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 Reintroducing endangered species into their restored habitats is a significant 
aspect of conservation biology. The scimitar-horned oryx (Oryx dammah), one of 
the most critically endangered antelopes worldwide, was reintroduced into 
several protected areas in Tunisia. Understanding their habitat requirements 
within micro-level ecosystems is crucial for developing effective management 
plans to aid in species recovery. Using information-theoretic and multimodel 
inference (MMI) techniques, we evaluated the impact of habitat and 
management characteristics on the distribution of the scimitar-horned oryx in 
Tunisia's Sidi Toui National Park during different seasons, from June 2020 – May 
2022. Our analyses, using regression coefficients and selection probabilities, 
revealed that factors influencing habitat suitability varied seasonally for the 
scimitar-horned oryx. However, the presence of grasses emerged as the most 
consistent indicator of their occurrence throughout the year. The strong fit of 
models to the data was confirmed by Receiver Operating Characteristic (ROC) 
plots, which indicated an Area Under the Curve (AUC) > 0.9. The study has 
significant implications for developing practical habitat management plans for 
the scimitar-horned oryx in Sidi Toui National Park 
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1. INTRODUCTION  

Reintroduction, an increasingly common 
strategy in conservation and management, refers 
to releasing a species into a previously native 
area after eradication due to human activities or 
natural disasters (IUCN/SSC 2013). 
Reintroduction efforts are aimed at restoring 
local biodiversity and ensure the long-term 
survival of previously eradicated species in their 
native habitats (IUCN/SSC 2013; Berger-Tal et 
al., 2019). However, reintroductions are 
uncertain endeavors that might not yield viable 
populations, even when preceded by extensive 
research (Godefroid et al., 2011; Ewen et al., 
2014). Large herbivore reintroductions have had 
varying degrees of success, with only 4 of 17 

bighorn sheep reintroductions in Utah being 
successful (Shannon et al., 2008), while 60% of 
elk reintroduction projects in eastern North 
America produced viable populations (Popp et 
al., 2014). More generally, a multi-method 
analysis based on broad, conservative criteria 
indicated that only 11% of reintroduction 
projects were successful (Beck et al., 1994).  
Habitat quality in the release area is key to the 
success or failure of a reintroduction program 
(Griffith et al., 1989; Osborne & Seddon, 2012). 
Evaluating habitat quality and the way in which 
habitat variables affect reintroduced species is 
essential to reintroduction success (Miller et al., 
1999; Stoinski et al., 2003). Generally, habitat 
assessments for reintroductions involve 
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identifying locations with conditions that seem 
to match where the species is (or has historically 
been) known to exist (Armstrong & Reynolds, 
2012). Various modeling approaches have been 
employed to understand the relationships 
between species and their habitats, aiming to 
identify potential areas suitable for 
reintroduction and identify the key 
environmental factors affecting species 
distribution (Guisan & Zimmermann, 2000; 
Phillips et al., 2006; Elith & Leathwick, 2009). 
Ecologists currently acknowledge that the 
process of habitat selection is inherently 
sensitive to scale, recognizing that 
characteristics of habitats can be studied at 
various spatial scales. On a broad scale, macro-
level terrestrial habitats encompass continents, 
while at the micro-level, the ecosystem is the 
fine-scaled local habitat an animal directly 
occupies as part of its daily activities (Morris, 
1987; Kotler & Brown, 1988; Barnes et al., 1998; 
Traba et al., 2015). 
The scimitar-horned oryx, Oryx dammah 
(Cretzschmar, 1826), hereafter referred to as 
oryx, is a large antelope that is adapted to arid 
environments (Newby, 1978, 1980; Morrow et 
al., 2013). Oryx have a flexible foraging strategy 
(Newby, 1975a; Wakefield, 1992), but prefer 
grasses (Poaceae) (Mungall & Sheffield, 1994). 
During the rainy season and colder months, oryx 
primarily rely on temporary pastures formed by 
the emergence of annuals, including grasses, as 
well as young green shoots from perennial 
shrubs (e.g., Fabaceae (legumes), Nyctaginaceae 
(four-o’clock flowers), Amarantaceae 
(amaranths); Gillet, 1965; Newby, 1974a, 1988; 
Dragesco-Joffé, 1993). However, during the hot 
season, the oryx’s diet can shift towards 
perennial grasses (Gillet ,1965; Newby, 1974a, 
1988; Dragesco-Joffé, 1993), fallen pods of 
umbrella thorn acacias (Fabaceae: Vachellia 
(formerly Acacia) tortilis), foliage from shrubs, 
and a few herbs (Malbrant, 1952; Gillet, 1965; 
Newby, 1974a, 1988; Dragesco-Joffé, 1993).  
Historically, oryx undertook extensive seasonal 
migrations (Newby, 1978; Harris et al., 2009). 
Population declines have been attributed to 
factors including overhunting, habitat 
degradation and fragmentation, and growing 
competition with livestock (Lavauden, 1926b; 
Kacem et al., 1994; Dixon et al., 1991). Oryx were 
officially declared extinct in the wild in 1999 
(Hilton-Taylor, 2000), with the last known 
sightings occurring in the late 1980s (Newby, 
1988). They have been successfully reintroduced 
into several small fenced, protected areas (100 

ha−100 km²) including, North Ferlo (Senegal), 
Souss-Massa National Park (Morocco), Bou 
Hedma National Park (Tunisia), Oued Dekouk 
Nature Reserve (Tunisia) (Kacem et al., 1994; 
Beudels et al., 2005), and into Sidi Toui National 
Park (STNP, Tunisia) in 1999 (Molcanova, 2006).  
Our study assesses the effectiveness of 
reintroduction efforts for oryx in STNP by 
modelling habitat preferences at the micro-level 
scale, considering their seasonal and spatial 
variations characteristic’s. When reintroduced 
into an extensive park (93,000 km2, Ouadi Rimé-
Ouadi Achim Wildlife Reserve, Chad), the 
average home range of oryx exceeded 1000 km² 
(Mertes et al., 2019), which is a much larger area 
than STNP can provide. However, ascertaining 
specific environmental and ecological factors 
that characterize their habitat preferences at the 
micro-level ecosystem scale is crucial to 
understanding the qualities needed to identify 
and protect viable habitat patches, as well as to 
improve the quality of degraded habitats. Given 
the extreme environmental conditions 
proximate to the Sahara Desert in southern 
Tunisia, we hypothesize that oryx would choose 
different habitat patch characteristics at 
different times of the year. Specifically, we 
expect that grasses and forbs will be the main 
determinants influencing their occurrence. 
Furthermore, we predict a preference for areas 
with water accessibility and man-made shade 
structures during the dry season.  

2. MATERIALS AND METHODS 

2.1. Study area 

Sidi Toui National Park, created in 1991, is a 
small, protected area in south Tunisia (11.24° E, 
32.70° N) spanning 63.15 km² of undulating 
semidesert steppes (Fig. 1). The park contains a 
hill, Djebel Sidi Toui (culminating at 172 m asl), 
surrounded by an extensive plain composed of 
small dunes, sebkhas, and dry sandy wadis, 
designed to protect a cluster of 14 ancient 
religious sites (Marabouts) (Souissi, 2008). The 
region's climate is hot desert (BWh, Köppen-
Geiger classification) (Geiger, 1954). STNP is 
dominated by steppe-like vegetation, including 
grasses (e.g., Cenchrus ciliaris, Stipa retorta, and 
Stipa lagascae), forbs (e.g., Atractylis 
serratuloides, Diplotaxis harra, and Medicago 
minima), and shrubs (e.g., Argyrolobium 
uniflorum, Helianthemum sessiliflorum, and 
Ziziphus lotus) (Tarhouni et al., 2017). The 
vertebrate fauna is distinct, with various 
Saharan protected mammals (i.e., Felis silvestris 
lybica (African wild cat), Vulpes zerda (Fennec 
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sox), Canis anthus (African golden wolf), Vulpes 
vulpes (Red fox) and Sahelo-Saharan bovids (i.e., 
Oryx dammah (oryx), Gazella dorcas (Dorcas 
gazelle)). In addition, STNP contains a wealth of 
avian fauna that includes non-migratory species 
(i.e., Alectoris barbara (Barbary partridge), 
Pterocles alchata (pin-tailed sandgrouse), Alauda 
arvensis (Eurasian skylark), Corvus corax 
(common raven), and Cursorius cursor (cream-
colored courser), as well as numerous migrants 
due to the park’s location along the 
Mediterranean and trans-Saharan migration 
paths. Finally, there are some rare and protected 
reptiles (i.e., Chamaeleo chamaeleon (common 
chameleon), Uromastyx acanthinura (North 
African spiny-tailed lizard), and various snakes). 

2.2. Field design and methods 

Data were collected from June 2020 from May 
2022 and blocked by season. Seasons were 
defined as: spring (March–May), summer (June–
August), fall (September–November) and winter 
(December–February). Because 2 km² 
corresponds well with the home range of 
antelope having a similar morphology to our 
study species (Krishna et al., 2008; Ben et al., 
2013; Fructueux et al., 2020; Ehlers et al., 2020; 

Kumar et al., 2020), the study area was divided 
into 40-2 km2 sample units (grids) distributed 
over a regular grid layer on the GIS platform 
using ArcGIS (version 10.8). The study area was 
visited for five days each month with each 
sampling unit being visited either in the morning 
or the afternoon. During surveys, each grid was 
explored by four researchers (ML, KD, AZ, & MJ) 
who walked in different directions and using 
binoculars (Leica 10 × 50) searched extensively 
for oryx, recording whether they were grazing, 
drinking or resting and GPS coordinates when 
we found animals (Garmin 60Cx). For analysis, 
we considered a species to be present in a given 
sampling site if at least one individual was 
observed.  

2.3. Variable selection 

Within each grid, we also recorded variables on 
the quality and suitability of the habitat that 
might influence the presence and behavior of 
oryx (i.e., composition and cover of vegetation, 
carnivore presence through identified tracks and 
fresh fecal scats, and the presence of man-made 
structures: passenger-vehicle accessible dirt 
roads, man-made water troughs, buildings, or 
shade shelters). 

 

Fig. 1. Localization, delimitation, and infrastructure map of STNP. 
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2.3.1. Habitat quality and suitability 

Using the point-quadrat method (Daget & 
Poissonet, 1971), we recorded the subdominant 
categorical composition and cover of vegetation 
(n = 3 variables: shrubs (SC), forbs (FC), and 
grasses (GC)) in each sampling site during each 
season of the study period. In each sampling site, 
we randomly located 5–20 m transects. Along 
each transect, we systematically lowered 
sampling pins at 20-cm intervals and assessed 
intercepts made by plants, providing 100 total 
points per transect. We recorded each time 
contact was made with a plant species or ground 
cover class. To determine the cover of each plant 
species, we summed the intercept 
measurements for all individuals of that species 
along the transect line and converted the sum 
into a percentage to represent total cover. To 
calculate the total cover for each vegetation 
category, we added the cover percentages for all 
plant species within those categories (Tarhouni 
et al., 2017). For analysis, we averaged the total 
cover for each plant species and for each 
vegetation category across the 5 transects in 
each sampling site.  
Within each sampling unit, we also estimated the 
area covered by wadis (WAD). Wadi lengths, 
measured using a topography and cartography 
map of Tunisia (1978), were multiplied by 
average wadi widths, as determined during 
surveys. Additionally, we assessed the predation 
risk (PRE) posed by the African golden wolf 
(Canis anthus), which was the only predator we 
encountered, by recording signs of its presence 
within each sampling unit during each season. 
Specifically, we counted the number of fresh 
fecal scats, a commonly used method to monitor 
the abundance of carnivores (Forsyth et al., 
2014). Based on the number of fecal pellets 
observed, we classified predator impact as "class 
1" (<10 wolf fecal pellets), "class 2" (10 to < 20 
wolf fecal pellets), and "class 3" (≥ 20 wolf fecal 
pellets). 

2.3.2. Man-made structures 

Man-made structures (n = 4 variables) included 
guardhouses and marabouts (DPM), main dirt 
road and used by visitors (DR), fences (DFE), and 
constructed water troughs (WT) (Figure 1). We 
recorded the distance from each grid center to 
the closest guardhouse post or marabout (DPM) 
that could potentially hinder the movement of 
oryx (i.e., park entrances: Magroun, Mhijra, Madi, 
and Hawach; acclimatization station: Zriba; and 
major marabouts frequently visited by pilgrims: 
Rotila and Torki). We utilized the park 

infrastructure map to measure the percent cover 
of main dirt road utilized by visitors (DR). The 
collected GPS coordinates of human 
infrastructure and the center of sampling sites 
were imported into ArcGIS® (Version 10.8, 
Environmental Systems Research Institute Inc., 
2023) to calculate the Euclidean distance 
between each sampling site’s center and the 
nearest category of man-made infrastructure. 
Similarly, we calculated the distance from the 
center of each grid to the nearest fence (DFE). 
Because in hot environments like southern 
Tunisia, ungulates rely heavily on water sources 
and shade for maintaining water balance, we 
also recorded GPS coordinates for artificial 
water troughs (WT). A total of eight water 
troughs are distributed across STNP. To assess 
the distance to artificial water troughs, we 
assigned "1" if the distance between the grid 
center and the nearest water point was ≤ 1.414 
km (representing the side of the grid (√2 km)) 
and a value of "0" if the nearest water point was 
> 1.414 km. 

2.4. Statistical data analysis  

2.4.1. Modelling effects of predictors on 
occurrence  

We employed information-theoretic and 
multimodel inference (MMI) techniques on 
presence-absence data to predict the factors 
influencing the distribution of oryx in different 
seasons. To examine the relationship between 
the probability of occurrence of the oryx and 
nine explanatory variables (i.e., SC, FC, GC, WAD, 
PRE, DPM, DR, WT, and DFE), we ran generalized 
linear models (GLM) and applied binary logistic 
regression using logit link functions. To avoid 
autocorrelation and multicolinearity, we used 
Spearman’s rho correlation coefficient to test for 
pairwise correlation among our nine predictor 
variables. We retained predictors with a 
correlation < 0.7 (Wisz & Guisan, 2009) and used 
the Akaike Information Criterion (AIC Burnham 
& Anderson, 2002) to compare alternative 
models. For a given model,  

AIC = −2log(L) + 2K 

where L is the likelihood of the model given the 
data, and K is the number of parameters in the 
model. We used AICc to correct for small 
samples, as n/k < 40 (n sampling sites = 40 and k 
variables = 9) (Burnham & Anderson, 2002). We 
fitted a set of competing models using multi-
model inference (Burnham & Anderson, 2002). 
AICc was calculated for each model in the 
dataset, and we considered the model with the 
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lowest AICc value (AICcmin) as the best, and 
indicating the most parsimonious fit. To rank the 
candidate models, we calculated the AICc 
differences (Δi) relative to AICcmin. Larger Δi 
values indicate weaker models, with Δi < 2 
indicating no significant difference between the 
models (Burnham & Anderson, 2002). 

2.4.2. Significance of predictors 

We assessed the relative importance of 
predictors in determining the habitat suitability 
for oryx through two approaches: (1) the 
predictor selection probability, which represents 
the likelihood of a predictor being included in 
the top models if the analysis were repeated 
with a different dataset (Whittingham et al. 
2006), and (2) the standardized regression 
coefficients, which indicate the magnitude of 
each predictor's contribution to variation in the 
habitat suitability index. 

2.4.3. Model Assessment  

We assessed the level of agreement between the 
best logistic regression model in each season and 
the explanatory variables with two approaches. 
First, we used the strength of McFadden's 
pseudo-R² correlation. Higher R² values indicate 
a better fit, and values > 0.40 indicate a very 
accurate model with strong predictive 
capabilities. Second, we used the AUC (area 
under the curve) of the receiver operating 
characteristic (ROC) to evaluate the performance 
of the predictive model (Fielding & Bell, 1997; 
Lobo et al., 2008). Models with AUC values > 0.7 
are useful, but values > 0.85 indicate reliable 
models (Swets, 1988; Fielding & Bell, 1997; 
Wiley et al., 2003; Glover & Vaughn, 2010).  
The statistical analyses were all performed with 
RStudio (Version 4.3.2, October 2023). We used 
the "MuMIn" package (version 1.47.5, March 
2023) for information-theoretic and multimodel 
inference.  

3. RESULTS 

3.1. Modelling the suitable habitat in 
different seasons 

During our two-year investigation, oryx 
occurred in 16 of the 40 sampling units, 
indicating a seasonal occupancy rate of 40%. 
When comparing the binary logistic regression 
models based on AICc for oryx across different 
seasons, no single model fit the data (ΔAICc < 2, 
Table 1). The results of multi-model inference 

based on model averaging indicate that different 
variables were selected as determinants of oryx 
habitat suitability in different seasons. However, 
grasses emerged as the primary factor 
influencing oryx habitat selection across all 
seasons.  
During the dry season, the most parsimonious 
models (Δi < 2) for oryx included grasses (GC) 
and water troughs (WT) as significant predictors 
(Table 1), displaying a high probability of 
selection (≥ 0.90). The remaining variables, 
specifically fence (DFE), shrubs (SC), and 
predator presence (PRE), exhibited low selection 
probabilities (<0.56). Guardhouse post and 
marabout (DPM) had a low probability of 
selection in 2020, receiving moderate support 
with a selection probability of 0.69 and a 
negative coefficient (-1.63) in 2021. Dirt road 
(DR) was excluded from all the best models for 
both years. The variables in the best model for 
both years were ranked, with WT having the 
highest coefficient value, followed by GC (Table 
2). In the fall, the best models for 2020 and 2021 
exhibited significant differences (Table 1), with 
notable variations in coefficients. In 2020, 
grasses (GC) and forbs (FC) had strong effects 
(selection probabilities = 0.86 and 0.88, 
respectively), while in 2021, with grasses, we 
note the importance of the selection probability 
of shrubs (SC) and guardhouse posts and 
marabout (DPM), which were respectively 0.97 
and 0.82. The coefficient for forbs was 0.40. 
When we ranked their regression coefficients, FC 
> GC in 2020 and GC > DPM > SC in 2021 (Table 
2). During winter, the presence of wadis with 
grasses emerged as a significant predictor, with 
selection probabilities of 0.87 in 2020 and 0.81 
in 2021. During winter 2021–2022, forbs (FC) 
also showed a high selection probability (0.83). 
During the spring of two years, the two most 
parsimonious models of habitat suitability for 
oryx included grasses and forbs. Predator (PRE) 
had a moderate selection probability (0.61) and 
a relatively important coefficient (1.79) in the 
best models of 2021. Dirt road (DR) had the 
highest coefficient (2.56) in 2021, but due to its 
low selection probability (0.24), it was not 
adopted. The covariates ranked according to the 
importance of their coefficients are GC > PRE > 
FC in spring 2021 and GC > FC in spring 2022. 

3.2. Model evaluation 
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All the habitat suitability models derived from 
binary logistic regression fit the data well and 
have high predictive power (Table 3), with 

McFadden's pseudo-R² > 0.4 and excellent 
performance (AUC > 0.9). 

Table 1. Information-theoretic statistics of seasonal habitat suitability models for oryx in STNP. The 
best model is in bold. For each predictor included in the best model, we present AICc, AICc differences 
(∆AICc), model Akaike weight (Wt), and selection probability. Predictors are shrubs (SC), forbs (FC), 
grasses (GC), wadi (WAD), distance to guardhouse or marabout (DPM), distance to fence (DFE), dirt 
road (DR), Predator (PRE), and water troughs (WT). 

Predictors AICc ∆AICc Wt 
           Summer 2020 

AICc best   GC      WT 30.83 0.00 0.13 
  FC GC      WT 32.51 1.68 0.06  
 SC  GC      WT 32.54 1.71 0.05  
   GC  DPM    WT 32.75 1.92 0.05  
Selection 
probability 

0.21 0.27 0.90  0.22    0.90    

                                          Summer 2021 
AICc best   GC  DPM   PRE WT 26.95 0.00 0.10 
   GC  DPM    WT 27.73 0.78 0.07 
   GC      WT 28.73 1.78 0.04 
   GC  DPM DFE  PRE WT 28.89 1.94 0.04 
 SC  GC  DPM   PRE WT 28.92 1.97 0.04 
Selection 
probability 

0.20  0.94  0.69 0.19  0.46 0.94    

                                                     Fall 2020 
AICc best  FC GC       28.85 0.00 0.12 
       FC GC   DFE    30.15 1.30 0.06 
  FC GC    DR   30.47 1.62 0.06 
Selection 
probability 

 0.88 0.86   0.30 0.22      

Fall 2021 
AICc best SC  GC  DPM     29.22 0.00 0.13 
 SC FC GC  DPM     30.04 0.82 0.09 
 SC  GC  DPM   PRE  31.10 1.88 0.05 
Selection 
probability 

0.97 0.40 0.95  0.82   0.25     

                                                Winter 2020-2021 
AICc best  FC GC WAD      41.13 0.00 0.09 
   GC WAD      41.61 0.48 0.07 
  FC GC WAD    PRE  42.30 1.17 0.05 
   GC WAD DPM     43.04 1.91 0.04 
Selection 
probability 

 0.51 0.84 0.87 0.17   0.22     

                                                                  Winter 2021-2022 
AICc best  FC GC WAD      36.95 0.00 0.15 
  FC GC WAD   DR   38.56 1.61 0.07 
 SC FC GC WAD      38.86 1.92 0.06 
  FC GC WAD     WT 38.89 1.94 0.06 
Selection 
probability 

0.22 0.83 0.79 0.81   0.24  0.19    

                                                                 Spring 2021 
AICc best  FC GC     PRE  27.38 0.00 0.07 
  FC GC       28.11 0.72 0.05 
  FC GC  DFE   PRE  28.83 1.44 0.04 
   GC     PRE  28.88 1.50 0.03 
 SC FC GC     PRE  29.19 1.81 0.03 
Selection 
probability 

0.22 0.75 0.94  0.28   0.61     

                                                                                                       Spring 2022 

AICc best  FC GC       36.47 0.00 0.14 

  FC GC     PRE  38.24 1.77 0.06 

Selection 
probability 

 0.7
8 

0.8
2 

    0.2
4 
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4. DISCUSSION 

The information-theoretic and multimodel 
inference indicated that, at the micro-level 
ecosystem scale, vegetation emerged as the most 
influential habitat factor affecting the occurrence 

of oryx in STNP during all seasons. Certainly, the 
abundance of vegetation, which serves as a 
significant indicator of food biodiversity and 
nutritional quality of diets, plays a crucial role in 
establishing sustainable food systems for 
herbivore species (Lachat et al., 2018). 

Table 2: The coefficients and standard errors (SE) calculated from MMI for the AICc ≥ 95% certainty 
average models for predicting oryx habitat suitability in STNP for different seasons. 

Predictors Intercept SC FC GC WAD DPM DFE DR PRE WT 

Summer 2020 

Estimate -2.61 -0.04 -0.47 1.80 -0.02 -0.13 0.04 -0.41 0.08 3.77 

SE 6.69 0.12 1.30 0.88 0.07 0.40 0.28 2.81 0.36 1.31 

Summer 2021 

Estimate -9.85 0.05 0.79 3.04 0.01 -1.63 0.17 -2.20 1.40 5.03 

SE 10.87 0.18 2.30 1.54 0.07 1.86 0.68 5.71 2.25 2.31 

Fall 2020 

Estimate -13.28 0.04 4.40 3.67 0.00 0.04 0.19 1.36 -0.10 0.05 

SE 9.69 0.15 1.80 2.04 0.04 0.38 0.45 4.24 0.55 0.55 

Fall 2021 

Estimate -77.35 1.22 0.76 4.34 0.02 1.48 0.04 -0.15 -0.32 0.04 

SE 32.80 0.52 1.43 2.10 0.07 1.12 0.30 2.93 0.91 0.64 

Winter 2020/2021 

 -5.51 0.00 0.56 2.51 0.78 -0.11 -0.02 0.52 -0.31 0.09 

 4.55 0.07 0.65 1.39 0.37 0.35 0.21 2.55 0.69 0.51 

Winter 2021/2022 

Estimate -11.40 0.06 3.85 2.45 0.31 -0.09 0.01 1.71 -0.01 0.26 

SE 10.69 0.17 1.70 1.50 0.19 0.36 0.24 4.47 0.36 0.76 

Spring 2021 

Estimate -18.06 0.07 1.35 3.04 -0.01 0.02 -0.26 2.56 1.79 -0.07 

SE 14.90 0.20 1.09 1.62 0.06 0.55 0.61 6.58 1.87 0.72 

Spring 2022 

Estimate -9.97 0.02 2.49 4.37 0.00 -0.01 -0.07 0.97 0.16 0.05 

SE 7.06 0.11 1.44 1.81 0.03 0.25 0.30 3.39 0.41 0.49 

 
Table 3: Model goodness of fit, showing pseudo-R² (McFadden) and area under the ROC 
curve (AUC) for the best habitat suitability models for oryx for different seasons in the STNP. 

Season R² AUC 
Summer 2020 0.62 0.96 
Summer 2021 0.80 0.99 
Fall 2020 0.64 0.96 
Fall 2021 0.70 0.97 
Winter 2020/2021 0.46 0.91 
Winter 2021/2022 0.55 0.93 
Spring 2021 0.77 0.98 
Spring 2022 0.53 0.94 
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Additionally, food high in quality and quantity is 
a primary determinant for resource partitioning 
among ungulates in savannah and arid 
environments (Cromsigt & Olff, 2006; Henley et 
al., 2007). 
Our research confirmed earlier findings that 
oryx are primarily grazers and prefer a diet of 
grasses (Gillet 1965, 1966a, 1966b; Newby, 
1974a, 1975b, 1988; Dragesco-Joffé, 1993; 
Robinson & Weckerly, 2010; Wache, 1988; 
Wakefield, 1996a; Spalton, 1999). Oryx can also 
adopt a flexible strategy in its search for food. 
Across all seasons, grasses in STNP were the best 
indicator of oryx presence. Forbs had a 
comparatively lesser effect but still played a 
significant role in their spatial occupancy over 
five seasons. Additionally, shrubs had an 
explanatory effect on spatial occupancy during 
one specific season. The dietary importance of 
grasses could stem from their chemical 
composition and nutritional value, as indicated 
by their mineral concentrations, crude protein, 
metabolizable energy, and digestible fiber 
contents (Buxton & Redfearn, 1997; Terré et al., 
2013; Gamoun, 2014; Louhaichi et al., 2021). 
Moreover, grasses have low stomatal 
conductance and efficient CO₂ uptake, which 
contributes to their water utilization capabilities. 
Their capacity to extract water from the soil 
(Jaballah et al., 2008) coupled with their tall 
stature facilitates the capture of dew and fog, 
which increases their appeal as a food source in 
arid lands, particularly during the dry season 
(Gillet, 1965, 1966a, 1966b; Newby, 1974a, 
1975b, 1988; Dragesco-Joffé, 1993; Gilbert, 
2008; Robinson & Weckerly, 2010). Oryx can 
survive long periods without drinking and rely 
on meeting their water needs from available 
vegetation (Gillet, 1965, 1966a, 1966b; Newby, 
1974a, 1975b; Wacher, 1988). Severe droughts 
change the nutritional value of plants and 
restrict the growth of annual species, leading to 
food scarcity (Schut et al., 2009; Tarhouni et al., 
2017). Forbs, of secondary importance to 
grasses for oryx, were ranked higher than 
grasses in two seasons that were preceded by 
heavy rainfall (fall 2020: ca. 27 mm in 
September–October 2020 and spring 2022: 25 
mm in October–November 2021). Beside their 
nutritional value (high protein content), 
selection of forbs by oryx can be attributed to 
increases in their abundance and species 
diversity, especially since they have the fastest 
growth rates among plant growth forms globally 
(Codron et al., 2007; Bråthen et al., 2021). In arid 
regions, the quality of food, characterized by 

crude protein and water content, reaches its 
peak immediately following rainfall (Rutherford, 
1980; Le Houérou, 1995; Spalton, 1999). In 
response to rainfall, oryx swiftly migrate to areas 
where recent rain has fallen, allowing them 
access to high-quality forage from emerging 
annual plants and young green shoots (Gillet, 
1965, 1966a, 1966b; Newby, 1974a, 1975b, 
1988; Dragesco-Joffé, 1993). 
The occurrence of oryx on a micro-level 
ecosystem scale was influenced by several other 
factors, including wadis, predation, and some 
man-made structures, particularly troughs of 
water and distance from guardhouse posts and 
marabouts. However, their effect was either 
limited to a short duration (one or two seasons) 
or ranked lower compared to other factors. 
Wadis were important predictors of oryx 
occurrence, specifically during two consecutive 
winters, likely owing to wadis being a source of 
food and shelter as well as a potential protective 
barrier against cold winter winds. The positive 
relationship we observed between predators 
(African golden wolves, Canis anthus) and oryx 
indicates that they do not actively avoid 
predators. African golden wolves, a 
mesocarnivore whose weight generally varies 
from 7–14 kg, are expected to specialize on small 
prey (Estes 2012), while large carnivores (> 20 
kg) should prefer large prey that equal or exceed 
their own mass (Carbone et al., 2007a). Future 
investigations of oryx vigilance behaviour in 
relation to predators should indicate whether 
the predator-size relationship affects ungulate 
distribution at STNP. Among man-made 
structures, water availability from artificial 
troughs emerged as the exclusive influential 
factor determining oryx presence during two 
consecutive summers. Despite possessing the 
ability to thrive in arid environments, including 
physiological adaptations to endure extended 
periods without drinking (Gillet 1965, 1966a, 
1966b; Dolan, 1966; Newby, 1974a, 1975b; 
Kingdon et al., 2013), oryx made occasional 
visits to watering points, especially during the 
summer. Under severe heat and drought 
conditions (i.e., temperatures ≥ 40°C), their 
endurance in the absence of water is limited 
(Ghobrial, 1974). Moreover, the provision of 
water might not be the exclusive factor 
contributing to their shift towards water 
sources. The installation of umbrellas near water 
points provided shade, which can be important 
for oryx (Dragesco-Joffé, 1993). Similarly, 
distance from guardhouse posts and marabouts 
had a significantly positive effect on oryx 
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presence solely during the fall season, likely due 
to the large influx of pilgrims (ca. 2000 visitors) 
in October (Souissi, 2008). Additionally, other 
man-made structures (i.e., dirt road and fences) 
did not have a discernible effect on the 
distribution of oryx in STNP, although dirt road 
are generally recognized as influencing ungulate 
space use, with some species avoiding roads 
while others are attracted to roads when water 
runoff results in greener vegetation along the 
roadside (Trombulak & Frissell, 2000; Fahrig & 
Rytwinski, 2009; Leblond et al., 2013; Muposhi 
et al., 2016; Fuda et al., 2018; Mkonyi et al., 
2018; Cavada et al., 2019; Tsalyuk et al., 2019). 
Ungulates that avoid roads can reduce their 
likelihood of collisions with vehicles (Jones et al., 
2022). However, at STNP, oryx distributions 
might not be affected by roads because vehicle 
use in the park is limited (pers. obs.). Likewise, 
ungulates might avoid fences due to human 
encroachment along fencelines, which can alter 
their survival, movement, and behaviour (Rich et 
al., 2016; Sheidler et al., 2015), as well as 
increase their risk of injury (Visscher et al., 
2016). Ungulates that do use areas near fences 
(e.g., bushbuck) are avoiding areas of unsuitable 
vegetation rather than showing a preference for 
the fence line (Reece et al., 2023).  

5. CONCLUSIONS 

In the confined space of STNP, the spatial 
distribution of oryx was primarily affected by 
the presence of grasses throughout the year, but 
during the summer, the presence of water 
exerted an additional strong influence. We 
demonstrate that the micro-level ecosystem 
scale can be a valuable indicator of the local 
distribution of oryx and elucidate the conditions 
under which oryx distribution in other parks 
could be reliably predicted. The factors we 
determined to be important to reintroduced 
oryx seasonally can be used to help develop 
effective management plans for arid region 
ecosystem conservation and the effects of 
reintroduced species on local flora and fauna. 

ACKNOWLEDGEMENTS 

We thank the Ministry of Agriculture, Water 
Resources, and Fisheries (Tunisia) and the 
Forestry Directorate and Circle Forestry in 
Medenine for granting permission to access 
STNP. We would like to thank the Arid Regions 
Institute in Medenine (IRA) and the Laboratory 
of Livestock and Wildlife in IRA for providing all 
the scientific and logistical means necessary for 
the success of this study. 

REFERENCES 

Armstrong, DP., Reynolds, MH (2012). Modelling 
reintroduced populations: the state of the art 
and future directions. Reintroduction biology: 
integrating science and management 165–222. 

Barnes, BV., Zak, DR., Denton, SR., Spurr, SH 
(1998). Forest Ecology, 4th ed. John Wiley  Sons, 
Hoboken, New Jersey, USA. 

Beck, BB., Rapaport, LG., Price, MS., Wilson, AC 
(1994). Reintroduction of captive–born 
animals. Creative conservation: interactive 
management of wild and captive animals 265–
286. 

Ben, VC., Kulkarni, DK., Bhagat, RB ( 2013). 
Habitat conservation of Chinkara Gazelle 
gazelle in protected areas of Maharashtra and 
Gujarat. Bioscience Discovery 4, 139–142. 

Berger-Tal, O., Blumstein, D.T., Swaisgood, RR 
(2020). Conservation translocations: a review 
of common difficulties and promising 
directions. Animal Conservation 23, 121–131. 

Beudels, RC., Devillers, P., Lafontaine, RM., 
Devillers–Terschuren, J., Beudels, MO (2005). 
Sahelo–Saharan antelopes: status and 
perspectives. Report on the conservation status 
of the six Sahelo–Saharan Antelopes. CMS SSA 
concerted action. (2nd ed). CMS Technical Series 
Publication, 11. 

Bråthen, K.A., Pugnaire. FI., Bardgett, RD (2021). 
The paradox of forbs in grasslands and the 
legacy of the mammoth steppe. Frontiers in 
Ecology and the Environment 19, 584–592. 

Burnham, KP., Anderson, DR (2002). Model 
Selection and Inference: a practical 
Information–Theoretic Approach. Springer, 
New York. 

Buxton, DR., Redfearn, DD (1997). Plant 
limitations to fiber digestion and 
utilization. Journal of Nutrition 127, 814S–
818S. 

Carbone, C., Rowcliffe, JM., Cowlishaw, G., Isaac, 
NJ (2007). The scaling of abundance in 
consumers and their resources: implications 
for the energy equivalence rule. American 
Naturalist 17, 479–484. 

Cavada, N., Worsøe Havmøller, R., Scharff, N., 
Rovero, F (2019). A landscape–scale 
assessment of tropical mammals reveals the 
effects of habitat and anthropogenic 
disturbance on community occupancy. PloS 
ONE 14, e0215682. 

Codron, D., Codron, J., Lee-Thorp, JA., 
Sponheimer, M., De Ruiter, D., Sealy, J., Grant, 
R., Fourie, N (2007). Diets of savanna ungulates 
from stable carbon isotope composition of 
faeces. Journal of Zoology 273, 21–29. 



Journal of Oasis Agriculture and Sustainable Development  
www.joasdjournal.org 

DOI: https://doi.org/10.56027/JOASD.162024| June 2024    10 

RESEARCH ARTICLE 

Cromsigt, JP., Olff, H (2006). Resource 
partitioning among savanna grazers mediated 
by local heterogeneity: an experimental 
approach. Ecology 87, 1532–1541. 

Daget, P., Poissonet, J (1971). Une méthode 
d’analyse phytologique des prairies. Critères 
d’application. Annales Agronomiques 22, 5–41. 

Dixon, AM., Mace, GM., Newby, JE., Olney, PJS 
(1991). Planning for the re–introduction of 
scimitar–horned oryx (Oryx dammah) and 
addax (Addax nasomaculatus) into Niger. 
In Symposia of the Zoological Society of 
London 62, pp. 201-216. 

Dolan, JM (1966). Notes on the scimitar-horned 
oryx Oryx dammah Cretzschmar, 
1826. International Zoo Yearbook 6, 219–229. 

Dragesco–Joffé, A (1993). La vie sauvage au 
Sahara. Delachaux et Niestlé, Lausanne. Revue 
d'Ecologie La Terre et la Vie 48, 441–442. 

Ehlers Smith, YC., Ehlers Smith, DA., Ramesh, T., 
Downs, CT (2020). Co-occurrence modelling 
highlights conservation implications for two 
competing spiral-horned antelope. Austral 
Ecology 45, 305–318. 

Elith, J., Leathwick, JR (2009). Species 
distribution models: ecological explanation and 
prediction across space and time. Annual 
review of ecology, evolution, and systematics 40, 
677–697. 

Estes, RD (2012). The behavior guide to African 
mammals: including hoofed mammals, 
carnivores, primates. Univ of California Press.  

Ewen, JG, Soorae, PS., Canessa, S (2014). 
Reintroduction objectives, decisions and 
outcomes: global perspectives from the 
herpetofauna. Animal Conservation 17, 74–81. 

Fahrig, L., Rytwinski, T (2009). Effects of roads 
on animal abundance: an empirical review and 
synthesis. Ecology and Society 14. 

Fielding, AH., Bell, JF (1997). A review of 
methods for the assessment of prediction 
errors in conservation presence/absence 
models. Environmental Conservation 24, 38–49. 

Forsyth, DM., Woodford, L., Moloney, PD., 
Hampton, JO., Woolnough, AP., Tucker, M 
(2014). How Does a Carnivore Guild Utilise a 
Substantial but Unpredictable Anthropogenic 
Food Source? Scavenging on Hunter–Shot 
Ungulate Carcasses by Wild Dogs/Dingoes, Red 
Foxes and Feral Cats in South–Eastern 
Australia Revealed by Camera Traps. PLoS One 
9, e97937.  

Fructueux, GAH., Danie, C., Cédric, V., 
Bonaventure, S., Stephan, N., Adeline, F., Davy, 
F., Simon, L, Quentin, E., Fabrice, Y., François, S., 
Liliana, V., Idriss, A., Clément, H., Sebastien, LB., 

Jean–Louis, D (2020). Daily Activity Patterns 
and Co–Occurrence of Duikers Revealed by an 
Intensive Camera Trap Survey across Central 
African Rainforests. Animals 10, 1–17. 

Fuda, RK., Ryan ,SJ., Cohen, JB., Hartter, J., Frair, 
JL (2018). Assessing the impacts of oil 
exploration and restoration on mammals in 
Murchison Falls Conservation Area, 
Uganda. African Journal of Ecology 56, 804–817. 

Gamoun, M (2014). Grazing intensity effects on 
the vegetation in desert rangelands of Southern 
Tunisia. Journal of Arid Land 6, 324–333. 

Geiger, R (1954). Klassifikation der klimate nach 
W. Köppen. Landolt–Börnstein–Zahlenwerte 
und Funktionen aus Physik, Chemie, Astronomie, 
Geophysik und Technik 3, 603–607. 

Ghobrial, LI (1974). Water relation and 
requirement of the Dorcas gazelle in the Sudan. 
Mammalia 38, 88–107. 

Gilbert, T., Woodfine, T (2008). The 
reintroduction of scimitar–horned oryx Oryx 
dammah to Dghoumes National Park, 
Tunisia. Winchester: Marwell Preservation 
Trust. 

Gillet, H (1965). L’Oryx algazelle et l’Addax au 
Tchad. Revue d'Ecologie, Terre et Vie 257–272. 

Gillet, H (1966a). The scimitar oryx and the 
addax in the Tchad Republic Part I. African Wild 
Life 20, 103–115. 

Gillet, H (1966b). The Scimitar Oryx and the 
Addax in the Tchad Republic Part II. African 
Wild Life 20, 191–196. 

Glover, TA., Vaughn, S (2010). The promise of 
response to intervention: Evaluating current 
science and practice. Guilford Press. 

Godefroid, S., Piazza, C., Rossi, G., Buord, S., 
Stevens, AD., Aguraiuja, R., Cowell, C., Weekley, 
CW., Vogg, G., Iriondo, JM., Johnson, I., Dixon, 
B., Gordon, D., Magnanon, S., Valentin, 
B., Bjureke, K., Koopman, R., Vicens, 
M., Virevaire, M., Vanderborght, T (2011). How 
successful are plant species 
reintroductions? Biological Conservation 144, 
672–682. 

Griffith, B., Scott, JM., Carpenter, JW., Reed, C 
(1989). Translocation as a species conservation 
tool: status and strategy. Science 245, 477–480. 

Guisan, A., Zimmermann, NE (2000). Predictive 
habitat distribution models in 
ecology. Ecological modelling 135, 147–186. 

Harris, G., Thirgood, S., Hopcraft, JGC., Cromsigt, 
JP., Berger, J (2009). Global decline in 
aggregated migrations of large terrestrial 
mammals. Endangered Species Research 7, 55–
76.  



Journal of Oasis Agriculture and Sustainable Development  
www.joasdjournal.org 

DOI: https://doi.org/10.56027/JOASD.162024| June 2024    11 

RESEARCH ARTICLE 

Henley, SR., Ward, D., Schmidt, I (2007). Habitat 
selection by two desert–adapted 
ungulates. Journal of Arid Environments 70, 39–
48. 

Hilton–Taylor, C (2000). 2000 IUCN Red List of 
Threatened Species. IUCN, Gland, Switzerland 
and Cambridge, UK. 

IUCN (2013). Guidelines for reintroductions and 
other conservation translocations. Gland, 
Switzerland: IUCN Species Survival 
Commission. 

Jaballah, S., Gribaa, A., Volaire, F., Ferchichi, A 
(2008). Ecophysiological responses of 
perennial grasses Stipa lagascae and Dactylis 
glomerata under soil water deficit. Options 
Méditerranéennes Serie A 79, 303–307. 

Jones, PF., Jakes, AF., Vegter, SE., Verhage, MS 
(2022). Is it the road or the fence? Influence of 
linear anthropogenic features on the 
movement and distribution of a partially 
migratory ungulate. Movement Ecology 10, 1–
13. 

Kacem, SBH., Müller, HP., Wiesner, H 
(1994). Gestion de la faune sauvage et des parcs 
nationaux en Tunisie: reintroduction, gestion et 
amenagement. Deutsche Gesellschaft für 
Technische Zusammenarbeit. 

Kingdon, JS., Hoffmann, M., Hoyt, R (2013). 
Smutsia gigantea giant ground pangolin. The 
mammals of Africa 5, 396–399. 

Kotler, BP., Brown, JS. (1988). Environmental 
heterogeneity and the coexistence of desert 
rodents. Annual Review of Ecology and 
Systematics 19, 281–307. 

Krishna, YC., Krishnaswamy, J., Kumar, NS 
(2008). Habitat factors affecting site occupancy 
and relative abundance of four-horned 
antelope. Journal of Zoology 276, 63–70. 

Kumar, D., Velankar, AD., Rao, NVR., Kumara, 
HN., Mishra, PS., Bhattacharya, P., Raj, VM 
(2020). Ecological determinants of occupancy 
and abundance of chinkara Gazella bennettii in 
Yadahalli Wildlife Sanctuary, Karnataka, 
India. Current Science 118, 264–270. 

Lachat, C., Raneri, JE., Smith, KW., Kolsteren, P., 
Van Damme, P., Verzelen, K., Penafiel, D., 
Vanhove, W., Kennedy, G., Hunter, D., 
Odhiambo, FO., Ntandou–Bouzitou, G., De 
Baets, B., Ratnasekera, D., Ky, HT., Remans, R., 
Termote, C (2018).  Dietary species richness as 
a measure of food biodiversity and nutritional 
quality of diets. Proceedings of the National 
Academy of Sciences 115, 127–132. 

Lavauden, L (1926b). Les gazelles du Sahara 
central. Bull. Soc. Hist. Nat. Afrique du Nord 17, 
11–27. 

Leblond, M., Dussault, C., Ouellet, JP (2013). 
Avoidance of roads by large herbivores and its 
relation to disturbance intensity. Journal of 
Zoology 289, 32–40. 

Lobo, JM., Jiménez-Valverde, A., Real, R (2008). 
AUC: a misleading measure of the performance 
of predictive distribution models. Global 
Ecology and Biogeography 17, 145–151. 

Louhaichi, M., Gamoun, M., Hassan, S., Abdallah, 
MA (2021). Characterizing biomass yield and 
nutritional value of selected indigenous range 
species from arid Tunisia. Plants 10, 2031. 

Lovari, S., Ferretti, F., Corazza, M., Minder, I., 
Troiani, N., Ferrari, C., Saddi, A (2014). 
Unexpected consequences of reintroductions: 
competition between reintroduced red deer 
and A pennine chamois. Animal 
Conservation 17, 359–370. 

Malbrant, R (1952). Faune du centre Africain 
Français Mammifères et oiseaux. Encyclopédie 
Biologique. 2nd ed. Paris, 59–61. 

Mertes, K., Stabach, J.A., Songer, M., Wacher, T., 
Newby, J., Chuven, J., Dhaheri ,SA., Leimgruber, 
P., Monfort, S (2019). Management background 
and release conditions structure post–release 
movements in reintroduced 
ungulates. Frontiers in Ecology and Evolution, 7, 
470. 

Miller, B., Ralls, K., Reading, RP., Scott, JM., Estes, 
J (1999). Biological and technical 
considerations of carnivore translocation: a 
review. Animal Conservation forum 2, 59–68. 

Mkonyi, FJ., Estes, AB., Lichtenfeld, LL., Durant, 
SM (2018). Large carnivore distribution in 
relationship to environmental and 
anthropogenic factors in a multiple-use 
landscape of Northern Tanzania. African 
Journal of Ecology 56, 972–983. 

Molcanova, R (2006). Update on Scimitar–
horned oryx re–introduction in Sidi–Toui 
National Park, Tunisia. In Proceedings of the 7th 
Annual SSIG meeting pp. 85–92. 

Morris, DW (1987). Ecological scale and habitat 
use. Ecology 68, 362–369. 

Morrow, C., Molcanova, R., Wacher, T (2013). 
Oryx dammah Scimitar–horned oryx scimitar 
oryx. Mammals of Africa; Bloomsbury: London, 
UK; New Dehli, India; New York, NY, USA 6, 586–
592. 

Mungall, EC., Sheffield, WJ (1994). Exotics on the 
range: The Texas Example. Journal of 
Mammalogy 77, 288–291. 

Muposhi, VK., Gandiwa, E., Chemura, A., Bartels, 
P., Makuza, SM., Madiri, TH (2016). Habitat 
heterogeneity variably influences habitat 
selection by wild herbivores in a semi–arid 



Journal of Oasis Agriculture and Sustainable Development  
www.joasdjournal.org 

DOI: https://doi.org/10.56027/JOASD.162024| June 2024    12 

RESEARCH ARTICLE 

tropical savanna ecosystem. PLoS ONE 11, 
e0163084. 

Newby, JE (1974a). The ecological resources of 
the Ouadi Rimé–Ouadi Achim faunal 
reserve. Arada, UNDP/FA Wildlife Conservation 
and Management Project CHD/69/004. 

Newby, JE (1975a). The Addax and Scimitar–
horned Oryx in Chad and Niger. 
IUCN/WWF/UNEP report. Gland, IUCN.  

Newby, JE (1975b). The ecological resources of 
the Ouadi Rimē–Ouadi Achim faunal reserve. 
FAO Rome. Unpublished report 69–104. 

Newby, JE (1978). Scimitar–horned Oryx–the 
End of the Line? Oryx 14, 219–221. 

Newby, JE (1980). Can addax and oryx be saved 
in the Sahel? Oryx 15, 262–266. 

Newby, JE (1988). Aridland wildlife in decline: 
the case of the scimitar–horned 
oryx. Conservation and biology of desert 
antelopes 146, 166. 

Osborne, PE., Seddon, PJ (2012). Selecting 
suitable habitats for reintroductions: variation, 
change and the role of species distribution 
modelling. Reintroduction biology: integrating 
science and management, 73–104. 

Phillips, SJ., Anderson, RP., Schapire, RE (2006). 
Maximum entropy modeling of species 
geographic distributions. Ecological 
modelling 190, 231–259. 

Popp, JN., Toman, T., Mallory, FF., Hamr, J (2014). 
A century of elk restoration in eastern North 
America. Restoration Ecology 22, 723–730.  

Reece, SJ., Tambling, CJ., Leslie, AJ., Radloff, FGT 
(2023). Patterns and predictors of ungulate 
space use across an isolated Miombo woodland 
reserve. Journal of Zoology 320, 143–159. 

Rich, .N., Miller, DA., Robinson, HS., McNutt, JW., 
Kelly, MJ (2016). Using camera trapping and 
hierarchical occupancy modelling to evaluate 
the spatial ecology of an African mammal 
community. Journal of Applied Ecology 53, 
1225–1235. 

Robinson, SE., Weckerly, FW (2010). Grouping 
patterns and selection of forage by the 
scimitar–horned oryx Oryx dammah in the 
Llano Uplift region of Texas. The Southwestern 
Naturalist 55, 510–516. 

Rutherford, MC (1980). Annual plant 
production–precipitation relations in arid and 
semi–arid regions. South African Journal of 
Science 76, 53–57. 

Schut, AGT, Gherardi, SG, Wood, DA (2009). 
Empirical models to quantify the nutritive 
characteristics of annual pastures in south–
west Western Australia. Crop and Pasture 
Science 61, 32–43. 

Shannon, G., Druce, DJ., Page, BR., Eckhardt, HC., 
Grant, R., Slotow, R (2008). The utilization of 
large savanna trees by elephant in southern 
Kruger National Park. Journal of tropical 
ecology 24, 281–289. 

Souissi, M (2008). Le tourisme dans les parcs 
nationaux en Tunisie. Potentialités et 
contraintes. Téoros. Revue de recherche en 
tourisme 27, 79–84. 

Spalton, JA (1999). The food supply of Arabian 
oryx Oryx leucoryx in the desert of 
Oman. Journal of Zoology 248, 433–441. 

Stoinski, TS., Beck, BB., Bloomsmith, MA., Maple, 
TL (2003). A behavioral comparison of 
captive–born, reintroduced golden lion 
tamarins and their wild–born 
offspring. Behaviour 140, 137–160. 

Swets, JA (1988). Measuring the accuracy of 
diagnostic systems. Science 240: 1285–1293. 

Tarhouni, M., Ben Hmida, W., Neffati, M (2017). 
Long-term changes in plant life forms as a 
consequence of grazing exclusion under arid 
climatic conditions. Land Degradation  
Development 28, 1199–1211. 

Terré, M., Pedrals, E., Dalmau, A., Bach, A (2013). 
What do preweaned and weaned calves need in 
the diet: A high fiber content or a forage 
source?. Journal of Dairy Science 96, 5217–
5225. 

Traba, J., Casals, P., Broto, F., Camprodon, J., 
Giralt, D., Guixé, D., Mechergui, R., Rios, A., 
Sales, S., Taull, M., Youssef, A., Solano, D., Bota, 
G (2016). Coexistence and habitat partitioning 
at micro–and macro–scales of rodent species in 
a North African desert Bou–Hedma National 
Park, Tunisia. Journal of Arid Environments 131, 
46–58. 

Trombulak, SC., Frissell, CA (2000). Review of 
ecological effects of roads on terrestrial and 
aquatic communities. Conservation Biology 14, 
18–30. 

Tsalyuk, M., Kilian, W., Reineking, B., Getz, WM 
(2019). Temporal variation in resource 
selection of African elephants follows 
long-term variability in resource 
availability. Ecological Monographs 89, e01348. 

Visscher, DR., MacLeod, I., Janzen, M., Visser, K., 
Lekas, A (2016). The impact of wildlife friendly 
fences on ungulate crossing behaviour at the 
Wainwright Dunes Ecological Reserve. The 
King’s University. Edmonton, AB. 

Wacher, T (1988). Social organisation and 
ranging behaviour in the 
Hippotraginae. Conservation and biology of 
desert antelopes 102, 113. 



Journal of Oasis Agriculture and Sustainable Development  
www.joasdjournal.org 

DOI: https://doi.org/10.56027/JOASD.162024| June 2024    13 

RESEARCH ARTICLE 

Wakefield, S (1992). Scimitar horned oryx Oryx 
dammah EEP Annual Report 1991. EEP 
Yearbook 1991/92 K. Brouwer, S. Smits  L. de 
Boer, eds.. EAZA/EEP Executive Office, 
Amsterdam. 170–171. 

Whittingham, MJ., Stephens, PA., Bradbury, RB., 
Freckleton, RP (2006). Why do we still use 
stepwise modelling in ecology and 
behaviour? Journal of Animal Ecology 75, 1182–
1189. 

Wiley, EO., McNyset, KM., Peterson, AT., Robins, 
CR., Stewart, AM (2003). Niche modeling 
perspective on geographic range predictions in 
the marine environment using a machine–
learning algorithm. Oceanogr 16, 120–127. 

Wisz, MS., Guisan, A (2009). Do pseudo–absence 
selection strategies influence species 
distribution models and their predictions? An 
information–theoretic approach based on 
simulated data. BMC Ecology 9, 1–13. 

 

 


