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Abstract: We used line transect counts to collect data on population abundance of 

primates and small antelopes from three different moist forest blocks within 
the Udzungwa Mountains of south-central Tanzania. Results show that both 
diversity and relative abundance (number of primate groups/individual 
antelopes seen per km walked) are generally higher in the lower part (300-800 
m a.s.l.) of Mwanihana Forest (Udzungwa Mountains National Park), than in 
medium to high altitude and less protected forests (Ndundulu Forest, 1400-
2100 m a.s.l., and New Dabaga/Ulangambi Forest Reserve, 1800-2100 m 
a.s.l.). The latter, in particular, is the most degraded and encroached forest 
patch, and presents the most impoverished community. The combined effects 
of altitude, hunting and human-induced alteration of forest cover might 
account for the differences observed. 
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1. INTRODUCTION 
 

Primates and forest antelopes are key rainforest animals and documenting 
the effects of habitat quality on their abundance is crucial for developing 
conservation strategies. Habitat degradation and hunting by humans are two 
major threats to primates and forest antelopes. Generally, populations 
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respond to these threats with reduced abundance (reviews in Mittermeier, 
1987; Plumptre, 1994; Struhsaker, 1997; Wilkie and Finn, 1990; Cowlishaw 
and Dunbar, 2000; Hart, 2000). Species diversity might also decrease if 
threats cause local extinctions (e.g. Chapman and Lambert, 2000). In 
mountaineous areas, moreover, elevation-related habitat features might 
account for differences in population abundance (e.g. Marshall et al., in 
press). 

The Udzungwa Mountains of south-central Tanzania (10,000 km2) are 
ideal for investigating patterns of abundance across forest blocks, because 
exceptional diversity is found in a wide variety of forest habitats with 
different levels of disturbance and broad altitudinal ranges (Dinesen et al., 
2001). The Udzungwa Mountains are one of the major forest blocks of the 
Eastern Arc Mountains, an area of global importance for biodiversity 
conservation (Myers et al., 2000). Of special importance is the presence of 
two endemic and threatened monkeys (Udzungwa red colobus, Procolobus 
gordonorum Matschie, 1900, and Sanje mangabey, Cercocebus galeritus 
sanjei not yet formally described, and an antelope with a very restricted-
range: Abbott’s duiker (Cephalophus spadix True, 1890). We compare the 
results on population abundance of primates and forest antelopes from 
contrasting forest sites to evaluate the effects of habitat degradation, hunting 
and altitude on community composition and relative density.  

 
2. METHODS 
 

Primate groups and forest antelopes were counted along seven paths 
located in three forest sites (Fig. 1): 

Mwanihana Forest (centred on 7°46©S, 36°43©E; 177 km2), located in the 
Udzungwa Mountains National Park (1990 km2). The forest cover is 
continuous from 300 to 2100 m a.s.l. Three, 4 km-long line transects were 
positioned about 6 km apart, to sample a mosaic of habitat types from 300 to 
800 m a.s.l., from lowland, deciduous woodland to sub-montane, evergreen 
moist forest.  

Ndundulu Forest (centred on 36°35’  E, 07°45’  S; 250 km2) is located in 
the West Kilombero Scarp Forest Reserve, about 20 km west of Mwanihana 
Forest. This is a submontane and montane evergreen forest (1400-2100 m 
a.s.l.), with herbaceous clearings and patches of bamboo and high altitude 
woodland. Part of the forest has been affected by commercial logging in the 
past. Two transects (about 3100 m long) were positioned on cartographic 
lines of latitude 6 km apart through evergreen forest. 

New Dabaga/ Ulangambi Forest Reserve (here referred to as NDUFR; 
centred on 35°55’  E, 08°05’  S; 37 km2) is a high altitude (1800-2100 m 
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Figure 1. Map of the Udzungwa Mountains, Tanzania, highlighting the major forest blocks 
and location of the three study sites. Modified from Marshall et al. (in press). 
 
a.s.l.) Forest Reserve consisting of secondary montane evergreen forest. Two 
transects (about 3100 m long) were placed in the reserve. 

These areas are affected by human encroachment to various degrees. 
Poaching of duikers using snares has been reported in all of these areas. 
People from adjacent villages are allowed to enter Mwanihana forest for 
firewood collection: this may be having negative impact on ground foraging 
species, such as the Sanje mangabey. The highest level of encroachment has 
occurred in NDUFR, which is surrounded by villages on all sides, and 
includes animal trapping, hunting, pole-cutting and pit-sawing. Hunting of 
colobus monkeys has recently been reported (Nielsen, 2002). An index of 
human forest use is given here as the number of animal traps, pit-sowing 
sites, timber piles and cut tree stumps counted along transect lines:  these 
were 47.2 per ha in NDUFR and 4 in Ndundulu Forest, while only in one 
case a snared duiker was found along Mwanihana transects (details in 
Marshall et al., in press; F. Rovero, unpubl. data).  

Mwanihana Forest transects were walked twice per month from July 
2002 until January 2003 by FR (14 repetitions per transect). Ndundulu 
Forest and NDUFR transects were walked approximately once every month 
during the period January-December 2000 by ARM (10 repetitions per 
transect; 6 walks conducted early in the survey period were approximately 
500 m shorter than the lengths given above). Census lines were walked 
beginning at 7.00-7.30 h at an average speed of about 1 km h-1, recording all 
sightings of primates and antelopes. Groups that were heard but not seen 
were not scored. For each observation, time, species, number of individuals 
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Figure 2. Census results of primate species from line transect walks in three forests of the 
Udzungwa Mountains, Tanzania. Relative abundance is shown as encounter rate (mean 
number, and standard deviation, of primate groups seen per km walked). 

 
 
and position of the observer along the transect were recorded. Because of 
low antelope sighting rates in Ndundulu Forest and NDUFR, counts of dung 
piles and forest antelope paths (i.e. sets of footprints) were also made in 
these two areas. Four 1 km transects were placed through evergreen forest in 
each of NDUFR and Ndundulu Forest near the transects used for censuses. 
The number of dung piles within 5 m of each transect and the number of sets 
of forest antelope footprints crossing each transect were recorded. 

The number of primate groups/individual antelope sightings per km 
walked, defined as “encounter rate”  (ER), was computed as an index of 
relative abundance (e.g. Seber, 1982). We did not compute absolute density 
because of potential inter-observer differences in distance estimation (e.g. 
Mitani et al., 2000) and because primate census data often violates many of 
the assumptions of density estimation (Struhsaker, 1997; Buckland et al, 
2001). We compared ER values between the three areas by using Kruskal-
Wallis tests followed by post-hoc Mann-Whitney U-tests (Siegel and 
Castellan, 1988). We applied the same analysis to compare primate group 
count data, that were collected for the two colobus only (Marshall et al., in 
press; F. Rovero, unpubl. data). Group counts of red colobus in Mwanihana 
are reported by Struhsaker et al. (2004). Differences in the number of dung 
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piles and tracks between Ndundulu Forest and NDUFR were tested using 
Mann-Whitney U-tests.  

 
3. RESULTS 
 

Differences in sighting frequency of primate groups between study areas 
(Fig. 2) are highly significant for red colobus and black and white colobus, 
Colobus angolensis (Sclater, 1860) (Kruskal-Wallis tests: c2=14.23 p<0.01, 
c2=10.74 p<0.01, respectively), and weakly significant for Syke’s monkeys, 
Cercopithecus mitis moloney (Wolf, 1822) (c2=5.35, p=0.068). Post-hoc 
testing reveals that greatest differences are in the reduced abundance of 
colobines in NDUFR than Mwanihana (U=171, p<0.001 and U=235, 
p<0.005 for red colobus and black and white colobus, respectively). 
Abundance of Syke’s monkey is significantly higher in Ndundulu than 
Mwanihana (U=272, p<0.05), and not significantly different between 
Mwanihana and NDUFR (U=405.5, p=0.7). Group count comparisons show 
that group size of red colobus decreases from Mwanihana (mean 40.8 
individuals, N=31) to Ndundulu Forest (22.5, N=6) to NDUFR (11.8, N=8). 
Differences were significant (c2=19.52, p<0.001). Group size of black and 
white colobus does not vary significantly between Mwanihana (9.4, N=16) 
and Ndundulu (10.4, N=4; U=23, p=0.44) while it is smaller in NDUFR (6.3, 
N=6). Overall differences are significant (c2=9.77, p<0.01). The primate 
species composition also differs across study sites as Sanje mangabey and 
yellow baboon, Papio cynochephalus (Linnaeus, 1766) were only sighted in 
Mwanihana. 

The only antelope seen regularly during transect walks was Harvey’s 
duiker (Cephalophus natalensis harveyi Thomas 1893) in Mwanihana (mean 
of 0,16 ± 0.17 sightings/km walked, N=25). Other small antelopes known to 
occur in these forests (blue duiker, Cephalophus monticola Thunberg, 1789, 
suni, Neotragus moschatus von Dueben, 1846 and bush duiker Sylvicapra 
grimmia Linnaeus, 1758) were sighted only four times in Mwanihana but the 
species could not be distinguished during the censuses. The Abbott’s duiker 
was never seen. No antelope sightings were scored during census walks in 
Ndundulu and NDUFR, although data on tracks and dung piles indicate a 
greater number of antelope signs in Ndundulu than NDUFR (mean of 60 
versus 7 sets of footprints per km of transect and 6 versus 0 dung piles per 
ha, for Ndundulu and NDUFR, respectively; U=16 p<0.02).  
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4. DISCUSSION 
 

The results show differences across study areas in the diversity and 
abundance of primates and antelopes, decreasing abundance and diversity 
being generally coincident with increasing habitat degradation, levels of 
hunting and altitude. An exception to this trend is in the higher abundance of 
black and white colobus and Syke’s monkeys at Ndundulu than Mwanihana, 
which is significant for the latter species. This might reflect preference of 
these monkeys for areas with regenerating vegetation and clearings. The 
lower abundance of colobines in NDUFR is even more remarkable when 
considering individual abundance instead of group abundance, confirming 
earlier suggestions (Struhsaker et al., 2004; Marshall et al., in press). 
Mangabeys in Ndundulu might be at very low density (Dinesen et al., 2001) 
and they have never been recorded from NDUFR. Baboons are found almost 
exclusively in the lower, deciduous part of Mwanihana and their absence 
from montane forest habitats is not surprising. 

The low sighting rates of forest antelopes indicate that transect walks 
might not be appropriate for censusing elusive or restricted range species 
(Rovero and Marshall, in press). Moreover, camera-trapping data from 
Mwanihana indicate that Abbott’s duiker, suni and bush duiker are mainly 
crepuscular and nocturnal, while blue duiker has not been photographed 
(Rovero et al., in press). The relatively high number of antelope signs for 
Ndundulu Forest, however, suggests that poor visibility due to dense 
vegetation might have lowered detection of forest antelopes. Nevertheless, 
the higher abundance of those antelopes that were seen during censuses in 
Mwanihana Forest versus NDUFR and Ndundulu is likely to reflect actual 
differences in density. A lower abundance of antelopes in NDUFR than 
Ndundulu is also indicated by antelope signs. This coincides with 
correspondingly high levels of human forest use in NDUFR than in 
Ndundulu, and probably with less hunting in Mwanihana. 

Decreased abundance in relation to habitat degradation and hunting is 
consistent with other studies on primates and antelopes (e.g. Skorupa, 1986; 
Dubost, 1979; Wilkie and Finn, 1990; Struhsaker, 1997; Hart, 2000; 
Cowlishaw and Dunbar, 2000). Our data, however, do not allow 
determination of the relative effects of such factors on abundance. Moreover, 
the study compares sites of different altitudes. Elevation-related vegetation 
features might account for differences such as the relatively higher density of 
red colobus and antelopes in Mwanihana than Ndundulu. This might be 
related to energy limitations and/or reduced food density/quality at high 
elevations (e.g. Caldecott, 1980; see also Marshall et al., in press). In 
conclusion, our study provides evidence of primate and antelope variation in 
population abundance and species composition across contrasting forest 
sites. More research involving ad-hoc selection of study sites will be 
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necessary to independently evaluate the effects that might account for the 
differences observed. 
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