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Abstract 
A longitudinal study was designed to accurately measure the movements of Meriones (M.) shawi using geographic information 
systems and radio-telemetry tools. Radio collars were placed on the necks of 30 M. shawi on April 2012 and tracked by radio-
telemetry until December 2012 in an endemic area of zoonotic cutaneous leishmaniasis in Tunisia. The mean home range, the mean 
of the maximum distance between the start and the final locations and the mean of the real traveled distance linking all detected 
positions for each rodent were calculated. Two coefficients of diffusion were estimated, corresponding to the pre-and post-harvest 
seasons, respectively. This study demonstrated and quantified, for the first time, the ecological niche and the migratory capacity of 
the M. shawi, and confirmed its crucial role in the geographical dispersal of Leishmania parasites and the emergence of epizootics 
and epidemics in new foci. 
 
Keywords: Diffusion coefficient, Ecological niche, Geographical spread, Meriones shawi, Radio-telemetry, Zoonotic Cutaneous 
Leishmaniasis. 
 
 

1. Introduction 
Meriones (M.) shawi is recognized as a reservoir host of 
Leishmania (L.) major in some parts of Tunisia, Algeria, and 
Morocco [1-3]. This rodent inhabits clay and sandy deserts, arid 
steppes, grasslands, and mountain valleys. It is seen in fields in 
non-irrigated cereal crops, Ziziphus mounds, and Opuntia 
hedges, or in the bases of jujubes tufts [4]. It settles down easily 
in the crops fields and digs its housing under a hillock, in a 
bush between 10 and 40 cm. The diet of M. shawi is based on 
leaves and seeds of Graminea in spring and summer, and on 
vegetables and herbs belonging to the families Composaceae 
and Malvacea in autumn and winter [5]. This wild rodent is also 
known as an important species responsible for destruction of 
cereal and vegetable crops [6].  
Another important reservoir host of L. major is Psammomys 
(P.) obesus. This rodent lives in sedentary, fragmented 
populations because of its restricted diet of chenopods [7-10]. In 
contrast, M. shawi has an important adaptation for extreme 
conditions —its resistance to prolonged dehydration [11] and 
consequently it readily moves to find food. It has been 
considered, without evidence, as a migrant rodent and more 
active than other rodent reservoir hosts of zoonotic cutaneous 
leishmaniasis. A recent study demonstrated that M. shawi plays 
an important role in the transmission of L. major cutaneous 
leishmaniasis in Tunisia [10]. It is intuitively expected that M. 
shawi is responsible for the geographical spread of this disease 
and its transmission between different populations of P. obesus 
because of its migratory ability, but this has never been 
accurately measured. 
This longitudinal study was designed to accurately measure the 
spatial movements and the areas occupied by M. shawi using 
radio-telemetry. Radio-telemetry has proven to be an important 
tool for answering questions about habitat requirements and 
other important aspects of species’ natural history [12]. The 
information from this study will permit characterization of its 

ecological niche, to better understand its role in the dispersal 
of L. major and to illustrate its contribution in the emergence 
of new epidemic foci. 
 
2. Materials and methods 
2.1. Study site 
M. shawi rodents were captured at the village of AL MNARA 
(average altitude 80, 8483 m; Lat 35°12’36’’N, Long 
9°49’14’’E) which is in Kairouan, Central Tunisia, and is an 
area where zoonotic cutaneous leishmaniasis is endemic (Fig. 
1). 
2.2. Study population 
In April 2012, M. shawi rodents were captured during 15 days. 
A wire mesh cage was used as a trap baited with fresh food and 
placed close to active burrow entrances. The cages were placed 
overnight and checked in the early morning. The rodents were 
identified according to a morphological key and evaluated for 
weight, sex, and presence of signs of Leishmania infection 
(cutaneous lesions in different parts of the skin, mainly at the 
tail and the ears, as previously described [10]). 
 
2.3. Radio tracking 
Each captured rodent was equipped with a radio transmitter 
placed around its neck with a brass collar (Biotrack Ltd, 
Wareham, Dorset BH20 5AX, United Kingdom), and then 
released at the same site where it was trapped (Fig. 2). 
Collars were resistant to chewing, and each transmitter was set 
to a different frequency, allowing each rodent to be located 
individually. The equipment was less than 5% of the weight of 
the rodent, as recommended to avoid disturbing the natural 
behavior of mammals [13, 14]. Two types of collars were used 
according to the rodents’ weight: blue collars weighing 3.6g 
and red collars weighing 4.8g. 
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Fig 1: Study site for the tracked Meriones shawi population and their spatial dispersal. (a) Location of the Kairouan governorate in Tunisia, in 
the Mediterranean region. (b) A land sat image of the study area (superposed GPS locations in purple) at Kairouan governorate. (c) A land sat 
image of the study area with all GPS locations of the tracked rodent population (each point in purple represents a detected location). (d) A land 

sat image of the study area showing the maximum distance for each tracked rodent (arrow between the starting and the ending locations) and the 
fragmentation of the rodent population into two subpopulations (circles in red) after the tracking period. 

 

 
 

Fig 2: Meriones shawi with radio-transmitter collar placed 
around its neck. (a): Self-locking nut, (b): brass collar and (c): 

Battery and PIP3 transmitter. 
 
We tracked M. shawi using a telemetry Sika receiver and a 3-
element Yagi antenna (Biotrack Ltd, Wareham, Dorset BH20 
5AX, United Kingdom), which is able to detect frequencies 
between 173.000 and 174.999 MHz. The frequencies of all the 
collars were registered as channels in the receiver before 
tracking. Locations of rodents were determined by the homing 
method [15, 16]. This consists of following the strongest signal of 
the frequency and approaching the animal by walking to 
identify its burrow. Once the burrow was located, we recorded 
the rodent’s coordinates using a Garmin global positioning 
system (GPS) unit with 2–3 m precision. 
Every two weeks, during our trip to the study area, eight 
positions were recorded during three consecutive days (two 
positions on the first and third days, and four positions on the 

second day, alternating midday and twilight). This program 
was continued for each radio-tracked rodent until the signal 
was lost (due to the animal’s death or exhaustion of the collar’s 
battery). A pilot phase preceded the project to fine tune all 
procedures, but positions tracked in the pilot phase were 
excluded from analysis. 
 
2.4. Home range and diffusion coefficient calculations 
The home range (HR) sizes were calculated using the 
minimum convex polygon (MCP) method, which defines the 
HR by drawing a set of points around the external locations of 
a rodent’s movements [17]. The maximum distance (MD), 
between the start and the final locations, and the real traveled 
distance (RTD) linking the all detected positions of each rodent 
were estimated using Hawth’s Analysis Tools (version 3.27). 
The diffusion coefficient (D) was considered the best 
parameter to reflect the variation of the occupied surface over 
time [18-21]. It was defined as the space variation over time and 
was estimated using the following formula: (D = (S(ti+1)− S(ti)) 
/ (ti+1−ti)), with t representing time in the x axis and S the 
surface in the y axis. To account for the correlation between D 
and HR as well as the potential effect of other time-dependent 
factors (season, availability of food, and impacts of the 
environment) on the HR, we estimated the variation of the 
average HR overtime. 
Geographic data were analyzed using ArcGis 9.3 software. 
Continuous variables and paired samples were respectively 
tested by Mann–Whitney and Wilcoxon signed-rank 
nonparametric tests. Fisher exact χ2 tests were used to compare 
association of categorical variables. SPSS software version 
17.0 for Windows [22] was used to perform these statistical 
analyses (Stata Corporation). 
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3. Results 
During April 2012, 17 female and 13 male M. shawi were 
captured in the study area. Cutaneous lesions indicating 
leishmaniasis infection were noted in 57% (n=17) of this 
sample (Table 1) and were positively correlated with rodent 
weight (P<0.001). 
Two of the tracked rodents (MS06 and MS26) were regarded 
as dead because their locations remained the same during the 
tracking period, so they were excluded from the analysis. 

During the 8 months follow-up, GPS locations representing the 
trajectories of the study population were recorded. Signals 
were detectable for all the tracked rodents until four months, 
and then signals were lost until only ~30% were detectable 
after eight months. Fig. 3 shows the proportion of rodents 
detected through time. 

 

 
 

Fig 3: Proportions of tracking signals detected over time among the studied M. shawi population. 
 

The rodents (n=28) had a mean HR size of (48.94 ± 20.72 ha 
(range 20.67–97.73 ha)), mean MD of (1.24 ± 0.28 km (range 

0.59–1.59 km)), and mean RTD of (5.93 ± 2.41 km (range 
1.77–9.94 km)) (Table 1).  

 
Table 1: Description of each captured M. shawi with their clinical manifestation (CM), home range (HR) sizes, maximum distance (MD), and 

real traveled distance (RTD) as revealed by radio-telemetry during the study period from April 2012 to December 2012. 
 

Rodent code Sexe CM Weight (g) HR (ha) MD (km) RTD (km) 
MS01 ♀ − 80 40.03 1.16 2.49 
MS02 ♂ − 78 89.09 1.60 5.33 
MS03 ♂ + 79 25.83 1.09 2.36 
MS04 ♂ − 85 90.03 1.09 9.95 
MS05 ♂ − 87 23.78 1.18 3.41 
MS06 ♂ − 84 ̸ ̸ / 
MS07 ♀ + 115 53.40 1.50 6.75 
MS08 ♀ + 102 42.67 0.79 4.55 
MS09 ♀ + 100 29.52 1.31 4.63 
MS10 ♀ − 83 20.67 1.16 1.77 
MS11 ♀ + 97 97.73 1.42 8.78 
MS12 ♀ + 114 59.99 1.54 8.19 
MS13 ♂ + 111 35.27 0.71 8.17 
MS14 ♂ − 82 40.59 0.60 9.21 
MS15 ♀ − 76 65.45 1.54 6.48 
MS16 ♀ − 76 61.78 1.53 3.13 
MS17 ♂ − 78 27.68 0.74 5.04 
MS18 ♂ + 122 54.53 1.57 9.00 
MS19 ♂ + 82 45.61 1.53 7.27 
MS20 ♀ + 88 43.96 1.38 4.04 
MS21 ♀ + 80 36.10 1.23 5.56 
MS22 ♀ + 118 60.64 1.39 9.33 
MS23 ♀ − 80 44.71 1.27 8.74 
MS24 ♀ + 89 60.36 1.40 7.49 
MS25 ♂ + 158 29.05 0.94 3.62 
MS26 ♀ + 118 ̸ / / 
MS27 ♀ + 100 50.76 1.31 5.26 
MS28 ♂ + 89 34.94 1.41 4.43 
MS29 ♀ − 87 30.58 1.39 3.98 
MS30 ♂ − 80 75.64 1.05 7.16 
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No significant difference was noticed between males and 
females for mean HR (47.67 ha versus 49.89 ha), MD (1.12 km 
versus 1.33 km), or RTD (6.24 km versus 5.69 km). The 
presence of clinical manifestations of leishmaniasis was not 

associated with these three variables. We noticed a sharp 
increase of the population mean HR between the period t = 3 
and t = 3.5 months, represented by a “jump” in the curve (Fig. 
4).

 

 
 

Fig 4: Average home range of the M. shawi population during the study period. SE: standard error. 
 

This period followed the harvest season (the end of July) when 
most of the rodents left their territories at the cereal field, as 
confirmed by new active burrows in a new area where mallow 
plants and some pistachio plants were available. Before the 
harvest season, the mean HR and the mean RTD of the rodent 
population were calculated (14.52 ± 7.76 ha and 2.57 ± 1.35 
km, respectively). After the harvest season, the mean HR 
increased significantly (34.41 ± 20.59 ha (P<0.001)) and the 
RTD reached the maximum (3.36 ± 1.99 km (P=0.095)). Thus, 
we estimated two functions: (S1 (t) = 3.37t + 4.34 and S2 (t) = 
8.11t − 0.77) with significantly different slopes corresponding 
to coefficients of diffusion (D1 = 3.37 ha/month (95% 
CI=3.15–3.59) and D2 = 8.11 ha/month (95% CI=6.72–9.51) 
for the pre-and post-harvest seasons, respectively). 
After the harvest season, rodents left the high density zone in 
the direction of a low density one. This was indicated by the 
number, position, and density of new burrows in the newly 
colonized area. In addition, the tracked rodent population was 
fragmented into two subpopulations at the extremes of the 
spatial (Fig. 1d). 
 
4. Discussion 
To our knowledge, this is the first longitudinal study in North 
Africa investigating the ecological niche and spatiotemporal 
dynamics of M. shawi using radio-telemetry. The main factors 
that influence the frequency and extent of movement, and the 
size and type of areas occupied by these species of rodents were 
identified for the first time. Indeed, after a tracking period of 
eight months of 28 M. shawi, we estimated the diffusion 
coefficient, and we confirmed the strong relationship between 
the spatial patterns and availability of food. 
Previous studies of the spatial behavior of some rodents 
showed a broad range of HRs, from a few square meters to 9 
ha depending on the species of rodents, the biotope nature, and 
the method used [23-30]. This high variability might be explained 
by the cross-sectional designs of most studies, which could not 
take into account the variation of HR through time or the high 
sampling fluctuations due to small sample sizes, as well as by 

the low reliability of estimation techniques such as field 
observation and capture–mark–recapture. 
Our estimates of the mean HR (48.94 ± 20.72 ha), the mean 
MD (1.24 ± 0.28 km), and the RTD (5.93 ± 2.41 km) of the M. 
Shawi population are the highest described so far. In fact, for 
M. shawi, the only study in which the spatial distribution was 
determined (using the capture–mark–recapture method) was 
conducted over 25 years ago in Morocco, and the mean 
traveled distance of this species was estimated as around 19 m 
and varied according to the season and the sex [31]. It has been 
assumed that the HR size increases with the body mass [28, 32-

34]. This was not supported by our results; we found no 
significant differences according to sex, weight, or clinical 
manifestations of leishmaniasis. This difference might be 
explained by the ecological behavior of this species, such as 
reproduction and search for food, environmental factors, and 
the high impact of the human intervention. Indeed, M. shawi 
moved at the slowest speed (D1 = 3.37 ha/month) and occupied 
a smaller area (14.52 ha) when they found food near their 
original biotope, and emerged more vigorously (D2 = 8.11 
ha/month) when they moved to another biotope and occupied 
a larger area (34.41 ha). This pattern of occupation might be 
partly explained by an exploratory phase to search for food and 
an appropriate biotope where they can settle. Habitat type was 
important in determining the rate of movement for M. shawi. 
The animals moved at slower rates through cereal crops than 
in mallow and pistachio crop fields, presumably because food 
was more distant in mallow and pistachio crop fields which 
increase their exposure to predators. Likewise, the growth of 
tracked M. shawi through time might be explained the 
requirement for higher amounts of energy and, consequently, 
stronger rodents were able to move greater distances to find 
enough food [35]. 
The organization within colonies of Meriones spp. does not 
appear to be as rigid as for other rodent species [36]. Some 
species live in permanent groups, others live in temporary 
groups, and some live in individual burrows and are socially 
intolerant [37]. Our results suggest that M. shawi can be 
classified in the second category, as they live in non-stable 
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groups. Furthermore, changes in the use of space by M. shawi 
were correlated with density variations in the population. The 
population size of these sub-desert rodents depends on food 
availability, climate factors, and biotic factors such as 
reproduction [38, 39]. These factors could explain the 
fragmentation of the tracked rodent population. Moreover, the 
harvest season of cereals and the season of mallow and 
pistachio growth might explain the preferred direction of these 
rodents, confirming the influence of the food availability and 
the specificity of the rodent diet in its HR size and movements 
[5]. Our findings confirm the results of other studies showing a 
negative correlation between food availability and rodents’ HR 
sizes [40-42]. 
The diffusion coefficient we estimated for the M. shawi 
population was high compared with the desert species of 
Meriones (M. crassus and M. libycus). This difference can be 
explained by the low ability for spatial memory among the 
desert species [43]. The diffusion coefficient can be very useful 
in the design of control interventions, targeting this species of 
wild rodent, by providing leishmaniasis risk zones. 
Several studies have tried to quantify the HR and movement 
patterns of rodent species, but most applied traditional 
techniques such as field observations, powder-tracking, and 
capture–mark–recapture using live traps placed in grids 
characterized by low precision [23, 25, 27, 29, 44, 45]. These classic 
techniques require permanent tracking, which needs 
continuous presence of researchers in the field, and carries a 
risk of losing contact with the animal. These shortcomings can 
be resolved by using GPS collars, which remain permanently 
active and can continuously supply data for the whole day 
without the need of a human’s presence [46]. This technique of 
radio-telemetry combined with GPS and a geographical 
information system is reproducible [47]. It is not limited by trap 
numbers, the area covered by traps, or the capture rate. 
Consequently, it is expected to provide less biased estimates 
for important ecological parameters such as HR and movement 
patterns. Unfortunately, this technique is not available yet for 
tracking rodents because the GPS collars are heavy and usually 
exceed 5% of the rodent’s weight, which is the maximum 
weight acceptable without disturbance of the natural behavior 
of mammals [13, 14]. Therefore, in this study, we used radio-
telemetry combined with geographical information system 
tools, which constitutes the best available tradeoff between 
performance and feasibility. The proportion of rodents detected 
over time by radio-telemetry provides valuable information for 
the design of future studies for these species. 
 
5. Conclusion 
This study helped to characterize the ecological niche and 
demonstrated the migratory capacity of M. shawi. We have 
demonstrated, using valid and reproducible techniques and 
study design, that these rodents have high prevalence of 
leishmaniasis and have migratory behavior that could 
contribute to the spatial dispersal of leishmaniasis by 
establishing the disease in naïve stable geographically 
fragmented colonies of P. obesus, the classic sedentary 
reservoir, as well as contributing to the emergence of 
epidemics among naïve human populations. 
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