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PREFACE

The present issue of the Belgian Journal of Zoology contains the proceedings
of the 9th International African Small Mammal Symposium (ASMS),
held at the Sokoine University of Agriculture, Morogoro,

Tanzania from 14-18 July 2003

The African Small Mammal Symposia are organised
every fourth year and this meeting was the first to be held
in tropical Africa. There were 114 participants from 31
countries and more than half of the attending scientists
were from Africa. This, as well as the many contributions
from Africa in this proceedings issue, are clear indica-
tions of the growth of the community of African small
mammal scientists. The large attendance to the meeting,
and the publication of these proceedings, was made possi-
ble by the much appreciated financial support from the
Flemish Interuniversity Council (VLIR-UOS) and the
European Commission (STAPLERAT-ASMS ICA4-CT-
2002-50029). Together, they contributed to travel and
participation fees for 49 scientists and students from
Africa and Europe.

The meeting came towards the end of the EC-sup-
ported project “STAPLERAT”, on the biology and man-
agement of rodent problems in staple crops in Africa. Ear-
lier in 2003, another project “RATZOOMAN?”, also
funded by the EC had begun to study the role of rodents
as carriers of pathogens in and around growing cities in
Africa. Both projects demonstrate the heavy burden
placed by rodents on the food security and health of
human communities in Africa. An ecologically-based
approach to management, which is highly desirable,
requires a thorough knowledge of the animals basic biol-
ogy and ecology. Moreover, though some species in some
parts of their range are considered pests, many rodents
and other small mammals are valuable parts of biodiver-
sity. The range of topics and species covered by the con-
tributions to this issue illustrates the variety of research
that is carried out.

The publication of these proceedings was a lengthy
project, stalled now and then by slow communication
with authors in places where access to the internet still is
not that common, changing people that assisted in keep-
ing track of all papers and the usual burden of other com-
mitments. We appreciated very much the assistance of
N.WOUTERS, V.SLUYDTS and A.VLAEMINCK in the process.

We apologise for the long delays, we thank all the authors
for their patience and hope that the result is satisfying.

During the final preparations of these proceedings, we
lost one of the great people in African small mammal
biology. Em. Prof. dr. Walter N. VERHEYEN, from the Uni-
versity of Antwerp, Belgium died in December 2005 at
the age of 73 years. He was a well known specialist of
African rodent taxonomy and through several projects the
driving force behind rodent research projects, in Tanzania
and elsewhere. He was also one of the co-organisers of
the first African small mammal meeting. Although he had
been retired for 7 years, he continued to be active at the
laboratory every day, writing papers, guiding students and
colleagues and collaborating with foreign visitors who
came to benefit from his knowledge. He was a mentor and
friend to many of us. We dedicate these proceedings to his
memory.

Herwig LEIRS, Rhodes H. MAKUNDI & Stephen DAvis

GUEST EDITORS

We appreciated the help of the reviewers listed below
that assessed and improved the papers in these proceed-
ings and often spent considerable time correcting manu-
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ABSTRACT. Within the family Bathyergidae, the genus Coetomys (Cryptomys) is the most speciose. However, an
unambiguous morphological or morphometrical species diagnosis has not been feasible to date. The middle ear
structures involved in sound transmission were examined and measured in six species of Zambezian mole-rats of
varying body sizes : Coetomys amatus, C. anselli, C. darlingi, C. kafuensis, C. mechowi and C. whytei. Compari-
sons revealed many differences in the shape of the middle ear ossicles allowing species differentiation. Bullar vol-
ume, eardrum area and cross-sectional area of the bony meatus were positively correlated with body size (as repre-
sented by condylo-basal length) whereas the size of middle ear ossicles was rather independent of body size. Middle
ears shared typical features with those found in low-frequency hearing mammals. Contrary to the findings in heter-
omyids and the Spalax ehrenbergi species complex, within the genus Coetomys, those species occupying more
mesic habitats had more efficient tympano-ossicular systems (suggesting more sensitive hearing) than species from

drier habitats.
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INTRODUCTION

Among the five genera of the Bathyergidae (African
mole-rats), representatives of the genus Coetomys (Cryp-
tomys) can be easily recognized, yet to date it is not possi-
ble to determine different species within the genus by
classical morpho-taxonomic traits like skull, pelage or
size. The genus Coetomys is the most speciose among the
bathyergid genera. At least 16 species distributed from
West through Central to South Africa have been described
in literature (cf., INGRAM et al., 2004). Most of the species
to date have been identified within the Zambezian phyto-
chorion. All the species have been identified on the basis
of karyological, allozyme, or DNA analyses.

The existence of cryptic — yet morphologically practi-
cally indistinguishable — sibling species parallels the find-
ings in some other subterranean rodents like blind mole-
rats (Spalax) (NEvo et al., 2001). Nevertheless, various
structures and parameters of the ear in the Spalax ehren-
bergi species complex have proved to be of use for mor-
phological species diagnosis (BURDA et al., 1990) sup-
porting thus also the experience of palacontologists and
taxonomists as reflected by LAVOCAT & PARENT (1985)
who noted that the auditory region serves as an excellent
guide for following the evolution of the dentition. More-
over, it has been shown that in the blind mole-rat in par-
ticular (like in other subterranean mammals in general),
middle ear morphology reflects also the species' habitat
and way of life (BUurDA et al., 1989, 1990, 1992). voN
BEKESY (1974) stated that the physical laws served as
guidelines for the evolution of the structures and func-
tions of the middle and inner ear. Additionally, morpho-

functional aspects of the middle ear are considered to
reflect adaptations to the species' environment (e. g. WEB-
STER & WEBSTER, 1975). The study of the ear has a great
potential for both comparative taxonomic and functional
interpretations.

Taking these facts into account we decided to study the
middle ear structures in Coetomys species and to test their
diagnostic value. Furthermore, since the selected Zam-
bezian species also represent forms occupying different
climatic regions, they provide unique opportunity to test
general applicability of conclusions derived from the
study of the ear in blind mole-rats (see above).

MATERIAL AND METHODS

Middle ears of six species of African mole-rats of vary-
ing body sizes (between 60 g in Coefomys amatus and
300 g in C. mechowi) representing different clades of
Coetomys were examined. (Coetomys represents a newly
described genus, INGRAM et al., 2004, which has been pre-
viously referred to as Crypfomys). They all originate from
the Zambezian phytochorion : Coetomys kafuensis (adults
N = 11, juveniles N = 1) from Itezhi-Tezhi (Zambia), C.
anselli (adults N = 9, juveniles N = 1) from Lusaka and
surroundings (Zambia), C. amatus (adults N = 1) from
Chibale (Zambia), C. darlingi (adults N = 2) from Chi-
manimani (Zimbabwe), C. mechowi, (adults N = 10, juve-
niles N = 1) from the Copperbelt province (Zambia) and
C. whytei (adults N = 5, juveniles N = 3) from Karonga
(Malawi). All the specimens were preserved in 70%-etha-
nol for at least 4 weeks.
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Comparative morphometry

Condylo-basal length (anterior face of the upper inci-
sors to the posterior edge of the occipital condyles) and
bullar dimensions (length of the longest axis of the bulla,
width and height from the top of the auditory meatus to
the bottom of the bulla tympanica) were measured with
digital callipers. Middle ear structures were prepared,
examined under a stereoscopic binocular and drawn using
a drawing tubus at different magnifications. Measure-
ments were taken from drawings considering the respec-
tive magnifications (15x — 40x). The following variables
were measured : longer and shorter radius (perpendicular
to the longest radius) of the eardrum, longer and shorter
radius of the cross-section of the bony meatus, length of
the mallear lever, length of the incudal lever, longer and
shorter radius of the stapedial footplate. Levers were
measured perpendicular to the axis of rotation from the
axis of rotation to the umbo of the eardrum and to the
point of action of the incus. The eardrum, meatus and sta-
pedial footplate area were calculated as ellipses (m x
longer radius x shorter radius), bullar volume was calcu-
lated as the product of length x height x width. Bullar vol-
ume, eardrum area, meatus area, mallear lever, incudal
lever and stapedial footplate area were correlated with
condylo-basal length (linear regression with ANOVA,
SPSS 11.0).

Functional morphology

Movements of the eardrum are transmitted to the mal-
lear-incudal complex and then to the stapes which is
attached to the vestibular window of the cochlea. Through
the arrangement of this ossicular chain, pressure and force
are amplified. This is accomplished by two mechanisms :

C. kafuensis C. anselli C. amatus

the difference in the area of the eardrum and the stapedial
footplate leading to the area ratio and the difference in the
length of mallear and incudal levers leading to the lever
ratio (RELKIN, 1988). The product of both ratios (transfor-
mation ratio) expresses the middle ear efficiency in sound
transmission and thus middle ear sensitivity (FLEISCHER,
1978).

Climatic data

The mean annual precipitation was calculated from
monthly values from about an average of 55 years recorded
by the nearest climatological station according to the Glo-
bal Historical Climatological Network database : <http ://
www.ncdc.noaa.gov/ol/climate/research/ghcn/ghcen.html>.

RESULTS

Comparative morphology

In the studied species, manubrium mallei and crus
longum of the incus were rather parallel to each another
(Fig. 1). The eardrum was nearly circular, no pars flaccida
was apparent. Middle ear ossicles were not fused with the
tympanic bone, so the middle ears were of the “freely
mobile” type. Malleus and incus were fused whereas the
incudo-stapedial joint was rather loose and the malleo-
incudal complex separated easily from the stapes. A
gonial was missing, the footplate area was quite large and
the middle ear (stapedial and tensor tympani) muscles
were reduced or missing. The anterior and posterior crura
of the stapes were asymmetric, no stapedial artery was
found.

C. darlingi C. whytei C. mechowi
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Fig. 1. — Shape of the middle ear ossicles (left - anterior, right — posterior).



Middle ear in mole-rats 7

The shape of the middle ear ossicles (Fig. 1) was rather
similar; nevertheless some species-specific differences
were identified. Thus, the head of the malleus was partic-
ularly massive in C. whytei. The transitional part between
manubrium and head of the malleus where the tensor
tympani muscle attaches was rather straight in C. whytei
and C. amatus. In the other species, there was a processus
which was more (C. anselli) or less (C kafuensis.) con-
spicuous. In C. kafuensis and C. darlingi, crus stapedis
posterior was broader than crus stapedis anterior whereas
the opposite was true in C. anselli, C. whytei, C. amatus
and C. mechowi. The attachment of the stapedial muscle
was clearly differently located and shaped in the studied

species. Within particular species, no differences were
found in shape of middle ear ossicles between adult and
juvenile specimens.

Comparative morphometry

The mean values of particular parameters (Table 1) do
not include juveniles. Bullar volume, eardrum and meatus
area tended to be correlated with condylo-basal length.
The stapedial footplate area was absolutely and relatively
noticeably small in C. amatus, C. darlingi and C. whytei.
Mallear and incudal lever seemed to be independent of
body size.

TABLE 1

Measurements (mean values and standard deviations) of middle ear structures. in adult specimens. (LCB = condylo-basal length, Bulla
= bullar volume, AM = cross-sectional area of bony meatus, MT = area of membrana tympani, BS = area of basis stapedis, ML = mal-

lear lever, IL = incudal lever)

N LCB Bulla AM MT BS ML IL
(mm) (mm?) (mm?] (mm?) (mm?) (mm) (mm)
C. kafuensis 11 27.8 +1.8 321 +46 1.0+£0.2 6.8+1.4 0.59+0.28 2.1+0.1 1.1+£0.2
C. anselli 9 33.1+1.9 380 + 68 0.9+0.3 8.6+1.1 0.53+0.10 2.1+0.3 1.1£0.1
C. amatus 1 325 208 0.5 8.9 0.46 1.9 1.0
C. darlingi 2 36.2+3.9 331+ 11 0.7+0.5 9.7+5.8 0.48+0.3 2.0+0.1 1.0+0.1
C. mechowi 10 455+6.4 913 +£302 14+03 14.1+2.4 0.62+0.08 25+0.2 1.3+0,1
C. whytei 5 36.9+1.8 469 + 110 0.9+0.1 11.6+1.4 0.50+0.04 24+0.1 1.0£0,1
When juvenile specimens were included into the analy- Functional morphology

sis, volume of the tympanic cavity was strongly positively
correlated with the condylo-basal length (R?> = 0.797, p <
0.001, ANOVA). Eardrum area and cross-sectional area
of the bony meatus were less dependent upon the body
size (R2=0.299, p < 0.001, ANOVA and R?=0.464, p <
0.001, ANOVA) (Fig. 2). The length of mallear and incu-
dal levers (R?=0.148, p=0.01 and R>=0.008, p = 0.557,
ANOVA) and the area of the stapedial footplate (R* =
0.205, p < 0.005, ANOVA) were rather independent of
the body size (Fig. 3).

The calculated functional parameters (Table 2) could
be related to the mean annual precipitation in the area of
occurrence of the particular species: With increasing
rainfall the transformation ratio (expressing middle ear
sensitivity) increased from 25 in C. kafuensis occurring in
the driest habitat through C. anselli (33), C. amatus (37),
C. darlingi (43), C. mechowi (42) to 52 in C. whytei living
in the most mesic habitat.

TABLE 2

Precipitation in the area of occurrence and morpho-functional parameters (means and standard deviations) of the middle ear in adult
Coetomys mole-rats of different species. (LCB = condylo-basal length AR = area ratio, LR = lever ratio, TR = transformation ratio

(AR x LR))
N annual precipitation LCB AR LR TR
(mm/year) (mm)

C. kafuensis 11 787 27.8 1.8 13.1+22 1.3£0.3 252+6.1
C. anselli 9 822 33.1+1.9 16.4+4.4 2.0+0.4 33.2+10.1
C. amatus 1 1132 3255 19.3 1.9 36.8
C. darlingi 2 1150 36.2+3.9 20.3+2.7 2.1£0.0 42.7+54
C. mechowi 10 1185 455+64 21.0+4.6 2.0+0.3 423+ 144
C. whytei 5 1603 369+ 1.8 232+2.0 22403 522+7.7
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DISCUSSION

Comparative morphology

Morphology of the middle ear ossicles can be applied
to enable species diagnosis. Although the sample sizes in
C. amatus and C. darlingi are very small, there is good
reason to assume that morphology described on the basis
of just one or few individuals is representative of a spe-
cies. Middle ear morphology is known to be a reliable

species-specific trait with minimum individual variability
(BURDA, 1979). Actually, in some cases it is not necessary
to consider middle ear morphology if the species can be
easily distinguished on the basis of the geographic origin
and/or the general body size.

Since the morphology and morphometry of the middle
ear ossicles (which derive from the endocranium) is
almost adult-like at birth, even juvenile specimens can be
reliably determined.
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Freely mobile middle ears are considered as a typical
trait characterizing low-frequency hearing mammals. The
studied species shared with low-frequency hearing forms
also other traits like fused ossicles, lacking gonial, large
stapedial footplate and reduced middle ear muscles (cf.,
BURDA et al., 1992). These traits are considered as adapta-
tions to optimize low-frequency hearing (MAsON, 2001;
FLEISCHER, 1978, 1973) in underground burrows where
low frequencies of around 500 Hz are best transmitted
(HETH et al., 1986) whereas lower and higher frequencies
are absorbed more rapidly.

Functional morphology

In the studied species, the effectiveness of the middle
ear in sound transmission increased with increasing
humidity of their particular habitats. This relationship is
surprising because in Spalax ehrenbergi (BURDA et al.,
1990) and several heteromyids (WEBSTER & WEBSTER,
1980), the opposite correlation was found and interpreted
as adaptation to the environment. Sound transmission is
influenced by several factors from which relative humid-
ity is one (Bass et al., 1995) : with increasing humidity
attenuation first increases and after a turning point it
decreases again. Spalax and heteromyids are adapted to
the attenuation which increases with increasing aridity in
their habitat. At least for heteromyids, acoustic communi-
cation over long distances and predator avoidance is of
great importance (WEBSTER & WEBSTER, 1980, 1992).
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ABSTRACT. Rodents are an important food source for villagers near the Lama forest reserve, located in the south
of Benin between 6°55 - 7°00N and 2°04 - 2°12 E. This study was designed to look at the consumption of rodents as
a food source combined with a survey of rodents sold in markets. Data was collected on : rodents species consumed,
frequencies of consumption and food preferences. Some animals were captured in order to confirm the species.
Rodents were a major part of diet included 10 species : grasscutter (Thryonomys swinderianus), giant rats (Criceto-
mys gambianus), Gambian Sun-squirrel (Heliosciurus gambianus), crested porcupine (Hystrix cristata), ground
squirrel (Xerus erythropus), grass rat (Arvicanthis niloticus), slender gerbil (Taterillus gracilis), Kempi’s gerbil
(Tatera kempii), multimammate rats (Mastomys spp.) and grass mouse (Lemniscomys striatus venustus). On aver-
age, young people and children consumed rodents 6 times per person per month. The preferences of local popula-
tions were grasscutter and giant rats which were sold in local markets at relatively high prices US$8-10 and US$2-4
respectively. It is important to conduct further studies to look at the impact of this hunting on the rodent populations

and to ensure sustainable harvesting.

KEY WORDS : Rodents, Human consumption, Lama forest, Benin.

INTRODUCTION

Little attention has been given to the beneficial effects
of rodents to human food security (MENSAH, 1991; JORI et
al., 1994; HANOTTE & MENSAH, 2002). In Africa, rodents
are a significant source of animal protein for humans,
especially in tropical Africa (AJAYl & OLAWOYE, 1974;
MALEKANI & PAULUS, 1989; FALCONER, 1996; MALAISSE,
1997; NT1amoA-BAaipu, 1998). In Benin, there have been
few studies conducted to show how important rodents are
in helping to ensure the food security of the populations
(BAPTIST & MENSAH, 1986; Copiia & HEYMANS, 1988;
HevYMANS & CobiJia, 1988; MENSAH, 1991; ASSOGBADIJO,
2000). Therefore, a better understanding of the way
rodents contribute directly to the diet of local populations
is required. This study, carried out in Lama forest reserve
(Bénin), describes a case study on the consumption of
rodents by forest-bordering human populations.

Study site

Lama forest reserve is located in south Benin from
6°55” to 7°00° N and between 2°04” and 2°12° E (Fig. 1).
It covers 16,250 ha, including 2,290 ha of dense forest as
censused in 1999. The bordering populations of this forest
comprise 20 rural villages with an estimated number of
41,500 individuals (1998) belonging mainly to the Holli
and Fon ethnic groups. The altitude of the forest averages
60 m. Soils are vertisols of a clay-sandy type. The water
network is exclusively composed of ponds and seasonal
streams. The climate is a transitional guinean type, falling
between the bimodal and unimodal rainfall distribution.
The annual average rainfall is 1,112 mm. The annual
average temperature varies between 25°C and 29°C. Rel-
ative humidity remains very high throughout the year,
even in the dry season. The vegetation of the forest is

composed of about 173 plant species and belongs mainly
to the soudano-guinean and guineo-congolian flora.
Accordingly, the natural vegetation of the forest is charac-
terized as dense humid semi-deciduous forest. In spite of
intensive poaching, it contains a rich and fairly abundant
fauna that is maintained by protection activities.

MATERIAL AND METHODS

This study comprised two phases : (1) food consump-
tion and socio-economic investigation in the bordering
villages and (2) the captures of rodents in various vegeta-
tion groups and villagers’ farms. A total of 126 villagers
were classified into three age classes (young, adult and
old) and two genders (male or female) (Table 1). Villagers
between 5 to 25 years old were considered as young, an
informant aged 26 to 50 years old were considered as
adults, and an informant aged above 50 years old were
considered as old. A structured questionnaire was used to
interview individuals or a group of informants by com-
bining retrospective method with direct observations. For
examining the relative importance of rodents in the diet,
data were collected from information on the consumption
of other mammals to pair them with these obtained on
rodents. Data were collected on the frequency of con-
sumption and the food preferences of each species of
mammals (including rodents). Practical handbooks were
used to help the informant in identifying the animal spe-
cies and also to obtain some useful information on it (DE
VISSER et al., 2001; KINGDON, 1997; SINSIN et al., 1997;
HEYMANS, 1986). The frequencies of consumption were
obtained by averaging the number of times a given spe-
cies was consumed per week and per informant. Three
level of consumption frequency were defined as :
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Fig. 1. — Location of Lama reserve forest in Benin

e Less consumed species : rodent species consumed by
1 to 25% of the informants

¢ Fairly consumed species : rodent species consumed
by 26 to 50% of the informants

e Highly consumed species : rodent species consumed
by more than 50% of the informants.

To capture rodents, we used a combination of several
methods. We lay during 2 weeks traditional traps cur-
rently used by local population in four types of
vegetation : fallow, dense and degraded forests, planta-
tions and farms. In addition, we employed indigenous
hunters to use their traditional rodent hunting techniques.
Hunting takes place between 6h and 12h in the morning
and between 15h and 18h in the afternoon. Regarding
giant rats, villagers dug them from their burrows with a
hoe before killing them and used chasing and bush fires
methods for other rodents. This enabled us to survey the
different traditional hunting techniques and to understand
how rodents were collected from the wild.

TABLE 1

Number of local villagers (informants)
who were interviewed for the study

Gender Young Adult Old Total
Male 6 25 22 53
Female 3 41 29 73
Total 9 66 51 126

NB : The age classes were defined as : young, 5-25 years old; adults,
26-50 years old; and old, >50 years old.

D 20 40 50 80 Kiombtres
E=e=—r=x]

RESULTS

Diversity and habitats of rodents consumed
by bordering populations of Lama forest reserve

Ten rodent species were consumed by local populations
(Table 2) : Thryonomys swinderianus, Cricetomys gambi-
anus, Heliosciurus gambianus, Hystris cristata, Xerus
erythropus, Arvicanthis niloticus, Taterillus gracilis, Tat-
era kempii, Mastomys natalensis and Lemniscomys stria-
tus venustus. These species belong to 4 rodent families
namely Murideae (6 species), Sciurideae (2 species),
Thryonomideae and Hystricideae (1 species for each).
Although rodents were trapped in different vegetation
types, villagers’ farms and forests were the preferred hab-
itats for most of rodent species consumed (Table 2)

Hunting techniques for rodents
and other collecting strategies in the study area

The hunting techniques varied according to the type of
animal, vegetation and season. The most common hunt-
ing techniques were chasing, trapping and using bush
fires, especially at the end of the dry season before the
land preparation for agriculture. Bush fires were the most
frequently used technique for hunting rats.

The grasscutter (Thryonomys swinderianus) is the
rodent species most collected by local villagers, due to the
quality of its meat and the income that can be gained. Vil-
lagers hunt grasscutters in small groups of young people,
by lighting bush fires to disturb the animals and flush it
from the bush to be chased by dogs. Hunting takes place
between 6h and 12h in the morning and between 15h and
18h in the afternoon. Giant rats (Cricetomys gambianus),
were dug from their burrows with a hoe.
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TABLE 2

Mammal species consumed by local villagers.

Habitat type Proportion
Scientific name Common name Family
For Pla Far Fal Consumed
Thryonomys swinderianus Grasscutter Tryonomideae + + + + >75%
Hystrix cristata Crested porcupine Hystricideae + + + >75%
Heliosciurus gambianus Gambian sun-squirell Sciurideae + + 51-75%
Xerus erythropus Ground squirell Sciurideae + + 51-75%
Cricetomys gambianus Giant rat Murideae + + + >75%
Arvicanthis niloticus Grass rat Murideae + + >75%
Taterillus gracilis Slender gerbil Murideae + + + 51-75%
Tatera kempi Kempi’s gerbil Murideae + + 51-75%
Mastomys natalensis Multimammate rat Murideae + 51-75%
Lemniscomys striatus venustus Grass mouse Murideae + + + 51-75%

Habitat types : For = Forest; Pla = Plantation; Far = Farm; Fal = Fallows.

Grasscutters and giant rats account for most of the
cases sold after they had been captured (Table 3). Apart
from these two highly preferred species, other rodent spe-
cies are hunted by using bush fires, dogs and hunting.

People can buy rodents in local markets for their con- & Children
sumption. However, this was uncommon in the study BYoung
Qold

area. Hunting is still the main way for villagers to obtain
rodents for animal protein. Table 3 outlines the average
numbers of rodents killed per week and per hunter. This
gives also the sale prices for rodent meats.

Consumption frequency per person per week

TABLE 3

Average number of rodents killed per week per hunter, and aver-
age sale prices per individual animal.

Species

Fig. 2. — Consumption frequencies for children, young and old

Number of Sale price in villagers per individual per week for the most hunted mammals
Species q Part sold in Lama reserve forest according to different age classes
rodents killed 1999 (US $) g g :
Grasscutter 4 The whole 8to 10
Giant rat 10 The whole 2to4
Other rodent species 15 Not sold -

Consumption frequency for mammal EMen

EHWomen

and rodent species

In villages around Lama forest reserve, any kind of
bush meat is considered as edible by local villagers,
despite the governmental restrictions on hunting. More
than 75% of the village population ate grasscutter, giant
rat, grass rat and crested porcupine, while the other rodent
species were consumed by 51-75% of the village popula-
tion (Table 2).

Consumption frequency per person per week

Species

Fig. 3. — Consumption frequencies for male and female villag-
ers per individual per week for the most hunted mammals in
Lama reserve forest according to informant gender.

Rodent meats were consumed at least 6 (Fig. 3) times
per month per person. This rate was at least twice the

meat consumption of other mammal species (Figs 2 & 3).
The frequency of meat consumption in men is much
higher than for women (¥* = 1.16, p < 0.05) (Fig. 3), and
the frequency of meat consumption for young people was
mush higher than old people (%> = 0.56, p <0.05) (Fig. 2).

Local populations’ consumption preference
for various mammal and rodent species

More than 53% (made up of giant rat 5%, grasscutter
40%, common rat 8%) of the villagers preferred rodent
meat than the meat of other mammal (Fig. 4). The red
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river hog (Potamochoerus porcus) also was a significant
source of meat (45 %), with bushbuck (Tragelaphus scrip-
tus) accounting for 2% of consumption.

Bushbuck
2% Giant rat
5%

All other rats

Grasscutter
40%

Red river hog
45%

Fig. 4. — Mammals species

DISCUSSION

Wildlife constitutes an important food resource, which
cannot easily be replaced or removed without causing
negative socio-economic disturbances. To understand the
contribution of wildlife in the food of local populations
we should not consider only the big game. Most of the
meat consumed by forest bordering populations in this
study came from small mammals, which could be cap-
tured in any time of the year. If rodents were not availa-
ble, bush meat would not be consumed by more than 60%
of local populations (AssoGBADIO, 2000). Rodents were
and still are the main source of animal food for rural pop-
ulations and provide an important dietary quantity of ani-
mal proteins (COLYN & Dubpu, 1987; MALEKANI & PAU-
LUS, 1989; WETCHI et al., 1988). The grasscutter and giant
rat were most consumed by villagers in our study.
MALAISSE (1997) showed that 100 g of grasscutter or
giant rat’s fresh or smoked muscle provided 28 g and 42.6
g of protein, 10 mg and 20 mg of iron, and 936 Kj and
1132 Kj energy respectively. MALAISSE (1997) also indi-
cated that the nutritional value of rodents is similar to that
of beef and chicken. In addition, these two rodent species
are sold in local market at high prices, providing them
with a source of income. In Lama forest reserve, the sell-
ing price for a grasscutter was US$10-12 (Table 3). In this
area, a hunter killed an average of 4 individual grasscutter
rats per week. This is equivalent to an income of US$40-
48 per week (US$160-192 per month). This pattern is
characteristic in West Africa as NTiamM0oA-BAIDU (1998)
reported that the incomes resulting from the sales of bush
meat enable households not only to buy less expensive
other source of protein such as fish, but also it helps sat-
isfy other needs for the families. For example, in Ibadan
(Nigeria), in 1975, when the meat of sheep and beef were
sold respectively at US$2.80-4.20 /kg, grasscutter meat
cost UD$9.60 (ASIBEY & CHILD, 1990). The hunting pres-
sure on wildlife led to a progressive reduced availability
of animal products in nearby cities where poaching was
common. However, due to their high rate of reproduction,

many rodent species populations were able to cope with
recurrent hunting without extinction (MALAISSE, 1997).
The limiting factor is much more the lack of thorough
knowledge on their ecology and the density of their popu-
lations. Therefore, it would be desirable to undertake a
population study in these regions to look at the impact of
this hunting on the rodent populations. The hunting of
wildlife, in particular rodent species as found here, pro-
vide important sources of animal proteins and incomes
for local populations, and therefore should be integrated
in the concept of sustainable development. The consump-
tion of large rodents for their meat (grasscutter and giant
rat) is not only a consequence of lack of meat, but also a
response to a set of complex factors including cultural
constraints, preferences and values. Such factors may
explain why older people consumed more rodent meat
than younger people in our study area and highlight the
importance of these resources for rural populations of
Africans.

CONCLUSION

Rodents will continue to be a considerable source of
animal protein and income for villagers of Lama reserve
forest. Rodents are the animal species most frequently
consumed and preferred by the local populations. How-
ever, wild animals, including rodents, are not always
taken into account in the national programmes for food
security. Management of these resources should be
included in sustainable resource initiatives that are
already part of the cultural values of poor rural popula-
tions. Production in the wild and production in the exten-
sive and intensive domestication of wild fauna can be
integrated into national programmes for protected areas
management. This is necessary to take into account the
concerns of local populations and concurrently to satisfy
requirements for keeping the balance within ecological
communities.
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ABSTRACT. The true prevalence of leptospirosis in Tanzania is unknown or underestimated. In this study we
report on the prevalence of leptospirosis in Morogoro, Tanzania, by PCR detection of leptospiral DNA in 27 kid-
neys of rodents (Mastomys spp, Rattus spp, and Mus spp) and insectivores (Crocidura spp). The PCR study comple-
mented previous attempts to isolate the leptospires and to perform seroprevalence by the microscopic agglutination
test (MAT). Results of this study indicated an overall detection rate of 11% by PCR, 7.4% by isolation and 0% by
the MAT. Based on our analysis, it is recommended to use PCR and isolation for the detection of leptospires in

potential host animals.
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INTRODUCTION

Pathogenic Leptospira causes leptospirosis in a wide
range of mammalian hosts. Rodents are considered the
primary natural reservoirs of leptospirosis in many parts
of the world (ALSTON & Broowm, 1958; FAINE, 1982). In
Tanzania, the true prevalence of leptospirosis is unknown
or underestimated due to limited knowledge on this dis-
ease, and hence it is neglected in clinical diagnosis. The
gold standard assay in leptospirosis diagnosis is the
microscopic agglutination test (MAT) described by WOLF
(1954). Due to the diversity of antigens within the Lept-
ospira species, this method may fail to reveal infection
with certain leptospiral serovars especially in a newly
studied area where the prevalent (endemic) serovars are
unknown, or in cases where antibody titres are low or
absent. Especially in the case of animals, MAT may be
specific to an infecting serovar or to antigenically closely
related serovars. The chance of detecting leptospiral anti-
bodies in a new environment, therefore, increases with
the number of serovars included in the antigen panel.

Leptospires can be isolated from pathological materials
(blood, cerebral spinal fluid, urine and kidney tissues), by
culturing the primary specimen in selective culture media
containing neomycin sulphate, sodium sulphathiozole,
cyclohexamide and 5-Fluorouracil to reduce contamina-
tion (ADLER et al., 1986; ALEXANDER, 1991; FAINE, 1982).
Molecular diagnosis of leptospirosis has been greatly
facilitated by PCR detection of specific leptospiral DNA
with specific primers that enable amplification of all
saprophytic and pathogenic leptospires, as well as lepto-
spires of ambiguous classification (MURGIA et al., 1997;
MERIEN et al., 1992; GRAVEKAMP et al., 1993).

The aim of this study was to obtain molecular data for
assessing the prevalence of leptospires in Morogoro, Tan-

zania, by PCR detection of leptospiral DNA from kidney
tissues of rodents and insectivores captured in this town.
This is the first report on the molecular prevalence of
leptospires in an urban/periurban setting in Tanzania.

MATERIAL AND METHODS

DNA extraction from kidney tissues and PCR :

Kidneys of 20 rodents : Mastomys spp (18), Rattus spp
(1) and Mus spp (1), and seven insectivores or shrews (Cro-
cidura spp) were used. The kidney was ground in a sterile
mortar containing 500 pl sterile distilled, de-ionized water.
The kidney homogenate (200 pl) was used to extract DNA
using the Anansa® Fast ‘n’ Easy Genomic DNA Purifica-
tion kit (Tebu-Bio Laboratories, Cedex, France).

The PCR was carried out using specifically designed
primers for the detection of pathogenic and saprophytic
leptospiral DNA as described by MURGIA et al., (1997)
with slight modifications. Briefly, the PCR consisted
Lepat 1 (5'-GAG-TCT-GGG-ATA-ACT-TT-3') and Lepat
2 (5-TCA-CAT-CG(CT)-TGC-TTA-TTT-T-3') primer
pair for pathogenic Leptospira; and Sapro 1 (5'-AGA-
AAT-TTG-TGC-TAA-TAC-CGA-ATG-T-3') and Sapro 2
(5'-GGC-GTC-GCT-GCT-TCA-GGC-TTT-CG-3') prim-
ers for saprophytic Leptospira.

DNA of known pathogenic Leptospira species (serovar
Kenya, serogroup Ballum), and saprophytic species (sero-
var Patoc, serogroup Semaranga) was used as the control.

The reactions mix consisted 10 mM Tris-HCI, pH 8.3,
50 mM KCIl, 200 mM of each deoxynucleoside triphos-
phates (ANTP), 0.5 uM of each primer, 5 pl template
DNA with modified MgCl concentration (2 mM) and
DNA polymerase (1 U). The PCR condition for patho-
genic Leptospira were : initial denaturation at 93°C for 3
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min then 35 cycles of denaturation at 93°C for 1 min,
primer annealing at 48°C for 1 min, DNA extension at
72°C for 1 min, and further 10 min extension after the last
cycle. Saprophytic PCR condition were : heat denatura-
tion at 93°C for 3 min, then 35 cycles of heat denaturation
at 93°C for 1 min, primer annealing at 63°C for 1.5 min,
DNA extension at 72°C for 2 min and after the last cycle
extension continued for further 10 min.

Leptospira isolation from kidney tissues :

Tissue samples were prepared by grinding the freshly
obtained kidneys of Mastomys spp (18), Rattus spp (1), Mus
spp (1) and Crocidura spp (7) in sterile phosphate buffered
saline (pH 7.2). About 0.5 ml of the kidney homogenate
was inoculated in Fletcher’s Leptospira medium containing
as selective growth inhibitor, 5-Fluorouracil (200 pg/ml).
The cultures were incubated at ambient temperature (26-
30°C) and examined for leptospiral growth at seven-day
intervals by dark field microscopy (FAINE, 1982, 1988).

Seroprevalence of leptospires in rodents
and insectivores :

The microscopic agglutination test (MAT) was used to
detect leptospiral antibodies in the sera of the same rodents
and insectivores used in the PCR and isolation studies.
The MAT was carried out as described by COLE et al.,
(1973) using live antigen of five Leptospira serovars. The
serovars were; a previously identified/proposed serovar
Sokoine (MGODE et al., in Press) (serogroup Icterohaemor-
rhagiae); serovar Hebdomadis (serogroup Hebdomadis);
serovar Hardjo (serogroup Sejroe); serovar Kenya (sero-
group Ballum) and serovar Pomona (serogroup Pomona).

RESULTS

PCR of kidney tissues :

Out of 20 rodents and seven insectivores tested, three
were PCR positive, generating a 330 base pair product
with the Lepat 1 and Lepat 2 primers (Fig. 1). The PCR
positive samples were from Crocidura spp., 2 of 7 (29%)
and Mastomys spp., 1 of 18 (6%). None of the samples
were PCR positive with the Saprol and Sapro2 primers.
This finding was consistent with the presence of patho-
genic leptospires.

Fig. 1. — PCR products of DNA from kidneys of Crocidura spp
(133 and 114) and Mastomys spp (146) with Lepatl and Lepat2
primers. Serovar Kenya is the control pathogen, and M is the
DNA ladder.

The products were separated by electrophoresis in 3% agarose
and stained with ethidium bromide.

Isolation of live leptospires
from kidney homogenates :

Kidney cultures of the 27 animals yielded two Lept-
ospira isolates from Crocidura spp., derived from the
same two animals that were scored positively with the
PCR method.

Seroprevalence of leptospiral antibodies
in rodents :

No agglutination was found in the MAT of the 27 sera
against the five-leptospiral serovars used. Table 1 summa-
rises all of these results.

TABLE 1

Comparison of leptospires detection rates by PCR, isolation and
microagglutination test (MAT) in rodents and insectivores.

Test Sample tested  Positive sample Percent positive
PCR 27 3 11%
Isolation 27 2 7.4%
MAT 27 0 0%

Rodents (n=20) and insectivores (n=7)

DISCUSSION

The results of this study indicated a detection rate of
leptospires of 11% (3/27) by PCR on the investigated
cases, compared to 7.4% (2/27) by isolation and 0% by
serology (MAT). The rate of Leptospira detection by PCR
per animal species was 6% for Mastomys spp. and 29%
for Crocidura spp. These relatively high infection rates
could represent a hazard to public health. As there was
only one individual of Rattus spp. and Mus spp. analysed
with the different detection methods, it is not possible to
comment on the potential infection rates of these two spe-
cies. Our data suggest that leptospire detection will be
highest using PCR and isolation in a situation where sero-
logical antibody detection (MAT) fails, particularly in a
new study area.

Serological survey using MAT requires use of known
or closely antigenically related prevalent leptospiral sero-
vars. The use of multiple antigens from different serovars
in MAT makes this test time consuming. In our study, the
negative MAT results found may be due to the limited
number of serovars (5) employed as antigen. This also
suggests that the leptospires detected by PCR (n=3) and
isolation (n=2) might posses a variant antigenic pattern,
which is unrelated to that of the new putative serovar
Sokoine, serovar Hebdomadis, serovar Hardjo, serovar
Pomona and serovar Kenya used in the MAT. However,
this is somewhat unexpected as both serovars Machang’u
(isolate RM1) and Kenya (isolates Sh9 and Sh25) were
recently isolated from cattle and Cricetomys gambianus
rats in periurban Morogoro, respectively (MACHANG’U et
al., 2003). These serovars were thus anticipated to be gen-
erally prevalent among rats in urban/periurban Morogoro.
An alternative and more likely explanation is that the
Crocidura spp. and Mastomys spp. are natural hosts for
one or more of the serovars included in the MAT panel
displaying low antibody titres below the detection thresh-
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old of the MAT. Lower leptospiral antibody (usually IgG)
levels encountered in natural hosts may indeed give MAT
negative results, especially in the case of heterologous
serovars (BLACKMORE et al., 1984; EVERARD & BENNETT,
1990; PALIT et al., 1991).

The success in isolation of leptospires was supported
by the PCR analysis. The percentage of successful isola-
tions may, however, not reflect the true percentage of car-
riership because a number of cultures (5) were lost due to
contamination. Indeed contamination with less fastidious
and faster growing microorganisms forms a major limita-
tion of Leptospira isolation in spite of the fact that con-
tamination can be kept at minimum by deploying selec-
tive growth inhibitors such as 5-Fluorouracil in the
culture medium.

As MAT can fail to reveal leptospires carriership in
some host animals, it is recommended that PCR and isola-
tion methods are also used, where feasible, to investigate
infection sources. These methods are particularly impor-
tant when carrying out studies in area with unknown lept-
ospirosis prevalence. Rodents and insectivores should be
considered important reservoirs of leptospires in the
Morogoro area and can serve as indicators of leptospiro-
sis prevalence.

ACKNOWLEDGEMENTS

We thank the Pest Management Centre, Sokoine University
of Agriculture (Morogoro, Tanzania), the Evolutionary Biology
Group, University of Antwerp (Antwerp, Belgium) and the
Department of Biomedical Research, Royal Tropical Institute
(Amsterdam, the Netherlands) for supporting this work.

REFERENCES

ADLER, B., S. FAINE, W.L. CHRISTOPHER & R.J. CHAPPEL (1986).
Development of an improved selective medium for isolation
of leptospires from clinical material. Veterinary Microbiol-
ogy, 12 : 377-381.

ALEXANDER, A.D. (1991). Leptospira. In: BaLows, A., W.J.
HAUsLER, K.L. HERMANN, H.D. ISENBERG & H.J. SHADONY
(eds), Manual of clinical microbiology 5th ed. American
society for microbiology, Washington.

ALSTON, J.M. & J.C. BROOM (1958). Leptospirosis in man and
animal. E & S. Livingstone, Edinberg and London.

BrackMmorg, D.K., L.M. ScHOLLUM & K.M. MORIARTY (1984).
The magnitude and duration of titres of leptospiral aggluti-
nins in human sera. New Zealand medical journal, 97 : 83-
86.

CoLE, J.R., C.R. SuLzer & A.R. PURSELL (1973). Improved
microtechnique for the leptospiral agglutination test. Applied
Microbiology, 25 : 976-980.

EvVErARD, C.O.R. & S. BENNETT (1990). Persistence of leptospi-
ral agglutinins in Trinidadian survey subjects. European
Jjournal of epidemiology, 6 : 40-44.

FAINE, S. (1982). Guidelines for the control of leptospirosis.
World Health Organization, Geneva.

FAINE, S. (1988). Leptospirosis. In : BALows A, W.J. HAUSLER,
E.H. LENNETTE, M. OHASHI & A. TURANO (eds), Laboratory
diagnosis of infectious diseases. Principles and practice.
Vol. 1. Bacterial, mycotic and parasitic diseases. Springer-
Verlag, New York.

Gravekamp, C., H. VAN DE KiEmP, M. FRANZEN, D. CARRING-
TON, G.J. ScHOONE, G.J.J.M. Van Eys, C.O.R. EVERARD,
R.A. HARTSKEERL & W.J. TERPSTRA (1993). Detection of
seven species of pathogenic leptospires by PCR using two
sets of primers. J. Gen. Microbiol., 139 : 1691-1700.

MACHANG U, R., G. MGODE, J. ASENGA, G. MHAMPHI, R. HARTS-
KEERL, M. Goris, C. Cox, B. WEETJENS & R. VERHAGEN
(2003). Characterisation of Leptospira isolates from captive
giant pouched rats, Cricetomys gambianus. In : SINGLETON,
GR., L.A. Hinps, C.J. KrREBS & M.D. SpRATT (eds), Rats,
Mice and People, Rodent Biology and Management. Aus-
tralian Centre for International Agricultural Research, Can-
berra 2003.

MERIEN, F., P. AMOURIAUX, P. PEROLAT, G. BARANTON & 1.
SAINT GIRONS (1992). Polymerase chain reactions for detec-
tion of Leptospira species in clinical samples. Journal of
clinical microbiology, 30 : 2219-2224.

MGaGopE, G.F., R.S. MACHANG U, M.G. GORIS, M. ENGELBERT, S.
SoNDY § R.A. HARTSKEERL (in press). New Leptospira sero-
var Sokoine of serogroup Icterohaemorrhagiae from cattle in
Tanzania. Int. J. Syst. Epidemial Microbiol.

MUuURGIA, R., N. RIQUELME, G. BARANTON & M. CiNco (1997).
Oligonucleotides specific for pathogenic and saprophytic
leptospira occuring in water. FEMS Microbiol. Lett., 148 :
27-34.

PariT, A., C. HOSKING, L. CREATE, J. MORTON & S. FAINE
(1991). Leptospirosis in dairy farmers of Western Victoria,
Australia. In : KoBAYASHI Y. (ed.), Leptospirosis. Proceed-
ings of the Leptospirosis Research Conference (1990).
Hokusen-Sha, Tokyo.

WoLr, J.W. (1954). The laboratory diagnosis of leptospirosis.
Thomas publishers, USA.






Belg. J. Zool., 135 (supplement) : 21-29 December 2005

Investigating the role of natural gallery forests outside
the Congolese rainforest as a refuge for African forest
shrews

Patrick Barri¢re'?, Rainer Hutterer?, Violaine Nicolas*?, Sophie Quérouil’> and Marc
Colyn!?

! Laboratoire Ecobio : Ecosystémes, Biodiversité et Evolution, UMR 6553 - CNRS, Université de Rennes 1, Station Biologique,
F-35380 Paimpont, France.

2 Laboratoire EVE : Ethologie, Evolution et Ecologie, UMR 6552 - CNRS, Université de Rennes 1, Station Biologique, F-35380
Paimpont, France.

3 Zoologisches Forschungsmuseum Alexander Koenig, Adenauerallee 160, D-53113 Bonn, Germany.

4 Museum National d’Histoire Naturelle, Département de Systématique et Evolution, UMR 5202 - CNRS, USM 601, Labora-
toire Mammiferes et Oiseaux, 55 rue Buffon, F-75005 Paris, France.

> Instituto do Mar (IMAR), Departamento de Oceanografia e Pescas, cais Santa Cruz, 9901-862 Horta, Portugal.

Corresponding author : P. Barriére, e-mail : Patrick.Barriere@laposte.net

ABSTRACT. Conditions that prevailed in rainforest faunal refuges during glacial periods of the Pleistocene, partic-
ularly their size, position and habitat characteristics, remain little investigated. After the peak of the last interglacial
period of the Holocene (7000 years B.P.), the Guineo-Congolese rainforest has been reduced in size and isolated
gallery forests emerged in the peripheral Northern Congo forest-savanna mosaic, mainly because of the reduction in
rainfall. In the north of the Central African Republic, 400 km north of the present rainforest zone, up to the Sudano-
Sahelian savannas, such gallery forests harbour several forest species of plants, birds and mammals related to West
and/or East Congo faunal regions. This suggests that since the catastrophic destruction of central African rainfor-
ests, that culminated about 2500 years ago, these galleries could have mimicked the conditions that occurred in the
Pleistocene refuges. We tested whether these natural gallery forests, outside the Congolese rainforest, could act as
refuges for small forest mammals such as shrews. Composition and structure of shrew communities were studied in
three main regions belonging to three river basins and two distinct phytoregions. They were compared to two other
shrew communities located within the main Congolese rainforest, also in C.A.R.. None of the typical rainforest
shrew species was collected within the studied isolated gallery forests. Thus, climatic and habitat characteristics
within these gallery forests were presumably not suitable for these forest patches to act as climatic refuges for the
forest shrew fauna.

KEY WORDS : Soricidae, Crocidura, Suncus, Central African Republic, Community structure, Biogeography, Refuge
theory.

INTRODUCTION the north, up to the present Sudano-Sahelian savanna

zone. Since 5000 years B.P., the reduction in rainfall

In the Quaternary period (from 1.8 My B.P. to present),
Africa underwent climatic oscillations resulting in several
phases of forest fragmentation and extension. During the
last glacial maximum of the Pleistocene (between about
20000 and 15000 years B.P.), as a result of the very cold
and dry climate, tropical rainforest decreased in size and
became fragmented. Paleontological and biogeographic
data suggest that it was limited to lowland forest patches
in the downstream zone of the large rivers and on lower
slopes of mountains (HUTTERER et al., 1987; MALEY,
1987; CoLYN, 1991; CoLYN et al., 1991; MALEY, 1996;
MALEY & BRENAC, 1998). According to HAFFER (1969),
these forest patches may have acted as refuges for the for-
est flora and fauna. In contrast, during the inter-glacial
periods, the warmer and wetter climate favoured an
extension of the rainforest. The last inter-glacial period
culminated at 7000-8000 years B.P., during the Holocene
(MALEY, 2001). The central African rainforest extended to

(BERTAUX et al., 2000), associated with climatic distur-
bance, resulted in contraction of the central African rain-
forests that culminated about 2500 years ago (MALEY,
2001). In the north of the Central African Republic
(C.AR.), since 7000 years B.P., the extension of the
savannas (MALEY & BRENAC, 1998) resulted in the isola-
tion of gallery forests outside the Congolese rainforest.
Despite a new phase of forest extension that began 2000
years ago (MALEY, 2001), it is probable that these
Holocene gallery forests remained isolated from the Con-
golese rainforest and could have acted as forest refuges. It
is hypothesised that Pleistocene and Holocene refuges
probably formed a network of forest isolates within a for-
est-savanna mosaic zone rather than small homogenous
forest isolates (LEAL, 2000; MALEY, 2001). The principal
refuges of the Pleistocene were probably located in the
downstream zone of the large rivers, within the present
rainforest zone. However, the conditions that prevailed in
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these forest refuges, particularly their size and habitat
characteristics remain poorly investigated.

In the North of the C.A.R., more than 400 km north of
the present northern boundary of the rainforest, Holocene
gallery forests are known to harbour typical Congolese
forest plants, birds and mammals (FAy, 1988; CHRISTY,
1999; ECOFAC, 2001). These taxa also occur in the West
Central or East Central regions (sensu COLYN, 1999;
CoLYN & DELEPORTE, 2002b) and these galleries repre-
sent their northernmost range limit. In particular, FAY
(1988) showed that three strictly arboreal species of forest
primates (Cercopithecus pogonias, C. nictitans and C.
ascanius), known to be widely distributed in the Congo-
lese rainforest, can be found in the northern C.A.R. gal-
lery forests, in the south-western sector of Manovo-
Gounda-St. Floris National Park. The aim of this study is
to test whether these natural gallery forests, located out-
side the Congolese rainforest, may act as refuge for ter-
restrial small forest mammals such as shrews. This may
help to understand the conditions that could have pre-
vailed in the Pleistocene refuges.

MATERIAL AND METHODS

Study area

The study area (80000 km?) is located in the north of
C.AR., more than 400 km north of the present northern
boundary of the Congolese rainforest (Fig. 1). It has been
managed until the end of the year 2000 by the “Pro-
gramme de Développement de la Région Nord”
(P.D.R.N.). Since then, it has been associated with the
ECOFAC project under the name “Zones Cynégétiques
Villageoises” (Z.C.V.). Shrews were collected at eleven
sites (Fig. 1) located within National Parks (Bamingui-
Bangoran N.P,, sites 5-7; Manovo-Gounda-St Floris N.P.,
8-9 and its periphery, 10), within a hunting zone (Sangba,
sites 3 and 4) or in neighbouring zones (sites 1, 2 and 11)
within the project's action area (TELLO, 2000; ECOFAC
ONLINE). All these sites, which are located in the upstream
zone of several rivers, were pooled in three main regions :
Bohou (sites 1 and 2), Bamingui-Bangoran (sites 3-7) and
Manovo-Mara (sites 8-11) They belong to three river
basins (Bahr Aouk, Bamingui and Kotto) and two distinct
phytoregions (medio-Sudanian savanna and Sudano-
Sahelian savanna; (Table 1; Fig. 1).
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Fig. 1. — Study sites in the north of the Central African Republic : 1, Kpata; 2, Bohou; 3, Bamingui-Brendja; 4, Sangba; 5, Kaha
pond, near Bamingui; 6, Kivou pond; 7, Bangoran; 8, Manovo; 9, Koumbala; 10, Gordil; 11, Délembé. Phytoregions sensu
BoULVERT (1986) : 1, Sudano-Sahelian savanna; II, medio-Sudanian savanna; III, Sudano-Guinean savanna and peri-forest sec-
tor of the Guineo-Congolian rainforest and savanna domain; IV, rainforest sector of the Guineo-Congolian domain. The two
sites located within the Congolese rainforest and selected for comparison (Batouri and Kongana) are also plotted.
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The Bohou region is located in the upstream zone of
the Kotto River within the Congo River basin, while the
two other regions are located in the upstream zone of the
Chari River, within the Chad River basin. A savanna zone
of ca. 5 km has been separating the two river basins for
the past few hundred years (FAy, 1988). The southern-
most sites (1-9) belong to the medio-Sudanian savanna
domain sensu BOULVERT (1986), while the other two (10
and 11) belong to the Sudano-Sahelian savanna. The typi-

cal medio-Sudanian sector is of Encephalartos septentri-
onalis type at the sites 1-4 and 8-9, with included bamboo
savannas of Oxytenanthera abyssinica type (e.g. site 3),
and of Butyrospermum paradoxum parkii type at sites 5-7
(BOULVERT, 1986). It harbours gallery forests of Anogeis-
sus leiocarpus type at all sites (1-9). The northernmost
sites (10, 11) belong to the Sudano-Sahelian domain and
are of Terminalia lexiflora type.

TABLE 1

Characteristics of each study site. Site numbers refer to Figure 1. Main habitat types :

BS, bamboosian

savanna; GF, gallery forest; RS, riparian savanna; S, undifferentiated savanna.

Sit Main habitat Annual
e Study Site Coordinates Main Region Sub-climate Rainfal

No

GF S (mm)

1 Kpata 08°03°N; 21°24°E Bohou GF sub-Sudanian 1200-1400
2 Bohou 07°43°N; 21°20°E Bohou GF sub-Sudanian 1200-1400
3 Bamingui-Brendja 07°47°N; 20°57’E Bamingui-Bangoran GF BS sub-Sudanian 1200-1400
4  Sangba 07°45°N; 20°43’E Bamingui-Bangoran RS sub-Sudanian 1200-1400
5 Kaha pond near Bamingui 07°26°N; 20°08’E Bamingui-Bangoran GF S sub-Sudanian 1000-1200
6  Kivou pond (= Kaga Yara) 07°51°N; 20°11’E Bamingui-Bangoran RS sub-Sudanian 1000-1200
7  Bangoran 08°05°N; 20°21’E Bamingui-Bangoran S sub-Sudanian 1000-1200
8 Manovo 08°22°N; 20°57’E Manovo-Mara RS sub-Sudanian 1200-1400
9 Koumbala 08°19°N; 21°17°E Manovo-Mara GF sub-Sudanian 1200-1400
10 Gordil 09°36°N; 21°41’E Manovo-Mara RS Sudano-Sahelian 1200-1400
11 Délembé 09°44°N; 22°39’E Manovo-Mara RS Sudano-Sahelian 1000

All the sites have a Sudano-Guinean climate, with sub-
Sudanian or Sudano-Sahelian sub-climates (Table 1).
Gallery forests were surveyed in each of the three regions,
and the surrounding savanna was also surveyed within the
Chad River basin (Table 1). Sampling in different river
basins and phytoregions, rather than focusing on sam-
pling within a single gallery forest, was considered the
best way to have a good representation of the shrew com-
munity in the study area. Human populations in the area
have a density lower than 0.5 persons/km? and have a low
disturbance effect on the small mammal fauna, especially
on shrews that are never hunted nor eaten.

Two sites located within the Congolese rainforest were
selected for comparison (Fig. 1). The Batouri River site,
in the Ngotto forest, consists of a mixed-species semi-
deciduous rainforest at the northern limit of the Guineo-
Congolese rainforest (more details in BOULVERT, 1986).
This primary rainforest is often affected by storms and
numerous tree falls have created openings in the canopy
(BARRIERE et al., 2000). With a typical forest Guinean cli-
mate, the rainfall, occurring mainly from May to October,
averages 1600 mm per year. The Kongana study area con-
sists mainly of a mixed-species semi-deciduous rainforest
and a mono-dominant Gilbertiodendron dewevrei forest,
and has a climate similar to that of Ngotto (RAY & HuT-
TERER, 1996).

Sampling

Trapping was mainly performed from May to August
1998 and from June to August 1999 (Table 2), i.e. during
the early wet season, by J.L. TELLO and/or a member of
the University of Rennes 1. Our major method of collect-
ing shrews was by dry, not-baited pitfall traps, with 10-
litre buckets positioned at 5 m intervals along a linear

plastic drift fence. All the lines were constructed as
described in NicoLas et al. (2003). Trapping period,
number of pitfall lines and cumulated trapping effort var-
ied between sites (Table 2). The thirty-five pitfall lines
totalled a pitfall trapping effort of 8581 bucket-nights.

Mixed Sherman traps and metal snap-traps were also
used in transects, mainly to capture rodents, and totalled
32844 trap-nights. In addition, a few specimens were
incidentally collected by J.L. TELLO since June 1997.
Most of the small mammals captured were weighed,
measured, autopsied and preserved in 10% formalin. Spe-
cies identification was performed by two of the authors
(R.H. and P.B.) on the basis of morpho-anatomical analy-
ses, and in some instances supported by molecular analy-
ses (QUEROUIL et al., 2001; in press). The taxonomic
nomenclature follows HUTTERER (1993), except for Sun-
cus megalura, previously considered as a Sylvisorex spe-
cies, but now considered as a Suncus species according to
QuErROUIL et al. (2001). Three problematic Crocidura
taxa, belonging to species complexes still in need of revi-
sion, were named Crocidura cf. denti, C. cf. hildegardeae
and C. cf. poensis as they could not be definitively identi-
fied. The material was deposited at the Station Biologique
de Paimpont, University of Rennes 1, France and the
Museum Alexander Koenig, Bonn, Germany.

Data analysis

The trapping effort (TE, in trap-nights) was defined as
the number of traps (or buckets) set for a 24-hour period,
and the trap success (TS) as the number of individuals
captured per 100 trap-nights; i.e. TS = (N/TE)*100,
where N is the number of shrews captured. Genus and
species richness (G and S) were defined as the number of
distinct genera and species identified, respectively. Spe-
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cies relative abundance (pi, %) was defined as the number
of individuals (ni) of species i captured per 100 individu-
als of all species, i.e. pi = (ni/N)*100. For the estimation
of species richness, all shrew captures were considered,

but for the estimation of trap success and species relative
abundance, only the individuals captured by pitfall traps
were selected.

TABLE 2

Trapping characteristics (trapping period, number of lines and trapping effort, mainly in pitfall (P)), shrew trap success, identity and
number of shrews captured. Site numbers refer to Table 1 and Figure 1. Number of shrews collected in mixed Sherman and metal
snap-traps line (L) are in brackets and those collected by hand (H) in square-brackets. Main habitat type codes refer to Table 1. A spe-

cies code (A-N) was attributed to each shrew taxon.

Main region Bohou Bamingui-Bangoran Manovo-Mara
Total
Site number 1 2 3 4 5 6 7 8 9 10 11
Mean of collect P L P P P P H P L L P P P
P L H  Total

Main Habitat type GF | GF | GF | BS | RS | GF S RS S RS | GF | RS | RS
Trapping period Jun- May- Aug- Aug- Jul- Jul- Jul-  Jun-  Jun-

98 98 98 99 99 99 98 99 99
No of pitfall lines 4 5 3 4 4 4 6 3 2 35
Trapping effort (TE) 1,584 1,500 648 700 900 700 1,584 600 365 | 8,581 32,844
No of shrews captured (N) 58 (1) |41(1) 26 29[4] 23 [1] 16 4 | 4 47(2) 23[4] 7(1)| 270 (13) [9] 292
Trap success (TS) 3.66 273 401 4.14 256 2.29 297 3.83 192 3.15 0.04
A Crocidura cf. denti Dollman, 1915 4 1) 15 4 411] 5 2 18(1) 1[1] 53 2) 2] 57
B Crocidura cf. hildegardeae Thomas, 1904 23(1) 4 16 1 [1] 6 2 1 1 54 1) [1] 56
C Crocidura cf. poensis (Fraser, 1843) 2 (1) 12[1] 3(H) | 17 2) [n 20
D Crocidura fuscomurina (Heuglin, 1865) 1 1 1
E Crocidura lamottei Heim de Balsac, 1968 1 2) 1 2) 3
F Crocidura littoralis Heller, 1910 4 9 5 18 18
G Crocidura ludia Hollister, 1916 41 41 41
H Crocidura nanilla Thomas, 1909 1 1 2 2
1 Crocidura olivieri (Lesson, 1827) 5 1 4 2[3] 1 7 2) | 3 3@ 1 1 25 (6) [3] 34
J Crocidura roosevelti (Heller, 1910) 1 2 1 4 4
K Crocidura turba Dollman, 1910 [2] [2] 2
L Crocidura yankariensis Hutterer & Jen- 7 7 7

kins, 1980
M Suncus infinitesimus (Heller, 1912) 2 2 7 2 6 18 1 1 39 39
N Suncus megalura (Jentink, 1888) 2 2 2
Specimens not seen 5 1 6 6
Genus richness (G) 2 1 2 2 2 2 1 1 1 1 2 2 2 2 1 1 2
Species richness (S) 7 1 4 5 7 5 1 4 2 2 6 7 5 13 5 5 14
RESULTS shrew C. yankariensis also constitute the first known

Overall community composition

A total of 292 shrews representing two genera and
fourteen species were collected. One genus (Suncus) was
only represented by two species and the other one (Croci-
dura) by 12 species (Table 2). More than ninety-two per-
cent of shrews were collected in pitfall traps (N=270;
TS=3.15) while only 13 individuals were captured in
Sherman traps (TS=0.04), nine were collected by hand
and none in metal snap-traps. While only five species
were trapped in Sherman traps, thirteen species were cap-
tured in pitfalls. Crocidura turba was only collected by
hand. Two species were numerous (C. cf. hildegardeae
and C. cf. denti, each comprising about 20% of all
shrews), five were common (C. ludia, S. infinitesimus, C.
olivieri, C. cf. poensis and C. littoralis) and the other
seven were captured infrequently. The three specimens of
the savanna species C. lamottei, described from Lamto
(Ivory Coast) and since then widely recorded within
Sudania