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ABSTRACT

The conposition, abundance and distribution of the rodent
fauna in the Menagesha State Forest, Ethiopia was investigated
with particular enphasis on the ecol ogy of the endem c Praonys
al bi pes. Both snap and |ive-trapping surveys were conducted to
assess t he speci es conposition, activity patterns, reproduction,
embryo si zes, -wei ght and feeding habits of P. al bi pes.

The snap-trapping surveys from Novenber 1991 to July 1993
at different vegetation zones revealed the follow ng rodents
Praonys al bi pes, Pel onys harringtoni, Lophuronys flavopunctat us,
Mus mahonet, Arvicanthi s denbeensis, Rattus rattus, O onys typus,
St enocephal enys gri sei cauda and Dendronus nystacalis. Atotal of
293 rodents were captured during the snap-trapping surveys.
P. al bi pes conprised 54.3%of the total catch foll owed by Pel onys
harringtoni (15.4%, L.flavopunctatus (11.2% and M mahonet
(10.9%. The remmining five species conprised only 8.2%

P. al bi pes and L. flavopunctatus were distributed within an
al titudi nal range from 2200-3300masl, occurring in bush, forest
and Erica scrub. Pelonys harringtoni and M mahonmet were conmmon
in Erica scrub and bushy vegetation respectively. P. albipes is
exclusively nocturnal. From snap-trapping, |ive-trapping and
captive breeding programmes, reproductively active males with
scrotal testes were observed throughout the year and the testes,

once scrotal, remained so throughout [|ife. Fenmales breed
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throughout the year with a peak at the beginning of the dry
season ( Novenber). The number of embryos ranged from 2-8. Adult
scrotal nmal es and pregnant fenal es wei ghed above 50g, subadults
30-39 and young ones bel ow 29g. A steady increase in head and
body | ength was recorded up to 40g. Analysis of diet fromthe
st omach contents showed that berries and green | eaves forned t he
| ar gest proportion.

The density of rodents was assessed by conducting bi monthly
live-trapping in a lha grid from May 1992 to July 1993. The
following six species of rodents were recorded: P.albipes,
M mahonet, L. flavopunctatus, Qtypus, Pelonys harringtoni and
G aphiurus nurinus. P albipes conprised 64.3% M nahonet 24.3%
and L. fl avopunctatus 6. 1% The remai ni ng t hree speci es conpri sed
only 5.1%of the total. The total nunber of rodents observed on
the live-trapping grid decreased towards the last trapping
occasions. The nonthly biomass ranged from 454-1546g wth
P. al bi pes contributing the | argest sum Recruitnent of young or
subadults was very low throughout the study period. More
i ndividuals were captured at the edge of the grid than at the
centre, and forest blocks both at the edge and centre captured
significantly nore rodents than either the shrub or the grass
bl ocks. Duration of residence for fenmales was higher than for
mal es. The mean hone range | ength for femal es was 29. 2mwhil e for

males, It was 65.3m Ml es wandered about nore than fenal es.
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Esti mates of P al bipes popul ation were obtained using direct
enuneration, Hayne s, Fisher &Ford s, Jol | y=Seber' s and du FeUu s
met hods.

From! aboratory bred P. al bipes, litter size ranged from2-6
young with the nean weight of 3.0y at birth. The m ninum
conception and gestation time was 80 and 23 days respectively.
A high rate of increase in weight was recorded i n both mal es and
females up to ten weeks while increase in size of ear and
hi ndf oot was obtai ned up to ni ne weeks The young are born naked
and blind, with ear pinnae folded and toes fused. In the
| aboratory, P. al bipes consuned al nost all the berries and green

| eaves supplied fromthe wld.
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I NTRODUC!I ON
The mai n purpose of nmy thesis isto investigate the ecol ogy
of Praonys albipes. This is an endem ¢ rodent confined to the
forests of Ethiopia. Relatively little work has been carried out
on this rodent species as conpared to the related species in
ot her African countries.

Anmong the manmals of Africa, rodents are the nost
ubi qui t ous and nunerous. Because of their diversity and overl ap
of characters, there has been no absolute agreenent on their
classification armong mammal ogi sts. The genera and species
assigned to each grouping have been nostly controversial. This
is especially true in the case of the species assigned in the
genus Praonys. Based upon the simlarity of cusp patterns on the
cheek teeth, Ellerman (1941) | unped Aethonys, Mastonys, Praonys,
Thal | onys, Myonyscus and Hyl onmyscus under t he genus Rattus. Later
on, Matthey (1966), based upon chronosomal studies, renoved the
other genera from the Rattus conplex. Davis (1965) grouped
Mastonys as a subgenus of Praonys and tentatively assigned
Praonys fumatus and P. al bi pes to t he subgenus Myonyscus. M sonne
(1971) grouped Monyscus, Mastonys and Hylonyscus under the
African soft=furred rats, genus Praonys. This classification was
followed by Kingdon (1974), Delany (1975) and Honacki et
al.,(1982), but Rosevear (1969), Skinner & Sm thers (1990), Nowak

(1991) and WIson & Reeder (1993) gave separate generic status
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to each of these subgenera. Even then, the number of species
assigned to the genus was not uniform. Nowak (1991) named eight
species of Praomys across Africa with no mention of the
distribution of any species in Ethiopia. Wilson & Reeder (1993)
named 9 species in the genus Praomys but grouped Praomys albipes
under Myomys as listed by Allen (1939); they also questioned the
validity of the species they listed and indicated the urgent need
for a careful systematic revision.

In order to overcome the problem of uncertain taxonomy, some
of the species were lumped together temporarily pending further
studies. One of these was the "natalensis-complex". This has been
named successively as Rattus natalensis, Praomys natalensis,
Praomys (Mastomys) natalensis and more recently as Mastomys
natalensis.

An attempt to identify species in the "natalensis-complex"
group on a karyotypic basis was carried out by Petter (1977) for
West African sympatric multimammate rats. Mastomys erythroleucus
has 2N=38 and is mostly brown-coloured dorsally and grey-white
ventrally. Mastomys huberti has 2N=32 and is predominantly grey
on both dorsal and ventral sides. Duplantier et al., (1990, 1993)
compared the genetic variability of Mastomys from Senegal using
protein electrophoresis and recognized the three species as
ﬂ.erythroleucus, M.huberti and M.cf.natalensis. The brief

abstract of the paper given by Leirs et al., (1993a) from
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karyological studies on Tanzanian Mastomys shows all
M.natalensis to have 2N=32. Cytogenetic examination of the
Zimbabwe Mastomys natalensis complex resulted in the recognition
of two chromosomally distinct species (2N=32,36) occurring
sympatrically (Lyons et al.,1977; Gordon,1978). Further, Lyons
et al.,(1980) found that the 2N=32 chromosomal forms from
Zimbabwe exhibited a notable structural difference from the West
African ones. Green et al., (1980) carried out similar karyotype
studies and electrophoresis of haemoglobin and found the same two
distinct species occurring in South Africa. The 2N=36 chromosomal
form was assigned to Mastomys coucha and the 2N=32 to
M.natalensis. Robbins & Straeten (1989) described a new West
African Mastomys species from Nigeria and Cameroon as Mastomys
verheyeni. They also supported the naming of the South African
forms but disputed the naming of West and Central African ones.
They argued that the 2N=38 specimens from Morocco, Senegal,
Sierra lLeone, Ivory Coast, Camerocon and Burundi showed distinct
craniometric differences from each other. Pelage colours do not
distinguish these chromosomal forms because they were collected
from diverse habitats of West and Central Africa.

Qumsiyeh et al., (1990) examined the Praomys/Mastomys complex
by using G-& C-band chromosomal data and found M.coucha (2N=32),
P.fumatus (2N=38), P.hildebrandti (2N=32), P.jacksoni (2N=28),

P.misonnei (2N=36) and P.cf.tullbergi (2N=35). Their cytogenetic
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data showed that there was no support for the dichotomy of
Praomys/Mastomys, initially based on morphological traits, the
gimilar chromoscsmal form from eastern Africa (P.hildebrandti)
was distinct from southern Africa (M.natalensis) and there was
a close association between P.jacksoni and P.cf.tullbergi. This
was deduced by developing a coding system for the chromosomal
characters to find the shortest tree among the autosomal
rearrangements. Polyacrylamide gel electrophoresis of 1liver
membrane proteins among the above species showed few differences
in protein mobilities. Monoclonal antibodies produced against
liver proteins of one species and tested by reactivity of other
species confirmed the evolutionary similarity of species of this
complex. They then concluded that future identification of
species and evolutionary relationships among the African murids
should take into account the morphological, chromosomal and
immunological studies.

In Ethiopia, the genus Praomys used to be represented by the
P.natalensis group, P.fumatus and P.albipes (Yalden et al.,1976).
Later on, Straeten & Dieterlen (1983) added P.ruppi to the list
and by using canonical analysis confirmed that P.albipes was
indeed a distinct species. P.ruppi was collected from the
southwestern highlands of Ethiopia between altitudes of 2700-
3200m. This species is bigger than P.albipes with a longer

hindfoot and molar toothrow and a narrower interorbital region.
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P.fumatus is a dry savanna species distributed across many
countries of East and Northeast Africa and also including Arabia.
Qumsiyeh et al.,(1990) revealed its Xkaryotype, from Kenyan
specimens, as 2N=38. In Ethiopia, P.fumatus is confined to the
south, where it is a dry country species recorded from 600-1700m.
It is smaller in size than the other members of the genus, has
a very long tail and is sandy brown dorsally and white beneath.
More recently, from western and central parts of the country,
P. (M.)erythroleucus and P.(M.)huberti have been identified from
the “"natalensis-complex" group using karyology, having 2N=38 and
2N=32 respectively (Orlov et al.,1989). These species occur
sympatrically in savanna and are common in agricultural fields.
Lavrenchenko et al.,(1992) reviewed the different chromosomal
forms in African multimammate rats and included 6 species in the
group. They also used haemoglobin electrophoretic tests to
identify the three Ethiopian Mastomys species as M.erythroleucus,
M.huberti and Mastomys sp.2.

The other distinct species, widespread but confined to a
forest habitat, is Praomys albipes. This species has a long tail
and is larger than P.fumatus. It possesses five pairs of mammae
and a dark patch on the upper metatarsal region. Karyotypic
examination of this endemic species shows 2N=46 with centromeric
heterochromatin and additional heterochromatic arms in the X-

chromosomes (Orlov et al.,1989). P.albipes is described as the




25

most widespread and abundant of the Ethiopian rodents next to
Lophuromys flavopunctatus (Yalden & Largen, 1992). The species
occurs widely in the forest proper and at the periphery of
forests, between altitudes of 1500 and 3300m. It has also been
recorded at 1285masl (Dorst,1972) and at 820masl in the humid
densely-forested region of the southwest (Yalden et al.,b1976).
Ingersol (1968) has collected the species on the Chercher
Mountain ranges of southeast Ethiopia at altitudes of 2000 and
2700m asl.

Even though P.albipes is a very widespread and distinct
species within Ethiopia, no work has been carried out on its
ecology. However, extensive investigations have been conducted
on the ecology of the closely related species in different
regions of Africa, and, as a background to my studies, a summary
account of the ecology of these related species is provided from
different regions of Africa.

Among the rodents of tropical Africa, species of the Praomys
(Mastomys) natalensis group are the most studied. They are
widespread and easily accessible. In addition, their status as
pests and reservoir hosts for a number of organisms that cause
human diseases (plague, Lassa fever and pathogenic bacteria) have
helped to focus attention on these species. Most of these studies
concentrate on reproductive parameters. Western, Southern and

East African regions are thoroughly covered. The following
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paragraphs highlight some of the ecological studies carried out
by different investigators on the above and related species on
regional basis.

In West Africa, Brambell & Davis (1941) studied
M.erythroleucus from Sierra Leone and concluded that adult males
can be distinguished from immature animals by the weight of both
testis and body. Males, once fecund, remained so throughout life
and breeding in females was continuous, though there were short
gaps during the dry season. Happold (1974, 1975, 1978) in his
study of Praomys tullbergi from Nigeria described similar
patterns of reproduction to its other West African relatives. He
also found that the species was the commonest in the forest (83%)
and bred throughout the year. In addition, he gave a detailed
account of captive breeding for P.tullbergi. Hubert (1982) in a
study of M.erythroleucus from Senegal described the large litter
size and high neonatal mortality rate, and found reproduction to
be closely related to the rainy season.

In Central Africa, Pirlot (1954) observed a continuation of
breeding in M.natalensis throughout the dry season in eastern
Zalre because of the less marked dry season and more extended
rainfall. Dieterlen (1986) studied the 13 species of rodents in
lowland rainforest of eastern Zaire and found that P.jackscni was
the second most abundant species.

More work on the reproduction, distribution and taxonomy of
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Praomys/Mastomys has been conducted in Southern Africa. In South
Africa, Oliff (1953) and Johnston & Oliff (1954) studied the
multimammate rat in the laboratory. They provided information on
longevity, mortality, fecundity, oestrous cycle and gestation
period. Coetzee (1965) described the breeding season of the

multimammate rat in the wild. Breeding occurred in most of the
year with a break during the dry season, and the number of
embryos per female was lower during the commencement of the
breeding period. Meester & Hallett (1970), and Baker & Meester
(1977) discussed reproduction and postnatal development of
M.natalensis under laboratory conditions. They described the
development of young and their mean weight gain; they reported
the ability to mature and produce young at 77 days of age. Mass
increase was highest from birth until day 5 and the highest
mortality occurred during the neonatal period, mostly due to
killing by parents. Sheppe (1972) used both snap and live-traps
to estimate the population of rodents in a Zambian flood plain
and found that M.natalensis was the most abundant species. The
population was unstable with trap success ranging from 1-75% from
dry to wet seasons. Swanepoel (1980) in his comparative study of
M.natalensis in Zambian wheat fields and natural grassland
observed a late summer breeding season in the natural grassland
and a winter breeding season in wheat fields, even though the

protein content of the diet was adequate for breeding in all
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seasons., He speculated that breeding might be associated with the
influence of green grassland and insects. Chidumayo (1984)
described the populations of the multimammate rats in southern
Zambia and found two peaks of abundance in the population -
during the rainy season, caused by immigration, and in the early
dry season, caused by reproduction. Populations inhabiting
unstable habitats fluctuated due to destruction of cover. Bond
et al.,(1980) surveyed small mammal distribution along an
altitudinal gradient in South Africa and found P.verreauxi to be
restricted to high and mid - elevations, even though fewer of the
species were caught in those localities., Happold & Happold (1989,
1990) ¢n their study of montane small mammals in Malawi collected
P.delectorum in isolated mountain forest but less in scrub and
none in woodland savanna.

In East Africa, Chapman et al.,(1959) observed large
fluctuations in populations of the multimammate rat in Tanzania.
Breeding reached a peak during the latter part of the rainy
season and declined during the dry season. Delany (1964) surveyed
the small mammal composition in different vegetation zones of
Uganda and found that Praomys morio was frequent in moist montane
forest. Delany {1966), in a study of rodents from the higher
altitudes of Uganda, again found P.morio to be the dominant
species in the forest. No insectivores were observed. The

vegetation was an evergreen forest associated with Juniperus
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procera, Olea ochrysophylla, Podocarpus gracilior and Teclea
nobilis. This vegetation was similar to the present study site -
Menagesha Forest. Delany (1971,1975) found that among the 16
species of small mammals caught in Uganda forest, P.morlo was the
most frequent one, although the sample varied in size

considerably from month to month. He also stated that both
species, Praomys morio and jacksoni bred throughout the year.
Cheeéﬁan & Delany (1979) made monthly estimates of the density
of rodent populations in Ugandan tropical grassland and found
that M.natalensis was the second most common species, with a mean
duration of residence between 2 - 3 months. The live-trapping
grid biomass was double that on the intensive removal grids. Neal
(1977) studied the breeding biology and demographic pattern of
M.natalensis and found two breeding seasons related to the
bimodal pattern of rainfall. Dry season females were anoestrous
and regression of testes was seen in adult males. Males matured
earlier than females and litter size declined throughout the
breeding season. Neal (1986) discussed the effects of climate,
food and other factors on the timing and duration of reproduction
in African small mammals and speculated that rainfall and food
are the most important factors in maintaining breeding activity.
Okia (1973) observed the breeding pattern of P.morio in an
evergreen forest of southern Uganda. The species showed some form

of seasonality in breeding which was related to rainfall.
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Southern & Hook (1963) in their study of small mammals collected
from Kenya and Uganda observed a high breeding population of
P.morio. Delany & Roberts (1978) conducted live and snap-trapping
in the Kenyan Rift Valley and found a considerable increase in
M.natalensis during the rainy season, up to fifty fold, while
breeding ceased during the later dry season. Arvicanthis and
Praomys made 80% of the catch. Taylor & Green (1976) found that
M.natalensis bred at the end of the rainy season when seeds and
cereals were plentiful. The supply of additional wheat to this
Kenyan highland population during the dry season did not induce
unseasonal reproduction. They then concluded that the
prolongation of the normal rainy season might generate excess
food and cover, resulting in the extension of breeding season and
consequently high population increase. Field (1975) analysed the
stomach contents of Praomys (Mastomys) natalensis in Uganda and
found that fruit formed an important part of the diet followed
by termites, grass leaves and stems. Leirs et al., (1990, 1993b)
discussed the seasonal variation in growth and productivity of
different generations in M.natalensis from Tanzania. They
recognized three different generations with different growth
stops, survival rates and breeding patterns; these differences
were related to population fluctuations and rainfall.

The variation in the topography of Ethiopia, the separation

and isolation of the numerous high plateaux have led to the




31

diversification of mammalian species. So far, 70 species of
rodents have been recorded of which 15 are known to be endemic
(Hillman, 1993). Most of the studies on small mammals of Ethiopia
concentrate on faunal lists and distribution patterns. These have
been catalogued by Yalden et al., (1976). Despite the extensive

plateaux comprising about 50% of the African highground above
2000m (Yalden,1983), very little is known on the ecology of the
mountain fauna of Ethiopia. So far, only a handful of ecological
studies has been carried out on Ethiopian rodents. Miller’s
(1977) account on population ecology of Arvicanthis abyssinicus
in the high grasslands of the Simien Mountains National Park
describes the annual reproductive cycle, the density and home
range of the species. Rupp’s (1980) work on the rodents of
Ethiopia presents a very wide survey of the distribution and
habitat of the rodents collected from western, southern and
central parts of the country, with emphasis on altitudinal
zonation. P,albipes was the most common and widespread species
among the rodents collected. More recently, Yalden (1988a,b) and
Hutterer & Yalden (1990) have reinforced the above study by
surveying high alpine moorland and dense forest in the Bale
Mountains National Park, southern Ethiopia. Their study examines
the species composition, distribution and altitudinal =zonation
of the species of small mammals. Collectively, these studies

represent a very insignificant fraction when compared to the
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diverse fauna of the country or the extensive studies in East and
Southern African countries.

Many regions in Africa are not properly investigated and the
tropical forests are the most understudied habitats (Delany,
1986) . Although tropical forests do not occur widely in Ethiopia,
there are still patches of forest blocks in isolated habitats.
These patches are the remnants of a once continuous forest on
Ethiopian highlands which covered above 37% of the total area.
At present, according to the .estimate of Ethiopian Mapping
Authority (1988), less than 3% of the country is covered with
forest. Deforestation in Ethiopia was recognised as a serious
issue even a century ago (Pankhurst,1989).

The highlands of Ethiopia are among the most densely
populated agricultural regions of the country. The primitive
method of farming followed for centuries, has resulted in habitat
degradation at high altitudes (Gottelli & Sillero-Zuberi, 1992).
Delany & Happold (1979) also mention the extreme modification of
the vegetation over much of the Ethiopian plateaux due to the
activities of people. Largen & Rasmussen (1993) stress the
deleterious effect of the fast increase in human population and
its associated destruction of the natural habitat to provide
fuel, timber and cleared land for agriculture or grazing on the
abundance and distribution of the flora and fauna of Ethiopia.

At present, the patches of remnant forests are mostly
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localized in inaccessible localities. The Menagesha State Forest
is one of the most accessible remaining forest habitat blocks in
central Ethiopia. This area is part of the central plateau
covering an altitudinal range from 2200-3385m asl.It has moreover
a well documented history of both disturbance and conservation

practices.

The conservation practice and history of the Menagesha State
Forest date as far back as at least five centuries. Emperor Zera
Yacob (1434 - 1468), realizing how serious was the loss of forest
cover on the Wachacha range near Addis Ababa, gave orders to
replant the area with seedlings and seeds taken from the nearby
central region of Ethiopia. The forest has been protected by
Imperial edict since 1600. Emperor Menelik 11 (1888 - 1912)
assigned guards to protect the forest and proclaimed that no one
was allowed to cut trees without his approval.

At the end of the nineteenth century, a sawmill was
established within the forest by a German entrepeneur that later
acted as a major destructive force on the forest. Due to the
shortage of fire wood in the capital, Addis Ababa, there was a
plan to move the <capital to nearby Menagesha Forest
(Pankhurst,1989). Fortunately, the introduction of fast growing
eucalyptus trees saved the capital from moving. Prior to the 1974
land reform act, government officials and local owners used to

control the area, enhancing the rate of deforestation. In 1981,
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the Menagesha Forest was accepted as one of the 13 national
forest priority areas to ensure optimum protection of the natural
forest and the planting of both indigenous and exotic conifers
on degraded areas. The forest at present is managed by the
Ministry of Natural Resources, Environmental Protection and
Development. It is attended by foresters and guards stationed at
Suba.

The Menagesha State Forest is located at about 43km
southwest of Addis BAbaba, coordinates 38°30/ to 38%39/E and 08°55”
to 09°04’N. The geology of the area was described by Miller &
Mohr (1966) as part of the extinct volcanic dome of Mount
Wachacha with variable rock types from white to pale or dgreen
prophyratic trachytes. The average age of lava was estimated to
be about 4.5 million years. The soils are derived from trachyte
rocks and are characterized as dark brown to dark reddish brown
with clay to sandy clay loam mixture (Belay Tegene,1982).

The total area demarcated by the Ministry of Agriculture is
9248 hectares. At present, the natural forest covers about
2500ha. Friis (1992) in his general survey of Ethiopia described
seven types of forests and grouped the Menagesha State Forest as
one of the undifferentiated Afro-montane forests. These are
Juniperus - Podocarpus forests with an element of broad-leaved
species located on the central plateaux on both sides of the Rift

valley. The floristic composition of the forest was surveyed by
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Breitenbach (1962), Breitenbach & Koukal (1962), Gilbert (1970),
Henry (1973), Sebsibe Demissew (1980,1988), and Mesfin Tadesse
(1992) .

The vegetation shows the general pattern of montane zonation
though the trees are mixed. At lower elevations (below 2400masl),
Podocarpus falcatus is more dominant followed by Juniperus
procera forest at mid-elevations. At about 2800masl, the
vegetation abruptly changes to the heather zone and Helichrysum
followed by more exposed rocks at the top (3385masl). Most of the
higher elevation vegetation ( Hypericum lanceolatum, Erica
arborea, Rosa abyssinica and Echinops steudineri) occurs in
uninhabitable areas as remnants and secondary growth. This upper
zone vegetation has been seriously affected due to cultivation
and grazing pressure. At mid-elevation Juniperus procera is still
the most dominant vegetation of the forest but is shrinking in
extent with time. It is highly valued as timber for the
construction of houses because it is termite and fungus-resistant
(Pohjonen & Pukkala,1992). It also produces a better quality
wood. Due to its slow growth, reafforestation of the degraded
area has concentrated on fast growing exotic conifers, but the
experience of the Sahelian drought has changed the understanding
of foresters, who now plant more Juniperus seedlings because they

are drought-resistant.

To my knowledge, the fauna of the Menagesha State Forest has
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not been documented. The present study, therefore, is an attempt
to investigate the composition and ecology of the small mammal
fauna in the isolated block which makes up the Menagesha State
Forest. The study concentrates on the distribution, abundance and
species composition of the rodent fauna with emphasis on the
endemic Praomys albipes. It compares the distribution pattern in
the forest proper with that in nearby disturbed localities. The
population dynamics of P.albipes have been studied in detail by
using both snap and live-traps. These are supplemented by a
captive breeding programme in order to record the development of
young, growth rate, age at maturity, gestation time, longevity,
litter size and weight, The study therefore attempts to answer
some questions on the relative abundance of P.albipes, patterns
of distribution in relation to the vegetation, altitudinal
zonation of the species, comparison of breeding seasons and other
reproductive parameters both in the wild and laboratory, feeding
habits, developmental stages under captive conditions and tries
to compare the results with those of the related species in

various regions of Africa.
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2. MATERIALS AND METHODS
2.1 THE STUDY AREA

The present study was carried out in an isolated forest
patch known as the Menagesha State Forest. It is located in
central Ethiopia, about 43 km southwest of the capital, Addis
Ababa, between longitudes 38°30’ to 38°39’ East and latitudes 08°
55’ to 09°04’ North (Fig. 1). This natural forest has been
protected by Imperial edict since the 1600s.

The area is part of the volcanic dome of Mt. Wachacha. The
elevation extends from 2200 - 3385m asl. As part of the central
highlands, the area experiences seven months of rain from March
to September, with the highest concentration in July and August
(Daniel Gamachu,1977). The mean annual rainfall is estimated to
be 1150mm and the mean annual temperature is from 11- 22°C with
lower temperatures at higher altitudes. Informal recordings of
mean minimum and maximum temperature are presented in Table 2.
Data on rainfall of the forest are not available and have been
frequently quoted to be more or less similar to the nearby
weather station at Addis Ababa. The present investigator took the
initiative in setting up a local station in the forest in
collaboration with the station foresters. The two years data
(1992-93) on the rainfall of the Menagesha State Forest were
compared with the nearest metreological station, Holeta town and

Addis Ababa city, for the years 1981-93 (Table 1). The rainfall
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Figure 1. Map of the Menagesha State Forest.
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Table 1. Rainfall data (mm) for the Menagesha State Forest (1992-

93) compared with the nearest stations of Holeta and Addis Ababa

for the years 1981-93.

Holeta

1981-93

Addis Ababa

1981-93

—.————-—u——--—————u—-—————————-———--———————u—-——————-—u——-—--———————u—

January
February
March
April
May

June
July
August
September
October
November

December

58.9

60.7

20.7

61.2

48.2

120.2

158.4

411.9

171.4

59.4

1.1

5.1

19.1

54.7

75.1

84.4

78.9

117.5

256.0

306.6

186.9

16.3

39.1

68.6

110.4

80.1

117.4

230.5

228.7

149.9

27.7

o ——— o U B vt T S S o S N N Y Y ) S S S s o (B B N D S S 00 R S S v S D NN W S S e S ——

Total

1177.2

Menagesha
1993 Mean
14.5 36.7
36.7 48.7
4.3 12.5
111.0 86.1
65.6 56.9
136.4 128.3
231.8 195.1
247.8 329.9
249.0 210.2
39.1 49.3
0.0 0.6
0.0 2.6
1136.2 1156.9




Table 2.

Mean minimum and maximum temperature

40

(°c)

of the

Menagesha State Forest compared with the nearby localities of

Holeta and Addis Ababa for the years 1992-93.

January
February
March
April
May

June
July
August
September
October
November

December

Menagesha
Min. Max
12.9 23.2
12.2 23.4
13.1 25.7
13.7 25.9
13.4 25,1
12.4 24.6
11.9 21.7
12.0 21.7
11.1 21.4
11.1 23.3

9.9 23.0
8.9 23.3

22.7

22.3

25.0

23.5

23.6

22.1

19.5

19.3

19.5

21.0

21.7

23.4

26.1

24.9

25.0

23.2

21.2

20.4

21l.1

22.4

22.6

23.3
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and temperature data for Holeta and Addis Ababa were obtained
from the Ethiopian Metreological Services Agency, Addis Ababa.

The Menagesha State Forest is grouped under undifferentiated
Afro-montane forest by Friis (1992). Juniperus procera,
Podocarpus falcatus and Olea europaea comprise the main
vegetation while Erica arborea and Helichrysum odoratissimum with
mountain grasses dominate the upper slopes. The boundary of the
Menagesha State Forest was demarcated by the Ministry of
Agriculture and covers an area of 9248 hectares (Anon. 1991), but
the natural forest proper is estimated to be 2500ha. This figure
is roughly one-third of the original size (Tadesse Worku, 1986).
In an attempt to reafforest the degraded area, about 1000ha of
artificial forest has been established so far. This new
plantation is dominated by Cupressus lusitanica. The encroachment
by farmers for timber, fire-wood, grazing and farming in recent
years has become a big concern. This alarming destruction has
caused much anxiety and initiatives are being taken to conserve
the area as a historical site.

As part of the Wachacha mountain range, the Menagesha State
Forest is highly valued for its water catchments. These are:
Tinishu Akaki water catchment to the east, Sebeta water catchment
to the south and Holeta water catchment to the north & west (Fig.
1). The proximity of the Menagesha State Forest to the capital
city has also made it a centre of attraction to tourists and

schools.




42

2.2 BNAP-TRAPPING

In order to assess the species composition, distribution and
abundance of small mammals, surveys were conducted from November
1991 to July 1993 at roughly two monthly intervals. Peasant
tukuls, gardens and wheat farms as well as bush at the periphery
of the forest were surveyed to assess their species composition.

In the forest proper, new and old plantation sites as well
as dense Podocarpus - Juniperus - Olea - Erica zones at altitudes
from 2200 - 3385m asl have been covered. The selection of the
sites was based upon possible representation of different
habitats as well as easy accessfbility. A total of 17 sites" in
the forest proper and 6 sites at the periphery or outside the
forest have been surveyed (Fig. 2). Some of these sites were
trapped frequently, at each trapping occasion, while the others
were abandoned after one trapping occasion. A rough survey of the
vegetation together with altitudes of the localities covered in
the snap-trapping occasions (see Fig. 2) are described below:

A: Suba forest station, at 2440m asl with grassy patches,
Echinops steunderi, Solanecio gigas, Maytenus gracilipes,
Cupressus lusitanica, Olea europaea, Podocarpus falcatus, Pinus
radiata and Juniperus procera.

B: At 2500m asl, deep gorge with more open grassy patches
as well as S8.gigas, Kalanchce densiflora and J.procera.

C: At 2510m asl with Rubus apetalus, 8.gigas, 8Senecio
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Figure 2. Location of the live (star) and snap-trapping (open
circles) sites at the Menagesha State Forest (legend as Fig. 1).
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ochrocarpus, Myrsine africana, Acacia mearnsii, P.falcatus and
J.procera.

D: At 2540m asl with more open grassy patches and J.
procera.

E: At 2580m asl with well covered herbs and grassy patches,
Dovyalis abyssinica, D.vericosa, R.apetalus, M.gracilipes,
M.africana, P.falcatus, O.europaea and J.procera.

F: At 2740m asl with Erica arborea forest, M.africana and
stunted J.prccera.

G: At 2860m asl near the hotel and tukuls with new
plantations of C.lusitanica and Pinus patula; Rosa abyssinica and
E.steunderi. This locality is very bare because of intensive
grazing and farming.

H: Adere mountain at 3010m asl with grassy patches, Erica
arborea and Helichrysum cdoratissimum with stunted J.procera.

I: Mogle mountain, the highest peak at 3385m asl. E.arborea
and H.odoratissimum comprise the dominant vegetation. Some very
stunted J.procera also occur.

J: At 2470m asl with dense grass and herb patches,
O.europaea, M.gracilipes and R.apetalus.

K: At 2350m asl with Ccarissa edulis, J.procera, P.falcatus,
and O.europaea.

I.: At 2330m asl with J.procera, It also includes an

abandoned quarry with elephant grass.
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M: At 2300m asl with C.edulis, Croton macrostachys, Acacia
decurrens and a J.procera plantation.

N: At 2330m asl with M.gracilipes, 0.europaea and J.procera.

O: At 2630m asl with stunted J.procera, grassy patches and
dominant E,arborea.

P: At 2500m asl with C.edulis, J.procera, Eucalyptus
plantation and crevices.

Q: At 2780m asl on the Menagesha mountain with 0.europaea,
J.procera, P.falcatus and stony crevices,

R: At 2200m asl with young <¢C.lusitanica plantations,
C.macrostachys, C.edulis, Solanum incanum, Lippia adoensis, Measa
lanceclata and Pennisetum trachyphyllum,

S: At 2240m asl with Eucalyptus globulus, Acacia abyssinica,
Millettia ferruginea, few C.edulis and a new plantation of
C.lusitanica.

T: At 2280m asl in Suba village and the sawmill compound
near the hay meadow.

U: At 2280m asl 1in a dense bush with C.edulis,
C.macrostachys and young C.lusitanica plantation.

V: At 2250m asl around and inside the wheat fields.

W: At 2200m asl inside the village tukuls.

At each trap point, Victor mouse traps and the smaller
Museum special traps were used alternately at 10m intervals. The

mini-Victor mouse trap was also used occasionally for possible
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trapping of shrews. After digging the soil, deep and wide tin
containers with worm/meat bait and covered with litter were used
to serve as pitfall traps for possible shrew trapping.

During the reconaissance survey, onion as well as a plece
of sponge soaked with vegetable o0il were used alternately with
pPeanut butter to assess the bait preference. In all the surveys,
peanut butter was used as bait. Prebaiting and removal were
carried out in the early morning and late afternoon, but traps
set in agricultural plots were removed early morning. A total of
3209 trap nights were used during the survey. Sprung or stolen
snap traps have not been considered.

The captured specimens were weighed, measured and sexed. The
prepared skins and skulls were deposited in the Zoological
Natural History Museum, Biology Department, Addis Ababa
University.

Females were examined for Pregnancy and lactation and males
for testis size and location. For pregnant females, the number
of embryos in each horn was noted. The stomach was preserved in
70% alcohol for further diet analysis.

2.3 LIVE-TRAPPING

A permanent 1lha 1live-trapping grid was established and
utilized for 15 months from May 1992 to July 1993. Trapping took
place at about two monthly intervals  each time for five

consecutive days. The grid was located at 38%33’E and 08%56/N, at
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an altitude of 2500m, in a gently sloping valley at 1.1km
northeast of the forest station (Fig. 2).

The selection of the grid was based upon a good
representation of the main vegetation zones in the forest proper.
Prior to selection of the site, a thorough survey was made in
different habitats using the same traps. This grid was selected
because it combines trees with and without closed canopies, open
habitats with shrubs, herbs, grasses and sedges in addition to
flat and sloping surfaces. The lha grid was divided into 121
compartments based on the dominance of trees, shrubs or grasses
(Fig. 3).

The floristic composition of the grid (except epiphytes) was
determined by collecting plant specimens for identification in
the National Herbarium, Biology Department, Addis Ababa
University. The Flora of Ethiopia (Hedberg & Edwards, 1989) was
used as a reference. The species, grouped under trees, shrubs,
herbs, grasses or seddes, preceded by family name, were the
following:

FERN
Herb
Family Adiantaceae Adiantum thalictroides
GYMNOSPERMS
Trees
Family Cupressaceae Juniperus procera

Podocarpaceae Podocarpus falcatus
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Figure 3. Principal vegetation cover in the compartments of the live -
trapping grid (solid blocks = Trees, striped blocks = Shrub, and open
blocks = Grass).




a) Dicotyledons
Trees
Family Araliaceae
Buddlejaceae
Mel ianthaceae
Mimosoideae
Myrtaceae
Oleaceae
Oliniaceae
Rutaceae
Sapindaceae
Shrubs
Family Anacardiaceae
Apocynaceae
Calastaceae
Euphorbiaceae

Flacourtaceae

Myrsinaceae
Oleaceae
Paplionoideae

Rosaceae

Sapotaceae
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Schefflera abyssinica

Nuxia congesta

Bersama abyssinica

Acacia mearnsii

Fucalyptus globulus

Olea europaea subsp. cuspidata
Olinia rochetiana

Teclea nobilis

Allophylus abyssinicly

Rhus ruspolii
Carissa edulis
Maytenus gracilipes
Euphorbia ampliphylla
Dovyalis abyssinica
Dovyalis vericosa
Bcolopia theifolia
Myrsine africana
Jasminum floribundum
Calpurnea aurea

Rosa abyssinica
Rubus apetalus

Spiniluma oxyacantha




Herbs
Family Amaranthaceae

Acanthaceae

Asclepiadaceae

Asteraceae

Boraginaceae

Crassulaceae

Menispermaceae
Rubiaceae
Urticaceae
b) Monocotyledons
Herb/Liana
Family Amaryllidaceae
Smilaceae
Sedges

Family Cyperaceae

Grasses

Family Poaceae
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Achyranthes aspera
Hypoestes forskaolii
Hypoestes triflora
Periploca linearifolia
Helichrysum odoratissimum
Senecio ochrocarpus
Solanecio gigas

Vernonia leopoldii
Ccynoglossum lanceolatum
Kalanchoe densiflora
Kalanchece sp.

Stephania abyssinica
Galium spurium subsp. africanum

Urera hypselodendron

Bcadoxus multiflorus

Smilax krassiana

Carex chlorosaccus

cyperus fischerianus

Brachypodium flexum
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Digitaria abyssinica
Pennisetum trachyphyllum
gtreblochaete longiarista

Sherman traps made of 0.02" aluminium sheet measuring 230
X 75 X 90mm were used throughout the study period. Peanut butter
was used as bait. The grid comprised 11 rows and lines at 10m
intervals covering an estimated area of 1 hectare. All the 121
points were marked by using yellow plastic tags. The grid was
checked twice each day, from 0700 to 0900 hour and 1700 to 1800
hour.

A total of 4840 trap nights were used. The trapped animals
were marked by toe-clipping and released after recording the
location of capture, weight, species, identification code, sex
and reproductive condition. Weight was recorded by Pesola spring
balance to the nearest 1g. Animals caught in successive trappings
were used to calculate the individual weight gain or loss between
each trapping occasion. The captured animals were grouped as
young, subadult or adult. Sexual condition of the males was
noted, based upon the relative size and position of the testes.
For females, condition of the vagina (whether closed or open),
size of the nipples and the presence or absence of palpable
embryos were noted.

On the occasion of the last grid survey, snap-traps were

also used, at distances ranging from 20m to 400m encircling the
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grid at 10m intervals, in an attempt to recapture animals that
might have emigrated from the grid.

Populations were enumerated using the actual counts, direct
enumeration of the total number caught on the grid in each
trapping occasion, and for comparative purposes Hayne’s (1949},
du Feu’s et al., (1983), Jolly’s (1965) and Fisher & Ford’s
(1947) estimates were used as well. A statistical package
programme MEGA-STATS developed by Mike Hounsome, Manchester
University, was used to obtain these estimates of the population
of P.albipes in the live-trapping grid.

2.4 CAPTIVE BREEDING

Five pairs of Praomys albipes were captured in the forest
with Sherman traps to found a breeding colony in the animal house
of the Biology Department, Addis Ababa University. Each pair (one
male and one female) was kept throughout the breeding cycle.
Occasionally, the breeding male was removed at birth when the
female was very aggressive or to identify whether the female had
a postpartem ocestrous or not.

Each cage was 42 X 20 X 23cm. The plastic cage was
reinforced by additional wire mesh on the top and sides, to
prevent the young from escaping. The floor of the cage was
covered with saw dust. Wood shavings were used as a nesting
material. The cage was cleaned twice a week. The minimum and

maximum temperature of the room was recorded daily. Lights were
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on during the whole day and off during the night.

Ample chicken feed, in the form of pellets, and water were
supplied. The pellets were obtained in the form of flour from
Kaliti Feed Processing Factory, Addis Ababa. The flour was
prepared in the form of pellets and dried. The ingredients of the
flour were corn, wheat bran and middling, bean, meat, bone, salt,
lime, vitamins and minerals premix.

On selected animals, the consumption of food and water per
day was recorded. Attempts were also made to identify the most
favoured food by supplying them with wider choices of food from
the wild. These were berries of Carissa edulis, Juniperus
procera, Olea europaea, Dovyalis abyssinica in addition to the
grasses., Survival rate, gestation and weaning time, age to
maturity and sex ratio were determined from the laboratory bred
animals.

Litter size and weight at birth were recorded as soon as the
young were born. The weighing continued at weekly intervals until
the rate of increase stagnated or fluctuated. Standard
measurements for head & body, tail, hindfoot and ear length were
taken to the nearest mm. The young were marked by toe-clipping
‘one week after birth.

The weight was recorded by keeping the animal in a bag using
either a Pesola spring balance or a triple beam balance to the

nearest 0.l1g. Maximum precautions were taken to minimize
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disturbance and touching by hand during weighing and taking of
measurements, especially during the early growth of the young.

Observations on physical developments were noted. These
included: the approximate time for separation of toes, eruption
of lower & upper incisors, unfolding of ear pinnae, opening of

eyes and appearance of hair.
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3. RESULTS

The outcome of the results obtained during the study period
is given in the following three separate sections. The first
section deals with the results obtained by snap-trapping surveys
for the periods from November 1991 to July 1993. This section
deals with the composition, abundance and distribution of the
rodents in the Menagesha State Forest. In addition, activity,
reproduction, embryo sizes, weight and the results of diet
analysis in P.albipes are covered.

The second section deals with the results obtained by live-
.trapping surveys from May 1992 to July 1993. This section covers
the species composition, biomass, reproduction, survival, habitat
blocks, block capture, movement, berry estimate and population
estimate of P.albipes.

The third section exclusively deals with the results
obtained by captive breeding programme for P.albipes from March
1992 to December 1993. It covers the results on reproduction,
size increase, physical development and intake of food in captive
bred P.albipes.

3.1 SNAP-TRAPPING
3.1.1 Species Composition

Nine species of rodents were caught during the snap-trapping

surveys of the different vegetation zones of the Menagesha State

Forest from November 1991 to July 1993. A total of 293 specimens
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were captured in 3209 trap nights (Table 3). The mean trap
success was 9.1%. The highest trap success (26.9%) was recorded
in July 1992 and the lowest (4.7%) in July 1993. The different
species recorded in the Menagesha State Forest from the snap-trap
surveys were: Praomys albipes, Pelomys harringtoni, Lophuromys
flavopunctatus, Mus mahomet, Arvicanthis dembeensis, Rattus
rattus, Otomys typus, Stenocephalemys griseicauda and Dendromus
mystacalis. In addition to the above species, the mole-hills and
tunnels of the underground dwelling Tachyoryctes splendens was
very common in more open habitats from 2200-3000m asl. The quills
of porcupine, Hystrix cristata were also observed dispersed in
open habitats of the forest. A young shrew, Crocidura cf. bicolor
was also caught by hand near the edge of the house in the forest
station at 2440m asl. |
3.1.2 8pecies Abundance

Except for March and July 1993, the most common capture for
all trapping occasions was P.albipes. In the March 1993
collection, Pelomys harringtoni formed the largest catch while
in July 1993, M.mahomet was the largest contributor. P.albipes
comprised 159 of the total 293 rodents collected during all
trapping occasions, which was 54.3% of the total rodents
captured. Pelomys harringtoni comprised the second largest catch.
A total of 45 (15.4%) individuals were captured in all trapping

occasions. The males comprised 23 (51.1%) and the females 22




57

Table 3. Trap nights, species composition and abundance of

rodents caught by snap-trapping surveys from different habitats.

Month Species Trap % Trap
P.a P.h L.f M.m A.d R.r 0.t S.g D.m Total nights success

1991

Nov. 18 1 4 3 5 31 405 7.7
Dec. 7 5 12 124 9.7
1992

Mar. 14 3 4 21 199 10.6
May 5 1 3 3 12 60 20.0
July 30 2 4 2 1 39 145 26.9
Sep. 21 21 260 8.1
Nov. 17 2 4 2 25 290 8.6
1993

Jan. V! 3 3 17 248 6.9
Mar. 9 18 3 3 4 1 38 320 11.9
May 21 11 5 6 1 44 458 9.6
July 10 6 2 14 1 33 700 4,7
Total 159 45 33 32 10 8 3 2 1 293 3209 9.1
P.a=P.albipes, P.h=Pelomys harringtoni, L.f=L.flavopunctatus,
M.m=M.mahomet, A.d=A.dembeensis, R.r=R.rattus, 0.t=0.typus,
S.g=8.griseicauda, D.m.=D,mystacalis




58

(48.9%). L.flavopunctatus comprised the third largest catch. A
total of 33 (11.2%) individuals were caught in all trapping
occasions. 19 (57.6%) of these were males and 14 (42.4%) females,
M.mahomet comprised the fourth commonest species. A total of 32
(10.9%) individuals were caught in all trapping occasions.
Significantly more males (23, 71.8%) were caught than the females
(9, 28.2%). The remaining five species of rodents comprised only
8.2%. of the total captures. P.albipes was the only species
captured on all trapping occasions, the other rodents did not
show up on some trapping occasions. In September 1992, out of the
260 trap nights positioned in different habitats, only P.albipes
was caught.
3.1.3 8Species Distribution

P.albipes was the most widespread and abundant among the
captured species. It not only comprised 54.3% of the total
rodents captured, but it occurred widely in both bushy vegetation
and in the forest (Table 4a). However, it was less common in
Erica scrub and open grassy patches. In the Menagesha State
Forest, it covered an altitudinal range from 2200-3300m asl, with
frequent occurrences up to 2600m asl in the Juniperus and Olea
zones. 61.0% of the total 159 P.albipes were captured in the
forest habitat, 25.8% in the bush and only 13.2 in the Erica
scrub (Table 4b). P.albipes comprised 97 (70.8%) of the total 137

rodents captured in the forest habitat while in the bush and in
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Table 4a. The distribution of rodents from the snap-trap survey

in the Menagesha State Forest across the vegetation zones.

Altitudinal Habitat-type
range (m)

P.albipes
P.harringtoni
L.flavopunctatus
M.mahomet
A.dembeensis
R.rattus

O.typus
S8.griseicauda
D.mystacalis

T.splendens

45

33

32

10

2200-3300 Bush, Forest, Erica
2200-3385 Bush, Open Forest, Erica
2200-3300 Bush, Open Forest, Erica
2200-2580 Bush, Open Forest
2200-2300 Bush, Grass, Farm
2200-2860 Human habitations
2500-3300 Open Forest, Erica
3010-3385 Erica

2200 Bush

2200-3010 Open Forest, Meadow
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Table 4b. The distribution of rodents from snap-trap surveys in

each habitat-type, altitude (m asl) and per cent trap success.

Species Habitat/Altitude Total
Bush Forest Erica Catch
<2300 2300-2800 >2800
P.albipes 41 97 21 159
P.harringtoni 3 8 34 45
L.flavopunctatus 14 11 8 33
M.mahomet 13 19 32
A.dembeensis 10 | 10
O.typus 2 1 3
8.griseicauda 2 2
D.mystacalis 1 1
roter e T T s 285
Trap-nights 868 1712 604 3184
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the Erica scrub, it comprised 50.0 and 31.8% respectively.
R.rattus, A.dembeensis and Pelomys harringtoni could have been
trapped more often had their habitats not been frequently
avoided. R.rattus was plentiful in areas of human habitations
(tukuls). A.dembeensis was very common in grassland, farmland and
nearby scrub at 2200m asl below the forest. The abundance of this
species could readily be recognized from its runways and burrows;
sometimes hundreds undertook gregarious movements during the day
time. Pelomys harringtoni occurred in restricted numbers in
nearby bush and in open habitats in the forest where Kalanchoe
vegetation dominates. However, it was very common in Erica scrub
at higher altitudes where stony crevices occur. L.flavopunctatus
was more widespread in bushy vegetation and open forests with
grassy patches. Even though less abundant, it also occurred in
Erica scrgb at higher altitudes. M.mahomet was widespread in
bushy vegetation. It also frequented open forests with grassy
patcheé up to 2580m asl. O.typus occurred in open forests with
grassy patches and in Erica scrub at higher altitudes.
8.griseicauda was captured only in Erica scrub above 3000m asl.
The single pregnant female p.mystacalis was captured in the bush
outside the forest proper at 2200m asl.

Young J.procera and C.lusitanica plantations supported fewer
species and individuals because their dense shade resulted in

pare ground, no cover and no berries. At higher altitudes with
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Erica and stunted J.procera habitat disturbed by human
interference, fewer individuals and species were trapped (1.6%) .
However, at the highest altitudes with Erica scrub, where human
interference is limited, more individuals and species were
trapped. The per cent trap success (Table 4b) in the Erica scrub
(10.9%) was almost double if trap-nights at sites disturbed by
human interference were excluded.
3.1.4 Activity

All traps set in the forest were checked early morning and
late afternoon. All of the captured P.albipes were from the early
morning check, and no individual of P.albipes was caught from the
late afternoon catch. Thus, P.albipes is exclusively nocturnal.
In comparison, some individuals of L.flavopunctatus, M.mahomet
and Pelomys harringtoni were also collected during the late
afternoon check while A.dembeensis was exclusively diurnal. The
rest of the rodents were collected from the morning check. Since
some of the traps were checked at about 07.00 hours, some of
these rodents collected during the early hours might be active
at dawn. In the case of P.albipes some of the trap sites were
checked at dawn and left for the late afternoon check. This also
resulted in empty traps during the late afternoon check.

3.1.5 Reproduction
composition of wild caught rodents from different habitats

based on sex and age groups is given in Tables 5 & 6. Out of the
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Table 5. Composition of different age groups in snap-trapped
P,albipes. Adult males are divided between those with scrotal
and abdominal testes.

Month Males Females
Scrot. Abdo. Subad. Young Preg. Adult Subad. Young

el ke . X Y e e L L L L T TS

1991 Nov. 8 1 1 2 5 1
Dec. 1 2 1 1 2
1992 Mar. 5 2 1 1 3 1 1
May 1 1 2 1
July 13 2 2 3 5 3 2
Sep. B 3 4 5 1
Nov. 6 9 1 1
1993 Jan. 2 1 2 1 1
Mar. 3 1 1 2 1 1
May 7 2 2 5 1 2 2
July 4 1 1 2 1 1
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Table 6. Composition of snap-trapped male (M) and female (F)

rodents excluding P.albipes.

Month Species
P.h L.f M.m A.d R.r 0.t S5.g D.m Total

M FP M F M F M F M F M M F F catch
1991
Nov 1 4 2 1 1 4 13
Dec. 5 5
1992
Mar. 2 1 3 1 7
May 1 1 2 2 1 7
July 2 3 1 1 1 1 9
Sep. 0
Nov, 1 1 3 1 1 1 8
1993
Jan. 3 1 1 2 1 2 10
Mar. 11 7 1 2 2 1 2 2 1 29
May 5 6 3 2 6 1 23
July 1 5 1 1 9 5 1 23
Total 45 33 32 10 8 3 2 1 134

P.h=Pelomys harringtoni, L. f=L.flavopunctatus, M.m=M.mahomet,
A.d=A.dembeensis, R.r=R.rattus, O.t=0.typus, S.g=8.griseicauda,
D.m=D.mystacalis
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total 159 individuals of P.albipes captured in all trapping
occasions, 83 (52.2%) were males and 76 (47.8%) were females. The
difference in the capture of the number of males to females was
not significant (X?,= 0.30, n.s.). Out of the 83 males, 58 (70%)
were reproductively active with scrotal testes, 6 (7.2%) were
adults with abdominal testes and 19 (22.8%) subadult or young.
out of the 76 females, 39.4% were pregnant, 32.9% were guiescent
females and 27.6% comprised subadults or young. The recruitment
rate for the young or subadult is very low for both males and
females. The November 1992, September 1992 and May 1993 captures
of high numbers of pregnant females correspond with the high
number of males with scrotal testes, but the November 1991 and
July 1992 high number of scrotal males did not correspond with
high pregnancy rate. The'highest percentage of pregnant females
(81.8%) were reéorded for November 1992. Despite the very sharp
season in pregnancy rate, no sharp increase in young or subadult
recruitment rate was observed during successive trapping
occasions (Table 5). All trapping occasions in 1993 show 50% or
more pregnant females. This might be in response to the lower
size of the population, but the low number of captures should
also be taken into consideration before arriving at this
conclusion. In P.albipes, reproductively active males with
scrotal testes were observed throughout the study period.

The largest number of P.albipes was caught in July 1992,
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76.4% of the males captured during this period were
reproductively active with scrotal testes. At the same time, 80%
of the males captured in November 1991 and 100% of the nmales
captured in November 1992 were adults with scrotal testes. 72.7%
of the males captured in September 1992 were also adults with
scrotal testes. Pregnant females were recorded in most months of
the study period with a peak in pregnancy during November 1992;
81.8% of the females captured in November 1992 were pregnant. In
May and September 1992, 50% and 40% of the females captured were
pregnant respectively. The availability of either young or
subadult P.albipes throughout the study period confirms that the
species breeds throughout the year.

The relationship between reproduction and rainfall is shown
in Fig. 4. The rainfall data (Table 1) show the small rainy
season from March-May followed by the long rains from June to
September. November is a dry season when, following the rainy
season, fruits will be frequently available. The highest
pregnancy rate in November might be associated with the highest
season of fruit availability. The association between pregnancy
rate and high level of rainfall using the arcsine transformed
data was not significant. Pearson’s Correlation Coefficient shows
low negative association between peak pregnancy rate and rainfall
( r =-0.30, n.s. for the same month’s rainfall and r = -0.03,

n.s. for the previous month’s rainfall).
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3.1.6 Embryoc Size

The number of embryos in 18 wild caught pregnant females of
P.albipes is given in Table 7. The number of embryos in each
pregnant female ranged from 2-8. The most frequent embryo number
was 4. The mean embryos per female including the resorbing ones
was 4.89%1.45. However, if the resorbing embryos are excluded,
the mean embryos per pregnant female is 4.67+1.19. The position
of implantation sites (47,41) did not vary significantly between
left and right horns (X?*;, = 0.28, n.s). Resorbing embryos were
recorded in some of the larger litters, but not in those with
fewer than 4 embryos.

3.1.7 Weight

The weight of P.albipes recorded during the trapping
occasions is shown in Figs. 5 and 6. Adult scrotal males and
pregnant females mostly weigh above 50g. Male adults with
abdominal testes and quiescent females weigh between 40-50g.
Subadults in both sexes weigh between 30-39g while young ones are
mostly below 29g. The least weight of the youngest P.albipes
caught in the snap-trap survey was 18g. The highest weight
recorded was 80g for a pregnant female and 88g for a scrotal
male. In P.albipes, males once scrotal remain so throughout life,
with active sperm in the checked epididymis. Testis size (volume)
for scrotal males was > 15 X 9mm and for abdominal males <14 X
7mm. Heaviest individuals had largest testes sizes. These are

believed to be the oldest individuals.
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Table 7. Number of embryos, frequency and implantation sites
(left & right) in snap-trapped pregnant P.albipes (each asterisk

indicates one resorbing embryao).

No. of embryo Frequency Implantation sites (L+R) Total
2 1 0+2 2
3 1l 2+1 3
4 6 2+2, 2+2, 1+3, 3+1, 3+1, 440 24
5 4 2+3, 3+2, 342, 4™+l 20
6 4 343, 3+3, 4+2, 1+5 24
7 1 3+4" 7
8 1 4" +4" 8
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3.1.8 Body 8ize

Weight against head & body length from the snap-trap survey
is shown in Figs. 7 & 8. There is an increase in size against
cxge in P.albipes. In both males and females, a steady increase
in size is obvious until about 40g in weight. This increase seems
to extend in males up to 50g. Males seem to show slight increase
in size even after 50g. Females show wider fluctuations after
50g.

For comparative purposes, mean adult body measurements for
all captured species in the Menagesha State Forest are given in
Table 8. For P.albipes, because of adequate samples, the mean
weight and body measurements are given separately for each sex.
The weight figures for female P.albipes includes pregnant
individuals as well. Males, therefore, weigh slightly more thén
females. These values will be further compared with the values
obtained in different localities of Ethiopia by Yalden (1988a,b)
and Rupp (1980) in the discussion section. The higher weight
recorded for D.mystacalis and G.murinus is for pregnant females.

3.1.9 Diet Analysis

A total of 113 stomachs of P.albipes covering different
seasons were checked for the composition of food contents. The
identification of the stomach contents was mostly based on the
berry coat colour. This was perfected by collecting berries and

leaves from the wild and feeding the captive P.albipes
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Table 8. Adult weight (g) and body measurements (mm) of rodents

snap-trapped in the Menagesha

State Forest.

The sexes are

presented separately for P.albipes, but neither weight nor tail

length are significantly

P<0.21 respectively), ¥S5.D.

-—————-———-—-—————-——————————-———-————-——_---——--———.—.—————--——————_

different (t=1.6,

P<0.11 and t=1.3,

Species No. Weight HB TL HF EA
P.a M=60 55.6+t11.1 127.718.8 156.5t8.7 26.8%0.7 21.5%1.0
F=50 52.5+8.5 127.4%7.1 158.5+7.9 26.710.6 22.3%0.7
All 54.2%10.1 127.5%8.1 157.4+8.5 26.8%t0.7 21.9%1.0
P.h. 21 64.9+11.9 136.3%7.8 128.3t6.8 27.6%X1.0 17.4+0.7
M.m. 28 10.2%1.8 66.,4+4.,7 45.8%+2.8 13.9%0.7 11.1+0.7
L.£. 27 63.5%10.9 131.4%7.4 62.8+3.5 21.2+1.1 17.3%0.8
A.d. 6 79.3+9.7 130.8%8.6 96,4+5.9 27.0%x1.4 15.2+0.8
R.T. 6 53.7+20.5 121.7+16.9 135.0+13.9 24,3%1.9 17.812.2
S.9. 2 87.5 147.0 129.0 25.0 12.0
0.t. 2 96.0 150.0 63.0 26.0 20.0
D.m. 1 18.0 75.0 102.0 19.0 15.0
G.m. 1 40.0 82.0 70.0 17.0 16.0
P.a.=P.albipes, P.h.=Pelomys harringtoni, M.m.=M.mahomet,
L.f.=L.flavopunctatus, A.d.=A.dembeensis, R.r.=R.rattus,
S.g.=8.griseicauda, 0.t.=0.typus, D.wm.=D.mystacalis,
G.m.=@.murinus.
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exclusively with each item, sacrificing the animals to observe
the stomach contents.

The preliminary diet analysis on 53 stomachs outside the
forest proper (bush) showed that the berries of Carissa edulis
occurred in 50 and green leaves in 20 of the stomachs checked.
The berries of Rosa abyssinica were found in 6, seeds and animal
matter in 2 each. Nematodes ranging in number from 1 to 4 were
observed in 8 stomachs.

From the forest proper, a total of 60 stomachs were examined
for their food content. The berries of Olea were observed in 36,
Juniperus in 34, Rosa in 15, Rubus in 8 and green leaves in 38
stomachs. Animal matter and seeds were each observed on one
occasion only. Nematodes ranging in number from 1-10 were found
in 17 of the stomachs examined.

These preliminary observations show that the berries of Olea
and Juniperus'in the forest and Carissa in the bush, together
with green leaves, appear to be the major food items consumed by
P.albipes. Some of the stomachs contained peanut butter from the
trap and rubbish material. Some of this rubbish was the
juices/fruits of Dberries. The absence of invertebrates,
especially insects, was striking since termites were plentiful.
From my personal observations in the field, Olea berries were
observed seasonally while the berries of Carissa and Juniperus

occurred throughout the year. Under old Juniperus trees, berries
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are observed scattered on the ground with a peak during the rainy
season. Plenty of cCarissa berries were observed all the year
round on the plant and very few on the ground. Although not
observed, there is a possibility that P.albipes might collect
these berries either by climbing or pulling down the branch of
the shrub to the ground as a result of its weight. The shortness
of this shrub and its dense cover, coupled with the longer tail
of P.albipes, might support this argument. Yalden (1988b) has
also captured a single individual on the branches of a tree. The
examination of these stomachs for their food content is a
preliminary observation and not an exhaustive oney I do not claim
that it is a complete analysis. More studies in depth need to be

carried out including data from other localities as well.
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3.2 LIVE-TRAPPING
3.2.1 8pecies Composition

The density of rodents was assessed by conducting bimonthly
live-trapping in a lha grid of the Menagesha State Forest from
May, 1992 to July, 1993. A total of 390 captures of 281
individuals was made in 4840 trap nights. Six species of rodents
were recorded. These were: P.albipes, M.mahomet,
L.flavopunctatus, O.typus, Pelomys harringtoni and Graphiurus
murinus (Table 9). P.albipes was by far the most abundant
species, followed by M.mahomet and L.flavopunctatus. A total
of 115 rodents were recorded as new captures. P,albipes comprised
74 (64.3%) of the total rodents captured in the live-trapping
grid. However, the number of P.albipes declined across the last
four trapping occasions while the number of M.mahomet increased.

M.mahomet comprised 28 (24.3%) and L.flavopunctatus 8 (6.1%)
of the total rodents captured. However, the remaining three
species ( O.typus, Pelomys harringtoni and G.murinus ) comprised
only 5.3% of the total. The total number of rodents observed on
the live-trapping grid decreased at each live-trapping occasion .
This decrease was highly pronounced during the 1993 catches. The
recruitment rate for the young, subadults and adults was also low
in the 1993 catch. Unless the immigration rate increases, the
grid population is likely to remain low at least for a couple of

months.
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Table 9. Number of rodents on the live-trapping grid on different
trapping occasions (the numbers include new captures, given in
parentheses).

Month Praomys Mus Lophuromys Otomys Pelomys Graphiurus

1992 May (33) (1) (1)
July 22(4) (1) (1) (2)
Sep.  24(12) (1) (1)
Nov. 15(6) (1) (2)
1993 Jan.  12(8) 7(#6)
Mar. 8(4) 8(6) (2)
May 6(3)  (4) (1) (1)
July 6(4) 12(9) (1)
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3.2.2 Biomass

The monthly biomass of captured rodents in the 1lha live-
trapping grid varied from 454-1546g (Table 10). In all trapping
occasions, P.albipes formed the largest biomass (Fig. 92). The
monthly biomass for P.albipes varied from 260-1397g. The number
of individuals captured at each trapping occasion varied from 12-
35 and for P.albipes, from 6-33. P.albipes was the only species
captured on all trapping occasions. Although M.mahomet were
captured more abundantly during the last four trapping occaslions,
their contribution to the over-all biomass was limited due to
their size. The 8 individuals of L.flavopunctatus contributed
more to the over-all biomass than the 28 M.mahomet.

3.2.3 Reproduction

A total of 126 P.albipes were recorded at different live-
trapping occasions. Some of these individuals were recaptured
from previous trapping occasions. 1Including these recaptured
individuals, captures totalled 66 (52.4%) males and 60 (47.6%)
females, which was not significantly different from 1:1 ratio
(X*,=0.29, n.s.). However, the total new captures for P.albipes
throughout the study period was 74. Out of the total new
captures, 40 (54%) were males and 34 (46%) were females
(X2,=0.48, n.s.). The composition of different age groups shows
that P.albipes breeds throughout the year with the highest

pregnancy rates in September and November (Table 11). The
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Table 10. Biomass (g/ha) of rodents on the lha live-trapping grid

(number of specimens is in parentheses).

Month All Praomys Mus Lophur. Pelonys otomys Graphi.
Species

1992

May 1546 1397(33) 93 (1) 56(1)

July 1229 978(22) 11(1) 48(1) 192(2)

Sep. 1394 1296(24) 18(1) 80(1)

Nov. 953 832(15) 12(1) 109(2)

1993

Jan. 611 551(12) 60(7)

Mar. 564 390(8) 73(8) 101(2)

May 454 303 (6) 37(4) 88(1) 26(1)

July 483 260(6) 142(12) 81(1)
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Table 11. Composition of different age groups of P.albipes from
the live-trapping grid. Adult males are divided between those
with scrotal and abdominal testes.

Month Males Females
Scrot. Abdo. Suba. Young Preg. Adult Suba. Young

1992 May 6 10 3 2 4 5 3
July 8 6 4 1 3
Sep. 9 11 3 1
Nov, 6 1 8

1993 Jan. 4 l 1 3 1 2
Mar. 3 3 2
May 2 1 2 1
July 2 3 1
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pregnancy rate for November 1992 was 100% and for September 1992,
it was 73.3%. At each trapping occasion at least two animals were
recorded as lactating. Relationships between pregnancy rate and
rainfall are shown in Fig. 10. Highest pregnancyniswere obtained
during the end of the rainy and beginning of the dry seasons. The
association between peak pregnancy rate and rainfall using
arcsine transformed data was not significant. Pearson’s
Correlation Coefficient showed a low negative association between
peak pregnancy and for the same month’s rainfall (r = -0.17,
n.s.) and a low positive association for the previous month’s
rainfall (r = 0.13, n.s.). Like the snap-trap survey results, the
peak in pregnancy was associated with the season of highest fruit
availability. Comparison between the pregnancy rates from snap
and live-trapping surveys using the arcsine transformed data of
Pearson’s Correlation Coefficient showed a significant high
positive correlation (r = 0.89, P=0.007).

Reproductively active, scrotal males were recorded
throughout the study period with a peak in September and July,
1992. Pregnant females were recorded in most of the trapping
occasions with peaks in September and November. Males with
scrotal testes and pregnant females constituted more than 50% of
the total captured age groups in each sex throughout the study
period. out of the total 60 females, 33 (55%) were pregnant.

Adult females comprised 70% and young or subadult formed only
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Figure 10. Relationship between rainfall at Menagesha (a) and per
cent pregnancy (b) in P.albipes from the live-trapping grid.




86

30%. out of the 66 males, 40 (60.6%) had scrotal testes. 57
(86.4%) were adults and only 9 (13.6%) were young or subadult.
So, out of the total 126 individuals, young and subadults
comprised only 26 (20.6%). The recruitment rate of the young
P.albipes in the lha live-trapping grid was also low, further
confirming the results obtained in the snap~trapping surveys.
3.2.4 Weight

Weight records for the first four trapping occasions for
both male and female P.albipes show weight gains and reflect the
increase in reproductive activity (Fig. 11). However, weight loss
was also recorded for some individuals. Variations in the weights
of P.albipes from the live-trappihng grid on different trapping
occasions are given in Table 12. In both males and females,
heavier animals were observed during September and November.
Males welighed more than females. The differences in weights
between males and females for May 1992 (t=2.6, P<0.02) and for
the total (t=2.24, P<0.02) were significant, but variations among
different age groups in the same sample were high. In addition,
small sample sizes could also have biased these results.

3.2.5 Burvival

During the live-trapping surveys, out of the 115 rodents
recorded as new captures, 15 (13%) died as a result of army ant
and severe cold. Interference by larger mammals was low and no

animal died as a result of damage to the live traps. Duration of
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Table 12. Mean weight (g) and S.D. of male and female P.albipes

88

in the live-trapping grid on different trapping occasions

(N=sample size).

Month N Male N Female
1992 May 19 46,14+11.1 14 37.317.6
July 14 45.9t6.2 8 41.94+7.7
Sept. 9 58.019.4 15 51.6+11.4
Nov. 7 59.1+9.5 8 52.3+5.3
1993 Jan. 6 47.3%21.0 6 44 ,5+13.1
Mar. 3 54.,7+7.0 5 45.,2+11.0
May 3 52.7%14.4 3 48,0411.1
July 5 47.2+20.1 1 24,0
Total 66 49,9112.4 60 45,2411.,0
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residence (survival) was recorded following the first trapping
occasion. Out of the 33 individuals captured and released in the
first trapping occasion, 18 survived for 2 months (54.5%), 12
survived to 4 months (36.4%), 6 survived for 6 months (18.2%),
2 survived for 8 months (6.1%) and only 1 survived over a year
(3.0%). This represents the minimum known survival time since
true survival should consider animals emmigrating as well as the
duration of residence before capture.

The above survival rate was compared with that calculated
by the Fisher & Ford (1947) method of population estimation. The
survival rate estimated by Fisher & Ford method was 0.56 (56%)
averaged over the study period. This estimate predicts that 56%
(19) survived for 2 months, 31% (10) for 4 months, 18% (6) for
6 months, 9.8% (3) for 8 months, 6% (2) for 10 months and 3% (1)
survived to one year. Except for the estimate of survival to the
third trapping occasion, the Fisher & Ford method closely matches
the actual figures. Since this method was based on the supplied
data of captures and recaptures, the result was not surprising.
However, it showed that survival was distributed evenly between
trapping occasions, and so is the mortality. This supported the
view that population size was not affected either by a change in
seasons or food availability. The survival rate was also
estimated by Fisher & Ford method for males and females

separately. The survival rate averaged over the study period for
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males was 42% and for females, it was 58%. So, in the present
live-trapping grid, duration of residence for females was higher
than for males.
3.2.6 Habitat Blocks

The 1ha live-trapping grid was divided into 121 blocks
(plots) in order to identify the habitat preference of P.albipes.
Each block size was estimated to cover 10 X 10m, centered on a
trap site. These were classified as forest, shrub or grass
depending upon the type of vegetation (Fig. 3). To identify
whether there is an edge effect in the trapping success of the
animals captured, the blocks were further grouped into edge and
centre (Table 13). The total number of edge blocks was 40 and the
centre blocks 81. The forest blocks at the edge numbered 27 and
at the centre 22 (Table 15). The shrub blocks at the edge were
8 and at the centre 32 while the grass blocks at the edge and
centre were 5 and 27 respectively.

3.2.7 Bloock Capture

In the 40 edge blocks, 193 captures of 128 individuals of
P.albipes were made in 1600 trap nights, whereas in 81 centre
blocks, 121 captures of 100 individuals were made in 3240 trap
nights (Tables 13 - 16). This shows that significantly more
individuals were captured at the edge of the grid than at the
centre (X*, = 54.8, P < 0.001).

captures of individuals among all the habitat blocks (Table
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Table 13. The observed and expected captures of individuals

between the edge and centre blocks in the live-trapping grid.

Site Observed Expected No. of blocks
Edge 128 75.4 40
Centre 100 152.6 81
Total 228 228.0 121

Table 14. The observed and expected captures of individuals among

the habitat blocks in the live-trapping grid.

Block type Observed Expected No., of blocks
Forest 140 92.3 49
Shrub 49 75.4 40
Grass 39 60.3 32
Total 228 228.,0 121
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Table 15. Capture success for individuals of P.albipes between
the edge and centre based on habitat blocks ( number of blocks

is in parentheses ).

Site  Forest Shrub Grass Total X2, p
Edge 103 (27) 11 (8) 14 (5) 128 11.8  <0.01
Centre 37 (22) 38 (32) 25 (27) 100 5.3 n.s.
Total 140 49 39 228
X%, = 19.4 0.2 12.1

P = <0,001 n.s <0.001

Table 16. Total capture events (i.e. including recaptures) of
P.albipes between the edge and centre, based on habitat blocks

in the live-trapping grid (number of blocks in parentheses) .

Site Forest Shrub Grass Total
Edge 161(27) 13(8) 19(5) 193
Centre 45(22) 46(32) 30(27) 121
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14) show that forest blocks caught significantly more captures
than either shrub or grass blocks (X*, = 16.8, P<0.001).

Table 15 shows that trap success or capture rate for
individuals of P.albipes at the edge of the forest blocks was
significantly higher than the centre blocks. However, there was
no significant difference in the capture of individuals at the
edge or centre of shrub blocks, but the grass blocks at the edge
captured significantly more individuals than the centre.

The data from Tables 15 and 16 were used to construct Figure
12. Figure 12 shows that forest blocks at the edge and centre
captured more individuals than the grass or shrub blocks. The
recapture rate for the forest blocks at the edge was highest,
followed by grass and shrub blocks, while the recapture rate at
the centre did not vary significantly across the three habitats,
but shrub blocks captured more individuals than the grass blocks.

3.2.8 Movement

Within the five days at each trapping occasion, both males
and females were mostly trapped within small home ranges. Females
were mostly caught within the radius of 20m. 75% of the males
were captured at more than 50m home range length from the first
trapping site while 30% were confined within the a radius of 20m.
Oonly one scrotal male was trapped at sites more than 80m apart
in consecutive day’s trapping (wanderer). Females also stayed in

the same area between different trapping occasions, while males
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kept on changing their home ranges at each trapping occasion.
Although males were more mobile than the females, this did not
significantly affect the sex ratio (66:60). Home range lengths
given below are for individuals captured during four or more
trapping occasions. The home range lengths from the live-trapping
data confirm that females are less mobile than males (Figs. 13
and 14). In P.albipes, the mean home range length in metres for
13 females was 29.2%12.9 while for 13 males, it was 65.3+31.2.
Males wander about significantly more than females (t=3.86,
P<0.001). In the final snap-trapping surveys encircling the grid,
two previously marked males were captured, at 200 and 300m apart
at opposite ends from the grid area, whereas no females were
trapped outside the grid area. This confirms the argument that
males are more mobile than the females.
3.2.9 Berry Estimation

Juniperus berry fall on the grid ground was observed
throughout the year, with a peak in September (Table 17). These
berries occurred throughout the year in habitats where old
Juniperus were found. The amount of fall on the ground depended
upon the number of birds active in consuming the berries on the
branches as well as the amount of rainfall prior to that
particular date.

During the study period, the mouths of many abandoned

burrows were observed with clusters of seeds of either 0Olea or
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grid at Menagesha State Forest.
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grid at Menagesha State Forest.
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Table 17. Juniperus berry fall over the year; 2 polythene squares

each 1m’* emptied over four successive days in each month,;tsua

1992 1993
Sites September November January March May July
y:\ 30.0£9.1 13.3#3.3 2.3%2.1 15.8%5.9 16.819.1 22.0426.2

B 18.5+%6.4 3.3%1.0 7.0+7.4 20.8%14.4 18.3*14.7 13,8%15.0
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Juniperus. Juniperus berries were observed throughout the year
on the ground. Some of these berries were found decayed on the
ground. This availability of berries on the ground where old
Juniperus trees occur might suggest that berry food is not a
limiting factor in controlling the size of population in
P.albipes, but some of these berrles were unripe and might not
be preferred by the animal.
3.2.10 Population Estimates

Population estimates of P.albipes in the live-trapping grid
are given in Tables 18 & 19. Actual numbers caught were compared
with estimates of direct enumeration (Minimum Number Alive), du
Feu, Hayne, Fisher & Ford and Jolly-Seber methods.

The accurate estimation of population sizes of small mammal
populations is difficult. The different methods that are
available are based on some assumptions that are rarely
satisfied. Some of these assumptions include: correct record of
captures as marked or unmarked, no loss of individual marks,
marking should not affect the animal’s chance of survival or
subsequent capture, either the population should be closed (no
gain or loss during sampling) or an open population with equal
effects on both marked and unmarked animals, equal chance of
capture in both marked and unmarked animals, and marked and
unmarked animals mix freely or equally.

The actual catch was compared using the five methods of
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Table 18. Population estimates of P.albipes on the live-trappping
grid wusing du Feu’s method,-fjﬁa

Month Captures Recaptures Capture Estimated
events population
1992 May 33 55 88 3612
July 22 39 6l 2412
Sept. 24 36 60 2712
Nov. 15 18 33 18+2
1993 Jan. 12 17 29 13+2
Mar. 8 8 16 102
May 6 8 14 7+1

July 6 7 13 71
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Table 19. Comparative population estimates of P.albipes from the
live~trapping grid by different methods. Each actual catch

represents captures at bimdnthly intervals (MNA=Minimum Number

Alive).
Actual MNA Hayne du Feu Fisher & Ford Jolly & Seber
Catch

55 a3 2 seta - <
22 28 21 2412 22 42

24 26 25 27%2 26 31

15 17 16 1812 19 31

12 12 9 13+2 29 12

8 8 7 10%2 19 8

6 6 6 71 11 6

6 6 6 7+1 15 -
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population estimates. Both enumeration and du Feu’s methods
slightly over estimated the population compared to the actual
catch, The estimate obtained by du Feu’s method varied in line
with the actual captures. Even though it is a simple method to
employ, with few mathematical manipulations, it assumes a closed
population; this may be a reasonable assumption within the 5 days
of a trapping occasion.

Hayne’s method also varied in synchrony with the actual
catch, except that it underestimated the population in the fifth
trapping occasion. The main reason for this underestimate is that
50% of the population were caught at the last trapping session
during that trapping period.

The estimates obtained by Fisher & Ford and Jolly-Seber
methods were variable (Table 19). The estimates obtained by
Fisher & Ford method were discrepant except for the third
trapping occasion. The population estimates using Jolly-Seber
method for trapping occasions 5-7 were the same as the actual
catch, but the estimates for the other trapping occasions were
higher. Based upon this method, the biomass estimated for
P.albipes for July 1992 trapping occasion should have been 1890g

as opposed to the actual total of 978g.
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3.3 CAPTIVE BREEDING
3.3.1 Reproduction

Pregnancies were recorded throughout the year in laboratory
bred P.albipes. Fig. 15 shows the number of litters produced at
monthly intervals out of 15 adult pairs. The peak months of birth
were November, followed by April and September (Fig. 15). Out of
the five pairs of P.albipes brought live from the wild for
captive breeding, two males and a female were found to be
sterile. Upon autopsy of the males, the scrotal testes were
observed to be very dark. BAbout 30% of the captive bred
individuals were not able to produce young even after a year.
However, once females had started breeding, they kept on
producing young almost every month with few breaks.

3.3.2 Young Production

From 4 successive female founders and their female
offspring, I managed to get a total of 174 young in 42 litters.
Litter size ranged from 2-6 young. The most frequent litter size
was 5 (Table 20). The mean litter size was 4.1%1.3. The mean
weight (g) at birth was 3.0%0.5 (Table 21). Although the mean
weight of young from the smallest litters was high, the mean
weight for litter sizes 3 and 6 was the same., For comparative
purposes, the mean weights of young, litter and embryo sizes in
addition to the gestation period in related species of Praomys,

from different sources, are given in Table 22. P.,albipes shows
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Figure 15. Number of litters in P.albipes born in captivity
on monthly basis.
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Table 20. Relationship between litter size and survival rate in
captive bred P.albipes. Neonatal mortality is taken up to seven

days and young mortality up to one month.

Litter Frequency Total Neonatal Mortality Per cent
size young mortality in young survival
2 8 16 4 1 68.7
3 4 12 2 0 83.3
4 8 32 7 3 68.7
5 18 90 15 13 68.9
6 4 24 5 0 79.2

Table 21. Relationship between litter size and weight in captive

bred neonatal young.

Litter size Number of young Mean weight + S.D.
2 16 3.2+0.5
3 9 2.8+0.2
4 28 3.1x0.7
5 85 3.01£0.3
6 24 2.8x0.,3

Totals 162 3.0x0.5
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Pable 22. Comparison of gestation period, mean number of embryo,
size of litter and weight of young (g) among the African species
of Praomys from different sources. Data for M.natalensis complex

were included for comparative purposes.

Species Gestation Number of Size of Weight of Source
period enbryos litter young

P.albipes 23 days 4.7 4.1 3.0 a
P.jacksoni 26 days - 3.4 3.0 b
P.morio 36 days 3.3 3.3 3.0 c
P.tullbergi 24 days 3.6 3.0 2.7 d
M.natalensis 23 days 12.6 11.3 2.2 e
a) This thesis b) Delany (1975) and Dieterlen (1986)

c) Delany (1971) d) Happold (1978) e) Baker & Meester

(1977), Johnston & Oliff (1954), Meester (1960) and Neal (1977).
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a larger embryoc and litter size than its closest relatives. out
of the 174 young born in captivity, 141 were positively sexed
within five days. The rest were consumed by their parents.
Isolation of the young ones temporarily for weighing and
measuring resulted in a very high response from the mother but
not from the father. In the process of protection by the mother,
moving young to their nest by mouth-dragging, some of the very
young ones were injured. This resulted in cannibalism. All the
young, adult female and male shared the same nest. The mother
became aggressive towards the male as soon as the young ones were
born, but this lasted only for half a day. The number of male to
female young produced was 73:68 or 51.8 to 48.2%. It was not
significantly different from the 1:1 ratio. Some of the young
ones, those which were eaten by the parents before being sexed,
were not included in the calculation of the sex ratio. The
mortality of young up to one month old was 28.7%.
3.3.3 Breeding Pattern

In order to determine the minimum age of reproduction, young
females with reproductively active males and young males with
adult females were kept in separate cages. The minimum conception
time recorded was 80 days (Table 23), but many females did not
respond until about 120 days. The minimum gestation time recorded
was 23 days, and most produced young within a month after their

previous litter. Post-partem oestrous was observed in some. This
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Table 23. Age at first litter, conception time and number of

young in first litters of four captive bred female P.albipes.

Cage Age in Conception Number of young
number days time /litter

3 130 100 4

6 1z1 91 5

7 111 81 5

8 110 80 4

Table 24. Duration of reproductive life from first to last
litter, number of litters produced in that time, total young

produced and mortality of the young in four captive female

P.albipes.
Cage Duration Litters Total Mortality
humber (days) produced young

3 246 8(6,5x%5,4,4) 39 6

6 244 5(5,5,4,3,2) 19 6

7 368 9(5%5,6,6,6,3) 46 8

8 167 5(5,4,4,4,3) 20 7
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was performed by isolating the male from the female one day after
the production of young. The number of days between two
successive litters was taken as the litter interval. The litter
- interval varied depending upon the time of conception.

Males become sexually mature or reproductively active as
soon as the testes descend to the scrotum. The time recorded for
scrotal testes was between 10-12 weeks. The testes, once scrotal,
remain so throughout life.

The highest reproductive performance recorded by a single
adult female was 46 young within 368 days (Table 24). Mortality
rates varied from 15.4 to 35%. The mortality of young was lowest
in cages 3 and 7. These two cages produced more young than any
other. Allowing for the different lengths of reproductive life,
cage 3 produced young at a higher rate than the others.

3.3.4 Bize Increase

In both sexes, weight gain was highest (more than double)
during the first week of growth. This equal gain in weight in
both males and females was observed up to 10 weeks. After about
11 weeks, males performed slightly better than females (Fig. 16).
A high rate of increase in weight was recorded in both males and
females up to ten weeks. After about ten weeks, the growth rate
became slower.

Increase in the size of ear and hindfoot was recorded up to

the ninth week (Fig. 17). Accurate measurement was difficult
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Figure 17.Growth in hindfoot (solid bar} and ear (open bar) in captive bred
P.albipes from week 1-9 (cross line-mean, thick bar-S.D., thin line-range).
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because of the activity of these animals. This increase in the
size of hindfoot and ear was highest during the first 4 weeks.
It slowed down after the fourth week. Increase in the length of
tail and head & body was continuous until adult size was reached.
Slow growth in tail and head & body lengths continues even after
the adult stage is reached.
3.3.5 Physical Development

The young are born naked and pink coloured without any sign
of pigmentation. Ventrally, some of the abdominal organs are
visible through the skin. At birth, the ear pinnae are folded and
sealed and the pups are without hearing responses. The eyes are
closed. The toes are fleshy and fused. The pinnae unfold within
4-5 days and the toes separate within 5-7 days (Table 25). Within
a few days, black pigmentation develops followed by fine soft and
dark pelage dorsally and grey-white fur ventrally which appear
within 7-10 days. Moulting of the young hair occurs gradually up
to one month. At about 3 months, the rusty grey pelage is
completely formed, but this transition stage is continuous and
it is difficult to specify the exact date. The eyes open within
13-18 days. Lower incisors erupt earlier than the upper ones.
Eruption time for lower incisors is between 10-12 days and for
upper incisors, it is between 13-15 days. Young start nibbling
and 1licking food between 16-24 days. Although it was very
difficult to record exactly the weaning time, it is roughly 24-29

days.
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Table 25. Observed time (days) for different developmental stages
in captive bred P.albipes (numbers indicate individuals

observed) .

Days Pinnae Toes Hair Eyes L.incisors U.incisors
unfold separate appears opeéen erupt erupt

4 H12

5 m17 B5

6 W23

7 | M u3

8 H20

9 m

10 He iyl

11 Hie

12 : N2

13 Hl H13

14 [ K} H1i5

15 H10 [P

16 mLl

17 M4 mn

18 P




114

3.3.6 Food Intake

Consumption of different food items (berries and pellets)
by captive bred P.albipes is given in Table 26. Preliminary tests
for food preference were carried out by supplying a known weight
of berries, green leaves and pellets. In the laboratory,
P.albipes consumes almost all the berries and green leaves
supplied from the wild. The amount of food consumed on a daily
basis shows only the food types taken by the animal, and says
little about food preferences (because the animals were not given

a choice) nor about the nutritional value of these different

foods.

Table 26, Daily food consumption (g of berries or pellets) by a
pair of captive bred P.albipes ( each food item supplied
separately ).

Juniperus Carissa Olea Dovyalis Rubus Rosa Pellets
13.1 39.5 24,9 25.1 29.8 50.8 12.2
15.0 16.8 25.8 25.2 31.6 11.0 13.5
26,1 38.8 26.5 23.1 10.5 31.7 20.5

10.4 12.3 19.5 42.0 27.4 8.8 23.3
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4, DIBCUBSION

P.albipes is one of the Ethiopian endemic rodents, and one
that is widely distributed over a wide range of forest habitats.
Although this species is ubiquitous in its distribution, it is
‘never very abundant. This chapter discusses the results obtained
during the course of study from November 1991 to July 1993, in
and around the Menagesha State Forest, central Ethiopia. Data
obtained from captive breeding programme, snap and live-trapping
were used to assess and compare the results with similar studies
both in Ethiopia and abroad. This chapter looks at the size
comparison of P.albipes, attempts to examine the community
ecology of rodents in general and specifically, the ecology and
population dynamics of P.albipes in the Menagesha State Forest.

4.1 s8ize of P.albipes
4.1.1 Weight Comparisons

In the present study, the mean adult weight of P.albipes was
estimated to be 54.2g%10.1 from the snap-trapping surveys. The
lumping of all age groups in the live-trapping survey yielded
49,99 for males and 45.2g for females. Weights for P.albipes
were presented in Eables 8 & 12. The mean weight in the snap-trap
surveys (Table 8) was restricted to adult P.albipes because of
adequate samp;e‘sizes. In the live-trap survey, the weight was
derived by lumping different age groups because of small sample

sizes. As a result, lower mean weights and higher standard




116

deviations were observed in the live~trap data while higher mean
weights were obtained in the snap-trap data both for males and
females. In both cases, males weighed slightly more than females
although the difference was not significant. Similar weight
variations between the males and females were also recorded for
P.morio in Uganda (Delany,1971) and for P.tullbergi in Nigeria
(Happold,1975). In weighing females, pregnant ones were not
excluded. So, it is possible that the extra weight of embryos,
embryonic membranes and uterine fluids has increased the actual
weight recorded. In other words, the actual difference from the
weights of males should be higher than shown in the table.

The mean adult weight in the present study was compared with
similar studies on P.albipes in Ethiopia. Yalden (1988b) obtained
49g while Rupp (1980) recorded 55.0-73.6g from various localities
of Ethiopia. In the present study, the mean adult weight for
P.albipes was between the results obtained by the above two
investigators, but if all age groups were considered, the mean
weight was slightly below that of 49g obtained by Yalden (1988b).
The mean weights of P.albipes from the live-trapping grid show
the highest values in November and September (Table 1é). These
months include the end of the wet and beginning of the dry
seasons. Availability of berries was expected to be highest
during these months. The high figure for November and September

was associated with more numerous scrotal males and pregnant
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females. Although the overall mean weight comparison showed that
males weighed significantly more than females, the variations in
weights among the different age groups in the same month, higher
standard deviations and small sample sizes, especially in the
1993 trapping occasions, make comparison of weights at different
months very difficult and not significant statistically. The 24g
weight shown at the bottom of Table 12 was for a young P.albipes,
the only female individual captured during the last live-trapping
occasion. The mean weights of P.albipes for May 1992, January and
July 1993 (Table 12) were low because the population included
more young or subadults, but the low mean figure for July 1992
was due to the loss of weight by some of the adults (Fig. 11).
The highest weight recorded in both snap and live-trap
surveys for a pregnant female was 80g. The highest record for
males was 81g in the live and 88g in the snap-trapping surveys.
The highest record obtained for captive bred females was 79.89g
and for males, it was 86.1g. The highest weight recorded by Rupp
(1980) was 83g. Delany & Monro (1985, 1986) obtained a difference
of 10g higher in captive bred Arvicanthis niloticus and
emphasized the limitations of applying the data obtained in the
laboratory to the wild populations. In the present study, I did
not find significant differences in the weights of the age groups
among the captive, snap and live-trapping grid, but in the

captive breeding programme, old male and female adults mostly
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weighed above 60g. Variations in food availability , greater
activity in an unrestricted environment and fierce cbmpetition
might slow down the growth of a given animal in the wild. It is
true that in the captive bred individuals, activity is limited
and food is ample if acceptable to the animal, so there might be
less wastage of energy and a bulld up of mass or fat. This did
not happen in the present captive breeding programme, and one
might argue that this was because the choice of food was limited
or the nutrient content of the pellets might be low. This
argument was not supported because during autopsy for different
experimental purposes, most of these adult individuals were
carrying excess fatty tissue. Happold (1975) obtained body
weights of 38.0g for male and 34,99 for female P,tullbergi from
Nigeria, with reproductively active females as low as 27g9. Delany
(1971) obtained a body weight of 85g for P.morio. So, the weight
recorded for P.alblpes was intermediate between these two
species.

In the present study, weight was used to recognize age
agroups; the young age group of P.albipes weighed less than 30q,
subadults less than 40g, adult males with abdominal testes and
quiescent females were less than 50g, while scrotal males and
pregnant females were greater than 50g. These weight categories
closely match in the records of both snap and live-trapping

surveys. The demarcation lines between the weights of young,
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subadults, reproductively inactive and active adults as below 30,
40 and 50g were not precise, and the actual weight in each age
group can vary depending upon food availability during a
particular season, so there can be an overlap in weight at the
higher limit of one age group and the lower limit of the next age
group. Irrespective of these limitations, Figs. 5 and 6 show a
good demarcation between the different age groups of P.albipes.

The record of weight changes in P.albipes from the live-
trapping grid shows that weight gain from May-July, 1992 was low
and some animals even lost weight (Figure 11). Weight gain was
highest from July-September, 1992. This was the big rainy season,
No animal lost weight during this tiﬁe. This was expected because
September was the month where the wet season ends and so more
berries and green leaves were available. Although some
individuals were not trapped, loss of weight was also observed
in some adults captured in November. Similar growth stops were
recorded for P.natalensis at the end of the dry season in
Tanzania by Leirs et al., (1990,1993b}. Retardation of growth in
A.niloticus was also observed during the dry season by Delany &
Monro (1985). Neal (1977) observed a seasonal fluctuation of
adult body weights in the same species in East Africa. These
weights increased during the rainy season and decreased by 25%
during the dry seasons. Field (1975) observed low body welights,

below the average weight at maturity, in individuals born at the
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beginning offﬁét season. Under favourable conditions, individuals
can mature earlier than the average.

Growth of captive bred P.albipes showed similar trends of
increase for both males and females up to eight weeks (Fig. 16).
After 8 weeks, males showed higher rates of increase but the
difference was not significant. Animals reached about 30g at
about 6 weeks, 40g at about 9 weeks. The rate of increase slowed
down after 10 weeks (adult stage). This trend goes in line with
the data recorded in the snap-~trap survey where growth in head
& body was highest up to 40g, more or less the adult stage, and
slows down after that. The time taken to reach about 40g in the
captive P.albipes should not be assumed to be the same as for
wild animals, for the reasons explained previously.

4.1.2 Body Measurements

The mean adult body measurements (Table 8) all fall between
the ranges enumerated by Rupp (1980). Slightly higher values were
obtained than by Yalden (1988b). Happold (1974) gave body
measurementgiﬁér head & body 103, tail 145, hindfoot 22 and ear
17.5 for P. tullbergi. These measurements are significantly lower
than the ones recorded for P.albipes (Table 8), confirming that
P.albipes is a different species from P.tullbergi. There was no
observed difference in size increase in the ear and hindfoot
between male and female P.,albipes. Increase in the size of ear

and hindfoot was highest up to 4 weeks., Growth is minimal after
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the eighth week. Delany (1971) observed faster growth in the
length of hindfoot up to 3 weeks of age in P.morio. Hindfoot
length in rodents is a better indication of size for taxonomic
purposes because of its relatively rapid growth, as others have
also found.

4.1.3 Physical Development

The physical development of captive bred P.albipes was
compared to similar studies for P.morio in Uganda and P.tullbergi
in Nigeria. In all cases, the young were born blind and naked
(hairless), with ear pinnae sealed, the outer meatus and toes
fused. Although most of the durations specified for physical
developments match, slight variations occurred. In the present
study the timing observed for pinnae unfolding was between 4 and
5 days, while in P.tullbergi it was 2-3 days. In P.tullbergi,
incisor teeth were observed at the fourth day. In the present
study, lower incisors erupted earlier than the upper (10-12
days). Similar times of incisor eruption was also reported by
Baker & Meester (1977) for M.natalensis, but those young were
born with sparse hair.

The weaning time recorded in the present study was similar
to that for P.tullbergi. However, the nibbling or licking time
observed for P.alpibes was between 16 and 24 days, whereas
nibbling time recorded for P.tullbergi was 11 days, although the

young did not swallow solid food until several days later.
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4.2 community Ecology of Rodents
4.2.1 Bpecies Abundance

Praomys alpibes, previously a poorly known endemic rodent
confined to the forests of Ethiopia, turns out to be the
dominant element among the Ethiopian rodents in the Menagesha
State Forest. P.albipes comprised 57.1% of the total records in
the combined live and snap-trapping sites of the Menagesha State
Forest. P.albipes, although not very abundant, was found to be
ubigquitous in the Menagesha State Forest over the altitudinal
range of 2200-3385m asl. 57.1% was a very high percentage
figure, compared to similar collections in different regions of
Ethiopia by different investigators. At the same time, it also
showed that population size for the other species of rodents was
limited. Yalden (1988a), in the Harenna Forest, Bale Mountains
National Park, Ethiopia, found P.albipes to be the largest
contributor (33%) and ranged from 1510-3200m asl. P.albipes also
comprised 25% of Rupp’s (1980) collection from the south and
western parts of Ethiopia. P.albipes has been recorded at
altitudes as low as 820m asl in southwestern Ethiopia (Yalden,
et al.,1976). The higher altitudinal range for P.albipes in the
Menagesha State Forest arose because, as part of the central
plateau, the base of the mountain range starts from 2200m asl.

In both the collections of Yalden (1988a) and Rupp (1980),

L.flavopunctatus was the second most abundant species. If higher
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altitude collections were considered, Rupp (1980) obtained 31.3%
P.albipes and 24.1% L.flavopunctatus. By contrast, in the present
study, when both snap and live-trapping surveys were combined,
M.mahomet was the second highest component (14.7%) followed by
Pelomys harringtoni (11.2%) and L.flavopunctatus (10.0%). Yalden
(1988b) obtained 19.3% L.flavopunctatus which formed the second
largest component. Yalden & Largen (1992) stress that
L.flavopunctatus is the most abundant and widespread of the
Ethiopian rodents. Although the species was widely distributed
in both scrub and forest cover, in the Menagesha State Forest,
the number of L.flavopunctatus was limited.

The mean trap success of 9.1% obtained in this study was
very low compared to similar studies in Ethiopia. Yalden
(1988a,b) in the Harenna Forest, southern Ethiopia, recorded a
a mean success rate of 18,7% and a trap success of 38.9% in
Erica scrub. Rupp (1980) obtained a 35% trap success. In the
present study, the highest trap success recorded was 26.9% for
the July 1992 trapping occasion (Table 3). The 10.9% trap success
(Table 4b) obtained in the Erica scrub includes sites with low
and high human interference. My lowest trap success (1.6%) was
observed in the Erica forest between altitudinal ranges of 2800~
2960m asl, near to human habitation. Only 5 P.albipes were caught
out of a total of 304 trap nights., These sites were intensively

grazed by livestock, resulting in less ground cover. However, the
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Erica scrub at 3000-3385m asl, where human interference was
limited, yielded better trap success (20.3%) and species
diversity; 61 rodents comprising 5 species were captured out of
a total of 300 trap nights. Pelomys harringtoni formed the
largest component in these altitudinal ranges. Yalden (1988b)
recorded similar 1low trapping success in the Erica forest
disturbed by human habitation and highest trap success in the
undisturbed Erica scrub above the disturbed zone, but Pelomys
harringtoni was not recorded in the Harenna Forest. Happold
(1978) emphasized the unusually low number of P.tullbergi in
Nigerian forest disturbed by human interference.

The trap success rate was variable in different countries
of Africa. Happold & Happold (1989) in their study of montane
Malawi small mammals recorded a trap success rate from 3-34%.

4.2.2 Bpecies Composition

In the present study, the recorded composition of the rodent
fauna of the Menagesha State Forest was 12 species (including
T.splendens and H.cristata). Similar studies in different
countries of Africa reveal variable species diversity. Delany
(1966) in hié study of the composition of small mammals on Mount
Moroto (Uganda), recorded only 3 species of rodents and no
insectivores. The ground vegetation was disturbed by human
interference. The main vegetation pattern was similar to the

present study site. In the present study, although the diversity
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of the species was better than the above study, no insectivore

was trapped. Only one young shrew was caught, by hand, in the
grassy patch forming the garden of the forest station. Attempts
to trap more shrews in the same site by using mini-Victor trap
and local pit-fall traps in the forest did not succeed.

Delany (1964) recorded 50 species of small mammals in the
grasslands and forests of Uganda. de Castro (1985) in a study of
the distribution and abundance of small mammals in the eastern
Cantabrian Mountains (Spain) recorded 24 species. Cergueira et
al., (1993) in a continuous 5 year study in shruby woodland of
eastern Brazil, obtained seven species of small mammals with a
trap success 6.02% in 1ha grid. Sampling along altitudinal
gradients in two mountain localities of South Africa recorded 6
species of rodents and 2 of shrews (Bond et al., 1980). Happold
& Happold (1989) in the montane region of Malawi recorded 8
species of rodents and 1 shrew. Happold (1974) in western
Nigerian forest recorded 14 species of rodents.

Similar studies in Ethiopia by Yalden (1988b) and Hutterer
& Yalden (1990) recorded seven species of rodents and 4 shrews
while Rupp (1980) obtained 10 rodents and 8 shrews (see also
Hutterer,1981). The present study recorded 12 species of rodents
(two of which are sight records). These figures suggest that like
the other forested regions of Ethiopia, the Menagesha State

Forest has an impoverished fauna. Some of the expected Ethiopian
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forest rodents like Oenomys hypoxanthus, Lemniscomys striatus,
Grammomys dolichurus and Dasymys incomtus were not observed.
Although the species diversity obtained in the Menagesha State
Forest is comparable to similar studies in other regions of
Ethiopia, it is less diverse compared to some forests of East and
Central Africa. This view complements the suggestion put forward
by Diamond & Hamilton (1980) about the poor forest fauna of
Ethiopia as a result of reduction in the size of forests during
the cold and dry periods of the Pleistocene. In addition, some
of the species might have been affected due to habitat
manipulation by humans prior to the introduction of conservation
practices five centuries ago and the continuation of this
encroachment at the present time as well.
4.2.3 Altitudinal Distribution

In the present study, P.albipes is distributed at
altitudinal ranges between 2200-3300m asl in either bush, forest
or Erica scrub. The distribution of rodents along the gradients
of vegetation in the Menagesha State Forest was compared to
similar studies in Ethiopia. As part of the central plateau, the
lowest altitude of the Menagesha State Forest is 2200m asl. The
range of altitudinal distribution of P.albipes falls within those
described by Yalden (1988b) and Rupp (1980). But, in addition to
the forest sites, P.albipes also frequents scrub or bushy

vegetation outside the forest proper. The scrub area dominanted
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by C.edulis is the preferred habitat outside the forest.

Pelomys harringtoni was not collected from the Harenna
Forest, but Rupp (1980) collected the species from various
localities of western Ethiopia from 1800-3200m asl. In the
present study, Pelomys harringtoni comprised the 1largest
collection in the Erica scrub above 3000m asl. Stony crevices at
these altitudes were the preferred habitats.

L.flavopunctatus was widely distributed in scrub and open
habitats in the forest, but in the present study, it was less
abundant than in other studies in Ethiopia.

The distribution of M.mahomet in grassy patches, bush and
oﬁen habitats was similar to the previous study by Yalden
(1988a,b), but in the Menagesha State Forest, this species was
restricted below 2580m asl. No M.mahomet was trapped above the
specified altitude in the Menagesha State Forest.

A.dembeensis was unusually common at 2200m asl near
grassland or farmland. R.rattus was ubiquitous in areas of human
habitations. Rupp (1980) recorded trapping this species in the
forest as well. In the present study, only one animal was
captured in the garden of the forest station.

The record of O.typus in the present study was within the
range of Rupp’s collection. B.griseicauda was collected in the
Erica scrub above 3000m asl conciding with Rupp’s trapping. The

altitudinal range reported by Yalden (1988a) was 2400-2920m asl.
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The single pregnant female D.mystacalis was collected in
c.edulis-dominant shrub. At the same time, the single pregnant
female G.murinus was collected at 2500m asl in the grid near an
old Juniperus tree. T.splendens was not collected, but its
presence was readily recognized by its soil piles and it was
common in the open forest and meadow. This species 1is very
widespread in different parts of Ethiopia.

4.3 Ecology of P.albipes
4.3.1 Population Estimates

The 1limitations of population estimation have been discussed
by Flowerdew (1976), Caughley (1977), Southwood (1978), Blower
et al.,(1981) and Montgomery (1985,1987). In the study of
population estimates, it is unlikely that all the criteria
assumed in the mark-release-recapture methods are satisfied.
Bronner & Meester (1987) compared the various methods of
population estimation and concluded that actual numbers caught
and direct enumeration methods represented population size most
accurately because of their overall similarity. Cheeéian.& Delany
(1979) consider variations in estimating population numbers by
different methods and accept the figure obtained by direct
enumeration due to long periods of study (18 months). However,
Hilborn et al., {(1976) obtained low population sizes by using the
enumeration method, and Montgomery (1987), after discussing the
shortcomings of direct enumeration, stressed the usefulness of

the Jolly-Seber method.
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In the present study, attempts were made to give population
estimates by using several different methods. The direct
enumeration method (minimum number alive or Calendar of Captures)
assessed the number of animals alive at a given time including
the temporary absentees. Flowerdew (1976) recommended this method
if the trapping interval was once a month with longer trapping
sessions than five days. In the present study, the trapping
intervals were bimonthly and trapping sessions only five days.
At the same time the actual catches fell towards the end of the
study.

Both du Feu et al., (1983) and Hayne’s (1949) methods assume
closed populations in the estimate of animal numbers, constant
probability of capture and that marking should not affect the
chance of recapture. Trapping sessions were carried out each for
five days. The data at each trapping occasion were lumped
together in order to estimate the population size using Fisher
& Ford and Jolly-Seber methods. The population estimates using
Fisher & Ford and Jolly-Seber methods were of course higher than
the actual catch or direct enumeration method. Even then, the
total population size was lower than those observed in many
habitats. In estimating population numbers, only P.albipes was
considered, so the total rodent population would be higher if the
other species were taken into consideration.

Since so many factors determine the number of captures, I
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do not claim that during the present study all animals dwelling
in the area have been captured. Sidorowicz (1960) argues that
rain increases the number of animals captured in the forest. In
the present study, however, the low population was obtained
during the last trapping occasion of the heavy rainy season.
Gurnell (1976) observed the capture of fewer animals during cold
and wet seasons because of their reduced activity. The species
type, age, sex, drought, heat and moonlight for nocturnal animals
were also some of the factors involved in affecting the capture
of animals. In the present study, about 5% of the traps checked
were found sprung either due to rain or baboons or other
predators like the white tailed mongoose. No allowance was given
in the estimation of numbers.

Bait preferences of the animals might also play a role in
the number of captures. Beer (1964) found peanut butter to give
the best results for shrews and rodents. In the present study,
attempts were made to assess the bait preferences of rodents in
the Menagesha State Forest. During the early preliminary surveys,
onion, vegetable oil on a sponge and peanut butter were used
separately. Peanut butter was used throughout the study period
because of its availability and preference by the rodents. Meat
was used in an attempt to trap shrews.

4.3.2 Biomass

In the present study, I estimated a monthly biomass of mixed
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rodents on the live-trapping grid from ranging 454-1546g/ha and
the density of individuals varied from 12-35/ha. These figures
seem low compared to similar studies in different localities of
Ethiopia; in particular, Miller (1979) in the Simien Mountains
National Park at 3700m asl obtained 4900 - 16,500g/ha for
Arvicanthis abyssinicus. This result is associated with the
population dynamics of the species. Arvicanthis is a prolific
breeder with a litter size of 4.9, a higher growth rate and
younger age at maturity. But, the above estimates were obtained
from grasslands as opposed to forest habitats. Yalden {1988h)
reported 1258-1565g/ha in the Harenna Forest in August 1986, a
comparable biomass to my figures. Similar studies in Africa show
figures in a variable range. Happold (1975) in Nigerian forests
obtained 5-50 rodents/ha. Happold & Happold (1989) estimated the
densities of small mammals in montane areas of Malawi from 20-
29/ha while in woodland this density varied from 3-17
individuals/ha with a seasonal fluctuation in biomass from 143 -
575g/ha. Cheesman & Delany (1979) in grasslands of Uganda
recorded a rodent biomass from 672 to 2221g/ha. Hanney (1964)
obtained a low density of 4.7 animals for the harsh-furred rat
in Malawi. Gliwicz (1985) in the savanna of Mozambique obtained
densities of 9-33/ha.
Biomass estimates for small mammals in the lowland forests

of Zaire are unusually high; Dieterlen (1967) found densities of
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236~361 rodents/ha. Fleming (1971) in his small mammal study in
Panama obtained a biomass of 4025-6304g/ha. Comparison of
densities was difficult due to the variation of weights in
different species of small mammals.

Comparison of biomass estimates is complicated due to
variations of habitats and different rodent faunas. At the same
time, trapping alsc underestimates the numbers available. Some
of the species, with arboreal or fossorial life-styles, might not
be accessible to capture. At the same time, like all other
studies, it also assumes that all small mammals are trapped
during that occasion. Biomass estimates are thus only a gross
approximation. Grasslands in Africa support a higher biomass of
rodents than forests. In savanna areas, the grass is mostly
available for mammals while in forests most of the energy is
concentrated in the trees, which in most cases is unavailable for
animals.

In the present study in the Menagesha State Forest, I found
rodents to be less abundant both in species type and number than
similar studies in forest habitats of Uganda and Zaire. As a
result, their contribution to overall biomass is‘low.

4.3.3 Habitat Preference

The results in the Tables 13-16 and Figure 12 show that

there is a significant association on the live-trapping grid

between P.albipes and the forest habitat as opposed to the grass
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or shrub blocks. This relationship was further complicated by the
additional significant edge effect, which can also be readily
demonstrated by comparing the blocks. The one-third (40) of the
blocks at the edge of the grid captured more than 56% of
P.albipes, compared to the 81 blocks in the centre which only
captured 44%.

Taking these two features, if the 3 habitat types on the
live-trapping grid were compared just for the edge blocks, trap
success for the forest blocks was significantly higher than the
the shrub or grass blocks. In other words, more individuals were
caught in the forest edge. At the same time, grass blocks at the
edge also captured more individuals than the shrub, but less than
in the centre. The capture of more individuals in the grass
blocks at the edge than the shrub should not be surprising
because the blocks assigned to grass include other herbs as well.
In addition, the occurrence of more green leaves and herb cover
in the grass blocks might have been attractive to the species.
This has been suggested by the diet analysis which frequently
recorded green leaves in the stomach (see section 3.1.9). At the
same time, some shrub blocks had barren ground, with no
vegetation cover, and only produced fruit at a particular season.

The per cent recapture rates for the six compartments (three
at the edge and three at the centre) were compared with the per

cent deficiency or excess of first captures over the expectation
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of random capture across the grid by manipulating the data from
Tapbles 15 and 16 to obtain the results in Figure 12. Figure 12
shows that the total capture events in forest blocks were
markedly higher than the shrub or grass blocks and emphasises the
very high recapture rate for the forest/edge blocks. These
results are in line with the observations of Yalden (1988a,b),
confirming that P.albipes is indeed essentially a forest animal,
and extend the results from the snap-trapping survey (Table 4b);
not only does P.albipes prefer the forested parts of Menagesha,
put within the forest prefers the most tree-covered blocks.

In the present study, the area covered by the live-trapping
survey was strictly 1lha, but the confirmation of edge effect
indicates that the effective trapping area was bigger than lha.
Thus, the density or biomass of rodents should be less than the
actual figure calculated (Table 10}. It is however, difficult to
estimate by how much the density or biomass should be reduced.
If the radius at each trapping site was considered to be 5m, then
the total grid area would be 1.21ha. Based on this figure, it
would be possible to recalculate the biomass. This trapping
radius is only an approximation and it is difficult to work out
the actual estimate of the increase in the area. In the present
study, males of P.albipes showed longer home range lengths than
females (Figs. 13 and 14). Radio-tracking studies carried out by

Wolton (1985) and Attuquayefio et al., (1986) on wood mice
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Apodemus sylvaticus showed that home range movement and sizes
varied depending upon the habitat type and sex. puring the
breeding season, males doubled their home ranges compared to the
females. Although radio-tracking is an expensive project, further
work should be carried out to assess the movement and home range
sizes of P.albipes precisely.

4.3.4 Food Preference

The food preference in captive bred P.albipes was tested by
supplying the animal with a known weight of different food items
from the wild as well as with the standard pellets. P.albipes
consumed all of the food items, but in different proportions.
However, this was a gross estimation of food intake without
considering its calorific value.

Accurate estimation of the diet should consider per cent
occurrence (identification), per cent amount (volume) and
calorific values. In the present study, gross identification of
food items was conducted in 113 stomach samples. Most of these
food items were less chewed, making them easier to identify. The
preliminary work of supplying captive animals with a known food
item from the wild and sacrificing them to observe the stomach
contents helped a lot in the positive identification of some of
the major food items.

In the present study, the nutrient content of the food items

was not studied. Some food items should be more nutritious than
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others. Fatty foods are better than watery ones and dry cereal
seeds are more nutritious than watery ones. 5o, estimating the
calorific content of some of the wild berries and pellets, might
in the future answer some of the queries like how much P.albipes
needs and what limits the food supply of the animal, its growth,
breeding pattern and even population size. The identity and
importance of the green food needs investigation. More detailed
work on the quantity and quality of these food items from
different localities should be carried out, probably as a small
scale student proiject.
4.4 Population Dynamics of P.albipes
4.4.1 Embryo and Litter 8izes

ITn the present study from both snap-trapping and the captive
breeding programme, high mean embryo (4.7) and litter (4.1) sizes
were obtained. From the captive bred animals, a gestation period
of 23 days was also recorded.

The data obtained from the snap-trap surveys on embryo size
and from the captive breeding programme on litter size were
compared with similar studies in related species from West,
central and East Africa (Table 22). The gestation time (23 days)
for P.albipes was among the lowest of the species compared. The
mean litter and embryo sizes in P.albipes were higher than all
of the related species studied. Although gestation time for

M.natalensis was similar to that of P.albipes, weight of young,
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litter and embryo sizes were different.

In the calculation of mean embryo sizes for P.albipes,
resorbing embryos were excluded since they did not contribute in
the number of viable young. Implantation sites in the left and
right horns did not significantly differ (47:41). Delany (1971),
in his study of P.morio in the forests of Uganda, observed
significant differences in the implantation sites between the
right (134) and left (89) horns.

In the present study, the most frequent litter size in the
captive bred P.albipes was 5 as compared to 4 from the wild
embryo counts. Happold (1978) in his study of P.tullbergi from
Nigeria obtained a litter size of 3 as the most frequent, while
Delany (1971) recorded 4 as the most frequent litter size for
P.morio. In the present study, the mean weight of young from the
smallest litter size (2) was high, but overall variability and
small sample sizes confound these results. Overall, new-born
young weighed 3.0g+0.5. Delany (1971) recorded the mean weight
of young in a litter size of 2 to be similar to those in litters
of 4 in P.morio.

In the present study, extreme differences were observed in
the weights of young from similar litter sizes from the same
mother. So, it was not possible to conclude that young from low
litter sizes weighed more than those from higher litter sizes.

The weight of young can vary depending upon the condition of the
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mother. It is possible that well fed mothers can give birth to
heavier individuals than underfed mothers. In the present study,
pellets were supplied in excess at all times, and all had equal
access to the food supply, so the variation in the weight of
young among the same litter, small sample size and the similar
mean weight between litter sizes of 3 and 6 suggest that there
is no systematic difference among litter sizes.

The 23-30 days gestation period recorded for P.albipes was
within the range recorded by P.jacksoni, but lower than that of
P.morio. Exact gestation time was recorded by removing the male
from the female within 24 hours of giving birth. This practice
was repeated in 6 individuals. Four of these females gave birth
at 22 day intervals, while the other 2 did not respond. In
undisturbed cages, repeated births were recorded at intervals of
23-30 days. The 30 days interval might indicate that the female
was pregnant during the second oestrous cycle as observed by
Happold (1978) for P.tullbergi.

Age at the time of first conception was calculated by
subtracting the highest gestation time from female . age .
Although the earliest conception time recorded for P.albipes was
80 days, this varied considerably among individuals. Most females
bred after 5 months. Similar studies for P.tullbergi from Nigeria
showed a conception time of 62-115 days. The earliest date for

production of a litter in P.morio was 95 days with a conception
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time at about 2 months old.

There were wide variations in the number of young produced
by the female P.albipes. But, most females once they produced
young, did so continuously. Continuous production of small
litters was also observed in some. The size of the first litter
born was not necessarily associated with small 1litter size
subsequently.

The reproductive life, from the first litter to the last as
shown in Table 23, indicated the maximum number of young produced
during that time for the selected females, but many females did
not attain that many. In fact, because of so many factors, low
productivity should be expected in the wild, and the data only
show the possible maximum production number per female at a given
time provided that other factors did not interrupt the system.
In the wild, the reproductive potential will not be realized
because of variations 1in food availability, mortality or
predators.

4.4.2 Population Decline

During the study period, the population of P.albipes
declined drastically, especially in the last four live-trapping
occasions. Not all age groups were represented in all trapping
occasions because of low sample sizes, as seen in Tables 5 and
11, but in combination, these two tables show that P.albipes

breeds throughout the year with peaks in September and November.
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Comparisons between pregnancy rates from both snap and live-
trapping data showed a significant level of association, but the
association between rainfall and peak pregnancy was not
significant. However, rainfall is one of the major factors in
increasing food production in a given habitat, but its effect is
observed at the end or beginning of the successive season. In the
present study, peaks in pregnancy rate are associated with the
end of wet season or the beginning of dry season when the berry
supply was plentiful. At the same time, as indicated in Table 17,
berry availability was also highest in September.

The captive breeding programme also showed that P.albipes
breeds throughout the year with a peak in November, but not in
September. However, factors that might control the breeding
pattern, especially rainfall and its effect on food availability,
were not represented in the laboratory, so this comparison is
doubtful.

My study shows that P.albipes breeds throughout the year as
do that of P.morio and P.tullbergi, but has a higher litter size
than either P.morio or P.tullbergi and shorter gestation period
than P.morio. The net effect of all these factors should be a
fast turnover and greater population size. However, both the live
and snap-trapping surveys show that the species was never
abundant and in fact declined towards the last trapping occasions

despite the presence of both young and subadult age groups in
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most trapping occasions. Was the population decline in P.albipes
in the Menagesha State Forest a natural phenomenon? Was it
associated with availability of rainfall, food, temperature,
predator, disturbance by the present investigator or cannibalism?

In the Menagesha State Forest, small and long rains occupy
most months of the year. The dry season was from November to
February. Even during these months, small amounts of rain were
expected. This extended rainfall should result in the production
of more food, extended periods of reproduction and higher female
fecundity. The overall effect of these should result in a greater
production of young per female per year with a wide spread of age
ranges throughout the year. The mean rainfall for the 1981-1993
for the nearest station (Holeta) shows 75.1 for March. The figure
for Menagesha forihe §ame month during 1993 (Table 1) was only
4.3m. Thus, a smaller amount of rainfall than usual fell at the
end of the dry and beginning of small rain seasons. This extended
dry season up to March might have played a role in the decline
of the population of P.albipes. Probably low juvenile survival
or a higher mortality rate might have contributed to it. The
cause of mortality was not known. Certainly the volume of the
rain at the beginning of 1993 was only 40% of that in the
equivalent 1992 season (Table 1).

The cause of decline in population ought not to be food,

because, as mentioned earlier, berries and green leaves were
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available throughout the study period, even though the quantity
varied from season to season. Some of these berries might be too
unripe to be taken by the animals. Table 17 shows a very low
perry fall in January 1993 (dry season).

The causes of population fluctuations in rodents are very
variable. Different investigators have argued for climate, food
abundance, food quality, predation, vegetative cover, endocrine
organs and genetic quality. Cerqueira et al., (1993) detected no
regular pattern of seasonal population fluctuations, but observed
pluriannual patterns of fluctuations in their 5 year study of
small mammals in eastern Brazil. Andersson & Jonasson (1986) in
their studies of microtine rodents in Sweden observed strong
fluctuations, up to 100 fold, in density. But, food quantity and
nutrient levels were not the main factors for the fluctuations
of these microtine rodents. So, it is possible that other factors
might have played a role in the decline of the population of
P.albipes. From the live, snap and captive breeding data, it was
confirmed that P.albipes breeds throughout the year. The presence '
of active scrotal male throughout the study period suggests that
factors influencing breeding were controlled by the females and
not by males.

The productivity of a given habitat was associated with the
numbers of animals occupying that area. Berries and green leaves
were available throughout, although their nutritive gquality was

not assessed.
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Different investigators have proposed that photopericd,
water content of the food, hormones in germinating vegetation,
cover, temperature and rainfall influence breeding activity in
small mammals. Food was considered the main factor that
determined breeding cycles. Happold & Happold (1990) obtained low
numbers of animals because of a shorter rainy season. This
resulted in strong fluctuations 1in food resources, reduced
opportunity for reproduction and overall low productivity. In
African savanna, higher biomass of large mammals was correlated
with higher annual rainfall (Delany & Happold, 1979). This might
be true for small mammals as well.

Many studies of African small mammals show that breeding
commenced at the end of wet season or at the beginning of dry
season. This was no doubt associated with food availability, but
food availability was not the only factor in initiating breeding.
This was demonstrated by Taylor & Green (1976) who supplied
excess food for M.natalensis. This did not initiate reproduction,
but resulted in excess fat deposits., Sharpe & Miller (1990)
observed the timing of initiation of breeding in Peromyscus
maniculatus to be related to nest-site habitat. Availability of
breeding site might play a role in determining breeding. In the
present study site, especially in the grid, burrows were observed
to be plentiful. Most of these burrows were abandoned ones,

because setting traps at the mouth of the burrow caught few
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P.albipes. At the same time, very old Juniperus and Olea seeds
were observed at the entrances of the burrows. The presence of
unusually high number of burrows might indicate that the area was
occupied at least in the recent past when the population was
high. During the live~trapping surveys, it was observed that the
released individuals hid themselves in any burrow very rapidly.

It is also argued that it is not the availability of food,
but the nutritional level maintained in the diet of an animal
that enhances breeding. Field (1975) observed that 16% protein
in the diet of a small mammal was sufficient to support both
reproduction and growth. However, Swanepoel (1980), showed from
the analysis of M.natalensis stomach contents, there was no
difference in the diet between the breeding and non-breeding
seasons.

Oestrogen content in the grass has been proposed to
stimulate breeding in rodents. Leirs et al.,(1993¢) in their
abstract on M.natalensis from Tanzania, confirmed that both
temperature and food supply were not the limiting factors in
initiating reproduction. From laboratory studies, they showed
that sprouting grass has a stimulating effect on reproduction and
breeding was triggered by supplying new vegetation. Happold
(1978) stressed the importance of an adequate supply of leaves
for reproduction in captivity. P.tullbergi did not breed during

the first year because forest leaves were not provided, but when
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leaves were made available, they bred within a few weeks. Grass
was available during most months of the year in the Menagesha
State Forest, but the level of oestrogen in the grass was not
determined, and since new shoots possess more oestrogen, this
could be a factor.

P.albipes has large litters and breeds throughout the year.
The potential number that could be prodﬁced should be higher than
obtained during the first live-trapping occasion. The present
study revealed that population density was never high, and
moreover declined during the study periods. The dry season and
low food availability were not the factors producing the decline
in population, because the lowest number was observed during the
wet season when green leaves were abundant and at a time of year
when the population was at a high level during the previous year.
The low mean weight in July 1992 might also suggest that the
population was not doing well even during the wet season.

Neal (1986) stressed the effect of temperature at higher
altitudes in causing a delay in reproduction. During the present
study periods, the informal recordings at Menagesha show that
temperatures were never extreme (Table 2): minimum and maximum
temperatures fluctuated by only 4°C from month to wmonth.
Temperature might play a role at extreme altitudes 1like for
Arvicanthis abyssinicus inhabiting the moorland of Simien at

3700m asl. Miller (1977) observed reproduction in this species
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during the dry warm season and obtained a very high biomass.
A.abyssinicus had a litter size of 4.9. Since it is an
opportunistic breeder with fast growth to maturity, the turnover
should be high and so is the biomass.

Trapping disturbance by the present investigator might
initially look like the cause for the decline in P.albipes. The
death of five pregnant females might seem significant because
with an average litter size of four, the population would
increase by 20 if all survived. Moreover, these would be likely
to reach reproductive age within five months. Although this
mortality might seem 1likely to affect the population, the
following arguments suggest that in fact it was not significant.
The deaths of five pregnant females were spread during the course
of the study period and through time the turnover was expected
to be high. Given the small size of the grid (lha) in relation
to the size of the forest, the unoccupied space left by
accidental mortality ought to have been filled by immigrants from
neighbouring sites. At the same time, with a mean litter size
over four and the short gestation period accompanied with
continuous reproduction, the replacement level after the
population decline should be fast because of low competition for
food and space. Extrapolating from the first live-trapping
occasion, there should have been an increase in population during

the interval to the next trapping session, even after making
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allowance for the calculated 50% mortality. The high number of
pregnant females in September and November 1992 should have
resulted in population build-up. In fact, from 11 pregnancies
recorded in September 1992 (Table 11), no young or subadult was
captured in the November live-trapping occasion. At the same
time, out of the 8 pregnancies recorded in November 1992, only
4 young or subadult were caught in January 1993 as opposed to the
theoretical 32. These data indicate that the ageing population
was not being replaced at a constant rate and the recruitment of
young or subadult to the population was very low. Probably the
mortality rate for the young was very high. The snap-trap surveys
(Table 5) also show that few young were being recruited compared
to the total population size. Out of the 76 female P.albipes
captured during the snap-trapping surveys, only 21 (27.6%) were
young or subadult. Out of the 83 males, only 19 (22.9%) were

young or subadult. In general, of the total 159 P.albipes
captured during the snap-trapping surveys, young oOr subadult.
contributed 40 (25.2%). Similar figures were also observed in the
live-trapping grid. Out of the 60 females, 18 (30%) were young
or subadult. out of the 66 males, 9 (13.6%) were either young or
subadult. In other words, out of the total 126 individuals of
P.albipes captured in the live-trapping grid, only 26 (20.6%)
represented the young or subadult population. So, these data
indicate that the recruitment rate of the young was very low,

resulting in the population decline.
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Emigration (dispersal) was not considered as a factor
causing the decline because animals should disperse randomly, so
being as likely to enter as leave the grid. During the last
trapping occasion, an area up to 400m encircling the grid was
snap-trapped, but this resulted only in the capture of two marked
adult males and produced the lowest trap night efficiency of any
snap-trapping session (4.7%, see Table 3). Thus, the size of the
P.albipes population outside the grid was also very low in mid-
1993 compared with the equivalent period in 1992.

From the live-trapping surveys, I observed that the mobility
rate for females was lower than males (Figs. 13 and 14). Duraﬁion
of residence (survival rate) for females was higher than for
males. These factors should have helped to produce a faster
turnover.

During initiation of the captive breeding programme, four
pairs of live P.albipes were captured from different habitats of
the forest and brought to the laboratory to form the founder
colony. Through time, I observed that two males and a female were
sterile. At the same time, about 30% of the young reared in the
laboratory failed to produce young even though they were kept up
to one year old. It was possible that, due to some unexplained
cause, the sterility rate was high, resulting in a low
reproductive output.

In the captive breeding programme, mortality of the young
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due to cannibalism was more than 25%. It was possible that
similar high mortality of young in the wild might also have
played a role in reducing the population. Happold (1978) also
observed both females and males consuming their young in
P.tullbexrgi. So low survival rate of the different age groups
either due to cannibalism or predation might play a role in
contrelling the population of P.albipes.

During the night time, owls were very fregquently heard
(Scops owl-Otus scops and Barn owl-Tyto alba). At the same time,
P.albipes although a wubiquitous species, by no means were
abundant in a given area by comparison with M.natalensis or
A.dembeensis.

Data from snap and live-trapping surveys augmented by a
captive breeding programme showed that P.albipes breeds
throughout the year. From both snap and live-trapping surveys,
seasonal peak pregnancies were recorded at the beginning of the
dry season (November). Following this, a sharp increase in young
or subadult recruitment was expected in January 1993. However,
the data in Tables 5 & 11 show a very negligible recruitment rate
for young or subadult. In fact, Table 5 shows a very poor level
of recruitment throughout the vyear. Although more pregnant
females were recorded, high young or subadult mortality due to
various reasons must have caused in low recruitment rate,

resulting in a decline in the population size.
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P.albipes is also widely distributed in different localities
and habitats of Ethiopia, including sites where Juniperus and
Olea do not occur. The food items consumed by this species are
therefore also likely to include different species. At the same
time, the pattern of rainfall varies from region to region. The
composition of the rodent fauna is also variable. Competition for
similar niche e.g. from Praomys ruppi or Stenocephalemys species
is also likely to affect the distribution and abundance of the
species. Is P.albipes behaving in the same manner in different
regions of Ethiopia as in the Menagesha State Forest? If not,
what strategy does the species follow in these regions? How do
the patterns of rainfall, food type and distribution, competition
among the species and environmental degradation affect the
species? Further long term and continuous investigation should
be carried out both in the present study site and in different
regions of Ethiopia. The effect of food on the abundance of the
species should be carried out by supplementing its food. More
work on the mechanisms involved in population dynamics of the
species needs should be conducted, perhaps as small scale student
project. Comparative studies from different localities will have
to be compiled in order to come up with a comprehensive

understanding of the population dynamics of P.albipes.
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5. CONCLUSIONS

P.albipes is an endemic rodent species widely distributed
in many forest habitats of Ethiopia. In the Menagesha State
Forest, it is ubiquitous and mostly dominant across a wide range
of altitudes. It breeds throughout the year with peaks during the
end of the rainy and beginning of the dry seasons. Once the adult
stage is reached, males with scrotal testes become reproductively
active and remain so throughout life. The litter sizes range from
2-6 and gestation period is 23 days. The adult stage is attained
within 3 months at about 40g in weight. Preliminary diet analysis
shows that berries and green leaves comprise important food items
for the species. Despite its catholic diet and high reproductive
potential, the population in this study area does not seem very
abundant. Moreover, the species is concentrated in areas of
forests where human interference is low. Unfortunately, these
forest habitats in Ethiopia are shrinking from day to day due to
human population pressure. At the same time, the socilal,
political and economic turmoil in the country is aggravating
deforestation at a faster rate. The Ethiopian Mapping Authority
(1988) estimated that at present about 3% of the country is
covered with forest as opposed to the former 37%. At the present
time, temporary absence of law and order has intensified the
destruction of relict forests in isolated 1localities. The

Menagesha State Forest is no exception to this destruction. This
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once protected state forest is being destroyed by the surrounding
farmers. Urgent conservation measuresshould be taken before mass
destruction occurs.

The highland forests are not only important water catchment
areas, but also help in reducing erosion, serve as genetic
resources, for honey production, for traditional medicines,
pollination, food production, fuelwood and timber production.
Unfortunately, most of the 52 million people of Ethiopia are
concentrated in central highlands where the present remnant
forests occur.

Primitive farming methods coupled with population pressure
are likely to affect even the remaining relict forests. More
Clearance of forests for farming, timber and firewood is likely
to continue unless preventive measures are taken. The present
emphasis on maintaining biodiversity from the Rio-Earth Summit
should give priority to preserving these relict forests before
it is too late.

These forests are important areas serving as a refugium
because of the shrinking population size of some forest mammals.
This shrinkage is likely to affect the population of P.albipes
as well as other forest mammals. So far, there is no harmony
between the respééible authorities and the farmers that live in
these areas. Proper conservation education has not been given to

increase the awareness of the farmers. Most of the farmers are
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not aware of the damage that they are inflicting on the
environment. Their immediate attention is to fulfil their
immediate needs. In the past, force was being used by the
relevant authorities in order to protect these areas and deter
the farmers. But, these measures were found to be ineffective
especially at times of political turmoil where revenge was taken
by the farmers in reveolt against the system. More forests and new
plantation sites have been destroyed and more game animals have
been killed in the last three years.

To alleviate these problems, conservation of forest habitats
on a sustainable basis should be given priority. Community-based
management should be introduced in order to reconcile government
authorities and farmers. A feeling of belonging should come from
the farmers. Some living organisms might be more susceptible to
human interference than others, affecting the species richness
of a given habitat. In some cases, the immediate solution to
preserve the fragile biodiversity of a given habitat might be to
allocate a portion of the habitat free from human interference.
The Menagesha State Forest, because of its historical
significance, should be given priority.

In order to alleviate some of the causes for environmental
degradation, measures should be taken by the relevant authorities
in the introduction of efficient farming technology, high quality

seed and livestock. The country has immense potential of untapped
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geothermal energy and hydroelectric power resources. To minimize
dependency on fire-wood, priority should be given to change the
life-style of the people towards electrification and the use of
solar power energy. Otherwise, the present trend is likely to
continue with adverse effects on the remaining fragile ecosysten,

Recently, hunting of wild animals has been prohibited in
Ethiopia, but putting the proclamation into practice has always
been a problem in Ethiopia. In order to solve these problems, the
wise usage and sustainable development of the natural resources
should be encouraged by the concerned authorities. The farmers
also should have a say in the execution of the policy and share
the benefit to develop some of the necessary infrastructures in
their localities. Then a feeling of belonging and responsibility
could easily develop.

In Ethiopia, the Wildlife and Forestry departments were once
grouped under the Natural Resources Conservation and Development
Main Department, Ministry of Agriculture. At present, a new
separate Ministry of Natural Resources, Environmental Protection
and Development has been established. The country’s conservation
policy is being prepared. I hope that this policy will resolve
the problem being encountered at present over who controls the
conservation areas of Ethiopia-the central government or the
newly established regional administration.

The Menagesha State PForest is not only a refuge for
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P.albipes, it also harbours large mammals like- leopard, spotted
hyena, serval, civet, white-tailed mongoose, vervet monkey,
anubis baboon, colobus monkey, rock hyrax, Starek’s hare,
bushpig, warthog, grey duiker and Menelik’s bushbuck. In addition
to the above, in the present study 105 species of birds have been
recorded at different seasons. This diversity of mammal and bird
species and its proximity to the capital city will undoubtedly
make the Menagesha State Forest an important attraction both for
tourists and students. 3o, maintaining the biodiversity of this

historical site should be the order of the day.
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