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Introduction

Since Darwin (1839) and von Humboldt (1849) identified elevation gradients as
geographical factors causing ecological variations, this topic has still received little
attention (MacArthur 1972), especially when compared to the conspicuous liter-
ature associated with latitudinal gradients (Stevens 1989). In 2001, however,
a volume of Global Ecology and Biogeography (Rahbek 1995) was dedicated to
elevation gradients of species richness in mammals. Rahbek (1995) showed that
most studies detected the highest species richness at lower and some at mid
elevations. Several hypotheses on the cause of species richness and gradient
relationship have been proposed since, but none of these has yet received clear
empirical support (Brown 2001; Heaney 2001; Lomolino 2001). Species diversity
may peak at intermediate elevation gradients because of overlapping ranges of
species distributions that are bounded by the ends of the gradient (Colwell and
Hurtt 1994; Rahbek 1995, 1997; Kessler 2001; Lomolino 2001; Rahbek 2005).
This hypothesis fits with standard ecological theory on diversity and geographic
ranges, in that temperature declines with elevation, leading to low productivity and
consequent changes in habitat diversity and biotic interactions (Givnish 1999;
Heaney 2001; Lomolino 2001). A second geographical component which is more
poorly understood is the relationship between population density and elevation
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gradient. At present, it is not clear whether a density–elevation gradient
relationship exists within a single species, since only one study is known to have
investigated such an effect (Hanya et al. 2004).

The present study aims to assess the changes of population abundance with
elevational gradient in four nonhuman primate species from the Udzungwa
Mountains of Tanzania. The Udzungwa Mountains are part of the Eastern Arc
Mountains chain, an area of global importance for biodiversity and endemism
(Burgess et al. 2007). In particular, the Udzungwa represents one of the most
important areas in Africa for primate diversity and endemisms, with two strictly
endemic monkeys, the Udzungwa red colobus (Procolobus gordonorum) and the
Sanje mangabey [Cercocebus (galeritus) sanjei], and the near endemic kipunji
(Rungwecebus kipunji; Rovero et al. 2009). Of all the Eastern Arc Mountains blocks,
the Udzungwa have the largest forested area, widest elevation gradient, and greatest
habitat diversity, making the area an excellent model for studying changes of pri-
mate abundance with elevation. The study focuses on Mwanihana forest, one of the
largest forest blocks and one of the only two forests (the other being the Udzungwa
Scarp Forest Reserve) that have continuous forest cover from 300 to 2,300 m a.s.l.

A detailed study in woody vegetation along elevation gradients of the Mwanihana
forest found that basal area, species’ richness, and diversity increase with elevation
(Lovett et al. 2006). In contrast, previous work on elevational variation in primate
abundance is very limited. It either relates to studies conducted on a limited range of
the overall forest elevational gradient, such as the long-term monitoring conducted
in Mwanihana and Udzungwa Scarp Forest Reserve from lowland (300 m a.s.l.) to
mid elevation (1,000 m a.s.l.; Rovero et al. 2006, 2012); or it relates to comparisons
of abundance among forests with different elevation gradients (Marshall et al. 2005;
Rovero and Marshall 2005). This latter approach would likely introduce biases from
comparing forests which differ in overall area, floristic and/or structural tree com-
munity features, as well as for differences related to anthropological effects (e.g.,
hunting and habitat fragmentation). Nevertheless, these comparisons show that both
diversity and relative abundance of primate populations were higher at lower ele-
vation (e.g., Mwanihana Forest: 300–800 m) than at mid to high elevation (e.g.,
Ndundulu Forest: 1,400–2,100 m; Struhsaker et al. 2004; Rovero and Marshall
2005). The present study aims to (a) assess variation in primate abundance along the
entire elevational gradient (300–2,300 m a.s.l.) within the same forest; and (b)
correlate variations in primate abundance to elevation and vegetation parameters
such as mean and total basal area, tree species’ richness, and canopy cover.

Methods

Study Site

The Udzungwa Mountains are in south–central Tanzania and extends over
10,000 km2. Overall elevations span from 290 (Kilombero valley on the eastern
side) to 2,600 m a.s.l. (Mount Luhomero). The focal area for this study,
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Mwanihana forest (centered on 7�46’S, 36�43’E; 177 km2), covers a steep and east
facing escarpment slope within the eastern side of the Udzungwa Mountains
National Park (Fig. 1). This forest is a key site for conservation of the two endemic
monkeys, the Udzungwa red colobus and Sanje mangabey (Dinesen et al. 2001;
Rovero et al. 2009). For the latter, Mwanihana holds one of the two existing
populations; the other one is in the southern Uzungwa Scarp Forest Reserve.
Mwanihana forest is important for a range of plant and fauna species, including
gray-faced sengi, or elephant-shrew (Rhynchocyon udzungwensis), Abbott’s duiker
(Cephalophus spadix), and rufous-wing sunbird (Nectarinia rufipennis).

Forest cover at Mwanihana is continuous from 300 to almost 2,300 m a.s.l. and
consists of different habitat types roughly corresponding to elevation zones (Lovett
1993; Lovett et al. 2006), from lowland deciduous ‘miombo’ forest, and semi-
deciduous forest to submontane and montane evergreen forest, the latter including
upper montane, bamboo-dominated forest (Lovett 1993; Lovett et al. 2006).

The forest is under the direct climatic influence of the east blowing Indian
Ocean winds, and rainfall is therefore higher than in the surroundings, varying
from 2,000 to 2,500 mm per year, usually distributed in two periods: November–
December and March–May.

Primate Species

Four primate species out of the 13 primates (of which seven diurnal) found within
the Udzungwa Mountains occur in Mwanihana forest and are considered in the
current analysis (Fig. 2).Subfamily Colobinae:

Uzungwa Scarp

Ndundulu/
Luhomero

Mwanihana

(a)

Fig. 1 Map of the Udzungwa Mountains of Tanzania, with forest blocks in black and the
Udzungwa Mountains National Park highlighted in gray. The insert on the right shows
Mwanihana forest, where the study was conducted, with primate census transects walked (white
lines)
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(1) Udzungwa red colobus (P. gordonorum)

This IUCN-Vulnerable monkey is one of the Udzungwa endemic primates.
It occurs throughout the Udzungwa Mountains range but because of habitat
destruction for farming and settlements, its presence in small forest fragments has
decreased drastically in recent years. They live in multi-male/multi-female groups
and range in size from 3 to 85 individuals (Struhsaker et al. 2004; Struhsaker
2010). Extensive work by Struhsaker and colleagues has shown that group size is
affected by several habitat parameters, including tree density, degree of decidu-
ousness, and forest size (Struhsaker et al. 2004). Thus, groups are bigger in size in
the large blocks of mature, moist, mixed evergreen, and semideciduous forest
(such as Mwanihana) but size does not appear correlated with elevation
(Struhsaker et al. 2004; Marshall et al. 2005, 2010).

Fig. 2 The four forest-
dwelling and diurnal primate
species occuring throughout
Mwanihana forest in the
Udzungwa Mountains
National Park: a Udzungwa
red colobus (photo C.
Gupfinger), b Angolan
colobus c Sykes’ monkey
d Sanje mangabe
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Like other colobine monkeys, the species is arboreal and is rarely seen on the
ground. Colobus feed on leaves, especially young leaves (Rovero 2003; Pucci and
Rovero 2004). Thus, the richness of food plant species in the forest is an important
variable correlating with the abundance of red colobus (Rovero and Struhsaker
2007). Red colobus in the Udzungwas associate with all sympatric diurnal mon-
keys with the exception of yellow baboons, and are most frequently observed in
association with Angolan colobus (Struhsaker 2010).

(2) Angolan colobus (Colobus angolensis palliatus)

This species occurs throughout the Udzungwa Mountains (Marshall et al. 2010)
and, like red colobus monkeys, has decreased in recent years at heavily disturbed
sites (Rovero et al. 2012). The distribution of Angolan colobus monkeys is very
similar to that of red colobus monkeys, and it appears to be relatively more common
at higher elevations, in the upper montane forest zone (Marshall et al. 2005). Like
the red colobus, it is negatively affected by forest degradation, but to a lesser degree
(Marshall et al. 2005; Rovero and Struhsaker 2007; Rovero et al. 2012).

This colobus species lives in one-male/multi-female groups (occasionally with
2 or 3 males) ranging in size from 2 to at least 14 individuals. Similarly to the
pattern observed for the red colobus, group size decreases in degraded forests
(Marshall et al. 2005). They are typically arboreal and spend large amounts of time
resting, and feed predominantly on mature leaves.

Subfamily Cercopithecinae:

(3) Sanje mangabey [Cercocebus (galeritus) sanjei]

This endemic and IUCN-endangered monkey was discovered in 1979
(Homewood and Rodgers 1981) and it is present only in two forests, Mwanihana
and Udzungwa Scarp Forest Reserve (Fig. 1). Habituation of two groups in the
Mwanihana forest suggests that Sanje mangabeys live in multi-male/multi-female
groups of approximately 40–60 individuals, with up to five adult males. Group
home range size is approximately 4–6 km2 and can encompass habitats including
primary and secondary forest, which are all exploited over the year. Fruits form the
greatest component of their diet, which also includes flowers, seeds, fungi,
invertebrates, and small vertebrates. All strata of the forest are exploited; however,
up to 70 % of time is spent for aging and traveling on the forest floor. Sanje
mangabeys form polyspecific associations in Mwanihana with Sykes’ monkeys
and the two colobines (Jones and Laizzer unpublished data).

(4) Sykes’ monkey (Cercopithecus mitis spp. moloneyi/monoides)

This species occurs throughout the Udzungwa Mountains range. In Mwanihana
forest, it prefers secondary, regenerating, and semideciduous forest zones (Rovero
et al. 2006); however, it is also common in higher elevation forests (e.g., Marshall
et al. 2005) and it does not seem to be clearly negatively influenced by habitat
degradation as the two colobines (Rovero et al. 2012).

Variation in Primate Abundance Along an Elevational Gradient 215



This monkey lives in uni-male/multi-female groups ranging in size from 2 to at
least 22 individuals (Rovero et al. 2006). It is an opportunistic species that uses all
vertical forest strata and feeds predominantly on fruits. Sykes’ monkeys are found
in polyspecific association with Sanje mangabeys, Angolan colobus and Ud-
zungwa red colobus.

Yellow baboons (Papio cynocephalus) also occur in Mwanihana but confined
along the lower, miombo woodland, and thus not relevant for the study purpose.
Vervet monkeys (Chlorocebus pygerythrus) are also sporadically present along
forest edges.

Primate Census

Primate abundance data were collected in Mwanihana forest between July and
November 2011 through line transects. A grid of 2 km-long transects, spaced 1 km
apart (along both longitude and latitude) and oriented North–South was randomly
overlapped with a satellite forest cover map (Fig. 1a). A set of 43 transects deemed
feasible was chosen based on accessibility and actual forest cover (i.e., excluding
areas with rock cliffs or large forest gaps). The transect areas were presurveyed to
assess feasibility of conducting censuses, and the majority of transects did not
involve any vegetation cutting, with exception of lower elevation transects that
crossed secondary, regenerating vegetation that could not be properly walked
without minimum precutting.

The line transect method is very well established and routinely deployed for
forest monkeys (review in Marshall et al. 2008; see also Buckland et al. 2010).
Transects were walked by a team of one observer and two assistants at an average
speed of about 1 km per h, starting in the early morning (between 07:00 and 07:30)
and completed in 2–3 h, depending on vegetation density (average: 2 h:53 m; range:
1 h:02 m–4 h:33 m). For each primate sighting, the following data were noted:
Observer’s position from the beginning of the transect (measured through a hip
chain), species observed, position, and elevation were recorded by using a hand-held
GPS unit (Garmin Map60 CSx). Solitary monkeys were also scored, but we included
only social groups in the analysis. We did not analyze groups that were heard but not
seen. An additional set of information was taken for other purposes than the present
study, such as the number of individuals, if countable, the perpendicular distance
from transect to the first animal seen, and the animal observer distance.

Vegetation Sampling Along Transects

To assess the relationship between primate abundance and arboreal vegetation
structure and composition, after each census walk the field team conducted tree
sampling on the way back to the starting point. Four, 25 by 25 m square plots
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centered on the line transect were established every 500 m along transects (at 250,
750, 1,250, and 1,750 m). All tree and woody climber species above 10 cm of
diameter at breast height (DBH) within the plot were identified and measured by
using a DBH measuring tape. In addition, we visually estimated the extent of
canopy cover above each plot by using 5 classes: open canopy (0 %), semi-open
(25 %), half-closed (50 %), semi-closed (75 %), and closed (100 %).

Data Analysis

We computed a primates’ encounter rate (ER) as the number of groups seen per
km of transect walked, and considered it an index of relative abundance, in
accordance with several other primate studies (e.g., Chapman et al. 2000; Mitani
et al. 2000; Rovero et al. 2006; Linder and Oates 2011; Lwanga et al. 2011). To
assess variation of ER with elevation, we used the elevation of each sighting (or
mean elevation when multiple sightings were scored per transect) to attribute the
ER from each transect to three elevation classes. By dividing in approximately
equal portions the overall elevation range (433–1,850 m a.s.l.) of primate sight-
ings, we identified three classes of elevation: lowland (400–700 m a.s.l), sub-
montane (700–1,200), and montane (1,200–1,800). Due to the steep terrain of the
forest, transects inevitably crossed a range of elevation (minimum and max ele-
vation gradient within each transect: 15–545 m). Thus, we considered it more
accurate to classify the ER from each transect by the elevation of sightings rather
than by the average transect elevation. However, when no sightings were scored
per transect, we used the average transect elevation as the mean elevation of the
four vegetation plots. By using the Kruskal–Wallis test, we then tested for dif-
ferences in ER across elevation zones. We also used Pearson’s correlation test to
further assess the relationship between primates’ ERs and elevation on a contin-
uous scale. Correlation tests were also used to assess relationship between vege-
tation variables and elevation. Data from vegetation plots were used to compute
the following variables: DBH values from each tree were converted into basal
area, and used to compute both mean basal area (MBA) and total basal area
(TBA); species’ richness was computed as the total number of species per plot; and
canopy cover was the index of canopy closure above the plot.

The influence of both elevation and vegetation variables on primates’ relative
abundance was assessed using generalized linear modeling (GLM), with Poisson
error distribution that is appropriate when the response variables are counts
(Maindonald and Braun 2003). Because of data overdispersion, we used a quasi-
Poisson error distribution (Zuur et al. 2009). We implemented GLMs in R software
version 2.10 (http://www.r-project.org). Vegetation variables (MBA, TBA, canopy
cover, and species’ richness) were used as the mean values per transect from the
four vegetation plots. Variables were first checked for collinearity through a
correlation matrix and using a threshold of Pearson’s r [ 0.7. As a result, canopy
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cover was not presented to GLMs because of positive, significant correlation with
TBA (r = 0.71, p \ 0.001). We preferred TBA instead of canopy cover because
the latter is an estimate and, as such, it is subject to observer bias. TBA and MBA
were also significantly auto-correlated (r = 0.75, p \ 0.001). However, we
retained both variables because they provide complementary information; TBA
reflects the overall amount of tree cover, while MBA reflects the average size of
trees. Species’ richness and TBA were also auto-correlated (r = 0.59, p \ 0.001)
and both retained for regression analysis.

Results

Primate Density and Elevation Gradients

We walked a total of 80.05 km of transects from the 43 transects. Some transects
could not be completed due to harsh terrain (range of transect length: 859–2,000 m).
This sample size yielded 117 sightings of monkeys, which consisted of 43 Ud-
zungwa red colobus monkeys, 38 Angolan colobus monkeys, 31 Sykes’ monkeys,
and 5 Sanje mangabeys. Accordingly, mean ER from all transects were highest for
Udzungwa red colobus (0.54 groups per km walked), followed by Angolan colobus
(0.49), Sykes’ monkey (0.38), and Sanje mangabey (0.06; Fig. 3).

For all species, ER varied markedly across elevation zones (Fig. 4). Udzungwa
red colobus’ ER decreased steadily and significantly from lowland to montane
(Kruskal–Wallis test: v2 = 12.67, p \ 0.005), while Angolan colobus’ ER was
similar in lowland and submontane zones but decreased in the montane zone, and
the overall difference was significant (v2 = 6.61, p \ 0.05). Sykes’ monkey’s ER
also decreased steadily and significantly (v2 = 19.47, p \ 0.001). Sanje manga-
beys were not sighted in the lowland zone, and sightings were almost equally
divided between the submontane and montane zones. However, sample size was
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Fig. 3 Mean encounter rate
(number of groups observed
per km walked) and SE of
four primate species from 43
transects conducted in
Mwanihana forest during
July–November 2011.
N indicates the total number
of groups sighted
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too small for statistical analyses. As noted in other studies (e.g., Rovero et al.
2012), line transects are not an efficient method to census Sanje mangabeys, as
they move predominantly on the ground and are very elusive.

Correlative analysis of relative abundance values from each transect against
elevation of sightings confirms the trends presented above: the correlation was
negative and significant for the three species, with highest coefficient for the
Sykes’ monkey (r = -0.63, p \ 0.001), followed by the Udzungwa red colobus,
(r = –0.50 p \ 0.001) and Angolan colobus (r = –0.35, p \ 0.05).

Effect of vegetation parameters and elevation on primate abundance

Correlation tests between vegetation parameters (using mean values from the
four plots per transect) and mean transect elevation show that positive and signifi-
cant correlations emerged between: (1) elevation and TBA (r = 0.43, p \ 0.005;
Fig. 5a), (2) elevation and canopy cover (r = 0.46, p \ 0.005), while the correlation
was low and not significant between, (3) elevation and MBA (r = 0.25, p = 0.10;
Fig. 5b), and (4) elevation and species richness (r = 0.21, p = 0.17). In particular,
while TBA increases throughout the elevation gradient, MBA increases less steeply
than TBA and appears to peak at elevation gradients of 1,000–1,500 m (Fig. 5).

Multivariate regression analysis on the effect of vegetation parameters and
elevation on primate relative abundance resulted in elevation, TBA, and MBA
being retained by the models for all three species tested (deviance explained by the
model: Udzungwa red colobus 31.5 %, Angolan colobus 32.6 %, Sykes’ monkey
36.9 %; Table 1). Canopy cover was not used a priori (see methods) and species’
richness was manually excluded during model selection as it did not improve the
fit in any model. As expected, elevation had a significant, negative effect on all
three species. MBA had a positive effect on all species, which was relatively more
marked for the colobines than the Sykes’ monkey. TBA, on the contrary, had a
negative effect on all species, but it was significant only for the colobines and it
appeared of less importance than the effect of MBA.

0.2

0.4

0.6

0.8

1.0

1.2

Udzungwa
red colobus

Angolan
colobus monkey

Sub-montane

Montane

Lowland

E
n

co
u

n
te

r 
ra

te
 (

g
ro

u
p

/k
m

)

Sanje 
mangabey

Fig. 4 Mean encounter rate
(groups observed per km
walked) and SE for each of
the four primate species along
elevation zones (lowland:
400–700; submontane:
700–1,200; montane:
1,200–1,800 m a.s.l.) in the
Mwanihana forest,
Udzungwa Mountains,
Tanzania
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Discussion

Results of the current study clearly show that relative abundance of diurnal pri-
mates in Mwanihana forest varies sharply with elevation. ER decreases with
increasing elevation, according to different patterns in the four investigated spe-
cies. These results confirm the trend inferred in previous studies (Marshall et al.
2005; Rovero et al. 2006) by addressing, for the first time, an elevation gradient
spanning about 1,500 m (433–1,850 m a.s.l.) and occurring within the same forest.
Even though all target species in Udzungwa Mountains range well up to above
2,000 m a.s.l. in the western, Ndundulu-Luhomero forest (review in Rovero et al.
2009), this study indicates that highest abundances are recorded within the

Fig. 5 Plots showing the
correlations between two
vegetation parameters, total
basal area (TBA, chart
above), mean basal area
(MBA, chart below), and
elevation from tree plots
established in the Mwanihana
forest, Udzungwa Mountains,
Tanzania. The dotted line
indicates the shape of the
correlation
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lowland, or lowland to submontane forest, for the two colobus monkey species and
Syke’s monkey. The Sanje mangabey, in contrast, appears to prefer submontane
and montane altitudinal zones, even though counts were too few to draw definitive
conclusions.

In accordance to another study on density–elevation gradient relationship
(Hanya et al. 2004), also Udzungwa primates show a preference for lowland
altitude. Dietary preference of red colobus for young leaves (Waterman and Kool
1994; Usongo and Amubode 2001; Rovero 2003; Chapman et al. 2004; Struhsaker
2010) may explain its preference in lowland forest where trees are deciduous and
semideciduous, and therefore availability of young leaves is greater (Chapman
et al. 2002). Angolan colobus, on the contrary, is known to be able to better digest
mature leaves (Bocian and Anderson 2013), which may explain their sustained
abundance in the evergreen, submontane forest (e.g., Fimbel et al. 2001). Sykes’
monkey, instead, is an omnivore and opportunistic species, not influenced by
habitat degradation, thus capable of using all vertical forest strata (Butysnki 1990).
As already suggested for primates residing in the Udzungwas (Marshall et al.
2005), as well as from other areas (Durham 1975; Caldecott 1980; Fimbel et al.
2001; Chapman et al. 2002), knowledge on species’ diets, and information on food
quality and quantity available at different elevations, are required to test potential
hypotheses. Physiological effects of altitude may also directly impact species’
abundance and/or group sizes, such as through the increased nutritional demands
of thermoregulation and locomotion in colder habitat (Caldecott 1980; Bryant
et al. 1983; Dudt and Shure 1994).

Red colobus are dependent upon the richness of food plant species (Rovero and
Struhsaker 2007) which may be related to overall tree species’ richness. However,
species richness as such does not seem to be of importance, as richness slightly
increases over the altitude range investigated, an opposite effect from the
increasing red colobus’ abundance trend. Tree species diversity is likely to be
more relevant but further studies are required. An approximation of forest structure
(i.e., defined by the community of trees having DBH above 10 cm) appears to have
a clear influence on abundance changes with elevation. In agreement with findings
from focal vegetation studies (Lovett et al. 2006), the negative effect of TBA on
primate abundance is consistent with the almost linear increase of TBA with

Table 1 Results of Generalized Linear Modeling (quasi-Poisson error distribution) for testing
the effect on primates’ relative abundance of vegetation parameters and elevation. Data are from
43 census transects

Udzungwa red colobus Angolan colobus Sykes’ monkey

Variables Z ± SE p(z) Z ± SE p(z) Z ± SE p(z)

Elevation -1.047 ± 0.381 0.0092 -1.061 ± 0.365 0.0061 -1.690 ± 0.465 0.0008
TBA -1.062 ± 0.473 0.0309 -1.135 ± 0.464 0.0194 -0.767 ± 0.586 0.1981
MBA 1.596 ± 0.651 0.0190 1.611 ± 0.644 0.0169 1.031 ± 0.769 0.1881

TBA total basal area; MBA mean basal area; all explanatory variables were natural log
transformed
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elevation (the relation has however a weak explanatory power: R2 = 0.15).
Interestingly, this is slightly in contrast with previous studies that found positive
influence of TBA on both Angolan colobus (Rovero and Struhsaker 2007; Rovero
et al. 2012) and red colobus abundance (Rovero et al. 2012). However, previous
studies focused only on low to mid elevation (300–1,000 m a.s.l.) and concluded
that within that range, which includes optimal habitat, TBA is a proxy for closed-
canopy cover, selected by typical arboreal primates as the colobines. The positive
and significant influence of MBA on the abundance of colobines also fits well with
the relationship between MBA and altitude; the relationship is not significant but
shows a slight increase of MBA up to submontane forest, which is the higher end
of the preferred altitudinal range for both species. A positive influence of MBA on
red colobus was found at lower to mid elevation in Rovero and Struhsaker (2007),
and can be explained by the species’ preference for old-growth, mature forest
habitat. The different pattern found for the Sykes’ monkey is not surprising, given
this opportunistic frugivorous-omnivore species’ preference for secondary,
regenerating vegetation (Butynski 1990) that is characterized by a high presence of
woody climbers (Lawes et al. 2013). This degraded type of habitat is almost
exclusively present along the lower forest belt (Rovero et al. 2006, 2012).
Therefore, the non-significant effect of TBA and MBA is easily explained.

Red colobus monkeys appear to prefer lowland forests, with species that range
nearly exclusively at low elevation, including the western red colobus (Procolobus
badius) (0–900 m a.s.l.; Butysnki et al. 2013a), Preuss’s red colobus (P. preussi)
(50–1,079 m; Butynski and Kingdon 2013), and Pennant’s red colobus (P. penn-
antii) (0–800 m; Butynski et al. 2013b). The higher altitudinal range of the Ud-
zungwa red colobus resembles that of Central African red colobus (P. rufomitratus
tephrosceles) that ranges up to 2,420 m in SW Tanzania (Struhsaker and Grubb
2013). For the Angolan colobus, the highest altitudinal range of 2,200 m in Ud-
zungwa (Rovero et al. 2009) is only slightly smaller than the species’ upper limit
of 2,415 reported from Nyungwe, Rwanda (Bocian and Anderson 2013). On the
contrary, the range reported for the C. mitis group of monkeys is much wider than
in the Udzungwa Mountains, extending up to 3,800 m on Rwenzori Mountains,
Uganda (Lawes et al. 2013).

Conclusions and Conservation Implications

This study is a first assessment of primate groups’ relative abundance across an
altitudinal gradient throughout Mwanihana forest. The pattern observed is unam-
biguous. From an intensive demographic study previously conducted, no differ-
ences in group size, among the Udzungwa red colobus, was found with elevation
in mixed semideciduous and evergreen forests (Struhsaker et al. 2004). Thus, the
pattern for the Udzungwa red colobus should remain unchanged when group size
(number of individuals per group) is included into the analysis. At high elevation,
Marshall and colleagues (2005) found smaller group size in the western Ndundulu
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forest, but they interpreted the results as driven by human disturbance and vege-
tation degradation effects rather than elevation (Struhsaker et al. 2004). Detailed
dietary and habitat quality assessments, in parallel with an assessment of energy
and climate gradients, will be necessary to understand causation in the relation-
ships found.

The findings have relevant implications in conservation management, espe-
cially given the threatened status of both endemic monkeys and the documented
decline of primates reported for the least protected forests in the Udzungwas,
including the southern Udzungwa Scarp Forest Reserve (Rovero et al. 2012). The
importance of large forest blocks, with large portions of old-growth, mixed
evergreen, and semideciduous forest has been highlighted before (Struhsaker et al.
2004). This study stresses that the presence of original forest cover from the
lowland belt of the mountains is especially critical, particularly for the Udzungwa
red colobus. The greatest forest loss in recent decades (1955–2000) in the Eastern
Arc Mountains has occurred in the lowland zone (200–800 m, 55 %) and in the
submontane zone (800–1,200 m, 41 %), relative to montane zone (1,200–1,800 m,
20 %: Hall et al. 2009). The Udzungwa Mountains hold some of the few forests
(Mwanihana and Udzungwa Scarp Forest Reserve) in the Eastern Arc retaining
forest cover from lowland to montane. Besides the greater size of these forests
relative to most of the Eastern Arc forests, such persistence of lowland forest may
be the single, most important reason for the exceptional importance of Udzungwa
for primate diversity and conservation. The near absence of Sanje mangabeys at
lower elevation may well be an effect of disturbance caused by human activities.
The lowland forest has faced historically, and may currently be subject to the
greatest human pressure through timber and pole cutting, as especially docu-
mented in the southern, less protected Udzungwa Scarp Forest Reserve (Rovero
et al. 2012). Increased protection of these forests is of great importance.
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