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Abstract
We conducted habitat assessment for the purpose of selecting areas for the 
first reintroduction efforts of the critically endangered Iberian lynx (Lynx 
pardinus). Two scale-based approaches were developed. First, we followed 
a hierarchical process to select the best areas at the large scale landscape 
based on five key factors in reintroduction success: 1) suitable habitat 
structure, based on known habitat selection by resident radio-tagged Iberian 
lynxes applied to a Geographic Information System (GIS) and a regional 
map, 2) optimal food resources, based on surveys of the staple prey, the 
European rabbit (Oryctolagus cuniculus), 3) area size, 4) existing legal 
protection and 5) possibilities of contributing to a meta-population system, 
linking with existing populations through dispersing individuals. The 
second phase of our evaluation examined the pre-selected areas with more 
detail to fine-out the reintroduction site selection. We compared fourteen 
variables related to four key-factors for the lynx: human-induced mortality 
(poaching and road-kills), micro-habitat structure, carrying capacity and 
possibilities of natural expansion. Guadalmellato and Guarrizas out of five 
potential areas selected by the large-scale assessment were considered 
adequate after the detailed assessment. Both areas showed optimal values of 
most of the variables studied, and offered a good potential scenario for the 
establishment of a large meta-population, which could include the current 
population plus a large suitable patch located nearby, but outside Andalusia. 
The three remaining areas should not be discounted once the priority goal 
of obtaining a long-term self-sustaining population is reached.
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Introduction

	 Reintroduction is an important tool for both the recovery of threatened species 
[1-7] and for ecosystem restoration due to the key-role of some locally extirpated 
species [7,8]. This is the case of top-order predators such as felids, canids or bears, 
which comprise a functional group relatively rare in wild landscapes because they 
are at the top of the food chain and furthermore because they are conflict species with 
human activities such as livestock and hunting [7,9,10]. Consequently, numerous 
populations of large carnivores have been eradicated from large areas of the planet 
[11,12].
	 The Iberian lynx (Lynx pardinus), with less than 200 individuals comprised in two 
small populations located in Doñana and the eastern Sierra Morena [13,14], is the only 
wild cat species listed on the “Critically Endangered” IUCN red list category [15]. 
The former distribution of this species was limited to the Iberian Peninsula, where it 
was considered common in some areas of the southwest at the beginning of the 20th 
century [16]. Human-related mortality has been identified as one of the main causes 
of such a dramatic decline, with indiscriminate trapping practise playing an important 
role [17,18]. The situation became even worse due to broad-scale depletion of its 
staple prey, the European rabbit (Oryctolagus cuniculus), when the myxomatosis 
and hemorrhagic diseases reached the Iberian Peninsula since the middle of  
the 20th century [18,19]. The Iberian lynx has was legally protected in Spain in 1973, 
and currently important conservation programs, including captive breeding, have 
been launched on the last two populations [14,20,21]. However, conserving only these 
isolated and small populations is obviously insufficient for long-term restoration. 
Natural recolonisation by the species from the current populations into the former 
range is highly limited by fragmented habitats [13,19]. Therefore, reintroduction 
programs to form new population nuclei within the expected dispersal distance of the 
existing populations that could facilitate larger meta-populations, is one of the most 
important steps towards species recovery in the coming years [22].
	 We present the assessment used to select the areas where the first reintroduction 
efforts of this endangered species have been carried out [20]. Our goal was to provide 
an ideal setting of landscape and habitat analysis to evaluate potential sites for lynx 
reintroduction. The Iberian lynx occurrence is mainly limited by the availability 
of wild rabbits, its single most important prey species. However rabbit abundance 
fluctuates due to diseases and competition with wild and domestic animals and is 
therefore difficult to model in a geographic information system (GIS). The hierarchical 
site selection approach presented could be used to determine reintroduction areas for 
future releases of this and other endangered carnivores.

Methods

	 The study area was Andalusia, a region comprising 87,597 km2 located in 
southern Spain, where the last two populations of the Iberian lynx currently 
occur [13]. There are three well-defined bio-geographical areas: 1) the Sierra  
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Morena (24,734 km2, 200-1,600 m altitudinal range) occupies the northern 
border with a landscape dominated by Mediterranean scrublands plus holm  
oak (Quercus ilex) and cork oak (Quercus suber) forests; 2) the Sierras Béticas (43,037 
km2, 0 – 3,492 m altitudinal range) occupy the southern Mediterranean coast, with 
highly variable landscapes of oak forest in the western part, mixed areas of cereal and 
olive crops with patches of Mediterranean scrublands and pine forests in the centre 
and north-east, and semi-deserts at the south-eastern limit; 3) the Guadalquivir River 
Valley (19,826 km2, 0 - 600 m altitudinal range) is the area located between the Sierra 
Morena and the Sierras Béticas, comprising a transformed area dominated by crops 
of mainly of cereals and olive trees. At the beginning of the 20th century, the Iberian 
lynx was present in most of the Sierra Morena, some patches of the Sierras Béticas 
and within the small patch of Doñana at the mouth of the Guadalquivir River Valley 
[19].
	 Predictive habitat distribution models [23] based on habitat requirements have 
been used to build predictive ranges of some felid species [24-26]. Following other 
studies of wild cats reintroductions [27,28], we attempted to use large-scale suitability 
maps based on habitat selection models as a first step to narrow down potentially 
suitable areas. Detailed habitat models for the Iberian lynx were constructed for the 
Doñana population [29] and the Sierra Morena population [30], with their respective 
predictive maps. However, both models had important limitations that prohibited 
their incorporation in our site selection habitat assessment. The implemented models 
were quite different from one another [29,30], and their accuracy is questionable, 
since only 44,2% of the predictive map of Sierra Morena [23] coincided with the 
current population’s distribution [21] as calculated using the Cole [31] index (Fig. 1).  
Additionally, both models were based on detailed environmental covariates which 
are difficult to obtain at the regional level.

Fig. 1: UTM 1x1 km overlapped grid cells between the predicted (redrawn from [30]) and current ranges of 
the Iberian lynx in the Andújar and Cardeña-Montoro Natural Parks, Sierra Morena mountains [21].

http://socpvs.org/journals/index.php/wbp/home
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	 Consequently, we developed our approach assuming that habitats suitable for 
the species are those present within the currently lynx occupied distribution range, 
as in habitat suitability model models for the tiger (Panthera tigris, [32]) and the 
endangered Florida panther (Puma concolor coryi, [33]). We used the most precise 
available GIS database on the habitat types of Andalusia (1 m accuracy), which 
was updated in 2003 and contains 112 habitat units within 409,164 polygons [34].
The potentially suitable habitat units for lynx (Table 1) were defined based on 
attributes of the currently occupied habitat units within the species’ current range 
(year 2006) of the Sierra Morena population [21]. The Sierra Morena population 
was assumed to be more representative of habitats formerly occupied by lynx than 
the smaller Doñana population since almost all former populations occupied inland 
mountains areas quite different of the coastal plains of Doñana [18,35]. Since the 
tree species within scrubland habitats (Table 1) had no biological significance for the  
Iberian lynx [36], the different types of scrublands were pooled into just two units: 
dense shrubs and cleared shrubs, since shrub cover has a major influence on habitat 
selection of the species [36]. The rest of the habitat units were pooled together since 
there was a low availability of each (less than 6%; Table 1).

Table 1: Availability of habitat units within the current range (2006) of the Iberian lynx in the Sierra 
Morena.

We carried out a habitat selection analysis by using radio-tracking data [33]. 
Between 2006 and 2008 in the Sierra Morena we obtained 997 locations of 14 
resident radio-tagged lynxes in the eastern Sierra Morena with non-overlapping  
home-ranges: 5 equipped with VHF radio-collars (Wagener collar, Brenaerham, 
Germany) and 9 equipped with GPS-GSM collars (Televilt Tellus Collar, 
Lindesberg, Sweden). The estimated accuracy of locations [37] was calculated at 
122.4 m for the conventional collars (SD = 91.4, n = 20 field trials) and less than 
50 m for the GPS collars. Therefore locations within 50 – 122.4 m respectively of 
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to habitat borders were rejected to classify each location in the correct habitat type. 
Locations were assumed to be independent since one location was obtained every 
two days for at least one year. The habitat selection was estimated using the Savage  
index (Wi = use / availability) and analysed with Mann-Whitney U tests. The 
availability of the habitat units was calculated for each of the fourteen annual home-
ranges, estimated with a 95% minimum convex polygon. A range of 86 – 417 locations 
was used per home range, which reached an asymptote after 64.5 ±5.1 fixes (for more 
details on radio-tracking protocol see [38]). Not all habitat types were represented in 
each home range, thus the described combination of land cover types reduced effects 
of inflated Type I error rates on our results [39]. Once the selection of the GIS habitat 
units was made, we constructed a suitability map at the regional level representing 
the positively selected habitat units and the neutrally selected units. The program 
Arcview© was used for all described mapping processes.
	 It is well known that the Iberian lynx depends on just one prey species, the  
rabbit [36,40-44]. Therefore, we conduced  field surveys to detect the best rabbit 
patches within and adjacent to the species former range. Rabbit surveys were conducted 
between 2001 and 2003 in UTM 5x5 km grid cells within the range of the Iberian lynx 
described by Rodríguez and Delibes [19]. A total of 383 cells were sampled, all except 
54 were located within Sierra Morena and Doñana (Fig. 2). Each cell was sampled 
once by one person walking during four hours looking for rabbit latrines, since this is 
a good method to objectively study rabbit abundance ([45], present study see below). 
Sampling was stratified following the main types of habitat (scrublands, oak forests, 
pine plantations and crops) and each transect was recorded with a GPS. The minimum 
rabbit density necessary was determined by examining rabbit densities in areas 
of known stable lynx presence within the largest most representative current lynx 
population of Sierra Morena. A total of 22 UTM 2.5x2.5 Km grid cells were annually 
sampled between 2003 and 2009 by walking within each grid cell during two hours, 
following the same described method. Stable lynx presence and reproduction were 
confirmed (see [21]) in grids with at least 10 rabbit latrines per Km-1. Therefore, at the 
level of large-scales habitat assessment, the UTM 5x5 Km grid cells with > 10 rabbit 
latrines per Km-1 were categorized as optimal for supporting stable lynx presence. 

Fig. 2: Rabbit survey of UTM 5x5 km grid cells (current range of the Iberian lynx shown in black). Limits 
of the Andalusia provinces (thick lines) and 1980-1988 lynx range as estimated by Rodríguez and Delibes 
[19] are provided.

http://socpvs.org/journals/index.php/wbp/home
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	 During the selection process, suitable habitat patches were selected only if they 
were larger than 10,000 ha. This is the minimum proposed size for reintroduction 
of the species to ensure a carrying capacity of ca 16 female territories, similar to 
the Doñana population [35]. A new filter was set up by selecting only those patches 
included in protected areas of the European Natura 2000 network. Due to the small 
size of the current Iberian lynx population and the suitable patches identify in this 
study, we decided to select the reintroduction areas for the creation of the largest 
possible meta-population rather than focusing on any single population [27,46,47]. 
We selected only suitable habitat patches that were sufficiently connected to one of the 
existing populations so as to potentially contribute to a meta-population dynamic by  
being: 1) located within the dispersal radius (DR) of 42 Km, which is the maximum 
dispersal distance cited for Iberian lynx [48], from the nearest extant source population 
and 2) containing suitable dispersal habitats (see [36]) available between the patch 
and the nearest present population (Doñana and Sierra Morena). No major barriers 
are present in Andalusia, being the most important two highways, however many 
bridges over rivers and streams likely minimize the isolation effects of these barriers. 
The hierarchical process of pre-selection is shown in Figure 3.

Fig. 3: Hierarchical process of pre-selection of the best areas for lynx re-introduction.
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	 Once we had prioritized the suitable habitat patches at the large scale, we conduced 
a detailed fine-scale evaluation of the best areas. The first objective was to identify 
the pre-selected areas that contained conditions similar to those associated within the 
extant Iberian lynx populations. Secondly, we estimated the carrying capacity and 
potential for expansion for each of the pre-selected areas. Based on a literature review 
of the Iberian lynx biology, we assigned five groups of variables were assumed as key 
attributes that contribute to the long-term survival and reproductive success of the 
species in a local context:
	 a) Mortality risk. Direct persecution has been the main source of mortality within 
the former range of the Iberian lynx, in particular due to leg-hold traps and neck  
snares [49-52]. Indeed, trapping was a main causes contributor to many local 
extinctions of the species [17,53] and is a threat that continues across the species’ 
former range [53-55]. More recently, vehicle collisions have heavily affected some 
populations, such as in the Doñana area [56].
	 b) Habitat structure. This species depends entirely upon Mediterranean  
scrublands [29,30,57-60].
	 c) Food availability. The European rabbit is the staple prey of the Iberian lynx, 
representing more than 80% of ingested biomass [40-44,61]. Palomares et al. [61] 
determined that a threshold density of 100 rabbits per km2 is required for stable 
occurrence and reproduction of Iberian lynxes. Modelling for reintroduction of 
Canadian lynx (Lynx canadensis), a similar lagomorh specialist, concluded that 
reintroduction success depends upon high densities of snowshoe hares (Lepus 
americanus).
	 d) Possibilities of natural expansion. It describes the potential of a reintroduced 
population to colonise other suitable unoccupied patches. This was assumed as a key 
attribute since apparently the suitable habitats could be highly fragmented into small 
patches [19].
	 We quantified a total of fourteen variables to describe the five key attributes in each 
pre-selected area (Table 2).

Table 2: Detailed assessment of the pre-selected reintroduction areas (means ± SE). The variables statistically 
different from optimal reference values (ORVs) from within the two remaining Iberian lynx populations are 
shown in bold. Doñana ORVs taken from Palomares [36]. Sample sizes within brackets.

http://socpvs.org/journals/index.php/wbp/home
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	 Each variable was estimated as follows:
	 The number of illegal trapping sanctions imposed by environmental authorities: 
carnivore trapping is forbidden in Andalusia (except for cage-traps), however hunters 
illegally use traps to control red fox (Vulpes vulpes) managing small game species, 
particularly red-legged partridge (Alectoris rufa; [54,55]). We used the archives 
of the regional governmental authorities from 1997 to 2006, which contain all 
the sanctioning procedures filed when an illegal trapping event was found by the 
countryside rangers. Illegal traps were usually neck snares and leg-hold traps.
	 The number of illegal trapping events found during specific surveys: records from 
government archives were complemented by specific surveys to avoid potential 
effort-related biases. The surveys, conduced during January- August 2006 when 
most predator control occurs, consisted of a trained personnel on foot searching for 
traps and snares during two hours per survey; hence one survey was assumed as the 
sampling unit.
	 The number of road-killed carnivores: the roads within each of the pre-selected 
areas were sampled once a week between May 2007 and April 2008 for road-killed 
carnivores. A total of 85 surveys covering 1384.4 km. were was carried out by two 
observers driving a car at 30 - 40 km per hour.
	 Length of road with high killing risk: all the paved roads were surveyed for sections 
with the highest mortality risk for lynx by matching areas of scrubland habitats with 
local high rabbit densities that were traversed by roads.
	 Cover percentage and height of tree, tall shrub and short shrub: all variables related 
to habitat structure were taken and measured following a previous study on Iberian 
lynx habitat selection [36]. In the pre-selected areas we conduced a habitat- stratified 
transect within all the UTM 2.5 x 2.5 Km grid cells, a spatial sampling scale assumed 
to be representative of the evaluated areas; a sampling point of 25 m of diameter 
was taken each 500 m. Dominant tree species were: Quercus ilex, Q. suber, Olea 
europaea, Pinus pinea and P. pinaster; tall shrub: Q. coccifera, Pistacea lentiscus, 
Arbutus unedo and Phillyrea angustifolia and short shrubs: Cistus ladanifer, C. 
albidus and Lavandula stoechas..
	 Rabbit abundance: each UTM 2.5 x 2.5 Km grid cell was sampled using a stratified 
design by one observer on foot tallying all rabbit latrines encountered during two 
hours, using a GPS to record the data. The surveys were carried out in June 2007, 
which represents the season of maximum rabbit density [61,62]. Counts of latrines 
per km-1 were used to calculate rabbits per ha-1 using a model expressly built with data 
from twelve sampling transects where we estimated both rabbit density following 
Palomares et al. [61] and latrine abundance (Fig. 4). The transects were sampled 
within the lynx population range of the Sierra Morena during June 2007. The number 
and population nucleus size of high rabbit density areas within the dispersal radius 
was determined by using data from our own surveys for areas of Andalusia and data 
from Guzmán et al. [13] for the northern slopes of the Sierra Morena Mountains 
located outside of Andalusia.
	 Each variable of the key attributes was compared with reference values assumed to 
be optimal for the species. These optimal reference values (ORV) were obtained in 
the same previously described ways as for the current lynx population of the Sierra 
Morena, which has been intensively monitored since 2001 [20], and includes both 
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illegal trapping control and rabbit surveys. The vegetative habitat structure was 
sampled at 30 randomly distributed sampling points within a well-defined areas 
containing the highest lynx density within Sierra Morena (14 lynx territories in 50 
Km2). Available data of vegetative habitat structure obtained for the Doñana lynx 
population [36] was also used to determine ORVs. Both lynx populations showed 
different habitat structures from the six selected variables (Table 2), therefore in 
order to evaluate the reintroduction areas, each habitat variable was compared with 
the closest ORV from either Sierra Morena or Doñana population. For example, if 
scrub cover of a pre-selected area was closer to the ORV of the current population 
in Sierra Morena then the Sierra Morena ORV was chosen to evaluate this potential 
reintroduction area. Each variable was included in one of three categories: optimal, 
suitable pending management and non-suitable.
	 The carrying capacity of each pre-selected area was estimated according to the 
extension of each patch. For this calculation, we evaluated only the UTM 2.5 x 2.5 
squares with more than 100 rabbits x km-1 (SQ100), the threshold density at which 
lynx have been found to establish territories and to reproduce [61]. The total suitable 
area was estimated from the number of SQ100. The number of female territories, a 
good demographic measurement for the Iberian lynx [21,30,61,63,64], was used as 
the carrying capacity unit. Therefore, the total suitable area was divided by the mean 
size of female territories (4.1 km2, 95% CI = 2.6 – 5.8, n = 14, [30]). This calculation 
was repeated with both extremes of the confidence interval of female territory size, in 
order to estimate the confidence interval of the carrying capacity. It is a conservative 
estimation since the potential overlapping between female home ranges is not taken 
into account.

Results

Best areas at the large scale
	 Overall the composition of available vegetative habitat types throughout the lynx 
population of eastern Sierra Morena (Table 1) was similar (G = 1.3, p = 0.5, d. f. = 2) 
to habitat availability within the areas occupied by radio-collared lynxes (Fig. 5). In 
the Sierra Morena, the Iberian lynx neutrally selected two types of Mediterranean 
shrubs habitats, and negatively selected the other habitat types (Fig. 5). The 

Fig. 4: Relationship between rabbit density and rabbit latrine abundance.
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regional suitability map was built by representing dense and cleared Mediterranean 
scrublands, which included most of the 1980-1988 lynx range (Fig. 6). The region 
of Andalusia offered two main ranges of suitable habitat at the vegetation level, 
one within the Sierra Morena Mountains and another within the Sierras Béticas 
Mountains, although the patches for the second appeared more widely dispersed (Fig. 
6). The total extension of the potential habitat from a structure point of view was 
13,909 km2. However, just five patches with a total size of 525 km2 (3.77%) actually 
offered a suitable abundance of rabbits (Table 3; Fig. 6). After applying the criteria of 
patch size, protected status, and distance from source populations, only two patches 
remained: Guadalmellato and Guarrizas, both included in the European Natura 2000 
network. Based on the close proximity (35 and 32 km respectively) to an existing 
population and suitable connective habitats in between (Fig. 6), these two patches 
could form a meta-population together the current Andújar-Cardeña population in 
the eastern Sierra Morena Mountains (50 territorial females in 2011, unpublished 
pers. information). According to our carrying capacity estimates this meta-population 
could potentially harbour a metapopulation of 99 female lynxes. Sierra Harana did 
fulfil the first two selection criteria but at 80 km from the eastern Sierra Morena 
population it was located outside of the documented dispersal range of the species 
and was further isolated by substantial barriers. Hornachuelos was rejected since its 
suitable area was less than 10,000 ha large and furthermore it was lying out of the 
range of the maximal dispersal distance from the sources populations. Guadalmez 
was rejected since most of the suitable habitat was completely unprotected.

Fig. 5: Habitat selection of the Iberian lynx in the Sierra Morena (mean values and SE bars). Wi: Savage’s 
index (use / availability).

Table 3: Rabbit surveys within the former range of the Iberian lynx.
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Detailed evaluation of the best areas
	 Most habitat parameters within the pre-selected areas could be assumed as optimal, 
since few statistical differences were detected from the  ORVs (Table 2). The main 
exception was the standardized number of illegal trapping sanctions by environmental 
authorities observed in the Guadalmellato area, which presented higher values than 
the ORV (U =7.5, Z = -3.2, p = 0.0013); therefore it was evaluated as suitable pending 
management improvements. Some variables related to habitat structure (percentages 
of tree, tall shrub and short shrub cover) also showed significantly higher values 
than the ORVs in Guadalmellato and Guarrizas (Table 2). A comparison between 
Guadalmellato and Guarrizas showed high similarities in most variables, although 
Guadalmellato offered higher values of shrub cover, whereas Guarrizas had a higher 
potential for the natural expansion due to the vicinity of a large patch of suitable 
habitat with high rabbit density on the northern slopes of the Sierra Morena (Table 2). 
The mean rabbit abundance was similar in both areas (U = 126.5, Z = -0.78, p = 0.43) 
and the estimated carrying capacity was also quite similar: 26 ±11,5 territories (95% 
CI = 14.5 – 37.5) for Guadalmellato and 23 for Guarrizas (95% CI = 13.0 – 33.0). 
Finally, the road-killed carnivore incidence was higher in Guarrizas (U = 371.0, Z = 
-2.38, p = 0.016).

Discussion

	 There were many similarities between our habitat suitability map and a recent 
environmental favourability map for the Iberian lynx built with a model that 
selected 15 out of 27 predictor variables related to location, topography, climate, 
lithology and human activity to predict potential lynx habitat throughout Spain [65]. 

Fig. 6: Suitable habitat structure in Andalusia and environmental favourability in Spain (small square, 
re-drawn from [65]) for the Iberian lynx. Numbers indicate the current populations (1 Andújar-Cardeña, 
2 Doñana), and the pre-selected patches with optimal rabbit populations (3 Guadalmellato, 4 Guarrizas, 5 
Hornachuelos, 6 Guadalmez, 7 Sierra Harana). The limits of Andalusia provinces are provided.

http://socpvs.org/journals/index.php/wbp/home
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Although our results were more restrictive, both maps showed the two main ranges 
of suitable habitat at large scale in the region of Andalusia (Sierra Morena Mountains 
and Sierras Béticas Mountains; fig. 6). However both approaches failed in order to 
emphasize the patches with optimal food resources. Some of the selected habitat 
units for our large-scale map could be of little biological significance, since the 
scrubland habitat is realistically comprised of a miscellaneous mixture of several 
different kinds of botanical communities [66]. The habitat variables selected were 
far too general for accurate predictive maps, since large areas of potentially suitable 
habitat from a structural point of view, were selected but were literally void of 
rabbits. The scrubland structure has been assumed important for the Iberian lynx due 
to the relationship between rabbits and shrubs [36]; however, there are no detailed 
studies on the relationships between rabbit abundance and the high Mediterranean 
scrubland diversity. Unfortunately, there are probably no current means of obtaining 
adequate models to predict rabbit distribution and abundance at the required scale 
for lynx reintroduction programs. Such models are difficult due to the low precision 
of current GIS data bases and the strong local interactions of rabbits with habitat 
heterogeneity (scrub, pastureland and good soils to digging burrows, [45]), predators 
(humans included, [55,67]) and diseases [68]. In fact, only precise locally focused 
studies have been proven as useful to identify the key variables for the prey  
species [36,45,69,70], and it remain unknown if these local results can be extrapolated 
to a broader spatial scale.
	 The role of the cleared scrubland in the Sierra Morena was an unexpected result 
given the predictive model of Fernández et al. [30], since it was a non-studied 
variable by these authors despite its high availability and use by lynx within this 
population. This disagreement was one of the main reasons for the mismatching 
observed between predictive and current maps (Fig. 1), which highlights some of 
the limitations resulting from local approaches, even when these are conducted in 
a detailed manner. The percentages of tall shrub and shot shrub cover were higher 
in Guadalmellato and Guarrizas than in the current Andújar-Cardeña population, 
which could indicate healthy vegetation structure and a positive factor for lynxes by 
providing valuable cover habitats [36].
	 Although illegal trapping in the Guadalmellato area presented higher values than the 
ORV, the situation can be improved by management actions to remove or reduce the 
causes. In fact, since 2007 the environmental authorities have increased both patrol 
efforts and legal agreements with local hunting societies for cooperation in game 
management, resulting in a decrease in illegal trapping of carnivore mammals. The 
12 Iberian lynxes realised within in Guadalmellato Since 2009, have shown optimal 
survival rates similar to Andújar-Cardeña population (personalcommunication), 
indicating that efforts to reduce illegal trapping have been productive.
	 Population viability analyses (PVAs) are recommended by the IUCN [71] to 
assess reintroduction programs prior to the release phase, as this tool has been used 
for reintroduction projects of some carnivore species [72,73]. Population viability 
analyses conducted for both the Iberian and Eurasian lynx, indicate that population 
sizes of 10-15 territorial females and scenarios with low mortality of territorial 
residents reach viable populations within a timeline of 50 -100 years [27,63]. The 
carrying capacities of the Guadalmellato and Guarrizas areas are superior to those 
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areas, and the mortality sources had a lower prevalence than the Andujar-Cardena 
population. Therefore, although the local PVAs are not yet available for these sites, 
the scenarios appear to be favourable towards the 50-100 year goal. However, self-
sustaining populations of carnivore mammals require more than 500 individuals [1].  
Indeed, the total current population of the species, with ca 200 free-living 
individuals [20], is effectively not a viable population. Fortunately, the two best 
areas identified in our study can be combined to provide the opportunity to develop 
a meta-population together with the current population of Andújar-Cardeña. No 
other such meta-population of comparable size or connectivity potential could 
feasibly be re-established within the species’ former range, as can be deduced 
from the rabbit abundance distributions given by Guzmán et al. [13] for Spain and  
Sarmento et al. [74] for Portugal. However, if this meta-population dynamic is 
reached, it could grow to support even more individuals than the threshold of 500, 
regardless of whether the large path of high rabbit abundance located just beyond the 
northern of Andalusia is included (see variable 14 for Guarrizas in Table 2). If we 
extrapolate our carrying capacity estimation to include Guadalmellato, Guarrizas and 
the current Andújar-Cardeña population, the resulting meta-population could reach 
ca 120 potential female territories. Specifically, the larger meta-population that could 
be achieved could be the best possible scenario in the near future for the Iberian 
lynx.
	 It is important to study the probabilities of natural connection between population 
nuclei [27,58]; at least five lynx originating from within the Jándula and Yeguas 
valleys of the Andújar-Cardeña population have dispersed to reach Guarrizas, 
Guadalmez and Campo de Calatrava areas since 2007 (unpublished pers. 
information). Aditionally, genetic management by assisted translocations could help 
mitigate the effects of endogamy [46]. Taking into account the distances between 
most of the other suitable areas identified in Andalusia, additional reintroduction 
efforts may be important for increasing the meta-population size in the Sierra 
Morena Mountains, once the Guadalmellato and Guarrizas areas are recovered. The 
Guadalmellato area is a key stepping stone between the eastern and central Sierra  
Morena (Fig. 6). Finally, the isolated suitable area of Sierra Harana may be also 
important to establish a small population similar to that in Doñana, since the presence 
of small but isolated populations may be a useful strategy to avoid the effects of 
stochastic disease outbreaks that could affect the bigger populations [7].
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