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ABSTRACT 

 

In the border populations of southeastern and western Spain, intensive studies 

have been carried out looking at the demographic, ecological and genetic 

parameters of the Mediterranean spur-thighed tortoise, including long-term 

studies (>40 years). Nevertheless, in the core range, characterized by an optimal 

habitat, the number of such studies is limited, and none are long-term. 

Consequently, knowledge of the species is largely based on the detailed study of 

border populations, which could be under substantial selective pressure to adapt 

to local conditions and therefore might differ from core populations.  

In this context, the study of the tortoise populations in Maamora forest (northern 

Morocco), located in the optimal habitat at the core of the distribution range, 

allows the examination of possible demographic differences as regards size and 

population structure, fecundity and juvenile survival, and their comparison with 

border populations. 

On the one hand we studied the ecological drivers –reproductive success 

(comprising fecundity and recruitment), predation and diseases– which are 

relevant to forecasting future adaptations of the tortoise population dynamics to 

changes in climatic conditions (chapter 1). On the other, we analysed the socio-

ecological aspects of the practice of collecting tortoises for pets, one of the main 

threats to the species across its distribution range (chapter 2). 

Reproductive success is considered one of the principal drivers that determine the 

life history of the species and the evolutionary changes it may undergo. Both the 

body condition and the survival of hatchlings can be modulated by maternal size 

and/or age, as well as vary interannually due to climatic conditions (chapter 1a). 

Indeed, in our study, despite recruitment success being higher in the longer/older 

females (higher number and survival of hatchlings), it fell in years with low rainfall. 

The other two synergistic drivers that modulate population dynamics are 
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predation and diseases, which, if there has been long-term interaction and 

coevolution between tortoises and the species involved, might mean a lower trade 

off for tortoises. Specifically, we studied common raven predation on hatchlings 

and juveniles, which has been previously documented in other tortoise species, 

although there is no evidence of coevolution of these two species (chapter 1b). Our 

results showed that common raven predation on young tortoises (<75 mm carapace 

length; CL) in low cover vegetation areas was high, and thus might modify 

juvenile population structure. In addition, we studied tick parasitisation (chapter 

1c), and observed high levels of tick infestation, especially on adults and males. 

The latter showed poorer body condition, which could have reproductive 

consequences through influencing pairing behaviour in the breeding season. 

Finally, collection of tortoises for pets might be considered to have an additive 

effect with respect to fecundity, predation and disease, which might play an 

important role in modifying demographic population parameters. Our results 

showed that in protected areas, where there is no such collection and habitat was 

not degraded, the tortoise populations were characterized by high and dense 

populations where individuals had better body condition and the population 

structure was more balanced (chapter 2a). Once the ecological consequences of 

collection for the pet trade had been evaluated, we studied the human dimension 

(local perception and knowledge of the species) and quantified the number of 

tortoises in captivity (chapter 2b). Our results showed that most of the residents 

(urban and rural) in the surroundings of Maamora forest had tortoises as pets and 

had got them from wild populations in the forest. Most of the residents did not 

consider the species to be wild, and their biological and ecological knowledge of 

the species was limited.  

The results of this thesis highlight the need to implement long-term studies, which 

should include both individual demographic factors (sex, body condition, growth 

rate, fecundity) as well as those at the population level (size, age structure, sex ratio, 

predation, disease). This should be across the distribution range due to the 
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population differences expected as distance from optimum habitat at the core 

increases, and especially within the context of climate change scenarios when more 

frequent droughts are expected. In addition, from a socio-ecological perspective 

the collection of tortoises for pets should be included in conservation strategies, as 

well as ascertaining the magnitude of local non-commercial collection for pets. As 

such, knowledge of the number of captive tortoises, the ecological effects of pet 

collection on wild populations, and changing the social perception of this species 

locally is crucial for the success of the conservation of the species. 
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Populations within core and at borders of the distribution range 

 

        Of particular relevance in ecology are questions concerning whether 

populations in the core of the distribution range differ from those at the borders 

and, if so, what ecological traits respond to this difference. Ecological theory 

recognizes that, for most species, optimal environmental conditions occur in only 

one or a small number of areas close to the core of their range, and that 

environmental suitability declines towards the borders of the range (Lawton, 1993; 

Brown et al., 1995). Environmental conditions at the borders of species ranges, 

therefore, tend to be stressful, or at the very least different from those experienced 

by populations within the core (Lesica and Allendorf, 1995). As a consequence, 

populations at the border should have lower fitness and more variable growth 

rates, lower densities, and lower genetic diversity (Hengebeld and Haeck, 1982; 

Brown, 1984), thus being more vulnerable to extinction (Hardie and Hutchings, 

2010). Meanwhile populations located within the core should be exposed to more 

favourable environmental conditions, thereby achieving better body condition, 

survival and breeding success (Caughley, 1988; Hoffman and Blows, 1994) and be, 

in general, less vulnerable (Yackulic et al., 2011). By way of illustration, border 

populations of Eastern cottonmouth Agkistrodon piscivorus, a venomous snake, was 

found to have higher mortality of juveniles (<600 mm) during colder winters than 

core populations (Blem and Blem, 1995), while border populations of 

Psammodromus algirus, a medium-sized lacertid lizard exhibited a differentiated 

reproductive strategy, in terms of clutch size and egg size gradient, to those within 

the core of its range, with eggs being smaller, the first clutches larger and second 

clutches less frequent, resulting in shorter length juveniles (Díaz et al., 2007).  

       In general, environmental conditions within the core are less spatially diverse 

and less stable over time than at the borders, the latter being characterized by 

relatively depressed niche diversity (Scudder, 1989). As a result, a range of density-
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independent factors related to the predominance of density-dependence at the core 

modulate border populations dynamics (Scudder, 1989; but see Gaston, 2003). 

Reduced density-dependent interactions and higher environmental stochasticity in 

border populations may increase variance in juvenile survival, favouring life-

history traits that distribute the probability of reproductive failure across the 

timescales of environmental variability (Boyce, 1988).  

       A preponderance of empirical evidence across diverse taxa reveals low 

absolute peripheral population abundance and density which is, however, very 

temporally variable (Beddington et al., 1976; Brown, 1984; Lesica and Allendorf, 

1995; Vecutich and Waite, 2003). For example, the abundance and body condition 

of blackcaps Sylvia atricapilla, a small passerine, decreases in Mesic Mediterranean 

border areas at the transition from humid to dry environments (Tellería and 

Carbonell, 1999). Despite this bird species reaching its range boundary in the 

southern Iberian Peninsula, at the southernmost point sedentary blackcaps are 

morphologically distinct (Tellería et al., 2001), achieving higher abundance and 

better body condition than expected on the basis of precipitation data (Tellería and 

Santos, 1993), reflecting a peculiar local adaptation.  

In border populations, the fact they are at the limits of the species’ ability to 

acclimatize physiologically to different selection pressures will result in reduced 

genetic variation (Hoffman and Parsons, 1991). In this sense, a central-marginal 

decrease in genetic variability caused by stochastic factors has been documented in 

most vertebrates (in Salmo trutta, Bouza et al., 1999; in Lacerta agilis, Gullberg et al., 

1999; Carduelis chloris, Merila et al., 1996), as well as decrease caused by 

deterministic factors (Passer domesticus, Vaisanen and Lehvalaiho, 1984). In fact, in 

addition to the reduced genetic diversity in peripheral populations of coastal giant 

salamander Dicamptodon tenebrosus, genetic structure was found to be explained by 

different factors in border and core populations (environmental conditions and 

climatic seasonal conditions, respectively)  (Dudaniec et al., 2012). In another 
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example, border populations of the lizard Podarcis sicula, which expanded its range 

along the Adriatic coast and Croatia, overlapped in terms of niche with P. 

melisellensis, resulting in asymmetric aggressive interactions between hatchlings 

that reduced the growth rate of populations of the latter (Downes and Bawens, 

2002).  

Finally, there is theoretical and empirical evidence for systematic changes in 

demographic parameters towards range limits under some ecological and 

environmental circumstances (Gaston, 2009). One of the most common limitations 

on range as regard demographic factors is poor reproduction levels, and there is 

considerable evidence that at the periphery of a species’ range, reproduction seem 

reduced and may even cease completely (Gaston, 2009). The variation in life-

history traits among taxa reveals, in some cases, phylogenetic conservatism, while 

in others convergence and parallelism is seen (Flemming and Blackburn, 2003). In 

the case of reptiles, most life-history traits are the consequence of ectothermy, with 

spatial variation in such traits being generated through phenotypic plasticity or 

adaptation to local circumstances (Shine, 2005). Consequently differences in life-

history features, including reproductive energy allocation (as regards offspring 

number and size) and timing (in terms of age and size at maturity) are to be 

expected between core and border populations, conditioned by differences in food 

resources, parasites, competitor or predator abundance/occurrence, or the 

availability of appropriate thermal or hydric conditions.  

From a conservation perspective, the protection of core populations is more 

necessary than that of border populations, especially if the species is exposed to 

threats in the central part of its range. In addition, under a metapopulation 

structure, border populations can be viewed as demographic sinks with respect to 

the source core population. This has relevance for conservation purposes, as they 

may act as sources of recruits for the stable central populations (Hardie and 
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Hutchings, 2010) or provide an important evolutionary legacy for the species, thus 

fulfilling Allendorf’s et al. (1997) criteria. 

 

Taxonomic status of Mediterranean spur-thighed tortoise 

 

       Despite its taxonomic status being somewhat confused in 2002 (IUCN, 2004), 

when seven species were recognized (van der Kuyl et al., 2002, 2005), Fritz et al. 

(2009) and Graciá et al. (2017) subsequently agreed five subspecies of the wide-

ranging tortoise in North Africa: Testudo graeca: T. g. marokkensis, T. g soussensis, T. g. 

graeca, T. g. cyrenaica and T. g. nabeulensis. The higher number of subspecies 

documented in 2002-2005, was, however, the result of limited data and the 

description of the species in imprecise or unknown localities (van der Kuyl et al., 

2002, 2005), although the situation was discussed and clarified in Harris et al. 

(2003), Perala (2004) and Fritz et al. (2007). Since the early 2000s, the subspecies T. g. 

whitei and T. g. graeca, and the subspecies T. g. lamberti and T. g. marokkensis have 

been not differentiated, with the former two subspecies being subsumed within T. 

g. graeca and the latter two within T. g. marokkensis (Fritz et al., 2009; Anadón et al., 

2015; Graciá et al., 2017).  

      The approximate geographic distribution of the mitochondrial lineages of the 

now accepted five subspecies seems to follow an allo- or parapatric distribution 

from east Libya to west Morocco and they are clustered into five main areas (see 

figure 1; Graciá et al., 2017). In areas between contiguous subspecies low contact 

has been observed between T. g. graeca and T. g. marokkensis populations, T. g. 

graeca and T. g. nabeulensis populations and no contact at all between T. g. cyrenaica 

populations and those of the other subspecies (Fritz et al., 2009; Anadón et al., 

2015; Graciá et al., 2017).  
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Figure 1. (a) Approximate distribution of the subspecies of the Mediterranean 
spur-thighed tortoise. (b) Sampling design for genotyping using microsatellites. 
Source: Graciá et al. (2017). 

 

      Specifically in Morocco, T. g. marokensis has been documented from Tangier to 

Casablanca, T. g. graeca in the Rift valley and T. g. soussensis in the Souss valley. 

However, in north-western Morocco (Larache), van der Kuyl et al. (2005) 

documented, on the basis of molecular samples, populations accredited as T. g. 

whitei, which according to Fritz et al. (2009) correspond to T. g. graeca, which opens 

the possibility of this subspecies also being present in the T. g. marokkensis 

distribution. If so, might this contact be human-mediated, as has been documented 

for the Doñana population in Spain (Graciá et al., 2017), or might it be the result of 

a higher sympatric distribution than was previously expected in this area? Further 

research is needed for a better understanding of the gene flow patterns across 

boundaries in accordance with the large number of assumptions on which 

phylogenetic models rely. An increase in numbers of localities and samples studied, 

especially in the case of T. g. marokkensis, whose phylogenetic data needs further 

clarification (Anadón et al., 2015), will offer valuable data to study the mechanisms 

involved in the evolution of Mediterranean spur-thighed tortoise. 

       According to these findings, and despite this taxon being a complex mixture of 

several subspecies, hereafter in this study only the species T. graeca will be taken 

into consideration for population comparisons in terms of ecological and 

demographic parameters across the geographic distribution range. 
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Status, geographic range distribution and environmental preferences of 

Mediterranean spur-thighed tortoise 

 

        Considered historically very common, all experts agree that populations of the 

species have declined markedly in almost all areas since 1970 (Lambert, 1995), 

despite trends in its population not having been accurately quantified. As a result, 

T. graeca has been classified as vulnerable across its entire range in the IUCN Red 

List of threatened species (van Dijk et al., 2004) and since 1975 has been included in 

Annex II of the Convention on International Trade in Endangered Species (CITES).  

        Native to North Africa, the range of T. graeca currently covers northern and 

central Morocco, northern Algeria, Tunisia and Libya, with small and isolated 

European populations in southern Spain, and several Mediterranean islands 

(Mallorca, Sardinia and Sicily) (figure 1a; see also Anadón et al., 2012). More 

specifically, this species is present in coastal areas of these four African countries, 

in mountain areas of Morocco (Riff, Anti-Atlas, Middle and High Atlas), in mid-

Atlantic plains and plateaus of Morocco and Algeria, and in the Sahara Desert.  

        According to the climatic niche model developed by Anadón et al. (2012), 

habitat quality for the species is particularly high in the northernmost part of 

Morocco, in southern Morocco along the Atlantic coast from Agadir to Essaouira, 

including the low elevation foothills of the High Atlas, and at low elevation and 

close to coastal areas in Tunisia. The Tell Atlas region of Algeria and the Saharan 

Atlas constitute a medium habitat quality, while the narrow coastal strip from 

Tunisia to Libya and the Algerian-Moroccan high plateau are both considered to be 

low quality habitats. Core range populations can thus be considered to be those 

associated with high quality habitat areas, and border populations, those at some 

distance from the core as well as the isolated European edge populations. 

        The Mediterranean spur-thighed tortoise inhabits sand dunes, forests, 

heathlands, meadows and pastures, at elevations ranging from sea level to 2,090 m 
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a.s.l. (Lambert, 1983; Bons and Geniez, 1996; Anadón et al., 2012). Its distribution 

range is characterized by a very wide range of environmental conditions, from arid 

(116 mm annual rainfall) to very humid Mediterranean areas (1,092 mm annual 

rainfall). The potential distribution area according to climatic conditions covers 

1,000,000 km2, of which, 600,000 km2 are classified as optimal (Anadón et al., 2012). 

The distribution of the species in North Africa is mainly related to rainfall, and is 

particularly favoured by the low rainfall values in the wettest and coldest quarter 

of the year (60 to 180 mm annual rainfall; Anadón et al., 2012). Extreme minimum 

temperatures in the coldest month (i.e. below zero) impose a strong physiological 

limit, but such conditions are found only in a few areas of the Moroccan High Atlas 

Mountains (Lambert, 1983; Anadón et al., 2007).  

        Despite optimal environmental conditions occurring close to core areas, in 

border areas habitat quality is lower (e.g. Lawton, 1993; Brown et al., 1995). 

However, lithology and relief in border populations are also considered to be 

important factors shaping the distribution of the species (Anadón et al., 2006). Its 

preference in southern Spain for mid-mountain areas and siliceous materials and 

its strong rejection of flat reliefs and loamy and quaternary materials, (Anadón et 

al., 2006), may reflect local adaptations to the different environmental conditions in 

border populations (e.g. Lesica and Allendorf, 1995).  

 

Knowledge base of Mediterranean spur-thighed tortoise  

 

        In border populations of southeastern and western Spain, intensive studies 

have investigated demographic parameters of this species (Andreu, 1987; Díaz-

Paniagua et al., 1996, 1997, 2006; Keller et al., 1997, 1998; Roques et al., 2003), its 

ecology (Díaz-Paniagua et al., 1995; Pérez et al., 2002; Anadón et al., 2006a, 2006b, 

2007, 2012; Baez et al., 2012; Rodríguez-Caro et al., 2013, 2015, 2016, 2017), genetic 

fluctuations (Graciá et al., 2011, 2013, 2017; Anadón et al., 2015), long-term 
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demographic changes (Díaz-Paniagua et al., 2001, 2002), threats (Pérez et al., 2004, 

2012; Salinas et al., 2011; Sanz-Aguilar et al., 2011) and disease spread risk  

(Chabarri et al., 2012; Giacopello et al., 2012). Nevertheless, in the core range and 

medium- and suboptimal areas only a few studies have been carried out, none of 

which are long-term. There is limited knowledge, therefore, regarding the ecology 

and demographic variations of this species in northern Morocco (Chergui et al., 

2019) and northeastern Algeria (Rouag et al., 2007, 2008, 2017), while in Tunisia, 

the species remains unstudied.  

        In west central Morocco, studies on population structure have already been 

conducted, mainly in Central Jbilets and the Souss Valley, and, more recently, in 

Essaouira (El Mouden et al., 2002; Slimani et al., 2002; Znari et al., 2005; Carretero 

et al., 2005), and have addressed general ecology (Lambert, 1981,1983; Lagarde et 

al., 2012), food habits (El Mouden et al., 2006), the impact of collection for the pet 

trade (Bayley and Highfield, 1996; Ben Kaddour et al., 2006), and habitat loss 

(Bayley and Highfield, 1996; Slimani et al., 2002). However, data, albeit limited, is 

also available on breeding cycle and clutch characteristics for a specific Souss 

Valley population (Bayley and Highfield, 1996) and for semi-captive populations 

in Central Jbilets (Hichami et al., 2016). Meanwhile, the ecology and survival 

success of both hatchling and juvenile Mediterranean spur-thighed tortoise remain 

unstudied across the entire range of its distribution, with the exception of south-

western Spain (Keller et al., 1997, 1998; Díaz-Paniagua et al., 2001).  

        For these reasons, our understanding of Mediterranean spur-thighed tortoise 

is largely based on the detailed study of European isolated populations (Andreu et 

al., 2000; Díaz-Paniagua et al., 2001; Anadón et al., 2006, 2007). However, the 

representativeness of these studies for the whole species range should be 

questioned, since populations at range borders are under substantial selective 

pressure to adapt to local conditions and therefore their dynamics may well differ 

from those of core populations (e.g. Kunin et al., 2009). 
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Reproduction, clutches and young tortoises  

        Mediterranean spur-thighed tortoise is characterized by a relatively long 

reproductive life span, delayed maturity, as well as low hatchling success and 

juvenile survivorship (Ben Kaddour et al., 2006; Díaz-Paniagua et al., 2001; Znari et 

al., 2005). The species mainly depends on high adult survival rates and slow 

maturing adults, producing rates of population increase that are among the lowest 

observed in vertebrates (Wilbur and Morin, 1988).   

        Age at maturity differs between males and females, as well as between core 

and border populations. Whereas in border populations (southern Spain) female 

age at maturity ranges from 6 to 14 years (Díaz-Paniagua et al., 2001), it varies 

between 8 and 10 years in core populations along the Moroccan coast and in mid-

mountain and northeastern areas of Algeria (Znari et al., 2005, Rouag et al., 2007), 

with females generally being considered reproductive until at least 35 years of age 

(Díaz-Paniagua et al., 2001). In contrast, male age at maturity varies between 

geographical distributions though it also presents high population variability, e.g. 

maturity occurs between the ages of 5 and 9 in southern Spain, and ranges from 6 

to 8 and 9 to 12 in Morocco and Algeria, respectively (Díaz-Paniagua et al., 2001; 

Znari et al., 2005; Rouag et al., 2007).  

        Studies in southern Spain have shown that females seem to have a moderate 

reproduction investment, on a yearly basis, maximizing their long-term 

reproductive potential and the probability of producing offspring during 

favourable years for hatchling survival (Andreu, 1987; Díaz-Paniagua et al., 2001; 

Ballestar et al., 2004; Anadón et al., 2006). Clutch size ranges between 1 and 7, with 

4 clutches of 4 eggs on average (range 5-7 eggs per clutch) per season (Díaz-

Paniagua et al., 1996, 2001). Maternal fecundity might be affected by environmental 

or physiological factors, e.g., rainfall and female body size are negatively related to 

clutch size (e.g. Leuteritz and Ravolanaivo, 2005; Turner et al., 1986; Henen, 1997; 

Loehr et al., 2011). Indeed, body size seems to be the main determinant of 
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reproductive constraint of young females in southern Spain (Díaz-Paniagua et al., 

2001), while this was not observed to be the case in the Souss valley, although that 

study had sample size limitations (N=12) and did not include environmental 

influence (Hichami et al., 2016). Despite the lack of data on reproduction in core 

populations of Mediterranean spur-thighed tortoise, it is reasonable to assume 

them to have greater reproductive output compared to border populations (e.g. 

Carey et al., 1995) as a result of the less stressful conditions affecting the evolution 

of life history traits and leading to lower trade-offs (e.g. Hoffman and Parsons, 

1977).  

        The hatchling stage has been considered the most critical stage in tortoise life 

history, as reflected by the low incorporation in the first year (e.g. Wilbur and 

Morin, 1988). In southern Spain populations, hatchling and juvenile (< 6 years old 

or <100 mm carapace length) survival rate varies between 7% (in Doñana, Díaz-

Paniagua et al., 2001) and 20% (in Murcia, Sanz-Aguilar et al., 2011). This low 

survival is mainly related to climate factors such as high rainfall, as revealed by the 

causes of seasonal differences in hatchling mortality found by Keller et al. (1998). 

Indeed, in this study survival was higher in autumn and winter and associated 

with benign temperature conditions (i.e. above zero) and low rainfall, whereas in 

spring mortality increased, and was associated with higher mobility. Predation and 

abiotic factors such as fire are considered secondary causes of hatchling and 

juvenile mortality in southern Spain (Keller et al., 1997; Sanz-Aguilar et al., 2011; 

Rodríguez-Caro et al., 2019). Predation caused only 13% mortality (Keller et al., 

1997) despite this species being considered potential prey for mammal species such 

as wild boar Sus scrofa, red fox Vulpes vulpes and common genet Genetta genetta 

(Rau, 1987; Palomares and Delibes, 1991). In Morocco diurnal raptors, such as 

shrike Lanius excubitor, might also have a potential impact (Barje et al., 2005). 

Further studies across the species’ entire distribution are, however, necessary to 

determine the variability in and relationship between maternal size/age, clutch size 
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and the number and fitness of hatchlings, and the effects of predation, mainly on 

hatchlings, in terms of its potential role in modulating species population 

dynamics.  

 

Population density and structure 

        Demographic parameters such as population density and size/age structure 

(since size increases with age; Díaz-Paniagua et al., 2001; Rodríguez-Caro et al., 

2015) have been determined with capture-mark-recapture models (Southwood, 

1966), both in populations from the core and the borders of the tortoise’s 

distribution range (Díaz-Paniagua et al., 2001; Ben Kaddour et al., 2006; Rouag et 

al., 2007). Population density in protected areas appears to vary across the 

distribution range from 4 indiv ha-1 in Doñana (Spain), to 4-11 indiv ha-1 in 

northern Algeria, 6-7 indiv ha-1 in southern Morocco and 12 indiv ha-1 in Murcia 

(Spain) (see table 1). The differences in density found between populations may be 

related to biogeographic conditions.  

 

Table 1. Population densities (indiv ha-1), climatic data (annual rainfall, in mm) and 
relief (elevation m.a.s.l), area occupied (ha) and geographic locations of the studies 
reporting population density of Mediterranean spur-thighed tortoise. 
 
Density Location Country Rainfall Reference 

6/7 Central Jbilets Morocco 240 Slimani, 2002; Ben Kaddour et al., 2006 
3.7/4.4  El Kala Algeria 630 Rouag et al., 2007; Tiar et al., 2016 

5.8 Aflou Algeria 326 Tiar et al., 2016 
11.2 Djelfa Algeria 338 Tiar et al., 2016 
4.2 Doñana Spain 560 Andreu et al., 2000 

12/17 Murcia Spain 295 Ballestar et al., 2004; Anadón et al., 2007 
 

        Population structure, given that annual ring growth is associated with age 

(Díaz-Paniagua et al., 2001; but see Rodríguez-Caro et al., 2015), was characterized 

by the absence of very old tortoises (>225 mm CL; Znari et al., 2005; Ben Kaddour 

et al., 2006) in southern Morocco (Souss Valley, Jbillets and Essaouira), with the 

exception of populations from Jbilets where tortoises older than 18 years accounted 
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for 2%. In contrast, tortoises aged between 20 and 30 years represented 8% of the 

population in southern Spain and northeastern Algeria (Díaz-Paniagua et al., 2001; 

Rouag et al., 2007). Few cases of very old tortoises have been recorded across the 

tortoise distribution range, but cases have been reported in both Morocco (1 

individual of 226 mm CL in Admine forest, 1 of 255 mm CL in Tagourat; Znari et 

al., 2006) and southern Spain (a dead tortoise aged 43 years, Andreu et al., 2000). 

Adult mortality rates in Morocco seem, however, to be similar to those in 

populations in southern Spain, ranging from 1 to 9% (Murcia and Doñana; 

Ballestar et al., 2004; Díaz-Paniagua et al., 2001) and to Algerian populations (3.9%, 

Rouag et al., 2007). The low recruitment in Algeria is in line with the lower number 

of juveniles (<7 years) recorded in Moroccan localities, representing only 14, 20 and 

23% of the population in Souss Valley, Jbilets and Essaouira, respectively, in 

contrast to individuals <5 years and between 6-10 years representing, respectively, 

7% and 58 % of the population in southern Spain (Díaz-Paniagua, 2001; Znari et al., 

2005). Nevertheless, it will be necessary to extend our limited knowledge of the 

populations from core areas where higher population size (e.g. Brown et al., 1995) 

and recruitment and a more balanced population structure might be expected. 

 

Health status 

        Terrestrial tortoises have been shown to be a regular host for ectoparasites 

such as ticks, which might affect their body condition and play an important role 

in the transfer of viruses, bacteria and protozoa (Gemel and Hoerweg, 2011) and 

they also constitute an important reservoir of bacterial species such as Salmonella 

(Hidalgo-Vila et al., 2007, 2008). Hyaloma genera of ticks, mainly represented by Hy. 

aegyptium, has been detected in the Mediterranean spur-thighed tortoise 

populations of Morocco, Algeria and Tunisia (Schleich et al., 1996; Siroky et al., 

2009; Brianti et al., 2010; Harris et al., 2013; Gharbi et al., 2015; Tiar et al., 2016). Tick 

prevalence varied from 27% in central Morocco (Souss valley, Siroky et al., 2009), 
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to 63.2 % in Tunisia (Gharbi et al., 2015), and 85-100% in three Algerian 

populations (Park El Kar, Tiar et al., 2016). The infestation intensity was lower in 

Tunisia (4.3) than in Morocco (6.7) and Algerian populations (4.6-9.4). Host-tick 

relationships might be modulated by individual factors, e.g. sex and age, as well as 

population factors such as density, and landscape factors (Alzaga et al., 2019). In 

this sense, more suitable habitat areas such as central Morocco, which are 

associated with higher densities of tortoises than are border areas, might have 

higher tick parasitisation rates. 

        Regarding bacterial diseases, twenty different serotypes of Salmonella were 

found across the wide distribution range of the Mediterranean spur-thighed 

tortoise (Giacopello et al., 2012). Differences in prevalence and serotype were 

detected between border populations (6 serotypes, Hidalgo-Vila et al., 2007) and 

those within the core, for example in the central Morocco core population (15 

serotypes, Vincent et al., 1960; nine serotypes, Hidalgo-Vila et al., 2008; see also 

table 2).  

        Other pathogens, found mostly in captive tortoises, but which might play a 

role in modulating population dynamics if there is contact between wild and 

captive tortoise populations, are the helminths, the herpesvirus and mycoplasma. 

Three helminths, the ascarid species Angusticaecum holopterum and the oxyurid 

species Tachygonetria palearticus and T. seurati have been reported in Spain, the 

former causing carapace deformities and symptoms of upper respiratory tract 

disease in Mediterranean spur-thighed tortoise (Chávarri et al., 2012). In addition, 

Chelonid herpesvirus (Marschang, 1997; Muro et al., 1998) and Mycoplasma spp. 

(Lecis et al., 2011; Salinas et al., 2011) are known to cause respiratory diseases in 

other reptile species and captive Mediterranean spur-thighed tortoise, although 

their role in wild populations is currently unknown.  
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Table 2. Salmonella serotypes across the species’ distribution range in the central 
western Morocco population (core of the species distribution range), and in 
southern Spanish populations (border range of the species distribution). Adapted 
from Giacopello et al. (2012), and Hidalgo-Vila et al. (2007, 2008). 
 

 Range width Central western Morocco Southern Spain 
Salmonella enterica enterica 

Abony 
(1,4,5,12,27:b:e,n,x) Langford Abony (1,4,5,12,27:b:e,n,x) 

Abony 
(1,4,5,12,27:b:e,n,x) 

Potsdam 
(6,7,14:1,v:e,n,z15) Solna 

Potsdam 
(6,7,14:1,v:e,n,z15) 

Potsdam 
(6,7,14:1,v:e,n,z15) 

Richmond (6,7:y:1,2) West Africa Richmond (6,7:y:1,2) Newport 
Kottbus 4,12:b:- Kibusi (28:r:e,n,x)   
Sheffield Heron Pretoria (11:k:1,2)   
Halle Salford     
Ferruch 38:-:-     
  48:-:1,5     

Salmonella enterica salamae 
9,12:z29:1,5   9,12:z29:1,5 9,12:z29:1,5 
Canastel   42:b:e,n,x,z15 9,12:1,v:z39 
4,12:b:-   13,22:z29:1,5 9,12:1,v:z39 (NI) 
Uphill   17:g,t:z39   
9,12:z29:-       

Salmonella enterica diarizonae 
50:r.-       
 
 

Threats 

        The most serious threats to Mediterranean spur-thighed tortoise are, however, 

habitat loss (Bayley and Highfield, 1996), collection for pets, and the local and 

international tourism industry trade which use tortoise as domestic traditional 

medicine and as musical instruments (Highfield and Bayley, 1996; Znari et al., 

2005; Bergin and Nijman, 2014; Nijman and Bergin, 2016), climate change (e.g. 

Fernández-Chacón et al., 2011), fires (Sanz-Aguilar et al., 2011; Chergui et al., 2019), 

genetic introgression (especially in border populations; Muñoz Salinas et al., 2009) 

and diseases.  

        The most relevant of these threats to the Mediterranean spur-thighed tortoise 

are habitat loss due to human activities such as agriculture, overgrazing and 
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deforestation (Bayley and Highfield, 1996; Slimani et al., 2001; Anadón et al., 2007; 

Chergui et al., 2019) and collection for the pet trade (Lambert, 1979; Znari et al., 

2005; Brianti et al., 2010; Nijman and Bergim, 2017) and non-commercial collection 

(Pérez et al., 2004; Tiar et al., 2019). In Morocco in particular, the loss of habitats 

suitable for the Mediterranean spur-thighed tortoise has been progressive since 

1969 owing to the decline of both the argan tree and the cork oak in forests, mostly 

as a result of overgrazing (argan forest, El Yousfi, 1988; Le Poulain de Warot and 

Lambin, 2011; cork oak forest: Fennane and Rejdali, 2015; Lahssini et al., 2015). In 

addition, the cutting and clearing of land to develop it for agriculture has increased 

over time, thus reducing nesting sites and making the tortoises more visible to 

(anthropic and natural) predators and increasing their exposure to pollutants. Even 

the jujube bush has recently suffered from officially promoted removal 

programmes, which has reduced the microhabitats available for feeding resources 

along with thermal refuges for tortoises (Lagarde et al., 2012; Moulherat et al., 

2014). 

        On the other hand, Morocco has traditionally supplied the European tortoise 

pet trade, which peaked at 100,000 Mediterranean spur-thighed tortoises per year 

in the sixties (Lambert, 1969). Lambert (1995) observed a decline in their 

populations of 90% during the period 1900-1984 in some areas in north-western 

and central Morocco. More recently, in 2008, the illegal importation of 1,400 

tortoises from North Africa to Sicily was documented, most of which showed 

evidence of dehydration, mutilation and carapace fractures (Brianti et al., 2010). 

Nijman and Bergim (2017) recognized changes in both the numbers and the age, of 

the tortoises being traded in Morocco in 2013-2014 (2-8 years), when compared to 

2001 and 1970 (5-12 years) (see also Lambert, 1979; Znari et al., 2005), along with 

higher frequencies of domestic trade –i.e. exchanges taking place within the 

boundaries of the country– compared to exports (Lambert, 1979). As a consequence, 

pet collection appears to be affecting the size and structure of wild tortoise 
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populations in Morocco (Znari et al., 2005; Gracia et al., 2007). In addition to the 

traded tortoises, non-commercial collection of tortoises from wild populations has 

been documented as a possible major threat in southern Spain and Algeria (Pérez 

et al., 2004; Tiar et al., 2019), and it is reasonable to assume that this practice might 

also affect Morocco wild populations. 
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OBJECTIVES 
        The general goals of this PhD Thesis were the description of the demographic 

traits, including data related to hatchlings and juveniles, which are the lesser 

known life stages, and the effect of collection as pets in tortoise populations in 

Maamora forest (North Morocco), recognized as being part of the core distribution 

range. Different approaches were used to contribute to the protection of this 

vulnerable species through gaining a better understanding of its growth and life 

history traits and using this to suggest management/conservation measures. The 

specific objectives were: 

 

1. To study the drivers of the Mediterranean spur-thighed tortoise population 

dynamics (chapter 1). 

              a. Does maternal size/age influence hatchling number and fitness/survival 

(in the first year)? Testing the hypothesis “bigger is better”. 

 

              b. Risk of raven predation on hatchlings and juveniles (<100 mm carapace 

length; CL): relevance and associated factors. 

 

             c. Intensity and abundance of tick infestation: the effect of individual and 

population factors modulating tortoise parasite relationships. 

 

2. To characterize pet collection as the main threat to the species conservation in 

the core range (chapter 2). 

              a. Are there differences in demographic parameters as regards population 

size and structure between protected and unprotected areas? 

 

              b. Social perception of the tortoise as a pet in rural and urban environments 

and characterization of collection for pets: both non-commercial and for trade.
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CHAPTER 1: The drivers of population 
dynamics 

 

Chapter 1a. Not always bigger is better: low reproductive 

success in the first reproductions of a long-lived species 

 

Chapter 1b. Predation of young tortoises by ravens: the effect 

of habitat structure on tortoise detectability and abundance 

 

Chapter 1c. Tick parasitism in the Mediterranean spur-

thighed tortoise in the Maamora forest, Morocco 
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Chapter 1a: Not always bigger is better: low 

reproductive success in the first reproductions of a 

long-lived species 
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Abstract 

In long-lived species, variation in survivorship at the young-life stage and female 

reproductive success, both shape the evolution of the life histories and, therefore, 

evolutionary changes. Such species are particularly interesting for the investigation 

of the relationship between offspring size/fitness and the influence of maternal 

size/age. We tracked naturally emerging hatchlings of spur-thighed tortoise to test 

the effect on clutch size, body mass and size and survival from short/young and 

longer/old females. We used linear mixed-effect models to analyze effects on body 

mass and size, and a mark-release-recapture framework to model survival and 

resighting probability. Our study illustrates the important role that longer/old 

females of long-lived species might play in population dynamics as regards the 

higher numbers, greater survival and lower size of their offspring when compared 

with those of short/young females. The interannual variability, evidenced by the 

reduced number and survival of offspring in more severe weather years –i.e. with 

low rainfall regimes–, showed the change in reproduction investment in response 

to changes in environmental conditions. Our results highlight i) the role of 

maternal size/age in conservation strategies and ii) the need to forecast future 

responses of natural systems and long-lived species to changes in climatic 

conditions in order to implement mitigation strategies aimed at increasing or 

maintaining the resilience of such species. 
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Introduction 

        In long-lived species, variation in stage-specific survivorship –e.g. young life 

stages–, along with reproductive success, may shape the variability of life histories 

and, therefore, evolutionary changes (Stearns, 1977; Michod, 1979). Such species 

are characterised by delayed maturity, high adult survival and low and variable 

recruitment rates (Lindstedt and Calder, 1981; Iverson, 1992; Promislow, 1993; 

Epperson and Colleen, 2003). They are generally classified as “slow metabolic rate 

species”, particularly prone to being affected by climate change (Samaranayaka 

and Fletcher, 2010), despite their ability to buffer environmental stochasticity 

(Heppell, 1998). Consequently, their demographic parameters, in terms of their 

investment in reproduction despite maintaining high adult survival rates, might be 

altered in response to changes in environmental conditions (Congdom et al., 2003). 

This investment is dependent upon an orchestration of trade-offs that affect female 

fitness (linked to body condition) and comprises parental and offspring survival, 

as well as current and future reproductions (Fay et al., 2016; Hamel et al., 2009). 

Both theoretical and empirical studies have shown that offspring fitness is highly 

sensitive to changes in maternal size/age (Stearns, 1976; McGraw and Caswell, 

1996; Oli et al., 2002). The benefits of recruiting as early as possible increases the 

number of lifetime reproductive attempts, which also increases fitness by 

shortening generation time (McGraw and Caswell, 1996), but it must be balanced 

with the associated costs as regards reduced survival and accelerated senescence in 

old age (Clutton-Brock, 1984; Gustafsson and Pert, 1990; Stearns, 1992; Viallefont et 

al., 1995; Nussey et al., 2006; Kim et al., 2011). In addition, offspring lifespan 

decreases with increased parental age (known as the Lansing effect; Lansing, 1947; 

García-Palomares et al., 2009) although very little is in fact known about how 

parental life span influences offspring life span. Life history theory also assumes a 

trade-off between the number and size of offspring and the relationship between 

offspring size and survivorship, such that maternal fitness is optimized through an 
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investment strategy maximizing the number of offspring that survive to sexual 

maturity (Smith and Fretwell, 1974). However, in spite of its interest, very few 

experimental studies have provided sound results for the offspring size/fitness 

relationship in vertebrates (Rollinson and Hutchings, 2013; Fay et al., 2016) or of 

recruitment parameters (Congdom et al., 2003; Pike, 2006), mainly due to the low 

detectability of breeders or newborns and juveniles (Jenouvrier et al., 2008; Segura 

et al., 2020). Studying recruitment patterns and how they are affected by 

environmental conditions is thus essential to determine demographic traits, to 

model and predict local distributions and to identify causal factors affecting long-

term population dynamics (Perez-Heydrich et al., 2012). This is especially relevant 

within the anticipated scenario of increased environmental stochasticity as a result 

of climate change (Hansen et al., 2006; Alexander et al., 2006; IPCC, 2017).  

        Among long-lived species, chelonians are particularly interesting species in 

which to investigate the relationship between offspring size/fitness and the 

influence of maternal size/age. In tortoises and turtles, as in other ectothermic 

vertebrates, there is a strong intra-specific positive correlation between clutch size 

and maternal body size (Frankenberg and Werner, 1992). In Testudines, in 

particular, clutch enlargement can be achieved at the expense of offspring size and 

there is a negative correlation between clutch size and egg size (Hailey and 

Loumbourdis, 1988; Iverson et al., 1993; Hailey and Coulson, 1997; Charnov and 

Morgan Ernest, 2006; Warne and Charnow, 2008; Werner et al., 2015). Linked to 

this, younger females tend to produce fewer and larger eggs than older ones (e.g. 

Díaz-Paniagua et al., 2001). Unfortunately, there is a knowledge gap in terms of 

both offspring (hereafter hatchling “first year”) survival and fitness and the factors 

that affect their susceptibility to environmental conditions, largely because of the 

secretive nature of the hatchlings and the difficulties involved in their tracking 

with the current available methods (Dunham et al., 1988; but see Keller et al., 1998; 

Hazard et al., 2015).  
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        In this work we used the Mediterranean spur-thighed tortoise (T. graeca; 

Linnaeus, 1758) as a case study of a long-lived animal in order to investigate the 

relationship between maternal size/age (since size often increases with age; Díaz-

Paniagua et al., 2001; Rodríguez-Caro et al., 2015) and related traits in their 

hatchlings (number, growth and survival). We selected a population located in 

Maamora forest, an anthropogenic cork oak forest located in northern Morocco 

that is considered to be close to the optimum niche of the tortoise distribution 

(Anadón et al., 2012). This tortoise population has been recognised as one of the 

densest documented to date (Segura and Acevedo, 2019). We studied the influence 

of maternal size/age on the survival and phenology of hatchlings in their first year 

in a protected area, which is not susceptible to human influence. Our specific 

objectives were i) to describe the biometry and activity of the hatchlings after 

emergence from short/young and longer/old females (hereafter “young” and “old” 

respectively), ii) to analyse changes in body size and mass of hatchlings in their 

first eight months, and iii) to estimate the survival of hatchlings as a function of 

maternal size/age and between years variability, as mentioned above, in individual 

hatchling characteristics.  

 

Methodology 

 

Study site 

        The study was conducted in an area of low elevation (72-185 m a.s.l.) sandy 

soil in Maamora forest (northwest Morocco; 34º 02’ 54.19’’ N, 6º 27’ 19.24’’ W). The 

climate is Mediterranean, with hot and dry summers, and the annual range of 

average rainfall is from 300 to 500 mm. Maamora forest is dominated by cork oak 

trees, Quercus suber, with scattered endemic wild pear, Pyrus mamorensis, wild olive 

Olea europaea, green olive Phyllirea latifolia and mastic Pistacia lentiscus and a sparse 

understory of bush and shrub species such as Mediterranean broom Genista linifolia, 
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Cytisus arboreus, Stauracanthus genistoides, dwarf palm Chamaerops humilis, French 

lavender Lavandula stoechas, sage-leaved rockrose Cistus salviifolius, Halimium 

halimifolium and Thymelaea lythroides. 

The study itself took place on private land where spur-thighed tortoise have not 

been exploited for the pet trade (protected for >10 years) and where undergrowth 

is well represented compared to other, unprotected, sites in Maamora forest (for 

further details see Segura and Acevedo, 2019). 

 

Mediterranean spur-thighed hatchlings 

        The study was carried out over two eight-month periods (September-April, 

2017/18 and 2018/19) during which rainfall varied from 437 to 290 mm. In January 

of both 2017 and 2018, two similar areas of 625 m2 that were characterized by a 

diversity of autochthonous vegetation that included species of sage-leaved 

rockrose (actively selected by females for nesting) were fenced off in order to 

subsequently monitor hatchlings.  Those areas (hereafter “enclosures”, n=4) had 

been checked to ensure the absence of adult tortoises within them. In addition to 

the enclosures, an adjacent non-fenced area (hereafter “adjacent area”) located < 10 

m apart from the enclosures with similar characteristics of vegetation was 

monitored. In April of 2017 and 2018, 10 young (130-160 mm carapace length; CL) 

and 10 old females (180-200 mm CL; see table 1 appendix 1 for size/age details) per 

year were collected from the surrounding areas (12 ha) and released into each 

enclosure, where they were left to nest naturally. In June of each study year, each 

tortoise was returned to the location in the surroundings from which they had 

initially been taken in coinciding with the last nesting. The locations of tortoise 

nests in both enclosures and adjacent areas were monitored. 

        Hatchlings emerging from nests were marked with non-toxic paint (using 

individual codes) and tracked, wherever possible, from their emergence from the 

nest in September until they were found dead or until the end of the study, the 
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following spring. The frequency of monitoring was as follows: 14 days per month 

in September and October, 10 days per month in November and December and 4 

days per month from January to April. The reduced monitoring effort from 

January onwards corresponds to the greater frequency of colder and/or rainy days 

in the winter months and higher vegetation cover in spring, both of which lower 

tortoise activity. The capture-recapture framework, which allows for dealing with 

imperfect detection, was used to estimate animal survival rates (e.g., Lebreton et al., 

1992; Lebreton and Pradel, 2002; Giménez et al., 2007; Thomson et al., 2009; Sanz-

Aguilar et al., 2016). All hatchlings were both weighed (g; BM) and measured (mm; 

CL) monthly. Hatchling activity was taken to refer to the number of days within a 

month when any movement occurred between days of consecutive observations. 

Mortality was recorded on the day of occurrence, or the day after, and the cause of 

death was inferred and recorded whenever possible.  

 

Hatchling body mass and size analysis 

        The changes in body size and mass were tested using linear mixed-effect 

models. Body size and mass of each measured individual were the response 

variables, individual was used as random factor, and month (September to 

February), period (2017/18 and 2018/19) and enclosure (young/old females) as fixed 

factors. Stepwise procedures were used to model selection and were based on 

Akaike’s information criterion adjusted for small sample sizes (AICc, Burnham and 

Anderson, 2002). The relative support for each candidate model (ΔAICc< 2) was 

estimated using Akaike weights (ω). 

 

Modelling hatchling survival 

        We used a mark-release-recapture framework to model the survival and 

resighting probability–the probability of observing a marked tortoise– using the 

software program MARK (White and Burnham, 1999; Cooch and White, 2008). 
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Resightings were grouped in 7-day time intervals (including the maximum 

numbers from the last week of September to the second week of February; 

hereafter “time interval”) and the data was grouped fortnightly, the second and 

fourth week of the month. As such, demographic rates have a temporal resolution 

of two weeks.  

        The notation used for survival models follows Lebreton et al. (1992). For our 

initial model we used (φ(enclosure, period) ρ(enclosure, period, time interval)), including both survival 

(φ) and resighting probability (ρ). Two different survival models were developed: 

1) to determine maternal size/age differences (hatchlings from young and old 

female enclosures) in the period 2017/2018 which included enclosure and time 

interval as factors, and 2) to determine interannual differences (2017/ 2018 and 

2018/19 periods) which included period and time interval as factors. All models 

were parameterized using the logit-link function. Survival was considered to be 

constant for all individuals or to change as a function of enclosure/period and 

resighting probabilities were also considered to be either constant for all 

individuals or to change as a function of enclosure/period and/or time interval 

(with interaction and additive effect). Model selection was based on AICc and 

Akaike weights (Burnham and Anderson, 2002). Goodness of fit tests was used to 

assess the fit of the global models to the resighting histories, under the 

assumptions of the Cormark–Jolly–Seber model (Pradel et al., 2003). No significant 

deviation of these assumptions was found for the differences between enclosures 

in 2017/2018 (χ2 = 10.91, p = 0.99), nor between periods when limited to hatchlings 

from old females (χ2 = 10.10, p = 0.99). Given the structure of the models, in some 

cases not all parameters could be estimated and therefore those that were not 

included did not contribute to the model estimates (Cooch and White, 2002). 
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Results 

 

Description of hatchling biometry and activity from emergence 

        Thirty-eight successful clutches (considered as eggs which hatched 

successfully in living hatchlings) were distinguished in the two enclosures, 26 in 

2017 and 12 in 2018. The number of newborns from clutches from old females was 

higher than in clutches from younger females in both years studied (2.7 vs. 0.9 

hatchlings per old and young female, respectively). However, differences between 

years were observed, with 50% fewer newborns in 2018 than in 2017 (see table 1). 

 

Table 1. Successful clutch number per season (2017 and 2018) from young and old 
females and number of hatchlings per tortoise. Hatchling mean body size (mm) 
and body mass (g) with ranges (in square brackets). 
 
  2017                  2018  
  Young (n=14) Old (n=37) Young (n=3) Old (n=18) 
Clutch number 9 17 2 10 
No hatchlings/tortoise 1.4 3.7 0.3 1.8 
Hatchling  body size 38 [36 – 39] 34 [29 – 38]  37 [36 – 37] 36 [33 – 39] 
Hatchling  body mass 11.5 [11 – 13] 9.8 [8 – 13] 12.7 [12 – 13] 14.6 [12 – 17] 

 

        The first signs of hatchlings were observed in the second week of September in 

2017 and in the fourth week of September in 2018, and were irrespective of 

maternal size/age. Hatchlings were tracked for a total of 136 days (68 in each 

hatching season) and only 4 and 3 tortoises from old and young females, 

respectively, were active on a maximum of 10-13 days. Mean hatchling activity was 

5.4% from young females and 8.4% from older females in 2017/2018, and 11.6 and 

7.1%, respectively, in 2018/2019. The activity hardly reached 20% in hatchlings 

from young females (with the exception of January 2018, see figure 1) and reached 

30% from old females. The highest activity for all hatchlings was found in January 

and February. 
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Figure 1. Daily hatchling activity (percentage) from emergence in September until 
April in two eight-month study periods. In black, hatchling activity of young 
females and in grey that of old females. 

 

        Seventy-two hatchlings were tracked in the enclosures during the two-year 

study period: 51 in 2017/18 and 21 in 2018/19. None of the hatchlings from the 

young female enclosure were found dead, although in 2017/2018 two from old 

female enclosure died, one a couple of days after being born and the other in 

January presumably following injuries it had received to the nose. However, 10 

hatchlings were found dead (six in 2017 and four in 2018) in the adjacent area: five 

hatchlings had been predated by common ravens Corvus corax, three had been 

trampled, presumably by livestock, and two deaths occurred in winter after heavy 

rains. 

 

Hatchling body mass and size  

        Body mass and size at and just after emergence was higher in hatchlings from 

young females, and also higher in 2018/19 than in 2017/18 (see in table 2 appendix 

1 for further details). Measurements of these two parameters were restricted to 14 

and 36 hatchlings from young and old females, respectively, in 2017/18, and 3 and 

18, respectively. Significant differences in both body size and body mass were also 

found between enclosures and periods. The most parsimonious model showed that 
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hatchling body size was explained by the interaction of month and enclosure, and 

the additive effect of period (table 2).  

 

Table 2. Models of hatchling size (carapace length; CL in mm), using linear mixed-
effects that included the individual as random factor. The fixed factors comprised 
month, considered as a continuum variable, period and enclosure. Model selection 
was based on Akaike's Information Criterion corrected for small sampling size 
(AICc); ΔAICc is the difference between the current model and the one with the 
lowest AICc value; model weights (ω) and degrees of freedom (df) are shown. See 
table 1 in appendix 2 for statistical parameters. 

 

Model specification1 df AICc ΔAICc ω 
Month * Enclosure + Period 7 592.03 0.00 0.87 
Month * Enclosure 6 597.12 5.09 0.07 
Month * Enclosure * Period 10 597.29 5.26 0.06 
Month + Enclosure * Period 7 606.51 14.48 0.00 
Month + Enclosure + Period 6 610.61 18.58 0.00 
Month + Enclosure 5 615.08 23.06 0.00 
Month + Period 5 620.83 28.80 0.00 
Month 4 622.92 30.90 0.00 
Enclosure + Period 5 757.78 165.75 0.00 
Enclosure 4 761.03 169.00 0.00 
Period 4 766.97 174.95 0.00 
Null 3 768.37 176.34 0.00 
1 models represented with “+” include variables in an additive way, while those represented with 
“*”include the interaction.   

 

        Hatchlings from old females grew more than those from young tortoises 
throughout the study period and were bigger in 2018/19 than 2017/18. However, 
despite this, individuals of the two enclosures had reached similar sizes at the end 
of the study period (figure 2).  

        Similarly, the most parsimonious model showed that body mass was 
explained by the interaction between month, enclosure and period (table 1, 
appendix 2). During the first year of the study, hatchlings from old females were 
born with lower body mass when comparing with hatchlings from youngers, had a 
higher increase in the body mass. However, all individuals had reached similar 
mass by February (figure 3).  
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Figure 2. Relationship between body size (carapace length; CL in mm) and months 
for hatchlings from young females (in blue) and old females (in red) during the 
study period.  
 

Table 3. Models of hatchling mass (in g), using linear mixed-effects that included 
the individual as random factor. The fixed factors comprised month, considered as 
a continuum variable, period and enclosure. Model selection was based on 
Akaike's Information Criterion corrected for small sampling size (AICc); ΔAICc is 
the difference between the current model and the one with the lowest AICc value; 
model weights (ω) and degrees of freedom (df) are shown. See table 1 in appendix 
2 for statistical parameters. 

 

Model specification1 df AICc ΔAICc ω 
Month * Enclosure * Period 10 848.78 0.00 0.99 
Month + Enclosure * Period 7 857.81 9.03 0.01 
Month * Enclosure + Period 7 863.10 14.33 0.00 
Month + Period 5 864.00 15.22 0.00 
Month + Enclosure + Period 6 864.12 15.34 0.00 
Month 4 883.32 34.54 0.00 
Month * Enclosure 6 884.08 35.30 0.00 
Month + Enclosure 5 884.11 35.33 0.00 
Period 4 1111.56 262.78 0.00 
Enclosure + Period 5 1112.11 263.34 0.00 
Null 3 1123.00 274.22 0.00 
Enclosure 4 1123.70 274.92 0.00 
1 models represented with “+” include additive variables in an additive way, models represented 
with “*”include the interaction.   
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Figure 3. Relationship between hatchling body mass (in g) and months, of young 
females (in blue) and old females (in red) during the study period.  

 

Hatchling survival 

        The analysis of survival with respect to determining the impact of differences 

in maternal size/age was restricted to 45 hatchlings (14 from young females and 31 

from old females) of the 51 hatchlings marked in the period 2017/2018, which 

corresponded to the selected time intervals. The best-fit models incorporated both 

the enclosure in the survival, and time interval or both time interval, and the 

additive effect of enclosures in the resighting probabilities (table 4). According to 

Akaike weights, hatchling survival was 0.85 ± 0.05 and 0.96 ± 0.02 for those born 

from young and old females, respectively. Average hatchling resighting 

probabilities were 0.38, ranging from 0.00 ± 0.00 to 0.77 ± 0.11, for young female 

hatchlings, and 0.30, ranging from 0.00 ± 0.00 to 0.68 ± 0.11 for those from old 

females.  
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Table 4. Summary of hatchling survival models, including resighting probability 
(ρ) and survival probability (φ) and considering maternal size/age for the 
2017/2018 period. Enclosure and time interval were considered as fixed effect 
factors. Model selection was based on Akaike's Information Criterion corrected for 
small sampling size (AICc); ΔAICc is the difference between the current model and 
the one with the lowest AICc value; model weights (ω), number of parameters 
(nPars) and relative deviance (Dev.) are also shown. See table 2 in appendix 2 for 
statistical parameters. 

 

Model specification AICc ΔAICc ω nPars Dev. 
φ(e) ρ(e+t)  322.50 0 0.48 11 145.29 
φ(e) ρ(t)  323.20 0.70 0.33 10 148.48 
φ(.) ρ(t)  326.25 3.76 0.07 9 153.97 
φ(e) ρ(e*t) 326.39 3.89 0.07 16 135.91 
φ(.) ρ(e+t)  327.34 4.84 0.04 10 152.62 
φ(.) ρ(e*t) 331.10 8.60 0.00 15 143.39 
φ(e) ρ(.) 359.50 37.00 0.00 3 200.84 
φ(.) ρ(.) 363.50 41.00 0.00 2 206.95 
Model notation: ‘t’ = time interval, ‘e’ = enclosure (hatchlings from young and old females), ‘+’ = 

parallel variation (i.e. additive model), ‘.’ = interaction  

 

        Survival analysis to determine interannual differences was restricted to 

hatchlings from old females, specifically to 44 hatchlings (30 in 2017/2018 and 14 in 

2018/2019 period) of the 55 initially marked, which corresponded to the selected 

time intervals. Hatchlings from young females were not included in the analysis 

due to their low number in the 2018/2019 period (n=3). The best-fit model 

incorporated enclosure in the survival, and the interaction of the time interval with 

the period in the resighting probabilities (table 5). This model comprised 100% of 

Akaike weights, and hatchling survival was 0.94 ± 0.03 and 0.81 ± 0.06 in 2017/2018 

and 2018/2019, respectively. Average hatchling resighting probabilities were 0.32 in 

2017/18 and 0.36 in 2018/19.  
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Table 5. Summary of hatchling survival models, including resighting probability 
(ρ) and survival probability (φ) and taking into account interannual variability 
between the 2017/2018 and the 2018/19 periods. Model selection was based on 
Akaike's Information Criterion corrected for small sampling size (AICc); ΔAICc is 
the difference between the current model and the one with the lowest AICc value; 
model weights (ω), number of parameters (nPars) and relative deviance (Dev.) are 
also shown. See table 2 in appendix 2 for statistical parameters. 

 

Model specification AICc ΔAICc ω nPars Dev. 
φ(pe) ρ(pe *t)  236.80 0.00 1.00 14 112.30 
φ(pe) ρ(.)  252.57 15.77 0.00 3 155.86 
φ(pe) ρ(t)  252.77 15.96 0.00 11 136.69 
φ(.) ρ(pe) 253.06 16.26 0.00 3 156.35 
φ(pe) ρ(pe)  253.73 16.92 0.00 4 154.81 
φ(.) ρ(t) 253.89 17.08 0.00 10 140.46 
φ(.) ρ(.) 255.39 18.59 0.00 2 160.83 
φ(pe) ρ(pe +t) 255.48 18.68 0.00 12 136.67 
Model notation: ‘t’ = time interval, ‘pe’ = period (hatchlings from 2017/2018 and 2018/2019), ‘+’ = 

parallel variation (i.e. additive model), ‘.’ = interaction  

 

Discussion 

        Understanding the influence of maternal body size, offspring size-fitness and 

climatic conditions on recruitment success is important for managing more 

effectively those populations trough conservation strategies. Our study illustrates 

the important role that old females of long-lived species might play in population 

dynamics, i.e. the higher number and survival of their offspring from emergence to 

overwintering. The interannual differences, which might be linked to 

environmental conditions, increases even further the variability in recruitment 

success, with number and survival of offspring falling in more severe 

meteorological conditions (as in our second eight-month period of study, which 

was particularly dry). These findings provide directional hypothesis to implement 

mitigation strategies aimed at increasing or maintaining the resilience of this long-

lived threat species. 
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Maternal size/age and offspring fitness 

        The Mediterranean spur-thighed tortoises show delayed reproduction and 

low breeding success, which increases with age. According to our results, maternal 

size/age strongly influences recruitment in that larger/older females laid larger 

clutches of smaller newborns compared with young females (see also Díaz-

Paniagua et al., 2001). Moreover, with regard to hatchling fitness, initial body mass 

and size did not limit survivorship at the end of hatchlings’ first spring, 

contradicting the bigger is better hypothesis which states that initial higher mass 

and size would give an advantage to surviving hatchlings’ first winter (Paterson et 

al., 2014; but see Magrath, 1991; O´Donoghue, 1994; Janzen et al., 2007). Indeed, 

both the size and mass of newborns from older females was lower than those from 

young females, although after overwintering, these hatchlings had reached a 

similar size and mass as the originally bigger hatchlings from young females. It is 

possible that other mechanisms that favor small size in newborns at our site could 

be involved, such as some favorable survival-related performance attribute in 

young tortoises e.g. smaller ones are faster (Tucker, 2000) or that size might be 

inversely proportional to another morphometric trait related to survival (Paterson 

et al., 2014). In addition, bearing in mind that the study comprises only the first 

year of their life, there is a possibility that, in accordance with the Lansing effect, in 

future years the lifespan of hatchlings from old females might be shorter than those 

from young ones. Finally, the mechanisms related to offspring size-fitness drivers 

and the effect of parental age on offspring life span are unknown and merit further 

studies to disentangle the life-history traits of long-lived species because they have 

a great impact on both evolutionary and ecological processes, from the individual 

to the population level (McGraw and Caswell, 1996; Ferrer et al., 2004; Acker et al., 

2014). On the other hand, those mentioned mechanisms should be included in 

chelonian conservation strategies, through headstarting programs, habitat 

management or even pet collection and trade campaigns, which should focus on 
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the important role of maternal size/age. 

Influence of interannual variation on recruitment success  

        Variations between years, e.g. in environmental conditions and food 

availability, may strongly affect the recruitment process in long-lived species 

(Gaillard et al., 2000; McMahon et al., 2003). Indeed, as occurred in our study, 

differences in the relationship number/size of the hatchlings between years point to 

the impact of climatic variables, particularly rainfall, which might alter maternal 

investment (Leuteritz and Ravolanaivo, 2005; Turner et al., 1986; Henen, 1997; 

Loehr et al., 2011). Low rain in the months prior to nesting might reduce the 

number of gravid females as well as their fitness, thus restricting the number of 

newborns. In this same vein, in the period with lower rainfall (2018/2019), females 

produced fewer hatchlings with higher size and mass (50%) than in more rain 

favorable years. Hofmeyr et al. (2005) documented an increase in newborn size 

associated with the unpredictability of rainfall. Nevertheless, this higher 

investment in hatchling size and mass in order to reduce the physiological costs 

associated with worse environmental conditions (e.g. lower food resources) did not 

increase survival during the period of lower rain (Reigner et al., 2013). Bearing in 

mind that climatic conditions are likely to vary between years, and the fact that our 

study only comprised two years, this maternal investment trade-off might reduce 

associated costs, resulting in lower recruitment success (Loehr et al., 2011), under 

climate change scenarios where longer periods of droughts and heavy rains are 

expected (Sanchez et al., 2004). These climatic shifts are particularly important in 

arid and semiarid ecosystems such as the Mediterranean basin (Christensen et al., 

2007; Fenandez-Chacón et al., 2011) and therefore could well increase the threats to 

long-lived species e.g. poorer body condition, lower survival and recruitment rates 

(Gregory, 1982; Henen, 1997; Henen et al., 1998). Therefore, it is essential to 

forecast the future responses of natural systems to changes in climatic conditions –
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particularly rainfall regimes– in order to be able to implement mitigation strategies 

(Hannah et al., 2002; Coenen et al., 2008; Hagerman et al., 2010, Hansen et al., 2010). 

Increasing descriptive knowledge of tortoise hatchling biometry and activity 

        Monitoring studies considering the dispersal, activity patterns, and survival of 

neonates following emergence of chelonian hatchlings are limited to date (5 

studied species; Butler and Graham, 1995; Butler et al., 1995; Butler and Sowell, 

1996; Keller et al., 1998; Pike et al., 2006; Paterson et al., 2014). The low detectability 

of tortoise in the hatchling stage (e.g. 0.30-0.38 detection probability for T. graeca), 

even in intensive field studies, is clearly a handicap. Nevertheless, hatchling 

survival at natural abundance levels may reflect natural ecosystem patterns 

(Paterson et al., 2014), and is important information to have in order to estimate 

long-term population trends and causal factors that might limit tortoise 

populations (Morafka, 1994). 

        The activity pattern of hatchlings is related to a trade-off between foraging and 

thermoregulation (Bennett, 1982). In our study, the hatchlings were active, lying or 

feeding, in all seasons on sunny days, but the highest activity of all the hatchlings 

in both periods was in winter, when body reserves decrease and foraging resource 

availability increases. Keller et al. (1997) observed this pattern in both autumn and 

winter in the Mediterranean spur-thighed tortoise. Nevertheless, the studied 

hatchlings seem to be less active than their Spanish counterpart and more in line 

with G. polyphemus (20% activity; Butler et al., 1995; Pike et al., 2006). Hatchling size, 

mass and survival, and therefore fitness, is also related to foraging and to the 

quality of food resources (Avery et al., 1993). In our study, the hatchlings seem to 

have higher size and mass at the end of the spring season compared to their 

Spanish counterparts, which might be explained by the high volume and diversity 

of palatable herbs that characterize this Moroccan area. The survival of juvenile 

tortoises, particularly hatchlings, is influenced by their habitat because of variation 
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in food abundance, susceptibility to predators and the environmental conditions 

specific to different habitats. Overall survival from emergence to overwintering in 

this study was higher in hatchlings from old females (56% when extrapolating 

fortnight survival) than their counterparts in southern Spain (39%; Keller et al., 

1998). In our study, raven predation is a plausible threat for the hatchling 

population, as occurred in other populations of Maamora forest (Segura et al., 

2020) and in other Testudinidae populations, where it is known to cause high 

mortality (Epperson and Heise, 2003; Pike and Seigel, 2006). However, the effect of 

traffic and trampling by large ungulates found in our study, and as occurred in 

northern populations of T. graeca (Keller et al., 1998), are minor causes of mortality. 

Finally, it is possible that the differences observed in hatchling fitness might also be 

a consequence of the optimal environmental conditions associated with this niche 

of the tortoise distribution (Anadón et al., 2012), where higher recruitment rates 

might be expected in core areas than in population border ranges. Further studies 

are required to disentangle the differences in tortoise recruitment across the niche 

of tortoise distribution. 
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Appendix 1. 

Table 1. Female body size (mm, carapace length; CL), body mass (g) and age 
(number of rings, Díaz-Paniagua et al., 2001; Rodríguez-Caro et al., 2015).  
 

 
Young females Old females 

Year Age Size Mass Age Size Mass 

2017 

15 152 778 22 190 1371 
16 160 816 19 185 1227 
14 143 564 18 180 1104 
12 130 464 20 188 1120 
11 135 529 22 197 1154 
15 161 863 23 194 1343 
15 145 677 19 181 1074 
13 139 537 22 185 1043 
15 153 803 18 183 1224 
13 140 560 22 192 1390 

2018 

11 133 481 19 180 1061 
11 135 451 22 191 1350 
12 136 516 21 200 1380 
15 150 466 20 185 1107 
12 135 504 18 188 1220 
14 145 690 25 195 1453 
15 161 746 23 198 1483 
13 140 598 19 183 1097 
13 155 868 18 181 1050 
16 163 913 22 190 1261 
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Table 2. Monthly average values (+ SD) of body size (carapace length CL; mm) and 
body mass (BM; g) of Testudo graeca hatchlings in Maamora forest 

 

  
 

Young females 
 

Old females 
  

 
Body mass CL 

 
Body mass CL 

  n Mean Range Mean Range n Mean Range Mean Range 
2017/18           
Sept 8 11.6±1.4 10-14 37.4±1.2 36-38 13 9.5±2.2 7-13 33.6±3.0 29-39  
Oct 10 12±1.2 10-14 37.7±0.9 36-39 31 10.2±2.2 7-13 34.4±2.5 29-38 
Nov 1 12.00 

 
38.0   26 13.4±2.5 9-18 35.5±2.9 29-40 

Dec 5 15.8±1.9 13-18 37.4±0.5 37-38 23 15.0±2.5 9-19 36.1±3.0 29-41 
Jan 6 17.8±1.3 16-19 38±0.9 37-39 24 16.0±2.3 10-20 36.6±1.9 32-39 
Feb 3 16.7±1.5 15-18 38.3±1.5 37-40 7 18.8±3.4 15-23 38.5±2.0 37-42 
2018/19           
Sept           6 13.5±1.7 12-15 35.3±1.9 33-37 
Oct 3 12.7±0.6 12-13  36.7±0.6 36-37 15 14.9±1.9 13-17 36.6±2.0 33-39 
Nov 2 14.5±0.7 14-15 36.5±0.7 36-37 10 16.5±2.8 14-20 37.4±1.9 35-40 
Dec 2 16.0±1.4 15-17 37.0   9 17.0±3.3 13-21 37.2±1.9 35-40 
Jan 3 16.3±1.5 15-18 37.7±0.6 37-38 6 17.2±3.8 15-22 37.7±2.4 35-40 
Feb 1 15.00 

 
37.0   3 17.5±0.7 17-18 37.7±2.0 36-40 

March 2 18.5±3.5 16-21 38±1.4 37-39 4 20.2±3.8 15-23 39±2.4 36-41 
April 1 16.0   37.0   1 21.0   39.0 39.0 
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Appendix 2. 

Table 1. Summary and statistical parameters of the final models for size (carapace 
length) and body mass. The individual was considered as a random factor, month 
as a continuous variable (from September to February), and enclosure (young or 
old females) and period (2017/2018 and 2018/2019) as factors.  
 

 

 
 
 
 
 
 
 
 
 
 
 

Table 2. Summary and statistical parameters of the best models for maternal 
size/age (young and old) and the final model of interannual differences (2017/18 
and 2018/19) including resighting probability (ρ) and survival probability (φ).  
 
Model Variable Estimate Std. Error Lower Upper 
Maternal size/age  
ω = 0.48 

φ(e: young)  0.837 0.049 0.717 0.913 
φ(e: old)  0.960 0.019 0.900 0.985 
ρ(e:young, t1)  0.141 0.131 0.019 0.578 
ρ(e: young, t2)  0.272 0.113 0.109 0.533 
ρ(e:young, t3)  0.246 0.106 0.096 0.501 
ρ(e:young, t4)  0.000 0.000 0.000 0.000 
ρ(e:young, t5)  0.494 0.139 0.248 0.743 
ρ(e:young, t6)  0.668 0.122 0.407 0.855 
ρ(e:young, t7)  0.479 0.137 0.239 0.729 
ρ(e:young, t8)  0.700 0.117 0.438 0.875 
ρ(e:young, t9)  0.820 0.094 0.566 0.941 
ρ(e:old, t1)  0.068 0.070 0.008 0.386 
ρ(e:old, t2)  0.144 0.067 0.055 0.328 
ρ(e:old, t3)  0.127 0.059 0.049 0.292 
ρ(e:old, t4)  0.000 0.000 0.000 0.000 
ρ(e:old, t5)  0.304 0.094 0.155 0.511 

Model Variable Estimate Std. Error 
Size Intercept 29.53 0.48 
 Month 0.51 0.03 
 Enclosure (young) 5.51 0.89 
 Period (2018/2019) 1.51 0.58 
 Month* Enclosure (young) -0.30 0.06 
Body mass Intercept -6.42 0.90 
 Month 1.72 0.07 
 Enclosure (young) 4.86 1.65 
 Period (2018/2019) 9.56 1.65 
 Month*Enclosure (young) -0.31 0.13 
 Month* Period (2018/2019) -0.55 0.14 
 Period (2018/2019)* Enclosure (young) -3.19 1.50 
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ρ(e:old, t6)  0.474 0.102 0.287 0.668 
ρ(e:old, t7)  0.292 0.084 0.157 0.478 
ρ(e:old, t8)  0.512 0.100 0.323 0.697 
ρ(e:old, t9)  0.672 0.109 0.437 0.844 

Maternal size/age  
ω = 0.33 

φ(e: young)  0.855 0.048 0.735 0.926 
φ(e: old)  0.957 0.019 0.900 0.983 
ρ(t1)  0.098 0.094 0.014 0.463 
ρ(t2)  0.186 0.076 0.079 0.378 
ρ(t3)  0.160 0.066 0.068 0.334 
ρ(t4)  0.000 0.000 0.000 0.000 
ρ(t5)  0.343 0.095 0.185 0.545 
ρ(t6)  0.509 0.100 0.322 0.694 
ρ(t7)  0.319 0.085 0.178 0.503 
ρ(t8)  0.537 0.098 0.349 0.716 
ρ(t9)  0.689 0.105 0.460 0.852 

Interannual 
variability 

φ(pe: 2017/2018)  0.937 0.034 0.829 0.979 
φ(pe: 2018/2019)  0.806 0.057 0.670 0.895 
ρ(pe: 2017/2018, t1)  0.000 0.000 0.000 0.000 
ρ(pe: 2017/2018, t2)  1.000 0.000 1.000 1.000 
ρ(pe: 2017/2018, t3)  0.232 0.146 0.057 0.600 
ρ(pe: 2017/2018, t4)  0.595 0.218 0.200 0.896 
ρ(pe: 2017/2018, t5)  0.000 0.000 0.000 0.000 
ρ(pe: 2017/2018, t6)  0.177 0.165 0.023 0.664 
ρ(pe: 2017/2018, t7)  0.000 0.000 0.000 0.000 
ρ(pe: 2017/2018, t8)  1.000 0.000 0.000 1.000 
ρ(pe: 2017/2018, t9)  0.310 0.269 0.037 0.841 
ρ(pe: 2018/2019, t1)  0.270 0.233 0.035 0.790 
ρ(pe: 2018/2019, t2)  0.288 0.175 0.070 0.684 
ρ(pe: 2018/2019, t3)  0.212 0.135 0.053 0.566 
ρ(pe: 2018/2019, t4)  0.000 0.000 0.000 0.000 
ρ(pe: 2018/2019, t5)  0.196 0.126 0.049 0.538 
ρ(pe: 2018/2019, t6)  0.557 0.138 0.297 0.790 
ρ(pe: 2018/2019, t7)  0.278 0.109 0.118 0.527 
ρ(pe: 2018/2019, t8)  0.531 0.129 0.291 0.758 
ρ(pe: 2018/2019, t9)  0.563 0.137 0.302 0.794 

Model notation: ‘t’ = time interval (fortnightly as follows: from t1 which corresponded to the second 

fortnight of September to t9 which corresponded to the first fortnight of February); ‘e’ = enclosure 

(hatchlings from young and old females), ‘pe’ = period (hatchlings from 2017/2018 and 2018/2019). 
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Chapter 1b: Predation of young tortoises by ravens: 

the effect of habitat structure on tortoise detectability 

and abundance 
 

 
 

Segura A., Jimenez J., Acevedo P., 2020. 

Scientific Reports 10: 1874 



 

	52	



Predation of young tortoises by ravens 

	 53	

Abstract 

The predation of young tortoise is considered a major cause of mortality for many 

tortoise species. The predation by common ravens has been identified as being 

responsible for significant decreases in tortoise populations. Mediterranean spur-

thighed tortoise hatchlings and juveniles in Maamora forest (Morocco) were 

studied in order to describe the size/age class predation of common ravens on 

young tortoises and infer the drivers of predation risk and population abundance. 

The results showed a high level of predation on young tortoises (<75 mm carapace 

length) attributed to ravens in areas with low vegetation cover, representing 100% 

of the cases of mortality (n=147), but it was moderate in covered areas (n=19), 

representing 12-27%. The population structure of living juveniles differed 

significantly between covered and uncovered areas, thus suggesting that raven 

predation might modify juvenile population structure. Finally, N-mixture models 

showed a positive relationship between i) bare cover and tortoise detectability that 

is only evidenced when the plot is far from a perch and ii) population abundance 

and shrub species-richness, being higher in uncovered areas. Our results improve 

the knowledge on predation and survival on this critical stage in life, which is 

crucial for the conservation of the Mediterranean spur-thighed tortoise. 
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Introduction 

        Tortoise populations are characterised by high adult survival and low 

recruitment rates, which probably influence their demographic dynamics 

(Epperson and Colleen, 2003). The lack of reliable information on recruitment 

complicates evaluations of the real importance of young individuals as regards 

population demography (Campbell et al., 2015). In this respect, threats that limit 

recruitment bouts may have an important regulatory effect on population 

dynamics (Díaz-Paniagua et al., 2001), especially when these threats continue over 

long periods of time (e.g. Kristan and Boarman, 2003). 

        Hatchlings and juveniles are more vulnerable than adults owing to their 

smaller size and higher susceptibility to environmental conditions, such as the 

temperature or rain, which affect their physiology, but also to vegetation cover, 

which influences thermoregulation, the availability of food and the risk of 

predation (Díaz-Paniagua et al., 2001; Ben Kaddour et al., 2006; Raymond, 2007). 

Indeed, the low temperature and high rains of winter (Butler and Sowell, 1996; 

Campbell et al., 2015) and the high temperature of summer (Keller et al., 1998; 

Nafus et al., 2017) are considered some of the most common causes of mortality in 

hatchlings. The predation of young tortoises –their shell is soft or not sufficiently 

solid to protect them from predators– by mammals (Tom 1994; Butler and Sowell, 

1996; Smith et al., 2013) and birds (Wilson 1991; Camp et al., 1993; Barje et al., 2005) 

is also considered a major cause of mortality in many tortoise species, which was 

particularly studied in North America (Wilson, 1991; Germano, 1994; Tom, 1994; 

Butler and Sowell, 1996; Pike, 2006).  

        The common raven Corvus corax is considered to be one of the most relevant 

predators of tortoises and is responsible for 70-91% of the mortality of desert 

tortoises Gopherus agassizii (Camp et al., 1993; Kristan and Boarman, 2003; Nagy et 

al., 2015). Both single individuals and breeding pairs have been identified as 

responsible for significant decreases in tortoise populations, also in addition to 

modifying population structure by affecting juvenile size/age classes (Wilson, 1991; 
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Boarman, 1992; Berry et al., 2013). Indeed, its high numbers and opportunistic 

feeding habits have severe impacts on its target prey, whose population size may 

be reduced without affecting the condition of the predator, which will switch to 

another prey when this resource becomes scarce (e.g. Kristan and Boarman, 2003). 

But the prey species has mechanisms by which to reduce predation. Vegetation 

cover has been documented as a key determinant as regards reducing young 

tortoises’ detectability, since it facilitates their camouflage (Nafus et al., 2015). 

Crypsis has anti-predatory benefits, and refuge areas, such as those areas 

dominated by vegetation cover, may reduce the risk of predation. It has also been 

documented that ravens’ predation on tortoises differs according to their spatial 

distribution of single individuals or breeding pairs. Tortoise predation is greater in 

adjacent human developments, which attract large numbers of single ravens, and 

in adjacent successful nests of breeding pairs throughout human developed and 

undeveloped areas (Kristan and Boarman, 2003). Even the success of juvenile 

tortoise releases is compromised in the head-starting programs included in 

conservation strategies owing to the fact that certain ravens are attached to the 

predation of certain tortoise size classes (Nagy et al., 2015; Hazard, 2015). It could, 

therefore, be hypothesized that the risk of raven predation on young tortoises 

might be high in areas with high dense tortoise populations and mediated by the 

overlaid effect of raven presence and vegetation cover. 

        Maamora forest, an anthropogenic cork oak forest located in northern 

Morocco, is considered to be close to the optimum niche –the core range– of the 

Mediterranean spur-thighed tortoise’s distribution Testudo graeca (Anadón et al., 

2012) and one of the areas with the highest density populations documented to 

date (Segura and Acevedo, 2019). However, the common raven has, over the last 40 

years, increased its numbers and distribution worldwide, and this cork oak forest 

is no exception (Birdlife International, 2017). This increase in predators may be a 

threat to the Mediterranean spur-thighed tortoise, and especially to highly 

susceptible young individuals. Concretely densities of 0.8 breeding pairs km-2 had 



Predation of young tortoises by ravens 

	56	

been observed in the lustrum (A. Segura unpublished data). In this context, our 

specific objectives were to: i) describe predation and size classes’ preference of 

common ravens on young tortoises, and ii) infer the main drivers of predation risk 

and abundance. These goals are relevant as regards improving knowledge on the 

predation and survival of the Mediterranean spur-thighed tortoise at this critical 

stage in its life and, therefore, the conservation of this threatened species. 

 

Material and methods 

 

Study area 

      The study was conducted in areas of low elevation (72-185 m a.s.l.) and sandy 

soil in Maamora forest (northwest Morocco; 34º 02’ 54.19’’ N, 6º 27’ 19.24’’ W). The 

climate is Mediterranean, with hot and dry summers, and the annual range of 

average rainfall is from 300 to 500 mm. Maamora forest is dominated by cork oak 

trees, Quercus suber, with scattered endemic wild pear, Pyrus mamorensis, wild olive 

Olea europaea, green olive Phyllirea latifolia and mastic Pistacia lentiscus, and a sparse 

understory represented by bush and shrub species, such as Mediterranean broom 

Genista linifolia, Cytisus arboreus, Stauracanthus genistoides, dwarf palm Chamaerops 

humilis, French lavender Lavandula stoechas, sage-leaved rockrose Cistus salviifolius, 

Halimium halimifolium and Thymelaea lythroides (Aafi, 2007). 

The study specifically took place on four sites that were close together (separated 

by 3 km), but always ensuring that the tortoise populations’ territories were 

separated by a sufficient distance for them to be considered as independent 

populations (Andreu, 1987; Anadón et al., 2006; figure 1).  
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Figure 1. Location of the study area in Morocco and tortoise populations studied 
(sites A, B, C and D) is shown. Grey circles size is proportional to the maximum 
abundance of live young tortoises (<75 mm CL) observed per 1ha-grid (1, 2-3, 4-5, 
6-11 ranges). Small grey squares mark grids where no tortoises were found. Black 
stars represent the raven perch or nest locations. 
 

        Despite the fact that all the sampling sites were located on private land on 

which there has been no pet trade (>10 years protected) and that the undergrowth 

is well represented when compared with other sites in unprotected Maamora, the 

study sites differed as regards their vegetation cover. Two of them were 

characterized by high cover and the diversity of their shrub and herbs (hereafter 

denominated as covered areas, A and B), while the other two were characterized 

by a lower cover and diversity of shrubs and a high percentage of bare ground 

(hereafter denominated as uncovered areas, C and D; see table 1 for further details). 

This experimental design allowed us to test for differences in tortoise detectability, 

and, therefore, infer predation risk, in relation to vegetation cover. 
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Table 1. Bare ground cover (%), shrub cover (%), shrub height (cm) and shrub 
species richness; raven perch and nest distance (m) in the four study sites, A, B, C 
and D (mean ± SD); maximum raven occurrence in the Mediterranean spur-
thighed tortoise survey distributed by single individuals, breeding pairs and 
groups of >2 individuals (number of individuals); live (<100 mm carapace length, 
CL), dead (<100 mm CL) and raven predated tortoises (<75 mm CL) (in all of them, 
the number of individuals).  

 
  A B C D 
Vegetation 

    Bare ground cover 0 0± 0.2 17.9± 17.4 21.4± 13.8 
Shrub cover 59.7±21.1 52.0±14.8 45.0± 23.0 28.2± 26.1 
Shrub height 62.1±17.7 71.1±30.6 31.9± 27.3 19.8± 17.6 
Shrub richness 2.0±0.8 1.5±0.7 0.8±0.4 0.7±0.7 
 
Predation risk 

    Perch distance 203.6±35.4 510.8± 120.8 72.5± 36.3 89.2± 35.3 
Nest distance 999.0±84.5 1076.7±131.1 184.9± 89.2 144.7± 37.7 
 
Raven occurrence 

    Single individuals 5 2 4 5 
Breeding pairs 2 1 2 1 
Groups 1 (28) 1 (5) 0 1 (17) 
 
Number of live tortoises 39 30 65 39 

Number of dead tortoises 11 8 55 92 
Raven predated tortoises 3 1 55 92 

 

Mediterranean spur-thighed tortoise and common ravens 

        The study sites were surveyed during the 2018-breeding period, comprising 

the end of February until the end of May, covering an area of 15 ha in each of the 

covered areas and of 18 ha in each of the uncovered ones. Each of the four sites was 

intensively surveyed in order to detect young tortoises. This was done for four 

(uncovered areas) or five (covered areas) days by four trained people. The survey 

consisted of searching the entire territory for the occurrence of individual tortoises, 

but focusing on the detection of hatchlings and juveniles (<100 mm CL). The 

tortoises were recorded from 12h until 16h on foot and in adequate weather 

conditions (sunny days with temperatures of between 20 and 24ºC). Each recorded 
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individual was georeferenced using a GPS and the CL was measured using a 

vernier calliper (accuracy ±1mm). Size classes were used to characterize the 

tortoises’ population structure in covered and uncovered areas (24). The Chi-

square test was used to assess any differences between covered and uncovered 

areas in terms of hatchling and juvenile size-classes structure, considering 

measurements of 30-40, 41-50, 51-60, 61-70, 71-80, 81-90 and 91-100 mm. The 

tortoises’ carapaces were lightly marked with non-toxic paint so as to be able to 

identify any recaptured individuals. In addition, two additional days per area at 

the beginning and the end of the raven breeding season were carried out looking 

for any dead animals, which were collected and measured and, when possible, 

their cause of death was determined on the basis of a visual examination of the 

remains of the animal and the area in which it was found. These data were then 

used to determine the relevance of predation by ravens and to characterize the 

size-classes of the tortoises that are predated by this species. 

        During the tortoise survey, the location of common raven perches and nests 

were registered with a GPS. For this purpose, we also surveyed a buffer area of 1.5 

km around the sampling areas, which is slightly greater than the average distance 

between the ravens’ territories (Kristan and Boarman, 2003). The number of single 

individuals and breeding pairs of ravens was also recorded, along with their 

breeding status and their recruitment success (chicks or fledglings). 

 

Modelling tortoise detectability and abundance 

        The recorded data were referred to 1-ha grids, which were our territorial unit 

for analytical purposes. The number of young tortoises susceptible to predation 

(according to our data <70 mm CL, see below; but see Hazard, 2015; Boarman, 

2003) was, therefore, quantified (our response variable) for each grid and survey. 

In addition, each grid was characterized during the survey in relation to vegetation 

cover, and specifically to the shrub cover (%), shrub height (cm) and species 

richness, and the bare ground cover (%). In order to incorporate the effect of the 
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common raven into species detectability, the mean distance to the nearest raven 

perch and nest (m; two variables) in each grid was also calculated. 

        We used N-mixture models to model the detectability and abundance of the 

hatchlings and juveniles that were, according to the count data, susceptible to 

predation, while we accounted for imperfect detection (Royle, 2004) using the 

unmarked package (Fiske, 2011) in R (R Core Team, 2019). Our assumption is that 

the detectability of young tortoises during the surveys can be considered a proxy 

of young individuals’ detectability by the ravens. Hatchlings and juveniles are well 

camouflaged and difficult to follow in their environment. Their detectability is 

very low (Tom, 1994; Keller et al., 1998; Hellgrem, 2000; Pike, 2006), since it is 

linked to the central hours of the day when animals are active. We, therefore, 

assume that detectability by observers is a proxy of detectability by ravens in order 

to be able to explore the effect of different factors on predation risk. This does not 

mean that the observer is able to detect the same number of young tortoises, but 

that the higher the detectability for the observer, the higher detectability for the 

ravens. 

        We used Akaike’s Information Criterion corrected for small sample sizes 

(AICc) (Hellgrem et al., 2000) to select the most appropriate error distribution by 

comparing the performance of Poisson, zero-inflated Poisson and Negative 

Binomial models. The detection and abundance processes were then modelled 

sequentially. A forward stepwise procedure was used to identify the most relevant 

predictors explaining the detection process. The same procedure was subsequently 

followed in order to identify the predictors explaining the abundance process. 

AICc was also used to compare models in the stepwise procedures by following 

the ΔAICc< 2 rules (Burnham and Anderson, 2002). N-mixture models require an 

integer value that specifies the upper bound used in the integration (K). In our 

study, this upper bound was set at K=120, which is sufficiently large for it not to 

have an effect on the model results. We used the parametric bootstrap approach 
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(1000 samples) in unmarked to attain p-values from the sums of squares, along 

with Chi-square and Freeman-Tukey fit statistics as a measure of the goodness of 

fit of the final model.  

 

Results 

 

Raven predation on hatchlings and juveniles 

        Twenty-two occurrences of ravens, not including groups (7, 3, 6 and 6, in A, B, 

C and D, respectively), were detected on our four study sites (table 1). Three raven 

nests with active breeding pairs were found and two breeding pairs had between 1 

and 2 chicks (table 1). 

        One hundred and sixty-six dead young tortoises (<100 mm Carapace Length; 

hereafter CL) (11, 8, 55 and 92, in A, B, C and D, respectively) were detected during 

the surveys. Most of the dead juvenile tortoises found (88%) were located in the 

uncovered areas (areas C and D), where the main CL size category of dead 

tortoises corresponded to between 41 and 70 mm (figure 1). The cause of mortality 

in those areas was associated with predation by the common raven (100%, n=147), 

where only <75 mm CL tortoise carcasses were found with signs of raven predation 

under perch and nest trees. The ravens ate the hatchling and juvenile tortoises by 

pulling off their head and limbs (6%) or pecking holes through the carapace (60%) 

or plastron (34%). Indeed, 74 and 15 juvenile tortoises were predated by two active 

breeding pairs of ravens in spring 2018 (in areas D and C, respectively). 

Nevertheless, unknown causes of mortality dominated in the covered areas, and 

only 12-27% were related to raven predation. The threshold size above which 

young tortoises are safe from raven predation in both covered and uncovered areas 

was 75 mm CL. Dead young tortoises associated with raven predation differed 

significantly between covered and uncovered areas (A vs. C: X2 = 4.07, p <0.05, n 

=66; A vs. D: X2 = 4.25, p <0.05, n =103; B vs. C: X2 = 5.05, p <0.05, n =63; B vs. D: X2 = 
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5.19, p <0.05, n =100), but did not differ between either covered (A vs. B: X2 = 0.08, 

p=0.77, n =19) or uncovered areas (C vs. D: X2 = 0, p>0.99, n =147). 

 

Live hatchlings and juveniles 

        One hundred and sixty-three live young tortoises (39, 30, 65, 39 in A, B, C and 

D, respectively) were found during the surveys. Figure 2 shows the size-class 

distribution on the four study sites.  

        The juvenile structure of live tortoises did not differ between the covered areas 

(A vs. B; X2 = 7.68, p = 0.26, n =69) but differed significantly between the uncovered 

areas (C vs. D; X2 = 21.19, p< 0.05, n =104) and also between the covered and the 

uncovered areas (C vs. A: X2 = 16.06, p< 0.05, n =104; C vs. B: X2 = 16.06, p< 0.05, n 

=95; D vs. A:  X2 = 36.89, p< 0.05, n =78; D vs. B: X2 = 36.77, p< 0.05, n =69). The main 

differences concerned the CL size category of 81-100 mm, which represented 41% 

versus 16% in the covered and uncovered areas, respectively. 

 

 
Figure 2. Distribution of carapace length (mm; CL) in the four study areas: covered 
(A and B) and uncovered (C and D). Data represent the frequencies of young 
tortoises: live shown in black, dead by raven predation in light grey and dead by 
any other reason in dark grey. 
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Tortoise detectability and abundance: risk of predation by ravens 

        According to previous results regarding dead animals found on our study 

sites, only those animals <75 mm CL were susceptible to predation in Maamora 

forest. Predation risk analysis was, therefore, restricted to these size classes: 140 

detections (A: 27 tortoises in 11 occupied grids; B: 21 tortoises in 10 occupied grids; 

C: 57 tortoises in 13 occupied grids, and D: 35 tortoises in 7 occupied grids). It 

varied from a maximum of 3 to 5-11 tortoises per grid in covered and uncovered 

areas, respectively (table 1).  

        In the N-mixture model, we used a negative binomial model. The stepwise 

procedure carried out to select predictors explaining detectability and abundance 

processes is summarized in table 2.  

 

Table 2. Model selection of Mediterranean spur-thighed tortoise hatchlings and 
juveniles (<75 mm carapace length; see text for details): 1) Latent abundance 
distribution and 2) covariates of abundance and detection. Covariates considered: 
shrub richness; site, bare ground cover (%) and raven perch distance (m). Model 
selection based on Akaike's Information Criterion (AIC), number of parameters 
(nPars), the difference in AICc from the best-fitted models (ΔAICc<2) and model 
weights (AICwt). 

 

Model specification nPars AIC ΔAICc<2 AICwt 

1) Abundance distribution 
    

Negative binomial 3 541.51 0.00 1.00 
Zero Inflated 3 584.01 42.50 0.00 
Poisson 2 620.03 78.52 0.00 

2) Covariates of abundance (γ) and detection (p) 
    

γ (SR+Site) p (BC*PD) 10 527.82 0.00 0.98 
γ (Site) p (BC *PD) 9 536.24 8.42 0.01 
γ (.) p (BC*PD) 6 538.68 10.86 0.00 
γ (.) p (.) 3 541.51 13.69 0.00 

Model notation: ‘SR’ = shrub richness, ‘BC’ = bare ground cover, ‘PD’ = perch distance. 

 



Predation of young tortoises by ravens 

	64	

        The bootstrap p-values for the final model based on the SSE, Freeman-Tukey, 

and Chi-square statistics were 0.03, 0.00 and 0.01, respectively. The value of ĉ (ratio 

of observed/expected) was 1.59. 

        The final model included the interaction between bare ground cover and the 

distance to the raven perch in the detection process (figure 3), and the site and the 

number of shrub species in the abundance process (table 3 and figure 4). 

        The detectability increased with the percentage of bare ground, but this effect 

was apparent only when the distance to a raven perch was greater. The abundance 

was higher in uncovered areas and in grids with high shrub species richness. 

 

Figure 3. Interaction between two continuous covariates: bare ground cover rate 
and distance to the nearest raven perch (D, in meters) over the probability of 
detection.  
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Table 3. Summary and statistical parameters of the final N-mixture model 
parameterized to estimate tortoise hatchlings and juveniles (< 75 mm carapace 
length) as regards both detectability and abundance (significance codes: ns no 
significative; ** <0.01 and *** <0.001). Standar Error (SE). 
 

Process and variables Estimate SE  Z P (>|Z|) 
Abundance     
Intercept 1.025 0.49 2.094 *** 
Shrub richness 0.709 0.222 3.196 ** 
Site B -0.419 0.619 -0.677 ns 
Site C 2.697 0.564 4.78 *** 
Site D 2.102 0.586 3.588 *** 
     
Detection     
Intercept -2.416 0.454 -5.32 *** 
Bare ground cover 0.636 0.516 1.23 ns 
Perch distance 1.9 0.588 3.23 ** 
Bare ground cover*Perch distance 1.961 0.78 2.52 ** 
     
     

 
Figure 4. Relationship between sampling sites (A, B, C and D; left graph) and the 
richness of shrub species (number of species; right graph) with the abundance of 
Mediterranean spur-thighed tortoise hatchlings and juveniles (<75 mm carapace 
length). 
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Discussion 

 

Evidence of common raven predation on hatchlings and juveniles 

        This study reveals the predation of common ravens on juveniles of 

Mediterranean spur-thighed tortoises in certain areas of Maamora forest. Both, 

single individuals and breeding ravens were observed killing, carrying away and 

consuming juvenile tortoises, their preference being for class sizes 40-70 mm CL. 

The selection by ravens of certain size classes of tortoises over others has been 

found in other Testudinidae populations too (Boarman, 1992; Berry et al., 2015). 

Despite some tortoises being paint-marked to identify them as recaptures, no 

evidence of any increased risk of predation was observed for the recognisable 

fraction of the population (but see Calderon-Chalco and Putman, 2019); only in C 

uncovered area was one individual found dead, representing 2% of the marked 

individuals.  

        Bearing in mind that raven predation might vary between years and among 

individuals, and the fact that our study comprised only one year, our results still 

suggest that the predation of juvenile tortoise in the study area was higher when 

compared with that of populations of Mediterranean spur-thighed tortoises in 

southern Spain (Keller et al., 1998). Indeed in those areas raven predation did not 

affect tortoise populations at all. Nevertheless, some similarities with other 

Testudinidae populations affected by raven predation were found (Berry et al., 

1986; Wilson, 1991; Pike, 2006), although the ravens involved in predation in our 

study appeared to have a slightly lower size threshold above which juveniles are 

safe from predation (75 mm CL) than reported for other Testudinidae populations 

(85 and 100 mm CL; Boarman, 2003; Hazard, 2015 respectively). This might be 

associated with the length of time shell hardening takes in Mediterranean spur-

thighed tortoises, which has been documented to limit the probability of predation 

by ravens (e.g. Nagy et al., 2011), and this merits further studies.  
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        Nevertheless, when comparisons of raven predation on tortoises were 

restricted to covered versus uncovered areas, in the former such occurrences were 

all anecdotal while high mortality rates were rigorously recorded in the latter. 

Certainly, we were surprised by the high amount of predation by one pair of 

breeding ravens, which predated 74 tortoises of <75 mm CL in a single breeding 

season. Indeed, raven predation might be modifying juvenile tortoise population 

structure through altering recruitment (e.g. Kristan and Boarman, 2003). Further 

studies are required to disentangle the role played by predation in tortoise 

population structure within the Maamora forest. 

 

Predation risk by ravens, population size and structure of young tortoises 

        In this study, tortoise detectability –associated with predation risk– was 

mediated by the interaction between predator presence and bare or low cover 

areas; with tortoise detectability increasing with greater areas of bare ground, 

mainly in locations far from perch trees (e.g. Berry et al., 2013; Hansen et al., 2019). 

This might suggest that ravens could be modulating the behavioral response of 

young tortoises, e.g. they will reduce their activity in areas near perch trees in 

order to be less detectable by the ravens (e.g. Martín, 2001). In this respect, it is 

reasonable to assume that the survivorship of juveniles in areas with higher 

predation risk might be lower and, therefore, a lower juvenile population size will 

characterise populations in such areas. Conversely, we found a higher abundance 

of young tortoises in uncovered areas, where they suffered higher predation, but 

also in areas where there was high diversity of shrub species in both covered and 

uncovered areas (e.g. Schneider, 2001). It is thus plausible to assume that many 

other factors involving juvenile physiological costs (e.g. Martín, 2001) or even 

female reproduction traits –the number of clutches, clutch size and recruitment 

success– (3), might explain part of the variation found in the size of juvenile 

populations in covered and uncovered areas (3). However, in higher risk predation 

areas, it might also be expected that juvenile population structure would be 
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modified and show differences in size/age classes (Wilson, 1991; Boarman, 1992; 

Berry et al., 2013). Indeed, the higher percentage of longer/older juveniles (76-100 

mm) –which are not considered susceptible to predation– found in covered areas 

compared to in uncovered ones evidenced a threat to juvenile survivorship in the 

lower size/age classes in those areas where hatchlings are more detectable, e.g. 

uncovered areas, and whose effects, among others, might be mediated by 

vegetation cover (e.g. Schneider, 2001).  

        Finally, hatchlings are challenging to study since they are rarely encountered 

in the field (Dunham et al., 1988; Morafka, 1994) and, as such, very low capture 

rates and practically nonexistent recapture rates of Mediterranean spur-thighed 

tortoise hatchlings have been reported in southern Spain (Braza et al., 1981; 

Andreu, 1987). Further studies are required to discover the role played by 

predation in the recruitment process, which will have later impacts on the size and 

structure of tortoise populations. This will also help to disentangling the possible 

physiological costs associated with predation risk. 
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Abstract 

Macroparasites in general, and ectoparasites in particular, have the potential to 

regulate host population dynamics. In this context, this study addresses the tick 

parasitism traits of the Mediterranean spur-thighed tortoise (Testudo graeca) in the 

core area of its distribution range (northwestern Morocco, Maamora). It was 

discovered that 92.5% of the tortoises were parasitized by ticks in spring, with an 

infestation intensity and an abundance of 6.7 and 6.2 tick/tortoise, respectively. The 

observed parasitization rates were among the highest reported worldwide for T. 

graeca, which could relate to density-depended effects driving host-parasite 

interactions. The main tick species that parasitized the tortoises were Hyalomma 

aegyptium (95.6% of the ticks and in the 100% of the parasitized tortoises), Hy. 

marginatum, Hy. excavatum and Hy. scupense. Individual predictors for the tortoises, 

such as age, sex and the interaction between body condition and sex, were 

significantly related to tick abundance. Age-related behavioural differences might 

favour a higher host-tick effective contact in adults than in juveniles. The fact that 

males are more active in spring - the breeding season - might explain the observed 

male-bias in tick abundance and may also be responsible for the negative effect of 

male body condition on tick infestation rate in contrast to females. Given the 

potential role played by parasites as regards modulating population dynamics, our 

results suggest that ticks should be taken into account in the conservation and 

management programmes of this tortoise species. 
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Introduction 

        Macroparasites have the potential to regulate host population dynamics (e.g. 

Fitze et al., 2004; Bull and Burzacott, 2006), and these effects should be taken into 

account in wildlife management and conservation programmes. Host-parasite 

relationships are modulated by different factors that act at individual, population 

and landscape levels (Alzaga et al., 2009). Host’s age and sex are key individual 

factors in host-parasite relationships. The host’s age affects infestation levels, 

parasite-induced mortality and parasite distribution among host individuals 

(Hawlena et al., 2006; Webber et al., 2015). Differences between the impact of 

ectoparasites according to the specie’s sex - there is often a male-biased parasitism - 

have also been reported (e.g. Moore and Wilson, 2002) also in reptiles (e.g. Luiselli, 

2006; Gharbi et al., 2015). The effect of host population density may also be related 

to parasite abundance, since parasite transmission rates are usually a positive 

function of host density, i.e. density-dependence (Krasnov et al., 2002; but see Sorci 

et al., 1997).  

         Ticks are common ectoparasites of reptiles. However, although detailed 

information on the infestation of reptiles by ticks can be found worldwide (e.g. 

Horag et al., 2006; Siroky et al., 2006), studies analysing the main drivers of 

parasitism are scarce, with some exceptions such as those carried out with lizard 

Tiliqua rugosa (Belan and Bull, 1995; Bull and Burzacott, 2006) and with the tuatara 

species Sphenodon sp. (Godfrey et al., 2010). Indeed, there is evidence that 

ectoparasites infest Palearctic tortoises of the Testudo genus, which are reported to 

be the predominant host of some tick species of the Hyalomma genus, such as Hy. 

aegyptium (e.g. Schleich et al., 1996; Siroky et al., 2006, 2009), but studies on the 

drivers of parasitism are not available. 

        The Mediterranean spur-thighed tortoise T. graeca distribution ranges from 

high-quality areas in northern and southern Morocco, which are considered to be 

core areas (e.g. Lawton, 1993), to Algeria and Tunisia, which are reported to be 

medium and suboptimal areas, respectively (Anadón et al., 2012). As host 
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population size has a central influence on host-parasite interactions (Papkou et al., 

2016) and more suitable areas are associated with higher densities of hosts than are 

peripheral ones, hypothetically tick parasitization rates at the core area will be 

higher (Gharbi et al., 2015; Tiar et al., 2016). We, therefore, hypothesize that tick 

parasitism on the Mediterranean spur-thighed tortoise will differ throughout its 

distribution range owing to higher population densities at the core area. In this 

context, the aims of this study were to: i) describe the tick species that feed on a 

population of the Mediterranean spur-thighed tortoise in Maamora forest and the 

rate at which parasitize tortoises in spring, and ii) analyse the role of individual 

and population related factors – e.g. host age, sex, body condition and population 

density - as drivers of tick parasitism in the species.  

 

Material and methods 

 

        The study area has a low elevation (72-185 m a.s.l.) and sandy soil and is 

located in the Maamora forest (northwestern Morocco; 34º 2’ 54.19’’ N, 6º 27’ 19.24’’ 

W). The climate is Mediterranean, with hot and dry summers, and the annual 

range of average rainfall is between 300 and 500 mm. The Maamora forest is 

dominated by cork oak trees, Quercus suber, with scattered endemic wild pear, 

Pyrus mamorensis, wild olive Olea europaea, green olive Phyllirea latifolia and mastic 

Pistacia lentiscus and a sparse understory. The study took place in three specific 

areas (A, B, and C), which were close together (separated by 5 km) and covered a 

total surface of 60 ha. The forest has high livestock densities. 

        The tortoises were captured by hand in the period April-May 2017 (n=296; 104 

males, 168 females and 24 juveniles; see table 1 in appendix 1). Collection and tick 

extraction was carried out within a private initiative for the conservation of the 

species in Maamora Forest (Ecological assessment of Testudo graeca in Maamora 

Forest) and following approved ethical protocols for wildlife capture and 

management. Each individual encountered was sexed, the body mass estimated 
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(±1 g using precise balance), its body size measured (carapace length ±1 mm using 

a calliper; CL), the age estimated by means of scute rings (e.g. El Mouden et al., 

2002), marked and released immediately at the place of capture. The adults were 

sexed using classical criteria for Testudinae (e.g. Slimani et al., 2002). 

        All adult ticks attached to the tortoise body were sexed and counted in the 

field, and a representative subsample was collected for species identification. The 

subsample corresponded to all the ticks found on those tortoises with a small 

number of ticks (<10) and 10 ticks from those with a large number (>10). The ticks 

were stored in tubes with ethanol (70%) and identified to species level using 

appropriate morphological keys (Hoogstraal, 1956; Walker et al., 2014). Data on 

infestation prevalence (%; number of infested tortoises/number of examined 

tortoises x 100), mean infestation intensity (number of ticks/number of infested 

tortoises) and tick abundance (number of ticks/number of examined tortoises) were 

calculated for each sex- and age-class in the population.  

        The tortoise body condition, i.e. body mass scaled by body size (e.g. Nagy and 

Medica, 1986; Henen, 1997), was estimated using residual values obtained by 

means of linear regression (all individuals pooled), with the natural logarithm (ln) 

of body mass as the dependent variable and ln CL as the independent variable (e.g. 

Speakman, 2001).   The individual body-condition index expresses the variation in 

mass in relation to the values expected according to the size of the animal. 

        Host population density may greatly affect tick burden rates (e.g. Ruiz-Fons et 

al., 2013). Tortoise population density in the three sampling areas was estimated in 

a previous study using capture-recapture approaches that assumed both a closed 

population and the fact that the adult tortoises have a high philopatry and remain 

localised during breeding (Ben Kaddour et al., 2006); densities were: 26.5 indiv/ha 

in A, 19.6 indiv/ha in B and 5.5 indiv/ha in C. See appendix 2 for details on 

sampling design and analytical methods. 

        The relationship among the tick infestation rate (tick abundance) and 

individual (sex, age and body condition) and population factors (density) was 
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tested using a generalized linear model (GLM) with a Poisson distribution and 

logarithmic link function. The Poisson distribution is used to model count data 

with no negative values. The sampling area (A, B or C) was included as a fix factor. 

The most parsimonious model was selected using a forward stepwise procedure 

based on the Akaike information criterion (AIC; Akaike, 1974). All statistical 

analyses were performed with R 3.4.3 software (R Development Core Team, 2017). 

 

Results and discussion 

  

        We counted a total of 1829 ticks on the 296 tortoises captured. A subsample of 

961 ticks, i.e. 52% of the ticks counted on the tortoises, was identified to the species 

level: Hyalomma aegyptium (95.6% of the ticks identified and 100% of the parasitized 

tortoises), Hy. marginatum (1.8% of the ticks and 6% of the tortoises), Hy. excavatum 

(1.3% of the ticks and 4% of the tortoises), and Hy. scupense (1.2% of the ticks and 

4% of the tortoises). Inmature stages of Hyalomma feed mainly on birds and small 

mammals such as, the Algerian hedgehog Atelerix algirus and the Cape hare Lepus 

capensis whereas the adults positively select ungulates for feeding (Walker et al., 

2014). Testudo graeca is a relevant host of Hy. aegyptium throughout its distribution 

range (e.g. Gharbi et al., 2015; Tiar et al., 2016). In the Maamora forest, T. graeca 

shares its habitat with wild species and – especially – with high densities of 

livestock (Fennane and Rejdali, 2015), being the high diversity of potential hosts a 

plausible cause of the presence of different tick species on the tortoises. 

        Overall, 92.5% of the tortoises were parasitized by ticks, ranging from 95% in 

adult tortoises to 62% in juveniles. Tick infestation intensity and abundance were 

6.7 and 6.2 tick/tortoise, respectively. The characteristics of infestation intensity for 

all the tortoises are summarized in table 1.  
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Table 1. Characteristics of Hyalomma spp. infestation intensity in Mediterranean 
spur-thighed tortoises in Maamora in 2017 (99 males, 160 females, 15 juvenile 
reaching atotal of 274 tortoises). 
 

  Male Female Adults (male+female) 
Tortoise	 Tick Mean SD Range Mean SD Range Mean SD Range 

Males  839 7.18 5.01 1-23 1.29 1.23 0-6 8.47 5.57 1-28 
Females  956 4.95 3.52 1-17 1.02 0.87 0-5 5.97 3.76 1-18 
Juveniles  34 1.66 1.11 1-5 0.6 0.91 0-2 2.26 1.22 1-5 
Total  1829 5.58 4.3 1-23 1.09 1.03 0-6 6.67 4.68 1-28 
 

        The tick prevalence and intensity on the Mediterranean spur-thighed tortoises 

in the Maamora forest were higher than anywhere previously reported (see table 2  

in appendix 1), with the exception of Djelfa in Algeria (Tiar et al., 2016). The 

difference between the results obtained in our study area and in Djelfa might be 

explained by the high sample of immature tick stages (75% of the ticks collected) 

found on the Algerian tortoises. Even the lower sample of Algerian hosts (n=41) 

may have played a part in these differences, but it must be admitted that the 

sampling year and the location generate variations among areas in the peak tick 

activity. Host-parasite interactions in the core area might explain the high tick 

parasitism on Mediterranean spur-thighed tortoises in Maamora, probably as a 

result of density-dependent relationships, as it was also suggested by our statistical 

model (see below). 

        The best-fit model showed that tick abundance increased significantly with the 

tortoise’s age and population density and it also differed among study areas (see 

table 2). 

        The model showed that the males had a significantly higher abundance of 

ticks than the females, and the lowest abundance was observed in juveniles. Finally, 

a significant interaction between body condition and sex was included in the most 

parsimonious model, showing that parasitization decreases in males in relation to 

their body condition but not in juveniles (see figure 1).  
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Table 2. Statistical parameters of the generalized linear model carried out to predict 
tick burden in tortoises. Only the most parsimonious model (i.e. that with the 
lowest AIC) is shown. The explained deviance of the final model was 33%. See 
table 3 in appendix 1 for the full list of models tested. 
 
Model predictors Estimate Std. error Z-value P-value 
Body condition -0.42 -0.41 -1.02 0.306 
Sex: Juvenile -0.9 0.2 -4.45 < 0.001 
Sex: Male 0.28 0.06 5.67 < 0.001 
Age 0.05 0.006 9.11 < 0.001 
Density 7.17 0.91 7.87 < 0.001 
Area B 51.07 6.46 7.89 < 0.001 
Area C 129.4 16.43 7.87 < 0.001 
Body condition*Juvenile 1.59 1.35 1.17 0.239 
Body condition *Male -1.56 0.56 -2.77 < 0.001 
 
 

 
Figure 1. Tick abundance variation in relation to the interaction between body 
condition and age class and sex (see table 2). Tick abundance decreases with body 
condition in adults (males and females), whereas this relation is positive in 
juveniles. 
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        Tortoise age-related behavioural differences might favour a higher host-tick 

effective contact rate in adults than in juveniles. The lack of sexual maturity may 

lead juveniles to behave less conspicuously than adults, resulting in a lower 

movement rate and a lower tick encounter chance since they remain sheltered 

under cover (Lagarde et al., 2002). The tick infestation rate was male-biased, as has 

been observed in other reptiles and tortoises (e.g. Robbins et al., 1998; Aubret et al., 

2005). Despite the fact that male tortoises are smaller and, therefore, have a lower 

surface for the ticks to feed on when compared to the females, they move greater 

distances in spring owing to their attempts to cover a greater number of territories 

during breeding time (Díaz-Paniagua et al., 2001). In addition, males share refuges 

and therefore there are major individual aggregations and therefore higher tick 

loads (e.g. Leu et al., 2010).  

        Our results suggest that ticks can compromise tortoises’ body condition (e.g. 

Godfrey et al., 2016), which could be linked to sex. In Maamora male tortoises with 

a greater number of parasites had a lower body condition. This fact could influence 

long-term pairing behaviour (females selecting actively males with lower average 

tick loads), even playing a role in shaping mate selection as it was observed in 

Australian lizards (Bull and Burzacott, 2006).  Although this pattern was also 

found in females, it was less evident than in males. Conversely, ticks do not seem 

to compromise the body condition of juveniles. This finding might be explained by 

the differences related to growth patterns between juvenile and adult tortoises. 

Indeed, juveniles have a higher body mass, in accordance with the fact that they 

have to grow fast in order to survive at this stage of their life (e.g. Nagy, 2000).  

        Despite the increasing amount of research carried out on ticks, it is still 

necessary to improve the knowledge regarding tick–tortoise interactions. In this 

study we showed that T. graeca is a primary target for exophilic ticks, mainly Hy. 

aegyptium, in the Maamora forest and, tick abundance was mainly determined by 

individual and population factors, namely sex, age, body condition and host 

population density. At this respect, our results suggest that ticks should be taken 
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into account in the conservation and management programmes of this singular and 

threatened tortoise species.  
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Appendix 1. 

Table 1. Samples (number of males, females and juveniles, including total number) 
per study area. 
 

Area Males Females Juveniles Total 
A 40 52 6 98 
B 37 53 4 94 
C 27 63 14 104 

 
Table 2. Tick prevalence (%; TP) and infestation intensity (tick/tortoise; TI) and host 
density (tortoise/ha; HD) in different populations in suboptimal habitats for 
Testudo graeca. 
 

Country Region 
HD   

 
Sampling 

size 
TP 

 
TI 
 Reference 

Morocco Souss Valley ? ? 26.9 ? Siroky et al., 2009 
Algeria El Kala 4.4 65 85 4.6 Tiar et al., 2016 
Algeria Aflou 5.8 60 90 5.9 Tiar et al., 2016 
Algeria Djelfa 11.2 41 100 9.4 Tiar et al., 2016 
Algeria Laghouat 1.6 35 9 1.7 Tiar et al., 2016 
Tunisia ? ? 210 66.2 4.3 Gharbi et al., 2015 
Africa Trade  ? 585 37.8 3.9 Brianti et al., 2010 
 

Brianti, E., Dantas-Torres, F., Giannetto, S., Risitano, A., Brucato, G., Gaglio, G., 

Otranto, D., 2010. Risk for the introduction of exotic ticks and pathogens into Italy 

through the illegal importation of tortoises Testudo graeca. Med. Vet. Ent. 24: 336-

339. 

Gharbi, M., Rjeibi, M.R., Rouatbi, M., Mabrouk, M., Mhadhbi, M., Amairia, S., 

Amdouni, Y., Boussaadoun, M.A., 2015. Infestation of the spur thighed tortoise 

(Testudo graeca) by Hyalomma aegyptium in Tunisia. Ticks Tick Borne Dis. 6: 352-

355. 

Siroky, P., Mikulicek, P., Jandzik, D., Kami, H., Mihalca, D., Rouag, R., Kamler, M., 

Schneider, C., Zaruba, M., Modry, D., 2009. Co-distribution of haemogregarine 

Hemolivia mauretanica (Apicomplexa: Haemogregarinidae) and its vector 

Hyalomma aegyptium (Metastigmata: Ixodidae). J. Parasitol. 95: 728-733. 
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Tiar, G., Tiar-Saadi, M., Benyacoub, S., Rouag, R., Siroky, P., 2016.The dependence 

of Hyalomma aegyptium on its tortoise host Testudo graeca in Algeria. Med. Vet. 

Entomol. 30: 351-9. 

 

Table 3. List of models tested. 
Model formulation      AIC 
Tortoise sex*Tortoise body condition+Tortoise age+Tortoise density+Area 1735.8 
Tortoise age+Tortoise body condition+Tortoise sex 1811 
Tortoise sex*Tortoise body condition 1893.5 
Tortoise sex 1911.3 
Tortoise age 1935.9 
Area 2019.5 
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Appendix 2.  

Capture-recapture tortoise sampling and population density  

To carry out capture-recapture (CR) procedures, the tortoises’ carapaces were 

numbered with non-toxic paint. The CR assumes a closed population; adult 

tortoises have a high philopatry and remain localized during breeding (Ben 

Kaddour et al., 2006). Population density estimates of the populations studied were 

determined using the Lincoln-Petersen formula with a Seber (1982) correction 

(R>7): 

N=((M+1)*(C+1)/(R+1))-1, 

where M is the sample of individuals captured and marked during the first survey, 

C is the number of individuals captured in the second survey and R is the number 

of individuals captured during the second survey and already marked. 

The estimated population density in A was 26.4 indiv/ha (302 individuals) with a 

95% confidence interval (CI) ranging from 11.8 to 40.2 indiv/ha In B it was 19.6 

indiv/ha (240 individuals) ranging from 9.6 to 30.3 indiv/ha and in C was 5.5 

indiv·ha-1 (95 individuals) ranging from 2.6 to 8.4 indiv/ha. 

 

Ben Kaddour, K., Slimani, T., El Mouden, E. H., Lagarde, F., Bonnet, X., 2006. 

Population structure, population density and individual catchability of Testudo 

graeca in the central Jbilets (Morocco). Vie Milieu 56: 49-54. 

Seber, G.A.F., 1982. The estimation of animal abundance and related parameters, 2nd 

Edn. Charles Griffin, New York. USA. 
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CHAPTER 2: Pet collection as the main threat 
of the species conservation 

 

Chapter 2a. The importance of protected and unprotected 

areas for the Mediterranean spur-thighed tortoise 

demography in Northwest Morocco 

 

Chapter 2b. Implications for conservation of collection of 

Mediterranean spur-thighed tortoise as pets in Morocco: 

residents’ perceptions, habits, and knowledge 
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Chapter 2a. The importance of protected and 

unprotected areas for the Mediterranean spur-

thighed tortoise demography in Northwest Morocco 
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Abstract 

Collection for the pet trade has been considered one of the major threats to the 

Mediterranean spur-thighed tortoise Testudo graeca, since it modulates the size and 

structure of the species’ populations and, therefore, their demography. Maamora 

forest is one of the most suitable habitats for this species. The proximity of the 

forest to Rabat indicated the possibility of these tortoise populations being 

particularly sensitive to over-collecting. Population demography was studied in 

four populations, in protected and unprotected areas in Maamora forest. The 

results showed significant differences as regards population size and structure 

between protected and unprotected areas. They specifically highlighted: i) higher 

density (23-17 indiv·ha-1) balanced populations in the protected areas, in which 

young adults were predominant, ii) a higher body condition in the protected areas, 

especially the females, and iii) a low density (5.5 ind·ha-1) more unbalance 

population in the unprotected areas, in which older females and younger males 

were predominant. In addition, a survey carried out by interviewing local adults 

(n=200) showed that most people owned tortoises (61%, n=200), mainly juveniles 

(65%, n=123). The respondents stated that their tortoises had been captured in the 

forest (68%, n=123). Maamora forest is home to one of the highest density 

populations of Mediterranean spur-thighed tortoises documented to date, and its 

conservation is essential if this species is to be maintained. Our social survey 

suggested that one of the challenges is to change the social perception of the 

Mediterranean spur-thighed tortoise as a pet and highlight its intrinsic ecological 

value. 
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Introduction 

        Habitat loss as a result of human activities, such as agriculture, overgrazing 

and deforestation, in addition to collection for the pet trade, are considered to be 

the major threats to the Mediterranean spur-thighed tortoise Testudo graeca 

throughout its entire distribution (e.g. Lambert, 1979; Bayley and Highfield, 1996; 

Pérez et al., 2004; Nijman and Bergim, 2017). The loss of habitats that are suitable 

for the Mediterranean spur-thighed tortoise in Morocco has been progressive since 

1955 and 1969 owing to the decline of both the argan tree and the cork oak tree in 

forests, mostly as the result of overgrazing (argan tree forest: El Yousfi, 1988; Le 

Polain de Warot and Lambin, 2011; cork oak forest: Fennane and Rejdali, 2015; 

Lahssini et al., 2015). In addition, the cutting and clearing practises carried out in 

order to develop agricultural areas have tended to increase over time, thus 

reducing nesting sites, making the tortoises more visible to (antropic and natural) 

predators and increasing their exposure to pollutants. Even the jujube bush has 

recently suffered from officially promoted removal programmes, which has 

reduced the microhabitats available for feeding resources and thermal refuges for 

tortoises (Lagarde et al., 2012; Moulherat et al., 2014). 

        Morocco has traditionally supplied the European tortoise pet trade, peaking 

with 100,000 Mediterranean spur-thighed tortoises per year in the sixties (Lambert, 

1969). Lambert (1995) observed a decline in their populations of 90% during the 

period 1900-1984 in some areas in north-western and central Morocco, probably 

owing, at least in part, to the pet trade. Nevertheless, this species has been 

protected by CITES since 1975. More recently, in 2008, the illegal importation of 

1400 tortoises from North Africa was documented in Sicily (Brianti et al., 2010). 

Nijman and Bergim (2017) recognised changes in the numbers, in addition to the 

ages, of the tortoises that were traded in Morocco in 2013-2014 when compared to 

2001 (see also Znari et al., 2005), along with higher frequencies of the domestic 

trade –i.e. exchanges taking place within the boundaries of the country– rather 

than the export trade tortoises (Lambert, 1979), both of which appear to be 
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affecting the sizes and structures of tortoise populations in the field (Znari et al.,  

2005). 

        Despite the interest in Mediterranean spur-thighed tortoises owing to their 

relatively long reproductive life span, delayed maturity, low hatching success and 

juvenile survivorship (Díaz-Paniagua et al., 2001; Ben Kaddour et al., 2006), there is 

incomplete knowledge regarding the demography of this species in west central 

Morocco (El Mouden et al., 2002; Slimani et al., 2002; Znari et al., 2005; Carretero et 

al., 2005; Ben Kaddour et al., 2006). The species’ distribution range in Morocco 

potentially occupies 167,000 km2 (Lambert, 1983), and northern Morocco is 

considered to be close to the optima niche –core range– of the species’ distribution 

(Anadón et al., 2012). Various studies on population structure have already been 

conducted, mainly in Central Jbilets and the Souss Valley, and more recently in 

Essaouira (see El Mouden et al., 2002; Slimani et al., 2002; Carretero et al., 2005; 

Znari et al., 2005), in which tortoises are at present partially dependant on human 

influence (already unexploited but years after over-collecting). Differences in 

population structure have been reported in the three populations highlighted, but 

the adult class was well represented in all of them and characterised by the lack of 

older/longer individuals (>226 mm CL). In adddition, intensive demographic 

studies have been carried in border populations in southeastern and western Spain 

(Andreu, 1987; Keller et al., 1997, 1998), and long-term demographic fluctuations –

i.e. a change from a negative to a positive population trend mainly owing to an 

increase in juvenile recruitment in the last 20-year period– were found in 

populations that had been under effective protection from human disturbances for 

50 years (Díaz-Paniagua et al., 2001). Long-term monitoring studies have 

highlighted the regulatory population effect of high juvenile recruitment, in 

addition to high adult survival rates (Díaz-Paniagua et al., 2001) and the sex-biased 

ratios of adults resulting from the human-mediated secondary contact among 

different lineages (Graciá et al., 2017). 



Collection for pets: ecological consequences 

	90	

        Maamora forest is located in northern Morocco and is the home to 

Mediterranean spur-thighed tortoises (Lambert, 1983). This was considered the 

largest single stand of cork oak trees in the world, although it persists now only in 

the area of the Salé-Kenitra-Tiflet region in which there are plains; its size having 

decreased from 135,000 ha in 1920 (Emberger, 1939; Boudy, 1958) to 70,383 ha in 

2015 (Lahssini et al., 2015). The main cause of the decline in the size of this forest is 

human pressure (Fennane and Rejdali, 2015; Lahssini et al., 2015). With regard to 

tortoise populations in this area, its proximity to Rabat (<60 km) and the weekly 

presence of 5000 cars and 30,000 visitors on sunny days (Fennane and Rejdali, 

2015), indicate the possibility that these populations are particularly sensitive to 

over-collecting (Nijman and Bergim, 2017). In this study, we aimed to: 1) determine 

the size and structure of tortoise populations located in Maamora forest in order to 

explore differences between protected (>10 years) and unprotected populations, 2) 

characterise the use of tortoises as pets in Moroccan society (>18 years old) close to 

Rabat, and 3) describe the possible influence of the pet trade on the population 

demography in Maamora forest. 

 

Materials and methods 

 

Study area 

        The study was conducted in areas of low elevation (72-185 m a.s.l.) and sandy 

soil in Maamora forest (northwest Morocco; 34º 02’ 54.19’’ N, 6º 27’ 19.24’’ W). The 

climate is Mediterranean, with hot dry summers and an annual range of average 

rainfall from 300 to 500 mm. Maamora forest is dominated by cork oak trees, 

Quercus suber, with scattered endemic wild pear, Pyrus mamorensis, wild olive Olea 

europaea, green olive Phyllirea latifolia and mastic Pistacia lentiscus and a sparse 

understory represented by bush and shrub species, such as Mediterranean broom 

Genista linifolia, Cytisus arboreus, Stauracanthus genistoides, dwarf palm Chamaerops 
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humilis, French lavender Lavandula stoechas, sage-leaved rockrose Cistus salviifolius 

and Thymelaea lythroides. 

        The study specifically took place in four populations that were close together, 

but always ensuring that the tortoise territories were separated by a sufficient 

distance (separated by 5 km; Andreu, 1987; Anadón et al., 2006; see also figure 1).  

 

 
Figure 1. Distribution of Testudo graeca adapted from Giménez et al. (2005). 
Location of the study area and tortoise populations studied is shown. 

 

        The study populations differed: two of them have been fenced for at least 10 

years (hereafter denominated as protected areas; A and B) and are located in a 

private area, and the other two have no fencing and are for public use (hereafter 

denominated as unprotected areas; C and D), and might, therefore, be expected to 

be exploited by the pet trade owing to their proximity to Rabat. The protected 

areas were characterised by autochthonous bushes (Mediterranean broom and 

wild olive) and shrubs (dwarf palm, sage-leaved rockrose, French lavender and 

Thymeleae), which were well represented, and a high volume and diversity of herbs. 

However, non–native bush species (Cactus pear Opuntia indica and Mustard tree 

Nicotiana glauca) and single shrub species (dwarf palm) and a low volume and 

diversity of herbs covering predominated in the unprotected areas. The four areas 

had livestock, mainly cattle and sheep, but differed in terms of livestock densities, 
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and overgrazing was, therefore, higher in the unprotected areas than in the 

protected ones (for further details, see table 1).  

 

Table 1. Vegetation richness, height (cm) and surface cover (%) and livestock 
(LSU/ha) in the four populations studied. Data regarding livestock in the 
unprotected populations were obtained from Laarybia et al. (2014). 

 
  A B C D 

Herb richness 20 18 9 11 
Herb height 40-80 40-100 <10 <20 
Herb cover 18 18 55 55 
Shrub richness 5 5 1 1 
Shrub height 20-120 20-120 20-40 20-40 
Shrub cover 50 50 25 25 
Bush richness 3 1 1 1 
Bush height 80-200 80-120 150 100-180 
Bush cover 30 20 5 5 
Bare ground cover 2 2 15 15 
Livestock 1.2 1.2 6.4 6.4 

 

Mediterranean spur-thighed tortoise field study 

        The study populations were surveyed during the 2017-breeding period, which 

began at the end of February and continued until the end of May, and inhabited an 

area covering 12 ha in the case of the protected populations and 17 ha in that of the 

unprotected ones. Each of the four areas was surveyed for ten days in spring, when 

male and female detectability is higher (Díaz-Paniagua et al., 2001; Ben Kaddour et 

al., 2006; Rouag et al., 2007; Rodríguez-Caro et al., 2016). The tortoises were 

recorded from 12h until 15h on foot and in adequate weather conditions (sunny 

days with temperatures of between 20 and 24ºC). In addition, any dead animals 

found were collected and measured. 

         The carapace length (mm; CL), body mass (g), sex and age of each of the 

animals detected were measured as follows. The midline carapace length was 

recorded using a vernier calliper (accuracy ±1mm) and the body mass using a 

precise balance (accuracy ±1g). Adults were sexed using classical criteria for 
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Testudinae (Andreu et al., 2000; Slimani et al., 2002), assuming a minimum size at 

maturity of 100 mm for both sexes (El Mouden et al., 2002; Slimani et al., 2002). 

Individuals below this threshold were considered to be juveniles and, therefore, 

the sex was not determined.  

        With regard to short term monitoring (capture-recapture), the tortoises’ 

carapaces were numbered with non-toxic paint. The capture-recapture procedure 

assumes a closed population; adult tortoises have a high philopatry and remain 

localised during breeding (Ben Kaddour et al., 2006). 

 

On the pet trade: interviews and pet shop 

        In order to characterise the frequency of the use of tortoises as pets and obtain 

information on their ages and origins, a simple survey based on interviews 

conducted by an interpreter in the local language was carried out with local people 

in the areas surrounding the market shops in Rabat in spring 2018. The target 

group comprised local adults over 18 years of age. The surveys were conducted in 

the street and consisted of three closed questions: do you currently have or have 

you had a tortoise in the past? how big was it (juvenile (<100 mm)/adult (>100 

mm))? and what was its origin? In those cases in which those being surveyed did 

not already have or had never had a tortoise in the past, they were asked how they 

would obtain one in the future (shop, market shop or Maamora forest). Finally, 

biometric data on tortoises were collected in three trade market shops in Rabat 

from March to May 2017. The sellers were also asked about the origins of the 

animals. 

 

Statistical analysis 

        The tortoises’ body condition –i.e. body mass scaled by body size (e.g. Nagy 

and Medica, 1986; Henen, 1997)– for adults was estimated using residual values 

obtained by means of linear regression (by sexes), with the natural logarithm (ln) 

of body mass as the dependent variable and ln CL as the independent variable (e.g. 
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Speakman, 2001). The individual body-condition index expresses the variation in 

mass in relation to the values expected according to the size of the animal. 

        Population density estimates of the populations studied were determined by 

employing the Lincoln-Petersen formula with a Seber (1982) correction (R>7): 

N=((M+1)*(C+1)/(R+1))-1, 

where M is the sample of individuals captured and marked during the first survey, 

C is the number of individuals captured in the second survey and R is the number 

of individuals captured during the second survey and already marked. 

        The differences among the protected and unprotected areas as regards 

population size were tested by performing the Wald test, with a test statistic W 

assessed on the Chi-squared distribution with one degree of freedom (Wald and 

Wolfowitz, 1940). The Chi-square test was also used to assess differences between 

protected and unprotected areas in terms of population structure (by using size-

categories, CL and frequencies). The size distribution of the CL categories 50-99, 

100-129, 130-159, 160-189, 190-215 mm were defined according to previous studies 

with the species (Znari et al., 2005). Finally, the differences between the body 

condition in protected and unprotected areas were explored with ANOVA, 

including sex and the interaction between sex and protection status as predictors. 

All statistical analyses were performed using R 12.1 software (R Development Core 

Team, 2006). 

 

Results 

 

         Two-hundred and eighty-two Mediterranean spur-thighed tortoises were 

detected in the four populations of Maamora forest: 91 from population A (10 

juveniles, 36 males, 45 females; 12 ha), 91 from B (4 juveniles, 37 males, 50 females; 

12 ha), 50 from C (3 juveniles, 11 males, 36 females; 15 ha), and 50 from D (7 

juveniles, 16 males, 27 females; 20 ha). 
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         Eight dead tortoises were found in three of the four populations: 5 in A (2 

juveniles, 2 males, 1 female), 1 female in B and 2 in D (1 juvenile, 1 female). 

However, it was possible to determine the cause of death of only two tortoises 

(population A), which was in both cases the result of having been run over by 

traffic. We also checked 112 tortoises (61 juveniles, 51 adults) in three market shops 

in Rabat and interviewed 200 local adult people from Rabat. 

 

Population density 

        The recaptures varied from 7 to 12 (7, 8, 10, 12 in D, A, C and B, respectively). 

The estimated population size in A was 23.2 indiv·ha-1 with a 95% confidence 

interval (CI) ranging from 10.4 to 36.6 indiv·ha-1; while in B it was 16.6 indiv·ha-1 

ranging from 8.8 to 24 indiv·ha-1. In the unprotected areas, the population density 

in C was 5.4 indiv·ha-1 with a CI ranging from 2.9 to 7.9 indiv·ha-1, while in D it was 

5.5 indiv·ha-1 ranging from 2.2 to 8.8 indiv·ha-1. There were significant differences 

in population density between the protected and unprotected areas (A vs. C and D: 

W= 6.8, p<0.01, n=141; W= 6.6, p<0.01, n=141, respectively; B vs. C and D: W= 7.8, 

p<0.01, n=141; W= 7.2, p<0.01, n=141, respectively). 

 

Individuals’ body condition 

        ANOVA showed that adult body condition varied between the level of 

protection and the individuals’ sex, with the interaction between protection and 

sex being statistically significant. The effect of protection was greater for females 

than for males and the tortoises were, in both cases, in better condition in the 

protected areas (see table 2 and figure 2).  
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Table 2. Results of ANOVA explaining the variation in tortoise body condition in 
relation to sex (M male, F female) and human influence (P protected vs. U 
unprotected area). 

 
Model predictors Estimate Std error Z value P value 

Protection (U) -0.0332 0.063 -5.337 <0.05 
Sex (M) -0.0156 0.005 -2.619 <0.05 

Sex (M)*Protection (U) 0.0217 0.01 2.044 <0.05 
 

 
Figure 2. Distribution of adult body condition according to sex (female [F] and 
male [M]) and human influence (unprotected [U] and protected [P]). 

 

Population structure 

        There was no difference in individual size distribution (CL frequency) 

between either the two protected populations (A and B; X2= 4.78, p=0.31, n=182) or 

the two unprotected populations (C and D; X2=8, p=0.09, n=100) and they were, 

therefore, considered as protected (A-B) and unprotected (C-D) areas in the 

subsequent analyses. 
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        Between 4% and 14% of juveniles were found in both the protected and 

unprotected areas and no significant differences were found for them as regards 

their frequency in the afore mentioned areas (X2=0.593, p=0.44, n=24). The sex ratio 

–i.e. the number of females per males– was biased towards the females in the two 

areas (1.2 in the protected areas and 2.5 in the unprotected areas; X2= 4.46, p<0.01, 

n=282). The population structure differed significantly in the protected and 

unprotected populations (X2=13.74, p<0.05, n=282). The main differences concerned 

the CL size category of 126-155 mm, which represented 38% versus 25% in the 

protected and unprotected areas, respectively, and that of 185-215 mm, which 

represented 15% versus 25% in the protected and unprotected areas, respectively 

(see figure 3). 

        The frequency distribution regarding the size of both females and males 

varied significantly between the protected and unprotected areas (X2=7.85, p<0.05, 

n=168; X2=17.37, p<0.05, n=90, respectively), and the females in the longer size class 

were represented to a greater extent in the unprotected than in the protected areas, 

whereas the longer males were represented to a greater extent in the protected 

than in the unprotected areas. In both the protected and the unprotected areas, the 

dominant class for females (represented by 60-70%) was >155 mm CL, but the 100-

155 mm CL class represented 40% in the protected areas, despite the fact that it was 

28% in the unprotected areas. The male dominant class (represented by 65-80%) 

was conversely 100-155 mm CL in both areas. The largest female in both the 

protected and the unprotected areas was 215 mm CL (although two females with 

230 and one with 270 mm were found in the protected areas in later surveys) (for 

further details of the mean CL and body mass, see table 3). 

 



Collection for pets: ecological consequences 

	98	

 
Figure 3. Structure population based on carapace length (mm) of the four 
populations of Mediterranean spur-thighed tortoise (frequency of females shown 
in black and that of males in grey). 

 

Table 3. Mean carapace length (CL) and mass of male (M), female (F) and juvenile 
(J) Mediterranean spur-thighed tortoise in the four natural populations studied 
(±SD), two protected (A and B) and two unprotected (C and D). 
 

    CL (mm) Mass (g) 

A 

J (n=7) 67±22.18 99±76.87 
M (n=36) 158±2.27 771±316 
F (n=45) 154±2.59 731±334 

B 

J (n=3) 74±21.12 99±54.60 
M (n=37) 156±3.03 782±359 
F (n=50) 161±3.08 850±388 

C 

J (n=4) 79±17.82 135±64.78 
M (n=11) 148±1.98 666±236 
F (n=36) 172±2.89 1034±415 

D 

J (n=16) 74±13.63 101±45.08 
M (n=16) 151±1.88 665±276 
F (n=27) 173±3.27 1031±446 
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Pet trade 

        In the social survey, the opinion of 200 adults was obtained, and 61% of the 

respondents stated that they had a tortoise at the moment of the interview or had 

previously had one. On average, of the adult people who already had tortoises or 

had had them in the past (n=123), only 3% had bought them in a shop. The 

remaining adults in this category had obtained tortoises as follows: 14% from the 

market shop, 68% from wild populations and 14% from other people, while 3% 

had found them in the street (see table 4). 

 

Table 4. Results of the social surveys carried out in Rabat. Tortoise origin and age 
class (juvenile/adult) obtained from the tortoise owners and tortoise preference 
(origin and age (juvenile/adult/no preference) from no owners. 
 

 n 
Origin Age class 

  Forest Market Shop Transfer Street Juvenile Adult No pref 
Owner 123 77 17 4 18 7 80 43 0 
No owner 77 55 16 6 0 0 34 8 35 

 

        The tortoise population in captivity was mainly represented by juveniles (65%, 

n= 123). Similarly, of the adult people who did not have tortoises (n=77), only 8% 

stated that they would buy one in a shop and 21% from the market shop, while 

71% would obtain one from wild populations. With regard to the same 

respondants, 45% of them had no preference, as regards the age of the tortoise, but 

44% would prefer juveniles. 

        In the market shops in Rabat, the largest number of tortoises (54%, n=112) 

corresponded to <100 mm CL (very few from the first year, 2%); 38% to 100-160 

mm CL and 8% to >161 mm CL. 

 

Discussion 

         Significant differences in population size, population structure and body 

condition were found for the populations of Mediterranean spur-thighed tortoise 

in the protected (>10 years) and unprotected areas in Maamora cork oak forest. 
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Whereas high densities and a balanced population structure were associated with 

the protected areas, the unprotected ones were characterised by low densities and 

predominantly older females and younger males, both of which had a lower body 

condition. The capture of Mediterranean spur-thighed tortoises for the pet trade, 

which, according to a survey of local people, reflects the high number of animals 

collected from wild populations in Maamora, pinpoints this threat as a possible 

driver modulating demographic population parameters in unprotected areas.  

 

Population density and individuals’ body condition 

        The population density in the protected areas in Maamora (17-23 indiv·ha-1) 

was higher than values reported for other protected populations throughout 

species distribution (e.g. Andreu et al., 2000; Slimani et al., 2002; Ballestar et al., 

2004; Ben Kaddour et al., 2006; Anadón et al., 2007; Rouag et al., 2007; Rodríguez-

Caro et al., 2017) and three or four times higher than those observed in the 

unprotected areas (5.5 indiv·ha-1) of Maamora. These differences between the 

protected and unprotected populations in Maamora evidence threats to the 

unprotected populations, the more plausible causes being the pet trade (Lambert, 

1979; Pérez et al., 2004; Znari et al., 2005; Brianti et al., 2010; Nijman and Bergim, 

2017) and habitat alteration (Bayley and Highfield, 1996; Slimani et al., 2002; 

Anadón et al., 2007). Habitat quality, which was lower in unprotected areas owing 

to human disturbances, such as livestock overgrazing, dwarf palm and cork oak 

harvesting and agricultural practices, may be the principal cause of these 

differences. Indeed, competition for food between tortoises and mammals is 

expected in overgrazed areas, and harvesting and agricultural practices might 

favour a lower availability of refuge cover (El Mouden et al., 2006). However, it is 

probable that habitat quality cannot be considered as the sole cause, since the pet 

trade might also play a role as regards explaining differences in density between 

protected and unprotected areas. Futher studies are, therefore, required so as to 
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discover the relative role of each factor in order to design efficient actions for 

species conservation. 

        Adult body condition was higher in the protected areas when compared to the 

unprotected ones, particularly in the case of females. This finding might be 

explained by the lower extent of scrub cover and height resulting from the long-

term effect of livestock in unprotected areas (Fennane and Rejdali, 2015), which 

probably reduces the availability of food resources and perturbes 

thermoregulation, thus causing excessive energy expenditure and consequently 

reducing body condition (e.g. Esque et al., 2003). The consequences of a lower 

female body condition at the onset of the breeding seasons might influence the 

decision to reproduce, the mobilisation of maternal reserves and post-reproduction 

survival, and, therefore, have a high potential to regulate population demography 

in general and population density in particular. 

 

Population structure 

         Most of the captures in the protected areas in Maamora were similar to those 

that took place in d`El Kala National Park in Algeria as regards population 

structure, where young adults were predominant (140-190 mm CL; Rouag et al., 

2007), but differed from those of Central Jbilets and Essaouira in Morocco (90-170 

and 110-210 mm CL, respectively; Znari et al., 2005). Nevertheless, most captures 

in the unprotected areas in Maamora differed from the protected ones as regards 

the more unbalanced size structure, which was evidenced by the dominating 

longer and older females (>155 mm CL) and shorter and younger males (<155 mm 

CL) in the unprotected areas, in which they represented 80% of the population. In 

addition, the lack of larger and older tortoises (>216 mm CL), such as the females 

reported in Admine (226 mm CL) and Tagourat (255 mm CL) (Znari et al., 2005), 

might indicate the possibility of a previous souvenir trade years ago in the 

unprotected areas of this cork oak forest (Lambert, 1979, 1984; Highfield, 1994).  
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        In addition, while female sex-biased ratios occurred in declining Testudo 

populations, balanced sex ratio populations can be considered as typical of stable 

populations (T.hermanni, e.g. Cheylan et al., 2010). Indeed, the adult sex ratio is 

expected to influence sex roles and breeding systems, as the rarer sex in the 

population has more potential partners to mate with than the more common sex 

(Szekely et al., 2014). The protected Maamora areas were slightly female-biased 

(1.2), which differed from the other Mediterranean spur-thighed tortoise 

populations documented, such as those of Doñana (0.71; Díaz-Paniagua et al., 

2001), Central jbilets (0.83-1; Znari et al., 2005; Ben Kaddour et al., 2006) and 

Admine (0.6; Znari et al., 2005). Nevertheless, female bias had been documented in 

other Testudo populations of Spain, France and Sardinia (T. hermanni; Cheylan et al., 

2011; Bertolero, 2015; Biaggini et al., 2018). Bearing in mind that detectability might 

vary between years, and the fact that our study comprised one year, the 

populations were strongly female-biased (2.5) in the unprotected Maamora areas.   

According to the low male mortality found, which did not appear to be different 

from the female mortality, as was found in southern Spain populations (Díaz-

Paniagua et al 2001), it is possible that sex-differential juvenile mortality leads to a 

biased sex ratio at maturation (Szekely et al., 2014). But higher temperatures could 

also play a role in the female-biased sex ratio, as this species has a temperature-

dependent sex determination (Pieau, 1975). Long-term monitoring of these 

valuable populations will, hopefully, shed light on these issues. 

        Population structure might modify demographic parameters, such as 

fecundity, juvenile recruitment and growth rate, and subsequently influence 

genetic and ecological variations among individuals (e.g. Rudolf and Rasmussen, 

2013). In our study, there were fewer juveniles in both the protected and 

unprotected areas (4-14%) than in Doñana (13-26%, Díaz-Paniagua et al., 2001) and 

Central Jbilets (23%, Znari et al., 2005). The percentages found were, however, 

fairly similar to those of Algeria (6%, Rouag et al., 2007), Admine or Essaouira (10% 

and 8% respectively, Znari et al., 2005). In this respect, the local people interviewed 
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who had obtained tortoises from wild populations in Maamora (the main origin of 

the tortoises), showed a higher preference for juvenile tortoises than for adults. 

Moreover, the most suitable means of adquiring a tortoise in the future for those 

people who did not already have one, was also wild populations from the forest, 

showing the potential relevance of the pet trade in the unprotected areas close to 

Rabat. However, if the pet trade is responsible for the low frequency of juveniles, 

then juveniles should be observed to a greater extent in protected rather than in 

unprotected areas, but this was not the result we attained. This signifies that the 

pet trade is not the sole cause of the low rate of juveniles in our study area. In this 

respect, it is necessary to discover the roles played by predation risk, refuge cover 

or food resources in juvenile mortality rates in Maamora populations. Long-term 

studies are, therefore, required in order to assess hatchling and juvenile survival 

and their variation over time. 

 

Conservation 

        Maamora forest is home to one of the highest density populations of 

Mediterranean spur-thighed tortoise documented to date, and the conservation of 

this forest is essential if this species, along with a wide variety of other species of 

birds (Cherkaoui et al., 2009; Segura et al., 2017) and plants (Aafi, 2007), are to be 

maintained. Nevertheless, this Mediterranean forest is under pressure from 

forestry practises (Fennane and Rejdali, 2015), intense overgrazing by livestock and 

the leisure activities of human inhabitants (Lahssini et al., 2015). These issues are 

consequently already affecting the Mediterranean spur-thighed tortoise in terms of 

population density, individuals’ body condition and population structure in 

unprotected areas by reducing the scrub, which is a thermal refuge, feeding and 

nest site area (El Mouden et al., 2006; Moulherat et al., 2014), and is thus favouring 

its risk of visibility, predation and catchability (Ben Kaddour et al., 2006). But even 

more importantly, the presence of humans in Maamora each weekend has led the 

Mediterranean spur-thighed tortoise to concentrate in less suitable areas in terms 
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of feeding and refuge (Bayley and Highfield, 1996; Slimani et al., 2001), and human 

contact with wild tortoise populations might be favouring the removal of this 

species from the forest to be kept as pets. This was reinforced in our interviews 

with local people in Rabat, as was found in southern Spain (Pérez et al., 2004), 

where keeping tortoises in captivity has been proved to be a long-established 

custom. One of the challenges is, therefore, to change the social perception of the 

Mediterranean spur-thighed tortoise as a pet and to highlight its intrinsic 

ecological value as a long-living wild species that inhabits threatened habitats of 

great interest that must be protected. 
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Chapter 2b : Implications for conservation of 

collection of Mediterranean spur-thighed tortoise as 

pets in Morocco: residents’ perceptions, habits and 

knowledge 
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  Abstract 

The trading and collection of wild animals as pets may be cause for concern 

regarding animal welfare and species conservation. These concerns can be 

exemplified by Mediterranean spur-thighed tortoise (Testudo graeca), a long-

living species whose use as pets is long established. The human dimension 

plays a major role in the wildlife for the pet collection, and is particularly 

important in countries like Morocco, where this might pose a threat to the 

conservation of the species involved. This study, which is based on a 

questionnaire survey (n = 480 participants), documents the fact that many 

people in Morocco keep tortoises as pets: 55% of the participants in the survey 

and over two tortoises/person. Importantly, most captive tortoises, particularly 

juveniles, had been collected directly from wild populations by their owners 

(42%, n = 264). In general, the tortoise owners had limited knowledge of their 

tortoises’ habits and requirements, although rural people were more likely to 

acknowledge that the tortoise is a wild and threatened species. Our study 

reveals that non-commercial collection is a common activity in Morocco that 

may threaten wild tortoise populations and hence species conservation, and it 

could have consequences regarding the welfare of the animals. We were also 

able to identify the profile of people towards whom education campaigns 

should be directed in order to reduce the number of tortoises collected from 

wild populations. Additional field research should also be conducted to 

quantify the impact of pet collection on wild tortoise populations. 
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Introduction 

Most tortoises and turtles are struggling to persist in the modern world, a 

fact that is generally overlooked (Lovich et al., 2018). The main threats that 

these species are experiencing worldwide are habitat loss, climate change 

(because the sex of many tortoises and turtles is determined by their 

environment) and their unsustainable overexploitation as pets and food 

(Gibbons et al., 2000; Mali et al., 2014). These factors are leading to steep 

declines in the populations of many tortoises and turtles, which are, therefore, 

confronted with a high risk of extinction and are consequently legally protected 

species (e.g., Nijman and Sheperd, 2014; D´Cruce et al., 2015; Robinson et al., 

2015). 

The trading and collection of wildlife are cause for concern regarding 

animal welfare, public and health safety, species conservation, and ultimately 

environmental degradation (Warwick, 2014; Robinson et al., 2016). In this 

respect, intentional harvest has been reported as the second largest threat to the 

survival of many reptiles (Böhm et al., 2013), and the trading and collection of 

tortoises and turtles are considered the highest when compared to other reptiles 

(Nijman and Sheperd, 2007; Luiselli et al., 2016). Certain species and groups of 

tortoises and turtles, such as Testudines (which comprises 341 species) are 

preferred by pet owners over others (Czech et al., 1998), signifying that the 

likelihood that they are overexploited is higher. One of these species is the 

Mediterranean spur-thighed tortoise (Testudo graeca), which has traditionally 

been transported from North Africa to Europe to be sold as pets (Nijman and 

Bergim, 2017). For example, in the 1960s 100,000 Mediterranean spur-thighed 

tortoises were introduced from Morocco to Europe per year Lamber 1969), and 

Nijman and Bergin (2017) recently observed large volumes of Mediterranean 

spur-thighed tortoises captured for illegal export in Morocco; the largest were 

found in the cities of Tangier and Rabat. Additionally, Brianti et al. (2010) 
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documented the illegal importation of 1400 tortoises from North Africa to Sicily 

in 2008. 

Although the Mediterranean spur-thighed tortoise is primarily found in 

dense forests, grasslands and some coastal scrublands (Lambert, 1983; Andreu, 

1987; Anadón et al., 2006) its high adaptability to different environments means 

that this species is frequently sold as a resistant pet. Although tortoises are 

often found in markets, people also collect some animals from wild populations 

for personal use (Pérez et al., 2004; Bergim and Nijman, 2014; Segura and 

Acevedo, 2019; Tiar et al., 2019). In addition, houses with gardens that are 

rented in cities and villages of Morocco often hold tortoises as pets (hereafter 

denominated as house heritage). The Mediterranean spur-thighed tortoise has 

been protected by the Convention on International Trade in Endangered species 

of Wild Fauna and Flora (CITES, Appendix 2) since 1975 and is also protected 

by Moroccan conservation laws like the King’s decree n° 1-11-84 promulgating 

Law n° 29-05 on the Protection of Species of Flora and Fauna and the Control of 

their Trade that bans its sale. In spite of this legal protection, the truth is that 

Mediterranean spur-thighed tortoises are currently sold openly in Morocco 

(Bergim and Nijman, 2014), collected illegally by owners (Segura and Acevedo, 

2019), and are often exported to Europe, as mentioned above. In fact, human 

use seems to be one of the main factors jeopardizing the conservation of this 

tortoise species, which is Red-listed as Vulnerable by the International Union 

for Conservation of Nature (Van Dijk et al., 2014). 

Investigating the human dimension of the trading and collection of wildlife 

for pets is essential if we are to improve our understanding of its drivers, which 

will help inform the design of effective species conservation and management 

strategies (Kieswetter, 2017). In particular, it is necessary to attain more in-

depth knowledge of pet owners’ values, perceptions, and attitudes towards 

wildlife pets, in addition to investigating their behavior in relation to their pets 

(Zhang et al., 2008; Drury, 2009; Liu et al., 2016). As an example, some survey 
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studies in China and Vietnam have shown that people’s preferences for wild 

species as food or for traditional medicine are important drivers of the wildlife 

trade, which probably influence the market (Zhang et al., 2008; Drury, 2009). 

This need to understand the human dimension in the long-established use of 

wildlife as pets is especially important in countries like Morocco, not only 

because it is part of the Mediterranean basin hotspot, but also because the 

trading and collection of wildlife may simultaneously represent an important 

source of income for local people and be a threat to the conservation of the 

wildlife species involved (Bergim and Nijman, 2014). 

In this study, we employed a questionnaire survey to assess (1) whether 

tortoise ownership is frequent in the city of Rabat and a smaller neighboring 

village, (2) tortoise owners’ perceptions, preferences and habits, and (3) their 

knowledge of the biological and ecological requirements of the species and its 

conservation status. This may help improve our understanding of the role 

played by non-commercial tortoise collection and its magnitude, and 

consequently its potential effects on wild tortoise populations. Given that 

perceptions and attitudes usually vary between urban and rural people 

(Berenguer et al., 2005), and that this has been particularly observed in the case 

of users of other tortoise species and areas (Pantoja-Lima et al., 2014), we also 

aimed to assess potential differences in the perceptions and knowledge of the 

Mediterranean spur-thighed tortoise between residents in the main city of 

Rabat and those living in a smaller neighboring rural village. Finally, we 

discuss the information gathered in terms of opportunities for tortoise 

conservation and welfare. 
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Materials and Methods 

Study Area 

Morocco is a demographically young country (45% of people are under 25 

years) and has long been the home to foreign residents, who represented 0.25% 

of the total Moroccan population in 2014 (40% of these were Europeans, mainly 

French; High Comission for Planning 2019). The urbanization process 

developed in the country has caused some rural depopulation. Generally, 

education level in rural areas is lower than in urban ones, especially among 

females; only 28% of women received education in primary school in the period 

1991–1998, while this percentage increased to 47% in the case of men (World 

Bank, 2001). Poverty ranged between 12% and 27% in the cities and rural areas, 

respectively, in the period 1984 to 1999; and the urban unemployment rate is 

the 22%. Our survey was conducted in the region of Rabat, which is home to 1.4 

million habitants. In particular, we focused on the city of Rabat (578,519 

habitants in 2014; Direction Regionale de Rabat-Sale-Kenitra) and the smaller 

village of Sidi Allal El Bahraoui (14,846 habitants in 2014; Direction Regionale 

de Rabat-Sale-Kenitra), which are separated by 38 km (see figure 1). 

 

Figure 1. Distribution of Testudo graeca adapted from Giménez et al. (2005) 
and location of the study area. 



Collection for pets: human dimension 

	112	

The city of Rabat concentrates political and administrative services and it is 

inhabited by over 12,000 foreigners (15% of the Moroccan foreign community; 

Navez-Bouchamine, 2003). Population structure by gender is similar in Rabat 

and Sidi Allal El Bahraoui and there is a predominance of the 15–59 age group, 

but this group is over-represented in comparison with the whole nation (World 

Bank, 2001). The percentage of people employed is slightly higher than in the 

rest of the country (19% unemployment rate in Rabat). The economic activity of 

Rabat is mainly related to the service sector (administrative function 39.4%, 

services 17.0%, and commerce 14.7%) and its inhabitants’ housing ranges from 

villas and modern houses in the new areas to modest houses in the peripheral 

districts (Navez-Bouchamine, 2003). 

The principal economic activity in Sidi Allal El Bahraoui is agricultural 

production and its inhabitants live mainly in districts dominated by modest 

flats and houses, although there are also some modern houses in the peripheral 

areas. Sidi Allal El Bahraoui is located inside the Maamora forest and Rabat is 

found at approximately 14 km from this cork oak (Quercus suber) forest (figure 

1). The Maamora forest has been in decline since 1955 owing to human pressure 

(Fennane and Rejdali, 2015), and it is considered to be one of the areas with the 

highest density of Mediterranean spur-thighed tortoise documented to date 

throughout the species’ distribution range (Segura and Acevedo, 2019). In 

Morocco, wild animals, including tortoises, are traded in pet shops, but more 

frequently in open markets (Bergim and Nijman, 2018). In both cities and 

villages, market shops are often grouped together by theme. Wild animals are 

generally sold in herbalists’ shops, which also offer domestic animals, herbs, 

spices, and medicinal products. Each market usually has a few stalls selling 

animals caught in the wild, with the number varying according to the city 

(Bergim and Nijman, 2018). The Mediterranean spur-thighed tortoise is by far 

the most frequently traded species on Moroccan markets; 94% of the 2113 wild 

animals surveyed by Bergin and Nijman (Bergim and Nijman, 2018) on 48 
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market stalls were Testudo graeca and their price depends on their size, with a 

small individual costing around 1US$. 

Questionnaire Surveys 

We carried out a survey based on a questionnaire, which was distributed by 

hand to residents throughout the day (e.g., 10 am to 17 pm) between Monday 

and Friday (i.e., working days) in the five main streets of Rabat and Sidi Allal El 

Bahraoui during the autumn of 2018. These precise locations were considered 

as representative of the study areas, as most of the residents concentrate around 

them on a weekday basis. We approached all the adult members (i.e., over 18 

years) of the general public who walked through these streets and asked them 

to participate in a survey concerning tortoises as pets. Therefore, our target 

group comprised adults over 18 years of age who lived in the rural and urban 

areas surveyed (appendix 1, table 1). The response rate was 98.9% (total n = 

485). The participants responded to the questionnaires in person in either 

Arabic (in the case of those who had lived in Morocco all their lives: local 

participants) or in English (in the case of foreigners who were living in Morocco 

when the survey was conducted). All the foreigners were associated with the 

urban group owing to their low representativeness in smaller Moroccan 

villages (appendix 1, table 1 and table 2). A native Arabic speaker translated the 

questionnaires to Arabic and helped us during the interviews with local 

participants in order to avoid misinterpretations of the content of the 

questionnaire. All the respondents were assured that the contents of the 

questionnaires would be anonymous and confidential. The answers were 

analyzed all together and in agreement with Law nº 9-08 of 18th February 2009 

concerning personal data protection in Morocco. 

The standardized questionnaire (appendix 2) included both binary (yes/no) 

and Likert scale (from 1, total disagreement, to 5, total agreement) questions. A 

total of 21 questions were arranged in four main themes. The first group of 
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questions dealt with general perceptions about tortoises (e.g., whether they are 

pets that can be obtained from a shop or from the forest, or whether they are 

wild species inhabiting the forest and have an ecological value), and also with 

the frequency with which Moroccan residents keep tortoises as pets. Here, we 

also evaluated the respondents’ preferences regarding pets by showing them 

pictures of a dog, a cat, a rabbit, a Mediterranean spur-thighed tortoise, a fresh 

water turtle, and a fish. We assessed the respondents’ preferences in terms of 

the tortoises’ age classes. Differences may be expected because (1) “babies” may 

be associated with cuteness, (2) adults may be viewed as stronger owing to the 

higher mortality of juveniles, and (3) adults are able to breed. We asked non-

owners (i.e., those participants who had never owned a tortoise) if they would 

have any preferences regarding the tortoises’ age (juvenile or adult) and how 

they would potentially obtain a tortoise in the future (buying it from a shop or 

market stall or taking it from the Maamora forest). The objective of the second 

group of questions was to assess the participants’ biological and ecological 

knowledge of the species. In particular, we asked them about the longevity, sex 

differentiation, reproduction and feeding habits of tortoises, the role of 

Maamora forest as a home to tortoises, or the status of the species regarding its 

conservation. The third block of the questionnaire addressed tortoise owners’ 

personal experience with tortoises as pets (non-owners were not questioned 

about this). This part included questions about tortoises kept at home as pets 

(hereafter, captive tortoises). For example, we asked owners about the age of 

captive tortoises, estimated according to their carapace length (CL) (juvenile if 

<100 mm CL and adults if >100 mm CL; Díaz-Paniagua et al., 2001) and their 

origin (e.g., captured in the wild or bought from either the market stall or a 

shop). We also inquired whether they had exchanged tortoises with other 

people, which is a common practice, especially among foreigners who spend 

some years in Morocco, whether their tortoises had bred in captivity and the 

number of times that this had occurred (1, 2–4, >4), and whether they had 
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released the tortoise and if so, where (e.g., released into the forest or transferred 

to other people). We also asked about where the owner of the captive tortoise 

lived (i.e., a flat or a house with a garden), how long the captive tortoise had 

been living with them (e.g., less than a year and over three years), and tortoise 

care (e.g., a yearly checkups by a vet and obtaining information on tortoises by 

means of, for example, books or the Internet). Here, we also asked about the 

number of captive tortoises owned per person. We considered three categories: 

1, 2–4, and >5 tortoises. This allowed us to estimate adult and juvenile tortoise 

ranges and the number of tortoises owned per person. For calculations, we 

assigned two tortoises to the minimum and four to the maximum in the 

category 2–4, while six tortoises were assigned to the >5 category. The 

percentage of tortoises was calculated according to the frequency of each 

category. In addition, we estimated roughly the number of captive tortoises in 

the study area. To do this, we first calculated the number of households in 

Rabat and Sidi Allal El Bahraoui, using the total human population living in 

these localities (Direction Regionale de Rabat-Sale-Kenitra) and the household 

size average in Morocco, which was 4.6 in 2014 (United Nations, 2017). Second, 

we estimated the number of captive tortoises per household in Rabat and the 

neighboring village, using the percentage of urban and rural people who kept 

captive tortoises and the number of tortoises owned per person according to the 

results of our survey. We did not include foreign people for this calculation 

because we did not know the household size for this group of people and 

because most foreigners remain in Morocco for less than 4 years, which makes 

any extrapolation difficult. 

         Finally, we recorded the respondents’ demographic information, such as 

age, gender, children, home, nationality, how long they had resided in 

Morocco, education level, urban/rural, type of home (i.e., house/flat), whether 

their work was related to nature, whether they spent their free time in natural 
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surroundings, and whether they had any other pet at home (a full copy of the 

questionnaire is provided in the appendix 1). 

Statistical Analysis 

        Generalized linear models (GLM) with a binomial distribution and a 

“logit” link function were used to explore the sociodemographic differences 

(i.e., nationality, age, gender, children home, urban/rural, type of home, 

education level, whether their work was related to nature, whether they spent 

their free time in natural surroundings, and whether they owned any other pet) 

between those who did and did not own tortoises. The most parsimonious 

model was selected using a backward stepwise procedure based on the Akaike 

information criterion (AIC; Akaike, 1974). The Chi-square tests were used to 

assess differences between rural, urban local, and foreign residents in terms of 

the origin of their tortoises (from the wild, trade, other people, or found in the 

street), the captive breeding of tortoises, the tortoises’ destination (wild or street 

release, given to other people, and lost or dead), home in which the tortoise was 

kept (i.e., flat or house), how long the tortoise had been kept in captivity, 

whether checkups were conducted by vets, and whether they attempted to 

obtained any information about captive tortoises. We also used Chi-square tests 

to assess differences between owners and non-owners’ preferences regarding 

tortoises’ ages and origins. All the statistical analyses were performed using R 

3.6.1 software (R Core Team, 2019). 

 

Results 

        A total of 480 people participated in our survey, of whom 55% were 

tortoise owners (either because they had a tortoise at the moment of the 

interview or because they had had a tortoise in the past). The percentage of 

participants who owned other pets was considerably lower: 14% owned dogs, 
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9% cats, and less than 2% other pets (rabbits, turtle and fish). Our statistical 

model reported that the profile of a tortoise owner corresponded to a mature 

Moroccan person (over 30 years of age) living in a house with a garden in either 

urban or rural areas who often also owned other pets (table 1). 

 

Table 1. Results of generalized linear model (GLM) explaining 
sociodemographic tortoise owner profile. Only the most parsimonious 
models (i.e., those with the lowest Akaike information criterion (AIC)) are 
shown. Significant differences between people ranging from 31 to 50 and 
over 50 years are observed (Z value: 2.109, p <0.05). See Table S3 
(Supplementary Material) for the full list of models tested. 

 

Model Predictor Estimate Std Error Z Value p Value AIC 
Nationality: local 0.6696 0.2583 2.592 <0.05 639.4 

Age: 31–50 0.228 0.211 1.08 0.28 
 

Age: over 50 0.8418 0.3217 2.617 <0.05 
 

Home: house 0.8284 0.2213 3.742 <0.05 
 

Pet owner 0.4400 0.1948 2.259 <0.05 
 

Model Predictor Estimate Std Error Z Value p Value AIC 
Nationality: local 0.7474 0.2647 2.824 <0.05 639.4 

Age: 31–50 0.2488 0.2121 1.173 0.24 
 

Age: over 50 0.8921 0.3247 2.748 <0.05 
 

Home: house 0.8479 0.2226 3.809 <0.05 
 

Urban/rural −0.2877 0.2013 −1.43 0.15 
 

Pet owner 0.4701 0.1965 2.392 <0.05 
 

Model Predictor Estimate Std Error Z Value p Value AIC 
Nationality: local 0.7428 0.2647 2.806 <0.05 639.7 

Age: 31–50 0.3873 0.2377 1.63 0.1 
 

Age: over 50 1.1036 0.3632 3.039 <0.05 
 

Children −0.3007 0.2282 −1.317 0.19 
 

Home: house 0.8898 0.2257 3.943 <0.05 
 

Urban/rural −0.2824 0.2018 −1.4 0.16 
 Pet owner 0.4780 0.1969 2.427 <0.05 
 

The owners’ and non-owners’ perceptions and knowledge of tortoises were generally 
similar (table 2). In contrast, some of the differences between rural and urban people and 
between locals and foreigners were pronounced. For example, rural people’s ecological and 
biological knowledge of the species was higher than that of urban people (table 2). 
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Pet Preference and General Perceptions of Tortoises 

Between half and three quarters of the people who answered the 

questionnaire preferred dogs to other pet species, including tortoises (table 2). 

People had lower preferences for rabbits and freshwater turtles than for 

tortoises in all the groups, the only exception being that foreigners had a higher 

preference for turtles than for tortoises (table 2). Some people liked adults 

because of their strength, but the majority preferred juveniles owing to their 

cuteness. The percentage of rural people who preferred cute juveniles and 

breeding adult tortoises was double that of local and foreign people living in 

Rabat (table 2). 

Table 2. Tortoise owners’ and non-owners’ pet preferences, perceptions, and 
knowledge. The percentages are highlighted with different intensities of colors 
according to their level: dark grey = over 67%, medium grey = 34%–66% and 
light grey = less than 33%. 
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When we asked non-owners about their preference in the case of obtaining 

a tortoise, most of them responded that they would take it from the forest, 

while less than a quarter would buy it from shops or market stalls (table 3). This 

pattern was particularly strong in the village, where three quarters of the 

participants responded that they would get the tortoise from the forest; in 

contrast, this percentage was significantly lower in the case of foreigners (rural 

people vs. foreigners: X2 = 6.7, p < 0.05, n = 121; table 3), who would buy one 

from a shop much more frequently (rural people vs. foreigners: X2 = 11.9, p < 

0.05, n = 121; Table 3). In terms of tortoise age preference, a little more than one 

third of the non-owners preferred juveniles, while half of them did not have 

any preference (table 3). 

More than half of the people interviewed perceived the tortoise as a pet. 

Notwithstanding, most people also viewed the tortoise as a wild species, which 

was especially evident among rural people, although some foreign and urban 

people even attributed it an ecological value (table 2). In addition, over one-

third of the participants in our study believed that it is common for people in 

Morocco to keep tortoises as pets. Nevertheless, most foreigners who had 

tortoises did not share this perception (table 2). Most people considered houses 

with gardens as adequate homes for tortoises, while only less than half of the 

participants viewed flats as adequate for tortoises. The perceived inadequacy of 

flats as homes for tortoises was particularly high among foreigners (table 2). 
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Table 3. Tortoise age and origin preference of those people who did not 
have a tortoise. Differences between rural people and urban locals (P1) and 
rural people and foreigners (P2) according to Chi-square tests; p-values are 
shown: ns (not significant),* (p < 0.05). 

  
Total 

(n = 216) 
Rural People  

(n = 87) 
Urban Locals  

(n = 95) 
Foreigners 

(n = 34) 
P1 P2 

Tortoise age 
      

Juvenile tortoise (%) 38 37 39 41 ns ns 
Adult tortoise (%) 12 13 8 18 ns ns 
No preference (%) 50 50 53 41 ns ns 
Tortoise origin 

      
Wild population (%) 57 74 52 26 ns * 
Trade: shop (%) 25 13 26 53 ns * 
Trade: market stall (%) 18 13 22 21 ns ns 

 

Biological and Ecological Knowledge of Tortoises 

Nearly three quarters of the rural people considered that the Maamora 

forest was the home of tortoises, while this percentage fell to two quarters in the 

case of the two groups of urban people (table 2). Near half of the rural people 

knew that the tortoise is a threatened species, while only a third of those living 

in the city and a quarter of the foreigners were aware of this. 

Between half and three quarters of the participants in this study had 

appropriate knowledge of the longevity and feeding habits of this species. 

Knowledge regarding the sexual dimorphism and reproduction habits of the 

species was generally lower; nevertheless, it was higher among rural than 

urban people (table 2). 

 

Captive Tortoises 

Most owners had obtained their tortoises from wild populations (42%, n = 

264) followed by from other people, house heritage, market stalls, or shops; 

very few owners had found their tortoises roaming freely in the street (table 4).   

The percentage of rural people who had obtained their tortoises from wild 
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populations was double that of local people living in Rabat, which was as much 

as almost 10 times higher than the percentage of foreigners who had captured 

their tortoises in the forest (rural people vs. urban locals: X2 = 10.8, p < 0.05, n = 

220; rural people vs. foreigners: X2 = 22.1, p < 0.05, n = 147; table 4). An opposite 

pattern was found for the percentage of people who had received their 

tortoise/s from other people or had them in the garden of the rented house 

(tortoise exchange, rural people vs. urban locals: X2 = 11.1, p < 0.05, n = 220; rural 

people vs. foreigners: X2 = 9.6, p < 0.05, n = 147; house heritage, rural people vs. 

foreigners: X2 = 15.9, p < 0.05, n = 147; table 4). 

Nearly a quarter of the owners had tortoises that bred in captivity; 

differences between tortoises owned by rural and urban people were not 

observed in this respect. The number of times that tortoises bred in captivity 

was higher when they were owned by local people than by foreigners (table 4). 

Nearly half of the owners reintroduced their tortoise into the wild and 

almost one quarter stated that the tortoise had died. The remaining options 

were chosen less frequently (table 4). The percentage of rural people who 

reintroduced their tortoise/s into the wild was double that of urban people 

(rural people vs. urban locals: X2 = 10.2, p < 0.05, n = 205; rural people vs. 

foreigners: X2 = 9.9, p < 0.05, n = 130). In contrast, the proportion of urban locals 

who gave their tortoise/s to other people was significantly higher than that of 

local people living in the village (rural people vs. urban locals: X2 = 8.8, p < 0.05, 

n = 205). 
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Table 4. Results of the surveys in the study area, in urban and rural areas for 
local and foreign people. Minimum and maximum numbers of captive tortoises 
were calculated according to the ranges of the questionnaire (tortoises kept: 
between two and four were assigned to two as a minimum and four as a 
maximum, while over four was assigned to five). The same procedure was 
followed to estimate breeding times. Differences between rural people and 
urban local (P1) and rural people and foreigners (P2); ns (statistically not 
significant) and * (p < 0.05). Flat and house were assigned only to people who 
currently had tortoises, and not those who had had them in the past. 
PT=Pertinence Time. 
 

  Total Rural People Urban Local Foreigner P1 P2 
Owners (%)   43 37 20 ns ns 
Captive tortoises 568–828 

     
Juvenile tortoise 323–467 146–204 126–190 51–73 

  
Adult tortoise 245–361 99–137 85–127 61–97 

  
Tortoise per person 2.1–3.1 2.4–3.3 1.8–2.7 2.5–3.9 

  Household  3227 125–765    
Tortoise pet estimate  3330–4579 83,759–125,639    
       
Origin (n=264) 

      
Wild population(%) 42 70 32 4 * * 
Trade: shop(%) 5 4 6 5 ns ns 
Trade: market stall(%) 10 7 15 5 ns ns 
Exchange (%) 20 8 28 31 * * 
House heritage(%) 17 9 12 45 ns * 
Street recovery(%) 6 2 7 10 ns ns 
Captive breeding (%) 20 23 17 20 ns ns 
Breeding times 90–120 32–48 30–44 21–25 

  
       
Destination (n=234) 

      
Release: forest (%) 44 67 29 13 * * 
Release: street (%) 3 2 4 3 ns ns 
Transfer (%) 14 5 21 20 * ns 
Lost (%) 17 11 20 30 ns ns 
Died (%) 22 15 26 34 ns ns 
       
Home and Care (n=264) 

      
Flat*(%)  46 65 39 13 ns * 
House*(%) 54 35 61 87 ns * 
PT: 1 year (%) 50 58 48 34 ns ns 
PT: 2–3 years (%) 30 29 32 30 ns ns 
PT: over 3 years 20 13 20 36 ns * 
Vet care (%) 3 1 3 7 ns ns 
Documented (%) 51 47 56 43 ns ns 
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A little more than half of the owners had the tortoises in houses with a 

garden; this was significantly more frequent for foreigners than for rural people 

(rural people vs. foreigners: X2 = 4.7, p < 0.05, n = 71; table 4). In addition, most 

owners had had their tortoises for less than a year (table 4). The pertinence of 

the tortoise was significantly higher for foreigners than for rural people (rural 

people vs. urban foreigners: X2 = 6.8, p < 0.05, n = 147; table 4). 

In general, very few people took the tortoise to the vet for an annual 

checkup (table 4). Half of the owners obtained information about their tortoises 

by reading books or searching on the Internet (table 4). 

The total number of tortoises owned by our participants ranged between 

568 and 828 (an average of 2.1–3.1 tortoises/person; see methods for details of 

the calculations); nearly half of these tortoises were owned by rural people 

(table 4). Most owners had only one tortoise (46%) or between two and four 

tortoises (48%). Most captive tortoises were juveniles (57%, n = 264). Local 

people (both urban and rural) owned a higher proportion of juveniles (60%) 

than foreigners (45%). According to our estimation, the number of tortoises 

kept in captivity in Rabat would be over 83,000 individuals and in the 

neighboring village over 3,000 tortoises (table 4). 

 

Discussion 

Understanding the implications of the trading and collection of wildlife 

regarding animal welfare and species conservation is important because, as the 

use of wildlife as pets grows, the associated impacts are likely to increase (Baker 

et al., 2013). In the particular case of reptiles, the trading and collection of pets 

raises several ethical concerns regarding animal welfare and also poses a major 

risk for the conservation of some species, whose decline may lead to 

environmental degradation (Warwick et al., 2013; Robinson et al., 2016). Our 
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study may constitute a good example of the potential impacts of pet collection 

on animal welfare and conservation, as an intensive harvest of Mediterranean 

spur-thighed tortoises is evidenced (see also Reznick et al., 2002; Baling et al., 

2013). 

Species Conservation 

The use of live reptiles destined for pet markets is considered one of the 

major threats to the conservation of rare and endemic species. In this respect, 

355 species of reptiles were intentionally targeted by collectors, including 194 

non-CITES-listed species (Auliya et al., 2016). International trade in certain 

groups or species has been documented, e.g., 96 species of chameleons in Africa 

(Carpenter et al., 2004) or 155 species of turtles in China (Gong et al., 2009). 

Conservation strategies have focused mostly on the control of trade in the 

species by means of regulations, but policy enforcement in several countries, 

such as Thailand, Indonesia, India, and Morocco, has been demonstrated to be 

inefficient regarding preventing the overexploitation of species (Nijman and 

Shepherd, 2014; Auliya et al., 2016). The case of Mediterranean spur-thighed 

tortoises in Morocco is particularly illustrative, since our study demonstrates 

that owing tortoises as pets is very common in Rabat and its surroundings, 

although the species is legally protected. Importantly, most captive tortoises, 

particularly juveniles, are collected for non-commercial purposes in the forest, 

which probably puts wild populations in jeopardy. In Morocco, it is very 

common for local people to spend Sundays in the forest having picnics, i.e., 

cooking the traditional “tajine”. In the Maamora forest, where most tortoises are 

captured, a weekly presence of 30,000 visitors has been reported on sunny days 

(Fennane and Rejdali, 2015). This means that such visitors may very often 

encounter a tortoise in the forest, and the likelihood of tortoise collection is, 

therefore, high. Tortoise abundance is, in fact, higher in the protected areas of 

the Maamora forest than in the non-protected areas, where populations are 
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unbalanced (Segura and Acevedo, 2019), and this may, at least partially, be a 

consequence of the tortoise owners’ higher preference for juveniles. In this line, 

Tiar et al. (2019) reported the collection of tortoises from wild populations with 

non-commercial objectives as a common practice that might also have 

demographic consequences for Mediterranean spur-thighed tortoise 

populations in Algeria. 

The release of captive tortoises into the wild, which would, according to our 

results, appear to be a frequent activity in Morocco, may also have detrimental 

consequences for native populations, including the transmission of pathogens 

and the alteration of tortoises’ demographic structure, sex ratio, and population 

size (Znari et al., 2005). In other words, releasing pet tortoises into the forest 

would not only not solve the problem caused by tortoise collection, but would 

also aggravate it. 

According to our study, the percentage of tortoises that die in captivity in 

Rabat and its surroundings is similar to the number reported in the UK by 

Lawrence (Lawrence, 1988), although the causes of mortality in our study area 

might be different to those observed in the UK (i.e., difficulties during 

hibernation). The mortality of captive tortoises might play a role in the species’ 

demography: adult mortality is higher in captivity than in the wild (10% in wild 

populations; (Díaz-Paniagua and Andreu, 2009), and this might force owners to 

collect more tortoises from the forest once their pet tortoises die. In addition, 

our findings show that there is also a significant flow of tortoises from one 

person to another, and foreigners are especially involved in transferences of this 

nature, as they frequently spend only a few years in the country. The number of 

tortoises owned per person reported by our survey was similar to that observed 

by Pérez et al. (2004) in southern Spain and higher than in north Algeria (1.4 

tortoise per person; Tiar et al., 2019). This, together with our estimate of over 

80,000 animals in Rabat and with previous findings that revealed that the 

Mediterranean spur-thighed tortoise is the most frequently sold species on 
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Moroccan market stalls (Bergim and Nijman, 2018), suggest that the risk of 

overharvesting the tortoise population in the Maamora forest might, therefore, 

be considerable. 

In conclusion, tortoise collection for non-commercial uses might affect 

demographic parameters of wild populations (e.g., fecundity), likely reducing 

juvenile recruitment and hence population growth rate. It can also contribute to 

disease spread (Jackobson, 1993) and possibly to outbreeding depression if the 

released animals contact among genetically distinct populations. As a result, 

tortoise collection might cause local extinction in wild populations close to 

villages and large cities like Rabat (Lambert, 1983). Therefore, international 

conservation strategies might put more efforts on the reduction of tortoise 

collection, considering this threat alone as a major cause of the species 

population decline, likely as important as the pet trade (Nijman and Bergim, 

2016) or habitat loss (Fennane and Rejdali, 2015). 

Animal Preference, Welfare, and Pet Knowledge 

Our results show that people in our study areas prefer dogs and cats over 

tortoises, although the latter are more frequently owned than the former. 

Although domestic species are considered aesthetically pleasant, the reported 

preference for tortoises might be influenced by people’s previous attitude 

towards wildlife and their previous experience with and knowledge of the 

species (Czech et al., 1998). In addition, this might be explained by the ease of 

obtaining a tortoise in our study areas and the very low cost of its maintenance 

both in terms of caring and feeding. 

Owners’ knowledge of pet care has been shown to affect the human–animal 

relationship and the welfare of companion animals (Welch et al., 2017). In the 

case of other domestic pets, a higher risk of pet relinquishment was associated 

with the owners’ limited knowledge of, for example, the ideal housing, diet, 

and medical care of their pets (Miller et al., 1996; New et al., 2010). Animal 
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welfare might be related to an animal’s nutrition, environment, health, 

behavior, and mental state (Mellor and Reid, 1994; Baker et al., 2013), and 

owners should, therefore, ideally attain knowledge regarding all these issues. In 

the case of reptiles, the relationship between pet welfare and the owners’ 

knowledge has often been overlooked, probably because welfare impacts on pet 

reptiles are usually underreported (Baker et al., 2013); assessing the welfare of 

reptiles is more difficult than for other animal groups, such as mammals, 

because reptiles do not show visible indicators of stress or disease (Hernandez-

Divers, 2001). In our study, tortoise owners rarely make use of available sources 

of information (e.g., books, the Internet, or a vet’s assessment) to familiarize 

themselves with the species’ habits and requirements, which may explain their 

limited knowledge of the species. This scarcity of owners’ knowledge regarding 

a basic understanding of their pets and their welfare has also been observed in 

studies developed in the USA and Canada with other pet reptile species 

(Toland et al., 2012; Warwick et al., 2013; Grant et al., 2017; Benitez-Malvido et 

al., 2019). In our study, most people did not know about tortoises’ reproduction 

habits, and even acknowledged difficulties in identifying the gender of the 

tortoise kept at home. This might compromise female tortoises’ survivorship if 

they are not provided with an adequate space in which to lay their eggs in the 

spring (Díaz-Paniagua et al., 2001). In addition, rural people did not consider 

that a house with garden or even an apartment is a poor environment for 

tortoises, although tortoise’s movements are likely to be restricted in such 

places in comparison to their natural range, as occurs with lizards and snakes 

(e.g. Warwick et al., 2013). The exception was people’s relatively high 

knowledge of tortoise feeding habits, which might allow them adequate 

nutrition (including a high variety diet), thus contributing to the longevity of 

the species in captivity. 

According to our results, the conditions of tortoises kept as pets were far 

from being ideal as described in the Moroccan markets by Bergim and Nijman 
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(2018). Tortoises in captivity are likely affected by discomfort in 

thermoregulation, if they do not have access to sun or to appropriate floor as 

occurs in the flats and some houses where tortoises are kept in captivity. 

Injuries are usually reported in the case of tortoises that share homes with dogs 

or from garden machines as a result of tortoise hiding behavior. Diseases might 

be expected in tortoises kept as pets as it has been reported elsewhere in this 

tortoise species; a mutualistic relationship such as nematode–tortoise, often 

turns to a parasitic relationship harming the tortoise body condition (Benitez-

Malvido et al., 2019). The isolation or the continuous presence of a possible 

predator like dogs might cause fear, anxiety, and distress on the tortoises, 

regarding the rarity of living in a flat—very different from their natural 

environment—(Mellor, 2017) and the continuous feeling of being susceptible of 

being preyed. 

In addition, in our study the length of tortoise ownership is generally less 

than three years. This is very short when considering the long lifespan of 

tortoise species, and much shorter than for other pets like dogs or cats in 

Europe (Smolkovic et al., 2012), but is in line with that of other wild pets, high 

percentages of which end up being abandoned or in animal care centers owing 

to their overly demanding requirements (Warwick et al., 2018). Moreover, there 

is almost a complete absence of tortoise veterinary care in Rabat and its 

surroundings, which contrasts with the frequent care of other domestic pets like 

cats, dogs or rabbits in, for example, North America (Sharkin and Ruff, 2018). 

Differences between Rural and Urban People 

Rural people had a higher perception of tortoises as a wild species, 

demonstrated a higher biological and ecological knowledge of the species, and 

were less attached to captive tortoises (i.e., most owned the tortoises for less 

than a year). These differences may be related to the fact that rural people come 

into far more contact with the tortoise habitat during their daily work activities, 
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such as farming or the harvesting of camomile, truffles, acorns, and cork 

(Fennane and Rejdali, 2015), and during their leisure activities (e.g., playing 

games with their children). Moreover, both rural and urban people acquire 

tortoises from wild populations, as was found in the case of other Testudinidae 

species, which are sold for food rather than as pets (Pantoja-Lima et al., 2014). 

Nevertheless, rural people obtain tortoises from and release them into the forest 

more frequently, although they seem to be more conscious than urban people 

that the Mediterranean spur-thighed tortoise is a threatened species. The 

relationship between the owners’ knowledge of tortoises and their concern 

about potential tortoise overexploitation was not within the scope of this study. 

However, in the future it would be interesting to explore the possibility that 

increasing owners’ knowledge could improve their attitudes towards tortoise 

conservation, as this has not occurred in other contexts (e.g., Ericsson and 

Heberlein, 2003). 

Recommendations 

Despite the fact that people usually prefer domestic pets like cats and dogs, 

as our study confirms, the truth is that wild species are also often kept as pets; 

our results showed that many people in Morocco own a Mediterranean spur-

thighed tortoise. Motivations for acquiring wild pets and the diverse roles of 

actors that move beyond the pet trade and collection could be studied in much 

greater depth (Phelps et al., 2016; Kieswetter, 2019). The non-economic 

motivations that drive different actors to participate in both wildlife collection 

and trade could, in turn, particularly inform more appropriate, fair, and 

effective conservation actions (Duffy et al., 2015). Increasing people’s 

knowledge of the overexploitation caused by the pet trade and collection 

through educational campaigns is often requested (Kikillus, 2010; Welch et al., 

2017). New ways of reaching pet tortoise owners are required in Morocco, 

owing to their low potential regarding access to information sources, such as 
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books and the Internet, and their limited contact with veterinarians. In this 

respect, a recent study revealed that consumers’ demand for wild pet species 

may be reduced by up to 40% if pet owners are provided with information 

about either legal issues or the risk of zoonotic diseases associated with 

buying/keeping certain species (Moorhouse et al., 2017). In addition, it is 

essential that education campaigns of this nature target the appropriate people 

(Zhang et al., 2008; Drury, 2009; Liu et al., 2016). Our study reveals that, in our 

context, awareness efforts should be aimed at mature Moroccan people (over 30 

years of age) who live in a house with a garden and also own other domestic 

pets, given that they are the people who mostly keep tortoises as pets in the 

study area. In fact, these people might have been in contact with tortoises for 

longer and might be influenced by a longer tradition of keeping tortoises as 

pets (Bergim and Nijman, 2014), and owners of domestic pets are probably 

more open to the idea of keeping wild species as pets (Prokop and Tunnincliffe, 

2010; Kieswetter, 2019). In addition, special efforts should be made to raise 

awareness among rural people that collecting tortoises from the forest is illegal 

and detrimental to wild populations. Finally, but of no less significance, the 

population monitoring of species threatened by the pet trade and collection and 

the provisioning of scientific knowledge to overcome uncertainties to prevent 

overexploitation is crucial (Gong et al., 2009). In conclusion, conservation 

strategies might consider the role played by non-commercial collection as one 

of the possible major causes of the Mediterranean spur-thighed tortoise decline. 
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Appendix 1.  

Table 1. Demographic characteristics (%). *The foreigners were predominantly 
European (80%), with a few Americans (10%) and South Africans (10%). 

 
Tortoise owner Non-owner 

  Urban Rural Urban Rural 
Gender, age & children  

    Female (%) 53.4 30.1 59.7 37.9 
Male (%) 46.6 69.9 40.3 62.1 
With children (%) 47.2 54.4 47.3 49.4 
Age: 18-30 (%) 38.5 28.2 42.6 41.4 
Age: 31-50 (%) 49.1 38.8 48.8 49.4 
Age >50 (%) 12.4 22.3 8.5 9.2 

     Education level 
    University (%) 70.8 16.5 64.3 31.0 

Elementary (%) 26.7 69.9 34.9 58.6 
No studies (%) 2.5 13.6 0.8 10.3 

     Home 
    House (%) 44.1 34.0 17.8 33.3 

Flat (%) 55.9 66.0 82.2 66.7 

     Relation with nature 
    Work (%) 9.9 54.4 10.9 46.0 

Like (%) 87.0 97.1 89.9 94.3 

     Pets 
    Other pets (%) 42.2 72.8 46.5 55.2 

     Nationality 
    Local (%) 72.7 96.1 73.6 80.5 

Foreign* (%) 27.3 4.9 26.4 19.5 
 
Table 2. List of models tested. 

  Model formulation AIC 
Nationality+Gender+Age+Children+Education+Home+Urban+Work+Nature+Pet 
holder 648.1 
Nationality+Gender+Age+Children+Home+Urban+Work+Nature+Pet holder 644.9 
Nationality+Gender+Age+Children+Home+Urban+Nature+Pet holder 642.9 
Nationality+Gender+Age+Children+Home+Urban+Pet holder 641.5 
Nationality+Age+Children+Home+Urban+Pet holder 639.7 
Nationality+Age+Home+Urban+Pet holder 639.4 
Nationality+Age+Home+Pet holder 639.4 
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Appendix 2. 

Questionnaire sheet filled in by the people surveyed 
 
Dear Sir/Madam: 
 
My name is Amalia Segura González, and I am a researcher at Castilla-La 
Mancha University (UCLM), Spain. I am currently researching humans’ 
attitudes towards Mediterranean spur-thighed tortoises when kept as pets. This 
research is part of my PHD, whose objective is to view the situation of this 
tortoise in Rabat and the surrounding areas from different perspectives. 
 

 
 

I would be very grateful if you could spend 10 minutes filling in the attached 
questionnaire.  
 
The responses are anonymous and will be analyzed all together. The 
information contained in the questionnaires will comply with Law nº 9-08 of 
18th February 2009 regarding Personal data protection in Morocco. 
 
Your help is essential for this research.  
  
If you have any questions, do not hesitate to contact me 
at: testudo.graeca.morocco@gmail.com 
 
 
Thank you for your valuable collaboration. 
 
Amalia Segura González 
Researcher 
Castilla-La Mancha University 
Ciudad Real, Spain 



Collection for pets: human dimension 

	 133	

Questionnaire 
 
Please mark with an x, as appropriate: 
 
1. PET PERCEPTION AND PREFERENCE 
 
1.1. Please select the level to which you agree with the following statements, taking into 
account that 1 means in total disagreement and 5 means in total agreement 
 
 Totally 

disagree 
Disagree 

Neither agree 
nor disagree 

Agree 
Totally  
agree 

The tortoise is a pet species that 
people buy in shops as presents 
 

 
1 
 

2 3 4 5 

The tortoise is a wild species that 
lives in the forest 
 

 
1 
 

2 3 4 5 

In Morocco, people keep tortoises as 
pets 
 

 
1 
 

2 3 4 5 

The tortoise is a pet species that 
people take from the country to their 
homes 

 
1 
 

2 3 4 5 

The tortoise is a wild species with an 
ecological value 
 

 
1 
 

2 3 4 5 

 
1.2. Which of these animals would you like to own as a pet? (First option) 
 

   

   
   

   
 
Which of these animals would you like to own as a pet? (Second option) 
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1.3. Do you have any preference as regards adult or baby tortoises? Please, select your level 
of agreement with the following statements 
 
 Totally  

disagree 
Disagree 

Neither agree nor 
disagree 

Agree 
Totally  
agree 

I prefer babies because they are 
cute 
 

 
1 
 

2 3 4 5 

I prefer adults because they can 
have babies 
 

 
1 
 

2 3 4 5 

I prefer adults because they are 
bigger and stronger 
 

 
1 
 

2 3 4 5 

 
1.4. Please select your level of agreement with the following statements 
 
 

Totally  
disagree 

Disagree 

Neither 
agree  
nor 

disagree 

Agree 
Totally  
agree 

Tortoise develop adequately in a flat 
 

 
1 
 

2 3 4 5 

Tortoise develop adequately in a house 
with a garden 
 

 
1 
 

2 3 4 5 

A tortoise’s home is Maamora forest   
1 
 

2 3 4 5 

The tortoise is a long-living animal that 
can reach 40 years of age 
 

 
1 
 

2 3 4 5 

The tortoise is a threatened species in 
Morocco 

 
1 
 

2 3 4 5 

 
1.5. Please select your level of agreement with the following statements 
 
 

Totally  
disagree 

Disagree 

Neither 
agree  
nor 

disagree 

Agree 
Totally  
agree 

Tortoises reproduce when they are over 
6 years old  
 

 
1 
 

2 3 4 5 

Tortoises feed on fruit and vegetables  
1 
 

2 3 4 5 

Tortoises feed on a diversity of herbs   
1 

2 3 4 5 
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The female tortoise is bigger than the 
male  

 
1 
 

2 3 4 5 

Female tortoises lay their eggs in the soil 
in spring 
 

 
1 
 

2 3 4 5 

Tortoises spend the summer buried in 
soil 

 
1 
 

2 3 4 5 

 
2. PERSONAL EXPERIENCE OF TORTOISES  
 
2.1. Do you own a pet tortoise? 
 
        Yes              Not now, but I did in the past                 No 
 
If yes, how many tortoises do you have at home (please select one of the following options): 
 
<100 mm of carapace length:          1            2-4             >4  
 
>100 mm of carapace length:          1     2-4              >4 
 
2.2. If you were thinking of getting a tortoise, would you? 
 
          Buy it from a shop           Buy it from the souk             Get it from the forest 
 
2.3. If you were thinking of getting a tortoise, would you? 
 
          Get an adult  Get a baby  I don’t have a preference 
 
If you don’t have one at present, or you haven’t in the past jump to question 3 
 
2.4. How did you get the tortoise? Select one of the options (or several if you have more 
than one) 
 
          It was already at home    
 
          I found it in the street    
 
          I took it from the forest   
 
          I bought it from a shop     
 
          I bought it from the souk 
 
          Someone gave it to me 
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2.5. Has the tortoise bred at home? 
 
       Yes               No 
 
If yes, how many times:             1                2-4                >4 
 
2.6. If you have had a tortoise in the past but not now, what happened to it?  
 
         I gave it to other people 
 
         I released it in the forest 
 
         I released it in the street 
 
         It died 
 
         It escaped 
 
2.7. For how long have you owned a tortoise/s? 
 
        <1 year             1-3 years              >3 years 
 
2.8. What resources do you use to obtain tortoise care information? 
 
        Pet store staff             Books           Internet            Veterinaries              None 
 
2.9. How often do you take your tortoise for regular veterinary checkups? 
 
          Never  Once per year       More than once per year 
 
 
 
3. PERSONAL PROFILE 
 
3.1. What is your nationality? 
 
 
3.2. What is your gender?  
 
               Male               Female 
 
3.3. What is your age range? 
 
               18-30            31-50                 >50 
 
3.4. Do you have children? 
 
               Yes                No 
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3.5. What is your level of education? 
 
               No studies 
 
               Elementary studies 
 
               University studies 
 
3.6. How long have you been living in Morocco? 
 
               <1 year                1-4 years                     >4 years                  All my life 
 
3.7. Where do you live? 
 
               I live in a flat in the village 
 
               I live in a house with a garden in the village 
 
               I live in a flat in the city 
 
               I live in a house with a garden in the city 
 
3.8. Is your job related to nature? 
 
        Yes              No 
 
3.9. Do you spend your free time in contact with nature? 
 
        Yes              No 
 
3.10. Are you in contact with the village? 
 
         I have family or close friends living there 
 
         I work in the village 
 
         Although I don’t have any contacts in the village, I go often there 
 
          I never go to the village 
 
3.11 Do you own any pets at home? 
 
        Dog                 Cat             Fish         Rabbit               Turtle 
 
         Other: which one? 
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GENERAL DISCUSSION 
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        Studying the ecological basis of the life history traits of hatchlings and 

females, and possible drivers such as predation or diseases, are of key 

importance to forecast the future responses of tortoise population dynamics to 

changes in natural systems and climatic conditions. Knowledge of the socio-

ecological aspects of the collection of tortoises as pets is essential if we want to 

conserve the species throughout its distribution range. This PhD Thesis studied 

the role of different drivers on population dynamics and the socio-ecological 

consequences of pet collection as one of the main threats for the species 

conservation. In the following, we discuss the most important findings (and 

some shortcomings) of the work and their potential applications, along with 

possible directions for future research. 

 

History traits: maternal size/age and environmental conditions 

        Variation in reproductive success and in survivorship in early life stages of 

Mediterranean spur-thighed tortoise may shape the variability of life histories 

and, therefore, promote evolutionary changes (e.g. Stearns, 1977; Michod, 1979). 

Our study illustrates the important role that longer/old females might play in 

tortoise population dynamics due to the higher number and increased survival 

of smaller hatchlings in these females when compared to young females. For 

example, if longer/old females, which are more detectable because of their size, 

are actively selected for pet collection, the reproduction success of the tortoise 

population could be substantially reduced (Díaz-Paniagua et al., 2001), and 

have a strong effect on population dynamics. In addition, female reproduction 

investment was found to change in response to changes in environmental 

conditions, specifically variability in interannual rainfall, as evidenced by the 

lower number and reduced survival of hatchlings in years of lower rainfall. As 

such, ongoing climate change might well alter the recruitment success of 

Mediterranean spur-thighed tortoise as a result of the predicted of longer 

periods of drought in the Mediterranean (Sánchez et al., 2004).  
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        While acknowledging that juvenile physiological costs and female 

reproduction traits –the number and size of clutches and recruitment success– 

are major factors that modulate juvenile survivorship, it is also the case that 

known and suspected drivers of tortoise survival, in terms of increased 

pressure from subsidized predators (e.g. Esque et al., 2010) and diseases (e.g. 

Berry et al., 2006), might also contribute as synergistic factors. All the drivers 

mentioned, including fecundity, could be affected by climate change (Janzen, 

1994; Lovich et al., 2012). For example, droughts have been linked to declines in 

tortoise survivorship, habitat losses, and changes in predation pressure (Lovich 

et al., 2014; Butler, 2019). 

 

Predation and diseases: decline or regulator drivers?  

        Whereas coevolution between host and macroparasites might be expected 

at the core distribution range, e.g. high density populations; predation by 

opportunistic species that did not coevolve previously with spur-thighed 

tortoises, such as common raven, might mean a great risk for tortoise 

populations. Single and breeding pairs of common raven have been identified 

as causing significant decreases in tortoise populations and modifying tortoise 

population structure by affecting juvenile size/age classes (G. polyphemus; 

Kristan and Boarman, 2003). In our study in Maamora, a high/medium level of 

raven predation was observed in both hatchlings and juveniles (<75 mm CL), 

which depended largely on the vegetation cover provided by shrubs (100% in 

uncovered areas vs. 12-27% in covered areas). In addition to the above 

mentioned juvenile physiological costs and female reproduction traits, common 

ravens might play an important role as a juvenile decline driver, due to their 

opportunistic behaviour, which allows this corvid species to feed, when tortoise 

juvenile numbers are reduced to the minimum, on various other prey. 

Consequently, if the number of common ravens continues to increase, tortoise 

recruitment might be threatened in certain anthropogenic areas of Maamora. 
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        Macroparasites such as ticks (Hy. aegyptium) might have the potential to 

regulate tortoise dynamics despite the lower expected evolutionary trade-off 

between ticks and tortoise populations. For example, they may compromise the 

body condition of tortoises (e.g. Godfrey et al., 2016), which could be linked to 

sex. In our study in Maamora, male tortoises with a greater number of ticks had 

a lower body condition. This fact could influence long-term pairing behaviour 

(females actively selecting males with lower average tick loads), and may even 

play a role in shaping mate selection, as has been observed in Australian lizards 

(Bull and Burzacott, 2006). However, the high intensity of tick parasitization 

observed in the Maamora tortoise population could be a response to density-

dependent processes (Krasnov et al., 2002), and the diversity of tick species 

found in this tortoise species (Hy. marginatum, Hy, excavatum and Hy. scupense) 

may be related to, and augmented by, the fact of a higher diversity of other tick 

hosts in those areas. It therefore seems that due to the long historic contact 

between tortoises and ticks, the former are able to compensate for the 

parasitization effects. 

 

Ecological consequences of pet collection on conservation 

         The collection of spur-thighed tortoise as pets has been invoked as one of 

the main factors contributing to the decline of the species, yet the associated 

consequences for demographic parameters (e.g. density, fecundity) have to date 

not been assessed. Pet collection might reduce adult survival and juvenile 

recruitment and hence population growth rate (Znari et al., 2008). In this sense, 

our study showed that tortoise population density is higher in the protected 

area of the Maamora forest (17-23 tortoises ha-1) than in a nearby non-protected 

area of the same forest (5 tortoise ha-1), which might be, at least in part, a 

consequence of tortoise collection for pets. In addition, the population in the 

non-protected area showed an unbalanced size CL/age structure as regards 

lower numbers of old males (<115 mm CL) and young females (>155 mm CL), 



General discussion 

	144	

the lack of very old females (>215 mm CL) and unbalanced sex ratio (female 

bias 2.5 vs. 1.2). In particular, this low number of old females (highly detectable 

due to size) might reduce population reproduction success (Díaz-Paniagua et al., 

2011), and have a strong effect on population dynamics. In addition, the higher 

number of juveniles found in both homes in towns and villages around 

Maamora and in markets might reduce the number, age class and sex of 

juveniles in the wild, likely acting as a selective pressure, and potentially 

increasing the effect of the juvenile mortality rate in the wild, documented as 

being very high (95%; Díaz-Paniagua et al., 2001). As a result, pet collection 

could be considered to have an additive effect to other population decline 

drivers like predation or disease. But also, the release of captive tortoises into 

the wild without any control, which is frequent in Morocco, can contribute to 

the spread of disease and, therefore, negatively affect wild populations 

(Jacobson, 1993; Esperón et al., 2019) and might possibly contribute to 

outbreeding depression if the released animals create contact between 

genetically distant populations (Templeton, 1994). In the most extreme scenario, 

tortoise collection might cause local extinction in wild populations a situation 

that is especially relevant in villages and towns close to their distribution range 

area (Pérez et al., 2004). 

 

Non-commercial collection as a possible relevant cause of tortoise decline 

        Local inhabitants in the species distribution range frequently collect 

Mediterranean spur-thighed tortoises on a non-commercial basis in order to use 

them as pets. The animals are found in the forest through chance encounters 

(Pérez et al., 2004; Tiar et al., 2019). For example, in our study in Maamora, the 

area with the highest population density of tortoises documented to date and a 

weekly total of 30,000 visitors reported on sunny days (Fennane and Rejdali, 

2015), the likelihood of tortoise encounter and collection might be high. Our 

study shows that most people that have tortoises as pets have got them through 
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direct collection from wild populations, and the number of tortoises owned is 

high, ranging from 1.9 to 3.1 tortoises. The total estimate of captive tortoises, 

mostly from non-commercial collection –tens of thousands of animals– is an 

indication of the magnitude of this threat for this tortoise species as it also 

occurs in Algeria and southern Spain (see table 1; Pérez et al., 2004; Tiar et al., 

2019), a fact also reinforced in this PhD Thesis.  

  

Table 1. Summary of the studies reflecting the numbers of people interviewed 
(children in Spain and Algeria and adults in Morocco), the percentage of captive 
tortoises, the percentage of these from wild populations, the number of captive 
tortoises per person and the total estimate of captive tortoises in the  areas 
studied. 
 

  People 
Captive 
tortoise 

Wild  
origin 

Captive 
per person 

Captive  
estimate References 

Spain 796  64% 63% 2.9 10,000 Pérez et al., 2004 
Algeria 5659  22% 57% 1.4 15,300 Tiar et al., 2019 

Morocco 480  55-61% 42-68% 2.1-3.1 85,000 Present study 
 

        Nevertheless, it would be desirable to quantify the magnitude of non-

commercial tortoise collection and its ecological impacts in wild populations in 

other localities and countries across the distribution range since it is difficult to 

understand the overall relevance of this activity without further estimations.  

 

Social awareness matters 

        The long-established use of tortoises as pets is especially important in 

North Africa because the demand has changed, i.e. domestic trade and non-

commercial collection now being dominant, and continuing to increase across 

different social contexts. Our study shows that the high demand for tortoises 

might be related to the ease of obtaining them in certain areas close to villages 

and cities, and the very low cost of keeping them (Pérez et al., 2004). Social 

drivers behind tortoise collection to meet the demand for this species as pets 
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have received relatively limited attention in the literature, despite this being by 

no means a new phenomenon (e.g. Phelps et al., 2016; van Uhm, 2018). With the 

exception of one qualitative study (n=13) of the social representation in 

southern Spain (Pérez et al., 2011) and our study in Rabat and Sidi Allal 

Bahraoui, there is a large gap in our knowledge of tortoise owners’ perceptions 

and preferences (e.g., certain age/sex classes, which might be linked to aesthetic 

values as regards the cuteness of young tortoises or the strength or even 

breeding ability of the adults) and of social factors in terms of people’s attitudes 

towards wildlife, their educational level or their urban/rural origin. In addition, 

the species’ biological and ecological requirements, its conservation and legal 

status and the zoonotic diseases associated with it remain unknown. This 

information is necessary to improve our understanding of the motivations for 

acquiring tortoises as pets, and thus to design conservation strategies; these 

should include comprehensive educational campaigns that might be focused on 

the potential illegality of owning tortoises and the possibility of contracting 

zoonotic diseases that might put human safety at risk (Moorhouse et al., 2017). 

In this sense, in North African countries, people’s poor knowledge of the fact 

that this species is protected by CITES (95% of people in central Morocco; A. 

Segura unpublished data) suggests that a special effort should be made to 

inform local people that owning this species is illegal. In line with Pérez et al. 

(2012b), our study pinpointed that the effectiveness of an education program 

depends on the quality and the speed with which the campaign is launched and 

the characteristics of the target demographic (tortoise owners are usually 

mature people who live in a house with a garden and also own other pets).  

 

Management and conservation recommendations  

        Reproduction investment, recruitment success, predation and disease as 

drivers of population dynamics require further study, especially in the recent 

context of global change scenarios predicting longer periods of drought. 
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Tortoise individual and population factors, namely growth rate, fecundity, sex 

and sex ratio, age, body condition and density, in addition to their interest as 

demographic drivers, determine parasitism infestation and predation rates. As 

such, they deserve to be studied in-depth and long-term throughout the Africa 

distribution range, as has been done in southern Spain populations. 

        People’s motivations for acquiring wild pets and the diverse roles of actors 

that move beyond pet collection should be studied in much greater depth in 

order to inform more appropriate and effective conservation actions.  

        International conservation strategies should integrate socio-ecological 

policies, for example through the development of dynamic models that 

integrate both ecological data and social information (Pérez et al., 2012). 

Specifically, such strategies should 1) put more efforts into the monitoring of 

tortoise demographic traits as regards reproduction investment and 

recruitment success, 2) study predation and diseases as possible decline drivers 

of the populations, 3) quantify with greater accuracy how many animals are 

actually being removed from wild populations for pets; 4) increase the number 

of protected areas in African countries; 5) include unified and systematic 

scientific protocols for the relocation of captive tortoises to allow the public to 

take the correct action –e.g. in north African countries there are no wildlife 

protection institutions, meaning that people have nowhere to take captive or 

found tortoises; 6) disconnect the management of captive populations with the 

conservation of wild populations –e.g. avoid the use of government and NGO 

translocations of captive tortoises into wild populations and 7) encourage 

greater investment in educational campaigns that focus on changing the social 

representation of tortoises as being pets to one depicting tortoises as wild 

protected species that need to live in the wild in order to increase public 

awareness, mainly in North Africa because of the change from international to 

domestic trade in this species.  
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CONCLUSIONS 
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1) Tortoise maternal size/age strongly influences recruitment as regards 

larger/older females laying larger clutches of eggs and having smaller 

newborns when compared with young females. The initial body mass 

and size of hatchlings did not limit their survivorship at the end of their 

first spring. 

2) Climatic conditions influence female investment in reproduction, 

reducing the number and survival of hatchlings in low rainfall years. 

3) Predation on young tortoises (<75 mm CL) by single or breeding pairs of 

common ravens in Maamora forest is documented here and could be 

modifying juvenile tortoise population structure through altering 

recruitment. Whereas in areas with scarce vegetation cover common 

raven predation on juvenile tortoises was high (100%), in areas with 

abundant vegetation cover it was medium (12-27%). 

4) The detectability of tortoise hatchlings and juveniles –as a proxy of 

predation risk– is related to areas without vegetation cover, but this 

effect is mediated by distance to common raven perches; larger distances 

resulting in greater detectability in bare areas. Tortoise juvenile 

abundance is higher in areas with high bush species richness. 

5) The main tick species parasitizing the spur-thighed tortoises in Maamora 

were Hyalomma aegyptium (95.6% of ticks found and present in 100% of 

parasitized tortoises) and, to a lesser extent, Hy. marginatum, Hy. 

excavatum and Hy. scupense. 

6) Older tortoises and males were more parasitized by ticks, which is linked 

to increased host-tick effective contact in adults than in juveniles, and in 

males than in females, due to the former’s higher activity during the 

breeding season (spring). In addition, body condition of male tortoises 

was lower as compared with females due to their higher tick infestation 

rate . 
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7) Collection for the pet trade, as well as non-commercial collection, along 

with habitat degradation modulate population structure and size in 

unprotected areas of Maamora, threatening the conservation of the 

species. The protected areas (no collection as pets and well-preserved 

habitat) were characterized by high densities (23-17 indiv·ha-1), balanced 

populations in which young adults were predominant, and high body 

condition, especially the females. The unprotected areas (susceptible to 

collection for pets and deteriorated habitat) were characterized by a low 

density (5.5 ind·ha-1) and a more unbalanced population where older 

females and younger males were predominant. 

8) Many people keep tortoises as pets (55%), specifically more than two 

tortoises per owner in both rural and urban area. Most captive tortoises 

had been collected from wild populations in a non-commercial way 

(42%), and were mostly juveniles (57%). 

9) Tortoise owners had limited knowledge of the natural habits and 

requirements, of their pet, although rural people were more likely to 

acknowledge that the tortoise is a wild and threatened species. 
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Mientras que en el sur de España, considerado el limite septentrional de la 

distribución de la tortuga mora, se han realizado numerosos estudios tanto de 

los parámetros demográficos, ecológicos y genéticos que caracterizan a la 

especie incluyendo monitoreos a largo plazo (>40 años), así como de las 

amenazas a las que están sometidas, en el centro de su distribución, 

caracterizado por un hábitat óptimo, los estudios son puntuales y se carece de 

estudios a largo plazo. Por ello, la mayor parte del conocimiento actual 

recabado para esta especie está basado mayoritariamente en el estudio de las 

poblaciones del limite de su distribución, las cuales sería esperable que se 

encuentren sometidas a una presión selectiva debido a adaptaciones locales, y 

que, por tanto, los patrones observados difieran de los expresados por 

poblaciones del centro de su distribución. En este contexto, el estudio de la 

población de tortugas en el bosque de Maamora (Norte de Marruecos), situado 

en el centro de su distribución y enmarcado en uno de los hábitats óptimos de 

su rango de distribución, abre la puerta al estudio de las posibles diferencias 

demográficas respecto a las poblaciones del límite, como son el tamaño o la 

estructura de la población, la fecundidad o la supervivencia de juveniles. 
Por una parte, realizamos un estudio ecológico para caracterizar los rasgos de 

estas poblacionales en base a parámetros como la fecundidad y el éxito en el 

reclutamiento, la depredación y las enfermedades, consideradas especialmente 

relevantes para predecir las futuras respuestas de la dinámica poblacional de la 

tortuga mora a cambios en sistemas naturales asociados a condiciones 

climáticas cambiantes (capítulo 1). Por otra parte, analizamos los aspectos socio-

ecológicos de la recolección de tortugas como mascotas, ya que esta es 

considerada históricamente una de las principales amenazas para su 

conservación a lo largo de toda su distribución (capítulo 2). 

El éxito reproductivo está considerado como uno de los principales factores que 

condiciona la historia evolutiva de la especie. Tanto la condición corporal como 

la supervivencia de las crías podría estar modulado por la edad/tamaño de las 
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hembras y variar interanualmente debido a diferencias en las condiciones 

climáticas (capítulo 1a). De hecho, en nuestro estudio mientras que el éxito en el 

reclutamiento fue mayor en las hembras de más edad (mayor número de crías 

con más supervivencia), éste se vio reducido en el año en el que hubo sequía. 

Otros dos factores, que modulan las dinámicas poblacionales son la 

depredación y las enfermedades, los cuales podrían comprometer 

minimamente a la tortuga mora, si asumimos una interacción y coevolución a lo 

largo de los años. Particularmente hemos estudiado por una parte la 

depredación ejercida por el cuervo común, especie oportunista que no ha 

coevolucionado con ésta y que podría reducir el reclutamiento, ya que ha sido 

documentado como un predador especializado en tortugas jóvenes (capítulo 

1b). Los resultados mostraron que la depredación en tortugas jóvenes (<75 mm 

longitud de caparazón) ejercida por los cuervos es alta en las zonas de baja 

cobertura vegetal y podría estar alterando la estructura poblacional de los 

juveniles. Por otra parte, estudiamos la parasitación por garrapatas (capítulo 1c), 

y se pudo observar que la tasa de parasitación es alta, viéndose especialmente 

parasitados los machos y los individuos adultos. Los machos parasitados 

mostraron una menor condición corporal, lo cual podría tener consecuencias 

reproductivas en el momento de los emparejamientos con las hembras. 

Por último, la recolección de tortugas como mascotas podría ser considerado un 

factor aditivo a la baja fecundidad, la depredación y las enfermedades, que 

podría jugar un papel importante alterando rasgos demográficos de las 

poblaciones. Los resultados de nuestro estudio mostraron que, en las zonas 

protegidas donde no había recolección de tortugas y el hábitat no estaba 

deteriorado, las poblaciones de tortugas se caracterizaban por unas densidades 

mayores, una mejor condición corporal y una estructura poblacional más 

equilibrada (capítulo 2a). Una vez descritas las consecuencias ecológicas de la 

recolección de tortugas como mascotas, estudiamos la dimensión humana 

(percepción y conocimiento de la especie) y cuantificamos el número de 
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tortugas en cautividad (capítulo 2b). Los resultados mostraron que la mayoría 

de los residentes en el entorno del bosque de Maamora, tanto en la ambiente 

urbano como en ambiente rural, tenían tortugas como mascotas y las obtenían 

de las poblaciones silvestres de los alrededores. La amplia mayoría percibía a la 

tortuga mora como una mascota y su conocimiento de los requerimientos 

biológicos y ecológicos de la especie era bastante limitado. 

Los resultados de esta Tesis resaltan la necesidad de realizar estudios a largo 

plazo que incluyan factores demográficos de la tortuga mora tanto individuales 

(sexo, condición corporal, crecimiento, fecundidad) como poblacionales 

(densidad, estructura de edad, sex ratio, depredación, enfermedades) a lo largo 

de todo su rango de distribución, debido a las diferencias esperadas entre 

poblaciones cercanas y distanciadas de su hábitat óptimo y especialmente en el 

contexto actual de cambio global, en el que se prevén escenarios caracterizados 

por una mayor frecuencia de sequías. A su vez, el estudio desde una 

perspectiva socio-ecológica de la recolección de tortugas como mascotas, 

debería formar parte de las estrategias de conservación de la especie, haciendo 

especial hincapié en la problemática y magnitud de la recolección de tortugas 

sin fines comerciales. En este sentido, tanto conocer el número de tortugas 

extraídas para mascotas y sus efectos ecológicos en las poblaciones silvestres, 

como cambiar la percepción social sobre esta especie como mascota, es crucial 

para el éxito de la conservación de esta especie. 

 

Conclusiones 

 

1) El tamaño/edad de las hembras tiene un gran efecto en el reclutamiento: 

las más viejas ponen puestas mayores con crías de un tamaño menor que 

las hembras jóvenes. Tanto el peso como el tamaño inicial de las crías no 

limita su supervivencia al final de su primera primavera. 
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2) Las condiciones climáticas influencian la inversión de las hembras en la 

reproducción, viéndose reducido el número de crías y su supervivencia 

en los años más secos. 

3) Se ha documentado la predación de juveniles de tortugas (<75 mm 

longitud de caparazón) por cuervos, tanto parejas como individuos 

solitarios, en el bosque de Maamora, donde podrían estar alterando el 

reclutamiento. Mientras que en zonas con escasa cobertura arbustiva se 

observó una elevada depredación (100%), en aquellas con buena 

cobertura tuvieron una depredación media (12-27%). 

4) La detectabilidad de las crías y juveniles de tortugas por cuervos, como 

un indicador del riesgo de depredación, fue mayor en zonas sin 

vegetación arbustiva situadas lejos de las perchas de los cuervos. La 

abundancia de juveniles fue mayor en zonas con mayor riqueza de 

especies arbustivas. 

5) La principal especie de garrapatas que parasita la tortuga mora en 

Maamora es la Hyalomma aegyptium (95.6% de las garrapatas en el 100% 

de las tortugas parasitadas) y, en menor medida, Hy. marginatum, Hy. 

excavatum y Hy. scupense. 

6) Las tortugas de mayor edad y los machos estaban más parasitados por 

garrapatas debido a un mayor contacto huésped-garrapata. Además, en 

el caso de los machos, su condición corporal disminuyó al aumentar la 

tasa de parasitación. 

7) La recolección y la degradación del hábitat modulan la estructura y el 

tamaño de la población de tortugas en zonas no protegidas de Maamora, 

amenazando su conservación. Las zonas protegidas, donde no hay 

recolección y el hábitat esta bien conservado, se caracterizaron por tener 

una elevada densidad poblacional (23-17 indiv·ha-1) y estar equilibradas 

estructuralmente con un predominio de adultos jóvenes con una buena 

condición corporal, especialmente en el caso de las hembras. Las zonas 
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sin protección, susceptibles de recolección y con un hábitat deteriorado, 

se caracterizaron por tener densidades poblacionales bajas (5.5 ind·ha-1) y 

una estructura poblacional más desequilibrada, donde predominaban las 

hembras adultas mayores y los machos jóvenes. 

8) La mayoría de los encuestados en el entorno de Maamora, tanto urbanos 

como rurales, tenían tortugas como mascotas (55%), concretamente más 

de dos tortugas por persona. La mayoría de las tortugas fueron 

recolectadas de poblaciones silvestres, sin propósitos comerciales (42%), 

y eran juveniles (57%). 

9) Los propietarios de tortugas tenían un conocimiento limitado de los 

hábitos y necesidades de las tortugas, a pesar de que la gente rural era 

mas consciente de que la tortuga mora es una especie amenazada. 
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