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Abstract Urbanization is a key driver of global biodi-
versity loss. Although sub-Saharan African countries
are experiencing unprecedented urbanization and urban
expansion, very little is known about how this impacts
tropical biodiversity. Here, we assessed the effects of
urban expansion and urban green space on local small
mammal species diversity in Accra, Ghana. We sur-
veyed small mammals in the University of Ghana bo-
tanical garden, an urban green area (UGA) and adjoin-
ing built-up environment (BE) and compared the results
with baseline data (BLD) collected when large areas of
the current city still remained mostly undeveloped. The
methodology involved live-trapping using Sherman col-
lapsible live-traps. Our data showed higher small mam-
mal abundance and diversity in the UGA than BE.
Similarity of species composition was higher between
UGA and BLD than between BE and BLD. The small
mammal species captured in BE (the rodents Mastomys
erythroleucus, Rattus rattus, and Arvicanthis rufinus,

B. Y. Ofori
Department of Biological Sciences, Macquarie University, North
Ryde, Macquarie Park, NSW 2019, Australia

B. Y. Ofori - F. Gbogbo - E. H. Owusu - D. K. Attuquayefio
Department of Animal Biology and Conservation Science,
University of Ghana, Legon, Accra, Ghana

B. Y. Ofori (<)
Sydney, Australia

R. A. Garshong

Department of Biology, University of North Carolina, Greenboro,
NC 27412, USA

Published online: 21 July 2018

and the shrew Crocidura olivieri) are known to easily
adapt to human-modified landscapes. Our results sug-
gest that urbanization negatively influenced the abun-
dance, diversity, and community composition of small
mammals. Efforts should be directed towards the inte-
gration of urban green areas into urban land develop-
ment planning in developing countries in order to con-
serve local wildlife and ecological services that enhance
the quality of urban life.

Keywords Anthropophilic species - Biotic
homogenization - Environmental management -
Landscape and urban planning - Urban biodiversity
conservation - Urban green space - Accra Plains

Introduction

The world is becoming increasingly urban as a result of
burgeoning urban human populations (Lopucki and
Kiersztyn 2015). Cities still make up a relatively small
percentage (~3%) of global land area (Schneider et al.
2010), even though over 50% of the world’s population
lives in urban areas (United Nations 2015). The propor-
tion of urban dwellers is projected to increase further as
global human populations continue to increase (Lopucki
and Kiersztyn 2015). In general, more people in the
developed world live in cities, but the largest cities and
future urban growth are projected to occur in the devel-
oping world (Seto et al. 2012; Giineralp and Seto 2013).
Rapid urbanization and urban expansion place enor-
mous pressure on urban areas to provide high quality
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of life for urban populations (McPhearson et al. 2016).
Although urbanization and urban expansions remain
important components of global land transformation
processes, these pose enormous threats to the natural
environment and global biodiversity (Seto et al. 2013;
Sushinsky et al. 2013). Clearing of native vegetation to
accommodate cities and associated built-up environment
(human-constructed elements, such as buildings, roads,
runways, and dams) causes habitat loss, reduction in
species richness, and disappearance of disturbance-
sensitive species (McKinney 2002; Shochat et al. 2010;
Faeth et al. 2011; Scherner et al. 2013). It also causes
increase in abundance of invasive and urban-tolerant
(synurbic) species (Aronson et al. 2014; Gortat et al.
2014), leading to biotic homogenization (Lopucki and
Kitowski 2016; McPhearson et al. 2016). Indeed, among
the human activities that cause habitat loss and fragmen-
tation, urbanization and urban expansion produce some
of the highest rates of global ecological change, local
extinctions, and native species declines (Pauchard et al.
2006; Seto et al. 2012; Aronson et al. 2014). Planning
and managing urban land development in a biodiversity
friendly manner poses a huge challenge for ecologists,
urban land planners, and landscape designers.
Integration of urban green areas (UGA), defined as
pieces of vegetated land within or adjoining urban areas,
including parks, garden, and wetlands, into urban land
development planning has become a global issue in
recent times. These areas provide socio-ecological and
conservation benefits that enhance the quality of urban
life (McPhearson et al. 2016). For example, urban forest
and other green spaces absorb pollutant particles from
the environment (Beckett et al. 1998; Yang et al. 2005;
Escobedo et al. 2011; Setila et al. 2013; Janhill 2015)
and cool cities (Bowler et al. 2010; Oliveira et al. 2011;
Maimaitiyiming et al. 2014) and provide esthetic and
recreational services that improve the health and well-
being of urban dwellers (Lee and Maheswaran 2011;
Tyrvédinen et al. 2014; Wolch et al. 2014; Ulmer et al.
2016). They also afford the opportunity for urban
dwellers to connect with nature and to understand the
ecological and evolutionary life-sustaining processes
(Shwartz et al., 2014). Also, UGA provide habitats and
refugia for numerous faunal species and native wildlife
that are sensitive to urbanization (Kelcey 2015).
Although numerous studies from the developed
world have demonstrated the socio-ecological and con-
servation benefits of urban green areas for city dwellers
and urban biodiversity (McPhearson et al. 2016), such
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studies are strikingly uncommon in developing tropical
countries (Pauchard et al. 2006; Faeth et al. 2011). As a
result, the role of UGA in the conservation of native
wildlife in most developing tropical countries is poorly
understood. In fact, urban ecosystems and green areas in
most developing countries, particularly sub-Saharan Af-
rica, face constant threats from human encroachment,
development, and management practices as a result of
poor environmental consciousness and awareness of the
importance of urban biodiversity and its associated eco-
logical processes that enhance the general well-being
and quality of urban life. For example, in Ghana, most
urban forests and wetlands have been converted into
settlements and economic ventures like filling stations
(fuel shops), carwash bays, fitting shops, and supermar-
kets. Housing estate development for the high middle
and upper classes have also failed to cater for urban
green areas, largely due to poor environmental aware-
ness and scarce locally gathered empirical evidence that
demonstrates the social-ecological and conservation
benefits of urban green areas.

Indeed, the effects of urbanization on biodiversity
have been extensively studied in developed temperate
cities, particularly Europe and North America (Faeth
et al. 2011; Kowarik 2011; McPhearson et al. 2016).
However, because the response of native biodiversity to
urbanization varies among different climate zones
(Lambin et al. 2001; Pauchard et al. 2006), studies from
temperate countries alone cannot be extrapolated to a
global scale. Therefore, there is a need to conduct sim-
ilar studies in developing countries in order to obtain a
more complete picture and nuanced understanding of
the impact of urbanization and UGA on global urban
biodiversity. The results of such studies can be used to
support urban land development planning and landscape
design in developing countries where rates of urbaniza-
tion and urban expansion will be greatly increased in
future (United Nations 2015).

The impact of urbanization on biodiversity has been
mostly studied across urban-rural gradients in geograph-
ic space (McKinney 2008; Bennett and Gratton 2012;
Lopucki and Kitowski 2016). This approach uses gra-
dient analytical tools to assess species’ distribution. It is
intuitive to measure and provides useful framework for
comparative studies on local, regional, and global scales
(Niemeld and Kotze 2009; Gortat et al. 2014; Lopucki
and Kitowski 2016). A second approach to studying
effects of urbanization on biotic communities is to doc-
ument changes through time in a single location (i.e.,
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temporal rural-urban gradient) (McKinney 2006). De-
tailed comparisons of wildlife inventories at different
times can show declines and/or alterations in species
community composition. This method arguably pro-
vides a more robust evaluation of the effects of urbani-
zation on biodiversity. However, it is rarely used be-
cause of lack of baseline data (McKinney 2006).

Small mammals are important component of biodiver-
sity and constitute one of the common faunal species of
urban ecosystems. They influence the structure and com-
position of urban ecosystems by feeding on seeds, seed-
lings, and insects as well as serving as pollinators and seed
dispersal agents (David et al. 2015; Payne et al. 2016;
Attuquayefio et al. 2017). They also serve as prey for
carnivorous birds, mammals, and reptiles such as snakes
and monitor lizards (Pearce and Venier 2005;
Attuquayefio et al. 2017). Small mammals have specific
habitat requirements and are intolerant of habitat distur-
bance (Peck et al. 2014). For these reasons, small mammal
species abundance, diversity, and composition could re-
flect ecological trends in other species, making them good
indicators of the ecological integrity of urban green areas.

Here, we investigated the impact of urbanization and
urban green areas on native small mammal species in
Accra, the rapidly expanding capital city of Ghana. Spe-
cifically, we assessed small mammal abundance, diversity,
and community composition in the University of Ghana
Botanical Garden, an urban green area (UGA) and adjoin-
ing built-up environment (BE) and compared it to baseline
data (BLD) collected (in the late 1950s and from 1991 to
1992) when large areas of the current city of Accra were
undeveloped and covered by native vegetation. We hy-
pothesized that the UGA would harbor relicts of small
mammal of the Accra Plains and higher species diversity
than the BE. Our findings could provide the needed
empirical data to support the integration of urban green
areas into urban land development planning and land-
scape design to conserve urban biodiversity and ecologi-
cal services that enhance the well-being of urban dwellers
in Ghana and other sub-Saharan African countries.

Methodology
Study area
The University of Ghana Botanical Garden (UGA) (5°

39.38' N, 0° 11.31' W), which covers about 25 ha, is
located on the main campus of the University of Ghana,

Legon in Accra, Ghana (Fig. 1). The campus itself has a
total area of 13,000 ha (13 kmz) and lies about 13 km
north-east of the central business district of Accra. The
climate and vegetation are typical of the Accra Plains, a
geographically clearly defined area covering an area of
2800,000 ha (2800 km?). Mean annual precipitation is
distributed over major (May—July) and minor (Septem-
ber—October) rainy seasons and ranges from 733 to
1118 mm. The vegetation is mainly coastal savanna
comprising of shrubs interspersed with thickets, wood-
land, and forest (Jenik and Hall 1976).

During the 1960-70s and until the late 1990s, large
expanses of the Accra Plains were undeveloped and
covered by native vegetation. Recently, however, rapid
urbanization and urban expansion due to an ever-
increasing urban population have led to massive clear-
ing of the vegetation to provide houses and associated
infrastructural development to accommodate the
burgeoning urban population (Otoo et al. 2006). The
Legon campus has also witnessed a recent rapid infra-
structural development with increasingly expanding
road networks and the construction of hostels, lecture
theaters, buildings for departments, schools, centres,
halls of residence, and staff to meet the demands of an
increasing student population. This has dramatically
reduced the green areas of the campus, although avenue
trees like Khaya senegalensis, Erythrophleum sp., and
Millettia thonningii continue to line the major roads
(Garshong et al. 2013).

The UGA is one of the few urban green areas left in
the city of Accra that harbor remnant vegetation of the
Accra Plains, earning the description as “an island in a
sea of urbanization” (Grimes 2006). It was established
in 1950 to conserve indigenous and exotic plant species
and to serve as a teaching/research facility and recrea-
tional area for the University and surrounding commu-
nities. It has since been managed to prevent encroach-
ment, development, and other human activities that can
compromise its ecological integrity. For the built-up
environment (BE), we surveyed small mammals in
grassland habitat surrounding residential buildings, lec-
ture facilities, and along roads on the University of
Ghana Legon campus (BE1) and at the Kotoka Interna-
tional Airport (BE2) (05° 35’ N, 00 10" W), which is
located about 7.7 km from the University of Ghana,
Legon. At both BE1 and BE2, an area of about 25 ha
was randomly selected to small mammal survey.

The locations surveyed at BE2 were (i) Airside (Air-
port Runway, 05° 36.83' N, 00° 09.95' W), (ii) Airport

@ Springer
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Fig.1 Map of'the western edge of the Accra Plains showing study
sites at the University of Ghana, Legon campus, University of
Ghana Botanical Garden (UGA), adjoining built environment

North-East (Spintex Road, 05" 37.16' N, 00° 09.17' W),
and (iii) Airport East (Airport Hills Housing Estate, 05
36.84'N, 00° 09.96’ W) (Fig. 1). The Airside consists of
the immediate surroundings of the tarmac, runway,
apron, taxi, and hangar areas. This area of the airport
comprises grasses, shrubby vegetation, and scattered
structures (security checkpoint, airport fire hydrants,
etc.). The Airport North-East is an area cast of the
runway along Spintex Road, characterized by a stream,
an artificial water body created from sand mining activ-
ities, a railway track, some infrastructural development
(private apartments, stores, etc.), and swampy vegeta-
tion. Airport East (Airport Hills Housing Estate) is a
gated community with extensive infrastructural devel-
opment and containing grassland habitat interspersed
with the invasive neem trees (Azadirachta indica).

@ Springer

(BE1), and Kotoka International Airport (BE2). Insert map show-
ing location of the Accra Plains in southern Ghana

Live-trapping of small mammals

Small mammals were live-trapped using Sherman Col-
lapsible Live-traps (23 x 9 x 7.5 cm) baited with a mix-
ture of cornmeal and peanut butter. At the UGA, four
transects, each of about 100 m, were established. One
transect was placed in each of the different vegetation at
the area (forest, woodland, thicket, and grassland). Ten
baited traps were positioned along each transect at 10-m
interval, giving a total of 40 traps set per night. Traps
were set around 16:00 h GMT and inspected the next
morning around 7:00 h GMT for four consecutive nights
per month from January to May 2009 and 2014, giving a
total of 1600 trap-nights.

At BEI, 20 baited traps were set along two tran-
sects, with inter-trap distances of 5-10 m. Traps were
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set for four consecutive nights per month from Janu-
ary to May 2009 and 2014, making a total of 1600
trap-nights. Additional trapping was conducted at
BEI in January 2018. Twenty traps were set between
the student residence halls for seven consecutive
nights. The overall number of trap-nights at BE1 was
therefore 1740. At BE2, 20 baited traps were posi-
tioned along line transects established in each of the
three sampling locations, with one trap per trap-station
and inter-trap distance of 10 m. Traps (60 traps set per
night) were set for 14 consecutive nights in June 2009,
making a total of 840 trap-nights. Because BE2 is a
security zone, we could not extend our trapping ses-
sion beyond the duration that was granted by the area
authority.

Captured individuals were identified on the spot,
weighed, sexed, examined for reproductive condition,
marked, and released at the point of capture. Voucher
specimens that could not be immediately identified in
the field were later deposited in the vertebrate museum
of the Zoology Department of Animal Biology and
Conservation Science (Zoology), University of Ghana.
We used Rosevear (1969), Hutterer and Happold
(1983), and Kingdon et al. (2013) as small mammal
identification aids where necessary. Small mammal trap-
ping and field handling techniques follow recommend-
ed guidelines for mammal fieldwork (Sikes and
Mammalogists 2016) and taxonomy follows Wilson
and Reeder (2005).

Small mammal baseline data

Baseline data for small mammals was obtained from
Booth (1959), Grubb (1971), Decher et al. (1997),
and Decher and Bahian (1999). Booth (1959) provid-
ed an annotated list of the terrestrial mammalian
species of Accra Plains. The list included 13 species
of rodents, three species of shrews and one hedgehog.
Grubb (1971) extended the records of mammals from
Ghana based on the collections of Angus Booth.
Interestingly, all the small mammals reported for the
Accra Plains by Grubb (1971) were listed by Booth
(1959), except for the rodent Graphiurus lorraineus.
The specimen of what is now considered
G. lorraineus was captured in Achimota by Angus
Booth and labeled Graphiurus (Claviglis) spurrelli in
Booth (1959), also known as a Ghanaian subspecies
of G. murinus (Rosevear 1969) described from Ku-
masi (Dollman, 1912). However, the geographic

range of true G. murinus is now limited to East and
South Africa. Decher et al. (1997) and Decher and
Bahian (1999) reported three additional shrews
(Crocidura crossei, Crocidura buettikoferi, and
Crocidura lamottei) and one rodent (Praomys derooi,
reported as Myomys derooi) from the Accra Plains.
They re-assessed the diversity and structure of small
mammal communities on the Accra Plains between
November 1991 and June 1992 at six sites with dif-
ferent vegetation types: open savanna, primary forest,
secondary forest, and thicket.

For comparison of species richness and composi-
tion among BLD, UGA, and BE, the BLD consisted of
all the species reported for the Accra Plains by Booth
(1959), Grubb (1971), Decher et al. (1997), and
Decher and Bahian (1999). However, for comparison
of abundance and diversity of species among BLD,
UGA, and BE, we just used Decher and Bahian (1999)
as baseline data because it is the only study that pro-
vided trapping effort and abundance of captured spe-
cies. For ease of comparison, we pooled the data from
their six sites to produce unified abundance and diver-
sity estimates of small mammal species of the Accra
Plains.

Data analysis

Trapping success of small mammals was estimated as
the total number of captures per 100 trap-nights, where
one trap-night equals one trap set for one night. We
estimated species diversity using the Shannon-Wiener
index and similarity of species composition among
BLD, UGA, and BE using the Serensen’s index as
follows:

2c

SI =
a+b

where

a number of species recorded at the first site,
b number of species recorded at the second site, and
¢ number of species common to both sites.

The significance of the difference in abundance and
diversity of species between developed (i.e., BE1 and
BE2) and undeveloped (BLD and UGA) areas was
assessed using Fisher’s exact test at alpha equals 0.05.
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Results
Small mammal species abundance and diversity

Live-trapping of small mammals at UGA yielded 77
individuals of 11 species belonging to three orders:
Rodentia (eight species), Insectivora (two species), and
Erinaceomorpha (one species: African hedgehog,
Atelerix albiventrix) in 1600 trap-nights. Trapping suc-
cess was 4.8% with a Shannon-Wiener diversity index
of H =1.76. The rodent species were Arvicanthis
rufinus (reported as A. niloticus rufinus in Booth
1959), Mastomys erythroleucus, Lophuromys sikapusi,
Praomys derooi, P. tullbergi, Dasymys incomtus, Rattus
rattus, and Mus musculoides, while the shrews were
Crocidura olivieri and C. crossei. The most abundant
shrew and rodent species in the UGA were Crocidura
olivieri and A. rufinus with 49.4 and 11.7% of the total
captures, respectively (Table 1).

At BEI1, 64 individuals of three rodent species
(M. erythroleucus, R. rattus, and A. rufinus) and the
shrew C. olivieri were captured in 17,400 trap-nights,
while at BE2, 28 individuals of two rodents
(M. erythroleucus and A. rufinus) and the shrew
C. olivieri were captured in 840 trap-nights. Trapping
success for BE1 and BE2 were 3.7 and 3.3%, respec-
tively. The species diversity (Shannon-Wiener index)
was 1.14 at B1 and 0.93 at B2. Crocidura olivieri was
the most abundant species (54.7% of captures) at BE1,
while M. erythroleucus dominated the captures at BE2
with 60.7% of the total captures (Table 1). The baseline
study by Decher and Bahian (1999) yielded 258 indi-
viduals of 13 species comprising nine rodents and four
shrews in 10,200 trap nights. Trapping success and
species diversity were therefore 2.5% and 1.4, respec-
tively. The captures were dominated by P. tullbergi
(10.9%), followed by Hylomyscus alleni (10.9%), and
M. erythroleucus (7%) (Table 1).

Similarity of species composition

The checklist of small mammals reported from the
Accra Plains used as baseline data for comparison of
similarity of species composition comprised six shrew
species, 17 rodent species, and one hedgehog (Table 2).
All the species captured at the UGA, BE1, and BE2
were previously reported for the Accra Plains. The
similarity of species composition was higher
(Serensen’s index = 0.63) between the UGA and BLD
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than between the BE1 and BLD (Serensen’s index =
0.29) and BE2 and BLD (Serensen’s index = 0.22).
Thirteen species were recorded previously on the Accra
Plains that were not recorded in the present study. These
include the shrews Crocidura lamottei, C. buettikoferi,
C. poensis and Suncus megalura (reported as
S. megalurus soricoides by Booth 1959), and the ro-
dents Gerbilliscus kempi (reported as Tatera kempi),
Graphiurus lorraineus, Hylomyscus alleni,
Lemniscomys striatus, Lemniscomys barbarus,
Mastomys huberti (reported as M. hildebrandtii by
Decher and Bahian 1999), Uranomys ruddi, and
Hybomys trivirgatus.

Discussion

We hypothesized that the UGA should harbor relicts of
the small mammals of the Accra Plains and higher
diversity than BE1 and BE2. Our data supported this
hypothesis. Small mammal species diversity were
higher for BLD and UGA than BE1 and BE2, suggest-
ing negative effects of urbanization on small mammals.
The higher species diversity at UGA than the BE1 and
BE2 and the higher similarity of species composition
between UGA and BLD than between BE1 and BLD
and BE2 and BLD suggest that UGA provided refuge
for native small mammals. Although the differences in
diversity and similarity of species composition between
UGA and BE were not statistically significant (Fisher’s
exact test, p>0.05), they are relevant in terms urban
biodiversity conservation. Our findings support the re-
sults of previous studies on the negative impacts of
urbanization on local wildlife.

Urbanization and urban expansion have been noted
to radically alter small mammal and bird species com-
position, abundance, and diversity (Marzluff 2001;
McKinney 2006; Cavia et al. 2009). For example, a
study assessing the effects of human pressure and spatial
landscape structure on small mammal species in an
urban agglomeration found higher species richness and
diversity in rural areas and city borders than urban areas
(Gortat et al. 2014). The study also found high dissim-
ilarity of species composition between rural and urban
areas, with only the striped field mouse (Apodemus
agrarius) common to rural and urban areas. The species
Apodemus flavicollis (yellow-necked mouse) was cap-
tured at less developed areas only (Gortat et al. 2014). In
their investigation of urban development on small
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Table 1 Abundance and diversity of small mammal species at University of Ghana Botanical Garden (UGA), built environment at the
University of Ghana, Legon (BE1), Kotoka International Airport (BE2), and baseline data (BLD) from Decher and Bahian (1999)

Small mammal species Study locality
Rodentia UGA BE1 BE2 BLD
Arvicanthis rufinus 9 (11.7%) 4 (6.3%) 6 (21.4%) 0
Gerbilliscus kempi 0 0 0 3(1.2%)
Graphiurus lorraineus 0 0 0 6 (2.3%)
Hylomyscus alleni 0 0 0 28 (10.9%)
Dasymys incomptus 2 (2.6%) 0 0 0
Rattus rattus 2 (2.6%) 12 (18.8%) 0 0
Lemniscomys striatus 0 0 0 10 (3.9%)
Lophuromys sikapusi 5 (6.5%) 0 0 0
Mastomys erythroleucus 7 (9.1%) 13 (20.3%) 17 (60.7%) 18 (7.0%)
Mastomys huberti 0 0 0 2(0.8%
Mus musculoides 3 (3.9%) 0 0 9 (3.5%)
Praomys derooi 4 (5.2%) 0 0 0
Praomys tullbergi 5 (6.5%) 0 0 165 (64.0%)
Uranomys ruddi 0 0 0 3(1.2%)
Soricomorpha
Crocidura buettikoferi 0 0 0 1 (0.4%)
Crocidura crossei 1(1.3%) 0 0 9 (3.5%)
Crocidura lamottei 0 0 0 1 (0.4%)
Crocidura olivieri 38 (49.4%) 35 (54.7%) 5(17.9%) 0
Crocidura poensis 0 0 0 3(1.2%)
Erinaceomorpha
Atelerix albiventris 1 (1.3%) 0 0
Number of species 11 4 3 13
Number of all individuals 77 64 28 258
Number of trap-nights 1600 1740 840 10,200
Trap-success 4.8% 3.7% 3.3% 2.5%
Shannon-Wiener index 1.76 1.14 0.93 14

mammal assemblages of the Chilean Mediterranean
zone, Fernandez and Simonetti (2013) found higher
small mammal abundance in rural forest fragments than
urban forest fragments, the latter having a higher pro-
portion of non-native rodents with no endemic species
(Fernandez and Simonetti 2013).

A recent study that evaluated the impacts of urbani-
zation on a small mammal community also found de-
clines in species richness and abundance, reduction in
the abundance of urban sensitive species, and increase in
synurbic species along a rural-urban gradient (Lopucki
and Kitowski 2016). The study also found that green
spaces in urban areas did not differ from rural sites in
small mammal species abundance and diversity

(Lopucki and Kitowski 2016). Our results corroborate
previous studies conducted in temperate and tropical
regions, as well as in small and big cities. We found
higher species richness and diversity in an urban green
area and baseline data collected at a time when the Accra
Plains was still less-developed in many of today’s built-
up areas. Species community composition was altered in
built-up areas. Mastomys erythroleucus, Arvicanthis
rufinus, Rattus rattus, and Crocidura olivieri captured
in built-up areas are somewhat adapted to human-
modified landscapes. Our results support the assertion
that only certain representatives of species persist in
urban areas and that urban-intolerant species decline in
abundance and eventually disappear from urban areas

@ Springer
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Table 2 Species list of small mammals of the Accra Plains. BLD
is baseline data compiled from Booth (1959), Grubb (1971),
Decher et al. (1997), and Decher and Bahian (1999). UGA, BE1,
and BE2 are data from the present study

Small mammal species Study locality

Rodentia UGA  BEIl BE2 BLD
Arvicanthis rufinus v v v v
Gerbilliscus kempi v
Graphiurus lorraineus v
Hylomyscus alleni v
Dasymys incomptus v v
Rattus rattus v v v
Lemniscomys striatus v
Lemniscomys barbarus v
Lophuromys sikapusi v v
Mastomys erythroleucus v v v v
Mastomys huberti v
Mus musculoides v v
Praomys derooi v v
Hybomys trivirgatus v
Praomys tullbergi v v
Uranomys ruddi v

Soricomorpha
Crocidura buettikoferi v
Crocidura crossei v v
Crocidura lamottei v
Crocidura olivieri v v v v
Suncus megalura v
Crocidura poensis v

Erinaceomorpha
Atelerix albiventris v v

(Cavia et al. 2009; Lattman et al. 2014; Sol et al. 2014;
Vakhlamova et al. 2014; Lopucki and Kitowski 2016).
The marked difference in vegetation structure be-
tween urban and natural landscapes could be implicated
for the pattern of wildlife species declines across rural-
urban gradients. In general, urban habitats tend to be
similar in terms of ecological structures, functions, and
constraints, irrespective of biogeographical location
(Savard et al. 2000; Clergeau et al. 2001). Infrastructural
development on the University of Ghana Legon campus
and at Kotoka International Airport was the main factor
causing the changes in small mammal species diversity
and composition. The higher small mammal species
diversity in the UGA suggests that cities have the
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potential to maintain a high level of biodiversity and
urban sensitive wildlife species if appropriately planned
to incorporate urban green areas. This means that effort
should be channeled toward conserving the other green
areas in Accra, including the Achimota forest, the Korle,
Sakumo, and the Kpeshie Lagoon areas.

As rapid urbanization continues unabated in devel-
oping countries, deliberate effort is required to minimize
its impact on native urban wildlife species. Local and
urban authorities should enforce the integration of urban
green spaces into urban land planning. Remnant natural
plant communities may harbor native wildlife species
and should be maintained as urban green areas during
urban expansions. Indigenous tree species should be
planted in area that are demarcated for green spaces,
but where remnant vegetation is non-existent. It is also
important that urban dwellers and commercial areas
have very minimal effect on urban green spaces
(Hostetler et al. 2011). Indeed, human preferences are
a key criterion in the design of urban green areas.
Reconciling the opposing economic and ecological
needs for urban land development in developing coun-
tries, requires clear specifications of motivation for the
latter and effective communication to planners, devel-
opers, and urban residents. Evidence suggest that pref-
erences for urban green areas increased for people who
knew the names of the species or who were provided
information about birds found in urban green areas
(Caula et al. 2009; Cox and Gaston 2015). Urban
dwellers will be more likely to pay for and protect urban
green areas if they are well-informed about the impor-
tance of biodiversity in sustaining city life (Allum et al.
2008; Shwartz et al. 2014).

Increasing public knowledge and awareness of urban
biodiversity conservation could be achieved with out-
reach programs. Conservation education could be inte-
grated into primary and secondary school curricula.
Public campaigns that highlight wildlife and plant spe-
cies, particularly endangered and rare biota harbored by
urban green areas, as well as the benefits humans derive
from such areas, could help increase environmental
awareness. This could be done by posters, competition
about environmental conservation, arranging television
and radio programs, and websites related to urban eco-
system conservation. Increased public awareness of the
benefits of urban green areas will provide the needed
impetus for city planners and policy-makers to integrate
urban green areas into urban land development planning
and landscape design.
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