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Abstract
1.	 Pest	rodents	remain	key	biotic	constraints	to	cereal	crops	production	in	the	East	
African	region	where	they	occur,	especially	in	seasons	of	outbreaks.	Despite	that,	
Uganda	has	scant	information	on	rodents	as	crop	pests	to	guide	effective	manage-
ment	strategies.

2.	 A	capture–mark–recapture	(CMR)	technique	was	employed	to	study	the	ecology	
of	small	rodents,	specifically	to	establish	the	species	composition	and	community	
structure	 in	a	maize‐based	agro	ecosystem.	Trapping	of	small	 rodents	was	con-
ducted	in	permanent	fallow	land	and	cultivated	fields,	with	each	category	repli-
cated	twice	making	four	study	grids.	At	each	field,	a	60	×	60	m	grid	was	measured	
and	marked	with	permanent	trapping	points	spaced	at	10	×	10	m,	making	a	total	
of	49	trapping	points/grids.	Trapping	was	conducted	monthly	at	4‐week	interval	
for	three	consecutive	days	for	two	and	half	years	using	Sherman	live	traps.

3.	 Eleven	identified	small	rodent	species	and	one	insectivorous	small	mammal	were	
recorded with Mastomys natalensis	being	the	most	dominant	species	(over	60.7%).	
Other	species	were	Mus triton	(16.1%),	Aethomys hendei	(6.7%),	Lemniscomys zebra 
(5.2%),	Lophuromys sikapusi	 (4.8%),	Arvicanthis niloticus	 (0.9%),	Gerbilliscus kempi 
(0.1%),	 Graphiurus murinus	 (0.1%),	 Steatomys parvus	 (0.1%),	 Dasymys incomtus 
(0.1%),	and	Grammomys dolichurus	(0.1%).	Spatially,	species	richness	differed	sig-
nificantly	(p	=	0.0001)	between	the	studied	field	habitats	with	significantly	higher	
richness	in	fallow	land	compared	with	cultivated	fields.

4.	 Temporally,	total	species	richness	and	abundance	showed	a	significant	interaction	
effect	over	the	months,	years,	and	fields	of	trapping	with	significantly	(p	=	0.001)	
higher	abundances	during	months	of	wet	seasons	and	in	the	first	and	third	year	
of	trapping.	In	terms	of	community	structure,	higher	species	diversity	associated	
more	with	 fallow	field	habitats	but	also	with	certain	 rare	species	 found	only	 in	
cultivated	fields.
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1  | INTRODUC TION

Rodents	exhibit	irregular	population	dynamics	with	occasional	out-
breaks,	typically	occurring	over	extensive	areas	(Fiedler,	1988;	Leirs,	
Verhagen,	Verheyen,	Mwanjabe,	&	Mbise,	1996).	Globally,	they	are	
among	the	most	destructive	vertebrate	pests	to	cereal	crops	(Leirs,	
2003;	Singleton,	Hinds,	Leirs,	&	Zhang,	1999;	Stenseth	et	al.,	2003),	
with	profound	crop	damage	impact	in	the	low	developing	countries	
in	Africa	(Mdangi	et	al.,	2013;	Makundi,	Oguge,	&	Mwanjabe,	1999),	
Asia	 (Singleton,	 2003),	 and	 Indonesia	 (Geddes,	 1992).	 Particularly,	
studies	 in	the	East	African	region	 (Leirs,	Singleton,	&	Hinds,	1999;	
Makundi	et	al.,	1999;	Mulungu,	2003;	Mwanjabe,	1990)	have	iden-
tified	several	rodent	species	that	are	important	and	responsible	for	
crop	yield	 loss	and	 in	 lowering	of	crop	qualities.	 In	 this	 region,	 ro-
dents	commonly	cause	5%–15%	damage	on	maize	crop	(Mwanjabe	
&	Leirs,	1997),	but	projections	indicate	that	it	can	reach	over	80%	in	
seasons	of	outbreaks	(Mulungu,	2003).	Largely,	multimammate	rats	
(Mastomys natalensis)	are	pointed	out	as	the	most	important	rodent	
pests	 involved	 in	 crop	 damage	 in	 the	 sub‐Saharan	 Africa	 (Fiedler,	
1988)	though	other	groups	such	as	Gerbiliscus	spp.	and	Arvicanthis 
spp.	are	also	 involved	 (Makundi	et	al.,	1999).	These	rodent	groups	
are	known	for	their	damages	on	a	diversity	of	cereal	crops	with	pre-
ponderant	impact	on	maize	and	rice,	the	crops	which	are	important	
in	food	security	across	the	East	African	region.

In	Uganda,	cereal	crops	form	a	key	component	of	the	crop	pro-
duction	sector	and	contribute	significantly	to	the	dietary	diversity	of	
many	rural	and	urban	communities	(Shellemiah	&	Rubaihayo,	2013).	
However,	production	of	diverse	cereals	is	still	low	due	to	several	pro-
duction	constraints	including	massive	loss	due	to	rodent	pest	dam-
ages	(Nabbumba	&	Bahiigwa,	2003;	Waddington,	Li,	Dixon,	Hyman,	
&	Vicente,	 2010).	 Currently,	 rodent	management	 strategies	 in	 the	
country	 are	minimal	due	 to	 the	 scant	 information	 available	on	 ro-
dents	as	pests	 to	guide	management	 (Eisen	et	al.,	2013;	Moore	et	
al.,	 2015).	 Specifically,	 knowledge	on	 the	 species	 composition	and	
community	 structure	 is	 known	 fundamental	 facts	 for	 a	 successful	
and	acceptable	pest	control	strategy	(Hoare	&	Hare,	2006;	Parsons,	
Banks,	Deutsch,	Robert,	&	Munshi‐South,	2017;	Simberloff,	2014).	
Presently,	 literature	available	 in	the	country	focuses	on	rodents	as	
potential	disease	vectors	to	human	and	livestock	(Amatre	et	al.,	2009;	
Bochert	et	al.,	2010;	Eisen	et	al.,	2010)	but	less	so	as	crop	pests.	No	
detailed	studies	exist	in	the	country	on	rodents	as	field	crop	pests,	
and	little	is	known	about	rodent	communities	in	agriculture	cropping	

systems.	This	study	thus	aimed	at	determining	the	species	compo-
sition	and	community	structure	of	small	pest	rodents	 in	cultivated	
and	fallow	land	fields	 in	maize‐growing	areas	 in	Eastern	Uganda,	a	
step	 toward	developing	a	 successful	pest	management	strategy	 in	
the	country.	The	knowledge	on	rodent	diversity	of	rodents	and	their	
distribution	 in	 the	 environment	 will	 enable	 design	 of	 appropriate	
management	strategies	that	will	target	harmful	species	while	spar-
ing	the	beneficial	ones	(Singleton,	Sudarmaji,	Jacob,	&	Krebs,	2005).

2  | MATERIAL S AND METHODS

2.1 | Study site

The	 study	 was	 conducted	 in	 Kigulu	 parish,	 Kigandalo	 subcounty,	
Mayuge	 district	 in	 Eastern	 Uganda	 (06°16′S,	 37°31′E),	 ~1,020	 m	
above	 sea	 level	 (Figure	 1).	 The	 study	 area	 experiences	 a	 bimodal	
rainfall	pattern,	characteristic	of	Eastern	Uganda	in	the	Lake	Victoria	
Crescents	agro‐ecological	zone.	There	are	two	rainy	seasons	in	the	
year:	first	rainy	season	normally	occurs	between	March	and	end	of	
May	with	a	short	dry	period	(June–August).	The	second	rainy	season	
occurs	between	August	and	end	of	November,	then	a	dry	spell	from	
December	to	February	of	the	following	year.	Due	to	the	intense	de-
mand	for	agricultural	and	pasture	land	in	this	region,	 land	is	highly	
fragmented	and	natural	forests	are	very	scarce	and	in	small	patches.

2.2 | Sampling procedure

Permanent	 trapping	 fields	 for	 the	 experiment	 were	 obtained	
through	 negotiation	 with	 landowners	 and	 agreements	 formally	
made.	A	purpose	sampling	technique	was	employed,	where	exper-
imental	fields	where	selected	basing	on	certain	criteria;	availability	
of	the	required	plot	size	(60	x	60m),	acceptablity	of	the	land	owner	
to	offer	the	area	for	a	period	of	two	years	and	this	targeted	both	
cultivated	 field	and	 fallow	 land	habitats.	 In	 this	area,	 land	use	 is	
highly	fragmented,	and	thus,	we	targeted	fields	that	could	meas-
ure	 about	 70	m	×	 70	m	 and	 the	 permanent	 trapping	 grids	were	
measured	off	starting	at	10	m	from	the	boundary	line.	In	each	of	
the	two	habitat	types,	two	replicate	grids	were	obtained	making	a	
total	of	four	trapping	fields	at	a	minimum	distance	of	500	m	from	
each	 other.	 At	 each	 of	 the	 identified	 field	 sites,	 a	 60	m	 ×	 60	m	
grid	was	marked	 and	 permanent	 trapping	 points	 set.	 The	 fallow	
land	 fields	were	 initially	 dominated	with	 heavy	 thick	 patches	 of	

5.	 Synthesis	and	applications.	Based	on	these	findings,	management	strategies	can	
be	designed	to	target	the	key	pest	species	and	the	most	vulnerable	habitats	thus	
reducing	the	impact	they	can	inflict	on	field	crops.

K E Y W O R D S
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tick	 berry	 (Lantana camara)	 but	were	 subsequently	 reduced	 due	
to	animal	grazing.	Other	weedy	species	noted	were	perennial	and	
annual	grasses	(Gramineae)	of	several	species,	which	are	common	
in	 disturbed	 soils	 and	 uncultivated	 fallow	 lands.	 They	 included	
guinea	grass	(Panicum maximuma)	couch	grass	(Digitaria scalarum),	
black	 jack	 (Bidens pilosa),	 star	grass	 (Cynodon dactylon), and	wan-
dering	 jew	 (Commellina bengelensis)	 among	 others.	 The	 fallow	
lands	were	surrounded	by	cultivated	fields,	which,	during	the	wet	
season,	were	planted	with	maize,	beans,	cassava,	and	sweet	pota-
toes.	After	crop	harvest,	these	fields	were	left	with	standing	stub-
ble	and	often	slash	and	ox‐plow	were	 the	main	 land	preparation	
methods	before	the	next	wet/planting	season	started.

Cultivated	 fields	 were	 planted	 with	 maize	 intercropped	 with	
beans	 in	 the	 first	 year	 of	 the	 study	 (2016),	 but	 in	 the	 subsequent	
seasons,	cassava	was	introduced	as	a	way	of	crop	rotation	due	to	the	
parasitic	witch	weed	(Striga	sp.)	in	the	area,	which	deprives	the	maize	
crop	from	water	and	other	mineral	nutrients.	Other	commonly	en-
countered	weeds	in	the	cultivated	fields	included	star	grass	(Cynodon 
dactylon),	couch	grass	(Digitaria scalarum),	black	jack	(Bidens pilosa),	
guinea	grass,	and	wandering	jew	(Commellina bengelensis).	Fragments	
of	mixed	crop	gardens	comprising	of	coffee,	beans,	bananas,	sweet	
potato,	and	cassava	also	surrounded	these	cultivated	study	fields.

2.3 | Trapping procedure

Using	 Sherman	 live	 traps	 (H.B.	 Sherman	 Traps,	 Inc.)	 a	 capture–
mark–release	 trapping	 technique	was	 applied	 following	 the	 pro-
cedure	 described	 in	 Aplin,	 Brown,	 Jacob,	 Krebs,	 and	 Singleton	
(2003).	 For	 each	 trapping	 grid,	 49	 Sherman	 live	 traps	 were	 set	
in	a	60	m	×	60	m	configuration	 (seven	 trapping	 lines	with	seven	
trapping	 stations,	10	m	apart).	Trapping	was	conducted	monthly	
at	 4‐week	 intervals.	 A	 single	 Sherman	 trap	 baited	 with	 peanut	
butter	mixed	with	maize	 flour	 was	 placed	 at	 each	 trapping	 sta-
tion	for	three	consecutive	days.	Traps	were	inspected	every	morn-
ing	during	the	three	days,	and	captured	animals	were	checked	for	
sexual	maturity	 status,	weighed,	 toe	 clip	 coded,	 and	 released	 at	
the	points	of	capture.	Both	traps	with	and	without	animals	were	
rebaited	with	fresh	bait	for	the	following	day	trapping.	The	study	
lasted	for	two	and	half	years	from	January	2016	to	May	2018.	The	
nomenclature	by	Wilson	and	Reeder	(2005)	was	used	as	the	main	
reference	 to	 identify	 the	 rodent	 species	 captured	 in	 the	 study	
areas.	 The	 community	 structure	 in	 this	 study	 was	 described	 as	
relative	composition	based	on	the	trappable	rodent	species	in	the	
study	sites.	The	proportional	species	composition	was	presented	
as	 percentage	 based	 on	 the	 relative	 abundance	 of	 each	 species	

F I G U R E  1  Map	showing	the	location	
of	the	study	site,	Kigandalo	subcounty,	
Mayuge	district	Eastern	Uganda
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over	the	study	period.	The	density	of	animals	per/0.5	ha	was	esti-
mated	for	each	three‐day	trapping	session	using	the	M(h)	estima-
tor	of	the	program	CAPTURE	for	a	closed	population,	which	allows	
for	individual	variations	in	trapping	probability	(White,	Anderson,	
Burnham,	&	Otis,	 1982)	 and	 is	 the	most	 commonly	 used	 test	 in	
other	studies	thus	allows	better	comparison	with	those	studies.

2.4 | Data processing and analysis

Data	from	the	four	grids	were	pooled	and	formed	two	data	sets:	
cultivated	 field	and	 fallow	 land	 field	 to	obtain	 total	 small	 rodent	
diversity	 per	 habitat.	 Species	 richness	 and	 abundance	were	 cal-
culated	using	the	pooled	data	for	cultivated	fields	and	fallow	land	
fields.	All	variables	were	tested	for	normality	using	Shapiro–Wilk	
test,	and	the	strongly	skewed	variables	were	transformed	prior	to	
analyses	whether	necessary,	to	meet	the	assumption	of	normality	
and	homogeneity	 of	 variances	 (Wilcoxon,	 1945).	 Paleontological	
Statistics	software	(PAST;	Hammer	et	al.,	2002)	was	used	to	cal-
culate	 diversity	 measures:	 species	 richness,	 Simpson	 Diversity	
Index,	evenness,	and	dominance.	Species	accumulation	curves	and	
rank	abundance	curves	were	obtained	for	the	two	field	categories	
using	R	software	Vegan	package	(R	software	version	3.3.2;	R	Core	
Team,	2013).	The	monthly	differences	in	small	rodent	richness	and	
abundance	 between	 cultivated	 and	 fallow	 habitats	 were	 tested	
with	 analysis	 of	 variance	 (ANOVA)	 in	 XLSTAT	 (XLSTAT,	 2017).	
Where	the	ANOVA	test	indicated	significant	differences,	post	hoc	
Tukey	(HSD)	test	was	used.	Richness	was	used	as	a	measure	of	the	

number	of	species	in	the	two	field	habitats.	Species	diversity	es-
timations	were	made	by	the	Simpson's	Diversity	Index	to	consider	
both	 the	 richness	 and	evenness.	The	 index	was	 calculated	using	
the	formula:

where D,	Simpson	diversity	(D′);	n	=	number	of	individuals	of	each	spe-
cies,	and	N	=	total	number	of	individuals	of	all	species.

A	t	test	was	used	to	compare	the	Simpson's	Diversity	Indices	be-
tween	trapping	grids.

Species	turnover	was	computed	to	determine	the	rate	of	spe-
cies	 change	 in	 time	and	 space;	 temporal	 turnover	 (βT)	 in	 species	
richness	between	years	was	calculated	 for	each	site	as	 the	 total	
number	of	 species	 found	within	 that	 site	 (over	 the	 two	and	half	
years)	minus	the	mean	number	of	species	per	year	for	that	site	(α).	
Spatial	turnover	(βS)	was	calculated	as	the	total	number	of	species	
found	within	a	habitat	type	(over	the	two	and	half	years)	minus	the	
mean	number	 of	 species	 per	 site	 for	 that	 habitat	 type	 (over	 the	
two	and	half	years).

The	Bray–Curtis	similarity	index	(Hammer	et	al.,	2002)	was	used	
to	compare	similarities	among	zones	and	to	construct	a	species	com-
position	similarity	dendrogram	for	the	three	zones.	The	nonmetric	
multidimensional	scaling	ordination	was	used	to	plot	species	associ-
ation	with	habitat	type.

D=1−

∑

n(n−1)

N(N−1)
D=1−

∑

n(n−1)

N(N−1)
D=1−

∑

n(n−1)

N(N−1)

TA B L E  1   Inventory	of	small	rodent	species	and	an	insectivorous	mammal	recovered	during	the	study	period	in	the	cultivated	and	fallow	
field	habitats	in	Mayuge	district,	Eastern	Uganda,	year	2016–2018

Species
Total number of individuals (% contribu‐
tion) in Cultivated field

Total number of individuals (% contribu‐
tion) in Fallow field

Over all number (% 
contribution)

Small	rodent	species

1. Mastomys natalensis 727	(68.5) 740	(54.6) 1,467	(60.7)

2. Mus triton 210	(19.8) 180	(13.3) 390	(16.1)

3. Aethomys hendei 35	(3.3) 128	(9.4) 163	(6.7)

4. Lemniscomys zebra 15	(1.4) 102	(7.5) 117	(4.8)

5.	Lophuromys sikapusi 6	(0.6) 67	(4.8) 73	(3.3)

6. Arvicanthis niloticus 1 25 26

7. Graphiurus murinus 0 15 15

8. Gerbilliscus kempi 1 0 1

9. Gramommys dolichurus 0 1 1

10. Steatomys parvus 0 1 1

11. Dasmys incomtus 1 0 1

Insectivorous	species

1. Crocidura	spp. 65	(6.1) 80	(5.9) 145	(6.0)

Total	captured 1,061	(100) 1,352	(100) 2,413	(100)

Total	trap	nights 8,820 8,232 17,052

Species	richness 9 10 12

Simpson's	Diversity	Index 0.467 0.617  
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3  | RESULTS

3.1 | Small mammal species composition

Out	of	the	17,052	trap	nights	made,	1,061	and	1,355	small	mam-
mal	 individuals	were	trapped	 in	cultivated	and	fallow	land	fields,	
respectively.	These	comprised	of	11	small	rodent	species	and	one	
insectivorous	 small	 mammal	 species	 making	 a	 total	 of	 12	 small	
mammals	 (Table	1).	Multimammate	 rat	 (Mastomys natalensis)	was	
the	most	abundant	rodent	species	with	727	(68.5%)	individuals	in	
cultivated	fields	and	740	(54.6%)	individuals	in	fallow	land	fields,	
while	 the	 least	 was	 Gerbilisicus kempi, Gramommys dolichurus,	
Dasmys incomtus,	 and	 Steatomys parvus.	 The	 former	 four	 rodent	
species	were	very	scarce	as	only	one	individual	each	was	captured	
for	the	whole	study	period	(Table	1).	The	results	also	showed	that	
fallow	 fields	were	 species	 richer	 (10	 small	 rodent	 species)	 com-
pared	with	 cultivated	 fields	 (nine	 small	 rodent	 species;	 Table	 1).	
The	species	accumulation	curve	plotted	(Figure	2a)	showed	a	good	
sampling	 effort	 as	 it	 tended	 to	 level	 off	 after	 the	20th	 trapping	
session,	 with	minimal	 encounters	 of	 new	 species	 after,	 but	 also	

indicates	that	a	few	more	species	can	be	trapped	with	more	years	
of	 trapping.	 Additionally,	 separate	 curves	 for	 the	 habitats	 were	
plotted	and	fallow	fields	displayed	a	slightly	higher	accumulation	
curve	compared	with	cultivated	fields	(Figure	2b),	implying	a	higher	
probability	 of	 encountering	 more	 species	 in	 fallow	 field	 habitat	
with	sampling.	The	overall	maximum	species	estimated	by	Chao	2,	
Jackknife	1,	and	Bootstrap	richness	estimators	 in	the	study	area	
for	the	two	and	half	years	of	the	study	was	13	species.	Simpson	
species	diversity	 index	showed	relatively	higher	diversity	for	fal-
low	 field	 (0.617)	 compared	with	 cultivated	 field	 (0.467)	 but	was	
not	significantly	different	(p	>	0.05).	Species	evenness	was	higher	
in	fallow	field	(42.04%)	compared	with	cultivated	field	(34.17%).

In	 terms	 of	 temporal	 variations	 in	 species	 richness	 and	 abun-
dance,	there	was	a	significant	(F28,29	=	2.819,	p	=	0.004)	interaction	
effect	between	months	and	years	of	 the	study	for	richness	within	
fallow	 land	 habitat.	 Significantly,	 more	 species	 were	 observed	 in	
the	first	year	of	trapping	(2016)	in	June,	July,	and	August	and	then	
November	 (Figure	3).	 Lowest	 species	 recovery	was	noted	 to	have	
occurred	 in	 the	 second	year	of	 trapping	 (2017),	 specifically	 in	 the	
month	of	May	(Figure	3).	Within	cultivated	field	habitat,	there	was	

F I G U R E  2  Species	accumulation	for	
all	samples	(a)	and	(b)	for	the	separate	
studied	fields	(Fallow	and	cultivated	fields	
with	±	Standard	deviation
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also	significant	interaction	effect	between	months	and	years	of	the	
study	for	species	 richness	 (F28,29	=	1.857,	p	=	0.054).	Significantly,	
fewer	species	recovery	was	observed	in	the	second	year	of	trapping,	
in	January,	May,	and	June	which	differed	from	the	rest.	Generally,	
there	was	 almost	 consistence	 in	 the	number	of	 species	 recovered	
monthly	over	the	study	period	(Figure	3).

The	interaction	effect	between	years	and	months	on	total	small	
rodent	species	abundance	also	showed	a	significant	effect	for	fallow	
land	(F28,29	=	2.334,	p	=	0.001).	Significantly,	higher	abundances	were	
obtained	in	the	months	of	June	(38	±	2/0.5	ha),	July	(41	±	8/0.5	ha),	
August	 (38	 ±	 2/0.5	 ha)	 for	 2016,	 and	March	 (41	 ±	 26/0.5	 ha)	 in	
2018.	In	cultivated	field	habitats,	the	interaction	effect	of	year	and	
month	of	 trapping	on	small	 rodent	abundance	was	also	significant	
(F28,29	 =	 2.612,	 p	 =	 0.007).	 Significantly,	 higher	 abundance	 was	
recorded	 in	 the	 last	 year	of	 trapping	 (2018)	 in	 the	month	of	April	
(46	±	19/0.5	ha;	Figure	4).	Generally,	there	a	was	synchrony	in	tem-
poral	changes	in	rodent	abundance	over	the	years	in	the	studied	field	
habitats,	with	higher	abundance	in	the	first	year	of	trapping,	then	a	
decline	in	year	two	and	a	steady	rise	in	the	third	year	of	trapping.

In	 terms	of	 species	 turnover,	 spatially	 there	was	 a	 significant	 dif-
ference	(F1,6	=	9,	p	=	0.024)	for	the	studied	field	habitats.	Fallow	field	

habitats	 showed	 significantly	 higher	 species	 turnover	 (6	 ±	 1)	 species	
compared	with	cultivated	field	habitat	(4	±	1).	Temporal	species	turn	over	
(βT)	also	showed	a	significant	difference	(F5,44	=	18.819,	p	=	0.0001)	over	
the	three	years	of	the	study.	The	first	year	of	trapping	showed	a	higher	
species	turn	over	followed	by	a	decline	in	the	second	year	of	trapping	
and	then	a	rise	in	the	third	year	of	trapping	in	both	habitats	(Figure	5).

3.2 | Small rodent community structure across field 
trapping habitats

The	trapping	habitats	were	generally	similar	in	composition	with	re-
spect	to	rodent	species.	The	Bray–Curtis	similarity	index	generated	
three	clusters—one	for	the	cultivated	fields,	then	separate	clusters	
for	fallow	fields,	with	an	overall	cophenation	correlation	or	cluster	
accuracy	of	97.97%	 (Figure	6).	A	nonmetric	multidimensional	 scal-
ing	 analysis	 was	 conducted,	 and	 ordination	 plots	 were	 generated	
with	a	correlation	method.	Rodent	communities	were	very	distinct	
between	habitats.	Some	species	associated	only	with	certain	com-
munities	such	as	G. kempi	sp.	and	D. incomtus,	these	only	associated	
with	 cultivated	 habitats.	 The	 ordination	 plots	 also	 revealed	 that	
several	of	the	recorded	rodent	species	in	the	study	associated	more	

F I G U R E  3  Mean	(±SE)	monthly	species	
richness	over	the	two	and	half	year's	
study	period	in	fallow	and	cultivated	fields	
in	Mayuge	district,	Eastern	Uganda
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F I G U R E  4  Mean	(±SE)	monthly	small	
rodent	abundance	over	the	two	and	half	
year's	study	period	in	fallow	and	cultivated	
field	habitats	in	Mayuge	district,	Eastern	
Uganda
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with	 fallow	 habitats.	 There	was	 one	 rodent	 species,	M. natalensis 
which	exhibited	unique	characters	as	it	plotted	almost	at	zero	imply-
ing	it's	a	generalist	species.	It	associated	equally	in	both	fallow	land	
and	cultivated	field	habitats	(Figure	7).

4  | DISCUSSION

4.1 | Small rodent species composition

This	 study	 presents	 the	 first	 comprehensive	 inventory	 of	 small	
rodent	 species	 in	 agricultural	 environmental	 setting	 in	 Uganda.	
Eleven	small	rodent	species	and	one	insectivorous	mammal	were	

recorded	from	both	fallow	land	and	cultivated	fields.	Earlier	stud-
ies	 in	 the	 country	 report	 up	 to	 maximum	 of	 34	 small	 mammal	
species	(Amatre	et	al.,	2009;	Basuta	&	Kasene,	1987;	Clausnitzer	
&	 Kityo,	 2001;	 Delany,	 1975;	 Eisen	 et	 al.,	 2013).	 These	 report	
much	 higher	 species	 richness	 compared	with	 the	 current	 study,	
and	 this	was	because	 they	 targeted	all	 small	mammals	 and	 their	
study	environments	(habitats)	were	different.	For	example,	Eisen	
et	 al.	 (2013)	 concentrated	 around	 homesteads	 and	 within	 huts,	
where	 certain	 species	 almost	 permanently	 dwell	 such	 as	 the	
roof	 rat	 (Rattus rattus),	 but	 also	 migratory	 rodent	 species	 could	
be	 trapped	 in	 localities	 closer	 to	 homesteads	 as	 they	 search	 for	
food	and	escape	from	adverse	weather	conditions	(Amatre	et	al.,	
2009).	 Particularly,	 some	 rodent	 species	 have	 been	 reported	 to	
be	 habitat	 specific,	 for	 example,	 Proamys	 spp.	 are	 closed	 forest	
dwellers	(Basuta	&	Kasene,	1987)	and	thus	could	not	be	trapped	in	
this	study.	Elsewhere	in	the	region	where	studies	have	been	con-
ducted	with	similar	study	designs	involving	fallow	land	and	maize	
field	habitats	with	a	capture–mark–recapture	procedure,	a	range	
of	between	4	and	11	species	of	small	rodents	has	been	reported	
(August,	 1984;	 Fleming,	 1975;	 Mares	 &	 Ernest,	 1995;	 Makundi,	
Massawe,	 Mulungu,	 &	 Katakweba,	 2010;	 Massawe,	 Rwamugira,	
Leir,	Makundi,	&	Mulungu,	2006;	Mulungu	et	al.,	2013).	Secondly,	
while	the	study	reports	eleven	small	rodent	species,	four	of	them	
which	 included	G. dolichurus, D. incomtus, G. kempi, and S. parvus 
were	very	 rarely	encountered	with	 less	 than	 three	 individuals	 in	
the	whole	study	period.	The	low	numbers	of	the	later	could	suggest	
possibly	unsuitable	habitats	for	these	species’	settlement,	breed-
ing,	and	survival	(Delany,	1975;	Missone,	1969).	The	study	showed	
differences	in	species	composition	between	fallow	land	and	maize	
field	habitats	with	higher	diversity	 index	value	 (0.617)	 for	 fallow	
land	compared	with	cultivated	fields	(0.467).	In	Tanzania,	Makundi	
et	 al.	 (2010)	 observed	 a	 similar	 result	 with	 a	 higher	 diversity	
index	 value	 in	 fallow	 land	 habitat	 compared	with	maize	 habitat.	
This	phenomenon	could	be	explained	by	land	use	patterns,	where	
human	activities	alter	habitat	characteristics,	which	may	result	in	
a	positive	or	negative	impact	on	rodent	communities	(Hoffmann	&	
Zeller,	2005).	In	this	study,	the	authors	attribute	human	activities	
including	land	preparation,	weeding,	and	harvesting	which	are	key	
in	cultivated	fields	to	have	likely	resulted	into	lower	species	rich-
ness	in	cultivated	field	habitat.

The	 study	 also	 showed	 dominance	 of	M. natalensis, with over 
60%	 contribution	 of	 the	 total	 trap	 catches	 in	 both	 habitats.	 This	
particular	species	is	reported	by	several	authors	in	the	East	African	
region	as	an	important	member	of	the	rodent	community,	occurring	
in	various	habitats	both	disturbed	and	undisturbed	(Hubbard,	1972;	
Leirs,	1995;	Makundi	et	al.,	1999,	2010;	Massawe,	Rwamugira,	Leirs,	
Makundi,	&	Mulungu,	2005;	Mulungu,	2003).	The	higher	abundance	
of	M. natalensis	 in	cultivated	 fields	compared	with	 fallow	 land	 fur-
ther	affirm	the	theory	that	this	species	highly	adapts	to	new	environ-
ments	and	is	a	good	colonizer	of	disturbed	areas	including	cultivated	
agricultural	 fields	 (Leirs,	 1992;	 Massawe	 et	 al.,	 2005;	 Makundi,	
Massawe,	Mulungu,	&	Katakweba,	2010;	Odhiambo,	Oguge,	&	Leirs,	
2005).

F I G U R E  5  Mean	(±SE)	temporal	species	turn	over	(βT)	for	the	
different	years	of	study	in	Mayuge	district,	Eastern	Uganda
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F I G U R E  6  Bray–Curtis	similarities	in	rodent	composition	among	
the	trapping	habitats	and	species	communities	in	the	study
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Mus	spp.	were	second	in	abundance,	which	occurred	equally	in	
fallow	land,	and	cultivated	fields	but	more	numbers	 in	cultivated	
fields.	This	species	is	reported	to	be	widely	distributed	across	sub‐
Saharan	Africa	where	it	occurs	in	a	variety	of	savannah	and	grass-
land	 habitats	 (Monadjem,	 Taylor,	 Denys,	 &	 Cotterill,	 2015).	Mus 
triton	records	in	this	study	are	in	total	agreement	with	earlier	taxo-
nomic	records	reported	in	the	Kenya	and	Tanzania	(Happold,	2013;	
Monadjem	et	al.,	2015;	Veyrunes	et	al.,	2004,	2005)	that	it	occurs	
across	 the	East	African	countries.	The	 relatively	higher	numbers	
of	M. triton	in	cultivated	fields	suggest	that	they	are	also	good	col-
onizers	of	disturbed	habitats.	Earlier	findings	by	Fuller	and	Perrin	
(2001)	report	related	results	as	they	recovered	higher	numbers	in	
a	 disturbed	habitat	 that	was	 exposed	 to	 fire.	Demeke,	Afework,	
and	Gurja	 (2007)	 in	Ethiopia	described	 that	Mus	 spp.	were	more	
abundant	 in	 agricultural	 farmland	 than	 bush	 habitats.	 Aethomys 
hendei,	commonly	known	as	bush	rat,	 is	a	generalist	herbivorous	
species	 and	 often	 found	 in	woodlands	 although	 it	 can	 be	 found	
inhabiting	fields	that	have	been	under	cultivation	(Kingdon,	1974).	
In	the	current	study,	more	trap	catches	for	A. hendeii were recov-
ered	in	fallow	land	as	opposed	to	cultivation	field.	This	is	typically	
a	 bush	 rat,	which	 dwells	 in	 bush	 thickets	 thus	 the	 higher	 abun-
dances	in	fallow	fields	signifies	habitat	suitability	for	undisturbed	
habitats	preferably	forests	(Happold,	2013;	Kingdon,	1974).	In	the	
current	study,	Lophuromys sikapusi	was	captured	at	relatively	low	
numbers.	An	earlier	study	which	was	conducted	in	a	national	for-
est	 in	 the	 country	 reported	 relatively	higher	numbers	 compared	
with	 this	 study	 (Basuta	 &	 Kasenene,	 1987).	 The	 difference	 can	
be	attributed	to	the	habitat	type	as	this	species	prefers	cool	mist	
environments	(Happold,	2013;	Kingdon,	1974).	Its	preference	for	
cooler	environments	was	further	evidenced	by	more	trap	captures	
in	 fallow	 than	 cultivated	 fields,	 which	 fallow	 exhibited	microcli-
matic	conditions	(cooler	undercover	temperatures)	that	could	have	

been	enhanced	by	thickets	of	tick	berry	plants	that	were	initially	
dominant	in	fallow	fields.	Similarly,	in	Tanzania,	higher	numbers	of	
Lophuromys	spp.	were	trapped	in	forest	habitats	particularly	when	
vegetation	was	dense	and	humid	(Makundi,	Massawe,	Borremans,	
Laudisoit,	&	Katakweba,	2015).

Other	species	captured	included	A. niloticus	commonly	known	as	
African	grass	rat,	G. murinus	(arboreal	species), G. kempi,	and	D. incom‐
tus	(African	Marsh	rat)	were	recorded	in	relatively	low	numbers	in	the	
study	and	were	mostly	encountered	in	first	year	of	trapping.	These	
species	were	mostly	captured	in	fallow	land,	a	habitat	which	is	closely	
related	to	natural	forests,	with	relatively	high	weedy	grasses,	shrubs,	
trees,	and	form	relatively	dense	vegetation	ground	cover.	Such	a	hab-
itat	is	believed	to	have	offered	favorable	conditions	for	settlement	of	
the	above	species.	The	results	are	closely	related	to	earlier	findings	
that	reported	higher	numbers	of	A. niloticus	during	the	rainy	season	
when	 resources	 from	grasses	are	 rich	with	dense	vegetation	cover	
to	 provide	 shelter	 from	 predators	 (Massawe	 et	 al.,	 2005;	 Senzota,	
1982).	G. murinus	was	captured	in	fallow	land	only	and	encountered	
in	the	first	year	of	trapping	with	no	captures	in	the	preceding	years.	
Observations	made	during	the	study	showed	that	vegetation	cover	
reduced	drastically	in	the	subsequent	years’	in	the	fallow	fields	due	
to	disturbances	 in	 these	 fields	by	 livestock	grazing.	Additionally,	G. 
murinus	low	numbers	could	also	be	attributed	to	its	arboreal	nature	as	
it	nests	on	trees	and	routinely	visits	the	ground	thus	chances	of	being	
trapped	with	the	live	Sherman	traps	are	minimal.

4.2 | Spatial patterns in species 
richness and diversity

Spatial	variations	in	total	small	rodent	species	richness	and	diversity	
were	observed,	with	fallow	land	displaying	higher	species	richness	
and	diversity.	Similarly,	spatial	species	turn	over	(βS)	was	significantly	

F I G U R E  7  Ordination	plots	for	nonmetric	dimensional	scaling	(NMDS)	in	rodent	community	composition	among	trapping	habitats
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higher	in	fallow	land	habitat.	The	results	are	not	surprising,	as	it	has	
already	 been	 reported	 that	 habitat	 characteristics/patterns	 play	
a	 significant	 role	 in	 the	 ecology	 of	 rodents	 (Delany,	 1975).	 This	
study	 further	 showed	 that	while	 cultivated	 fields	 are	 less	 species	
rich,	 they	 are	 still	 very	 prone	 to	 infestation	 by	 rodents	 of	 differ-
ent	species.	Specifically,	M. natalensis,	one	of	the	notorious	rodent	
pest	species,	exhibited	higher	rank	abundance	in	cultivated	field	as	
opposed	 to	 fallow.	 This	 phenomenon	 confirms	 the	 importance	 of	
this	species	as	an	agricultural	pest	that	calls	for	more	attention	as	
already	reported	(Makundi,	Massawe,	&	Mulungu,	2005;	Mulungu,	
2003).	Furthermore,	Isabirye‐Basuta	and	Kasenene	(1987)	reported	
that	the	abundance	and	distribution	of	the	small	mammals	depend	
mainly	upon	the	nature	and	density	of	vegetation,	which	in	turn	in-
fluence	food	and	shelter	availability.	The	higher	species	abundances	
and	richness	in	fallow	fields	in	this	study	were	linked	to	the	charac-
teristic	nature	of	fallow	land	habitat	which	offered	more	vegetation	
for	food	as	well	as	offering	shelter	for	breeding	and	protection	of	
the	small	rodents	from	possible	predation	as	compared	to	cultivated	
fields.

Generally,	habitat	complexity	may	provide	more	niches	that	could	
be	 exploited	 by	 several	 species	 of	 rodents	 (Rosenzweig	&	Winakur,	
1969).	Niche	partitioning	(temporally,	spatially,	and	trophically;	Pianka,	
1973)	is	an	important	factor	in	species	co‐existence	in	both	stable	and	
disturbed	habitats.	Human	activities	have	also	been	reported	to	sig-
nificantly	influence	the	species	richness	and	diversity	at	a	small	scale	
(Massawe	 et	 al.,	 2005).	Additionally,	Getachew	 and	Afework	 (2015)	
recovered	 more	 individuals	 of	 small	 rodents	 in	 bushland	 habitat	 as	
compared	to	the	other	habitats.	This	was	attributed	to	habitat's	plant	
composition,	which	included	Pterolobium stellatum, Capparis tomentosa, 
and Urtica simensis,	which	are	thorny,	and	prevented	movement	of	hu-
mans	and	livestock,	thus	offering	a	safe	environment	for	small	mammal	
breeding	and	survival.	Additionally,	wild	animals	respond	to	human	dis-
turbance	in	the	same	way	they	respond	to	predation,	by	avoiding	highly	
disturbed	areas	or	underutilizing	them	(Beale	&	Monaghan,	2004;	Gill,	
Sutherland,	&	Watkinson,	1996),	but	the	strength	of	this	response	is	
different	for	different	species	(Gill,	Norris,	&	Sutherland,	2001).	In	this	
study,	species	richness	and	abundance	were	high	in	fallow	land	habi-
tat,	which	could	possibly	be	due	to	the	low	levels	of	human	activities/
disturbance	as	compared	to	cultivated	field.

4.3 | Temporal patterns in total species 
richness and abundance

In	 the	current	study,	 temporal	variations	were	an	 important	 factor	
that	 influenced	the	species	richness	and	relative	abundance	of	 the	
species	across	the	fields.	The	monthly	year	to	year	changes	in	small	
rodent	 species	 richness	 and	 abundance	 were	 also	 obvious,	 with	
higher	richness	and	abundance	in	the	first	year	of	trapping	compared	
with	the	proceeding	years	of	trapping.	There	were	significant	varia-
tions	 in	monthly	 rodent	species	 richness	and	abundances	over	 the	
two	and	half	 years	of	 the	 study	period	with	 generally	 higher	 rich-
ness	and	abundance	in	the	months	of	June,	July,	and	August	in	2016	
and	March	and	April	in	2018	trapping.	These	results	are	similar	with	

earlier	studies	by	Makundi	et	al.,	(2010)	and	Mulungu	(2003),	when	
they	 recovered	 more	 species	 and	 higher	 trap	 catches	 in	 the	 first	
year	of	the	study.	The	monthly	changes	in	small	rodent	abundance	
reported	here	only	affirm	earlier	 theories	 that	suggest	 that	 rodent	
populations	 are	highly	dynamic	 and	are	driven	by	 several	 environ-
mental	 factors,	 but	 more	 particularly	 by	 rainfall,	 which	 influences	
vegetation	and	human	activities	(Leirs,	1992).	It	was	noted	that	veg-
etation	 cover	 and	human	activities	 changed	with	months,	 and	 this	
is	 believed	 to	 have	 played	 a	 role	 in	 regulating	 rodent	 populations	
in	both	habitats.	For	example,	due	 to	 constant	human	activities	 in	
cultivated	 fields,	 the	 rodent	populations	 fluctuated	more	highly	 as	
opposed	to	fallow	land	where	it	was	observed	to	have	had	minimal	
human	interaction.	Similar	observations	are	reported	by	Addisu	and	
Bekele	 (2013)	 who	 report	 that	 crop	 harvesting	 and	 grazing	 were	
perhaps	the	considerable	factors	for	the	reduction	in	rodent's	abun-
dance	in	maize	fields	during	the	dry	season	in	their	study	in	Ethiopia.	
Specifically,	 increased	animal	grazing	has	been	widely	shown	to	af-
fect	 rodent	 species	 composition	 and	 abundance	 (Cao	 et	 al.,	 2016;	
La	Morgia,	 Balbo,	Memoli,	 &	 Isaia,	 2015;	 Yihune	&	Bekele,	 2012).	
Additionally,	 habitat	 fragmentation	 and	anthropogenic	 activity	 can	
make	areas	 inviable	 for	certain	 fauna	and	can	 therefore	alter	 their	
distribution	(Markovchick‐Nicholls	et	al.,	2008).

Nevertheless,	 several	 publications	 report	 temporal	 rodent	
abundances	 in	 terms	of	months	and	years	various	explanations	are	
given.	 For	 example,	 Mulungu	 et	 al.	 (2013)	 reported	 lower	 rodent	
abundances	 but	 with	 more	 female	 individuals	 breeding	 during	 the	
rainy	 season.	 Similarly,	 Massawe,	 Makundi,	 Mulungu,	 Katakweba,	
and	Shayo	2012report	breeding	patterns	of	some	rodent	species	 in	
Central	Tanzania	to	be	seasonal	and	correlated	well	with	rainfall	pat-
terns.	Other	studies	on	ecology	of	rodents	in	East	Africa	have	asso-
ciated	population	dynamics	with	the	indirect	influence	of	rainfall	on	
reproduction	patterns	and	habitat	characteristics,	 including	vegeta-
tion	structure	and	cover	(Delany,	1972;	Leirs,	1992;	Leirs,	Verheyen,	
Michiels,	Verhagen,	&	Stuyck,	1989;	Makundi	et	al.,	2005;	Makundi,	
Massawe,	&	Mulungu,	 2006;	 Taylor	&	Green,	 1976;	 Telford,	 1989).	
Precipitation	has	been	reported	to	result	into	increased	primary	vege-
tation	production,	which	in	turn	leads	to	increased	rodent	abundance	
(Gage	&	Kosoy,	2005).	The	temporal	differences	observed	in	the	cur-
rent	study	are	likely	attributed	to	several	factors	already	reported	on	
in	earlier	studies	but	were	not	quantitatively	analyzed	 in	this	study,	
which	 include	among	others,	vegetation	ground	cover,	quality	 food	
supply,	and	human	activities	which	are	all	governed	by	rainfall.	Already,	
existing	theories	show	that	human	activity	can	have	negative	impacts	
on	many	wildlife	species,	 leading	to	changes	 in	distribution	 (moving	
away	from	human	activity),	abundance,	and	activity	patterns	(Griffiths	
&	Van	Schaik,	1993).	This	type	of	scenario	indeed	was	observed	in	fal-
low	fields	where	species	richness	and	abundance	were	high	in	the	first	
year	of	 the	study	but	declined	with	time	due	to	 increased	pressure	
as	a	result	of	human	activities	on	this	reserved	piece	of	land.	Human	
activities	such	as	animal	grazing	have	thus	been	observed	to	have	an	
impact	on	rodent	species	distribution	and	abundance	and	can	be	used	
as	a	means	of	modifying	environment	as	a	rodent	management	tech-
nique	in	a	localized	setting	(La	Morgia	et	al.,	2015).
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Consequently,	although	there	were	no	clear	trends	in	the	pop-
ulation	dynamics	from	one	year	to	another,	a	 less	similar	pattern	
of	 increased	 rodent	 abundance	 in	 the	 second	 part	 of	 year	 from	
May	to	November	was	noted	throughout	the	two	and	half	years	
of	the	study.

4.4 | Synthesis and applications

Long‐term	 studies	 that	 provide	 description	 of	 rodent	 species	
composition	and	community	structure	in	agriculture	settings	con-
tribute	 to	 state	of	 the	pest	management	 reports,	 environmental	
risk	assessments,	and	offer	options	for	harmonizing	the	benefits	
of	 rodents	 in	 the	 ecosystem	 and	 protection	 from	 pest	 damage.	
Currently,	most	descriptions	 focus	on	rodents	as	 forest	dwellers	
as	indicators	of	habitat	quality	and,	as	vectors	of	human	and	live-
stock	diseases	(Clausnitzer,	Church,	&	Hutterer,	2003;	Eisen	et	al.,	
2013).	On	the	contrary,	 this	study	focused	on	understanding	ro-
dents	as	pests	in	a	crop	farming	system	to	establish	the	common	
species	 and	 how	 they	 are	 distributed	 between	 cultivated	 fields	
and	fallow	land	in	such	an	agricultural	setting.

Therefore,	an	understanding	of	rodent	species	composition	for	
a	given	 locality	 is	particularly	valuable;	 for	conservation	and	man-
agement	purposes.	Gorvnment	agencies	 responsible	wild	 life	 con-
servation	and	pest	control	can	utilize	the	information	for	approprite	
decision	 making	 for	 conservation	 and	 application	 of	 appropriate	
control	measures	on	pestivorous	species	respectively.	Our	approach	
identifies	 the	most	abundant	species	 in	cropped	 fields	and	 relates	
with	other	studies	in	the	region	on	potential	impacts	these	species	
can	have	on	crops	in	an	agricultural	system.

ACKNOWLEDG MENTS

We	are	extremely	grateful	to	the	Ecologically	Based	Management	of	
Rodent	Pests	in	Maize	and	Rice	in	East	Africa	to	Sokoine	University	
of	 agriculture	 project	 (Grant	 number	 OPP1112579)	 supported	 by	
Bill	and	Melinda	Gates	foundation	for	the	financial	support	of	this	
research.	We	are	also	grateful	for	the	tireless	efforts	from	Kisakye	
Alex,	 Ouma	 Namulochi,	 and	 Ramadhani	 Kigunguli	 from	 Busitema	
University,	 Namasagali	 campus,	 Uganda	 and	 Pest	 Management	
Centre,	 Sokoine	 University	 of	 Agriculture,	 Morogoro,	 Tanzania,	
respectively.

CONFLIC T OF INTERE S T

None	declared.

AUTHORS'  CONTRIBUTION

Mayamba.	A,	Mulungu.	L.	S,	Makundi.	R.H,	and	Massawe.	A	con-
ceived	 the	 ideas	 and	 designed	methodology.	 All	 authors	 contrib-
uted	 to	data	collation.	Mayamba	A,	Mulungu.	L.S,	and	 Isabirye.	B	
analyzed	the	data	and	led	the	writing	of	the	manuscript.	All	authors	
critically	reviewed	the	drafts	and	gave	final	approval	for	publication.

DATA AVAIL ABILIT Y

We	the	authors	of	this	manuscript	have	collectively	agreed	to	have	
the	data	used	 in	 the	 results	 section	 to	publicly	avail	 that	 informa-
tion	to	a	public	domain	Dryad	once	this	paper	has	been	accepted	for	
publication	under	the	journal	of	Ecology	and	Evolution.	https	://doi.
org/10.5061/dryad.qv9471s.

ORCID

Alex Mayamba  https://orcid.org/0000‐0001‐5180‐1869 

R E FE R E N C E S

Addisu,	A.,	&	Bekele,	A.	(2013).	Habitat	preferences,	seasonal	abundance	
and	diets	of	 rodents	 in	Alage,	Southern	Ethiopia.	African Journal of 
Ecology,	52,	284–291.

Amatre,	G.,	 Babi,	N.,	 Russell,	 E.,	Ogen‐Odoi,	 A.,	 Atiku,	 L.	 A.,	 Akol,	 A.,	
…	 Eisen,	 R.	 J.	 (2009).	 Flea	 diversity	 and	 infestation	 prevalence	 on	
rodents	 in	 a	Plague‐Endemic	Region	of	Uganda.	 Journal of Tropical 
Medicine and Hygiene,	81(4),	718–724.

Aplin,	K.	P.,	Brown,	P.	R.,	Jacob,	J.,	Krebs,	C.	J.,	&	Singleton,	G.	R.	(2003).	
Field methods for rodent studies in Asia and the Indo‐Pacific.	Canberra,	
ACT:	CSIRO.

August,	 P.	 V.	 (1984).	 Population	 ecology	 of	 small	 mammals	 in	 the	
llanos	 of	 Venezuela.	 In	 R.	 E.	 Martin	 &	 B.	 R.	 Chapman	 (Eds.),	
Contributions in mammalogy in honor of Robert L. Packard	 (pp.	71–
104).	 Cambrigde:	 Special	 Publications,	 The	Museum,	 Texas	 Tech	
University,	22:1–234.

Basuta,	G.,	&	Kasene,	J.	M.	(1987).	Small	rodent	populations	in	selectively	
felled	and	mature	tracks	of	Kibale	forest,	Uganda.	Biotropica,	19(3),	
260–266.

Beale,	C.	M.,	&	Monaghan,	P.	(2004).	Human	disturbance:	People	as	pre-
dation‐free	predators?	Journal of Applied Ecology,	41,	335–343.

Borchert,	J.	N.,	Enscore,	R.	E.,	Eisen,	R.	J.,	Atiku,	L.	A.,	Owor,	N.,	Acayo,	
S.,	…	Gage,	K.	L.	(2010).	Evaluation	of	rodent	bait	containing	imida-
cloprid	for	the	control	of	fleas	on	commensal	rodents	in	a	plague‐en-
demic	 region	 of	 northwest	Uganda.	 Journal of Medical Entomology,	
47,	842–850.

Cao,	C.,	Shuai,	L.‐Y.,	Xin,	X.‐P.,	Lui,	Z.‐T.,	Song,	Y.‐L.,	&	Zeng,	Z.‐G.	(2016).	
Effects	 of	 cattle	 grazing	 on	 small	 mammal	 communities	 in	 the	
Hulunber	meadow	steppe.	PeerJ,	4,	e2349.	https	://doi.org/10.7717/
peerj.2349

Clausnitzer,	V.,	Church,	S.,	&	Hutterer,	R.	(2003).	Habitat	occurrence	and	
feeding	ecology	of	Crocidura montis	and	Lophuromys flavopunctatus 
on	Mt.	Elgon,	Uganda.	African Journal of Ecology,	41,	1–8.

Clausnitzer,	 V.,	 &	 Kityo,	 R.	 (2001).	 Altitudinal	 distribution	 of	 rodents	
(Muridae	and	Gliridae)	on	Mt	Elgon,	Uganda.	Tropical Zoology,	14(1),	
95–118.	https	://doi.org/10.1080/03946	975.2001.10531145

Delany,	 M.	 J.	 (1972).	 The	 ecology	 of	 small	 rodents	 in	 tropical	 Africa.	
Mammal Review,	2,	1–42.

Delany,	M.	J.	(1975).	The rodents of Uganda.	Kettering	Northamptonshire,	
UK:	The	George	Press.

Demeke,	D.,	Afework,	 B.,	&	Gurja,	 B.	 (2007).	 Feeding	 ecology	 of	 pest	
rodents	 from	 Arbaminch	 forest	 and	 farmlands,	 Ethiopia.	 SINET: 
Ethiopian Journal of Science,	30,	127–134.

Eisen,	R.	J.,	Enscore,	R.	E.,	Atiku,	L.	A.,	Zielinski‐Gutierrez,	E.,	Mpanga,	J.	
T.,	Kajik,	E.,	…	Gage,	K.	L.	(2013).	Evidence	that	rodent	control	strat-
egies	ought	to	be	improved	to	enhance	food	security	and	reduce	the	
risk	of	rodent‐borne	illnesses	within	subsistence	farming	villages	in	
the	plague‐endemic	West	Nile	region,	Uganda.	International Journal 
of Pest Management,	59(4),	259–270.

https://doi.org/10.5061/dryad.qv9471s
https://doi.org/10.5061/dryad.qv9471s
https://orcid.org/0000-0001-5180-1869
https://orcid.org/0000-0001-5180-1869
https://doi.org/10.7717/peerj.2349
https://doi.org/10.7717/peerj.2349
https://doi.org/10.1080/03946975.2001.10531145


     |  7859MAYAMBA et Al.

Eisen,	R.	J.,	Griffith,	K.	S.,	Borchert,	J.	N.,	MacMillan,	K.,	Apangu,	T.,	Owor,	
N.,	…	Mead,	P.	S.	(2010).	Assessing	human	risk	of	exposure	to	plague	
bacteria	in	northwestern	Uganda	based	on	remotely	sensed	predic-
tors.	American Journal of Tropical Medicine and Hygiene,	82,	904–911.

Fiedler,	L.	A.	(1988).	Rodent	problems	in	Africa.	In	I.	Prakash	(Ed.),	Rodent 
pest management	(pp.	35–65).	Boca	Raton,	FL:	CRC.

Fleming,	T.	H.	(1975).	The	role	of	small	mammals	in	tropical	ecosystems.	
In	F.	B.	Golley,	K.	Petrusewicz,	&	L.	Ryszkowski	(Eds.),	small mammals: 
their productivity and population dynamics	(pp.	269–298).	Cambridge,	
UK:	Cambridge	University	Press.

Fuller,	J.	A.,	&	Perrin,	M.	R.	(2001).	Habitat	assessment	of	small	mammals	
in	the	Umvoti	Vlei	Conservancy,	KwaZulu‐Natal,	South	Africa.	South 
African Journal of Wildlife Research,	31,	1–12.

Gage,	K.	L.,	&	Kosoy,	M.	Y.	(2005).	Natural	history	of	plague:	Perspectives	
from	more	than	a	century	of	research.	Annual Review of Entomology,	
50,	505–528.

Geddes,	A.	W.	M.	(1992).	The relative importance of pre‐harvest crop pests 
in Indonesia	(p.	70).	Chatham,	UK:	Bulletin	of	the	Natural	Resources	
Institute.

Getachew,	B.,	&	Afework,	 B.	 (2015).	Diversity	 and	 habitat	 association	
of	 small	mammals	 in	Aridtsy	 forest,	 Awi	 Zone,	 Ethiopia.	Zoological 
Research,	36(2),	88–94.

Gill,	 J.	 A.,	Norris,	 K.,	 &	 Sutherland,	W.	 J.	 (2001).	Why	 behavioural	 re-
sponses	may	not	reflect	the	population	consequences	of	human	dis-
turbance.	Biological Conservation,	97,	265–268.

Gill,	J.	A.,	Sutherland,	W.	J.,	&	Watkinson,	A.	R.	(1996).	A	method	to	quan-
tify	the	effects	of	human	disturbance	on	animal	populations.	Journal 
of Applied Ecology,	33,	786–792.

Griffiths,	M.,	&	Van	Schaik,	C.	P.	(1993).	The	impact	of	human	traffic	on	
the	abundance	and	activity	periods	of	sumatran	rain	forest	wildlife.	
Conservation Biology,	7(3),	623–626.

Happold,	 D.	 C.	 D.	 (Ed.)	 (2013).	Mammals of Africa. Volume III: Rodents, 
hares and rabbits	(784	pp).	London,	UK:	Bloomsbury	Publishing.

Hammer,	Ø.,	Harper,	D.	A.	T.,	&	Ryan,	P.	D.	(2002).	Past:	Paleontological	
Statistics	 Software	 Package	 for	 Education	 and	 Data	 Analysis.	
Palaeontologia Electronica,	41,	9.

Hoare,	J.	M.,	&	Hare,	K.	M.	(2006).	The	impact	of	brodifacoum	on	non‐
target	wildlife:	Gaps	 in	knowledge.	New Zealand Journal of Ecology,	
30,	157–167.

Hoffmann,	A.,	&	Zeller,	U.	(2005).	Influence	of	variations	in	land	use	in-
tensity	on	species	diversity	and	abundance	of	small	mammals	in	the	
Nama	Karoo,	Namibia.	Belgian Journal of Zoology,	135(Suppl.),	91–96.

Hubbard,	C.	A.	(1972).	Observations	on	the	life	histories	and	behaviour	
of	some	small	rodents	from	Tanzania.	Zoologica Africana,	7,	419–449.

Kingdon,	 J.	 (1974).	 East Africa mammals: an atlas of evolution in Africa. 
Volume II Part B (Hares and Rodents).	London,	UK:	Academic	Press.

La	Morgia,	V.,	Balbo,	C.,	Memoli,	S.,	&	Isaia,	M..	(2015).	Rodents	in	grass-
land	habitats:	 does	 livestock	grazing	matter?	A	comparison	of	 two	
Alpine	sites	with	different	grazing	histories.	Zoosystema,	37(4),	571–
580.	https	://doi.org/10.5252/z2015n4.

Leirs,	H.	(1992).	Population ecology of Mastomys	natalensis (Smith, 1834) 
multimammate rats: Possible implications for rodent control in Africa. 
PhD	Thesis.	Antwerp,	Belgium:	University	of	Antwerp,	Belgium.

Leirs,	H.	(1995).	Population ecology of Mastomys	natalensis (Smith, 1834). 
Possible implication for rodent control in Africa.	 Agricultural	 Edition	
No.	35.	Brussels,	Belgium:	Belgium	Administration	for	Development	
Cooperation.

Leirs,	H.	 (2003).	Management	of	 rodents	 in	 crops:	The	Pied	Piper	and	
his	 orchestra.	 In	G.	 R.	 Singleton,	 L.	A.	Hinds,	C.	 J.	 Krebs,	&	D.	M.	
Spratt	 (Eds.),	Rats, mice and people: Rodent biology and management 
(pp.	183–190).	Canberra,	ACT:	ACIAR.

Leirs,	H.,	Singleton,	G.	R.,	&	Hinds,	L.	A.	(1999).	Ecologically‐based	rodent	
management	 in	developing	countries:	Where	 to	now?	Ecologically‐
based	management	of	rodent	pests.	In	G.	H.	Singleton,	L.	Hinds,	H.	

Leirs,	&	Z.	B.	Zhang	(Eds.),	Ecological‐Based Management Rodent Pest 
(pp.	477–484).	Canberra,	ACT:	ACIAR.

Leirs,	 H.,	 Verhagen,	 R.,	 Verheyen,	 W.,	 Mwanjabe,	 P.,	 &	 Mbise,	 T.	
(1996).	Forecasting	 rodent	outbreaks	 in	Africa:	An	ecological	basis	
for	 Mastomys	 control	 in	 Tanzania.	 Journal of Applied Ecology,	 33,	
937–943.

Leirs,	H.,	Verheyen,	W.,	Michiels,	M.,	Verhagen,	R.,	&	Stuyck,	J.	 (1989).	
The	relationship	between	rainfall	and	breeding	season	of	Mastomys	
natalensis	(Smith	1834)	in	Morogoro,	Tanzania.	Annales De La Société 
Royale Zoologique De Belgique,	119,	59–64.

Makundi,	 R.	 H.,	 Massawe,	 A.	 W.,	 Borremans,	 B.,	 Laudisoit,	 A.,	 &	
Katakweba,	 A.	 (2015).	 We	 are	 connected:	 Flea–host	 association	
networks	 in	 the	plague	outbreak	 focus	 in	 the	Rift	Valley,	northern	
Tanzania.	 Wildlife Research,	 42(2),	 196.	 https	://doi.org/10.1071/
wr14254

Makundi,	R.	H.,	Massawe,	A.	W.,	&	Mulungu,	L.	S.	(2005).	Rodent	pop-
ulation	fluctuations	in	three	ecologically	distinct	locations	in	north‐
east,	 central	 and	 south‐west	 Tanzania.	 Belgian Journal of Zoology,	
135(Supplement),	159–165.

Makundi,	R.	H.,	Massawe,	A.	W.,	&	Mulungu,	L.	S.	(2006).	Breeding	sea-
sonality	 and	 population	 dynamics	 of	 three	 rodent	 species	 in	 the	
Magamba	 Forest	 Reserve	 in	 the	 Western	 Usambara	 Mountains,	
north‐east	Tanzania.	African Journal of Ecology,	44,	1–6.

Makundi,	R.	H.,	Massawe,	A.	W.,	Mulungu,	L.	S.,	&	Katakweba,	A.	(2010).	
Diversity	and	population	dynamics	of	rodents	in	farm‐fallow	mosaic	
fields	 in	 central	 Tanzania.	African Journal of Ecology,	 48,	 313–320.	
https	://doi.org/10.1111/j.1365‐2028.2009.01109.x

Makundi,	 R.	H.,	Oguge,	N.	O.,	 &	Mwanjabe,	 P.	 S.	 (1999).	 Rodent	 Pest	
Management	 in	 East	 Africa	 –	 an	 ecological	 approach.	 In	 G.	 R.	
Singleton,	 L.	 Hinds,	 H.	 Leirs,	 &	 Z.	 Zhang	 (Eds.),	 Ecologically‐based 
rodent management	 (pp.	 460–476).	 Canberra,	 ACT:	 International	
Agricultural	Research.

Mares,	M.	A.,	&	Ernest,	K.	A.	 (1995).	Population	and	 community	ecol-
ogy	of	small	mammals	in	a	gallery	forest	of	central	Brazil.	Journal of 
Mammalogy,	76,	750–768.

Markovchick‐Nicholls,	L.,	Helen,	M.	R.,	Deutschman,	D.	H.,	Widyanata,	
A.,	Martin,	B.,	Noreke,	L.,	&	Hunt,	T.	A.	(2008).	Relationships	between	
human	disturbance	and	wildlife	land	use	in	urban	habitat	fragments.	
Conservation Biology,	22(1),	99–109.

Massawe,	A.	W.,	Makundi,	R.	H.,	Mulungu,	L.	S.,	Katakweba,	A.,	&	Shayo,	
T.	N.	(2012).	Breeding	dynamics	of	rodent	species	inhabiting	farm—
fallow	mosaic	fields	in	central	Tanzania.	African Zoology,	47(1),	128–
137.	https	://doi.org/10.3377/004.047.0117

Massawe,	A.	W.,	Rwamugira,	W.,	 Leir,	H.,	Makundi,	R.	H.,	&	Mulungu,	
L.	S.	(2006).	Do	farming	practices	influence	population	dynamics	of	
rodents?	A	case	study	of	the	multimammate	field	rats,	Mastomys	na-
talensis,	in	Tanzania.	African Journal of Ecology,	45,	293–301.

Massawe,	A.	W.,	Rwamugira,	W.,	Leirs,	H.,	Makundi,	R.	H.,	&	Mulungu,	
L.	S.	 (2005).	 Influence	of	 land	preparation	methods	and	vegetation	
cover	on	population	abun‐	dance	of	Mastomys natalensis	in	Morogoro,	
Tanzania.	Belgian Journal of Zoology,	135(Supplement),	187–190.

Mdangi,	 M.,	 Mulungu,	 L.	 S.,	 Massawe,	 A.	 W.,	 Eiseb,	 S.	 J.,	 Tutjavi,	 V.,	
Kirsten,	 F.,	…	Belmain,	 S.	R.	 (2013).	Assessment	of	 rodent	damage	
to	 stored	 maize	 (Zea	 mays	 L.)	 on	 smallholder	 farms	 in	 Tanzania.	
International Journal of Pest Management,	59(1),	55–62.

Misonne,	X.	 (1969).	African	and	 Indo‐Australian	Muridae:	evolutionary	
trends.	Annales	Musie	Royal	de	l'	Afrique	Centrale	series	8.	Zoologie,	
172,	1–219.

Monadjem,	A.,	Taylor,	P.	 J.,	Denys,	C.,	&	Cotterill,	F.	P.	 (2015).	Rodents 
of sub‐saharan Africa: A biogeographic and taxonomic synthesis.	Berlin,	
Germany:	De	Gruyter.

Moore,	S.	M.,	Monaghan,	A.,	Borchert,	J.	N.,	Mpanga,	J.	T.,	Atiku,	L.	A.,	
Boegler,	K.	A.,	…	Eisen,	R.	 J.	 (2015).	Seasonal	 fluctuations	of	 small	
mammal	and	flea	communities	in	a	Ugandan	plague	focus:	Evidence	

https://doi.org/10.5252/z2015n4
https://doi.org/10.1071/wr14254
https://doi.org/10.1071/wr14254
https://doi.org/10.1111/j.1365-2028.2009.01109.x
https://doi.org/10.3377/004.047.0117


7860  |     MAYAMBA et Al.

to	 implicate	Arvicanthis niloticus	 and	Crocidura	 spp.	 as	key	hosts	 in	
Yersinia	pestis	transmission.	Parasites and Vectors,	8,	11.

Mulungu,	 L.	 S.	 (2003).	Assessment	of	maize	 (Zea	mays	L)	 damage	and	
yield	loss	due	to	rodents	in	the	field.	PhD	Degree	awarded	at	Sokoine	
University	of	Agriculture,	Morogoro,	Tanzania,	178	pg.

Mulungu,	L.	S.,	Makundi,	R.	H.,	Leirs,	H.,	Massawe,	A.	W.,	Vibe‐Petersen,	
S.,	&	Stenseth,	N.	C.	(2003).	The	rodent‐density‐damage	function	in	
maize	fields	at	an	early	growth	stage.	In	G.	R.	Singleton,	L.	A.	Hinds,	
C.	J.	Krebs,	&	D.	M.	Spratt	(Eds.),	Rats, mice and people: Rodent biology 
and management	(pp.	301–303).	Canberra,	ACT:	Australian	Centre	for	
International	Agricultural	Research.

Mulungu,	L.	S.,	Ngowo,	V.	B.,	Mdangi,	M.,	Katakweba,	A.	S.,	Tesha,	P.,	&	
Furaha	and	Kilonzoa	B.	S,,		(2013).	Population	dynamics	and	breed-
ing	patterns	of	Multi‐mammate	mouse,	Mastomys natalensis	 (Smith	
1834)	 in	 irrigated	 rice	 field	 in	 Eastern	 Tanzania.	 Pest Management 
Science,	69(3),	371–377.

Mwanjabe,	 P.	 S.	 (1990).	 Outbreak	 of	Mastomys natalensis	 in	 Tanzania.	
African Small Mammal Newsletter,	11,	1.

Mwanjabe,	P.	 S.,	&	Leirs,	H.	 (1997).	An	early	warning	 system	 for	 IPM‐
Based	 rodent	 control	 in	 smallholder	 farming	 systems	 in	 Tanzania.	
Belgian Journal of Zoology,	127,	49–58.

Nabbumba,	R.,	&	Bahiigwa,	G.	(2003).	Agricultural productivity constraints 
in Uganda; implications for investment.	Research	Series	No:31.

Odhiambo,	C.,	Oguge,	O.	N.,	&	Leirs,	H.	(2005).	Movements	and	spatial	
patterns	 of	Mastomys	 erythroleucus	 in	maize	 cropping	 systems	 in	
the	Kenyan	Rift	Valley.	Belgium Journal of Zoology,	135(Suppl.),	83–89.

Parsons,	M.	H.,	Banks,	P.	B.,	Deutsch,	M.	A.,	Robert,	 F.	C.,	&	Munshi‐
South,	J.	(2017).	Trends	in	urban	rat	ecology:	A	framework	to	define	
the	prevailing	knowledge	gaps	and	on	incentives	for	academia,	pest	
management	professionals	(PMPs)	and	public	health	agencies	to	par-
ticipate.	Journal of Urban Ecology,	3(1),	1–8.

Pianka,	E.	R.	(1973).	The	structure	of	lizard	communities.	Annual Review 
of Ecology and Systematics,	4,	53–74.

R	Core	Team.	(2013).	R: A language and environment for statistical comput‐
ing.	Vienna,	Austria:	R	Foundation	for	Statistical	Computing.

Rosenzweig,	M.	L.,	&	Winakur,	J.	(1969).	Population	ecology	of	desert	ro-
dent	communities:	habitats	and	environmental	complexity.	Ecology,	
50,	558–572.

Senzota,	R.	B.	M.	 (1982).	The	habitat	and	food	habits	of	the	grass	rats	
(Arvicanthis niloticus)	in	the	Serengeti	National	Park,	Tanzania.	African 
Journal of Ecology,	20,	241–252.

Shellemiah,	 K.,	 &	 Rubaihayo,	 P.	 (2013).	Progress in On‐Farm Production 
and Productivity in the East African Community: 50 Years after 
Independence.	 Kilimo	 Trust	 Technical	 paper	 N0.8,	 International	
Symposium	 on	 Agriculture;	 EAC	 partner	 states	 at	 50	 years,	 5–7	
November	2013.

Simberloff,	D.	 (2014).	Biological	 invasions:	Much	progress	plus	 several	
controversies.	Contributions to Science,	9,	7–16.

Singleton,	G.	R.	 (2003).	 Impacts	of	 rodents	on	 rice	production	 in	Asia.	
No	 45,	 IRRI	 Discussion	 Paper	 Series.	 International	 Rice	 Research	
Institute	(IRRI),	Los	Banos,	30	pp.

Singleton,	G.	R.,	Hinds,	L.	A.,	Leirs,	H.,	&	Zhang,	Z.	 (1999).	Ecologically‐
based rodent management.	Canberra,	ACT:	ACIAR.

Singleton,	G.	R.,	Jacob,	S.	J.,	&	Krebs,	C.	J.	 (2005).	 Integrated	manage-
ment	 to	 reduce	 rodent	damage	 to	 lowland	 rice	crops	 in	 Indonesia.	
Agriculture, Ecosystems and Environment,	107(1),	 75–82.	 https	://doi.
org/10.1016/j.agee.2004.09.010

Stenseth,	N.	C.,	Leirs,	H.,	Skonhoft,	A.,	Davis,	S.	A.,	Pech,	R.	P.,	Andreassen,	
H.	P.,	…	Wan,	X.	(2003).	Mice,	rats,	and	people:	The	bio‐economics	of	
agricultural	rodent	pests.	Frontiers in Ecology and the Environment,	1(7),	
367–375.	 https	://doi.org/10.1890/1540‐9295(2003)001[0367:m-
rapt	b]2.0.co;2

Taylor,	K.	D.,	&	Green,	M.	G.	(1976).	The	influence	of	rainfall	on	diet	and	
reproduction	in	four	African	rodent	species.	Journal of Zoology,	180,	
367–389.

Telford,	S.	R.	J.	R.	 (1989).	Population	biology	of	the	multimammate	rat,	
(Mastomys natalensis)	at	Morogoro,	Tanzania	1981–1985.	Bulletin of 
the Florida State Museum. Biological Sciences,	34(6),	249–287.

Veyrunes,	F.,	Britton‐Davidian,	J.,	Robinson,	T.	J.,	Calvet,	E.,	Denys,	C.,	
&	 Chevret,	 P.	 (2005).	 Molecular	 phylogeny	 of	 the	 African	 pygmy	
mice,	 subgenus	 Nannomys	 (Rodentia,	 Murinae,	 Mus):	 Implications	
for	 chromosomal	 evolution.	Molecular Phylogenetics and Evolution,	
36,	358–369.

Veyrunes,	 F.,	 Catalan,	 J.,	 Sicard,	 B.,	 Robinson,	 T.	 J.,	 Duplantier,	 J.	 M.,	
Granjon,	L.,	…	Britton‐Davidian,	J.	(2004).	Autosome	and	sex	chromo-
some	diversity	among	the	African	pygmy	mice,	subgenus	Nannomys	
(Murinae;	Mus).	Chromosome Research,	12,	369–382.

Waddington,	S.	R.,	Li,	X.,	Dixon,	J.,	Hyman,	G.,	&	de	Vicente,	M.	C.	(2010).	
Getting	 the	 focus	 right:	 Production	 constraints	 for	 six	major	 food	
crops	in	Asian	and	African	farming	systems.	Food and Security,	2(1),	
27–48.

White,	 G.	 C.,	 Anderson,	 D.	 R.,	 Burnham,	 K.	 P.,	 &	 Otis,	 D.	 C.	 (1982).	
Capture‐recapture and removal methods for sampling closed populations 
Los Alamos National Laboratory.	New	Mexico,	NM:	Los	Alamos.

Wilcoxon,	 F.	 (1945).	 Individual	 comparisons	 by	 ranking	 methods.	
Biometrics,	1,	80–83.

Wilson,	D.	E.,	&	Reeder,	D.	M.	 (2005).	Mammal species of the World: A 
taxonomic and geographic reference	 (pp.	2142).	Baltimore,	MD:	JHU	
Press.

XLSTAT.	 (2017).	Data analysis and statistical solution for Microsoft Excel. 
Paris,	France:	Addinsoft.	http://www.addin	soft.com

Yihune,	M.,	&	Bekele,	A.	 (2012).	Diversity,	distribution	and	abundance	
of	 rodent	 community	 in	 the	 Afro‐alpine	 habitats	 of	 the	 Simien	
mountains	national	park,	Ethiopia.	International Journal of Zoological 
Research,	8(4),	137–149.

How to cite this article:	Mayamba	A,	Byamungu	RM,	Makundi	
RH,	et	al.	Species	composition	and	community	structure	of	
small	pest	rodents	(Muridae)	in	cultivated	and	fallow	fields	in	
maize‐growing	areas	in	Mayuge	district,	Eastern	Uganda.	Ecol 
Evol. 2019;9:7849–7860. https	://doi.org/10.1002/ece3.5371

https://doi.org/10.1016/j.agee.2004.09.010
https://doi.org/10.1016/j.agee.2004.09.010
https://doi.org/10.1890/1540-9295(2003)001%5B0367:mraptb%5D2.0.co;2
https://doi.org/10.1890/1540-9295(2003)001%5B0367:mraptb%5D2.0.co;2
http://www.addinsoft.com
https://doi.org/10.1002/ece3.5371

