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ARTICLE INFO ABSTRACT

Keywords: Species distribution modelling is a very useful tool in vector management. Ticks are vectors of various pathogens
Rhipicephalus (Boophilus) which cause serious problems in livestock production in tropical countries. They have a high dispersal potential
Modelling which is mainly facilitated by the movement of animals from one area to another. In light of the observed
;‘:’]i;:];;‘e‘itabﬂity geographic expansion of Rhipicephalus microplus in Zimbabwe, we used species distribution modelling techniques

to identify areas which may provide suitable habitats for the occurrence of this invasive tick species as well as
the autochthonous Rhipicephalus decoloratus. Our results suggest that, despite the geographic expansion of R.
microplus, climate will continue to be a limiting factor for the further expansion of this tick species. We expect its
distribution to be restricted to the most favourable areas in the eastern and northern parts. The greater part of
Zimbabwe is suitable for R. decoloratus, although in areas where R. microplus occurs, displacement of the former
by the latter will be expected to occur. A heterogeneous climate, unregulated movement of cattle and episodic
droughts are suggested to be possible factors for the continued existence of R. microplus and R. decoloratus in

Zimbabwe and the partial displacement.

1. Introduction

The invasive tick species Rhipicephalus microplus is regarded as the
most important cattle tick in the world (Giles et al., 2014). Having
originated from South East Asia, R. microplus has spread globally, and is
now found in most tropical and subtropical countries (Estrada-Pena
et al., 2006a). The invasiveness of this tick species has been largely
attributed to its high reproductive capacity characterised by a short life
cycle, its high adaptability to changing environments, its increasing
resistance to chemical acaricides and the fact that it is a one host tick
benefitting from cattle movement for spreading efficiently (Barre and
Uilenberg, 2010). The introduction of this species in an area becomes a
concern to disease control authorities as not only does it cause pro-
duction losses in cattle but it transmits the more pathogenic form of
bovine babesiosis (Babesia bovis) which may be a threat to indigenous
non-immune cattle (De Clercq et al, 2012). Even more, the

opportunities for keeping the more superior temperate breeds in these
areas is jeopardised as these are more susceptible to B. bovis infections
(Madder et al., 2011).

Control strategies for invasive vector species involve identifying risk
areas within which these species can potentially establish upon in-
troduction (Estrada-Pena, 1999). Thereafter, areas deemed suitable for
the tick species but not yet invaded may be put under surveillance with
constant inspection for the presence of ticks (Hahn et al., 2016). On the
other hand, tick eradication programmes may be organised targeting
isolated areas where the tick species is currently established and thus
preventing its potential spread to areas that may provide the right en-
vironmental conditions for survival and proliferation (Wilson, 1996).
For tick species, these are climate, vegetation and availability of sui-
table hosts (De Clercq et al., 2013; Estrada-Pena, 2008). During the
parasitic phase, the host provides all resources required for tick de-
velopment, but during the pre- and post-parasitic phases, favourable
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climatic conditions and vegetation patterns are essential. It has been
proposed that of these factors, climate is the most limiting factor for tick
distribution (Cumming, 2002).

An exhaustive review of the habitat suitability models developed for
Rhipicephalus microplus ticks has been published by Wang et al. (2017).
For these and other tick species, a common approach in modelling
species distribution is the use of a generalised linear model (GLM) for
presence and absence data together with environmental variables as
predictors of species occurrence (Hijmans and Elith, 2016). Data on
weather and climate are routinely obtained from weather stations
around the world or from satellite imagery. For climate data, the
WorldClim dataset is often used and sensors like the Moderate Re-
solution Imaging Spectroradiometer (MODIS) are useful in gathering
environmental data (De Clercq et al., 2015). The final output of species
modelling is a suitability map which shows a degree of suitability for
each pixel, where values close to ‘1’ indicate the areas that are highly
suitable and values close to ‘0’ indicate the areas that are unsuitable for
the occurrence of a species.

Previous studies in Zimbabwe suggested a complete displacement of
R. decoloratus by R. microplus in eastern Zimbabwe (Mason and Norval,
1980). Other studies suggested that because of the 1981-1984 drought
experienced in Zimbabwe, R. microplus could have completely dis-
appeared in Zimbabwe (Norval et al., 1992). Later studies however
showed that the tick was present in the east and north east parts of the
country (Katsande et al., 1996). In other countries R. microplus has been
reported to displace R. decoloratus (Berkvens et al., 1998; De Clercq
et al., 2012; Nyangiwe et al., 2013; Tgnnesen et al., 2004). Recently, an
expansion in the geographic range of R. microplus was reported by
Sungirai et al. (2017) and in contrast with earlier studies, they observed
a partial displacement of the more drought-tolerant R. decoloratus by
the former.

The expansion in the range of R. microplus and the possible dis-
placement of R. decoloratus raises two questions: (i) Are there other
areas in Zimbabwe where climatic conditions are suitable for R. mi-
croplus to exist, survive and reproduce and where the species is not
presently reported? and (ii) do the two tick species R. microplus and R.
decoloratus share the same ecological niche in Zimbabwe? This study
therefore seeks to model the habitat suitability of these competing tick
species, the autochthonous R. decoloratus and the invasive R. microplus,
and to determine whether their niche overlaps. Previous papers have
predicted the habitat suitability of these two tick species on a con-
tinental scale (Estrada-Pena et al., 2006a) using tick records from 1900
to 1990 (Cumming, 1999). However, as more recent tick occurrence
data became available, we felt it necessary to update these species
distribution maps. This will be important to understand the ecology of
these two tick species and particularly for R. microplus to provide the
forecast of its distribution changes. From a management point of view it
will also provide a platform to allow animal health authorities to
evaluate the control programmes in place (Hahn et al., 2016).

2. Materials and methods
2.1. Study area and tick data

The country of Zimbabwe is situated in southern Africa, neigh-
bouring Botswana in the west, Zambia in the north, Mozambique in the
east and South Africa in the south. The climate is tropical, but can vary
locally due to large differences in relief over a short range. The Zambezi
valley to the north is hot and arid, and the eastern plateau is rather cool
with relatively high annual rainfall. Overall, the main vegetation cover
is savannah (miombo woodland), and tropical forests occur where the
climate allows (Gambiza and Nyama, 2000). The country is divided into
five agro-ecological regions on the basis of temperature and rainfall,
ecological regions 1 and 2 being referred to as the Highveld, region 3 as
the Middleveld while region 4 and 5 are referred to as the Lowveld
(Norval et al., 1994).
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This study used data of R. microplus and R. decoloratus ticks collected
in Zimbabwe during a survey conducted on cattle at communal dipping
tanks from September 2013 to May 2015. The details on sample col-
lection are described in detail by Sungirai et al. (2017). Briefly, using
the formula of Thrusfield (2005) whereupon a dip tank prevalence of
50% was assumed, 384 dipping tanks were to be sampled throughout
the country. This translated to sampling around 77 dipping tanks per
ecological region, although the figure varied depending on the re-
spective size and the total number of dipping tanks in the region. Due to
this and other logistical reasons explained by Sungirai et al. (2017),
sampling was done at 322 dipping tanks throughout the country. A
sampling frame of the dipping tanks in each region was obtained from
the department of Veterinary Services of Zimbabwe, random numbers
were generated using Microsoft Excel as many as the number of dipping
tanks and the order of assigned random numbers was used to select the
dipping tanks in each region. Ecological region three had the most
dipping tanks sampled (109), followed by region four (76), region five
(65), region two (55) and region one (17). At each dipping tank, at least
five heavily tick infested cattle were sampled for ticks targeting all the
predilection sites i.e. the base of tail, perianal region, perineum, legs,
axillae, hooves, udder, scrotum, belly, dewlap, head and ears. The name
of the dipping tank, geographic co-ordinates, date of collection were
collected. The ticks and the labels were stored in specimen bottles with
70% ethanol and were identified in the laboratory using morphological
keys (Walker et al., 2003). Rhipicephalus microplus ticks were found at
32% (103/322) of the dipping tanks while R. decoloratus ticks were
found at 62% (200/322) of the dipping tanks. Rhipicephalus decoloratus
showed a nearly uniform presence throughout the country, while R.
microplus' distribution was limited to sub-regions in the eastern part of
the country.

2.2. Environmental variables

The predictor variables used in the study were the 19 bioclimatic
variables (Table 1) obtained from the WorldClim dataset which is an
interpolated dataset of temperature and precipitation data obtained
from weather stations for the period 1950-1990 (Hijmans et al., 2005).
Other predictor variables were the mean, minimum and maximum
values of the Normalised Difference Vegetation Index (NDVI) for the
period January 2013-December 2015 obtained by remote sensing from
the MODIS sensor downloaded at a 1km spatial resolution (Justice
et al., 1998). Monthly NDVI values were averaged into mean, maximum
and minimum NDVI values for each dip tank. The NDVI is a measure of
photosynthetic activity which reflects available moisture on the ground
(Randolph, 2010), its values range from — 1 to + 1, with negative values
indicating water while values close to zero indicate bare soil and values
closer to one indicate a lot of greenness.

2.3. Model building

We used the procedure described by Cumming (1999) to develop
models to predict the habitat suitability of the two tick species. In this
procedure logistic regression is done with the environmental predictor
variables and it is realised that the multicollinearity of the variables will
not affect the predictive performance of the model (Cumming, 1999).
The main effects of autocorrelation are on co-efficient values rather
than on predicted probabilities (Cumming, 2002) hence the former will
not be interpreted in this paper since there was no correction for col-
linearity. The presence-absence data for both tick species was divided
into a training set (75%) for model calibration and a test set (25%) for
model evaluation. First, univariate logistic regression was done using a
generalised linear model (GLM) with the “binomial logit” link function
to test the association between each variable and tick occurrence.
Variables which were significantly correlated (p < .05) with tick pre-
sence were retained as potential predictors for habitat suitability
(Table 1). With these, multivariate logistic regression analyses were
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Univariate logistic regression to find the potential predictor variables for Rhipicephalus microplus and R. decoloratus occurrence in Zimbabwe using bioclimatic and

NDVI variables.

Variable Description of variable R. microplus R. decoloratus

p-value Coefficient p-value Coefficient
alt Altitude 0.018 .. —0.001 1.13e-08 0.003
Bio 01 Annual mean temperature 0.528 —0.004 5.80e-05 —0.029
Bio_02 Mean diurnal range 1.04e-05 —0.05 0.119.. —0.017
Bio_03 Isothermality 1.36e-05 , 0.341 3.63e-06 —0.359
Bio_04 Temperature seasonality 2.04e-07 . —0.003 0.01 .. —0.001
Bio_05 Maximum temperature of the warmest month —0.016 0.03 .. —0.011
Bio_06 Minimum temperature of the coldest month 0.029 0.001 ... —0.028
Bio_07 Temperature annual range —0.037 0.959 0.0003
Bio_08 Mean temperature of the wettest quarter —0.004 7.79e-07 —0.035
Bio_ 09 Mean temperature of the driest quarter 0.004 0.005.,.. —0.019
Bio_10 Mean temperature of the warmest quarter —0.008 6.39e-05 —0.026
Bio_11 Mean temperature of the coldest quarter 0.004 —0.027
Bio_12 Annual precipitation 6.21e-06 ... 0.003 0.001
Bio_13 Precipitation of the wettest month 7.48e-07 . 0.013 0.005
Bio_14 Precipitation of the driest month 7.78e-05 . 0.125 —0.032
Bio_15 Precipitation seasonality 0.479 0.01 0.051
Bio_16 Precipitation of the wettest quarter 1.80e-06 0.005 0.002
Bio_17 Precipitation of the driest quarter 2.19e-05 . 0.042 —0.011
Bio_18 Precipitation of the warmest quarter 1.72e-06 , 0.004 —0.0003
Bio_ 19 Precipitation of the coldest quarter 9.68e-05 0.037 —0.007
NDVI.max NDVI maximum value 0.067. 2.57 1.688
NDVI.mean NDVI mean value 0.039.. 3.4 1.862
NDVI.min NDVI minimum value 0.009 ... 5.54 1.531
* p < .05.
= p<.01.
= p <.001.
#= p < .0001.

done using the stepwise method for model selection (Hirzel et al.,
2006), whereby the model with the lowest Akaike Information Criterion
(AIC) was selected, the significant variables (p < .05) were concluded
to be the best predictors for habitat suitability.

2.4. Model evaluation

The test dataset was used to evaluate the predictive power of the
model applying the Area Under the ROC-Curve index (AUC) as a cri-
terion (Cumming, 2002; Pearce and Ferrier, 2000). AUC values of
0.5-0.7 indicate low accuracy, 0.7-0.9 useful applications and > 0.9
high accuracy (Manel et al., 2001). Another important feature of the
AUC is that it is not affected by collinearity and spatiotemporal auto-
correlation (Cumming, 2002). Afterwards, the correlation between the
two suitability maps of R. microplus and R. decoloratus was assessed
using the Kendall rank correlation coefficient, a non-parametric test for
dependence.

2.5. Environmental requirements for the two tick species

Probability density distributions and bivariate plots were computed
to show the range of environmental conditions where the two tick
species occurred and to compare their requirements with each other.

2.6. Software used

All statistical analyses were carried out in the R statistical package
version 3.2.3 (R Development Core Team, 2013). The following R
packages as described by Hijmans and Elith (2016): “raster”, “rgdal”,
“dismo”, “sp”, “maptools”, “RODBC”, “caret”, “mlbench”, were used in
the importation of occurrence data (dismo, RODBC), cross-checking co-
ordinates of the data points (sp), reading environmental predictor
variables which were in raster format (raster and dismo), plotting the
raster layers (maptools), splitting the training and test datasets (caret

and mlbench) and performing the stepwise logistic regression (MASS).
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All maps were prepared using QGIS software (QGIS Development Team,
2013).

3. Results
3.1. Univariate analysis

Of the 23 variables, 16 were found to be significantly correlated
with the presence of R. microplus. These were: altitude, annual mean
diurnal range, isothermality, temperature seasonality, maximum tem-
perature of the warmest month, minimum temperature of the coldest
month, annual temperature range, annual precipitation, precipitation
of the wettest month, precipitation of the driest month, precipitation of
the wettest quarter, precipitation of the driest quarter, precipitation of
the coldest quarter, precipitation of the warmest quarter, mean monthly
NDVI and minimum NDVI values. Fourteen variables were found to be
significant predictors (p < .05) for R. decoloratus: altitude, annual mean
temperature, isothermality, temperature seasonality, maximum tem-
perature of the warmest month, minimum temperature of the coldest
month, mean temperature of the wettest quarter, mean temperature of
the driest quarter, mean temperature of the warmest quarter, mean
temperature of the coldest quarter, annual precipitation, precipitation
of the wettest month, precipitation seasonality and precipitation of the
wettest quarter.

3.2. Multivariate analysis

3.2.1. Rhipicephalus microplus

The best model (AIC = 299.5) for R. microplus included the fol-
lowing variables: altitude, annual mean diurnal range, temperature
seasonality, minimum temperature of the coldest month, precipitation
of the wettest quarter, precipitation of the warmest quarter and the
mean NDVI values (Table 2). The AUC of the model was 0.85. Altitude
had the highest contribution in terms of variable importance (22.9%)
followed by minimum temperature of the coldest month (16.4%), mean
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Final variables and their relative contribution to the habitat suitability models for Rhipicephalus microplus and R. decoloratus occurrence in Zimbabwe.

R. microplus

Variable in the model Variable Importance / %

R. decoloratus

Variable in the model Variable Importance / %

Altitude 22.9
Minimum temperature of the coldest month 16.4
Mean diurnal range 15.4
Temperature seasonality 14.3
NDVI_mean 13.4
Precipitation of the warmest quarter 10.6
Precipitation of the wettest quarter 7.6

Altitude 26.3
Precipitation of the wettest month 21.8
Annual precipitation 20.1
Mean temperature of the driest quarter 16.5
Precipitation seasonality 15.2

diurnal range (15.4%), temperature seasonality (14.3%), mean NDVI
(13.4%), precipitation of the wettest quarter (10.6%), and precipitation
of the warmest quarter (7.6%).

3.2.2. Rhipicephalus decoloratus

The best model for R. decoloratus (AIC = 363.3) included the fol-
lowing variables: altitude, mean temperature of the driest quarter, an-
nual precipitation, precipitation of the wettest month and precipitation
seasonality (Table 2). The AUC of the model was 0.73. Altitude had the
highest relative contribution to the model (26.3%) followed by the
precipitation of the wettest month (21.8%), annual precipitation
(20.1%), mean temperature of the driest quarter (16.5%), and pre-
cipitation seasonality (15.2%).

3.3. Habitat suitability maps

The habitat suitability map of R. microplus (Fig. 1) showed a patchy
distribution being highly suitable in some parts of the east, north-east
and north-west parts of the country. These areas correspond to the
Highveld, an area characterised by high average annual rainfall (800-
1000 mm) and a temperature range of 12-24 °C. Although R. microplus

was collected in the Zambezi Valley (areas adjacent to Lake Kariba) and
the Middle-veld, the suitability maps show that these areas are not
entirely suitable for this tick species. The habitat suitability map for R.
decoloratus (Fig. 2) shows the tick species occupying almost the entire
part of the country with absences in the southern Lowveld and some
parts in the east and north east of the country, sites which would be
possibly occupied by R. microplus. The two maps were combined
(Fig. 3), what is clear from this map is that R. decoloratus may occupy
the greater portion of the country whereas R. microplus will be re-
stricted to some pockets in the east and north eastern parts of the
country. There are areas in the eastern parts where there is expected co-
existence of the two tick species. The Kendall correlation between the
two suitability maps was negative (—0.18) and highly significant
(p < .001).

3.4. Environmental requirements for the two tick species

The average conditions for rainfall and temperature appear to be
similar for both species (Figs. 4 and 5) with peaks observed at tem-
peratures between 18 and 20 °C and rainfall of around 750 mm. Rainfall
of below 500 mm appears unfavourable for both species while an

R microplus

O Absence

® Presence
Habitat suitability
Il 0.00
[ 0.25
[ ]o.50
0.75
Il 1.00

Fig. 1. Habitat suitability map for Rhipicephalus microplus in Zimbabwe.
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R decoloratus

©  Absence

©  Presence
Habitat suitability
Il 0.00
7025
[ ]o.50
[ o.75
Il 1.00

Fig. 2. Habitat suitability map for Rhipicephalus decoloratus in Zimbabwe.

Presence of

® R microplus
© Rdecoloratus

© R microplus and R decoloratus

Fig. 3. Combined habitat suitability map for
Rhipicephalus microplus and R. decoloratus (areas in
green are suitable habitats for R. decoloratus while
areas in red are suitable for R. microplus, those in
yellow show possible areas of co-existence). (For
interpretation of the references to colour in this
figure legend, the reader is referred to the web ver-
sion of this article.)

increase of rainfall appears to give R. microplus a competitive advantage two tick species. In all the models, altitude had the largest contribution
over R. decoloratus. On the temperature gradient, temperatures above (> 22%). For both species peak occurrences will occur at altitudes of
=23 °C will tend to favour R. microplus at the expense of R. decoloratus. 1000 m above sea level. However lower altitudes tend to favour the
Quite interesting is the influence of altitude on the occurrence of the proliferation of R. microplus at the expense of R. decoloratus. On the
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Fig. 4. Probability density distributions of altitude, annual mean temperature and annual precipitation with respect to the presence (dashed line) and absence

(continuous line) of Rhipicephalus microplus and R. decoloratus in Zimbabwe.

other hand, the probability of occurrence of R. decoloratus at higher
altitudes above 1200 m is higher than that of R. microplus.

4. Discussion

This study builds upon the efforts made to model the distribution of
boophilid tick species, be it on a global scale (Estrada-Pena et al.,
2006a), or on a regional scale in Sub-Saharan Africa (Sutherst and
Maywald, 1985), South America (Estrada-Pena, 1999) and West Africa
(De Clercq et al., 2013). Countrywide modelling for the boophilid ticks
has been performed in Mexico (Estrada-Pena et al., 2006b), Benin (De
Clercq et al., 2015) and Tanzania (Lynen et al., 2008). Cumming (1999)
attempted to map the suitable habitats for African ticks including the
boophilids of Zimbabwe using records collected between 1975 and
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1980. Since then, major changes have been reported by Sungirai et al.
(2017) and this has necessitated modelling the distribution of boophilid
ticks in Zimbabwe using these recent records. This information is vital
to disease control authorities as it will help in the monitoring of the
more pathogenic B. bovis infections.

In ixodid ticks, development and mortality rates are governed by
temperature and water availability, respectively (Estrada-Pena et al.,
2015). Correlative modelling, which was used to develop the habitat
suitability maps in this study, does not allow examining the specific role
played by each climatic variable on the tick developmental stages
(Estrada-Pena et al., 2015). However, patterns are observed which re-
late to the development and survival of the different life cycle stages of
these one-host ticks and these will be discussed. R. microplus, as well as
R. decoloratus, are one-host ticks with multiple generations in a year
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Fig. 5. Bi-plot showing annual mean temperature and annual precipitation with
respect to presence or absence of Rhipicephalus microplus and R. decoloratus in
Zimbabwe.

(Walker et al., 2003). Temperature and precipitation variability
throughout the year have important implications on the survival of off-
host stages. Field studies carried out in Zimbabwe indicated that all
developmental stages of both ticks varied, being short, intermediate
and longest during the hot, wet and cool seasons, respectively (Short
et al., 1989b). Diurnal temperature range refers to fluctuations in
temperature which will affect tick development and activity on a re-
gional basis with day length accentuating the effects of temperature
(James et al., 2015). Tick immature stage development and seasonal
activity are influenced by stability in temperature and moisture while
extremes of temperature and moisture will influence egg and larvae
survival. In field studies to determine the behaviour and survival of
unfed ticks Short et al. (1989a) observed that the survival times of R.
microplus, R. decoloratus and R. appendiculatus larvae were influenced by
low temperature stress in June/July (winter) and high temperature
stress in September/October (hot dry season). Thus minimum tem-
perature of the coldest quarter will have an influence on larval devel-
opment as it has been observed in South Africa where R. microplus
larvae were found in vegetation during the winter whilst those of R.
decoloratus seemed to disappear (Nyangiwe et al., 2011). There is a
positive correlation between precipitation and humidity, which is vital
for tick survival (Needham and Teel, 1991), especially for ixodid ticks
(Randolph and Storey, 1999).

The variables used in this study represent annual trends and sea-
sonality as well as extreme environmental factors of temperature and
precipitation (Estrada-Pena et al., 2013). For R. microplus, the variables
which had the greatest influence on the model were altitude, minimum
temperature of the coldest month, mean diurnal range, temperature
seasonality, mean NDVI, precipitation of the warmest quarter and
precipitation of the wettest quarter. The variables which had the
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greatest influence on the model for R. decoloratus were altitude, pre-
cipitation of the wettest month, annual precipitation, mean tempera-
ture of the driest quarter and precipitation seasonality. Variability in
temperature and precipitation has been observed to drive the dis-
tribution of other Ixodidae tick species studied (Hahn et al., 2016;
James et al., 2015; Johnson et al., 2016). Annual mean NDVI seemed
not to influence the occurrence of R. decoloratus despite its being con-
sidered a proxy for water availability which is key to the survival of
ticks. In both species, altitude had the greatest contribution to the
models, which confirms earlier studies listing altitude as the best single
predictor for use in estimating tick distributions (Cumming, 2002). For
illustration purposes, we add a map of altitude in Zimbabwe in Fig. 6.

Looking at the average conditions of temperature and rainfall (an-
nual trends), they appear largely the same for both species while ex-
tremes influenced the occurrence of the two species. High and low
temperatures favoured R. microplus and R. decoloratus, respectively. The
same trend was observed for rainfall where high extremes favoured the
occurrence of R. microplus whilst low extremes favoured the occurrence
of R. decoloratus. Similar observations were made in Tanzania by Lynen
et al. (2008) when they compared the distributional ranges of R. de-
coloratus and R. microplus.

Comparing with earlier modelling papers, the distribution of R.
microplus seemed to have expanded with more occurrences of the tick in
the Zambezi Valley near Lake Kariba in the north-western parts of the
country. The patchy and discontinuous distribution of R. microplus
shows that this tick species has established in the east, and the north-
eastern parts of the country, in the south-east Lowveld region as well as
the environment around Lake Kariba. During the nationwide survey
described by Sungirai et al. (2017), R. microplus was found for the first
time in this area when compared to previous studies (Norval et al.,
1983; Katsande et al., 1996). The water from the lake does provide the
essential humid conditions for the proliferation of these two tick species
in the surrounding environment. From the model, there are areas where
it is postulated that R. microplus and R. decoloratus will co-exist. The
reasons for the continuous co-existence of R. decoloratus with R. mi-
croplus have been described by Sungirai et al. (2017): Persistent
droughts may lead to temporary disappearance of R. microplus hin-
dering its permanent establishment and subsequent displacement of R.
decoloratus (Norval et al., 1983). Also tick control practises, where R.
decoloratus has been found to be more refractive to acaricides (Baker
et al., 1981; Mason and Norval, 1980), and adaptability of R. decolor-
atus to wildlife (Sutherst, 1987) may provide R. decoloratus with a
competitive advantage. The introduction of R. microplus as well as the
temporary disappearance and emergence may have influence on the
epidemiology of Babesia bovis.Norval et al. (1983) found out that in
areas where R. microplus had been recently introduced there was no
endemic stability for babesiosis, which existed in areas where the tick
species appeared to be established.

The model output indicates that the habitat suitability of R. micro-
plus in Zimbabwe continues to be restricted, having a patchy and dis-
continuous distribution. R. decoloratus still has a wider distribution in
the country with very few areas of co-existence between the two species
and possible displacement of R. decoloratus in areas highly suitable for
R. microplus. These results suggest that R. microplus is not expected to
survive in most parts of the country in the event of spread into new
areas, for example by cattle movement. The Zambezi Valley might not
entirely be suitable for this tick except for areas close to the lake which
might provide appropriate humidity conditions for the survival of the
tick species. Surveys in the southern province of Zambia did not con-
firm the presence of R. microplus (Speybroeck et al., 2002). It might be
important to resample areas in the southern province of Zambia as well
to check if R. microplus occurs near the Lake Kariba on the Zambian
side.
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Fig. 6. : Map showing variation in altitude (m) in Zimbabwe based on WorldClim data.

5. Conclusion

Although other factors could influence the distribution of these two
tick species, such as host abundance and tick control practises, models
have been produced which seek to explain the limitations in as far as
the spread of these ticks is concerned. From the models, the distribution
of the invasive tick R. microplus is expected to be patchy and dis-
continuous being found in climatically suitable areas. The tick R. mi-
croplus was collected in areas which are not environmentally suitable
for its development and survival and this may influence the epide-
miology of Babesia bovis in these areas. There are areas where the two
tick species R. microplus and R. decoloratus are expected to co-exist and
there is need to study the population dynamics of these two species in
these areas.
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