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Despite expanding road networks, there is limited understanding of the effects of roads on wildlife in East
Africa. We present a baseline survey and describe the patterns of roadkill in the Tarangire–Manyara ecosystem
of Tanzania. A 75 km stretch of the Arusha Highway that passes adjacent to Manyara Ranch and Lake Manyara
National Park was studied for 10 consecutive days in November 2013 (the rainy season). Wildlife species killed
on the road, roadkill frequency and road characteristics were determined. A total of 101 roadkill were recorded
(0.13 roadkill km−1) comprising 37 species from all terrestrial vertebrate groups, of which two species, house cat
(Felis catus) and domestic dog (Canis lupus), were domesticated species. Birds were the most frequently killed
taxon (50%), followed by mammals (30%), reptiles (17%) and amphibians (3%). Excluding birds, roadkill primarily
consisted of nocturnal species (65%) versus diurnal species (35%). Most roadkill (77.3%) were encountered on road
stretches adjacent to protected areas of Manyara Ranch and Lake Manyara National Park compared with 22.7% on
the road stretches adjacent to non-protected areas. These findings highlight that roads are a potential threat to
wildlife in East Africa and serve as a baseline for future comparisons.
Keywords: mitigation measures, protected areas, road ecology, wildlife mortalities

Introduction
Roads can impact wildlife in two ways; indirectly, roads may
create unstable meta-populations by fragmenting habitat
patches and may result in animal movement restrictions
leading to functional isolation of populations (Vos and
Chardon 1998). More directly, roads can cause mortality
of animals as a result of collisions with the vehicles that
travel on them (Gunson et al. 2012; Kambourova-Ivanova
et al. 2012). The distribution of roadkill is, however, heterogenous. Roadkill are more likely to occur along sections of
the road that are surrounded by thick vegetative cover (van
der Hoeven et al. 2009), as driver visibility is often impeded
by denser roadside habitats (Caro et al. 2000; Ansara 2004;
Eloff and van Niekerk 2005). In addition, recent research
suggests that roadkill frequency increases with higher
traffic speeds, particularly on paved roads (Drews 2008;
Smith-Patten and Patten 2008; Collinson 2013), and high
traffic volume often acts as a barrier for wildlife (Seiler 2003).
Despite reduced traffic volume at night (van Langevelde and
Jaarsma 2005), nocturnal and crepuscular species are more
impacted by roads than diurnal species, possibly due to
reduced driver visibility at night (Braunstein 1998).
Roads can alter animal behaviour, with many animals
being attracted to roads (Santos et al. 2011). For example,
snakes and other ectotherms habitually bask on asphalt;
birds consume spilt grain from roadsides and some birds
use roadside gravel to aid digestion (Noss 2002). Similarly,
browsing herbivores are attracted to the dense vegetation
of roadside edges (Noss 2002). This attraction often results
in direct mortality and a cascading effect along the trophic

hierarchy where scavenging animals seek out carcasses
and are often killed themselves (Dean and Milton 2003;
Antworth et al. 2005; Collinson 2013).
While the economic benefits of roads are appreciated
(Gwilliam et al. 2008), the negative effects of roads for
wildlife are rarely considered (van der Hoeven et al. 2009;
Holdo et al. 2011) and few attempts are made to find
workable solutions for these opposing objectives (Caro et al.
2014). Studies on the effects of roads on wildlife in Africa are
limited (but see Newmark 1996; Laurance et al. 2006; Drews
2008; van der Hoeven et al. 2009; Mkanda and Chansa
2010; Bullock et al. 2011; Collinson 2013). To mitigate
the effects of roads on wildlife, science-based evidence is
imperative. This study is a preliminary investigation on the
influence of a major road on wildlife in northern Tanzania,
focusing on roadkill incidences in the Tarangire–Manyara
ecosystem (TME). The study area is critical for wildlife
conservation in Tanzania, and there is a need to balance
conservation with development (Msoffe et al. 2011; Caro
et al. 2014). The aim of the study was to determine the
extent of wildlife mortalities through vehicle collisions and
to establish relationships between roadkill occurrence and
several biological and physical factors.
Methods
Study area
The study was conducted on a 75 km section of the Arusha
Highway in the TME, northern Tanzania. Two single-lane
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paved roads, a 40 km transect on the Makuyuni–Babati
Road (A104) and a 35 km stretch on the Karatu–Makuyuni
Road (B144), classified as ‘A’ (international road) and ‘B’
(national road), respectively (Figure 1), were selected.
The roads were selected due to their location; the Karatu–
Makuyuni Road is situated along Lake Manyara National
Park (648 km²) and Manyara Ranch (183 km²), whereas
the Makuyuni–Babati Road runs adjacent to Manyara
Ranch. Both roads pass through sections comprising
crop and livestock farming and human settlements, and
have vehicle speed limits between 30 and 100 km h −1.
The area is semi-arid, with an annual average rainfall
of 600 mm. There are two rainy seasons (Msoffe et al.
2011): the long rains (March–May) and the short rains
(October–December) (Kioko et al. 2013). Rainfall varies
greatly between 375 and 1 250 mm y −1 (Cohen et al.
1993). Two permanent and several seasonal rivers cross
the study road. In addition, there are seasonal water
pools and dams adjacent to the road that are utilised by
livestock and wildlife.
The overall habitat is savanna, largely dominated by
Vachellia–Commiphora grassland (Pratt and Gwynne 1977).
The area has high species diversity, e.g. c. 350 species
of birds (Prins and Loth 1988), c. 35 large (5 kg) mammal
species (Msuha et al. 2012; Kiffner et al. 2014) and a range

of reptiles and amphibians (Branch 2005). The spatial and
temporal distribution of water limits the presence of reptiles
and amphibians, with higher activity patterns during the wet
than the dry season.
Roadkill assessment
Roadkill data were collected daily over a 10-day period
(11–22 April 2013) along the 75 km route during the wet
season, as a baseline for long-term roadkill monitoring.
Subsequent studies will be undertaken to cover both wet
and dry seasons to allow seasonal comparisons. The
third author, assisted by a driver, collected data for all
the surveys, commencing at 06:30 and finishing at 09:30.
Roadkill data were collected within thirty, 2 km transects of
the total 75 km road length.
Sampling was done on 2 km transects separated by a
length of 250 m. Roadkill locations, both on the road and
on the road verge (total road width of 10 m), were recorded
using a GPS (Garmin eTrex). In addition, habitat cover
(closed or open), habitat type (grassland or bushland),
and protection status of each 2 km road segment were
recorded. Once recorded, roadkill were removed to avoid
recounts. We categorised activity patterns of species as
either diurnal or nocturnal based on Kingdon (1997) and
Branch (2005).

36° E

Location of roadkill

3°30Ǝ S

Figure 1: Location of roadkill recorded on the Arusha Highway (Makuyuni–Babati Road [A104] and Karatu–Makuyuni Road [B144]) in the
TME, Tanzania
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familiaris), whilst 97% were wild animals. Of the four
vertebrate taxa, bird roadkill constituted the highest
proportion (0.065 roadkill km −1), followed by mammals
(0.043 roadkill km −1), reptiles (0.023 roadkill km −1) and
amphibians (0.004 roadkill km−1) (Table 1).
Of the 22 recorded bird species, Chestnut Weaver
(Ploceus rubiginosus rubiginosus; 17%), Red-billed
Quelea (Quelea quelea aethiopica; 12%) and Grey-backed
Camaroptera (Camaroptera brachyuran; 7%) were the
most abundant roadkill species. The African hedgehog
(Atelerix albiventris) was the most commonly encountered
mammal (69%). There were five species of reptiles killed
on the roads: helmeted terrapin (Pelomedusa subrufa;
n  8), flap-necked chameleon (Chamaeleo dilepis;
n  3), Southern African rock python (Python natalensis;
n  2), Central African rock python (Python sebae; n  2)
and spotted blind snake (Typhlops punctatus; n  2).

Data analysis
A chi-square goodness-of-fit test was used to compare the
frequency of diurnal species with the frequency of nocturnal
species killed. Whether roadkill were equally distributed
in protected versus unprotected areas was also assessed
using a chi-square goodness-of-fit test. The effect of habitat
type on occurrence of roadkill was determined using
Jacobs’ index (Jacobs 1974). The statistical analysis was
undertaken using SPSS 10 (SPSS 1999).
Results
Species composition of roadkill
A total of 750 km were driven and we recorded a total of
101 roadkill events (0.13 roadkill km −1). Three percent
of the roadkill were domestic animals (two house
cats Felis catus, and one domestic dog Canis lupus
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Table 1: Roadkill recorded on the Arusha Highway in April 2013

Taxon group
Birds

Total
Mammals

Total
Reptiles

Total
Amphibians
Total species

Common name

Scientific name

African Firefinch
Blue-naped Mousebird
Chestnut Sparrow
Chestnut Weaver
Common Bulbul
Common Fiscal
Common Quail
Dove spp.
Grey-backed Camaroptera
Harlequin Quail
House Sparrow
Lesser Striped Swallow
Lilac-breasted Roller
Long-tailed Fiscal
Northern Masked Weaver
Rattling Cisticola
Red-backed Shrike
Red-billed Quelea
Ring-necked Dove
Speckled Mousebird
Yellow-crowned Bishop
Yellow-fronted Canary
Unknown bird spp.

Lagonosticta rubricata hildebrandti
Urocolius macrourus pulcher
Passer eminibey
Ploceus rubiginosus rubiginosus
Pycnonotus tricolor
Lanius collaris humeralis
Coturnix coturnix erlangeri
Streptopelia spp.
Camaroptera brachyura
Coturnix delegorguei
Passer domesticus indicus
Hirundo abyssinica unitatis
Coracias caudatus
Lanius cabanisi
Ploceus taeniopterus taeniopterus
Cisticola chiniana
Lanius collurio
Quelea quelea aethiopica
Streptopelia capicola somalica
Colius striatus kikuyuensis
Euplectes afer ladoensis
Crithagra mozambica
–

African hedgehog
African sheath-tailed bat
Black-backed jackal
Cape hare
Common genet
Olive baboon
Spotted hyena
Domestic dog
Domestic cat

Atelerix albiventris
Coleura afra
Canis mesomelas
Lepus capensis
Genetta genetta
Papio anubis
Crocuta crocuta
Canis lupus familiaris
Felis catus

Central African rock python
Flap-necked chameleon
Helmeted terrapin
Southern African rock python
Spotted blind snake

Python sebae
Chamaeleo dilepis
Pelomedusa subrufa
Python natalensis
Typhlops punctatus

Guttural toad

Bufo gutturalis

Number of roadkill
detected
1
1
1
7
1
1
2
2
3
1
1
1
1
1
2
1
2
5
1
2
2
2
8
49 (49%)
22
1
1
2
1
1
1
1
2
32 (32%)
2
3
8
2
2
17(17%)
3 (3%)
101

Cumulative
roadkill km−1
0.001
0.001
0.001
0.009
0.001
0.001
0.003
0.003
0.004
0.010
0.001
0.001
0.001
0.001
0.003
0.001
0.003
0.007
0.001
0.003
0.003
0.003
0.011
0.065
0.029
0.001
0.001
0.003
0.001
0.001
0.001
0.001
0.003
0.043
0.003
0.004
0.011
0.003
0.003
0.023
0.004
0.130
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The guttural toad (Bufo gutturalis; n  3) was the only
amphibian detected.

Relationship between habitat characteristics and
roadkill occurrence
Roadkill occurrence was substantially influenced by
roadside habitat (Figure 2). Roadkill were found more
often than expected in open bushland habitat (Jacob’s
index  0.14) than in closed bushland habitat (Jacob’s
index  0.05). Roadkill frequency was lower than expected
in open grassland habitat (Jacob’s index  −0.18).
Effect of protection status on roadkill occurrence
There were significantly more roadkill on road sections
adjacent to the protected areas (77.3%) than in sections
adjacent to non-protected areas ( 2  28.96, df  1,
p  0.001).
Discussion
Species composition of roadkill
Birds and mammals were the most frequently detected
taxonomic groups killed on the Arusha Highway. The
Chestnut Weaver was the most frequently detected bird
roadkill, likely due to its gregarious behaviour observed
mainly during the breeding period (Herremans et al. 1997;
Zimmerman et al. 1999) and its nesting preference for

JACOB'S INDEX SCORE
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Relationship between the occurrence of roadkill and
animal activity
Diurnal species constituted the majority (77.1%) of species
compared to nocturnal species 22.9%. This difference
was statistically significant (2  10.31, df  1, p  0.001).
Birds were the majority diurnal species encountered (81%).
When birds were excluded from the analysis (due to their
high abundance), there were significantly more (2  4.08,
df  1, p  0.043) nocturnal than diurnal amphibians,
reptiles and mammals killed (65%). Helmeted terrapins
(53%) were the most common diurnal species killed on the
road, with African hedgehog (67%) being the most common
nocturnal roadkill.

0.15
0.1
0.05
0

í0.05
í0.1

í0.15
Open Grassland

Closed Bushland

Open Bushland

HABITAT TYPE
Figure 2: Jacob’s index scores indicating roadkill detection in
different habitat types on the Arusha Highway in April 2013

Vachellia spp. trees along the road (Harrison et al. 1997).
Similarly, the high incidence of Red-billed Quelea roadkill
may be due to their high abundance and activity during this
period (Zimmerman et al. 1999).
The African hedgehog, as with the European hedgehog
(Erinaceus europaeus; Orlowski and Nowak 2006) is
particularly susceptible to collision with vehicles (Smiddy
2002; Hell et al. 2005; Haigh 2011), and was the most
frequent mammal roadkill. Facing a threat hedgehogs curl
up and stay motionless (Kingdon 1997; Haigh 2011), which
makes them frequent victims of vehicle collisions.
Carnivore roadkill detected during our transects, such as
spotted hyaena (Crocuta crocuta) and black-backed jackal
(Canis mesomelus), may be due to their wide-ranging
foraging and scavenging of existing roadkill carcasses
(Estes 1991; Collinson 2013). The high occurrence of
reptiles and amphibians encountered during this study
was probably largely influenced by the timing of the
driven transects (i.e. the wet season). In semi-arid areas,
amphibians and many reptile species, aestivate and burrow
underground, only making an appearance during the wet
season (Branch 2005). Helmeted terrapins seasonally
migrate in search of water, often crossing roads (Spawls
et al. 2004), and thus roadkill ‘hotspots’ for reptiles and
amphibians are usually associated with wetlands or pools
within 100 m of the road (Langden et al. 2009; DeWoody et
al. 2010). Many snake species are attracted to paved roads
for thermoregulation (Sullivan 1981; Drews 2008). They
often seek sources of warmth during the night and early
morning when the air temperature is cool, making them
vulnerable to road-related mortalities (Row et al. 2007).
In addition, some of the snakes such as the African rock
python move slowly, which increases their susceptibility to
vehicle collisions.
Relationship between the occurrence of roadkill and
animal activity
Birds accounted for the highest taxonomic group, in
particular, Chestnut Weaver and Red-billed Quelea.
These two species are diurnal and tend to flock in large
numbers (Zimmerman et al. 1999), meaning a collision
with a vehicle can impact 100s of this species at once.
In addition, drivers may be indifferent to smaller species
on the roads if they are less likely to cause damage to a
vehicle or injure the vehicle occupant (Rowden et al. 2008).
The high incidence of nocturnal species (excluding birds)
can probably be attributed to reduced night-time visibility
(Braunstein 1998).
Relationship between habitat characteristics and
roadkill occurrence
Most roadkill were found on road sections adjacent to
open bushland, with fewer roadkill in sections along
closed bushland and open grassland. This is in line with
other studies and suggests that road sections along
dense vegetative cover are potential hotspots for roadkill
(Clevenger et al. 2003). Much of the area adjacent to
protected areas in the study area has become increasingly
open due to land-use changes (Sechambo 2001; Msoffe
et al. 2011) resulting in the degradation of grasslands
due to intense livestock grazing (Mwalyosi 1992). These
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disturbances may make the area less favorable for wildlife
and therefore reduce roadkill incidences.
Effect of protected area status
Road sections adjacent to protected areas had higher
frequencies of roadkill occurrences than unprotected areas.
Similar findings were noted by Garriga et al. (2012) in
Spain. Manyara Ranch and Lake Manyara National Park
offer safe refuge for wildlife (Kioko et al. 2013) and have
higher wildlife numbers than the adjacent non-protected
areas. Thus, relative abundance of wildlife is probably a key
factor in explaining variation in roadkill frequencies. Olive
baboon (Papio anubis) and blue monkey (Cercopithecus
mitis) commonly forage along the road section adjacent to
Lake Manyara National Park, which may increase the likelihood of a vehicle collision.
Less roadkill incidences were noted on roads in the
agricultural and urban areas (unprotected areas, including
the townships of Mto wa Mbu and Makuyuni), despite
providing habitat for certain wildlife species (such as olive
baboons and rabbits Sylvilagus sp.). These are effectively
‘disturbance zones’ that exclude (de Merode et al. 2000)
or are actively avoided by wildlife (Okello and Kioko 2010),
explaining the low incidence of roadkill in these sections.
Management implications and recommendations
Our study demonstrates a relatively low frequency for
vertebrates (0.13 roadkill km−1) compared to other parts of
the world. For example, in southern Brazil, Bager and Rosa
(2010) estimated 1.06 roadkill km−1 and Collinson (2013)
recorded 0.90 roadkill km−1 in Limpopo, South Africa. It
does, however, provide a baseline for in-depth studies on
the long-term effects of roads in TME and highlights the
need for such studies in other key wildlife areas in East
Africa. It is likely that the increasing road network, if not
well planned, may adversely affect wildlife in the long term.
We emphasise the need to integrate knowledge of road
ecology (e.g. mitigation measures) in the road development
planning process to alleviate the adverse effects on wildlife.
Acknowledgements — This study is part of a five-year research
programme conducted by the School for Field Studies, Center for
Wildlife Management Studies, Tanzania, who provided the financial
and logistical support. We thank the Tanzania Wildlife Research
Institute (TAWIRI) for granting us permission to undertake this
research (TAWIRI permit no. 2012-241-NA-2012-57).

References
Ansara TM. 2004. Determining the ecological status and possible
anthropogenic impacts on the Grass Owl (Tyto capensis)
population in the East Rand Highveld, Gauteng. MSc thesis,
Rand Afrikaans University, South Africa.
Antworth RL, Pike DA, Stevens EE. 2005. Hit and run: effects of
scavenging on estimates of roadkilled vertebrates. Southeastern
Naturalist 4: 647–656.
Bager A, Rosa CA. 2010. Priority ranking of road sites for mitigating
wildlife roadkill. Biota Neotropica 10: 149–154.
Branch B [WR]. 2005. A photographic guide to snakes and other
reptiles and amphibians of East Africa. Cape Town: Struik
Publishers.
Braunstein MM. 1998. Roadkill: driving animals to their graves.
Animal Issues 29(3): 22–28.

5

Bullock KL, Malan G, Pretorius MD. 2011. Mammal and bird road
mortalities on the Upington to Twee Rivieren main road in the
southern Kalahari, South Africa. African Zoology 46: 60–71.
Caro TM, Dobson A, Marshall AJ, Peres CA. 2014. Compromise
solutions between conservation and road building in the tropics.
Current Biology 24: 722–725.
Caro TM, Shargel JA, Stoner CJ. 2000. Frequency of mediumsized mammal road kills in an agricultural landscape in
California. American Midland Naturalist 144: 362–369.
Clevenger AP, Chruszcz B, Gunson KE. 2003. Spatial patterns and
factors influencing small vertebrate fauna road-kill aggregations.
Biological Conservation 109: 15–26.
Cohen AS, Halfpenny J, Lockley M, Michel E. 1993. Modern
vertebrate tracks from Lake Manyara, Tanzania and their paleobiological implications. Paleobiology 19: 433–458.
Collinson WJ. 2013. A standardized protocol for roadkill detection
and the determinants of roadkill in the Greater Mapungubwe
Transfrontier Conservation Area, Limpopo province, South
Africa. MSc thesis, Rhodes University, Grahamstown.
Dean WRJ, Milton S. 2003. The importance of roads and road
verges for raptors and crows in the Succulent and Nama-Karoo,
South Africa. Ostrich 74: 181–186.
de Merode E, Hillman-Smith K, Nicholas A, Ndey A, Likango M.
2000. The spatial correlates of wildlife distribution around
Garamba National Park, Democratic Republic of Congo.
International Journal of Remote Sensing 21: 2665–2683.
DeWoody JA, Nogle JM, Hoover M, Dunning B. 2010. Monitoring
and predicting traffic induced vertebrate mortality near wetlands.
Publication FHWA/IN/JTRP-2010/16. West Lafayette, IN: Joint
Transportation Research Program, Indiana Department of
Transportation and Purdue University.
Drews C. 2008. Roadkill of animals by public traffic in Mikumi
National Park, Tanzania, with notes on baboon mortality. African
Journal of Ecology 33: 89–100.
Eloff PJ, van Niekerk A. 2005. Games, fences and motor vehicle
accidents: spatial patterns in the Eastern Cape. South African
Journal of Wildlife Research 35: 125–130.
Estes RD. 1991. The behavior guide to African mammals, including
hoofed mammals, carnivores, primates. Berkeley: University of
California Press.
Garriga N, Santos X, Montori A, Richter-Boix A, Franch M, Llorente
GA. 2012. Are protected areas truly protected? The impact of
road traffic on vertebrate fauna. Biodiversity and Conservation
21: 2761–2774.
Gunson KE, Ireland D, Schueler F. 2012. A tool to prioritize
high-risk road mortality locations for wetland-forest herpetofauna
in southern Ontario, Canada. North-Western Journal of Zoology
8: 409–413.
Gwilliam K, Foster V, Archondo-Callao R, Briceño-Garmendia C,
Nogales A, Sethi K. 2008. The burden of maintenance: roads
in sub-Saharan Africa. AICD Background Paper 14 (Phase I).
Washington, DC: The World Bank.
Haigh A. 2011. The ecology of the European hedgehog (Erinaceus
europaeus) in rural Ireland. PhD thesis, University College, Cork,
Ireland.
Harrison JA, Allan DG, Underhill LG, Herremans M, Tree AJ,
Parker V, Brown CJ (eds). 1997. The atlas of southern African
birds, vols 1–2. Johannesburg: BirdLife South Africa.
Hell P, Plavý R, Slamečka J, Gašparík J. 2005. Losses of
mammals (Mammalia) and birds (Aves) on roads in the Slovak
part of the Danube Basin. European Journal of Wildlife Research
51: 35–40.
Herremans M, Tree AJ, Parker V, Brown CJ (eds). 1997. The atlas
of southern African birds. Johannesburg: Birdlife South Africa.
Holdo RM, Fryxell JM, Sinclair ARE, Dobson A, Holt RD. 2011.
Predicted impacts of barriers to migration on the Serengeti
Wildebeest population. PLoS ONE 6: e16370.

Downloaded by [john kioko] at 11:04 26 March 2015

6

Jacobs J. 1974. Quantitative measurement of food selection.
Oecologia 14: 413–417.
Kambourova-Ivanova N, Koshev Y, Popgeorgiev G, Ragyov
D, Pavlova M, Mollov I, Nedialkov N. 2012. Effect of traffic
on mortality of amphibians, reptiles, birds and mammals on
two types of roads between Pazardzhik and Plovdiv Region
(Bulgaria) – preliminary results. Acta Zoologica Bulgarica 64:
57–67.
Kiffner C, Wenner C, LaViolet A, Yeh K, Kioko J. 2014. From
savannah to farmland: effects of land-use on mammal
communities in the Tarangire–Manyara ecosystem, Tanzania.
African Journal of Ecology. doi: 10.1111/aje.12160.
Kingdon J. 1997. The Kingdon field guide to African mammals.
London: A and C Black.
Kioko J, Zink E, Sawdy M, Kiffner C. 2013. Elephant (Loxodonta
africana) demography and behaviour in the Tarangire–Manyara
ecosystem, Tanzania. South African Journal of Wildlife Research
43: 44–51.
Langden TA, Ogden KM, Schwarting LL. 2009. Predicting hot
spots of herpetofauna road mortality along highway networks.
Journal of Wildlife Management 73: 104–114.
Laurance WF, Croes BM, Tchignoumba L, Lahm SA, Alonso A,
Lee ME, Campbell P, Ondzeano C. 2006. Impacts of roads and
hunting on central African rainforest mammals. Conservation
Biology 20: 1251–1261.
Mkanda FX, Chansa W. 2010. Changes in temporal and spatial
pattern of road kills along the Lusaka–Mongu (M9) highway,
Kafue National Park, Zambia. South African Journal of Wildlife
Research 41: 68–78.
Msoffe FU, Said MY, Ogutu JO, Kifugo SC, de Leeuw J, van
Gardingen P, Reid RS. 2011. Spatial correlates of land-use
changes in the Maasai-Steppe of Tanzania: implications for
conservation and environmental planning. International Journal
of Biodiversity and Conservation 3: 280–290.
Msuha MJ, Carbone C, Pettorelli N, Durant SM. 2012. Conserving
biodiversity in a changing world: land use change and species
richness in northern Tanzania. Biodiversity and Conservation 21:
2747–2759.
Mwalyosi RBB. 1992. Influence of livestock grazing on range
condition in south-west Masailand, northern Tanzania. Journal of
Applied Ecology 29: 581–588.
Newmark WD. 1996. Insularization of Tanzanian parks and the
local extinction of large mammals. Conservation Biology 10:
1549–1556.
Noss R. 2002. The ecological effects of roads. Available at http://
www.eco action.org/dt/roads.html [accessed 26 January 2012].
Okello MM, Kioko JM. 2010. Contraction of wildlife dispersal area
in Olgulului – Ololorashi Group Ranch around Amboseli National
Park, Kenya. Open Conservation Biology Journal 4: 34–45.
Orlowski G, Nowak L. 2006. Factors influencing mammal roadkill

Kioko, Kiffner, Jenkins and Collinson

in the agricultural landscape of south-western Poland. Polish
Journal of Ecology 54: 283–294.
Pratt DJ, Gwynne MD. 1977. Rangeland management and ecology
in East Africa. London: Hodder and Stoughton.
Prins HHT, Loth PE. 1988. Rainfall patterns as background to plant
phenology in northern Tanzania. Journal of Biogeography 15:
451–463.
Row JR, Blouin-Demers G, Weatherhead PJ. 2007. Demographic
effects of road mortality in black ratsnakes (Elaphe obsoleta).
Biological Conservation 137: 117–124.
Rowden PJ, Steinhardt DA, Sheehan MC. 2008. Road crashes
involving animals in Australia. Accident Analysis and Prevention
40: 1865–1871.
Santos SM, Carvalho F, Mira A. 2011. How long do the dead
survive on the road? Carcass persistence probability and implications for road-kill monitoring surveys. PLoS ONE 6: e25383.
Sechambo F. 2001. Land use by people living around protected
areas: the case of Lake Manyara National Park. Utafiti 4:
105–116.
Seiler A. 2003. Effects of infrastructure on nature. In: Trocmé M,
Cahill S, de Vries JG, Farall H, Folkeson L, Fry GL, Hicks C,
Peymen J (eds), Habitat fragmentation due to transportation
infrastructure: the European review. COST 341. Luxembourg:
Office for Official Publications of the European Communities.
Smiddy P. 2002. Bird and mammal mortality on roads in counties
Cork and Waterford, Ireland. Bulletin of the Irish Biogeographical
Society 26: 29–38.
Smith-Patten BD, Patten MA. 2008. Diversity, seasonality and
context of mammalian roadkill in the southern Great Plains.
Environmental Management 41: 844–852.
Spawls S, Howell K, Drewes R, Ashe J. 2004. A field guide to the
reptiles of East Africa: Kenya, Tanzania, Uganda, Rwanda and
Burundi. London: A and C Black.
SPSS. 1999. SPSS Base 10.0 for Windows user’s guide. Chicago:
SPSS.
Sullivan, B.K. 1981. Observed differences in body temperature
and associated behavior of four snake species. Journal of
Herpetology 15: 245–246.
van der Hoeven CA, de Boer WF, Prins HH. 2009. Roadside
conditions as a predictor for wildlife crossing probability in a
Central African rainforest. African Journal of Ecology 48: 368–377.
van Langevelde F, Jaarsma CF. 2005. Using traffic flow theory
to model traffic mortality in mammals. Landscape Ecology 19:
895–907.
Vos CC, Chardon JP. 1998. Effects of habitat fragmentation and
road density on the distribution pattern of the moor frog, Rana
uruilis. Journal of Applied Ecology 35: 44–56.
Zimmerman DA, Turner DA, Pearson DJ. 1999. Birds of Kenya and
northern Tanzania. Princeton: Princeton University Press.

Received 20 July 2014, accepted 23 October 2014
Associate Editor: Dan Parker

