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1  |  INTRODUC TION

Co-occurrence data still remain a neglected source of information in 
modelling species distributions irrespective of the historical impor-
tance in community ecology. Since mediaeval times, a rodent-flea 
borne zoonotic disease called plague has always been notorious 
(CDC, 2019). Plague is caused by a bacterium called Yersinia pestis 
and is mainly spread among rodents and to other animals by in-
fected fleas (Amatre et al., 2009). In most instances, rodents provide 
fleas with space for living, for ageing, and copulating and as such 
can be considered the flea habitat patch (Hawlena et al., 2005). 
Understanding plague disease ecology through research on the 
host–ectoparasite life cycle in specific natural environments is a 
necessity.

Plague in Zimbabwe was found to be endemic in Lupane and 
Nkayi, that is in natural region IV (Manungo et al., 1998). Zimbabwe 
was divided into five (5) agro-ecological zones in 1960 (Mugandani 
et al., 2012). Region IV has been observed to be expanding, now cov-
ering some parts of Matabeleland South inclusive of Umzingwane 
district and the greater part of Gweru (Mugandani et al., 2012). 
Although this region harbours plague foci, its rodents and flea spe-
cies identification information are back dated to 1982 where infor-
mation about rodent species involved in Y.  pestis harbouring was 
investigated (Taylor & Pugh, 1982). The World Health Organization 
(WHO), however, encourages each and every country to establish an 
active surveillance system on plague (Dennis et al., 1999).

Previous studies have shown that human-disturbed hab-
itats are the greatest risk for acquisition of rodent-borne dis-
eases (Mills, 2006; Naicker, 2011). Further, it was observed in 
Madagascar that wild rodents’ plague incidence occurred as a result 

of predominantly semi-arid regions and the end of the dry season 
(Andrianaivoarimanana et al., 2013).

The present study assessed the rodent-flea diversity and their 
association in Nkayi and Umzingwane districts, south-western 
Zimbabwe. Although both districts occur in the same agriculture 
region IV zone, they, however, differ in plague disease occurrence 
with Nkayi district being a plague disease endemic area whilst 
Umzingwane district is reported as not (Munyenyiwa et al., 2019). 
The information generated from the study will potentially assist 
health personnel in surveillance and potential predictions for fu-
ture possibilities of an outbreak or high-risk areas of plague disease. 
Further, the study results could potentially be used to develop ro-
dents and flea control programmes.

2  |  MATERIAL S AND METHODS

2.1  |  Study area

The study was conducted in Umzingwane and Nkayi districts in 
south-western Zimbabwe. The two districts occur in the same agro-
ecological region IV which covers 7628 km2 (Mugandani et al., 2012). 
Natural region IV is an extensive livestock production area with some 
drought-tolerant crops such as sorghum (Sorghum vulgare) and mil-
let rapoko (Eleucine coracana) being cultivated, although short season 
maize (Zea mays) varieties are also cultivated. Nkayi district is located 
in Matabeleland North province whereas Umzingwane district is 
located in Matabeleland South province. Plague confirmed human 
cases outbreak distribution in Zimbabwe was in 1974–1975 and was 
confined along the Shangani River in Matabeleland North (Taylor 
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et al., 1981), this thereby justifies capturing rodents in Monki commu-
nity which is near the Shangani River and Mathoba community which 
also encountered plague cases occurrences. Whilst the selection of 
the study areas in Umzingwane was based on infiltration of the area 
by gold panners, whose rampant deforestation activities promote 
plague occurrence in the area. In Umzingwane district Nhlekiyane 
and Crocodile communal areas were selected, while at Nkayi the two 
communal areas chosen were Mathoba and Monki.

2.2  |  Research design and data collection

2.2.1  |  Research design, rodents and 
fleas’ collection

This study followed a quasi-experimental design comprising of two 
strata, that is districts and then two villages in each district: Nkayi dis-
trict (Mathoba and Monki villages) and Umzingwane district (Crocodile 
and Nhlekiyane villages). Trapping of rodents was conducted in April 
and August 2017, the trapping span was stretched so as to reduce ro-
dents’ shyness and allow for rodent species breeding (Smithers, 1975). 
Rodents were trapped using live Sherman traps in the crop–fallow–
bush  habitat (Taylor et al., 2012). Each trapping session utilised 15 
Sherman traps in an area for three consecutive days that is 45 traps 
(3 days × 15 traps). Sherman traps were baited with a mixture of pea-
nut butter and maize bran. Traps were placed 10 metres apart so as 
to cover a variety of habitats, thus increasing the chance of capturing 
different rodent species (Kimaro et al., 2014) and were visited each 
morning between 6 and 7 AM.

Rodents were identified following illustrations by Smithers 
(1975). Fleas were dislodged from rodents and stored in Eppendorf 
tubes containing 70% alcohol (Mfune et al., 2013). Eppendorf tubes 
were labelled (with date, rodent species and trapping location) and 
taken to the laboratory for further processing. Rodents’ cadavers 
were buried in a pit of about 50 cm deep.

2.2.2  |  Fleas processing and identification

Flea processing and identification were conducted at the University 
of Zimbabwe, Harare, Zimbabwe, in the Department of Biological 
Sciences, Entomology Laboratory, in January 2018. Flea processing 
procedure followed Mfune et al., (2013). Thereafter, using a dissect-
ing microscope flea species were identified following the morpho-
logical descriptions and illustrations by Haeselbarth et al. (1966).

2.3  |  Data analysis

Trapping success was calculated using the following formulae

(Dennis et al., 1999). The Chi-square (χ2) test of independence was 
used to determine the significance difference among the trapping suc-
cess in STATISTICA version 10 for Windows (StatSoft, 2010). Diversity 
of rodents and fleas was calculated for each district following the 

Trappingsuccess =
no. of animals caught

trappingperiod
×

100

no. of traps setperperiod

Rodent species

Nkayi district Umzingwane district

Mathoba Monki Crocodile Nhlekiyane

1. Mastomys natalensis 3 3 42 28

2. Saccostomys campestris 1 2 1 1

3. Tatera brantsi 2 3 1 0

4. Tatera leucogaster 40 25 0 0

5. Lemniscomys griselda 0 1 0 0

Species diversity (H′) index 0.52 0.92 0.22 0.15

TA B L E  1  Diversity of rodent species in 
Nkayi and Umzingwane districts

Flea species

Nkayi district Umzingwane district

Mathoba Monki Crocodile Nhlekiyane

1. Ctenophthalmus calceatus 0 0 2 0

2. Chistopsylla rossi 0 0 9 11

3. Dinopsyllus ellobius 0 1 6 13

4. Xenopsyllus brasiliensis 66 47 2 5

Species diversity (H′) index 0 0.10 1.19 1.03

TA B L E  2  Flea species diversity in Nkayi 
and Umzingwane districts
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Shannon–Wiener (H′) index measure of diversity (Krebs, 2009). The 
significance difference of rodents and fleas’ diversities between the 
districts was determined using the Mann–Whitney U. Association be-
tween rodents and fleas was assessed by graphical analysis.

3  |  RESULTS

3.1  |  Rodent trapping success and species diversity

A total of 154 rodents were captured with 81 in Nkayi district and 
73 in Umzingwane district. The average trapping success was sig-
nificantly different (χ2 = 4.32, df = 1, p = 0.038) and higher in Nkayi 
district (30.00%) compared to Umzingwane district (27.04%). A total 
of five rodent species were recorded in the study sites (Table 1). 
There was a non-significant difference in rodent diversity between 
Nkayi district (H′ = 0.72 ± 0.28; mean, SD) and Umzingwane district 
(H′ = 0.19 ± 0.05) (Mann–Whitney U = 0.00, z = 1.55, p = 0.121).

3.2  |  Flea species diversity and association 
with rodents

A total of 162 fleas were collected from the 154 captured rodents, 
that is Nkayi district (114) and Umzingwane district (48) with four (4) 
flea species being recorded in the study area (Table 2). There was no 
significant difference in flea species diversity between Nkayi district 
(H′ = 0.05 ± 0.07) and Umzingwane district (H′ = 1.11 ± 0.11) (Mann–
Whitney U = 0.00; z = −1.55; p = 0.121). In Nkayi district, Xenopsyllus 
brasiliensis flea species were associated with four of the five rodent 
species, and in the same district there was co-occurrence of Tatera 
leucogaster with Dinopsyllus ellobius whereas in Umzingwane district 
all the flea species were associated with only one rodent species, 
that is Mastomys natalensis (Figures 1 and 2).

4  |  DISCUSSION

This study recorded a high mean trapping success in both study sites 
of over 28% an indication of moderate to high rodent population 

in the study area. Generally, a high trapping success of over 10% 
has been attributed to high rodent populations (Sridhara, 2006). 
Although the study recorded no significant differences in diversity 
of rodents between the two study districts, there were some unique 
patterns in occurrence of rodent species in the two study districts. 
Of particular note was the high abundance of T.  leucogaster and 
T. brantsi (gerbils) in Nkayi district compared to Umzingwane district. 
In contrast, M. natalensis had a high abundance in Umzingwane dis-
trict compared to Nkayi district. It is likely that the deep Kalahari 
sands in Nkayi could be positively influencing the proliferation of 
gerbils (T.  brantsi and T.  leucogaster) species which like to dig and 
clean their burrows consistently whereas in Umzingwane district 
there are shallow sandy textured soils, brown and red clays which 
can be a challenge when burrowing (Sibanda et al., 2014). Elsewhere, 
soil type has been observed to have an impact on rodent popula-
tion in Morogoro, Tanzania (Massawe et al., 2008). Rodent species 
like M. natalensis, which are semi-commensal, are likely to influx into 
human habitat in their vicinity when populations are high because 
of competition, and if this happens people in such an area will be at 
great risk of acquiring zoonotic diseases like plague when outbreaks 
occur in the rodent population (Coetzee, 1975).

Human-induced disturbances such as mining activities, uncon-
trolled fires, rodent harvesting for bushmeat by local people, vegeta-
tion cover disturbances and proximity to protected areas have been 
reported to influence population densities of rodents and diversities 
in other studies (Fiedler, 1990; Massawe et al., 2008, Sibanda et al., 
2014; Chirima et al., 2018) and thus may warrant future investigation 
in the study area to ascertain their impact on the rodents population 
dynamics and diversity.

This study recorded a distinct association of rodents and fleas 
despite the non-significant difference in flea diversity. X. brasilien-
sis was the most abundant flea species in Nkayi district, and it was 
associated with four of the five rodent species that were recorded 
in this study. In contrast, in Umzingwane district, only one rodent 
species, that is M. natalensis, was associated with all the four flea 
species recorded in this study. C. rossi and D. ellobius. X. brasilien-
sis species were indicated by Haeselbarth et al. (1966) in Zimba 
et al. (2010) to be effective transmitters of plague to humans, 
thereby requiring urgent monitoring (Munyenyiwa et al., 2019). 
The Kalahari sandy soils in Nkayi District offer a xeric environment 

F I G U R E  1  Rodents and fleas 
association in Nkayi district, south-
western Zimbabwe
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which is preferred by X. brasiliensis (Zimba et al., 2010). Soil greatly 
influences flea abundance because almost all developmental 
stages of fleas are found in the soil, that is the eggs, larvae, pupa 
and adults (Stark, 2002; Blagburn & Dryden, 2009; Bitam et al., 
2010). Soil texture affects both developmental time and survival 
of pre-imaginal stages of fleas through differences in soil moisture 
(Krasnov et al., 2001). However, there are possibilities that X. brasil-
iensis is actually spreading from the plague endemic foci to non-
plague endemic foci since there are in the same agro-ecological 
region IV, thus somehow taking over the district slowly, as plague 
foci are dynamic (Dennis et al., 1999; Andrianaivoarimanana et al., 
2013). M.  natalensis was associated with different flea species in 
Umzingwane district as it has been reported that M. natalensis is 
able to occupy any kind of habitat, in so doing thus acquiring differ-
ent flea species (Smithers, 1975).

Generally, the study recorded low and similar rodent and flea 
diversities in the study area, an indication of similarities in the en-
vironmental conditions. Tobler's First Law of Geography states that 
everything is related to everything else, but near things are more 
related than distant things (Tobler, 2004). Thus, the relatively similar 
agro-ecological zone in the study sites could have contributed to the 
non-significant differences in rodent and flea diversities. Diversity 
indices of around one (1) and below are indications of low species 
diversity, and this could be attributed to the generally low rainfall 
especially in semi-arid regions of Zimbabwe, an important driver of 
trophic levels in semi-arid ecosystems (Gandiwa, 2013). The role and 
extent of species diversity for both rodents and fleas and their as-
sociation especially in plague disease occurrence is of interest given 
that greater rodent diversity has been attributed to reduce plague 
disease occurrence in people due to the dilution effect (Vora, 2008). 
Hence, long-term studies would be essential to help establish the 
spatial diversities of rodents and fleas in the study area.

5  |  CONCLUSION

This study recorded low and similar diversities of rodents and fleas 
in Nkayi and Umzingwane districts in south-western Zimbabwe. 

However, the study recorded variations in rodent-flea species associa-
tion. In Nkayi district, X. brasiliensis flea species was associated with dif-
ferent rodent species whereas in Umzingwane district, all the recorded 
flea species were associated with only one rodent species, i.e M. na-
talensis. It is, thus, essential to investigate the influence of rodent-flea 
association on the plague prevalence in the study area and elsewhere.
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