collections

in the British Museum (Natural History).

(2) Treatment of Dead Material

Each apimal collected was weighed to the nearest gram,
and the head-and-body length; tail length; hind foot; and ear
were measured. The head-and-body length was taken as the distance
from the tip of the nose to the posterior edge of the pelvic girdle,
and the tail length the distance from the latter point to the
tip of the tail; excluding the end hairs. In practice these
measurements were taken by placing the animal supine alongside a
.ruler, sliding a pair of forceps along the tail until the pelvic
girdle was met, depressing the chin so that the head was flattened
into the horizontal plane, and then reading off the measurements
directly from the ruler. These measurements closely correspond
to those described by Corbet (1964) and discussed by Jewell and
Fullager (1966). The hiﬁd foot was taken as the distance from’

the heel to the tip of the longest toe, excluding the claw, and
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the ear was measured from the notch to the tip. All measure-
ments were made in millimetres.

The gut (from the lower oesophagus to the rectum) was
removed and weighed to the nearest gram so that the clean body
weight could be calculated. The skull was kept for ageing
purposes and to confirm the species identification. In the
females, the imperforate or perforate condition of the vagina,
and whether they were lactating or not was recorded,

Every animal was dissected and where possible the repro-
ductive material and stomachs were fixed in Bouin's fluid and
kept for further study.

From the males the paired testes, vesiculae seminales,
caudae epididymides and the penes were dissected out and kept.
Testes lengths were measured and a sperm smear taken from each
cauda epididymis. The relative abundance of sperms in the smears
was’determined microscopically. Four classes of abundance were
recognised; absent (0); with only a few sperm present amongst
fat globules (%} or %); more sperm but still scattered (%); or
sperm very abundant with hardly any other recognisable material (1).
These correspond to the classes described by Coetzee (1965).

From the females the paired ovaries, fallopian tubes,
uteri, and the upper vaginae were dissected out in one piece and
kept. The uteri were examined and the animals classified as;
immature if unvascularized, small and thin; in oestrous, if

extended and filled with a transluscent or blood-red fluid;
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sexually mature with active uterus, if slightly swollen and
vascularized; pregnant, if visibly pregnant; parous, where
placental sites were present;v and in anoestrous, if the animal
was obviously mature but the uteri were thin and apparently
inactive.

The number of live and resorbing embryos in each limb
of the uterus was recorded for the pregnant animals. The
prlacental scars were classified as: very recent if 1a£ge and
still distending the uterus; recent if somewhat smaller and yellow
in colour; and old where black in colour and very small. The
presence of a sperm plug in the vagina was also recorded when
found.

The collected material when returned to England, was
transferred to 70% alcohol. The paired testes, epididymides,
and vesiculae seminales (with the anterior lobe of the prostate
dissected off), were lightly dried and weighed to the neareét 10
milligrams. The embryos were dissected from the pregnant females,
weighed to the nearest 10 milligrams, and then had their head-rump
length measured to the nearest 0.1 millimetre, using a pair of
callipers. The small embryos were also drawn to assist their

arrangement in order according to the stage of gestation.

(3) Treatment of Live-Trapped Animals

Each animal caught was identified, sexed and weighed to

the nearest gram. The imperforate or perforate condition of the
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vagina, and the condition of the mammary glands was also noted
for the. females. They were then marked by a system of toe
clipping. Fullager and Jewell (1965) found this to be the best

method of marking animals for long-term study.
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(C) Ageing

The animals have been aged using the eruption and sub-
sequent wear of the upper molars as a criterion. The skulls
were cleaned using Dermestes beetles. and the teeth were then
scraped freé of bait or any other material covering the surface.
| In‘the folléwing description of age—-classes, the
numbering of the cusps follows Miller (1912 - p.80l), with the
exception of m3 because the remaining cusps in this tooth could
not be related to the complete pattern. For this tooth, the
remaining cusps have been numbered in order from front to back
and from the inﬁernal fo external sides. Two cusps have been
classed as joined when a blunt seeker could be pushed along the
dentine from one to the other without touching the enamel. Some-
times it was found that the teeth of the left and right sides
had different degrees of wear, in which case a mean was taken of
the two.- The cusp-sets or sets of cusps, subsequently referred
to in the text, may be composed of a single cusp or several cusps

which have joined.

(1) Arvicanthis niloticus

In this species 12 age-classes have been recognised and

are described below. The distribution of the cusps is shown in
fig. 2.

1 2 3
Class I . Only m~ and m~ present, or m fully erupted but

cusps unworn,
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Class 11 The three molars fully erupted, the cusps no
longer sharp and beginning to show slight wear,
II1 . Cusps, particularly of m3 more worn, No cusps
joined but the dentine becoming continuous bet-
1 2
ween some cusps of m~ and m
v One or two sets of cusps joined. Usually T8
1 2
and 9 of m~, and/or two of T4, 5 and 6 of m".
Number of separate cusp-sets 15 or 16.
A ’ Three to five sets of cusps joined so number of
separate cusp-sets is 12 to 14. Great variation
in which cusps have joined. Usually cusps T4,

1
5 and 6, and at least two of Tl, 2 and 3 of m

remain separate.

VI Eleven remaining cusp-sets.
VII Ten remaining cusp-sets.
VIII Nine remaining cusp-sets called laminae. Laminae

made up of cusps T1, 2, 3; T4, 5, 6; T8, 9 of

ml; T1, T4, TS5, T6, T9, T8 of mz; and T1, T2,
T3 of m3.
IX One or two laminae joined, so only 7 or 8 separate

laminae left,

X Three or foﬁr laminae joined, so only 5 or 6
éeparate laminae,

XI Only 4 separate laminae,.

XII Teeth worn smooth.
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It should be noted that Crater Track and Mweya
Peninsula- animals in the same age-groups may not be of the same
age, because the teeth appear to be very different between the

two populations.

(2) Lemniscomys striatus

In this species 14 age-groups have been recognised and
are described below. The cusp pattern of this species differs
from Arvicanthis in that T3 of m2 is preseﬁt (i.e. better devel-
oped), and is shown in fig. 2.

Class I m3 still not fully erupted.

JII " m3 just fully erupted, almost unworn. Last
laminae of m1 and m2 projecting backwards so
that cutting surface cannot be seen from above.

II1 All 18 cusps distinctly separate,. Dentine
showing on T8 of mz. The last laminae of m1
and m2 now vertical and not angled backwards.

v " One or two sets of cusps joined so only 16 or
17 cusp-sets left. Usually T2 and T3 of m3
are the first to join.

v Thirteen to 15 separate cusp-sets. Great

variation in which cusps have joined.

VI Eleven to 12 separate cusp-sets.
VII Ten separate cusp-sets.
VIII Nine separate cusp-sets called laminae. Tl

and T3 of m? are still separate, and T2 and T3
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3
of m~ are joined. Otherwise the cusp compo-

sition of the laminae is the same as for

Arvicanthis.
Class IX Eight laminae present.
X Seven laminae present.,
XI Six laminae pfesent.
XII Five laminae present.
XIII Four laminae present.
XIv Teeth worn smooth.

(3) Lophuromys sikapusi
Six age-classes have been recognised in this species.

The arrangement of cusps is similar to Lemniscomys except that m

has only two cusps, and is shown in fig. 2.

Class I m3 not yet erupted or only just erupted.  Cusps
all sharp. Dentiné’of T2 of ml cannot be seen
as the cutting edge of the first lamina is verti-
cal. T8 and T9 of ml Joined. Dentine not
visible yet in T8 and T9 of m2.

II , Cusps more worn. First lamina of ml no longer
vertical but at an angle or nearly flat. No
cusps Jjoined in m2 or T4, TS5 and T6 just starting
to join. Dentine visible in T8 and T9 of mz.

IIT - Cusps T4, TS and T6 of m2 now joined and T8 and

1
T9 beginning to join. First lamina of m now flat.



Class 1V

VI

(4)
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T8 and T9 of m2 now Jjoined, Dentine exposed
in m3; Nine cusp4sets left called laminae,
One or two léminae join, Usually last two
laminae of m2 join first. Seven or eight
laminae left.

Three or more sets of laminae have joined so

that there are six laminae left or less.

Mastomys natalensis

Thirteen age-classes have been recognised in this species.

The arrangement of the cusps, shown in fig. 3, is the same as

in Lemniscomys, except that T8 and T9 of m1 usually joined.

Class I

II

I1I

m® still not erupted to the level of the other

teeth.

3
m fully erupted and all teeth have very sharp
cusps. The first lamina of ml is vertical. and
the second lamina of m1 slopes backwards at an
angle, T8 and T9 of m1 joined and the dentire
sometimes continuous between T4, TS5 and T6 of

1 2 .
m  and m , although they are not yet considerec
as joined. If the dentine is continuous bet-
ween these cusps no dentine is yet visible in

3
the cusps of m
. . . 3 .

Dentine beginning to appear in T2 of m . First
lamina of ml still nearly vertical and the sccond

lamina of ml still at an angle. The dentine 1is



Class IV

VI

VII

VIII

iX
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continuous but the cusps are still not joined

of T4, TS5 and T6 of m1 and mz. Number of

cusps is 17.

As for class 3 but two sets of cusps joined out
of T4, TS5 and T6 of ml and m2 so that there are
only 15 or 16 separate cusp-sets. Dentine now
well visible in T2 of mS but the cusps in this
tooth are still sharp.

Cusps of m3 worn and flat. Only 14 cusp-sets
left. Often T8 and T9 of m2 join. First
lamina of ml no longer vertical but at an angle
to the vertical. Dentine of its cusps just
visible from above.

FirSf lamina at about 45° to the vertical. Its
dentine clearly visible from above. Only 13
cusp-sets left. T8 and T9 of m2 nearly always
joined.

First lamina. nearly fiat. Twelve sets of cusps
left. T8 and T9 of m2 always joined.

First lamina nearly flat. Two cusps of Tl, T2,
and T3 of ml now Jjoined. Eleven cusp-sets left.
First lamina flat. Tl, T2 and T3 of m3 all
Jjoined. Ten sets of cusps left, called laminae.
The cusp composition of the laminae is the same

as for Lemniscomys except that T2 and T3 of m3
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are still separate,

Class X - Usually the second two laminae of m3 join so
that only 9 laminae remain. All cusps are very
flat.
XI Eight laminae left. Usually m3 is worn completely
smooth.
XII ‘ Six or 7 laminae left.
XIII Five or less laminae remain.

(5) Mus triton
In this species 8 age-classes have been récognised.

The cusp pattern is similar to that of Lemniscomys except that all

the cusps of m3 are joined (see fig. 3).

Class I , m3 not yet erupted or just erupted. All 16
cusps separate although T8 and T9 of ml are only
just so.

I1 One or two sets of cusps joined soc that only 14
or 15 cusp-sets are left, Usually T8 and T9
of m1 and m2 are the first cusps to join.
III A further one or two sets of cusps joined so
only 12 or 13 separate sets of cusps are left,
“Usually one or two of Tl, T2 and T3 or T4, TS
and T6 join., m3 more worn,
Iv Nine to 11 sets of separate cusps remain., Usually

T4, T5 and T6 of m2 remain separate and are the

last cusps within a lamina to join.



Class V

Vi
ViI

VIII

(6)

The cusp pattern,

except that there

Class I

II

ITI

Iv

VI

VII

In this

_30_

Only seven or eight sets of cusps called
laminae remain.

Six laminae remain.

Five laminae remain,

Four laminae left or teeth worn smooth.

Mylomys

species 9 age—-classes have been recognised.
shown in fig., 3, is similar to Lemniscomys
. . 3
is an extra cusp in m .

3
m not erupted or only just erupted. All cusps

"clearly separate. Dentine not showing in T9

of ml and mz. Enamel of the anterior border

0of all median cusps projecting upwards into a

spike.

T2, T3 and T4 of m3 close together but dentine
still separate. All 19 cusps are still separate.
Anterior border of enaﬁel of median cusps now
smooth,

Two cusps of T2, T3, T4 of m3 usually Join.
Eighteen sets of cusps left.

Seventeen sets of cusps left.

Fifteen to 16 sets of cusps remain.

Thirteen to 14 sets of cusps remain.

Ten to 12 sets of cusps remain,
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Class VIIIX Seven to nine sets of cusps remain.

IX Six sets of cusps remain or less,

(7) Tatera valida

In this species 8 age-classes have been recognised.
As it is a member of the Family Cricetidae, there are only two
rows of cusps in the upper molars, instead of three (see fig. 4).
Each row of cusps is referred to here as a lamina.
. 3 K
Class I m not erupted or just erupted. If erupted

laminae can be seen to be composed of two cusps.

I All laminae separate. None divided into two
' cusps.

III Enamel of the two laminae of m3 joining.

v ' . Dentine of the two laminae of m8 just becoming

continuous, but constricted where the two laminae
join,

A Dentine of the two laminae of m3 joined and not
constricted.where_the two laminae join.

Vi Enamel of first two laminae of m1 joining.
Dentine of the two laminae of m3 no longer
T-shaped.

VII Two or three laminae of m1 joined. Only the
two laminae of m2 remain separate,

VIII Two laminae of m2 joined. All teeth worn flat.
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It should be noted that this method does not give an
exact age determination because of differential wear due to
individual and environmental,variation and the rate of wear is
not known, This method is in part subjective, but is useful in
separating the populétion into different groups born in different

~breeding seasons.
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III. STUDY AREAS

(A) Introduction

Thé Queen Elizabeth National Park is situated in
Western Uganda, in the Western Rift Valley around the shores of
Lake Edward and Albert, (fig.5). The Park is long and narrow,
‘and coveré an area of 764 square miles. The equator traverses
its northern sector, such that about one fifth of the Park
lies in the northern hemisphere. The altitude of the Park is
approximately 3,200 feet above sea level. The average annual
rainfall varies in different areas of the Park from 30 to 55
inches. There are two rainy seasons, in March - May and in
August - No?embe?, McCallum (1962), though the exact dates vafy
slightly from year to year. The vegetation consists largely
of shor£ grass savanna (less than 4 feet high), which is assoc-
iated with semi-deciduous thicket in certain places. In the
central region is a moist semi-deciduous forest, the Maramagambo,
whiph is fringed by an area of dense thicket. In the north-
east around the shores of Lake Albert, and in the south-west
around the shores of Lake Edward are areas of aquatic grassland
and herb swamp. Langdaie—Brown (1962), Langdale-Brown, Osmaston
and Wilson (1964) and Pratt, Greenway and Gwynne (1966).

All the areas trapped were in the northern area of the
Park, and were between 5 and 13 miles South of the Equator,

(fig. 6).
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(B) Crater Track Area

This area lies above the general level of the Park,
the areas tfapped lying betweeﬁ 3,300 feet and 3,600 feet.
Most of the area consists of a whole series of explosion
craters, formed less thaﬁ 7,000 years ago in a very viélent
outburst of volcanic activity of short duration. During
these explosions huge clouds of ash were blown from the craters,
which have settled as a deep layer, not only in this area, but
also in the other areas trapped. The soils so produced are
very fertile, but are limited in productivity by lack of rain-
fall, The areas trapped were either the gentle sloping valleys
leading from the-craters, or the flat bottoms of the explosion
craters, (fig. 7).

The vegetation of this area is grassland with few
bushes of trees. There are three major grass communities domin-

ated by Imperata cylindrica, Cymbopogon afronardus, and Themeda

triandra. There were also a few isolated patches dominated by

Hyparrhenia fillipendula. These grass communities formed a

dense cover of a general height of three to four feet, (fig.l7).
The community dominated by Cymbopogon was usually found at the
bottom of the valleys, or the foot of slopes, or in any situation
where the soil was deep and the area wet. Imperata domin;ted
most of the area trapped. This community was usually inter-
posed between the Cymbopogon and Themeda communities in deep soil.

Themeda was mostly confined to the poorer soils around the crater
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edges, or in other areas where the soil layer was thin and

little weathered. These major grass communities would often
intergrade,lusually the Themeda with the Imperata, and the
Imperata with the Cymbopogon. The areas dominated by Hyparrhenia

fillipendula were found both with the Themeda and Imperata
/

_.communities. Other grasses occurring in the area were Panicum
maximum, usually found in Cymbopogon, taller patches of Imperata,

or around bushes; Brachiaria brizanthum,; usually found in

Cymbopogon but also in Imperata; Sporobolus stapfianus and

Michrochloa kunthii, usually found in Imperata and Themeda com-

munities; Sporobolus pyramidalis, Bothriochloa sp, Chloris gayana,

and Heteropogon contortus were less frequently found, mainly occur-

ring with Themeda but also present in Imperata; Digitaria diagon-

alis was found occasionally in all grass communities; Hyparrhenia

dissoluta was occasionally found in small isolated patches in the

Themeda and Hyparrhenia fillipendula communities; and Setaria

sphacelata was found occasionally in both Imperata and Cymbopogon.
There were few other herbs occurring in the area. legumes were
the most frequent herbs found, especially Indigofera species, of

M
which Indigqpééra paniculata and I. simplicifolia were the most

common. Vigna ambacensis was also frequently found. ~ Immediately

after the burn in the area, many annual herbs grew, flowered,
seeded and then died, but these were not identified. The few

bushes occurring in the area were Capparis species, and the trees

were Acacia species and Euphorbia candelabrum (figs. 12-17).
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Rainfall for the area was recorded in a simple storage
gauge and is shown in fig. 8. The effective periods of the
rains during the study were April-May and August—becember 1965,
and late February-April 1966. Dry months were June and July
1965,‘and January 1966, Variation in light and temperature
over the year may be ignored as both are very conétant.

All the seasonal changes which occur in the grassland
appear to result direétly or indirectly from the pattern of
rainfall which the area receives. The two rainy seasons stimu-~
laté the flowering and seeding of all grasses except Imperata
which flowers after burning. During the rains most of the
active growth takes place., At these times the waterholes fill
up and large game animals, particularly elephant and buffalo
migrate into the area. During the long dry season, the parched
grass is usually burnt, after which Imperata flowers and many
annual herbs grow up. Large herds of game animals, incluaing
buffalo, Uganda kob, and waterbuck, migrate into these burnt
areas feeding on the succulenf shoots of grass that sprout.
During the rains the grass in the burnt areas grows faster than
it can be eaten by the game animals, so that eventually the grass

is tall and thick and the game animals move out of the area.
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(C) Mweya Peninsula

The area trapped was on gently sloping or flat ground,
mostly within 100 yards of the houses on the Peninsula, which
are about 3,100 feet above sea level. The most abundant grasses

in the area were Sporobolus pyramidalis, Chloris gayana, C. pycno-

thrix, and Cenchrus ciliaris. Eragrostis tenuifolia, Aristida

adscensionis Sporobolus festivus and Michrochloa Kunthii were also

common. The bush, Capparis sp., was very common with Urochloa
panicoides and Commelina sp. present underneath. However, close

‘to the houses the vegetation was considerably modified, Cyanodon

dactylon dominated many of the areas trapped, and Panicum maximum

was also common in various areas,

The rainfall in the area was seasonal, like in the Crater
Track Area, (fig. 8). The seasons were not very marked in the
year of study, but July 1965 was a particularly dry month,

All the grasses seeded during the rains, as in the Crater
Track Area, and became very dry during the dryer months, During
the day there was no grazing by large game animals, but at night
much of the area was regularly grazed by buffalo, elephant and
waterbuck, The intensity of grazing was probably little affected

by the seasons.
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(D) Royal Circuit Area

This was an area of flat grassland at an altitude of
3,200 feet, (figs. 6 and 7). The general appearance of the
grassland was similar to the Crater Track Area, except that no

Cymbopogon afronardus was present. There were two major grass

communities, dominated by Imperata cylindrica, and a mixture of

Themeda triandra, Bothriochloa sp., Sporobolus pyramidalis, and

Hyparrhenia fillipendula. The other grass species occurring

in the Crater Track Area also occurred, and Cyanodon dactylon and

Erogrostis tenuifolia were also present.

The rainfall in the area had a similar pattern to the
Crater Track Area, (fig. 8), and the seasonal effects it produced
were very similér. The area had not been burnt prior to trapping
for at least two years, however, and grazing by large game animals

was far more extensive and not so seasonal.



- 39 -

(E) Katwe Count Area

This was a gently sloping area, lying between 3,000
and 3,200 feet. It was subjected to very heavy hippopotamus
grazing, which resulted in extensive bare patches, or patches
of very closely grazed vegetation,lying between patches of very
Athick bush. The plants occurring ih the closely grazed areas

were Eragrostis tenuifolia, Chloris .pycnothrix, Brachiaria

brizanthum, Cyanodon dactylon, Portulacca sp., Amaranthus sp.,

and Indigofera sp. Where the vegetation was not so grazed .

Sporobolus pyramidalis and Cenchrus ciliaris were the commoner

species of grass. The patches of bush often included Euphorbia
candelabrgm trees.

The area received less effective rainfall than the
other study areas, as there was a lot of 'runfoff' after heavy
storms. This was because the soil Qas so hard and compacted,
and there was little vegetation to hold the water. The rainfall
was seasonal as in the other areas studied.

The area was not subjected to burning as fire cannot
spread through the extensive bare patches. fhe grasses grow
up during the rains, and some even seed, but mostly they are kept
to a low level because of the heavy grazing pressure. Besides
hippopotamus, the grass was heavily grazed by buffalo, and ele-
phant. Uganda kob and waterbuck also migrate through the area

when watering at Lake Edward.
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IV, HABITAT PREFERENCES IN CRATER TRACK AREA

(A) Introduction

Previous investigations of the distribution of small
rodents in Africa have largely been concerned with relating
their distribution to that of the major habitat types. The
various species have been said to occur in grassland, montane
forest, swamp, and so on, but little or no attempt has been
made to find éut if there are any habitat specialisations within
these complex major habitats. A few such specialisations have
been noted by Pirlot and Van den Bulcke (1952), Rahm and Christ-
iaensen (1963) and Southern and Hook (1963 i)' but even these
are of a genefallnaturey

In view of the large number of species caught in the
Crater Track Area and the presence of a few well-defined and
distinct vegetation types, it appeared that this area would offer
an ideal situation for examining'micro distributions in detail.
To facilitate this the dominant species of vegetation was recorded
at each trap placing from July 1965 onwards. The results are

summarised in figs. 9, 10 and 11, and table 2.
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(B) Results

Interpretation of the results is hampered owing to
the considerable effects of burning in the grassland. In
certain species one grassland community may be favoured in
burnt areas, whilst it is avoided in unburn% areas. Such
éffects of burning will be discussed in section V.

Aethomys nyikae showed a marked preference for bush.

It was also found, though in comparatively low numbers in

Imperata cylindrica, Themeda triandra and Hyparrhenia filli-

pendula. It was never found in Cymbopogon afronardus, (fig. 9

and table 2).

Arvicanthis niloticus was found most frequently in

the Themeda and Hyparrhenia communities, and to a lesser extent
in bush and Imperata in the unburnt areas. In the burnt areas,
however, it was most fequently found in bush, followed by Imperata
and then Themeda. Like Aethomys it was never recorded in the
———— ees——————

Cymbopogon community (fig. 9 and table 2).

Dendromus sp. was only caught twice, once in Imperata
and once in Themeda (table 2).

Lemniscomys striatus was found in large numbers in all

types of vegetation. In the unburnt areas it was found in much
the same numbers in all communities, perhaps showing a slight
preference for Themeda and Hyparrhenia, and occurring in the
highest numbers under bushes. In the burnt areas, however, it

seemed to prefer Cymbopogon, at least for the first eight months
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after burning, although it occurred in high numbers in the other
grasses and bush as well. For the first few months after
burning the unburnt areas were preferred to the burnt areas,

but after six months there was a marked preference for the

burnt areas (fig. 9 and table 2).

Lophuromys sikapusi preferred the Imperata community,

but was also found in Themeda and Cymbopogon. It was never
found by bushes in this area (fig. 10 and table 2).

Mastomys natalensis, like Lemniscomys, was found in

all vegetation types. There was a marked preference for bushes
in all areas, and more were found in the burnt than unburnt areas.
There appeared to be little or no pyeference between the different
grass communities, except that it was seldom caught in Cymbopogon
in the unburnt areas (fig. 10 and table 2).

Mus minutoides was caught too infrequently to draw any

firm conclusions about its habitat preferences. It was found in

Themeda and Imperata,but never in Cymbopogon or bush (fig. 10 and

table 2).

“Mus triton was found in all grass communities but never
by bushes, Imperata was preferred in all areas, and it also
occurred in high numbers in Cymbopogon in the burnt areas (fig. 11
and table 2).

Mylomys cuninghamei was found in the three major grass

communities, but was never trapped by bushes. It was found in the



- 43 -

greatest numbers in Imperata, (fig. 11 and table 2).

Otomys irroratus was rarely caught, but seemed to

prefer Cymbopogon, although it was also caught in Imperata
and Themeda (fig. 11 and table 2).

Zelotomys hildegardeae was seldom caught. It was

found in all grass communities, but never by bushes (table 2).

Tatera valida was found in all vegetation types,

. showing a preference for Imperata and Hyparrhenia, (fig. 11

and table 2).
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(C) Discussion

The distribution of most species was discontinuous
in this area of grassland. Most species were not found in
equal abundance in the different types of vegetation, but showed
quite marked preferences in their choice of habitat. If the
different species have the same diets as reported by Delany
(1964 E} and Hanney (1965), a general relationship appears to
exist between the distribution and the diets of the different

species. The insectivorous species, Lophuromys, Zelotomys and

Tatera, and the omnivorous species which are mainly insectivorous

Mus minutoides and M. triton, were rarely found in bushes, and
were most abundant in Imperata and Cymbopogon. The omnivorous

species which were mainly vegetarian, Lemniscomys and Mastomys,

were found in all types of vegetation but were most abundant
under bushes. Aethomys, another omnivorous species which was
mainly vegetarian, preferred bushes almost to the exclusion of
the other types of vegetation. The herbivorous species,

Arvicanthis,Mylomys, and Otomys, like the insectivorous species

avoided bushes but had different vegetation preferences.

Arvicanthis preferred Themeda, Mylomys preferred Imperata, and

Otomys preferred Cymbopogon. The distribution, and habitat
preferences of some species was quite markedly affected by
burning. Eight to ten months after burning, the habitat prefer-
ences in the burnt and unburnt areas were quite similar, but the

numbers caught in the two areas were still very different.



_45 —

V. THE EFFECT OF FIRE ON THE SMALL MAMMAL POPULATION

(A) Introduction

The burning of the grasslands of Africa is a regular
feature of the habitat, without which it would never have
developed, and without continued burning it would inevitably
disappear. Although burning is such a regular feature of the
habitat, the effects of fire on the small population in thekgrass-
lands of Africa is virtually unknown. Cerfain effects of fire
‘on the population of small mammals have been noted by Delany
(1964b) and Hanney (1965), but no systematic study appears to
have been carried out in Africa. Cook (1959) and Lawrence (1966)
have made studies of the effects of fire on populations of small
mammals in America, but the habitats they studied were quite dif-
ferent to the area of grassland in which the present study -was made.

Much of the Crater Track Area was burnt.during the day.
and night of July 3, 1965, It is not known whether the fire
was started by accident or intent. The extent of the burn in

the trapping area is shown in fig.‘7.
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"(B) Changes in the Vegetation

Only a charred stubble remained of the grasses in the
burnt area, and bushes and Acacia sp. seedlings of less than
three feet high were al;o completely burnt. The larger bushes
and trees Qere scorched, but were otherwise little affected,.
'~ There were very few patches of unburnt'grass in the burnt area,
and the boundaries of the burn were u;ually gquite straight,vthere
being an abrupt transition from tﬁe burn to the high dense cover
of grass in the unburnt areas, The grésses were scorcﬁed and
dried for a few feet around the edges of the burn (figs. 12 and 13).

Within about ten days of the area being burnt, Imperata
and Cymbopogon bggan to grow again. The shoots of Imperata were
well separated and soon reached a height of about six inches.
However, there was little cover provided by the growth, aﬁd animals
released from live-traps could easily be followed and seen. The
Cymbopogon regenerated from the charred tussocks and grew to about
the same height as the Imperata.' However, more cover was provided
in the areas dominated by this grass; animals in or around the
bases of the grass tussocks were not easily seen, particularly
from abové. Thé other grasses in the area showed no signs of
growth at this time.

By the beginning 6f August, one month after the burn,

Imperata and Cymbopogon had grown to a height of six to nine inches

at which level it 'was kept by grazing buffalo, The Imperata was
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in f;ower, but small mammals could still be followed in the area,
The other grasses; such as Themeda, were only just beginning to
grow'in a few isolated patches, so that there were still many
bare patches in the burnt area. -In various areas, usually in
’quite dense patches, a variety of annual herbs had grown up and
weré in flower (figs. 14 and 15).

Towards the end of September, nearly three monthé after

the burn, Imperata and Cymbopogon were about one foot high and

were still being heavily graied by buffalo. The Cymbopogon was
beginning to flower, and Imperata had seeded and the silver white
flower heads had been washed off by rain. There was a fresh

flush of Themeda, Hyparrhenia fillipendula and H. dissoluta,

Heteropogon contortus, Sporobolus stapfianus which was in flower,

Michrochloa kunthii, and. Brachiaria brizanthum. The genéral

height of these grasses was about six inches. The cover pro-
vvided by ail the grass communities was fairly good, and there
was almost no bare ground (fig. 16).

By the end of pctober, the grasses provided a lush,

thick cover. The Imperata and Cymbopogon were at least three

feet high, and the other grasses in the area, such as Themeda,
~were also about three feet high. The smaller grasses, such as

Sporobolus stapfianus and Michrochloa had reached their usual

height of about one foot. All the grasses in the area, except

Impefata, were in flower or had seeded (fig. 17).



- 48 -

From then onwards the grass cover in the burnt area
was much the same as in the unburnt areas, and the two aréas
became increasingly difficult to distinguish from one another.
They differed in that the grasses‘in the burnt areaé appeared to

be more succulent, and there was very little litter in these areas.
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(C) Immediate Effects of Fire on Small Mammals

The Crater Track Area was burnt in July after six days
snap-trapping had been completed. The fire reached the trapping
area at about 6.00 p.m,, a little before dark on July 3, 1965
and extended about half-way along the trap lines. When the traps
‘were visited the next day, ali the animals caught in the burnt
part of the trap line were burnt, showing that they were caught
before the burn. No movement in the burnt area immediately after
the burn was indicated. Trapping fof a further five days estab-
lished that there was a reduction both in the number of animals,
and in the number of species occurring in the burnt aréas (tables
3 andl4, and fig. 18). Certain species appeared to be little

affected by the burn, These were Mastomys, Mus triton and Tatera

valida, and probably Zelotomys, Mus minutoides, Aethomys, and

Crocidura sp. were little affected either. Hanney (1965) found

that Mastomys and Mus triton survived in burnt areas in Malawi.

All these species are nocturnal, Hanney (1965), Delany and Neal
(1966) and table 5, and most, if not all, are burrowers,

The immediate effect of the fire on Otomys, Arvicanthis,

and Dendromus could not be established because so few of these
species were caught. However, it would appear that Arvicanthis
was reduced in numbers in the burnt areas. Delany (19649) found
that Arvicanthis survived in burnt areas after a fire, though they

were reduced in numbers. He also found that Mastomys, Mus

minutoides, Dendromus melanotis and Crocidura flavescens also
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survived in burnt areas.

Three species, Lophuromys, Mylomys and Lemniscomys were
drastically affected by the fire. Lophuromys and Mylomys were
not trapped in areas affected by the burn for five and seven months
~respectively after the fire, Hanney (1965) found that Lophuromxé

-flavopunctatus was similarly affected by the burn. Lemniscomys,

although still occurring in burnt areas, did so in very reduced
numbers (tables 3 and 4). The 44 individuals trapped in the

Live Trap.Study Area’in June were feduced to four in July after

the fire. The three species were both nocturnal and diurnal

(table 5), and l;ve above ground, It should be noted that the

few Lemniscomys that remained in the burnt Live Trap Study Area,

tended to become more nocturnal after the fire (table 5), until

thick cover had grown up again, The few animals that did remain

in the burnt areas probably used the burrows of other small mammals

or the ventilation shafts of termites that abounded in the area,

until enough cover had grown up again for them to live above ground.

When they were released from live traps, they always ran and dis-

appeared down holes close by the traps. The fire probably did

not directly kill the species drastically affected by the burn.

In working in the burnt areas on the days immediately following the

burn, no dead rats were seen. The fire only slightly burnt the

animals caught in the traps in the burnt part of the trap-line,

so that it seems likely that any animal seeking refuge in even a

shallow burrow would not have been killed. It is probable that



most of the reduction in numbers of these species was due to

emigration into the unburnt areas, Lophuromys and Mylomys were

caught in too few numbers to conclude that the numbers in the
‘unburnt areas significantly increased after the fire. The over-
all figures in tables 3 and 4 show very little, because these two
.species showed marked preferences for particular grass types,

and the pfoportion of the different grass communities trapped
before and aftef the burn were not the same. However, Lemniscomys
was caught in high numbers and did not show aﬁy marked preference
for any one t&pe of vege{étion. Consequently, the figures in
tables 3 and 4 probably reflect changes in the numbers of animals

. occurring before and after the burn in the two areas. It may

be noted that the numbers caught did increase in the unburnt areas,
whilst decreasing in the burnt areas, and that an average for

the burnt and unburnt areas is nearly the same as that for the
area before the burn. This does suggest that migration did take
place, and that this factor was responsible for most of the reduc-
tion in numbers of Lemniscomys in the burnt areas. To support
this conclusion, two marked animals from the Live Trap Study Area
were trapped about half a mile away in unburnt areas in July and
August. Two other marked animals absent from the burnt Live

Trap Study Area after the burn, reappeared in September and October.
Hanney (1965) similarly found evidence for the migration of

Lophuromys flavopunctatus from the burnt areas into unburnt areas.

However, Cook (1959) found no evidence for migration out of the
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burnt areas, but could not account for the reduction in numbers

of the rodents.
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(D) Long Term Effects of Fire

Many of the long term effects of the fire must remain
a matter of conjecture. Burning of the grassland undoubtedly
causes modifications in such phenomena as behaviour and diet of
the different species. In the section on the habitat prefer-
ences of the various species, it was noted that certain species
had different habitat preferences in the burnt and unburnt
areas. Such long term effects of burning, covering the period
July 1965 to May 1966, are considered here.

The burn probably had little effect on the habitat

preferences of Aethomys nyikae. It lives mainly in bushes which

were seen to be effected very little by the fire. From fig. 9
and table 2, there is no reason to suppose that the fire markedly
changed the habitat preferences of this species.

Arvicanthis niloticus was probably reduced in numbers

by the fire because very few were trapped in burnt areas until
January, seven months after the fire. Fig. 9 and table 2 sug-
gest that bushes and Imperata were more preferfed in the burnt
than in the unburnt areas.

It was seen in the previous section that Lemniscomys
striatus was drastically reduced in numbers in the burnt areas
by migration from there into the unburnt areaé. For a long
time after the burn this species had different habitat prefer-
ences in the burnt and unburnt areas (fig, 9). One month after

the fire, the most preferred community in the burnt areas was
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Cymbopogon. This marked preference for Cymbopogon lasted for
seven months, after which the numbers in these areas became
drastically reduced. Eventually, it was the least preferred

of the three major grass communities, as it was in the unburnt
areas. Thé initial preference for Cymbopogon probably reflected
" the greater amdunt of cover offered by those areas, but why. the
preference was maintained is not known, The sudden reduction

in numbers in these areas after seven months also occurred in
Mastomys. Presumably, there was a change in the Cymbopogon
habitat at about this time, such as a decrease in the palata-
bility of the grass, which caused this sudden decrease in numbers
in the area. One month after the burn, this species was trapped
twice as frequently in the unburnt Imperata than in the burnt
Imperata, and it was not trapped in any of the bare burnt patches
or where Themeda was beginning to grow. Presumably this species
was beginning to reinvade the burnt areas again because more
individuals were trapped in the Live Trap Study Area (table 5).
Individuals were first trapped in Themeda in low numbers in
September, two months after the burn. At this time the numbers
in the unburnt areas fell sharply to a relatively low level, at
which level they remained for the rest of the study. The numbers

in the burnt Imperata and Themeda areas showed a slow general

increase until April 1966, after which the numbers fell. Four
months after the burn these two communities were slightly more

favoured in the burnt than unburnt areas, and by January this
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preference for the burnt areas was very marked. This preference
for the burnt areas was probably because the grasses were more
succulent and palatable in these areas than in the unburnt areas.

Lophuromys sikapusi either migrated out of the burnt

areas or was killed by the fire, It was first recorded in

"November in the burnt areas. However, the unburnt areas still
seemed to be favoured even ten months after the fire (fig. 10),
although the habitat preferences appeared to be little affected.

It was seen that Mastomys natalensis was little affected

by the burn at first, but one month after the burn the numbers
were drastically lowered in the unburnt areas and increased in
the burnt areas.(fig. 10). This indicates that there was a mig-
ration into the burnt areas by this species. The burnt areas
were preferred for at least seven months after the burn, after
which the numbers declined in these areas until there were similar
numbers in the burnt and unburnt areas. The habitat preferences
appeared to be fhe same in the burnt and unburnt areas,; except
that Cymbopogon was preferred much more in the burnt areas, so
that the species occurred in much the same numbers in all the
grass communities, After seven months the numbers trapped in
| Cymbopogon fell, which paralleled the reduction in numbers of
Lemniscomys. |

The fire seemed to have very little effect on Mus triton,
both in its immediate and long term effects (fig. 11). There

appeared to be no difference in the habitat preferences of this
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species in the burnt and unburnt areas.

Mylomys cuninghamei, like Lophuromys sikapusi was not

found in the burnt areas after the fire. It was first caught

in the burnt areas in January, and although no major changes in
its choice of habitat were indicated by the results, too few were
‘caught to draw any fifm conclusions about this matter (fig, 11).

Tatera valida did not appear to be adversely affected

by the fire and after December it was only caught in the burnt
areas, The habitat preferences appeared to be very similar in
the burnt and unburnt areas (fig. 11).

No conclusions could be drawn about the long term effects
of the fire on»the other species trapped because so few were

caught.
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(E) Discussion

The grasslands of Africa have largely been developed
and maintained by the occurrence of frequent, usually annual,
burns. Because burning is such a regular featﬁre of the habi-

- tat it seems likely that the species of small rodents occurring
"in this habitat are adapted to withstand the effects that the
fires havé. The numbers and distribution of certain species,
such as Mylomys and Lophuromys, are prdbably greatly influenced
by burning. All the species that are present in burnt areas
immediétely after burning, appear to be burrowing and nocturnal,
whilst those species that live above ground either migrate into
the unburnt areas, or are killed by the fire. There is no evi-
dence for direct mortality. Delany (19642) suggestéd that aridity
and lack of food in the burnt areas might cause an increase in
the death rate, which would account for the drop in numbers he
observed in the burnt areas. When live-trapping in July, a few
days after the burn, many dead animals of some species were found
in the traps. This suggests that they were weakened by the burn.
The reinvasion of the burnt areas by those species adversely
affected by the fire was probably controlled at first by the re-
generation of the grasses, and later was probably affected by

the range of activity of the different species. If this is so,
then it would appear that Lemniscomys is more active than

Lophuromys which is in turn more active than Mylomys.
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The re-establishment of small mammals in burnt areas
appears to take place faster in tropical regions than in temperate
regions. In the present study, every species was present in
the burnt éreas seven months after burning, and ten months after
burning, the differences between the two areas was small, How-
.ever, Cook (1959) found that much of the reinvasion of burnt
areas by small mammals in North America did not take place until
the second year after burning, and twb years after burning, con-
sideréble differences still existed bétween the burnt and unburnt.
areas. The difference in the rate of recovery of the two study
areas is no doubt largely due to the higher productivity of the
tropical environment, which allows food and cover to be quickly
' re-established.

This study indicates that it is desirable that the past
bufning history of any grassland trapped should be known. Other-
wise a very misleéding picture of the ecology of these small
- rodents méy be built up. Furthermore, the comparison of different

grassland areas is made more difficult.
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VI. BIOLOGY OF REPRODUCTION

(A) Introduction

There is very little information about the breeding
of African rédents, and what information there is comes from
widely scattered localities,

Certain authors, such as Sanderson (1940) in West
Africa and Rahm\and Christiaensen (1963) in the Eastern Congo,
have recorded pregnancies which they have observed during the
course of more general studies. Unfortunately, they have not
recorded from what sized samples the pregnancies have occurred,
neither have they indicated whether the absence of pregnancies
in certain months was due to small sized samples or to a probauv.c
break in breeding. Consequently, such records are only of
limited value, but may be useful in giving added weight to the
findings of other workers.

General studies on the breé&ing of African rodents
havevbeen made by Pirlot (1954, 1957a) in Katanga and near Lake
Kivu; Southern and Hook (1963b) in Kenya and Uganda; Delany
(1964a,b) in Uganda; Hanney (1965) in Malawi; and Happold
- (1966b) in the Sudan, These studies all indicate that for
many species fhé period of maximum reproductive activity occurs
during the wet season and early part of the dry season, although
all the spécies of rodents from one habitat do not necessariiy
breed simultaneously. Such conclusions, however, are by no

means final because of the nature of these studies. The



conclusions drawn by Southern and Hook (1963b), Delany (1964a,b), "
and Happold (1966b) are severely limited by the shortness of

their studies and the scarcity of material for most species.
Pirlot (1954, 1957a) examined large samples of animals and both
his studies were made over long periods in their respective areas.
.However, as the animals were only identified to the generic level
(fhe species being determined by reference to their distributions
 established by‘Schouteden 1947), and were classed as adults or
juveniles without reference to the actual states of the repro-
ductive organé, the conclusions he drew must be regarded with
extreme caution. In contrast, in his magnificent study in Malawi,
Hanney (1965) considered about thirty species of rodents, and it
is hardly surprising that he gives little information for a number
of species. The collections were made bimonthly over the year

in three different habitats, and as a result, the seasonal changes
in breeding could not be traced very accurately. He established
that different species occurring in the same habitat did vary in

~ their breeding patterns.

All the detailed studies on the breeding of African

rodents have found seasonal variation in the breeding rates.

Mastomys natalensis has been studied by Brambell and David (19i:

in Sierra Leone, Chapman et al (1959) in Tanzania, Coetzee (1963)
in the Transvaal, and by Oliff (1953) and Johnston and Oliff (1934)
in the laboratory. Petter et al (1964) studied the breeding o1

Lemniscomys striatus near Bangui in the Central African Republ.i.,

and in the laboratory. The biology, including breeding, has been
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studied of Lophuromys flavopunctatus by Hanney (1964), and

Beamys major by Hanney and Morris (1962). Finally the breeding

of Tatera brantsi and T. afra has been studied by Measroch (1954)

and Allanson (1958). In all these studies a general relation-
ship was found to exist between the breeding and the periods of
rainfall,’rather than with changes in day length (when they
.oécurred) as in temperate regions.

The present study was carried out between five and four-
teen miles sogth of the equator, and as a result changes in light
can be ignored. Fluctuations in temperature over the year were
so slight that this factor can also be discounted. The rains
provide the only form of seasonél variation in the climate and
any temporal variations in the breeding of small mammals are
probably best related to them. The Crater Track Area and Mweya
Peninsula were the two main areas of study, and were trapped every
month of the year. Seasonal changes in the breeding.of several

species of small rodents were accurately followed.
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(B) Accounts of Species

(1) Reproduction in Arvicanthis niloticus

(g) Introduction

This is one of the commonest African rodents, and is
widely distributed, ranging from Zambia in the South, to Senegal
in the West ang Egypt and Arabia in the East. It is typically
a grassland species, but is also found in bush and cultivated
land. It is strictly herbivorous. It often lives in close
association with man and is known to play an important role in
the transmission of bubonic plague in the Eastern Congo and in
Kenya.

Thereyis remarkably little information about the breed-
ing of this species. Watson (1950) suggested a possible breed-
ing season in Eastern Uganda towards the end of the rains as they
wére very numerous during the early months of the dry season.
Delany (196@9) found that there weré two distinct peaks in the
population at Mweya Peninsula, in the body weight, occipitonasal
.length, and testes length, which suggested that breeding covered
limited periods,‘possibly during the rains. However, Happold
(1966Db) found pregnant females in July, September and February
and young wereAseen at all times of the year. He concluded that
the rainy season did not appear to regulate or initiate the breocd-
ing season in the Nile valley in the Sudan where his studies werc
made.

In the present study animals were trapped on Mweya

Penihsula and in the Crater Track area (table 1). Those trappct



at Mweya were mostly living in close proximity to man, whilst
those in the Crater Track area were truly wild rodents. The

two popu;ations were found to be different in many respects and
for this.reason their breeding will be considered sep;fately.

The Mweyé Peninsula population was heavier and larger in all body
measurements gxcept the ear, much lighter in colour, and the

reproductive organs of the male were much heavier.

(b) Mweya Peninsula Population

(i) Reproductive Cycle of the Female

(&) Growth and Breeding Season

The heaviest foetus weighed 2.72 gm. when preserved,
and the mean weight of the litter of four of which it was a Aem—
ber was 2.56 gm. They were probably almost fuil term because
the'vibrissae and body hairs were growing. Two other pregnancies
in a similar condition, of four and three embryos, had mean weights
of 2.28 gm. and 2.21 gm. respectively. The estimated weight at
birth is, therefore, approximately 2.5 gm. to 3.0 ém.

It can be seen (fig. 19) that the lightest animal had
a clean body~weiéht of 11 gm., but only eight had clean weights
of less than 20 gm. It would appear that the females become
weaned when 15 - 20 gm. in weight. Only three females had clean
body-weights of over 90 gm., the heaviest being 104 gm., and most
mature females had clean weights of 50 - 90 gm.b There appeared
to be no seasonal loss in weight.

The weight distribution of immature, mature but not puarous,

pregnant, and parous animals is shown in table 6. It can be secoen



- 64 -

-from this table and fig. 19 that most females become sexually
mature at a body-weight of approximately 50 gm, although one
animal with a clean weight of 29 gm was found to be sexually
active. From the weight distributions of prégnant and parous
females (table 6), there would not appear to be any loss in
weight after.pregnancy.

The total number of females examined each month,
and their reproductive condition are given in table 7. The
percentage of visibly pregnant.and immature females, together
with the totai rainfall for each month are represented graphic-
ally in fig. 20.

It can be seen that visibly pregnant females were
trapped in every month except June 1965, although a female with
all the embryos resorbing was trapped in this month. Females
in a similér condition were trapped in July and August 1965, and
March 1966. There was a tendency for breeding to be at a low
level during these months, which were generally the driest of
the year. A remarkably close relationship appears to exist
between breeding and the rainfali, (fig. 20); Breeding was at
a maximum during the rains and at a minimum in the driest months,
July 1965 and March 1966. As the immature females trapped were
all between weaning and puberty, the curve of immature females
shows a time-lag in comparison with the fluctuation in the nuiber
of pregnant animals (fig. 20). The periods of breeding are suci
that an inverse relationship seems to hold between the numbers ol

pregnant and immature females. Most immature animals are wbouti
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during the drier months, which corresponds to the observations
of Watson (1950) in Eastern Uganda.
(B) Fertility

Since females may become pregnant in every month of
the year, it is possible that some become pregnant again.at the
post partum o&strus. The occurrence of some.females with
eﬁbryos at an early stage, which were also lactating, would
appear to confirm this. Some females appeared to be in anoes-
trus whilst lactating, -but without microscopical examination it
was impossible to confirm the occurrence of a lactation anoes-—
trus. Approximately half the parous females appeared to be in
anoestrus (table 7), which suggests that females may be in
anoestrus for long periods.

Most parous”females had only one or two sets of placen-
tal scars, but as many as 26 placental scars in one female have
been counted. As will be shown subsequently, the avérage num-
ber of implanted embryos is 4.6, and it would therefore appear
that some females are able to have as many as five litters.

The number of implanted embryos (i.e. including resorb-
ing) and the number of healthy embryos are represented-as
frequency polygons in fig. 21. Two pregnancies were excluded
from this data, one of which the number of embryos was not known,
and the other which had one embryo growing in the body cavity.

The mean number of healthy embryos of 41 pregnancies

was 4.39, with a range 2 to 10 and standard deviation 1.50.
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Thé mean number of implanted embryos of 44 pregnancies was 4.64
with a range of‘3 to 10. Nearly 12 per cent of the total num-
ber of implanted embryos of this sample were resorbing. Happold
(1966b) recorded 2 to 10 young, but Misonne and Verschuren (1966)
oniy recorded 3 to 5 embryos. |
Thesnumber of implanted embryos, which may reflect
the number of oya_ovulated, appears to vary with the body-weight,
as is shown in table 8. The number of implantgd embryos
increases witﬁ increase in the clean body-weight.
The total prenatal mortality could not be estimated
as the number 6f corpora lutea was not counted. However, the
proportion of resorbing embryos of 12 per cent, indicates that
the post impléntation mortality was quite considerable. The
regression coefficient of the number of embryos on the weight
of embryos Qas calculated to be -0.32, but was not found to be
significantly‘aifferent from zero. The level of probability
was approxiﬁately 70 per cent. This suggests that either much
of the resorptiqn of embryos takes place early in development,
or so few are resorbed that a larger sample, particularly of
embryos late in development, would be needed to find the re-
gression coefficient to be statistically significant.

. The variation in the mean ﬁumber of healthy embryos
over the year is represented graphically in fig. 22. Although
the variations cannot be regarded as statistically significant
because of the small samples, a rise is indicated towards thc

end of the rains, in April, May and December,.
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(ii) Reproductive Cycle of the Male

(&) Growth and Breeding Season

. It can be seen (fig. 23) that the main influx of imma-
ture males, like the females, occurs at the end of the rains and
beginning of the dry season. The lightest had a clean body-
weight of 12 gm;, with only two others weighing less than 20 gm.
N

The male may, therefore, be heavier at weaning than the females.
Tbe heaviest malebhad a clean body-weight of 115 gm., and although
only three females weighed over 90 gm., it can be seen that a
considerable proportion of males weighed more than 90 gm. A
comparison of figs. 19 and 23 confirms that on average the males
weigh more than the femaies.

Fecund males were found ét all times of the year.
Animals with spermatozoa ratings of kO) were immature, and those
with spermatozoa ratings of (%) were regarded as infertile, being
composed.of immature animals and mature males in a state of
anoestrus. Animals with spermatozoa ratings of (2) and (1) were
regarded as fully mature.

Thevciean body-weight at which fecundity is attained
is not sharply defined (fig. 23 and table 9). The lightest
animal with spermatozoa had a clean body-weight of 46 gm., and
the heaviest animal without spermatozoa weighed 67 gm. The males
weighing 34-73 gm. with spermatozoa ratings of (%) and (%) werc
all just maturing, and the two males weighing 92 gm. and 101 gm.

with the same fecundity rating were mature males, which appearcd

to be in anoestrus. From table 8 is would seem that the males



- 68 -

mature at approximately 60 gm., which is about 10 gm. heavier
than the weight at which the females mature.

The monthly variation of animals with spermatozoa in
the testes,'given in table 10, merely reflecfs the number of
immature and adult animals, since it is very rare that males once
fecund becomessexually inactive. Most of the male population
aﬁpear to be mature during the periods of maximum reproductive
activity in the females,

(B Changes in the Testes

The combined weights of the two testes of 226 animals
are given in the form of a scatter diagram in fig. 24. Where
only one testis was available, twice its weight was taken.

It can be seen that most mature males have a testes
weight between lfl gmf and-2,0 gm. There was a marked seasonal
variation in the weight of the mature testes. They reached a
maximum weight towards the end of the wet season and béginning
of the dry season, in April and May, and October until December
1965, During tpe dry season there was a steady decline in the
weights of the testes, and it was only after the rains had started,
in August, that they began to increase in weight. .The testes
of the immature males remained at a }ow weight during the drier
months, and it was only after the réins had begun that there was
a rapid increase in weight, as can be seen in September 19635.

(Y) Changes in the Epididymides

The changes in weight of these accessory sexual organs

(fig. 24) appear to closely follow those of the testes, so that



it is probable that a close correlation between the weights of
these two organs exists. The seasonal variation in the weight,
and thé growth of the immature animals closely resemble those
described for the testes.

(§) Changes in Seminal Vesicles

The ‘changes in the weights of these organs (fig. 24)
generally follow the changes in weight of the testes, except that
there is a considerable range in their weights. The correlation
between the weights of these organs and the testes, would, there-
fore, not be expected to be as close as that which exists between
the £estes and epididymides. The weights of the seminal vesicles
of the immature animals are always ?ery.low, and a marked increase
in their weights was only seen at the beginning of the rains in
September 1965.

(c) Crater Track Population

(i) Reproductive Cycle of the Female

(X) Growth and‘Breeding Season

Only one full term litter (as judged by the growth of
body hair) was.found. The two foetuses of the litter weighed
3.13 gm. and 2.52 gm., when preserved. Therefore, the estimated
weight at birth is about 2.5 gm. to just over 3.0 gm., which is
very similar to‘that estimated for the Mweya Peninsula population.

Tﬁe small sample of 49 females makes any estimates of
the weight at weaning and the size range of adults subject to

review, The lightest female had a clean body-weight of 16 gm.
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(fig. 25) and the estimate of the clean body-weight at weaning
is 15-20 gm., which is the same as was estimated for the Mweya
Peninsﬁla'pépulation. Almost all the mature females had clean
body-weights of 45«75 gm. It thus appears that this adult
population is lighter in weight than the Mweya Peninsula popu-
lation, which*normally weighed 50-90 gm.
| The weight distribution of immature, mature but not
visibly pregnant or parous, pregnant, and parous females is shown
in table 11. From this table and -fig. 25 it can be seen that
females mature at about 45 gm., which is approximately 5 gm. less
than that estimated for the Mweya Peninsula population, It can
be seen that the Mweya Peninsula population appear to be able to
grow to a much greater weight than the Crater Track population.
| The total nﬁmber of females examined each month and

their reproductive conditions are given in table 12. The percen-
tagés of‘visibly pregnant and immature females, togetﬁer with
the total rainfall each month is represented graphically in fig. 26.

Visibly pregnant females were collected in March-July,
and SeptemberfDecember 1965, and March 1966. In view of the
extremely low numbers caught, the absence of pregnancies at other
times may not be significant, and it seems likely that breeding
occurs at all times of the year, as on Mweya Peninsula,. As a
result of small monthly samples, there is not such a close
relationship between the breeding and the rainfall as exists for

the Mweya Peninsula population. The results do indicate, howcvcer,
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that there is maximum reproductive activity during the wettest
months of the year.
(B) Fertility

Only one visibly pregnant female with an embryo at an
early stage was found to be lactating, which suggests that nor-
mally they do*not become pfegnant again at thQ post partum
oestrus. As about 50 per cent of the parous females appeared
to be in ahoestrus, it appears that females are in anoestrus for
long periods.

The number of implanted (i.e. including resorbing)
embryos, and the number of healthy embryos are represented as
frequency polygons in fig. 27.

The mean number of healthy embryos of 15 pregnancies
was 3.60 with a rangé of 1 to 5 and étandard deviation 1.05.

The mean number of implanted embryos was 3.67, with a range of
2 to 5. Approximately 2.per cent of the embryos weré found to
be resorbing.

The mqaﬁ number of healthy embryos which this population
carries appears to be very different from the Mweya Peninsula
population, It was noted that Habpold (1966b) reported 2 to 10
young, as in the population at Mweya Peninsula, whilst Misonne
and Verschuren (1966) only recorded 3 to 5 embryos, which resem-
bles that found for the Crater Track population. The population
that Happold studied in the Nile valley was likely to be in close

contact with man, whilst Misonne and Verschuren studied wild
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rodents in the Serengeti National Park, There is a possibility
that Arvicanthis, in close contact with man, is able to carry
more eﬁbfyos and is, therefore, more fertile than the wild popu-
lations, |

To test if the mean number of embryos of the two popu-
lations was dbfferent, Student's t-test, as explained in Simpson
gi;gl (1960), was used to test the significance of difference

between the two means.,

Population Number Mean Variance
Mweya Peninsula 41 4,39 2.25
Crater Track. 15 3.60 1.11

t wés found to be 1.89 with 54 degrees of freedom. This is
90 - 95 per cent:sign@ficant. Although it is not significant
at the 5 per cent level, it suggests very strongly that the two
samples are different._ Comparing figs. 21 and 27 it would seem
thét the Crater Track population farely have more than five
embryos, whilét this number is common in the €r;iééiéfgek popula-
.tion. Perhaps-fhe overall larger size of the Mweya Peninsula
population, or even a more constant food supply, contribute to
cause this observed difference between the two populations.

No parous female had more than two sets of placental
scars. It would appear that females do not have so many litters
as the Mweya Peainsula population, therefore, if they live to the

same age, there would probably be longer periods of anoestrus.

Any‘relationship-between the number of implanted embryos
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and the clean body-weight could not be established, because too
few pregnancies were recorded. For the same reason, seasonal
changes'in the number of embryos could not be investigated.

(ii) Reproductive Cycle of the Male

(o0 Growth and Breeding Season
| A scatter diagram of the clean body-weights of 37 males
is.shown in fig. 28.

Such a small sample means that only the most obvious
factors can be noted here. Most of the mature males weighed
between 50 gm. and 7ngm. and the heaviest had a clean body-weight
of 85 gm. It can be seen by comparison with fig. 23 that the
males of this population were considerably lighter than the males
éf.the Mweya Peninsula population.

The weight distribution of immature, maturing, and
mature males is given in table 13. From this table and fig. 28,
it seems likely that most males mature at a clean body¥weigﬁt of
approximafely.so gm,, which is a little heavier than the weight
.at which the femgles mature, and which is 10 gm. less than the
weight estimated for the population at Mweya Peninsula.

The seasonal variation in fecundity has not been esti-
mated because of the lack of material.

(B) Changes in the Testes, Fpididymides and Seminal Vesicles

The variation in the size of these organs (fig. 29) in
the mature males and the growth of the immature animals cannot

be followed accurately because of the scarcity of material. The
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general trends are probably the same as seen in the Mweya Peninsula
. populatioﬁ.  However, it should be notedkthat the weights of
the orgéns are all very different from those of the population
at Mweya Peninsula.

The testes weightsvof most mature males were between
0.3 gm. and O.§& gm.,’with an obser?ed range of 0.26 gm. to 0.51
gm; Therefore, the heaviest mature male did not reach the weight
at which spermatozoa were first recorded in the Mweya Peninsula
population, The testes weights at maturity were about one quar-
ter that generally observed for the males at Mweya Peninsula.

Similarly, the weights of the epididymides and seminal
vesicles were heavier in the Mweya Peninsula population. The
epididymides generally weighed three to four times as much, and
the seminal vesicles about three times as much as those of the
Crater Track population.

It may be seen that the difference between tHe two popu-
lations is emphasised in the weights of the male reproductive
.organs.‘ It woulq be interesting to know whether they represent

two distinct species or subspecies,
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(2) Reproduction in Lemniscomys $triatus

(a) Introduction

This species is widely distributed and has been recorded
from Northern Angola in the South, throughout the Congo and East
Africa to the Sudan and Ethiopia in the East, and as far West as
Sierra Léone. It is omnivorous, and lives in a wide variety of
habitéts, ranéing from oben grassland, through.savanna and dense
.scrub, to thick forest, usually occurring at the edges of the
1a£ter. Hopkins (manuscript) suggests that this species is of
some agricultural importance because it is known to eat sweet
potatoes, cassava,. and other crops.

There is very little known about the breeding of this
species in Uganda. A few breeding records are contained in Delany
and Neal (1966).

Petter, Chippaux and Monmignaut (1964) studied the
breeding of this species near Bangui in tﬁe Central African
Republic, and in the laboratory. Nearly 200 animals were captured
but little was found out about their breeding in the wild. They
“suggested a correlation between the birth of the young and ;he
rainy season. Most of the étudy consisted of determining growth
curves in'weight and length of those born in the laboratory, and
the duration of the oestrus cycle and gestation.

'During the present study this spedies was trapped in
the Crater Track, Royal Circuit and Katwe Count areas (table 1).
The first two areas were so similar that the fesults have been

grouped together.  There was reason to suspect that the Katwe
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Count area population was behaving differently to the Crater
Track population. The only female trapped from the area in
July wés pregnant. No pregnancies were recorded at this time
in the Crater Track area, and as will be shown subsequently,
there was no evidence for any breeding at this time, For this
reason, this pregnancy has oﬁly been included in assessing the
average number of embryos in a litter, and has been ignored when
calculating the variation in the breeding rates throughou£ the
year.

(b) Reproductive Cycle of the Female

(i) Growth and Breeding Season

The heaviest foetus weighed 1.46 gm. when preserved
and the average weight of the litter of seven of which it was a
member was 1.30 gm, AThe mean embryo weight of another pregnancy
with five embryos was 1.32 gm., the heaviest of the litter
weighing 1.37 gm. when preserved. Both these litters.appeared
to be nearly full term as the body hairs were just beginning to
.grow, “Two new—porn animals found in one of the live traps weighed
1.32 gm. and 1.43 gm. when preserved. The weight at birth.is
estimated‘to,be 1.3 - 1.5 gm, However, Petter et al (1964)
State that the young weigh approximately 3.00 gm. at birth.  The
difference is so great that it seems likely that the two popu-
lations are quite different.

.It can be seen (fig. 30) that the lightest animals had

a clean body-weight of 5.00 gm., and only eight weighed less than
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10.00 gm. It is inferred that the weight at weaning is approxi-
mately 10,00 gm, A small proportion of mature females had
very‘high weights compared with the remainder of the adult popu-
lation, which generally had clean body-weights of 20 - 35 gm.

The appearance of young in the population can be seen to take
place towards‘the end of each wet season and beginning of the
dry seéson. Allowing for the time lag when animals are being
wéaned, this suggests that breeding only occurs during the rains.
There wés a seasonal variation in the weights of the adult
females. The weights were at a maximum‘during the rains and at
a minimum during the dry season, suggesting that animalsvlost
weight in the drier months of the year;

The distribution of immature, mature but not parous,
visibly pregnant, andyparous females, according to the clean
body-weight is shown in table 14.

From this table and fig. 30 it can be seen that females
mature at a clean body-weight of approximately 20.00 gm. The
- lightest mature female weighed 12.00 gm., and the heaviest
immature femalé weighed 30.00 gm. There appeared tp be a
seasonal variation of the weights at which tﬁe females mature,
females maturing at a lower weight during the wetter months of
the year than ih the dry season.

Tﬁe total number of females examined each month and
their reproductive conditions are given in table 15, The per-

centages of visibly pregnant and immature females, together with



_78_

the totalirainfall each month are represented graphically in
fig. 31.

Visibly pregnant animals were only trapped in the
periods April - June and September - December 1965, and in April
1966, alﬁhough one gravid female was trapped in.the Katwe Count
area in July 1965, There was a marked difference in the April -
Juhe breeding season in 1965 and 1966, In 1965 pregnant animals
werevtrapped in all three months, whilst in 1966Abrgeding had
clearly stopped by the latter half of May, It can be seen that
breedinglonly takes place during the rains and at the beginning
of the dry season.

The incidence of breeding found in the present study
is in full agreement with other information about the breeding
of this species. Petter et al (1964) recorded pregnanciés and
new-born animals in March, May, July and September - November in
the Central Afriéan Republic, They suggested a correiation
between births andithe rainy season, ﬁhich had two maxima in May
.and September. Sanderson (1940) only recorded pregnancies in
the period October - December, which correspondé to the end of
the fains and beginning of the dry season in the Cameroons.

Rahm and Christiaensen (1963) recorded pregnancies from December -
February, which corresponds to the rainy season in Kivu, Finally
Delany (19642) recorded no bregnancies when trapping in the

Crater Track area in July - August 1963, which gives added weight

to the findings of the present study.
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_It is not known why the breeding in April and May of
1965 and 1966 should have been so different. As will be shown
subseqdeptly, the breeding of other species'was similarly
affected, which suggests that some environmental factor was
responsible for.the difference,
(ii) Fertilitx
' During the April ~ June breeding season, most females

only had one litter, but in May and more commonly in June, some

females with small implanted embryos were lactating. This
suggests that a proportion of females had two litters. The same
was true for the September - December breeding season. Several

lactating females with small embryos were collected in November,
and a few in December. Theoretically, as the gestation period
was found to be 28 days by Petter et al (1964), it would be
possible for some females to have three litters in the first
breeding seasoh, and four ip the second breeding seasoﬁ. No
direct evidence was found to confirm this, as it was not possible
uﬁo distinguish aqimals with more ;han one set of placental scars
when pregnant. ‘ Non-pregnant parous females, with up to 19 pla-
cental scars have been counted, which suggests that some animals
have at least three litters, since the mean number of implanted
embryos was 5,02. Whether all these litters were born in the
same breeding seasoh is not known.

Although Petter et al found that females would not

reproduce in the same year as their birth in the laboratory, it

is clear from fig., 30 that in the wild, animals born in one
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breeding season will all breed in the next, about five months
later. . 'As'will be shown subsequently in the section on age-
structure of the population, a few females born towards the
beginning of both breeding seasons in 1965 were found to be
pregnant at the end of the same breeding season, Thus a few
females are able to mature in about two months during the rains,
bﬁt normally take four or five months to mature during the dry
season, During the driest months, all the adult females were
in anoestrus (table 15).

The number of implanted (i.e. including resorbing)
embryos, and the number of healthy embryos are represented as
frequency polygons in fig. 32.

The mean number of healthy embryos of 58 pregnancies
was 4.78, with a rangé of 2 to 8, and a standard deviation of
1.30. The mean number of implanted embryos was 5.02 with a
range of 3 to 8. About 5 per cent of the total numbér of
implanted embryos were found to be resorbing.

Petfer“gz_gl (1964) reported 36 embryos in 7 pregnancies,
with a range of 3 to 6 embryos. This would give a mean of 5.14
embryos, which is similar to that found in the present study.

In captivity, the mean number of embryos born was 3.91 with a
range of 2 to 7. This seems to indicate a high post implantation
mortality.

The number of implanted embryos, which may reflect the

number of ova ovulated, shows a slight increase with increase in



- 81 =~

the clean body~weight (table 16). However, in view of the
small samples for each weight class, such an increase is pro-
bably ﬁgt statisticélly significant.

The variation in the number of healthy embryos through-
out the periods of breeding is shown in table 17, The mean
number of embryos appears to increase as the breeding period
progresses. This may reflect an increase in the food supply,
because the grasses begin to seed from the middle of the rains
onwards.

. (e) Reproductive Cycle of the Male

(i) Growth and Breeding Season

The appearance of immature males in the population
(fig. 33) occurs towards the end of the rains and beginning of
the dfy season, at the same time as the immature females. The
lightest male had a clean body-weight of 4.00 gm., and like the
females, an estimate of the weight at weaning would be.about
10 gm. Like the females, a few males had exceptionally high
- body-weights compared with the rest of the population. Most
of the adult males had clean body-welghts between 20 and 35 gm.,
therefore, the males and females had similar body-weights at
maturity.

Three classes of males were recognised, as in Arvicanthis.
Aﬁimals with a spermatozoa rating of (0) were immature} animals
with spermatozoa ratings of (%) and (}) were either just maturing,

or the testes were regressing after the breeding season; and
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animals With spermétozoa ratings of ($) and (1) were regarded
as fecund. ‘ The distribution of these classes with respect to
the clean body-weight is shown in table 18,

It can be'seen that the males first begin to mature at a
clean body-weight of 20.00 gm., so that the weight at puberty
appearé to be slightly higher than that estimated for the

N
females, Like.the females, the males mature at a lower body-
weight during the fains than in the dfy season.

The monthly variation in the fecundity rafings is showg
in table 19. From this table and fig. 33, it éppears that, 1like
the females, the young males do not mature until after the rains
have begun. From the distribution of the body-weights, it
seems evident that a few males born towards the beginning of
the breeding season mature before the end of the same breeding
season. This was confirmed when the age structure of the popu-
lation was studied (section VII), During the rains most of
the mature males are fecund, but the spermatozoa ratings of

these mature males goes down during the dry season; so that
.fhere are then féw fecund males. Once the rains begin, those
mature males with regressed testes become fecund once more.

It would appear that the males show a cycle in their
fertility, similar to that of the females, although it ma& not
be so pronounced. Seasonal anoestrus has been found in the

males of other tropical rodents during the dry season, by Hanney

(1965) in Steatomys pratensis Peters, Tatera leucogaster

(Peters), and Lophuromys flavopunctatus in Malawi, and by Prasad
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(1956) in Tatera indica cuvierii (Waterhouse) in India.

(i1) Changes in the Testes

The combined weights of the two testes of about 350 ani-
ﬁals are given in the form of a scatter diagram in fig. 34.
Where only one testis was available, twice its weight was taken.

The\étriking feature of this diagram is the.marked sea-
sonal variation in the testes weights of the mature males, The
testes reach their maximum weight towards the énd of the rains,
and then quickly regress tokapproximately one-half to one-third
of this weight during the dry season, Most of the males with
testes weights over 0.15 gm. appear to be fecund. Most of the
growth in weight of the testes of immature animals takes place
during the rains. During both breedinglseasons in 1965, a few
males born towards the beginning were mature by the end of the
same breeding season. Thus, likg the females, a few males can
mature in about fwo months during the rains.

A qomparison of the samples collected in May of both
years'reveals that in May 1966 the testes were already beginning
‘ta regress, Whiigt in May 1988 they were at their maximum weight,
Thus the difference seen between the two years, in the reproduc-

tive cycle of the females is also seen in the males.

(iii) Changes in the Epididymides

It can be seen from fig. 34 that these organs show a
similar seasonal variation in weight as the testes, and therefore,

it would appear that the two are linearly correlated.
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‘(iv) Changes in the Seminal Vesicles

The seasonal variation (fig. 34) in the weights of this
organ are more pronounced than, and in phase with, the changes
in weights of the'testes and epididymides. During the dry
season in July and August 1965, they became reduced to about
one-tenth of their maximum size during the previous rains.
After the rains had begun in August, they quickly regained their
1arge size and the‘immature males gre& for the first time.
The reduction in weight in the less severe January - February‘
dry season was not so pronounced. This was also true for the

testes and epididymides.
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(3) Reproduction in Mastomys natalensis

(a) Introduction

This is a common and widely distributed African rodent,
‘occurring throughout Africa south of Morocco and the Sudan. It
is omnivorous, andllives typically in grassland savanna, although
it is frequenﬁly found in human habitation, Its importance as
a vector of bubonic plague has been well established, and it is
probably the chief agent in Africa in spreading this disease to
man., It is also an important pest in agriculture. Serious
damage to cétton crops in Kenya has been reported by Harris (1937),
and Hanney (1965) reports frequent plagues of this rat in cotton
growing areas in Malawi. These periodic increases to plague
proportions are very sudden, and are probably mainly due to the
tremendous powers of increase that this animal has, the litters
being the largesf recorded for placental mammals,

As a result of the considerable economic importance
of this rat, the breeding and other aspects of its biology have
been studied in detail in many areas of Africa. However, all
‘of these studies‘have been made on populations occurring around
human habitation or cultivated land, or in the laboratory.

During the course of the present study this species
was trapped in all the areas studied'(tablé 1). Only the truly
wild ﬁopulations have been considered, and in consequence those

trapped on Mweya Peninsula have not been included in the evaluation

of the reproductive data.
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(b) Reproductive Cycle of the Female

(i) Growth and Breeding Season

. The heaviest foetus weiéhed 1.39 gm. when preserved,
and the mean weight of the litter of twelve of which it was a
member was 1,28 gm, Another litter of twelve had a mean weight
of 1.36 gm. and two other litters of thirteen and ten, had mean
weights of 1.06 gm. and‘l.07 gm, respectively. The embryos of
all these litters had body-hair growing and so would appear to
be near term, although the litter with the heaviest mean weight
of 1,36 gm. was the most developed. An estimate of the weight
at birth is, therefore, approximately 1.5 gm. Meester (1960)
found that the mean weight at birth in the laboratory was 2.2 gn.
with a range of 1.9 gm. to 3.00 gm. The population considered
in the present study would, therefore, appear to be appreciably
lighter than that studied by Meester.
From fig. 35 it can be seen that the lightest animal
had a clean weight of 5% gm., but only five other individuals of
‘less than 10 gm. were trapped. Mastomys is, therefore, esti-
Amated to be Weanéd at a clean weight of about 10.00 gm. The
weight at weaning was found to be 11.7 gm. by Meester (1960) and
13.00 gm, by Johnston and Oliff (1954), and estimated to be
20 - 25 gm. b& Brambell and Davis (1941),. Allowing for the
weight of the alimentary canal, the first two values are compar-
able to that estimated in the present study, but that estimated

by Brambell and Davis appears to be very high. Perhaps the traps
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used in the latter study were not sensitive enough to catch
many juveniles weighing less than 20.00 gm.

Immature animals only appeared in the population in
June and November, which demonstrated that the breeding periods
are very short. There are two points of interest that should
be notéd about the weight growth of the young. Those trapped
in the Royal Circuit area between the 15th and 23rd of June 1965,
geperally héd much higher body-weights than one would expect
(fig. 35). It would seem either that breeding took place earlier
in the Royal Circuit area, or if the young were born at the same
time as the Crater Track population, the rate of growth was
faster. fhe’rate of weight increase of animals weaned in June
1965 also appeared to be different from those weaned in ﬁovember
1965, Those weaned in June took a further four months to mature,
whilst those weaned in November took a further five months to
mature, and appeared to mature at a slightly reduced weight.

| Once the females matured there appeared to be a sudden

increase in the clean body-weight associated with pregnancy.
iThis sudden incréase in the clean body-weight at pregnancy was
also noted for the parous females breeding for a second time.
After breeding the body-weight was reduced, especially ovér the
period Decémber 1965 to March 1966.

Two parous females had exceptionally high weights of
62 gm. and 78 gm., whilst most mature females weighed 27 ; 55 gm.

The weight distribution of immature, sexually active

but not parous, visibly pregnant, and parous females is shown in
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table 20.

From this table and fig. 35, it can be seen that females
mature'at a clean body-weight of approximately 27.00 gm. The
total body-weight would be about 35.00 gm. This is less than
has been estimated in other studies. Brambell and Davis (1941),
Johnstbn and OLiff (1954) and Chapman et al (1959) have all esti-
ma£ed the body-weight at maturity to be 39.00 gm. or 40.00 gm,
Pirlot (19572) reported that the females matured at a weight of
less than 40,00 gm., but did not give a precise figure,

The number of females examined each month and their
reproductive conditions are given in table 21. The percentage
of visibly pregnant and immature females, together with the total
monthly rainfall are represented graphically in fig. 36.

Visibly preénant females were only trapped in May and
the first half‘of June, and in the latter half of October until
the beginning of December 1965. Although no pregnancies were
recorded in 1966, breeding must have taken place between the
' ~second half of April and the first half of May,when no trapping
took pluce, because a lactating female was collected in the
second half of May, and two very small juvenile males were col-
lected at this time. The breeding periods in Mastomys in this
area are, therefore, very restricted. Allowing for the time it
would take for embryos to become implanted, it seems likely that
females first became pregnant in the latter half of April and

the beginning of October in 1965. All the mature females would

appear to become pregnant during the breeding periods, since no
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female with an adult body-weight was found without placental
scars after the breeding periods.

Further evidence for the timing of the onset of breed-
ing is supplied by the appearance of young at the beginning of
June and end of Noyember 1965, and at the end of May 1966, If
the gestation ‘period is 23 days, as reported by'Johnston and
Oliff (1954), and weaning takes three weeks as reported by
Johnsfon and Oliff (1954) and Meester (1960), then the immature
animals must have been conceived about six weeks before. This
would be just after the middle of April and at the beginning of
October 1965, and at the middle of April 1966, Further evidence
for the onset of breeding at fhese times was supplied by the
occurrence of vaginal plugs, denoting recent copulation, on the
29th September and lth October 1965, and on the 14th and 15th
April 1966,

The breeding periods are, therefore, sharply defined,
no evidence being found for breeding outside of the pe;iods
“calculated above,, Brambell and Davis (1941) in Sierra Leone,
Pirlot (1954) in Katanga, Chapman et al in Tanzania, and Coetzee
(1965) in the Tranévaal, have all found that breeding was at a
maximum at the end of - the rains and peginning of the dry season,
as in the present study, but breeding continued at a reduced
level for most or all of the other times of the year. However,
Hanney (1965) only found pregnant females during a four month

period, with no breeding taking place at other times of the year.



From the results of the present study, it is suggested
that a relationship may exist between the breeding of this rodent
in the Wild, and the occurrence of seeds in abundance, As will
be shown subsequently, the litter size for this species is extremely
high, therefore, the energy that the female must supply for
their development will also be very high. The females show an
inérease in the clean body-weight at the time of pregnancy, con-

sequently, the énergy supplied for the growth of the embryos is
not accompanied by a net loss in energy of the female. Pre-
sumably, the females must increase their intake of energy by way
of food, and it seems likely that the high energy supplied by
seeds would be a possible way in which this could be achieved.
(i1) Fertility |

In 1965 breeding occurred over two months and two and
a half months towards the end of both of the rainy periods. As
the gestation period is 23 days (Johnston and Oliff 1954), it
seems likely that some females would become pregnant again at
-the post partum qestrus, and so have two litters in one breeding
geason, Confirmation of this was provided by pregnant females
with early implanted stages which were also lactating, being
trapped at the end of May and throughout November 1965, Counts
of the numbers of placental scars after each breeding period
suggested, however, that very few females did have two litters.
Females born in one breeding season, unlike Lemniscomys, did

not mature and start breeding before the end of the same breeding
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period. A large proportion of the females breeding in the
breeding season after their birth, survived to breed in the next
period.' Outside of these breeding periods the females appeared
to be in a permanent anoestrus condition.

' Thé number of implanted and healthy embryos are rep-
resented as frequency polygons in fig. 37.

The mean number of healthy embryos of 41 pregnancies
was 12.10 with a range of 6 to 19 and standard deviation of 3.24.
The mean number of implanted embryos was 12.61, therefore, about
4 per cent of all embfyos were resorbing.

Thevsample estimate of the mean number of healthy
embryos is very similar to those reported by other workers,
Brambell and Davis (1941) recorded a mean of 11,8 for 17 litters
(range 7 to 17) in Sierra Leone, Chapman et al a mean of 11.2
for 10 litters (range 3 to 16) in Tanzania, Coetzee (1965) a
mean of 9.46 for 114 litters (range 2 to 19) in the Trénsvaal,
and extracting from the data bresented in Hanney (1965) a mean
~litter size of 11.0 (range 7 to 17) for 27 litters in Malawi.
The mean size of litters born in the laboratory are rather lower,
being 7.3 (Oliff 1953) and 8.53 (range 1 to 17) for 19 litters
(Meester 1960).

The mean number of implanted embryos which may reflect
the number of ova ovulated, appear to increase slightly with
increase in the clean body-weight (table 22). . Brambell and

Davis (1941) found such a correlation between the number of ova
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ovulated and the body-weight, and Hanney (1965) found that the
litter size increased with the size of the parent,

The seasonal variation in the litter size was not
investigated because breeding took place over such a short period
of time. Coetzee (1965) found a marked reduction in the number
of embryos duming the drier months in the Transvaal.

(c) Reproductive Cycle of the Male

(i) Growth and Breeding Season

The first appearance of immature males in the popu-
lation (fig. 38) occurs at the same time as the immature females.
The weights at which the two sexes first appear are also very
similar, thus fhe weight at weaning of the males is estimated
to be 10 gm,, the same weight as that of the females. A com-
parison of figs. 35 and 38 cleérly shows that the males grow in
weight much faster than the females, and they mature about a
month earlier than the females. Like the females, thé immature
male Royal Circuit population weighed heavier than one would
aexpect, and the growth rate of those weaned in June 1965 was
faster than for those weaned in November 1965. The majority
of fecund males had clean body-weights of 28 - 60 gm. The
lightest fecund male weighed 23 gm. and the heaviest 67 gm.

The full sizéd adult male had a clean body-weight between 40 gm,
and 60 gm., which is heavier than the female,

The males were divided into three classes as in the
previous species considered. The distribution of the fecundity

ratings with respect to the clean body-weight is given in table 23.
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It can be seen from this table and fig. 38 that the
males mature at a clean weight of approximately 27.00 gm., a
similar weight to that of the females. This is lighter tﬁan
estimates in other areas of Africa (p. 88), where the males
have usually been found to mature at a heavier weight th#n the
females. The\distribution of males with fecundity ratings of
(0) to (%) was discontinuous.  This discontinuity is due t§ a
few mature animals having an absence or reduced number of
spermatozoa in the epididymides, i.e. they are not active sexually.
Only a small proportion of the population appeared to be affected,
and mature males were found throughout the year. This reduc-
tion in fertility occurred during the dry season (table 24).
Hanney (1965) similarly found mature males with no spermatozoa
in the testes during the dry season in Malawi, and Coetzee (1963)
suggested_thét the testes of a few males may become atrophied,
Although none of the other breeding studies of Mastomys found
evidence for reduced fertility of some males during the dry
. season, they were of such a nature that suéh evidence could not
be obtained. |

(ii) Changes in the Testes

"The lightest testes (fig. 39) with the full fecundity
rating weighed 0.28 gm. and the heaviest 1.62 gm. Nearly all
the males with testes weighing more than 0.6 gm. were fully
mature. The testes showed a very slight seasonal variation in
weight, being at a maxiﬁum towards the end of the rains. The

testes of the immature animals grew faster during the rains than
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in the drier months of the year.

(iii) Changes in the Epididymides

The seasonal changes in the weights of this organ
(fig. 39) of the mature males appears to be more pronounced than
for the testes. The changes in the weights of the adulf epidi-
dymides, and the growth of the epididymides inAthe immature
animals appear to be in phase with the testes.

(iv) Changes in the Seminal Vesicles

It can be seen (fig. 39) that the seasonal changes in
weight are very pronounced; The organs regress during the dry
season to about one tenth of their maximum weight, and the changes
in the weight of this organ follow the breeding cycle of the
female remarkably closely. Although males with mature sperm
are present throughouf the dry season, they may be effectively
infertile because the secretions from the seminal vesicles must
be very reduced at this time. The same may be true fér
Lemniscomys which has a similar cycle in the weights of the

- seminal vesicles.



_95_

(4) Reproduction in Lophuromys sikapusi

(a) Introduction

This species is distributed over much of tropical
Africa, being recorded as far south as Angola, and Kenya in the
North—-east and Ghana in the North-west. It is insectivorous
and lives typically in heavily grassed bush country.
N
Very little is known about the biology of this species,

although Hanney (1964) has studied the biology of a closely

related species, Lophuromys flavopunctatus, in Malawi. Pirlot

(19573) considered the breeding of Lophuromys in Kivu, but did
not identify the species,

In the present study this species was trapped in the
Crater Track and Royal Circuit areas (table 1). The results

from the two areas have been grouped together.

(b) Reproductive Cycle of the Female

(i) Growth and Breeding Season

The heaviest foetus weighed 6.35 gm. when preserved,
and the mean embryo weight of the litter of three of which it
was a member was 6.11 gm, The embryos appeared to be full term
as the body-~hairs were growing. A litter of two in a similar
condition had a mean weight of 5.94 gm. The estimated weight
at birth is, therefore, 6.0 - 6.5 gm, This is very much heavier
than the estimates for the other species considered in this study.
Arvicanthis, which is a comparable size when adult, had an esti-

mated birth weight of up to 3.0 gm. From the data supplied by

Delany (1964a) it would appear that L. flavopunctatus has embryos
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of ét least 4.5 gm. in weight. The embryos of this genus seem
to grow to a very iarge size compared with other species.

The lightest animal had a clean body-weight of 27 gm.
(fig. 4O)Iand although so few animals were caught as to make
an estimate of weight at weaning unreliable, it would appear
that animals are weaned at about 30.00 gm. in weight. This
estimate is supported by Delany (1964a,b) who caught approximately
40 individuals of this species, none of which weighed less than
30.00 gm. Most adult females had clean body-weights between
55.00 gm, and 95;00 gm., and there appeared to be no seasonal
fluctuation in weight.

The distribution of immature, sexually active but not
parous, visibly pregnant, and parous females accbrding to the
cleaﬁ body-weight is shown in table 25. It would appear that
the clean body-weight at maturity is approximately 50.00 gm.

The total number of females examined each month, and
their reproductive conditions are given in table 26. The per-
centage of visibly pregnant females and the total rainfall each
month is represenked graphically in fig. 41.

Visibly pregnant females were trapped in every month
except August 1965 and February 1966. In view of the low numbers
caught, it seems likely that animals were breeding throughout
the year, although a marked reduction in the breeding rate in
-July and August is clearly indicated. Delany (1964b) trapping

in the same general area in 1963, noted a total absence of

breeding in July and August. Breeding would appear to be at a
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maximum during the rains, and to be reduced during the drier

months of the year. This contrasts with L. flavopunctatus

which was found to have a marked breeding season with no breeding

at other times of the year, by Hanney (1964).

(ii) Fertility 7 N

A The *‘proportion of visibly pregnant females is very
striking.. Of the total number of adults, 74 per cent were
viéibly pregnant and a further 11 per cent were ‘lactating.
Only 8 per cent of all adults appeared to be in anoestrus, and
nearly éll of the females that were neither visibly pregnant nor
lactating, were trapped in July and August 1965. It would
appear thaf the females are very fertile, and normally become
pregnant again at the post partum oestrus. The occurrence of
several lactating feméles with early implanting stages, Qould
appear to confirm this. Some females are known to have at least
three litters, but the average number of litters per fémale is
not known,

The number of implanted and healthy embryos is rep-

resonted as frequency polygons in fig. 42. |

| The méan number of healthy embryos for 46 pregnancies
was 3.17 with a range of 1 to 5 and a standard deviation of 0.85.
The mean number of implanted embryos was 3.24 with a range of 2
to 5, therefore, approximately 2 per cent of the embryos were
resorbiﬁg. Watson (1950) reported that there were usually 2 to

a litter in Eastern Uganda, whereas in the present. study 3 embryos

was the mode.



The number of implanted embryos appeared to increase
with increasé in body-weight (table 27), and there seemed to be
a seasonal variation in the number of healthy embryos (fig. 43).
Aithough the monthly samples were small (table 26), the results
suggest that the number of embryos in é'litter are at a maximum
in the wettest'-months and at a minimum in the dry months. This
may explain why Watson (1950) found smaller litters in Eastern
Uganda, because the area is much drier than Western Uganda, where
the present stgdy was made,. -

(c) Reproductive Cycle of the Male

(i) Growth and Breeding Season

The lightest male (fig. 44) had a clean body~weight of
28 gm. and the heaviest 99 gm. The weight at weaning is probably
very similar to that of the females. The weights of the fully
adult males séemed to be 75 - 100 gm., which implies that they
are heavier than the females on average. . The lightesf fecund
male weighed 51 gm,

The digtribution of the various spermatozoa ratings,
corresponding to those of the previous species, with the clean
body~-weight is given in table 28, From this table and fig. 44,
it can be seen that the males mature at a clean body-weight of
approximately 60 gm., which is 10 gm. heavier than that esti-
mated for the females.

The monthly proportions of the three classes of males
are given in table 29. This table illustrates that, like the

females, immature males appear in the population at the end of



the wet season and beginning of the dry season, and mature during
the dry months, This periodic entry of both immature males

and females into the population, would suggest periodic breeding,
but this is clearly not the case from an analysis of the females.
This suggests a mortality of young born towards the end of the

dry season, but too few were collected to confirm this.

(ii) Changes in the Testes, Epididymides and Seminal Vesicles
Any variation in the sizes of these organs couid not

be followed accurately because of the scarcity of material.

éhere do not appear tq»be any marked seasonal changes in the

weights of these organs, unlike the other species in the present

study (fig. 45).
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(5) Reproduction in Mus triton

(a) 1Introduction

This species is distributed throughout East Africa and
the Congo, and ranges as far south as Malawi, Zambia and Angola.
It is omnivorous, but primérily insectivorous and is usually
confinéd to the wetter areas of grassland, heath and scrub.

Surg;isingly little is known about the biology of this
spgcies, and‘there are no breeding records available in Uganda.
Hanney (1965) has made some useful observations on the biology
of this species in Malawi,

During the present study, this species was only trapped
in the Crater Track area,. However, Délany (19649) trapping in
the same area two years earlier, did not datch any speciﬁens of
this species.. There were large seasonal variations in the
numbers caught, also noted by Hanney (1965), which may account

for the apparent absence of this species in July 1963.,.

(b) Reproductive Cycle of the Female

(1) Growth and Breeding Season

~

No full term foetuses were found, The heaviest foetus
weighed 0.37 gm. when preserved, and the litter of four of whiqh
it was a member had an average weight of 0.36 gm. The embryos
were well developed, therefore, the weight at birth is probably
little more than 0.5 gm,

The lightest female (fig. 46) had a clean body-&eight

of just under 4.00 gm.,, but the main appearance of young in the

population was at a weight of 6 - 7 gm. This may not represent
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the weight at weaning, however, because the traps may not be
sensitive enough to catch many animals weighing less than 6.00 gm.
The heéviest female had é clean weight of 16 gm., and most adult
females were found to have clean weights between 10 gm, and 15 gm.

The weight diétribution of immature, sexually active
but not parous, visibly pregnant, and parous females is shown in
téble 30. From this table and fig. 46, it can be seen that
- females mature at a clean body-weight of 9 gm. to 10 gm.

The total number of females examined each month and
their reproductive conditions are given in table 31. The per-
centages of visibly pregnant and immature females, togethér with
the total rainfall each month, are represented graphiqally in
fig. 47.

Visibly preénant females were trapped in May‘and June,
and September - December 1965, and in April 1966. Pregnancies
probably occurred in April 1965, when no females were frapped.
.The breeding periods of this rodent would, therefore, appear to

~be very similar to Lemniscomys striatus, Like the other species

gtudied, there was a marked difference in the duration of the
April - June breeding period in 1965 and 1966. In 1965,:breeding
continued until June, whilst in 1966 it had clearly finished by
the latter half of May.

'The‘breéding of this species appears to be confined to
the wetter months of the year and early part of the dry season
when the habitat is still moist, Hanney (1965) similarly found

breeding to be at a maximum at the end of the rains and beginning
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of the dry season, with no breeding in evidence at other times
of the year.
(ii) Fertility

During the April - June 1965 breeding period, it seems
likely that a proportion of females had two litters, as seen in
Lemniscomys. It would be théoretically possible for some
females to have three litters during this time, if the gestation

period is 18 to 20 days as it is in Mus musculus (Asdell 1946).

One female wés found to be lactating, with an early implanted
stage in May 1965, which suggests that some females do become
pregnant at the post partum oestrus and so have two litters in
the one'breeding season. In the September to December breeding
season, no pregnant females which were also lactating were found.
The only evidence for females having more than one litter during
this period was one parous female which had a vaginal plug,
indicating recent copulation, which was trapped in Octéber 1965.
Counts of the placental scars revealed that a few females had
~as many as 15. As will be shown subsequently, the average number
of implanted embryos was 4.5, therefore, it seems likely that a
few femalés have at least 3 litters. Whether these were from
one breeding period or the result of breeding in two periods is
not known, Probably only 2 litters are normal in any one breed-
ing period, as females with more than 10 placental scars were
rarely found.
A few females (see section VII) born towards the

beginning of both breeding periods, matured and became pregnant
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before the end of the same breeding period. Such females were
trapped in June and December 1965, Precocious breeding was
also fdund in Lemniscomys. During the dry season all the
mature females appeared to be in a state of pefmanent anoestrus
(table 31).

The number of implénted and healthy embryos are rep-
resented as frequency polygons in fig. 48. Three pregnancies
were excluded because the animals concerned were so badly.damaged
that the number of embryos could not be counted.

The mean‘number of healthy embryos of 14 pregnancies
was 4.36 with a range of 1 to 6 and a standard deviatién of 1.63.
The mean number of implanted embryos was 4.5 with a range of 2
to 6. Approximately 6 per cent of all embryos were resorbing.
Hanney (1965) found tﬁe mean litter size of 5 pregnancies to be
6 with a range of 5 to 7.

Too few pregnancies were recorded for any reiationship

between the number of embryos and the clean body-weight, and

- the seasonal variation to be investigated,

(c) Reproductive Cycle of the Male

(i) Growth and Breeding Season

The lightest male (fig. 49) had a clean body—weight
of 5.5 gm. and the heaviest 17 gm. Very few light weight males
were caught, which probably reflects the weight selection of
the traps>used. No marked seasonal changes in the weights of

the mature males were obvious.
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From table 32, it can be seen that the clean body-
weight at which the males attain the full fecundity rating is
not éhérply defined. However, most males mature at a clean
weight of approximately 10 gm. The class of males with fecundity
ratings of (%) and (}) consists of males which are just maturing,
and males whieh have been mature but which have reduced fecundity
ratings, and which are probably not active sexually. Table 33
shows that this class of males is at a maximum in the drier
months of ﬁhe year, and are not present at all during the peak
of the rains. It can be seen that a large proportion of males
are in an anoestrus state in the dry season, Thus the éeasonal
cycle of both the males and females is very similar tq Lemniscomys.
Hanney (1965) did not find any evidence for seasonal anoestrus
in Mus triton, althouéh he recorded this condition in other
species of rodents.

(ii) Changes in the Testes, Epididymides and Seminal Vesicles

The combined weights of the right and left testes,
- epididymides and seminal vesicles of 73 animals are shown in
fig. 50,

_ Although the seasonal cycle in fecundity appeared to
be simiiar to Lemniscomys, no obvious seasonal variation in the
weights of the festes and epididymides was evident,

There was, however, a marked seasonal variation in the
weights of the seminal vesicles reminiscent of Lemniscomys.

The weights of these organs were at a maximum during the rains,

which corresponded to the periods of reproduction, and regressed
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to approximately one-tenth of their maximum size in the dry
months of June and July 1965, and January and February 1966.
Thelvariations in the weights of the three reproductive
organs considered here, were more similar to those found in
MastomXS’thaﬁ Lemniscomys, although the breeding periods of

M. triton more. closely resembled the latter species..
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(6) Reproduction in Mylomys cuninghamei

(2) Introduction

This species is distributed in the Northern Tropics,
from Kenya in the East, through Uganda, the Sudan and the Congo,
to Ghana in the West, It is strictly heégvorous, and lives in
thick gr;ssland, heath and scrub.

It ;ppears to have been caught very little, and as a
conseduence.little is known about its biology. Delany (19643,3)
apparently fecords the only breeding noted in thiébspecies.

In the present study this species was collected in
the Crater Track and Royal Circuit areas (table 1). The data

Ve

from the two areas hag been grouped together.

{(b) Reproductive Cycle of the Female

(i) Growth and Breeding Season

The heaviest foetus weighed 2.83 gm. when preserved,
but.as it was the only one of a litter it may have been heavier
than usual. A litter of five in a similar condition, with body-
hairs just beginning to grow, had an average weight of 2.18 gm.
‘The'weight at birth is estimated to be approximately 2.5 - 3.0
gm. The weights of Arvicanthis at birth, which is a similar
sized animal, were estimated to be of the same order of magnitude.

The clean body-weights of 59 females are represented
in fig. 51. With such a small sample the weight at weaning
cannot be estimated with any degree of certainty. However, the

two females with clean weights of 16 gm. and 18 gm. only had two

molars erupted, therefore, the weight at weaning is probably in



- 107 -

excess of 20 gm. Most adult females had clean body-weights
between 60 gm. and 110 gm., with an observed range of 52 - 118
gm,
From the distribution of immature and mature females
in table'34, it appears that females have a clean body-weight
of about 55 ém. at maturity. A loss in weight after pregnancy
isvalso indicated by the table, although it may be sea;onal°
The total number of females examined each month and
their reproductive conditions is given in table 35, and the per-
centage of visibly pregnant females together with the total
monthly rainfall in fig. 52.
Visibly pregnant animals were trapped in April - June,
and September -~ December 1965, and March and May 1966. As the
monthly samples were éﬁ small, the variation in the breeding
rate over the year could not be determined with certainty. A
marked reduction in July and August is clearly indicatéd, but
any reducfion.in the breeding rate in January and February could
~ﬁot be determined as no adult females were collected in those
months. 'Delény (19642) trapping in the same area in July 1963,
only recorded two pregnancies from 31 females, which supports

the conclusion of reduced breeding during this month made in the
present study. However, Delany (19643)‘trapping in nearby areas
in August 1961, found that four out of six females were visibly
pregnant, . It would be interesting to know if the rainfall

pattern in 1961 was the same as 1963 and 1965, which had very

similar amounts of rain in July and August. It seems likely
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that Mylomys breeds at a maximum during the rains, and that
breeding is reduced to a very low level in the driest months of
the yeaf.

(ii) Fertility |

As Mylomys breeds for long periods it is likely that
some females become pregnant again at the post partum oestrus.

A large proportion (4 out of 11) of females with freshly implanted

" embryos were also lactating, which suggests that normally females
did become pregnant égain at the post partum oestrus, thus‘breed~
ing continuously at least throughout the rains.

Although anoestrus females were found at various times
of the year (table 35), most were found in July and August, which
suggests thaf there was a seasonal anoestrus during the dry
months. !

The maximum number of placental scars recorded was 14.
The ﬁean'numbér of implanted embryos is 4.3, therefore; some
femalesbhave at least 3 litters, In view of the large size and

~probable longevigy of this species, it seems iikely that some
fémales have more than three litters,

The number of implanted and healthy embryos is rep-
resented as frequency polygons in fig. 53.

The mean number of healthy embryos of 21 litters was
4,29 with a range of 1 to 6 and a standard deviation of 1.27.

The mean number of implanted embryos was 4.33 with a range of 2

to 6. Only one embryo was found to be resorbing, which is about

1 per cent of the total number of implanted embryos. Delany
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(1964a,b) recorded 6 pregnancies with a mean litter size of 4.0,
with a range of 3 to 5. From thg limited data available, there
appeared to be no relationship between the clean body-weight and
number of embryos. |

(c) Reproductive Cycle of the Male

(i) Growth and Breeding Season

As only 26 males were collected, little can be said
with certainty about the reproductive cycle of the male.
The'lightest fecund male (fig. 54) had a clean weight
of 40 gm. and the heaviest 144 gm. Most adult males weighed
80 - 140 gm, and therefore appear to be heavier than the females,
The weight distribution of the three'fecundity ratings
of these males is given in table 36.
The males mature at a clean body-weight of approximately
70 gm,, which is 15 gm. heavier than that estimated for the
females.
Males with the full fecundity rating were found in
.every month theyrwere trapped, except January, and it seems likely
that they Wéfé present in the population throughout the year.

{ii) Changes in the Testes, Epididymides and Seminal Vesicles

The weights of the paired testes, epididymides and
seminal vesicles of 24 males are shown in fig. 595. Any seasonal
variation in the weights of these organs cannot be revealed by
so few specimens,.but a reduction in the weights of these organs
during the dry season, as seen in other species, could take

place as no males with full sized reproductive organs were trapped

in those months,
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(7) Reproduction in Tatera valida

(a) Introduction

This species appears to be confined to the tropics,
having been recorded in Angola, Zambia, Rhodesia and Mozambique
in the South, and ranging through the Congo into Uganda and
Kenya in the North. = It is insectivorous,‘and lives typically
in. grassland, ;eath and scrub.

Very little appears to be knqu‘about‘the'biology of
this spedies, and information about its reproduction in Uganda

is limited to two recorded pregnancies. The breeding of two

other species of this genus, Tatera afra and T. brantsi have been

studied in detail in South Africa and the Transvaal by Measroch
(1954) and Allanson (1958). Pirlot (1954) studied the breeding
of a species of Tatera in Katanga, -and Hanney (1965) made notes
on the biology, including the breeding of T. bohmi (Noack) and

T. leucogaster (Peters) in Malawi.

In the present study this species was trapped in the
Crater Track and Royal Circuit areas, and the material from both
areas has been grouped together in the analysis of the results.

(b) Reproductive Cycle of the Female

(i) Growth and Breeding Season

The heaviest foetus of a litter of four weighed 3.02 .
when preserved, but although it was well developed, there were
no body-hairs developing and, therefore, it was probably not full

term, The weight at birth of other species of the genus has

been estimated by Measroch (1954) to be 5.5 gm, for T. bratsi
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and 4.5 gm. for T, afra.

The lightest female had a clean weight of 21 gm. (fig.
56) and the clean weight at weaning was estimated to be about
25 gm, Most adult females had clean weights between 80 gm. and
110 gm,, with an observed range of 74 gm. to 108 gm.

Females weaned in June appeared to grow faster in
wéight and mature earlier than those weaned about October 1965,

A similar difference in growth rates of animals born in different
breeding periods was noticed in Mastomys.

It can be seen from fig. 56 and table 36 that the clean
body-weight at which females mature is approximately 75 gm.

The number of females examined each month and their
reproductive conditions are given in table 38, and the percentagec
of visibly prggnant and immature females, together with the total
rainfall each month are represented graphically in fig. 57.

Visibly pregnant females were only trapped iﬁ June,
Octobér and November 1965, It seems likely that gravid females
.were also present in the population in May and September 1965,
as lactating females were trapped in June and October, The
appearance of young in June and October suggests that the onset
of breeding may have been even earlier, However, the gestation
and weaning periods are not known, therefore, the onset of
breeding cannot be estimated from the appearance of immature
animals, Delany (1964a) recorded one pregnancy in July 1961,
and one specimen in the collections at the British Museum (Naturail)

History) was also recorded as being pregnant in July.
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The evidence suggests that this species breeds for a
limited period towards the end of the rains and well into the
dry seésén in the short March - May‘rains, but apparently starts
to breed égain at the beginning of the 'long' rains which are
at a maximum in September and October. However, the present

estimates of the breeding periods may be more limited than they

really are. Of the other species of Tatera studied, this
species appears to resemble T. afra in its breeding. The latter

species only breeds for a limited period at the end of the rains
and into the dry season in South Africa, but the rains only occur
once a yeér in that area,.

(ii) Fertility

Only five gravid females were trapped, two of which,
with freshly implanted embryos, were found to be lactating in June
and November, This suggests that a large proportion of females
became pregnant égain at the post partum oestrus, andAso had two
litters in each of the two breeding seasons. However, counts
. of the placentalrscars of parous females suggested that only one
litter was normal in each of the two breeding periods.

Of the five visibly pregnant females, four had 4 embryos
and one had 3 embryos. The mean number of embryos per litte;
was, therefore, 3.8. Measroch (1954) recorded a mean litter
size for T. brantsi of 2.94 (range 1 to 4) for 42 litters, and
for T. afra of 3.98 (range 2 to 6) for 62 litters. Hanney (1963)

recorded a mean litter size of 4.6 (range 3 to 7) for 7 litters

of T. leucogaster. Prasad (1961) recorded the average number
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of embryos per pregnant female as 6.3 in Tatera indica cuvierii

in India. It thus appears that there is a wide range of litter
size within the genus,

(c) Reproductive Cycle of the Male

(i) Growth and Breeding Season

It can be seen that most adult males.had clean weights
of'90 - 130 gm. (fig. 58) and, therefore, tend to weigh more
than the females. The lightest adult male weighed 77 gm. and
the heaviest 146 gm. The growth in weight of young born at
different times of the year did not appear to be different, unlike
the females. There appeared to be no seasonal variation in the
weights of the adult animals.

The clean weight at puberty is estimated to be approxi-
mately 75 gm. from fig. 58 and table 39. Thus, the males and
females seem to mature at about the same weight, although the
males appear to grow to a heavier weight than the females.

Fecund males were present in every month they were trap-
.ped, and there wag no evidence for any seasonal anoestrus. This

contrasts with T. afra (Allanson 1958) and T. indica cuvierii

(Prasad 1956) which;both undergo complete seasonal anoestrus at
the end of the dry season and beginning of the rains.

The monthly variation in the proportion of fecund males,
shown in table 40, merely reflects the presence of juveniles in
the population as there is no seasonal anoestrus. The proportion
of fecund males is generally at a ma#imum during the breeding

periods of the female.
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(ii) Changes in the Testes, Epididymides and Seminal Vesicles

The weights of the testes in the fecund males were
2.5 gm. to just over 4 gm. (fig. 59) so they are much lighter
than the mean weights recorded for other species of gerbils,
Allanson (1958) noted that the size of the reproductive organs
in gerbils was\exceptionally high compared with other species
of small rodents, and this is true even for T. valida.

'There appeared to be no seasonal variation in the
weights of the testes and epididymides (fig. 59), but the seminal
vesicles appedred to regress in July and August 1965, to about
half their maximum size during the rains. Thus, the seasonal
variations in ‘the weights of the male reproductive organs most
closely resemble those of Mastomys in the present study, and

the breeding periods in the females were fairly similar too.



- 115 -

(8) Remaining Species

The remaining species present in the Crater Track area
were only. caught in very low numbers. As a result, only a few
notes on the breeding of some of these species are available.

(a) Aethomys nyikae

Only 19 females were collected and visibly pregnant
animals were trapped in October and November 1965, and January
and April 1966, Lactating females were collected in May, June
and November 1965, and in April 1966. No adult females were
collected in the other months of the year, and it is therefore
not known whether breeding continues’throughout the drier months
of the year. Hanney (1965) included this species.with Aethomys

chrysophilus (De Winton), which apparently breeds throughout the

year in Malawi.

The four gravid females each carried three healthy
embryos, and one of them had a fourth embryo which was resorbing.
Hanney (1965) recorded a mean litter size of 3.2 (range 2 to 5)

for 15 pregnancies of A. chrysophilus.

The heaviest litter examined had an average preserved
weight of 4,18 gm, per émbryo (maximum 4.39 gm.). The embryos
appeared to be near full term, as the body-hairs were growing.
The mean weight at birth is, therefore, estimated to be approxi-
mately 4.5 gm.

(b) Mus minutoides

Pregnant females were trapped in May, June, November

and December 1965. Adult females were not trapped at any other
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time of the year except August 1965, and February and May 1966. -
It is, therefore, not possible to ascertain breeding rates
throughout most of the year. A lactating_female with an early
implanting embryo was trapped in June 1965, which suggests it
had become pregnant again at the post partum oestrus.

The five gravid females collected had a mean litter
size of 3.8 with a range of 2 to 5 embryos.

The heaviest embryo weighed 0.45 gm., and the mean
weight for the litter of two was 0.43 gm. when preserved. It
was well developed but hairless, and so was probably not full
term.

(¢) Otomys irroratus

One pregnant female was collected in each of the months
of July 1965 and April 1966. The first had one embryo, and the
latter contained two.

(d) Zelotomys hildegardeae

One pregnant female with 3 embryos,. was collected in
May 1966. . A lactating female which had Jjust given birth was
collected in December 1965, and two parous animals with active

uteri were trapped in July 1965 and April 1966.
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(C) Discussion

The rodéntia display a wide variety of reproductive
patterns; some species breed throughout the year, while others
may have a short annual breeding season. ‘As in most small
mammals, the periods of reproductive activity in the males and
females are usually very similar,

Similar sexual activity in the males and females has
been recorded in the bank.vole by Brambell (193é) and Rowlands
(1936), in the gerbille, Tatera afra, by Measroch (1954) and

Allanson (1958), and in the Indian gerbil, Tatera indica, by

Prasad (1956, 1961). This is not élways the case, however,

e.g. in the grey squirrel the males are functional throughout

the year (Allanson 1953), while the females are in complete
anoestrus for about six months of the year (Deansley and Parkes
1933). In the present study, male Mastomys with mature sperma-
tozoa were present throughout the year, although breeding in

the female was limited to two short periods. However, there

was a marked seasonal cycle in the weights of the seminal vesicles
which leads one to suppose that the accessory reproductive organs
were in anoestrus, while the testes were still active. Stoch
(1954) observed a similar difference in the activity of the

different reproductive organs of the male Elephantulus. Therefore,

the presence of mature sperm in the testes or epididymides does
not necessarily mean that the male is fertile, although it has

generally been accepted to be a criterion of male fertility.

Because of the differences that may exist between the male and
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female reproductive cycles, and the difficulty of determining
the fecundity of the males, in the following discussion 6n
breeding seasons, only the reproductive cycle of the female
will be considered.

Coﬁtinuous reproductive activity throughout the year,
with no marked seasonal variation has been recorded for Mus
musculus in England, by Laurie (1946),. Harrison (1952, 1955).
concluded that for species of Rattus in Malasia, breeding was
confinuous throughout the year, although there were irregular
variations in the breeding rate brogdly related to the irregular
pattern of rainfall. Perry (1945) and Leslie et al (1952)

found that Rattus norvegicus breeds throughout the year in England,

although there is a seasonal fluctuation in the breeding rate.

Although Mastomys natalensis breeds throughout the year, a very

pronounced seasonal variation in breeding has been recorded in
Sierra Leone, by Brambell and Davis (1241) and in the Transvaal
by Coetzee (1965),.

Typically, howeber, rodents have a limited breeding
season, as has already been noted in the bank vole in England
(Brambell 1936 and Rowlands 1936); in Tatera afra in South

Africa (Measroch 1954 and Allanson 1958); and in Tatera indica

in India (Prasad 1956, 1961).

In the present study, all the varieties of the repro-
ductive pattern, fTllustrated above, were found. The breeding
periods of the various species studied are summarized in fig. 60.

The Mweya Peninsula population of Arvicanthis breeds throughout
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the year, though there is an apparent seasonal variation broadly
related to the rainfall, such that breeding is at a maximum
duringvthe wettest months of the yeaf. The same is probably
true for the Crater Track population of Arvicanthis, although
the seasonal fluctuation in breeding may be more pronounced.
Mylomys appears to have a similar pattern of breeding to
Arvicanthis (although inadequate evidence was collected to be
certain), there being a marked seasonal fluctuation most closely
resembling the Crater Track population of Arvicanthis. it is
interesting that these two species should have similar breeding
patterns, since their biology, superficially at least, is very
similar. In particular, the diets of the two species are very
similar, both being strictly herbivorous, eating grass leaves
and stems (Delany and Neal 1966), The only other species
breeding for most of tﬁe year was Lophuromys, which breeds at a
maximum during the wetter months of the year, and shows a marked
reduction in the bfeeding rate in the dry months of July and
August. Its pattern of breeding showed a marked contrast to
the only other insectivorous species, Tatera, which had limited
breeding periods during the rains and beginning of the dry

season, Lemniscomys and Mus triton also had limited breeding

periods which again were confined to the rains and beginning of
the dry season. They are apparently omnivorous, Lemniscomys
being primarily herbivorous, and Mus triton insectivorous.
Finally, the other omnivorous species, Mastomys, had the shortest

breeding periods of all the species studied, only breeding from
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the middle of the rains onwards to the early part of.the dry
season,

In general it can be seen that .all species are breeding
at a maximum rate during the rains, and breeding is very reduced
or ceases during the drier months ofbthe year. This confirms
the general pattern of breeding of African rodents established
by earlier studies (pp. 59-61 this section).

The proximate causes of breeding seasons have been
discussed by Baker (1938a, 1947) who has divided them into two
quite different kinds. First, there are the external factors
such as temperature, light, rainfall and food, and then there
is an internal rhythm of reproduction. This factor may at times
be so strong as to apparently overide the effects of the
external factors, e.g. Baker and Ransom (1938) noted that some
southern hemisphere birds, imported into the northern hemisphere,
continue breeding at the same time as the fellow members of
their species in the south.

However, during the present study at least three

species (Mus triton, Lemniscomys and Mastomys) showed similar

marked reductions in the April - June breeding season in 1966,
compared with 1965. This suggests that some external factor
is mainly responsible for the regulation of breeding activity
in these three species.

;t should be noted that in the following discussion

on environmental factors affecting the breeding season in mammals,

no single factor is itself solely responsible for inducing
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sexual periodicity of breeding.

Light has been shown to profoundly influence the repro-
duction of mammals by Baker and Ranson (19323). However, Baker
(1947) concluded that there was a tendency to exaggerate the
part it plays in the control of breeding seasons. Undoubtedly
light is an important factor in temperate and subarctic regions,
since the productivity and seasonal changes in these areas are
very largely controlled by changes in day-length over the year,.
However, in the tropics the importance of light is debatable,
The present study was carried out so close to the equator that
the effects of light can be ignored, but at what distance from
the equator does light begin to exert an effect? Marshall and
Corbet (1959) studied the reproduction of the bat Chaerophon
hindei Thomas at about the same distance from the equator as in
the present study. They concluded that there was no breeding
season and the reproduction varied irregularly throughout the
year., This led them to reconsider the factors which might be
responsible for the timing of the breeding cycles which had been
observed in other tropical bats studied by Baker and Baker (1936)
and Baker and Bird (1936) at 15015'8 in the New Hebrides, and
by Marshall (1947) at 70Nwin Ceylon. They concluded that light
may have influenced the. breeding in these areas, and suggested
that further studies of bats living on or very near the equator,
were required to discover whetﬁer they retaih a breeding cycle
governed By external stimuli other than change in day length.

It should be noted, however, that the influence of light had
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been ruled out in the studies by Baker and Bird (1936) and
Marshall (1947), and although Baker and Bird suggested that
decrease in day-length and amount of ultra-violet light may be

important in controlling the breeding cycle of Pteropus géddiei,

this idea was subsequently abandoned (Baker 1947).

Prasad (1956) in studies of the Indian gerbille,
found that cyclical variation of night-length and correlated
physical activity corresponded with the sexual activity of the
male, and the females were only sexually active when the night-
length was more than a certain critical amount.  However, as
will be seen subsequent;y, other environmental factors seemed
to exert effects, so he finally concluded that an internal
rhythm, conditioned slightly by changes of environment, was res-
ponsible for the regulation of sexual activity in this species.

The onset of breeding in temperate regions may be
earlier if the climate is warmer than usual, and egg-laying may
be arrested if there is a sudden cold spell (Baker 19383).
Baker and Ranson (1932b) found that the field mouse (Microtus
agrestis) breeds at a reduced rate at lower temperatures in the
laboratory. However, Laurie (1946) did not find a reduction

in the breeding of Mus musculus living in cold stores, though of

course there may have been other factors which accounted for
this. In the tropics, however, it seems unlikely that the lowest
temperature would reduce or cause a cessation of breeding, and

in the present study, the seasc | variation in temperature was

so‘slight that it may be ignored. However, it 1s possible that
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very high temperatures might cause a reduction in breeding,
because of the lethal effect of high temperatures on spermatozoa.
It is interesting to note that Prasad (1956) found that the
percentage of fecund males decreased with increase in temperature,
and only increased when the temperature fell. This apparent
correlation between the sexual cycle of the male gerbille and
the temperature may be misleading, since they may both be altered
by a third factor such as day-length.

Rain is an environmental factor of great importance
in the control of breeding seasons, especially in tropical and
subtropical regions where there are regular alternations between
the wet and dry seasons. Baker (1938a) cites a number of
examples for amphibia, reptiles, and birds in the tropics, which
correlate their reproductive periods with the periods bf rain.
Moreau (1936, 1950) has shown that the breeding of birds in Africa
is'generally correlated with the rainfall. Not all birds lay
their eggs during the rains, however, when there is an abundance
of food, cover and nesting materials for most species: e.g.
raptorials and scavengers lay in the middle of the dry season,
when perhaps prey and carrion are more accessible when cover is
reduced. Rain has long been thought to influence the breeding
of small African mammals, and evidence is now accumulating to
substantiate this idea. The breeding of Mastomys which has
been studied in many areas in Afriéa, is always at a maximum

towards the end of the rains and beginning of the dry season.
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(Brambell and Davis 1941; Chapman et al 1959; Coetzee 1965;

and Hanney 1965), The detailed studies on other small African
mammals by Measroch (1954), Allanson (1958), van der Horst

(1946) and Stoch (1954), and the geﬁeral studies of other workers,
(pp. 59-61 this section), have all found a general correlation
between the breeding cycle, and the rainfall, rather than for

any other climatic factor. The results of the present study,

in which rainfall was the only marked seasonal factor, suggests
that breeding is at a maximum during the rains. This may not
always be so; e.g. Wade (1958) concluded that the onset of
breeding in a variety of small mammals in the lowland rain-forest
of north Borneo was correlated with the period of minimum preci-
pitation, It seems likely, as Prgsad (1956) suggests for the

gerbille, Tatera indica, that rainfall usually effects breeding

in an indirect way, through the effect it produces in the food
supply. In the present study, the lag that is seen between the
onset of the rains and the onset of breeding in most species,
suggests that these species are taking advantage of the effects
of the rain on the food supply. The fact that the breeding of
the small mammals living in similar habitats; but with different
feeding habits, in the same general area is not synchronised,
leads to the same conclusion,

Food may be variable in both quantity and quality at
different times of the year, | Baker (1938a) and Prasad (1956)

both cite experimental evidence that shows conclusively that
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def%iciencies in the 'diet reduce reproductive activity. Baker
and Ranson (1932a) found that, although normally one could

control the breeding of Microtus agrestis by means of light,

if it was fed on optimum food for répid reproduction one could
not étop it breeding, even in complete darkness. Prasad (1956)
concluded that seasonal variation in the food supply was the
most important factor conditioning sexual activity in the Indian
gerbille,

In the present study seasonal fluctuations in the food
supply are not known, and although the general diet is known for
most species, seasonal fluctuationé in the diet are unknown.
Although variation in the quality of food over the year is pro-
bably a very important factor in the control of the breeding
patterns seen, the relationship between the food supply and the
.breeding is by no means clear, since animals which appear to
have similar diets may breed at very different times, e.g.

Lophuromys and Tatera.

It can be seen that the environmental factors which
influence breeding vary in importance from one region of the
world to another,. Light and to a lesser extent, temperature,
are very important in teﬁperate and subarctic regions, but are
probably of little importance in the tropics. In the tropics
and subtropical regions, the dominant environmental factor
influencing breeding would appear to be the rainfall. Much of
the effect of these factors on breeding is probably indirect,

by their effect on the food. " In the present study, the ultimate
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causes of breeding remain unknown, although the rainfall clearly’
effects the breeding, either directly or indirectly. However,
until more is known about the biology of these animals, the

precise factors affecting their breeding must remain a mystery.
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VII. AGE STRUCTURE OF POPULATION

(A) Introduction

Hardly any studies have been made on the population
structure of small African rodents, and apparently only one
study (Coetzee 1965) exists where the age structure of the popu-
lation throughout tﬁe year has been related to the breeding.

One of the problems of studying the age structure of
small mammals is finding a criterion for ageing which is sensi~
tive enough to show changes in the population from month to
month. A variety of techniques has been used which are dis-
cussed in Mosby (1962). In the présent study, the criterion
used was tooth eruption and wear. Full details of the assess-
ment of age are given on pp. 23-32.

Not all species could be studied satisfactorily, as
large monthly samples are needed to adequately illustrate changes
over the year, However, for most species, éufficient infor-
mation has been obtaihed to make practicable comparison with
data on breeding activity.

(B) Accounts of Species

(1) Arvicanthis niloticus (Mweya Peninsula population)

The monthly changes in the age_composition of the Mweya
Peninsula population are shown graphically in fig. 61.

It can be seen that there are, at all times of the
year, two fairly distinct peaks in the population, representing
immature and mature animals, which suggests that breeding is

mainly confined to limited periods. However, from an analysis
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of the material collected, it has already been shown that
breeding continues throughout the year, although it is at a
maximum during the rains. Such a variation in the breeding
rate over the year wquld be expected to give two peaks in the
population, but not as marked as that observed. This situation
could be explained in terms of seasonal mortality factors which
help to give such a distinct bimodal age structure. It should
be noted that there were very few young animals trapped through-
out the rains, most immature animals being trapped towards the
end of the rains and throughout the dry season. This suggests
that a large proportion of nestlings ére being killed through-~
out the rains. This could possibly be the result of flooding
of the nests during heavy rainfalls.

Some males and the females appear to mature at an
early age, whilst the oldest animals caught were sexually active.
Most animals appear to live énly six to nine months, and only
a few longer than a year. Thus, there is a rapid turnover of
the population.

(2) Arvicanthis niloticus (Crater Track population)

The monthly changes in the age composition of the
Crater Track population are represented graphically in fig. 62.
As so few animals were caught, the males and females have been
grouped together, but even so a clear picture is not presented.
It can be seen, however, that the youngest animals were only
caught towards the end of the rains and during the dry season.

This suggests either seasonal breéding or seasonal mortality.
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The results of the study of the reproductive cycle were not con-
clusive, although a marked seasonal variation in the breeding
rate was indicated. Consequently, it is not known if there were
any seasonal mortglity factors as were inferred for the Mweya
Peninsula populationf

(3) Lemniscomys striatus

The monthly changes in the age composition of the
Crater Track population (fig. 63), clearly reflect the cycle of
breeding which has already been established. (pp. 75-84).

The youngest animals were trapped. six to eight weeks
after the onset of breeding, which suggests that the animals
were breeding in March 1965. Since the gestation period was
found to be approximately 28 days by Peter et al (1964), it
follows that the young take two to four weeks to wean. This
estimate is comparable to that for other murids. A few animals
mature almost immediately on weaning: young in full reproductive
condition were trapped in May and June, and November and December
1965, only four to eight weeks after birth. It can be seen,
however, that normally they first begin to breed in the rainy
season following that of their birth. The main periods of
mortality appear to be towards the end of each breeding period,
at about the same time that the young first appear. Most animals
survive to breed in one breeding period, a few for a second
breeding period, and very few for a third breeding period. Thus,
the average life expectancy would be about six to nine months,

and there is an almost complete turnover of the population twice



- 130 =~

a year. There appeared to be no reduction in fertility with

v

increased age.

(4) Mastomys natalensis

Like Lemniscomys the monthly changes in the age compo-
sition of the Crater Track population (fig. 64) clearly reflect
the cycle of breeding which has already been established. (pp.

- 85~94). ;t can be seen that there is no evidence for breeding
outside those periods already described. However, unlike
Lemniscomys, young do not mature in the same breeding season

in which they are born, and it appears that few animals survive
to breed for a second period. Most animals disappear from the
population almost immediately after breeding. Thus, there is
an almost complete turnover of the population every six months,
which is the probable maximum life expectancy for most members
of th species in this area,

(5) Lophuromys sikapusi

The monthly changes in the age composition of the
population are shown graphically in fig. 65.

Since so few animals were caught, the changes cannot
be followed accurately, but there are no marked peaks which
could suggest the existence of limited breeding periods. How-
ever, it is interesting to note that in August and September
(1965) following the two months with few or no pregnancies, no
very young animals were caught, The same was true for February
and March 1966, following the second dry season in the study.

This information suggests reduced breeding during these times,
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which is in agreement with information obtained on reproduction
(pp. 95-99).
(6) Mus triton

Thevmonthly changes in the age structure of the popu-
lation, shown graphically in fig. 66, are very similaf to
Lemniscomys, which would confirm the picture of the breeding
cycle that has already been established, (pp. 100-105). Like
Lemniscoﬁxs, it can be seen that a few animéls become mature
and start breeding in the same breeding period of their birth,
(i.e. six to eight weeks after birth), but most animals only
mature and start breeding in the bree&ing period following that
of their birth. It would appear that a large proportion of the
‘population survivé for at least one year, and like most of the
other species studied, the main period of mortality is immediately
after breeding.

(7) Mylomys cuninghamei

The age structure of the population, shown in fig. 67,
tells very little because so few animals were caught. The ani-
mals apparently mature wh;le still relatively young, and there
does not appear to be any reduction in fertility with age.

(8) Tatera valida

The monthly changes in the age structure of the popu-
lation (fig. 68), are not clearly defined because of the small
numbers of animals caught,. In general, however, the fragmentary
picture presented confirms the cycle of breeding which has already

been described (pp, 110-114), That is, animals born in May
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and June 1965, appeared to mature towards the middle of the
following breeding season in October, and not at the beginning
as in the other seasonal breeders stuﬁied. This is perhaps due
to the large size they must attain before maturing, and also
to the fact that the two breeding seasons in 1965 were very
close together. Those born in October -~ December probably
mature by the beginning of the following breeding season, as they
have a longer time in which to mature. There was no indication
of reduction in fertility with increased age.
(C) Dicussion

If a large sample caﬁ be obtained, a study of the
age structure of the population throughout‘the year is shown
to be very valuable, especially for those species which have
limited periods of reproduction. The breeding cycle and the
age structure of the population should be studied simultaneously,
since the two are inter-related.

The use of toothwear as an ageing criterion appears
to be fairly satisfactory, although the method is in part sub-
Jjective. However, in Mastomys, the variation in toothwear is
so great that five months after the appearance of young, it is
difficult to separate the young aﬁd old population by this method.
In future studies the lens-weight technique, described by Lord
(1959), may be th; best method of ageing as it is more objective.
A comparison with laboratory reared animals of known ages is

also possible, so that the actual ages of the population can be
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established. Tiermeier and Plenet (1964), comparing three
methods for ageing black-tailed jackrabbits in North America,
found that the lens-weight technique was far superior to age
determining fechniques based on body size, total weight, or

epiphyseal closure.
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VIII. FINAL DISCUSSION

The abundance and wide variéty of species of small
African rodents, together with the difficulty of obtaining an
unbiased sample oﬁ each species, present unusual problems for
an ecologist with experience of temperate mammals,

The methods of trapping small African mammals could
undoubtedly be improved. In live trapping, one of the larger
Havahart traps would be both sensitive enough to catch the
smallest mammal, and also big enough to allow the largest myo-
morphs to enter (with the exception of Cricetomys). The prob-
lem of weight selection by break-back traps is not so easy to
solve, since the trap must be large and have a strong spring
to catch the larger myomorphs, but if it is too large, the
break-back mechanism may pass over the smaller rodents without
touching them. In practice, it is probably best to use a
combination of small and large traps to catch the whole size
range of small mammals.

In the present study it was found that each species
had slightly different distributions within the habitat, according
to the mosaic of plant communities. The degree of preference
for the microhabitats offered varied. In general, the omni-
vorous species showed no marked preference for any one micro-
habitat, while those species with more specialized feeding
habits were found in fewer microhabitats. Thus, the species

were not uniformly distributed throughout the grassland. The

distribﬁtion of small mammals in the grassland was profoundly
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affected by burning, so that any consideration of their micro~ .
distribution had to take into account the recent burning history
of the area. Since burning is such a regular feature of
African grasslands, and both the number of animals and species
are drastically reduced in burnt areas immediately after burning,
the small mammals must be able to reproduce very quickly if
they are to be present in large numbers, From a study of the
breeding cycles and age structure of the various species, it can
be seen that the number of offspring is far in excess of what
the area can support, and that mortality of both young and adults
is very high immediately after breeaing. Thus, if there is
any catastrophic reduction of the population by fire, severe
flooding, or influx of predators, the original population density
can be very quickly‘restored. In the grasslands the breeding
is at a maximum during the rains when the risk of burning is at
a minimum, and it was noticed that all species in the Crater
Track area. had their minimum period of breeding in July and August -
when the area is driest and is normally burnt. Thus, in the
tropics, the breeding of small mammals generally appears to be
related to the pattern of rainfall, ratner than light, as in
temperate regions.

A study of small African rodents offers wide scope for
research since so little is known about them. Future ecological
studies should, I think, study the animals of one fairly uniform

hébitat, e.g. grassland, forest etc. over the full seasonal cycle
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of the year. Where possible, such climatic factors as rainfall
and temperature, should be recorded by the investigator in the
area of study, since they vary slightly from year to year, and
may be very different from the nearest meteorological station
records. The following lines of research would seem to be the
most profitable to follow: the biology of reproduction together
with the age structure of the population; the distribution of
the various species within each major habitat, and with respect
to one another; the behaviour, especially such aspects as
activity and home ranges; and finally their feeding habits,
especially changes in the diet throughout the year, It is
essential that the general biology of each species should be
known, since any explanation of such phenomena as the breeding
patterns and distribution etc. must consider other aspects of

the animals' biology.
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IX. SUMMARY
(1) A total of 2,390 small mammals, representing 14 species
of rodents and various species of Insectivora, were collected
in approximately 15,706 trap nights, from April 1965 to May
1966, in grassland areas of the Queen Elizabeth National Park,
Uganda.
(2) The animals were collected from four areas, two of which,
the Mweya Peninsula and Crater Track areas, were trapped
throughout a complete yeaf, The main seasonal changes occurring
inlthe grassland were recorded.
(3) The distribution of the aifferent rodent species with
respect to the major plant communities was stuéied in the Crater
Track area, and each species was found to have a slightly dif-
ferent distribution. The insectivorous species, Lophuromys,

Zelotomys and Tatera, and the omnivorous species which are mainly

insectivorous, Mus minutoides and M., triton, were rarely found

in bushes and were most abundant in Imperata and Cymbopogon,

The omnivorous species which were mainly vegetarian, Lemniscomys
and Mastomys, were found in all types of vegetation but were

most abundant under bushes. Aethomys, a species with similar
feeding habits, preferred bushes almost to the exclusion of the
other types of vegetation. The herbivorous species, Arvicanthis,
Mylomys and Otomys like the insectivorous species, avoided bushes,
but had different vegetation preferences. Arvicanthis preferred

Themeda, Mylomys preferred Imperata, and Otomys preferred

Cymbopogon.
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(4) The distribution and habitat preferences of the rodents
were profoundly modified when the grassland was burnt,

(5) The immediate effect of the fire was to reduce the number
of animals and species present in the burnt areas. Mastomys,

Mus triton and Tatera and probably Zelotomys, Mus minutoides

and Aethomys were little affected by the burn. Lemniscomys
occurred only injvery reduced numbers in burnt areas, and
Lophuromys and leomzs were completely absent for five and seven
months respectively after the fire. The reduction in numbers
was probably mainly due to emigration into the unburnt areas.
(6) Two months after burning, theré was a géneral increase in
the number of animals present in the burnt areas, and for the
next six months, some species preferred the burnt to the unburnt
areas. All species were present in the burnt areas seven months
after burning, and ten months after the fire there was little
difference between the two areas.

7) A study of the breeding biology revealed that all rodent
species weré breeding at a maximum during or towards the end of
the two rainy seasons each year. Arvicanthis and Lophuromys
breed throughout the year, although at a low rate during the
driest months of the year; Mylomys may also breed throughout

the year. Lemniscomys and Mus triton breed only during the

rains, and Mastomys and Tatera towards the end of the rains and

beginning of the dry season. There was no evidence of breeding

at any other time in these last four species.
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(8) There was evidence in Arvicanthis, Lemniscomys, Mastomys -

and Mus triton, that the testes, epididymides and seminal vesi-
cles showed a similar ¢ycle of activity to the reproductive
cycle of the female of the species. One or all of these organs
showed a marked lossiin weight during the dry season.

(9) Ageing of the population each month, using tooth eruption
and wear as a criterion, supported the cycle of breeding acti-

vity described. It revealed that a few Lemniscomys and Mus

triton born towards the beginning of each breeding period,
matured and were breeding before the end of the same breeding
period. Mortality appeared to be at a maximum towards the end

of each period of maximum reproductive activity in each species.
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Fig. 1. Map of Africa showing place-names
mentioned in text. The names of
some of the territories have
changed since the studies were’
carried out.
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Fig. 2« Camera lucida drawings of right upper
molars showing cusp patterns of

Arvicanthis niloticus x 19

Lemniscomys striatus x 25

Lophuronys sikapusi x 24




T
({@]

Arvicanthis niloticus




- I60 -

Fig. 8. Camera lucida drawings of right upper
molars showing cusp patterns of

Mastomys natalensis x 26

‘Mus trifon © x 33

Mylomys cuninghamei 'x 16
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Fig. 4. Camera lucida drawing of the right upper

molars of Tatera valida x 25, showing

the pattern of cusps.
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Rt 5 Map of Uganda showing position of Queen Elizabeth
National Park.
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TTaLER T Map showing details of the topography and areas
trapped in the Crater Track Area, in relation to
the burnt areas (shown in overlay). The posi-
tion of the Crater Track and Plot 5 rain gauges
are also shown.
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Hatoren i Map showing details of the topography and areas
trapped in the Crater Track Area, in relation to
the burnt areas (shown: in overlay). The posi-

tion of the Crater Track and Plot 5 rain gauges
are also shown.
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200~ Crater Track
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Fig. 8. Histograms of total rainfall each month (in

mm) recorded in storage gauges at Crater
Track, Plot 5 and Mweya Peninsula, during
the period of study (April 1965 - May 1966).
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Figs. 9, 10, 11. Number of animals per 1000 traps in
different grassland communities in
the Crater Track Area from July 1965
to May 1966,

Solidvsymbols joined by dashed lines
e-—--@ represent burnt areas, and
hollow symbols joined by solid lines

(o] o represent unburnt areas.

Imperata cylindrica unburnt a burnt A
Themeda triandra unburnt g burnt m
Cymbopogon afronardus unburnt O burnt @

Bush (for Aethomys nyikae only) unburnt <

burnt ®

~ Bare burnt ground +
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Fig. 12.;Burnt and unburnt areas, S5th July 1965;
| two days after burning. In the foreground
"is charred stubble thick with ash, of the
Lﬁgerata and Themeda communitiesa. The
line §f thick sfubble traversing the centre

of the picture marks the Cymbopogon communiiy.

Hote straight boundaries of unburnt areas,
~ and trap line at upper right hand corner

of bﬁrnt areda.

Fig. 13.:Boundary of burnt and unburnt areas} 5th
July 1965, two -days—after—burmings The abru. t
"ftransition between the two areas 1s «clearly

illustrated.
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Fig. 14,

Fig. 15.

Burnt live trap study area in August 1965.
Area in foreground, ultimately dominated
by-the Themeda community; showiﬁg noe signs

\

of regeneration of grasses. In the middle

distance the silver-white flower heads of

the Imperata community can be seen. Two
trdap placings of the live-trap grid are

clearly marked by stakes and bundles of

dried grass.

Burnt Imperata community in August 1965
(picture taken sgme day as fig. 14).
Much of the ground is bare-and the cover

is still poors Blue~green grass tussock

‘at bottom centre is Cymbopogon afronardus.
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Fig,. 16. Burnt live trap study area (picture taken

Fig-

from almost same position as fig. 14), in

late September 1965. The bare ground is

\

now covered by grasses of the:Themeda

community, and the flower heads of Imperat:

have been washed away. Note the clear

atmosphere, the smoke haze having been

17

settled by the heavy rains.

ra

The burnt area in early December 1965.

Grass is very tall and thick, and is

now little different from that in the

unburnt areas., The Imperata community

in the foreground_gives way to-the Themeda

community in the middle distance. The
bush is Capparis sp. Assistant is standing

in trap line which stretches away into the

distance.
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.‘Number of animals'per 100 traps, collected
reach day before and after the burn on 3rd

July, 1965, in the burnt areas o----o0, and

. unburnt areas e—e.

Before Burning After Burning
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