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The implications of vehicle collisions for the
Endangered endemic Zanzibar red colobus
Piliocolobus kirkii

HA R R Y O L G U N , M Z E E K H A M I S M O H A MM E D , A B B A S J U M A M Z E E

M . E . L A N D R Y G R E E N , T I M R . B . D AV E N P O R T and A L E X A N D E R V . G E O R G I E V

Abstract Roads affect wildlife in a variety of negative ways.
Road ecology studies have mostly concentrated on areas in
the northern hemisphere despite the potentially greater
impact of roads on biodiversity in tropical habitats. Here,
we examine  years (January –December ) of oppor-
tunistic observations of mammalian roadkill along a road
intersecting Jozani-Chwaka Bay National Park, Unguja,
Zanzibar. In particular, we assess the impact of collisions
on the population of an endemic primate, the Endangered
Zanzibar red colobus Piliocolobus kirkii. Primates accounted
for the majority of roadkill in this dataset. Monthly rainfall
was not associated with roadkill frequency for mammals
generally, nor for the Zanzibar red colobus. No single age–
sex class of colobus was found dead more often than ex-
pected given their occurrence in the local population. The
overall effect of roadkill on colobus populations in habitats
fragmented by roads is unknown given the lack of accurate,
long-term life history data for this species. Our findings sug-
gest that mortality from collisions with vehicles in some groups
of colobus is within the range of mortality rates other primates
experience under natural predation. Unlike natural predators,
however, vehicles do not kill selectively, so their impact on
populations may differ. Although a comparison with historical
accounts suggests that the installation of speedbumps along the
road near the Park’s entrance has led to a significant decrease in
colobus roadkill, further actions to mitigate the impact of the
road could bring substantial conservation benefits.

Keywords Colobus, Jozani-Chwaka Bay National Park,
mortality, Piliocolobus kirkii, primate conservation, roadkill,
wildlife–vehicle collisions, Zanzibar

Introduction

One of the many ways in which roads affect wildlife is
via increased mortality from collisions with vehicles

(Trombulak & Frissell, ; Coffin, ; Newmark, ;
Laurance et al., ). Two key aspects need to be con-
sidered when examining the potential impact of vehicle
collisions on the status of a species. Firstly, the scale of the
problem needs to be assessed by determining the frequency
of collisions and the factors affecting the frequency and spa-
tial and temporal distribution of roadkill. Secondly, we need
to examine the effects of roadmortality on population struc-
ture and persistence.

Road ecology has made substantial progress in address-
ing the first issue. Numerous studies have documented pat-
terns of wildlife–vehicle collisions across a variety of biomes
(Rytwinski & Fahrig, ; van der Ree et al., ; Monge-
Nájera, ; Krief et al., ). The magnitude of the prob-
lem is illustrated in a study of community-reported welfare
cases involving primates along a -km stretch of road in a
coastal resort town in Kenya. Collisions with vehicles were
the single most frequent incident cause reported over a
-year period (% of all cases, n = ,), with % of colli-
sions being fatal for the monkeys (Cunneyworth & Duke,
). Environmental factors such as variation in rainfall
can affect roadkill frequency. Some studies have reported
more roadkill in wet seasons, whereas others found greater
roadkill mortality in dry seasons (Jeganathan et al., ;
Njovu et al., ; Cunneyworth & Duke, ). Fatal colli-
sions with vehicles are more frequent on roads near and
within than outside or further away from protected areas
(Garrigia et al., ; Kioko et al., ; Akrim et al., ;
Njovu et al., ). Road type also has an effect: bigger
roads with a better surface, which allow for greater speed
and larger vehicles, cause greater mortality (Drews, ;
Caro et al., ; Epps et al., ; Collinson et al., a).
Species vary in their susceptibility, with larger, longer-lived
animals with slower life histories being particularly vulner-
able to collisions (Rytwinski & Fahrig, ). Amongst pri-
mates, the degree of terrestriality can also affect roadkill
risk: more arboreal species appear to be killed at greater fre-
quency when crossing roads than species that spend more
time on the ground (Cunneyworth & Duke, ).

Despite the increasing literature on roadkill (Schwartz
et al., ), few studies have addressed the second issue,
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assessing the impact of road-induced mortality on popula-
tion structure and persistence (e.g. Hels & Buchwald, ).
Individuals within a population can have different mortality
risks. For example, Florida scrub jays Aphelocoma coerules-
cens breeding in territories along a major road were at great-
er risk of roadkill mortality than those nesting further away
from roads. Within the roadside populations, this risk was
highest for birds that had immigrated into these areas dur-
ing the first  years in their new territory, whereas for birds
that had been living in these areas for longer it was similar
to those in non-road territories (Mumme et al., ).
Similarly, fledgling Florida scrub jays near roads experi-
enced significantly increased mortality in their first months
of life but not later. This shows that individuals that are new
to anthropogenic landscapes and struggle to navigate them
safely are at higher risk (ibid.). Differences in age and experi-
ence could also explain roadkill mortality patterns in some
mammals. In Mikumi National Park, Tanzania, amongst
groups of yellow baboons Papio cynocephalus that fre-
quented a road intersecting their habitat, young, pre-
sumably less experienced, individuals were killed more
frequently than expected based on their representation in
groups that visited the road (Drews, ). However, the
same pattern of vulnerability in different age classes of
yellow baboons was not observed at a different site (Cun-
neyworth & Duke, ). Variation in the relative vulner-
ability of age–sex classes has also been reported amongst
the four different monkey species studied (ibid.), suggesting
that site- and species-specific assessments are necessary to
establish how different populations might be affected by
roads. Knowing which age–sex classes are most at risk is
important for understanding if and how road mortality
will affect the population in the long term. For example,
the loss of a young reproductive female is more likely to
have adverse effects on the maintenance of a population
than the loss of males or sexually immature individuals
(Coulson et al., ). For primates, given their slow life
histories (Charnov & Berrigan, ), high vulnerability to
extinction (% of primate species have declining popula-
tions; Estrada et al., ), and the limited literature on pri-
mate road ecology (Hetman et al., ), examining the
potential long-term demographic impact of wildlife–vehicle
collisions is particularly important.

Red colobus Piliocolobus spp. are a genus of threat-
ened African primates (Struhsaker, ). The Endangered
Zanzibar red colobus Piliocolobus kirkii is endemic to
Unguja Island, Zanzibar, and roadkill may be a particular-
ly prominent source of mortality in at least one locality
(Struhsaker & Siex, ). The species faces increasing
pressure from habitat loss caused by agricultural expansion,
human development and timber logging (Davenport, ).
According to the most recent comprehensive census, the
population is estimated to be c. , individuals and ap-
pears to be in decline, with a low recruitment rate compared

to other red colobus species and primates more broadly
(Davenport et al., ). Almost % of the Zanzibar red
colobus population occur in Jozani-Chwaka Bay National
Park, the only national park in Zanzibar (ibid.). They are
the main attraction for visitors to the Park and provide a
crucial source of revenue for the local economy (Saunders,
; Carius & Job, ). Increased tourist vehicle traffic (in
addition to other types of traffic) on the main road intersect-
ing the southern edge of the Park, however, also poses a risk
to colobus as multiple groups range on both sides of the
road, cross it frequently and occasionally get hit by vehicles.
In the absence of natural predators, roadkill incidents may
be the most significant source of extrinsic mortality for this
subpopulation of P. kirkii. Currently, however, there are no
accurate data to assess the magnitude of this threat for the
species.

Here, we analysed a -year dataset on mammalian road-
kill at Jozani-Chwaka Bay National Park to examine the
frequency and seasonality of reported deaths (carcasses
that remained on the road). For the Zanzibar red colobus we
also examined the demographics of individuals killed in
vehicle collisions. We hypothesized that age–sex classes were
killed at rates that were different from their availability in
the population, and we tested several predictions. Amongst
adults, it could be that () adult males are over-represented
in the roadkill data, compared to females, because of their
potentially greater propensity for risk-taking (i.e. being less
cautious). Alternatively, () adult females could be over-
represented because they may be slower to cross than males,
especially when carrying dependent offspring. Regarding
age-class differences in road mortality, () subadults and
juveniles could be over-represented in the roadkill because
(a) they may be slower and lacking in learned abilities to
avoid oncoming vehicles effectively, and (b) because suba-
dults could be the age class most likely to disperse from
their natal group. Alternatively, () adults could be over-
represented in the roadkill dataset because they may per-
ceive roads as more familiar environments and so be less
cautious than immatures when crossing. We discuss our find-
ings in the context of historical accounts for vehicle-related
deaths at this study site, to assess the effectiveness of speed-
bumps as a road mitigation strategy to reduce mortality of
the Zanzibar red colobus across its range. According to a
systematic review of the literature, there is currently no evi-
dence to evaluate the effectiveness of speedbumps as a miti-
gation measure for primate conservation (Junker et al.,
), so our case study of the Zanzibar red colobus provides
valuable baseline data.

Study area

Jozani-Chwaka Bay National Park on Unguja Island,
Zanzibar (Fig. a), is the last stronghold of the endemic
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Zanzibar red colobus (Siex, ; Davenport et al., ). At
its southern edge, a major road (c.  m wide) intersects the
home ranges of multiple colobus groups (Fig. b). These
groups often cross the road in search of food and sleeping
sites, thereby risking collisions and fatalities. There are
four speedbumps along a -m stretch of this road but
colobus also range and cross the road outside this speed
buffer zone.

Methods

Roadkill data

Roadkill was recorded opportunistically by Jozani-Chwaka
Bay National Park staff along the main road intersecting the
Park at its southern edge over  years based both on direct
observation and reports from the public (January –
December ;  months of records were available; data
from  months were missing). Although no systematic road
surveys were conducted, all staff members working at Park
headquarters commuted from nearby villages into work on
a daily basis along the main road, where they could spot
roadkill of any species (although they probably paid more
attention to colobus). Staff also monitored the road nearest
to headquarters repeatedly during the day as they led groups
of tourists around the area in search of colobus on both sides
of the road. Dead colobus further away from headquarters
were reported voluntarily and without reward by members
of the public to Park staff. Based on descriptions of appro-
ximate locations in the notes, we estimate that roadkill was
reported from a .–. km section of the road. Although all

mammals were counted if found or reported, we assume
that members of the public were more likely to report dead
Zanzibar red colobus, rather than smaller mammals. In most
cases of dead colobus, in addition to the date and location of
the observation, the age class and sex were also noted. Records
of individuals who may have been hit by a vehicle but did
not die on the road were not available.

Rainfall data

To examine the association between roadkill frequency and
monthly rainfall, we used estimates of daily precipitation
for Jozani-Chwaka Bay National Park during January –
December  ( months). We obtained precipitation es-
timates from the NASA Langley Research Center’s POWER
Project, which uses satellite observations to model rainfall
distribution across the world and has been validated in pre-
vious studies (White et al., ).

Demographic composition of roadside colobus groups

To examine if colobus of different age–sex classes were
equally likely to die on the road as a result of vehicle colli-
sion, we compared the representation of these classes in the
roadkill dataset to that in a census of groups near the road.
Davenport et al. () collected data on group size and
composition during a census in the Park in . Survey
teams located colobus via a total sweep census and fol-
lowed each group for – days to count all of its members
and obtain data on its movement. Trained and experienced

FIG. 1 Location of the study
site: (a) Jozani-Chwaka Bay
National Park, Zanzibar,
Tanzania, and (b) the road
from which roadkill data
were collected.

270 H. Olgun et al.

Oryx, 2022, 56(2), 268–276 © The Author(s), 2021. Published by Cambridge University Press on behalf of Fauna & Flora International doi:10.1017/S0030605320000605

https://doi.org/10.1017/S0030605320000605 Published online by Cambridge University Press

https://doi.org/10.1017/S0030605320000605


observers recorded age–sex classes with a high degree of
inter-observer reliability (Davenport et al., ).

Based on the spatial data recorded while following these
groups in , and our knowledge of the distribution and
movements of groups in the same area in –, we se-
lected  of the total  groups identified in the Park by sur-
vey teams (Davenport et al., ) that met our definition of
roadside groups. We considered roadside groups to be those
that were observed within a  m perpendicular distance
from the road on at least one occasion during the period
when the group had been followed. Of these  groups, six
were seen to cross the road and one came within  m of the
road. For the remaining  groups, the mean minimum per-
pendicular distance to the road at which they were observed
was  m (range: – m), and the mean furthest distance
was  m (range: – m). Although ranging data for
these groups were limited ( group-follow days; two groups
followed for  consecutive days;  for  days), given our
knowledge of the area and of the species’ ranging ecology,
we considered all  groups to be roadside groups, with
a reasonable likelihood of crossing the road. Groups that
were observed further than  m from the road, although
capable of crossing, are not likely to do so often, given the
presence of other groups’ home ranges between them and
the road. Although Zanzibar red colobus are not strictly
territorial and exhibit substantial intergroup home range
overlap (Siex, ; Struhsaker, ), based on observa-
tions in eight groups ranging at various distances from the
road over a -month period (Zanzibar Red Colobus Project,
unpubl. data) we are reasonably confident our m cut-off
did not exclude any groups that crossed the road frequently.
If anything, the -m threshold could include groups that
were not very likely to cross the road. Thus, in addition to
using the  groups as the baseline population to estimate
vehicle collision mortality rates, we considered two more
conservative definitions of roadside groups in our analyses.
Firstly, we restricted the comparison to only the  groups
that were observed within  m of the road, and secondly
we restricted the demographic dataset further to only those
seven groups that ranged closest to the road (i.e. the six that
were seen to cross it and the one that was recorded within
 m of it).

Statistical analyses

We analysed data in R .. (R Core Team, ). We tested
the association between rainfall and roadkill frequencies
with the Spearman rank correlation test. We compared the
age–sex class composition of roadkill to the demography
of the local population of colobus via Fisher’s exact test (for
sex class) and performed a likelihood ratio test for compar-
isons across the different age classes, using the R package
MASS (Venables & Ripley, ).

Results

Over the -year study period ( months of opportunistic
data collection) we recorded seven mammal species as
roadkill (Table ). The majority (%) of carcasses were of
diurnal animals. Primates were recorded as roadkill most
often, accounting for % of all deaths. Zanzibar red colobus
were particularly common in the dataset, with % of all
carcasses.

On average, . carcasses were found on the road per
month (range: –). Mean monthly rainfall at the study
site was  mm (range: – mm). Variance in rainfall,
however, was unrelated to all-species roadkill frequency
(rs =−., n =  months, P = .; Fig. ).

A mean of . Zanzibar red colobus carcasses were
found on the road per month (range: –). Rainfall

TABLE 1 Roadkill recorded along the main road near Jozani-
Chwaka Bay National Park, Zanzibar (January –December
; n =  months of recording).

Species
Activity
pattern

Total
roadkill

Kills/
month

Zanzibar red colobus
Piliocolobus kirkii

Diurnal 29 0.67

Small-eared greater galago
Otolemur garnetti

Nocturnal 13 0.30

Rats (Muridae) Nocturnal 3 0.07
Bushy-tailed mongoose

Bdeogale crassicauda
Nocturnal 2 0.05

Black & rufous elephant shrew
Rhynchocyan petersi

Diurnal 2 0.05

White-collared guenon
Cercopithecus albogularis

Diurnal 2 0.05

Squirrels (Sciuridae) Diurnal 2 0.05
Total 53 1.23

FIG. 2 Relationship between monthly rainfall at Jozani-Chwaka
Bay National Park and mammalian roadkill frequency along the
Jozani road (n =  months).
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was not related to the monthly frequency of colobus roadkill
(rs =−., n =  months, P = .). The ratio of adult
female:male colobus in the roadkill dataset was ., and
in the  roadside groups it was . (Table ). However, the
proportion of males and females that were killed did not
differ significantly from their proportion in the  roadside
groups (Fisher’s exact test: odds ratio = ., P = .).
The proportions of different age classes in the roadkill
dataset also did not differ from their expected values
based on the demographic composition of the  roadside
groups (likelihood ratio test: χ = ., df = , P = .;
Table ). Different age–sex classes were therefore equally
likely to be found dead on the road, given their distribution
in the local population. This result did not change across
the different definitions of roadside groups we considered
(Table ).

To examine the overall impact of vehicle collisions on
population-level mortality, we estimated annual mortality
rates using the three subpopulations that we considered at
risk (depending on the confidence in our estimation of
their likelihood of crossing the road). If only the  groups
nearest the road are taken into account, their annual loss
to collisions is .%. This number is lower (.%) if we
consider all  groups within c.  m of the road to be at
similar risk of collisions (Table ).

Discussion

This is the first study to quantify the effects of vehicle
collisions on mortality of the Zanzibar red colobus, an
Endangered endemic primate. This dataset is an important
contribution to the literature on road ecology more broadly,
given the relatively low number of roadkill studies in the
tropics, compared to the northern hemisphere (van der
Ree et al., ; Monge-Nájera, ; Collinson et al.,
a). Primates, and colobus in particular, were the most

common species found as roadkill near Jozani-Chwaka
Bay National Park. The number of primate deaths from col-
lisions is likely an underestimate, however, as some indivi-
duals do not die on impact but survive long enough to move
off the road, and others may be thrown off the road by the
impact of the collision. The absolute number of non-
colobus deaths is probably also an underestimate. Because
the National Park and the tourism industry in the area are
focused on this charismatic primate species, other animals
that die on the road may go unreported by members of
the public. Our finding that diurnal species were more
often killed on the road contradicts previous studies from
other sites in Africa that reported a higher number of noc-
turnal animals amongst roadkill (Kioko et al., ; Njovu
et al., ). This could be because of differences in habitats
and species diversity but could also reflect methodological
differences. Many previous studies have relied exclusively
on early-morning road surveys to quantify roadkill, whereas
our opportunistic records were not restricted to the early
hours of the day. Up to % of carcasses on roads can be
removed by scavengers in as little as  hours (Schwartz
et al., ), so animals that die during the day may not
remain there until the following morning.

Monthly variation in rainfall was not related to month-
ly roadkill frequency at Jozani, neither for all mammals
nor for colobus. This suggests that, unlike in some other
studies (e.g. da Rosa & Bager, ; Machado et al., ;
Jeganathan et al., ; Njovu et al., ; Cunneyworth &
Duke, ), precipitation may not influence mammal
movements across the road or drivers’ behaviour to the
same extent here. Alternatively, it may be that our dataset
underestimated roadkill frequency during the wet months
of the year. As the records of roadkill were collected oppor-
tunistically by Park staff and/or reported by members of the
public, it is feasible such monitoring was less extensive in
wet weather. Future systematic roadkill surveys could ad-
dress this question.

TABLE 2 Annual mortality rate (%) of Zanzibar red colobus caused by vehicle collisions on the road intersecting Jozani-Chwaka Bay
National Park, for three categories of colobus groups with different risks of collision (see Methods).

Age–sex class
Roadkill
observed

Population estimates for groups observed at
various distances from the road Annual mortality % to vehicle collisions

18 groups
(300 m from
roadside)

13 groups
(100 m from
roadside)

7 groups (crossing
or within 5 m of
roadside)

18 groups
(300 m from
roadside)

13 groups
(100 m from
roadside)

7 groups (crossing
or within 5 m of
roadside)

Adults by sex1

Adult females 11 209 167 106 1.32 1.65 2.59
Adult males 4 59 48 32 1.69 2.08 3.13

All individuals by age
All adults 19 268 215 138 1.77 2.21 3.44
Subadult/juvenile 8 61 50 39 3.28 4.00 5.13
Infants 2 80 69 47 0.63 0.72 1.06

Total 29 409 334 224 1.77 2.17 3.24

The sum of adult females and adult males does not equal the number of adults in the roadkill data because some of the adults killed were not sexed.
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Contrary to our predictions, male and female Zanzibar
red colobus were found dead on the road in similar propor-
tions to their availability within roadside groups. Likewise,
adults, subadults/juveniles and infants were observed as
roadkill as often as expected. These findings mirror observa-
tions from Diani beach, Kenya, where no differences be-
tween Angola colobus Colobus angolensis age–sex classes
involved in vehicle collisions were found (Cunneyworth &
Duke, ). This suggests that the way Zanzibar red colo-
bus cross the road does not expose any particular age–sex
class to a significantly higher risk. Behavioural data on in-
dividual rates of crossing and collision risk would allow
further tests of this hypothesis. The estimates of group
demographics we used to calculate the mortality rates for
colobus near the road may be biased in two ways. Firstly,
data on group composition were collected in , whereas
data on roadkill were from –. Secondly, in the demo-
graphic data from  we did not distinguish between sub-
adults and juveniles. A similarly ambiguous classification
of immature animals applies to the roadkill records. This is
therefore an imperfect but nonetheless valuable preliminary
analysis that can serve as a baseline for future, more detailed
surveys of roadkill mortality in this species.

We estimated the annual loss of colobus to vehicle col-
lisions to be .–.% (depending on the baseline estimate
for the population that is at risk; Table ). To put this figure
into context, data on mortality rates from natural predators
could be informative. The Zanzibar red colobus experi-
ences very limited natural predation at Jozani. The Zanz-
ibar leopard Panthera pardus adersi is probably extinct
(Goldman & Walsh, ) and there are no crowned eagles
Stephanoaetus coronatus (Struhsaker, ) in Zanzibar.
The main predatory threat to the species are therefore
feral/village dogs (Georgiev et al., ) and people (Daven-
port et al., ), but reliable data for estimating the mag-
nitude of these sources of mortality are unavailable. Data
on natural predation on wild primates are generally difficult
to obtain and are available from only a few long-term
studies of individually recognized primates. One review of
primate predation across species and study sites estimated
annual mortality from predation to be –% (Cheney &
Wrangham, ). More recent studies have shown that
under exceptional circumstances predation rates can be
higher (e.g. –% of red colobus killed by chimpanzees
at Ngogo, Uganda; Teelen, ), but mean predation rate
across species, populations and habitats has been estimated
to be c. % (Cheney & Wrangham, ). Our highest
estimate of .% annual road mortality for the Zanzibar
red colobus, therefore, falls within the lower range of mor-
tality rates experienced by different primates from natural
predation, and is higher than natural predation mortality
for some red colobus populations elsewhere. For example,
at Mahale, Tanzania, in some years annual predation loss
has been estimated to be as low as .–.% (Boesch et al.,

). Unlike natural predators, which may predominantly
kill animals in poorer condition, vehicles remove indivi-
duals from a population without regard to their condition
or health (Bujoczek et al., ). In addition, even non-lethal
collisions can have a negative impact on animals via increases
in glucocorticoid production (Narayan, ) and non-lethal
injuries. Taken together, the direct and indirect consequences
of colobus–vehicle collisions could lead to suboptimal pop-
ulation health that could contribute to reduced persistence
of roadside groups.

To assess whether roadkill mortality would contribute to
a population decline near the roads and lead to roadside
habitats becoming a population sink, we need longitudinal
demographic data on birth rates, natural mortality rates
and rates of migration between groups. Such high-quality
longitudinal data do not currently exist for the Zanzibar
red colobus. However, by using estimates of birth rates
and interbirth intervals from a previous study of the same
population (Siex & Stuhsaker, ) we can provide a tenta-
tive assessment. Siex & Struhsaker () estimated an inter-
birth interval of . months in the groups in the study
area, which equals a birth rate of . infants/female/year.
Using this estimate, and our demographic data for the three
categories of groups at various distances from the road
(Table ), we can calculate an annual population increase
via births of ., . and .% (mean = .%), re-
spectively. Using our group composition data to estimate
population increase as the percentage of infants present
during a census from the total number of non-infant in-
dividuals observed during census (adults and juveniles/
subadults), we obtained the following estimates of annual
increase for our three categories of roadside groups: .,
. and .% (mean = .%). These estimates are
similar to the numbers based on the interbirth interval esti-
mation of Siex & Struhsaker (). Despite the inherent
uncertainty of estimates produced via such indirect cal-
culations, this does suggest that the current annual roadkill
mortality rate of .–.% is probably offset by annual
population growth, estimated here by two methods to be
–%. Longitudinal demographic data are required to
produce a more robust assessment of population viability
for the Zanzibar red colobus populations living at risk of col-
liding with vehicles, particularly as there are no data to provide
an estimate of annual mortality rates from natural causes.

In line with observations elsewhere (e.g. Drews, ),
after the Jozani road was tarmacked in , vehicles started
travelling at greater speed and roadkill became a more com-
mon problem (Struhsaker & Siex, ). National Park staff
at the time suggested that a colobus may be killed every –
weeks (ibid.). Struhsaker & Siex () estimated, based on a
population of  colobus exposed to the road, that –%
were lost to road accidents per year. By comparison, our
data show lower mortality in –: one colobus fatality
occurred nearly every  weeks and we estimate an annual
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mortality loss of .–.% (Table ). Changes in popula-
tion size and group ranging patterns in the  years that
separate these estimates may account for the difference in
mortality rates. Amajor factor, however, has been the instal-
lation of four speedbumps and colobus-crossing warning
signs near the main entrance of the Park. These interven-
tions reportedly achieved an % reduction in mortality
in the years after they were implemented (T. Struhsaker,
pers. comm. in Epps et al., ). Based on a mean estimated
annual mortality before the speedbumps were installed of
.%, a relative reduction of % would have resulted in
an estimated annual mortality of .% after the installation
of the speedbumps. This figure lies within our mortality es-
timates of .–.% for –, showing that in the
years since the speed bump installation mortality rates
have probably remained stable. As these speedbumps only
cover c. m of the road that intersects colobus ranges, ex-
tending the speedbump zone along the entirety of the road
that lies within the known range of colobus at Jozani (c. . km)
would probably bring further reductions in roadkill.

In estimating the potential mitigation effects on colo-
bus roadkill, a comparison with a different site is helpful.
At Jozani, we report . Zanzibar red colobus deaths per
month over a maximum of . km of road. Angolan colo-
bus at Diani Beach, Kenya, are involved in vehicle colli-
sions at a rate of . individuals per month. With a re-
ported fatality rate of % across the four primate species
studied at that site (Cunneyworth & Duke, ), a mean of
. colobus die per month along the  km road at Diani
(i.e. % of the colobus deaths per km of road observed at
Jozani: . at Jozani vs . at Diani). The lower rate of colo-
bus roadkill per km of road at Diani is probably a result
of a greater extent of road mitigation measures. Diani has
 speedbumps and  wildlife bridges, whereas Jozani has
only four speedbumps and one wildlife bridge. Direct com-
parison of colobus group crossing rates and frequency of
collision per crossing event between these two sites would
help establish if the higher fatality rate at Jozani could be
further reduced by additional road mitigation measures.
One successful strategy for reducing primate roadkill at
some sites has been the use of wildlife bridges (Vallardares-
Padua et al., ; Mass et al., ; Leen et al., ;
Linden et al., ). Bridges are particularly beneficial for
arboreal species within a suitable surrounding environment,
where the animals approach roads through the canopy (Birot
et al., ; Leen et al., ). If arboreal primates are moving
on the ground, however, they are unlikely to ascend a bridge
to cross a road; they tend to continue crossing terrestrially,
even if bridges are available (Jacobs, ). The roadside
environment at Jozani is mostly unsuitable for wildlife
bridges suspended between trees, and the colobus often
approach roads on the ground from agricultural land or
from low-height canopy. Considering this, the colobus at
Jozani would probably continue to cross terrestrially even

if more wildlife bridges were built. Speedbumps, which are
unlikely to be ignored by drivers (Schutt, ), may be the
most appropriate solution for sites such as Jozani, similar to
recommendations made elsewhere for chimpanzee cross-
ings (McLennan & Asiimwe, ). Complementing this
approach with additional, less costly, interventions can
also be beneficial. Warning signs with photographic images
of animals, placed near roadkill hotspots, can lead to add-
itional reductions in roadkill by altering driver behaviour
over short distances (Collinson et al., b). Although such
mitigation measures can become less effective as drivers
habituate to them, they can still be effective for visitors
(Huijser et al., ). Updating the roadside signage more
frequently with visually captivating images of colobus in
their natural habitat may serve the dual purpose of both
preventing driver habituation and attracting more tourists
to the area by highlighting the ecotourism opportunity.
Some colobus groups elsewhere on the island also inhabit
areas where roads intersect their home ranges (Davenport
et al., ). Identifying roadkill hotspots outside the imme-
diate area of Jozani-Chwaka Bay National Park and imple-
menting road mitigation measure may contribute to efforts
to slow the population decline of this primate throughout
its range.

Proactive road mitigation measures may be particularly
relevant as road networks in Africa are projected to increase
by % between – (Dulac, ). The continued
growth of the tourism industry, with its demand for quick,
easy and efficient travel (Khadaroo & Seetanah, ), will
worsen the already serious issue of wildlife–vehicle collisions
(Caro et al., ). Understanding the impact of roads on
animal populations and the most effective way to counteract
them will be crucial in achieving a balance between the de-
mands of economic development and wildlife conservation.
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