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1.Introduction  
Ecological connectivity can be defined as the ease with which movement of individuals of one or 
more species occurs or may occur between different populations or areas of suitable habitat for 
the species (Taylor et al. 1993; Crooks y Sanjayan 2006; Saura 2013). 

Ecological connectivity is a key factor for biodiversity conservation as it helps to mitigate negative 
effects of habitat fragmentation (plot isolation due to fragmentation processes), favours species 
adaptation to climate and land-uses changes and allows the colonisation of new areas and the 
recovery of population sizes affected by disturbances and stochastic environmental and 
demographic variables. 

Connectivity is particularly important for species whose range is divided into several small 
populations as gene flow between populations can be high enough to avoid inbreeding and its 
adverse effects and ultimately to ensure the long-term viability of those species and populations 
(Crooks y Sanjayan 2006). 

All these apply to the Iberian Lynx (Lynx pardinus), categorised as “critically endangered” by the 
IUCN in 2002. The recovery of the species has been addressed by gradually solving the most 
urgent problems with the support of successive Life projects. Conservation actions carried out 
since the beginning of the century have fostered the Iberian lynx population size and the IUCN 
uploaded the species to “endangered” (Rodríguez y Calzada 2015). 

In 2009 and 2010 releases started in Guadalmellato and Guarrizas, two former Iberian lynx 
presence areas in Sierra Morena which became extinct in the past. In 2014 and 2015, 
reintroductions started in four areas outside Andalusia; Campo de Montiel (south of Ciudad Real, 
Castilla la Mancha), Montes de Toledo (Castilla la Mancha), Valle de Matachel (Extremadura) 
and Vale do Guadiana (southern Portugal). In 2020, the Iberian Lynx population was estimated at 
a minimum of 1,111 individuals. However, it has been estimated that in order to reach the 
Favourable Conservation Status (FCS), which is an obligation established in the Habitats 
Directive (92/43/EEC) for every member state, and which would allow us to consider the species 
safe from extinction, it would be necessary to create at least 8 additional populations to the 
existing ones (Pérez de Ayala 2019). 

However, for the long-term conservation of the species, spontaneous connections between 
Iberian Lynx population are necessary so these populations, and the species in the Iberian 
Peninsula, may be viable and self-sustainable. 

This requires ensuring adequate distribution of reintroduction areas (among them and to the 
current stable populations) and adequate management of the territorial matrix to promote 
functional connectivity between populations, through the conservation or restoration of favourable 
corridors and through actions aimed at reducing the barrier effect of transport infrastructures and 
other elements of the landscape. 

LYNXCONNECT’s main goal is to ensure that the Iberian lynx population behaves like a 
functional self-sustainable viable metapopulation. To achieve this, we must connect all population 
nuclei by creating presence areas in between populations to reduce distances and direct 
dispersions. These presence areas between populations, or bridging areas, are denominated 
“stepping stones” when talking about ecological connectivity. 

This protocol will contribute to developing the content of the reintroduction program of the Iberian 
Lynx in Spain and Portugal currently carried out within the Iberian Lynx Work Group. For this, a 
coordination mechanism for both initiatives will be established, thus satisfying a practical need as 
set out in the minutes of the last meeting of said Group. The integration of this protocol within the 
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program will be ensured, considering obligations and commitments acquired by the beneficiaries 
of LYNXCONNECT to the fulfil the LIFE project. 

The program will be the technical and scientific document that will be sent by the Work Group to 
the Spanish Sectorial Conference on the Environment for its approval, at which time it will 
become binding for Spain. In the case of Portugal, the document will be sent through the 
Multilateral Commission, to said country for formal recognition and to be validated by the 
Executive Commission of the “Plano de Ação para a Conservação do Lince Ibérico em Portugal 
– PACLIP 2015-2020”. 

2. Stepping stones large-scale identification or pre-selection. 

LIFE IBERLINCE Project elaborated habitat-quality and land-permeability models for Iberian Lynx 
movements (Saura et al 2014). A resistance layer was generated from the permeability model. The 
resistance layer is de basis to perform connectivity analysis between subpopulations located anywhere 
in the Iberian Peninsula.  

 Saura and collaborators used two methodological approaches in the connectivity analysis to generate a 
current model between subpopulations: 1) least-cost paths analysis (LCP) and 2) circuit-based 
analysis related to ecological connectivity (Annex A.6.4 of LIFE IBERLINCE Final Report). 

To pre-select the stepping stones, LYNXCONNECT used the following process, which can direct the 
future identification of stepping stones out of the scope of the project: 

1- Fort the first step of the pre-selection process (delimitation of the zones most likely used in lynx 
movements between populations) two approaches were used: 

1) Addition of a 5km buffer at both sides of the LCP defined in the mentioned analysis. This 
buffer would be delimiting the influence area of the LCP (fig.1) 

2) Using the IBELINCE’s resistance layer as the basis, a new circuit-based analysis was made 
with updated information about the distribution of the species. From the resulting current model 
those areas more likely to be used in the dispersive movements of the species were selected. 
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Fig 1. Least-cost paths with a 5 km buffer between Iberian Lynx populations 

 

Fig 2. Areas with higher indices of the current model generated to identify the areas more likely to be 
used in the species movements 

 

2- Due to the huge surface delimited in the first step of the process, different sources of digital 
information were used as approaches to rabbit abundance in the area: rabbit hunting data of hunting 
reserves and Imperial Eagle’s nest (with 1km buffer around them). Those hunting reserves with rabbits 
and surfaces defined by the buffered Imperial Eagle’s nest were selected. 

3- IBERLINCE’s habitat-quality model was run for the areas selected in the previous step in order to 
select the patches with the best habitat. These patches would meet, based on available digital 
information, prey abundance, habitat, and connectivity requirements to be evaluated as stepping stones. 
The actual suitability of each area would require a detailed-scale evaluation process with field work (see 
the detailed-scale selection of this protocol). 

The prioritisation of each area identified as a potential stepping stones will be based on the contribution 
that each area can provide to the total connectivity between populations, and will be establish through a 
connectivity analysis made with the application Conefor (www.conefor.org). 

Conefor is oriented at supporting conservation and management decision making through the 
identification of critical areas for the preservation and improvement of ecological connectivity. Conefor 
implements indexes of habitat availability and graph structures. Conefor permits to weight the 
importance of each stepping stones not only by its distance to other populations, but also by the quality 
of the patch (size or resources abundance). 

Another relevant information that can direct about the suitability of an area with potential to host a 
stepping stone is the detection of lynxes already settled in that area. It is known that individuals that 
have dispersed from stable populations have reached, settled and even breed in areas with abundant 
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rabbits and good habitat. Once these settled lynxes are detected in an area, it is suitable to be 
considered a stepping stone, though the selection process must be implemented in any case. 

3. Detailed-scale stepping stones selection 

The main function of a stepping stone is to facilitate lynx movements between current populations to 
boost their functional connectivity. So, its location in the area to be evaluated will be the more relevant 
aspect and may be a limiting factor when an area is evaluated to be selected or rejected as a stepping 
stone. 

When selecting a reintroduction area, its surface must be the minimum to host a long-term feasible 
Iberian Lynx population, which was stablish as minimum of 10.000 ha of suitable habitat (appropriate 
habitat structure and rabbit density). 

Rabbit abundance is a limiting factor when selecting reintroduction areas due to the spatial scale of 
these areas. Previous experiences with rabbit population recoveries show that it is feasible at 
low/medium scales, but it is technically and economically unfeasible to recover and maintain stable 
rabbit populations at the scale (10.000 ha) and at the density needed to support a stable Iberian Lynx 
population. 

The spatial scale of stepping stones is 10 times smaller than that of reintroduction areas, so work with 
rabbit population recovery in these surfaces may be logistically and technically feasible, although 
expensive. Therefore, the only limiting and excluding variable for stepping stones selection is their 
location/connectivity between current Iberian Lynx populations; all the other variables can be corrected 
and improved until they reach the stablished suitability threshold. 

Sampling scale 

The rabbit abundance assessment for the stepping stone selection process will be done on 1,25 x 1,25 
km squares, as opposed to the rabbit abundance assessment for the reintroduction areas process, 
whose reference scale is the 2,5 x 2,5 km grid. 

Due to the small minimum surface needed for a stepping stone (1.500 ha), a high-precision 
assessment is necessary; the contagious distribution of rabbits (high variability in abundance and 
distribution) may lead to situations if using an inadequate scale, where an area is considered 
NOT VIABLE when it is, and vice versa. 

Examples: 

1) Irregular patch with sufficient area with adequate rabbit abundance that would be considered 
NOT VIABLE in a 2,5 x 2,5 km assessment: 
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2) Patch with insufficient area with adequate rabbit abundance that would be considered 
VIABLE in a 2,5 x 2,5 km assessment: 

 
Once demonstrated the necessity of evaluating rabbit abundance on a 1,25 x 1,25 km grid, this 
will be the scale to asses the rest of variables considered in this protocol. 

The variables to analyse are: 

Surface 

A stepping stone must improve the connection between two Iberian Lynx subpopulations and 
must be able to accommodate two females and a male in a stable way, so it is estimated that it 
must have at least 1.500 hectares. 

Connectivity 

The connectivity provided by each stepping stone is key since an area can meet all the 
established requirements for the species settlement, but if it isn’t in an adequate location it won’t 
function as an inter-population bridge and it won’t improve the metapopulational connectivity, 
being anything more than an island within a hostile matrix, without connection possibilities. The 
difficulty lies in setting the thresholds for a batch to be considered either a bridge or an island. 
This threshold must be based on the effective distance values between the two populations to be 
connected by passing through the proposed stepping stone, the potential bridge. Effective 
distance values are estimated with the least-cost paths analysis. The least-cost path (LCP) will 
be that with the shorter effective distance between two populations. Any patch located over the 
LCP has the minimum effective distance so its location is optimal. The further the stepping stone 
location is from the LCP, the longer the effective distance to connect two populations by passing 
through it. The difficulty lies in how to set an objective threshold to decide when the effective 
distance is so long that the contribution of that stepping stone to the metapopulational 
connectivity is not functional. 

LYNXCONNECT aims at identifying the maximum number of potential stepping stones. Using 
CONEFOR, the ten stepping stones with a higher contribution to the total connectivity will be 
classified. Nevertheless, for future assessments, when it may be necessary to assess the 
suitability of just one stepping stone and its contribution to the connectivity between two 
populations, it will be necessary to set the maximum values of effective distance and/or the 
minimum values of connectivity contribution that a stepping stone must have. We are currently 
working on this issue, but as it is unresolved at the moment of publishing this protocol, it remains 
a pending issue for the next protocol update. 

 



 

         lynxconnect.eu 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rabbit abundance 

Wild rabbit abundance plays an essential role in the Iberian Lynx population dynamics. Rabbit 
abundance states aspects as important as the species reproductive success and survival rate 
(Monterroso et al 2016; Perez de Ayala 2017). Therefore, it is essential to know the rabbit 
abundance in the area to be evaluated. 

Considering the geographical scale, it is proposed to assess rabbit density through a common 
and logistically feasible methodology to obtain comparable relative abundance indexes between 
zones. The proposed methodology is latrines counts along fixed transects. This methodology has 
been used to estimate rabbit abundance by the Iberian Lynx conservation projects since the 
beginning of the century (Guzman et al 2004; Sarmento et al 2012), including assessment and 
monitoring processes of reintroduction areas (see the Protocol for Monitoring Populations of Wild 
Rabbits). 

It is proposed to carry out a transect of at least 750 m on the base of a 1.25 x 1.25 km grid, 
counting rabbit latrines within 2 m on each side of the transect line. In a similar way as stated in 
the rabbit monitoring protocol, to facilitate the sampling the transects can be linked along the 
adjacent squares, as long as each square is sampled representatively. Sampling shall be carried 
out from June to August, once the highest rabbit density period (May-June) is over. The highest 
rabbit-density period coincides with the maximum growth of the herbaceous vegetation, which 
noticeably reduces latrines detectability and may lead to an underestimation of the species' 
actual abundance. As latrines remain from the maximum abundance period to the end of the 
summer, and its detectability is maximum when the grass dries out (June-July), the months of 
June-August are suggested for the elaboration of the transects. The transects will be recorded 
with a GPS device and all latrines will be geo-referenced. 

For each square, a Rabbit Kilometric Abundance Index (KAI square) will be obtained: 

 KAI square = total nº of latrines/total kilometres covered 

The total abundance of the assessed area will be expressed as the median of the abundance values 
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obtained in the sampled squares. The use of the median rather than the mean has been chosen 
because of the contagious and irregular distribution of rabbits, which can lead to the existence of very 
high-density squares that may have a significant effect on the value of the mean of all squares, giving a 
false idea of a high rabbit density in the whole area. Using the median eliminates the effects of extreme 
values and gives a more realistic picture of rabbit distribution in the study area. There is a consensus 
that the minimum threshold for considering an area as suitable for the rabbit abundance variable is a 
median value of 20 latrines/km over an area of 15.00 ha. Rabbit abundance throughout the study area 
should be assessed within the year preceding the beginning of releases. Given the variability often 
found in rabbit population trends, it would be advisable to have multi-year abundance series for the 
species in the area. This information should be provided if available. 

Habitat Quality 

An on-foot transect of at least 750 m will be carried out in each 1.5 x 1.5 km. The variables are 
estimated visually in circular areas of 25 m in diameter located every 500 m. The itinerary should 
be designed to maximise the record of habitat variability in each the square. To optimise time and 
resources, this sampling can be overlapped with rabbit latrines counts. Previous studies identified 
that the average scrub cover in territorial lynx territories was 55% (Palomares 2001). Similar values 
were obtained for territorial specimens from Vale do Guadiana (average scrubland = 61% min = 20 
max = 91; SE = 14.89). We will consider an upper and lower range of 25% around this average value 
as the range of suitable habitat for the settlement of the species; a square with scrubland cover 
between 20% and 80% will be considered suitable. 

The estimation of these variables is subject to various methodological problems, such as the high inter-
individual variability in estimating the scrubland cover, or the difficulty in designing sufficiently 
representative itineraries of the real habitat quality of the square. The reliability of using digital layers to 
estimate the habitat quality of each assessed square is being evaluated, which would allow an 
objective estimation of this parameter. Therefore, this aspect will be reflected in the Pending Issues 
section of this protocol and will be incorporated in future revisions. 

Assessment of social attitudes 

To carry out rabbit relative-abundance transects is necessary to contact the owners of the land crossed 
by the transect. These contacts facilitate us to establish a direct relation with landowners and 
managers of the assessed zones, and to dialogite with them to assess their attitude about the potential 
presence of a species as the Iberian Lynx currently or in the future. A positive attitude of this collective 
is essential to ensure the suitability of the presence of the Iberian Lynx in the assessed zone. The 
social attitude is considered positive if at least 70% of the zone 1) has an agreement with the project or 
2) their landowners or managers give their written support to the project, or 3) a survey of the 
landowner’s perception about reintroductions is provided. 

Survey area the rest of the variables 

As the minimum surface for a patch to be stepping stone is 1.500 ha, and it is known that resident 
lynxes usually move outside their territories, we consider that there are some threats that must be 
assessed also in the area adjacent to the pre-selected squares. To that end, a 1.25 km buffer shall be 
ad to the pre-selected squares. This measure is that of the squares to be sampled and is similar to the 
radius of an Iberian Lynx female territory (assuming a circular territory; 14 x 1,252 = 490ha) with high 
rabbit density. This measure is also similar to the buffers used to establish the study area in the 
traditional non-explicit capture-recapture population estimate studies using camera-trapping data 
(Buffer = 1.02km; Garrote et al 2011). 
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Buffer applied to a zone of 1.500ha 

Number of road-kill carnivorous in paved roads and railways 

This faunistic group is used as a model to evaluate the road-kill risk and/or to detect potential 
Iberian Lynx black spots. Ideally all paved roads and railways in the assessed area should be 
sampled. If a complete sampling is unfeasible the efforts must focus on those segments passing 
through forest or scrubland. 

We propose to carry out transects in order to count carnivores that have been run over (lynx, fox, 
genet, mongoose, wildcat, otter and badger), following these specifications: A total of 6 
samplings will be carried out over a minimum of three months. Animals that have been run over 
will be removed from the roadway. The transects will be on foot or by vehicle at low speed (15 – 
20 Km/h) to be able to detect animals on the roadway and roadsides. In the case of vehicle 
transects, these will be carried out by two people, the driver and the observer, in order to 
maintain attention and avoid unsafe situations.  

The resulting rate for animals killed on the road (detected/km of road) will not be comparable 
between areas, as variables such as the type of habitat surrounding the roads, or differences in 
the abundance of carnivore populations in the area may change the values for this rate. A low 
road-kill rate in an area where carnivore populations are low (e.g. due to intense predator control) 
may lead to the erroneous conclusion that the risk is low. Road kills detected by this method will 
serve as a guideline to point at potentially dangerous areas and implement subsequent reduction 
measures. 

Length of highways and railway sections with high risk of run overs  

Roads passing through Mediterranean scrubland have been described as high probability Iberian 
lynx roadkill areas (Garrote et al 2018). To correct potential future lynx black spots, the road 
segments crossing through scrub habitats in the study area should be identified.  
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This is a complementary variable of the previous one that does not necessarily imply the 
detection of run over individuals. It is defined as the length of sections of these communication 
routes that cross areas of scrubland with high density of rabbits. Therefore, the information it 
provides may serve to direct the sampling of the previous variable. 

Number of irrigation channels and ponds 

Irrigation ponds or the accumulation of agricultural by-products (such as alpechín) have proven to 
be a threat to the Iberian Lynx. In most cases, drownings in irrigation ponds were due to poor 
perimeter-fencing that allowed the animals to access the pond. Once inside, as there was no way 
for the animal to climb out due to the slipperiness of the walls, the animal drowned.  

An inventory of ponds and open irrigation channels in the study area is proposed, in order to 
ensure that the perimeter fencing is in good condition. The implementation of measures inside 
the pond are also recommended to enable the animals to free themselves if trapped. 

Number of complaints ratified by the environmental authorities for trapping, poisoning, shooting, 
hunting or any other illegal method 

In order to define what an illegal trapping art is, state and regional regulations and guidelines will 
be taken into account. Data from the last five years will be collected. This variable will be 
standardized per year and surface area. Due to the high variability in the complaint effort, it is a 
purely indicative variable. 

Number of exceptional authorizations 

Number of exceptional authorizations granted for the use of approved predator control methods 
in the last five years. This variable will be standardized per year and surface area. 

No reintroduction areas may be selected where the minimums established by the Technical 
Guidelines for the capture of predator hunting species approved by the Sectorial Conference on 
the Environment on 13 July 2011 for Spain and Portugal Decree-Law No. 140/99, with the 
wording given by Decree-Law No. 49/2005 which transposes Directive 92/43/EC, are not met. 

Number of trapping events detected by active field survey 

1.25x1.25 km squares will be sampled for illegal methods that could compromise the survival of 
the Iberian Lynx. On-foot transects of at least 1 hour will be carry out, focusing on those areas 
within each square where the presence of illegal methods is most likely, giving priority to 
inhabited zones and their surroundings, areas with chicken coops, vegetable gardens, etc. 

Prohibited hunting methods discovered during the sampling will be actively identified and positive 
findings will be mapped. Each transect, as well as those events detected, must be recorded by 
GPS. The information collected will be used to produce an index of the presence of illegal 
hunting activities and will detail the number of threats or cases/kilometre. 

This information will make it possible to establish the level of mortality risk created by illegal 
methods in the area and to establish the areas of highest incidence, detailing where both search 
and prevention actions should be intensified. 

Ideally, all squares in the study area should be sampled for illegal methods. If this is not possible, 
they should be sampled: 

• All squares with reports of illegal methods during the last five years 
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• All squares with frequent human activities and adjacent squares to villages, residential 
areas, recreational areas, vegetable gardens, etc. 

• The surface to be sampled depends on the surface of the sampled zone. In total, and as 
a minimum, it must be sampled: 

In 1.500 ha zones; 100% of the squares plus those squares within the buffer with higher 
probabilities of human interaction 

In 3.000 ha zones; 75% of the squares 

In 5.000 ha zones; 50% of the squares 

Risk of interference with domestic animals 

Iberian lynx attacks on domestic animal species have been recorded continuously since the 
beginning of the 21st century (Garrote et al 2013). These attacks have been detected in all areas 
where the species occurs, whether in historical populations or in those recently created through 
reintroduction. As with other felines worldwide, lynx interference with domestic animals can lead 
to the death of the former as revenge by farmers or owners. This has even prevented or limited 
the settlement of the species in areas with a high interference rate, as in some areas of the 
Guadalmellato population (Garrote 2019). Therefore, it is essential to have as much accurate 
information as possible on the potential risk of interference, knowing in advance the locations of 
commercial and non-commercial livestock farms, mainly sheep, goat and poultry farms or 
chicken coops. Depending on the risk, it may be necessary to establish a programme for the 
prevention of lynx attacks on domestic animals, as well as for the payment of damages. 

The methodology concerning the measurement of this variable will be addressed in a specific 
protocol derived from Life LYNXCONNECT action A.2. 

Data on the health status of the fauna that lives with the lynx 

One of the parameters to be considered in the selection process of reintroduction areas, based 
on IUCN recommendations for reintroductions, is an assessment of the pathogen pressure for 
the species to be reintroduced. In small populations, such as those generated by Iberian lynx 
reintroduction during the first years of release, stochastic factors, such as pathologies, may 
become a major regulating factor. In addition, as areas with greater resource availability than 
those of current distribution are to be selected, it is expected that the density of specimens 
generated in the reintroduction areas will be high, therefore with a greater risk of disease. It is, 
therefore, necessary to assess the pathogen pressure in the areas selected for the reintroduction 
of the Iberian lynx and to compare this pressure with that existing in the current populations. 
Among the agents potentially pathogenic to the Iberian lynx, the prevalence of the three main 
agents that cause mortality in the species will be assessed for their potential as population 
regulating factors: (1) feline leukaemia virus (FeLV), (2) tuberculosis (TB) and (3) canine 
distemper virus (CDV). FeLV will be analysed on cat samples (Felis catus y Felis sylvestris), 
CDV on samples from all carnivores, and TB on samples from wild ungulates. In each area, 
sampling will be carried out, achieving the following numbers: 40 cats, 30 non-cat carnivores and 
50 wild ungulates (samples will be distributed specifically depending on the abundance of each 
species in the area to be sampled). These three agents will be analysed with PCR, and TB will 
be analysed with a specific Ziëhl Nielsen staining and culture when necessary. 

Legal protection figures  

To identify a territory as a reintroduction area, the fact of being part of Natura 2000 Network and 
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Protected Natural Spaces will be considered. In addition, the existence of Management Plans of 
said Network and the Plans for Management of Natural Resources and Master Plans of Use and 
Management of Spaces will be positively valued. 

Regarding to the inclusion in Natura 2000 Network, an area outside the Network can be 
considered territory of reintroduction if the rest of the variables that characterize it so advise, 
provided that the competent authority undertakes to designate it as an SCI (Site of Community 
Importance) within the duration of the project as required by the LIFE provisions. 

4. Protocol review 

This protocol will be reviewed and updated every 4 years. The next review of this protocol will 
take place in 2026. 

5. Pending issues 

• To establish thresholds and targets for the connectivity contribution of a stepping stone 
• Reliability of using digital layers to estimate the habitat quality of each square 
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