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1  | INTRODUC TION

The African plain harbours high abundance and diversity of mammals, 
most of which are confined to protected areas (PAs) due to anthro‐
pogenic threats (Craigie et al., 2010; Dirzo et al., 2014; Estes, 1999; 
Kingdon, 1997). Also, PAs face problems of hunting, logging and live‐
stock grazing, conflict of interest and poor management (Caro, 2001; 
Dharmaratne, Sang, & Walling, 2000; Gardner et al., 2009; Geldmann et 
al., 2015; Geldmann et al., 2015; Hall, Harris, Medjibe, & Ashton, 2003; 
Pressey, 1994; Salum, Eustace, Malata, & Mbangwa, 2017; Thuiller, 
2007), consequently disrupting conservation goals, effective monitor‐
ing and understanding of habitat utilisation dynamics of mammals.

Although wetlands are important habitats for sustaining animal 
populations, there is a widespread trend of increasing degradation 
of these habitats (Fynn, Chase, & Rӧder, 2014) and dearth of infor‐
mation pertaining to wetland utilisation in most PAs. While this is 
integral for effective conservation practice, few studies focus on this 
area in Africa (Arzamendia, Cassini, & Vila, 2006; Kumar, Mudappa, 
& Raman, 2010; Rahman et al., 2017). Here, we investigated the wet‐
land utilisation dynamics of large mammals in Yankari Game Reserve 
(YGR). The objective was to determine abundance, density and di‐
versity of large mammals and whether these variables were associ‐
ated with wetland size and time of day.

2  | METHODOLOGY

Ten wetlands (Mu'azu Lamido, Mawulgo, Mawulgo Annex, Crocodile 
Zone, Magama, Baba Ilori, Salt Lick B, Tupper‐Carry, Kangiwa and 

Guruntum) were surveyed between April and June 2009 in YGR. The 
reserve is 2,244.10 km2 at an altitude of 160–750 m a.s.l. and located 
between latitudes 9°35′–10°05′N and longitudes 10°10′–10°50′E in 
the Sudan Savannah south‐central zone of Bauchi State, Nigeria. 
The reserve is bisected by the River Gaji with flood plains at 300‐ to 
630‐m intervals along its bank making about 10% of the entire re‐
serve area. The Gaji is bordered by gallery and riparian forests, and 
the other areas of reserve are woodland savannah (Crick & Marshall, 
1981; Geerling, 1973). The area experiences wet and dry seasons 
with annual rainfall averages of 900–1,000 mm and mean annual 
temperatures of 12–36°C.

Point count (PC) was carried out from marked positions in the 
wetlands during morning (06:00–10:00 hours) and evening (15:00–
18:00 hours) with counts repeated multiple times (n > 32) to avoid 
bias in data collection (Sutherland, 2008). Ten minutes was spent in 
each wetland to record species of mammal seen or heard, and dis‐
tance from observer using binoculars and telescope. Motion‐sensor 
cameras (MSC) (Wildview) were mounted at vantage positions in 
wetlands (Andrew, Todd, & Laurie, 2008) to record mammals in the 
early morning (01:00–06:00 hours), afternoon (11:00–15:00 hours) 
and late evening (18:00–24:00 hours). Cameras were mounted on 
trees 1.70 m aboveground with 45‐ to 90‐degree lens view and 
30 m clear visualisation in north or south direction to avoid poor 
image quality from sun rays. Cameras were retrieved every 48 hr 
for data download and battery replacement. Size (km2) and dis‐
tance (m), that is from each other, of wetlands were determined 
using a GPS device.

Data were analysed using the SPSS package (version 12, 2002). 
Density and diversity of mammals were estimated using Distance 
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Software version 5.1.0 (Thomas et al., 2010) and Shannon–Weiner 
diversity index, respectively. Independent‐sample t test was used 
to test differences between morning and evening abundance and 
Kruskal–Wallis tests for differences between early morning, after‐
noon and late evening abundance of mammals. The relationship 
between wetland size and abundance, density and diversity was de‐
termined with Wilcoxon's test.

3  | RESULTS AND DISCUSSION

Together, fourteen species of mammal in eight families were re‐
corded in wetlands: PC detected 2,224 individuals of twelve species 

and six families during 640 days, and MSC detected 166 individuals 
of twelve species and eight families during 160 days. Both methods 
detected 10 (71.4%) species in common and two species (16.6%) ex‐
clusively (Table 1).

Wetland size was positively correlated with abundance 
(Wilcoxon test Z = −2.803, p  =  0.005; Figure 1a); but negatively 
with density (Wilcoxon test Z = −2.293, p = 0.022; Figure 1b) and 
diversity (Wilcoxon test Z = −2.497, p = 0.013; Figure 1c). Further, 
abundance of mammals differed by time of day, for example morn‐
ing and evening (independent‐sample t test, t = 1.585 p = 0.027; 
Figure 1d); and early morning, afternoon and late evening (Kruskal–
Wallis, X2=6.359, p  =  0.042; Figure 1e). Diversity varied across 
time of day (Wilcoxon test Z = −3.920, p < 0.001). Larger wetlands 

F I G U R E  1  The relationship between the size of wetlands and (a) abundance, (b) density and (c) diversity; and abundance of large 
mammals by the period of the day (d) morning and evening, (e) early morning, afternoon and late evening in the wetlands of Yankari 
Game Reserve
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had higher abundance of mammals, but not density and diversity 
(Figure 2a). Wetland location and quality of resources may drive 
this trend across the wetland (He & Legendre, 1996; Van Horne, 
1983). Large wetlands may provide space for species concurrence 
and drive overlap in resource use while minimising competition 
(Bjørneraas et al., 2012; Fryxell & Sinclair, 1988; Mduma, Sinclair, 
& Hilborn, 1999; Rosenzweig, 1981). The difference in abun‐
dance and diversity of mammals by time of day is not surprising. 
Increasing heat of the day poses dehydration problems to mam‐
mals leading to more frequent visits to and utilisation of wetlands 
across time of day (Figure 2).

Water, food and cover are important factors influencing dis‐
tribution of animals (Afolayan, Milligan, & Salami, 1983), and 
wetlands offer these basic necessities. Threat of dehydration, star‐
vation and mortality in the dry season can cause movements from 
upland areas of dried and depleted forage to wetland buffer zone 
(Fynn et al., 2014; Girma, Mamo, & Ersado, 2012; Jenkins, Corti, 
Fanning, & Roettcher, 2002; Macandza, Owen‐Smith, & Cain, 
2012; Owen‐Smith, 2002; Stacie, Erek, Nabil, Dhaval, & Bruce, 
2010; Yaba, Mekonen, Bekele, & Malcolm, 2011), suggesting that 

wetlands are important for sustaining herbivore nutrition over 
the dry seasons (Bukombe et al., 2017; Grant & Scholes, 2006; 
Hopcraft, Olff, & Sinclair, 2010; Parrini & Owen‐Smith, 2009) and 
influencing their assemblages across wetlands. Wetlands also en‐
able mammals to achieve thermoregulation via bathing pools and  
mud wallows.

Our results provided information on the abundance, density and 
diversity of large mammals in the wetlands in YGR, and the asso‐
ciated effect of wetland size and time of day on wetland visit and 
utilisation establishing the usefulness of wetlands to large mammals 
in the reserve.
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F I G U R E  2  The peak abundance of large mammals per hour of the day across wetlands in Yankari Game Reserve



4  |     OMOTORIOGUN et al.

TA
B

LE
 1

 
Pr
es
en
ce
 (c
he
ck
ed
), 
ab
se
nc
e 
(u
nc
he
ck
ed
) a
nd
 to
ta
l c
ou
nt
 fo
r p
oi
nt
 c
ou
nt
 (P
C
) a
nd
 m
ot
io
n‐
se
ns
or
 c
am
er
a 
(M
SC
) r
ec
or
ds
 fo
r s
pe
ci
es
 o
f l
ar
ge
 m
am
m
al
s 
on
 w
et
la
nd
 s
ite
s 
in
 Y
an
ka
ri 

G
am
e 
Re
se
rv
e,
 N
ig
er
ia

Co
m

m
on

 n
am

e
Sp

ec
ie

s
M

u'
A

zu
 

La
m

id
o

M
aw

ul
go

M
aw

ul
go

 
A

nn
ex

Cr
oc

od
ile

 
Zo

ne
M

ag
am

a
Ba

ba
 Il

or
i

Sa
lt 

Li
ck

 B
Tu

pp
er

‐
C

ar
ry

K
an

gi
w

a
G

ur
un

tu
m

PC
M

SC
O

cc
ur

re
nc

e 
(%

)

O
liv

e 
ba

bo
on

Pa
pi

o 
an

ub
is

√
√

√
√

√
√

√
√

√
√

65
1

43
28

.4
5

A
fr
ic
an
 b
uf
fa
lo

Sy
nc

er
us

 c
af

fe
r

 
√

 
√

 
 

 
 

 
 

12
1

9
5.

00

Bu
sh
bu
ck

Tr
ag

el
ap

hu
s 

sc
rip

tu
s

√
√

√
√

√
 

√
√

√
√

68
11

3.
30

A
fr
ic
an
 

el
ep
ha
nt

Lo
xo

do
nt

a 
af

ric
an

a
 

 
√

 
 

 
 

 
 

√
60

26
3.
50

H
ip
po
po
ta
m
us

H
ip

po
po

ta
m

us
 

am
ph

ib
io

us
√

√
√

 
√

√
√

√
 

√
24

13
1.

90

Li
on

Pa
nt

he
ra

 le
o

 
 

 
√

 
 

 
 

√
 

a
3

0.
10

Pa
ta
s 
m
on
ke
y

Er
yt

hr
oc

eb
us

 
pa

ta
s

√
 

 
 

 
 

 
 

 
 

33
1

1.
40

Re
d‐
fla
nk
ed
 

du
ik
er

Ce
ph

al
op

hu
s 

ru
fil

at
us

 
 

√
 

 
 

 
 

 
 

1
a

0.
04

Ro
an
 a
nt
el
op
e

H
ip

po
tr

ag
us

 
eq

ui
nu

s
√

 
√

√
√

 
√

√
 

 
33

a
1.

40

Ta
nt
al
us
 

m
on
ke
y

Ch
lo

ro
ce

bu
s 

ta
nt

al
us

√
√

√
√

√
√

√
√

√
√

48
2

2
20
.3
0

C
om
m
on
 

w
ar
th
og

Ph
ac

oc
ho

er
us

 
af

ric
an

as
 

√
√

√
√

√
√

√
√

√
97

14
4.

60

W
at
er
bu
ck

Ko
bu

s 
el

lip
sip

ry
m

nu
s

√
√

√
√

√
√

√
√

√
√

55
5

34
24

.6
0

W
es
te
rn
 

H
ar
te
be
es
t

Al
ce

la
ph

us
 

bu
se

la
ph

us
√

√
 

 
√

√
√

 
 

 
99

9
4.

50

A
fr
ic
an
 c
iv
et

Ci
ve

tt
ic

tis
 

ci
ve

tt
a

 
√

 
 

 
 

 
 

 
 

a
1

0.
04

a S
pe
ci
es
 e
xc
lu
si
ve
ly
 re
co
rd
ed
 fo
r t
he
 tw
o 
su
rv
ey
 m
et
ho
ds
. 



     |  5OMOTORIOGUN et al.

ORCID

Taiwo C. Omotoriogun   https://orcid.org/0000-0001-5678-2687 

R E FE R E N C E S

Afolayan, T. A., Milligan, K. R. N., & Salami, S. O. (1983). Abundance and 
distribution of large mammals, in the Upper Ogun Game Reserve, 
Oyo State, Nigeria. International Journal for the Study of Animal 
Problems, 4, 33–44.

Andrew, B. S., Todd, K. F., & Laurie, L. M. (2008). Opportunistic use of 
camera traps to assess habitat‐specific mammal and bird diversity in 
northern Namibia. Biodiversity Conservation, 17, 3579–3587.

Arzamendia, Y., Cassini, M. N., & Vila, B. L. (2006). Habitat use by vicuna 
Vicugna vicugna in Laguna Pozuelos reserve, Jujuy, Argentina. Oryx, 
40, 198–203.

Bjørneraas, K., Herfindal, I., Solberg, E. J., Sæther, B.‐E., Van Moorter, 
B., & Rolandsen, C. M. (2012). Habitat quality influences population 
distribution, individual space use and functional responses in habitat 
selection by a large herbivore. Oecologia, 168, 231–243. https​://doi.
org/10.1007/s00442-011-2072-3

Bukombe, J., Kittle, A., Senzota, R., Mduma, S., Fryxell, J., & Sinclair, A. R. 
E. (2017). Resource selection, utilisation and seasons influence spa‐
tial distribution of ungulates in the western Serengeti National Park. 
African Journal of Ecology, 56, 3–11.

Caro, T. M. (2001). Species richness and abundance of small mammals 
inside and outside an African National Park. Biological Conservation, 
98, 251–257. https​://doi.org/10.1016/S0006-3207(00)00105-1

Craigie, I. D., Baillie, J. E. M., Balmford, A., Carbone, C., Collen, B., Green, 
R. E., & Hutton, J. M. (2010). Large mammal population declines in 
Africa’s protected areas. Biological Conservation, 143, 2221–2228. 
https​://doi.org/10.1016/j.biocon.2010.06.007

Crick, H. Q. P., & Marshall, P. J. (1981). The birds of Yankari Game Reserve, 
Nigeria: Their abundance and seasonal occurrence. Malimbus, 3, 
103–113.

Dharmaratne, G. S., Sang, F. Y., & Walling, L. J. (2000). Tourism potentials 
for financing protected areas. Annals of Tourism Research, 27, 590–
610. https​://doi.org/10.1016/S0160-7383(99)00109-7

Dirzo, R., Young, H. S., Galetti, M., Ceballos, G., Isaac, N. J., & Collen, 
B. (2014). Defaunation in the Anthropocene. Science, 345, 401–406. 
https​://doi.org/10.1126/scien​ce.1251817

Estes, R. D. (1999). The safari companion: A guide to watching African mam-
mals. Post Mills, VT: Chelsea Green.

Fryxell, J. M., & Sinclair, A. R. E. (1988). Seasonal migration by white‐
eared kob in relation to resources. African Journal of Ecology, 26, 17–
31. https​://doi.org/10.1111/j.1365-2028.1988.tb011​25.x

Fynn, R. W. S., Chase, M., & Rӧder, A. (2014). Functional habitat hetero‐
geneity and large herbivore seasonal habitat selection in northern 
Botswana. South African Journal of Wildlife Resource, 44, 1–15. https​
://doi.org/10.3957/056.044.0103

Gardner, T. A., Barlow, J., Chazdon, R., Ewers, R. M., Harvey, C. A., Peres, 
C. A., & Sodhi, N. S. (2009). Prospects for tropical forest biodiversity 
in a human modified world. Ecology Letter, 12, 561–582. https​://doi.
org/10.1111/j.1461-0248.2009.01294.x

Geerling, C. (1973) The vegetation of Yankari Game Reserve, its utilisation 
and condition. In: Bulletin. Department of Forestry, University of 
Ibadan.

Geldmann, J., Coad, L., Barnes, M., Craigie, I. D., Hockings, M., Knights, 
K., … Burgess, N. D. (2015). Changes in protected area management 
effectiveness over time: A global analysis. Biological Conservation, 
191, 692–699. https​://doi.org/10.1016/j.biocon.2015.08.029

Girma, Z., Mamo, Y., & Ersado, M. (2012). Species composition, distribu‐
tion and relative abundance of large mammals in and around Wondo 

Genet Forest Patch, Southern Ethiopia. Asian Journal of Applied 
Sciences, 5, 538–551. https​://doi.org/10.3923/ajaps.2012.538.551

Grant, C. C., & Scholes, M. C. (2006). The importance of nutrient hotspots 
in the conservation and management of large wild mammalian her‐
bivores in semi‐arid savannas. Biology Conservation, 130, 426–437. 
https​://doi.org/10.1016/j.biocon.2006.01.004

Hall, J. S., Harris, D. J., Medjibe, V., & Ashton, P. M. S. (2003). The effects 
of selective logging on forest structure and tree species composition 
in a Central African forest: Implications for management of conser‐
vation areas. Forest Ecology and Management, 183, 249–264. https​://
doi.org/10.1016/S0378-1127(03)00107-5

He, F., & Legendre, P. (1996). On species‐area relationship. American 
Naturalist, 148, 719–737. https​://doi.org/10.1086/285950

Hopcraft, J. G. C., Olff, H., & Sinclair, A. R. E. (2010). Herbivores, re‐
sources and risks: Alternating regulation along primary environmen‐
tal gradients in savannas. Trends in Ecology and Evolution, 25, 119–
128. https​://doi.org/10.1016/j.tree.2009.08.001

Jenkins, R. K. B., Corti, G. R., Fanning, E., & Roettcher, K. (2002). 
Management implications of antelope habitat use in the Kilombero 
Valley, Tanzania. Oryx, 36, 161–169. https​://doi.org/10.1017/S0030​
60530​2000236

Kingdon, J. (1997). The kingdon field guide to African mammals. London, 
UK: Academic Press.

Kumar, M. A., Mudappa, D., & Raman, T. R. S. (2010). Asian elephant 
Elephas maximus habitat use and ranging in fragmented rainforest 
and plantations in the Anamalai Hills, India. Tropical Conservation 
Science, 3, 143.e158.

Macandza, V. A., Owen‐Smith, N., & Cain, J. W. (2012). Habitat and 
resource partitioning between abundant and relatively rare 
grazing ungulates. Journal of Zoology, 287, 175–185. https​://doi.
org/10.1111/j.1469-7998.2012.00900.x

Mduma, S. A., Sinclair, A., & Hilborn, R. (1999). Food regulates the 
Serengeti wildebeest: A 40 year record. Journal of Animal Ecology, 68, 
1101–1122. https​://doi.org/10.1046/j.1365-2656.1999.00352.x

Owen‐Smith, N. (2002). Adaptive herbivore ecology. Cambridge, UK: 
Cambridge University Press.

Parrini, F., & Owen‐Smith, N. (2009). The importance of post‐
fire regrowth for sable antelope in a Southern African sa‐
vanna. African Journal of Ecology, 48, 526–534. https​://doi.
org/10.1111/j.1365-2028.2009.01143.x

Pressey, R. L. (1994). Ad hoc reservation: Forward or backward steps in 
developing representative reserve systems. Conservation Biology, 8, 
662–668.

Rahman, D. A., Gonzalez, G., Haryono, M., Muhtarom, A., Firdaus, A. 
Y., & Aulagnier, S. (2017). Factors affecting seasonal habitat use, 
and predicted range of two tropical deer in Indonesian rainforest. 
Acta Oecologica, 82, 41.e51. https​://doi.org/10.1016/j.actao.2017. 
05.008

Rosenzweig, M. L. (1981). A theory of habitat selection. Ecology, 62, 327–
335. https​://doi.org/10.2307/1936707

Salum, J., Eustace, A., Malata, P. F., & Mbangwa, O. F. (2017). Wildlife 
crime promoted by weak governance. African Journal of Ecology, 56, 
101–108. https​://doi.org/10.1111/aje.12424​

Stacie, M. C., Erek, S. N., Nabil, A. N., Dhaval, K. V., & Bruce, A. S. (2010). 
Diurnal co‐occurrence of African elephants and other mammals at a 
Tanzanian waterhole. African Journal of Ecology, 49, 250–252.

Sutherland, W. J. (2008). Ecological census techniques. Cambridge, UK: 
University Press.

Thomas, L., Buckland, S. T., Rexstad, E. A., Laake, J. L., Strindberg, S., 
Hedley, S. L., … Burnham, K. P. (2010). Distance software: Design 
and analysis of distance sampling surveys for estimating pop‐
ulation size. Journal of Applied Ecology, 47, 5–14. https​://doi.
org/10.1111/j.1365-2664.2009.01737.x

Thuiller, W. (2007). Climate change and ecologist. Nature, 448, 550–552.

https://orcid.org/0000-0001-5678-2687
https://orcid.org/0000-0001-5678-2687
https://doi.org/10.1007/s00442-011-2072-3
https://doi.org/10.1007/s00442-011-2072-3
https://doi.org/10.1016/S0006-3207(00)00105-1
https://doi.org/10.1016/j.biocon.2010.06.007
https://doi.org/10.1016/S0160-7383(99)00109-7
https://doi.org/10.1126/science.1251817
https://doi.org/10.1111/j.1365-2028.1988.tb01125.x
https://doi.org/10.3957/056.044.0103
https://doi.org/10.3957/056.044.0103
https://doi.org/10.1111/j.1461-0248.2009.01294.x
https://doi.org/10.1111/j.1461-0248.2009.01294.x
https://doi.org/10.1016/j.biocon.2015.08.029
https://doi.org/10.3923/ajaps.2012.538.551
https://doi.org/10.1016/j.biocon.2006.01.004
https://doi.org/10.1016/S0378-1127(03)00107-5
https://doi.org/10.1016/S0378-1127(03)00107-5
https://doi.org/10.1086/285950
https://doi.org/10.1016/j.tree.2009.08.001
https://doi.org/10.1017/S0030605302000236
https://doi.org/10.1017/S0030605302000236
https://doi.org/10.1111/j.1469-7998.2012.00900.x
https://doi.org/10.1111/j.1469-7998.2012.00900.x
https://doi.org/10.1046/j.1365-2656.1999.00352.x
https://doi.org/10.1111/j.1365-2028.2009.01143.x
https://doi.org/10.1111/j.1365-2028.2009.01143.x
https://doi.org/10.1016/j.actao.2017.05.008
https://doi.org/10.1016/j.actao.2017.05.008
https://doi.org/10.2307/1936707
https://doi.org/10.1111/aje.12424
https://doi.org/10.1111/j.1365-2664.2009.01737.x
https://doi.org/10.1111/j.1365-2664.2009.01737.x


6  |     OMOTORIOGUN et al.

Van Horne, B. (1983). Density as a misleading indicator of habitat qual‐
ity. The Journal of Wildlife Management, 47, 893–901. https​://doi.
org/10.2307/3808148

Yaba, M., Mekonen, T., Bekele, A., & Malcolm, J. (2011). Food selection 
and feeding behavior of Giant mole Rat (Tachyoryctes macrocephalus, 
Ruppell, 1842) from the Sanetti Plateau of Bale Mountains National 
Park Ethiopia. Asian Journal of Applied Sciences, 4, 735–740. https​://
doi.org/10.3923/ajaps.2011.735.740

How to cite this article: Omotoriogun TC, Tende T, Adeiza 
ZO, et al. Large mammals and wetland utilisation: A case 
study in Yankari Game Reserve, Nigeria. Afr J Ecol. 
2019;00:1–6. https​://doi.org/10.1111/aje.12638​

https://doi.org/10.2307/3808148
https://doi.org/10.2307/3808148
https://doi.org/10.3923/ajaps.2011.735.740
https://doi.org/10.3923/ajaps.2011.735.740
https://doi.org/10.1111/aje.12638

