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INTRODUCTION
Landscape structure affects intraspecific connectivity among populations (Kubisch et al. 2014). This connectivity, however, is challenged by fragmented landscapes, negatively affecting gene flow between populations and consequently their long-term viability. In a patchy landscape, populations tend to be more sensitive to disturbances and are further susceptible to extinction (Newman and Pilson 1997, Loeuille and Leibold 2014). Remnant small, isolated populations, may undergo processes of declining gene diversity by genetic drift and/or inbreeding depression. Connectivity among sites can determine whether the species will fall into a small fragmented population or will develop a meta-population structure (Hanski 1999). At the molecular level, if a certain species is limited to particular landscape elements and gene flow among suitable elements is prevented, populations are expected to show a decrease in their genetic variability, followed by an increase of their sensitivity to harsh stochastic events (Nevo et al., 1984; Primack, 2000). Accordingly, the loss of genetic diversity within a patch will be a function of the degree of isolation of the sub-population, which will be countered by mutation and dispersal among the sub-populations. In this situation, species are also expected to show elevated genetic differentiation among populations (Nahum et al., 2008; Avrani et al., 2012; Peled et al., 2014, 2016). 
The concept of biological connectivity via ecological corridors (ECs) is based on the use of open landscapes that are not necessarily of high ecological value, but presumably still enabling a certain degree of organisms exchange and gene flow between populations inhabiting spatially separated natural habitats (Wilson and Willis 1975, Jongman and Pungetti 2004, Gilbert-norton et al. 2010, Marrotte et al. 2017, Hilty et al. 2019). This concept, raised by academic research, is now recognized as a practice in the frontline of nature conservation (Eldredge 2000, Anderson and Jenkins 2005, Correa Ayram et al. 2016, Hilty et al. 2019). One of the main forces behind this process is the rapid human population and economic growths, which drives expeditious anthropogenic development that results in significant natural land loss and ecosystems fragmentations (IPCC 2019, Sorek et al. 2019). These extensive changes in land use are recognized as one of the most significant factors affecting what is now widely accepted as a current biodiversity crisis (Eldredge 2000, Singh 2002, Haddad et al. 2015, Tilman et al. 2017, Driscoll et al. 2018) and have been shown to be a strong determinant of species distributions at multiple spatial scales from local roadside (Erinjery et al. 2017) to regional, national and continental scales (Kent et al. 2011, 2014), causing potential adverse effects on ecosystem continuity (e.g., tropical forest canopy continuity, (Kent et al. 2015, Erinjery et al. 2018)) which may affect all life stages and mobility of local species (Erinjery et al. 2019, Erinjery et al. In review, Sorek et al. 2020).
Since the consciousness rise of the subject by Shkedy and Sadot (2000), practically all conservation entities in Israel, governmental or NGOs, have put forward and addressed the subject (Rotem et al. 2015, Ministry of Environmental Protection 2017; Gabay and Zanzuri 2019; Sorek et al. 2019; Sorek et al. 2020). Furthermore, following the 2016 insertion of a national ecological corridors scheme into the Israeli National Outline Plan (Tama 1, 2020), regional schemes proposing to establish a statutory status for the protection of ECs are currently in development (Ministry of Environmental Protection 2017, Shapira et al. 2020). 
There is however, a substantial lack of knowledge regarding the efficiency of corridors and passages in maintaining terrestrial habitat connectivity among target species populations (Kindlmann and Burel 2008, Gilbert-Norton et al. 2010, Closset-Kopp et al. 2016, Shapira et al. 2020). Moreover, it is highly probable that organism requirements and ECs functionalities are highly specific not only for the organism, but for the interaction between a species and the EC's local characteristics and conditions (Hess and Fischer 2001, Driscoll et al. 2013, LaPoint et al. 2013, Scharf et al. 2018), stressing further the need for specific, local knowledge of ECs functionality. This leads to one of the main dilemmas in practicing nature conservation in general, which is the need to balance between the need for immediate action without sufficient empiric scientific data. This phenomenon is generally known as the scientific-practice gap (Bertuol-Garcia et al. 2018). This gap is very apparent in the planning of ECs in Israel, as the need to protect open landscapes is pressing, but there is a substantial lack of empiric data regarding ECs functionality in maintaining terrestrial habitat connectivity. When designing an EC, the process should, ideally, include specifying the EC's goals, understanding the biological and ecological requirements of the organisms that the EC is supposed to serve and to assess the EC's ability to provide these requirements (Hess and Fischer 2001, LaPoint et al. 2013, Scharf et al. 2018). Obviously in many cases, conservation actions are required even if data is scarce or absent (see for example Shamoon et al. 2018, Shapira et al. 2019). Ideally, however, acquiring data should be a continuous goal regardless of the timing of the action at hand, for both future improvements of the area itself and further decision making.
In the current proposal, we aim to examine the efficiency of Israel’s CMB systems in maintaining connectivity between populations of wildlife species existing in natural habitat patches. For this purpose, we suggest using a combined approach, including spatial analyses, wildlife activity monitoring and genetic analyses of populations of target species in natural habitats along the corridors to estimate gene flow barriers and the isolation levels among populations. This goal will be achieved by comparing wildlife communities and populations, including genetic variabilities, between natural habitats with different degrees of spatial and temporal separation. 
We propose to assess ECs and passages efficiency, and to evaluate the implications of compromising the integrity of ECs put forward by the Israel Parks and Nature Authority (INPA). As defined by the INPA, the majority of the ECs in Israel consist of a mosaic of natural, semi-natural and agricultural land uses, including narrow bottlenecks (Shkedy and Sadot 2000, Rotem et al. 2015, Gabay and Zanzuri 2019, Shapira et al. 2020). This system imposes variable conditions, leading to heterogeneous and complex matrix systems we define hereafter as a core-matrix-barrier (CMB), e.g. a system including core areas consisting of natural or semi natural habitats, separated by a matrix of different levels of lower valued open areas. Thus the core-area populations are expected to become smaller and more isolated, in which case they might form a meta-population for wildlife species residing in fragmented environments (Hanski 1999), given that the matrix allows gene flow between sub-populations. For the CMB to be efficient, the matrix should be able to support either sink populations, or affordable passage between core populations. 
[bookmark: _Hlk43725334]Thus, land-cover composition of such matrices is crucial for the efficiency of the CMB. In contrast, Hodgson et al. (2011) concluded that the quality of the matrix is less influential than the size and availability of prime habitat. Different land cover types, ranging from natural/semi-natural non-habitat, to humanly disturbed areas, vary in their impact on the viability and connectivity of the matrix, depending on species. The threat or disturbance level of each cover type can be modeled into a continuous layer, to assess the probability of an area to serve as an effective corridor. The society for the protection of nature in Israel (SPNI) published a preliminary evaluation of corridors and passages in Israel, based on the INPA corridor map, and according to the physical properties of each such corridor (i.e., length and width, Gabay and Zanzuri 2019). Thus, the quality of the matrix, and the properties of the surrounding environment also play an important role in determining the quality of the corridor.
We propose to examine the efficiency of Israel’s CMB systems in maintaining connectivity between populations of wildlife species existing in natural habitat patches. For this purpose we suggest using a combined approach (As suggested by Krosby et al. 2015), including spatial analyses, wildlife activity monitoring and genetic analyses of populations of target species in natural habitats along the corridors, to estimate gene flow barriers and the isolation levels among populations. This will be, to the best of our knowledge, the first attempt to evaluate CMB performance using such an array of techniques operating on different levels of wildlife biology and ecology. 
METHODOLOGY
STUDY SITES AND CMBS EVALUATION
We suggest using the Mediterranean region of Israel as the model system for this study. This is because it is representative of CMBs that include natural core areas that are highly fragmented in time and space (Fig. 1). The first step in evaluating the efficiency of these CMBs would consist of spatial analyses, identifying the different components of the CMBs comprising the system at the local and regional scales. For that we will apply spatial analysis tools with existing land use – land cover maps, as prepared and updated regularly by HaMaarag – Israel’s national nature assessment program, crossed with the corridor maps published by the INPA, and recently updated by the Society for the Protection of Nature in Israel (Gabay and Zanzuri 2019). 
We will record the relative availability of different land cover types within each CMB system, divided into core areas, the type of ecosystem they consist of, and land uses in the matrix (such as plantations, agriculture, roads, infrastructure facilities). We will also map barriers (mostly linear infrastructure like roads and railroads, but also fences and other barriers) and obligatory passages crossing such barriers. The goal is to locate three CMB systems in the Mediterranean region, along the precipitation gradient.
All spatial analyses will be conducted in Qgis and ArcGIS software. These analyses will allow us to conduct a threat assessment (a combined effect of anthropogenic disturbances), in which the effect of human modified areas decays with distance (Levin et al. 2007). The decay function is probably not linear; however, it is impractical to predict how it behaves per cover type. In addition, different environments are probably affected differently by similar usages. Thus, we propose to apply a single decay function, following an exponential function with 50% decay at 100 meters, and asymptotic to 0 effect at 1000 meters from the edge of the disturbance/threat. Cover types will include (but are not restricted to) settlements, roads, agriculture, army camps and training areas, infrastructure, touristy locations, quarries and planted coniferous forests. Furthermore, we will apply landscape metrics analyses to estimate the severity of landscape fragmentation and evaluate the degree of expected isolation between natural patches ('landscapemetrics' package in R). This will eventually allow us to make quantitative testable predictions of the efficiency of any specific CMB section. Additionally, it will allow us to identify key areas in which to test such predictions, in defined CMBs.
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Figure 1: An example of a land-use Land-cover map of the Mediterranean region in Israel. Green colors represent natural land cover, grey represents human modified areas. Dark green lines are EC borders after Rotem et al. 2015. Red lines represent critical EC sections for conservation (Gabay and Zanzury 2019). 


STUDY SPECIES
Choice of species is of crucial importance, as the species need to fulfil several conditions (see Table 1). We realize that any choice made, would necessarily violate some of these conditions. To overcome this, we aim to sample several species from diverse taxonomic groups, representing a wide variety of wildlife with different ecological requirements and traits. In addition, in order to achieve novel understanding of corridors functionality, we aim to choose species representative of taxonomic groups that are largely ignored when dealing with ECs, at least in Israel (e.g. anything that is not a medium to large mammal). 
Here we suggest a longer list of target species to avoid a situation in which a given species population does not provide enough samples in-situ. Ideally, five to six species from the list will be used in the study, depending on availability in the field. We will also consider 'control' species that presumably uses all CMB components freely. Suggested target species were chosen based on existing knowledge of species distribution and life histories from the literature and from consulting with experts. Table 2 summarize the suggested target species, the conditions (as specified in table 1) they comply with and the capture methods and seasons.

Table 1 Conditions for choosing target species for the study and their rational.
	Condition
	Rational

	(1) Widespread and easy to obtain
	Provide samples from multiple individuals

	(2) Specific habitat requirements
	Susceptible to fragmentation effects

	(3) Short generation time
	Allow multiple generations since CMB creation

	(4) Well known genomes 
	Allow better genetic analysis

	(5) Indicative to the entire CMB system
	Should be representative to all CMB components, either positively (present) or negatively (absent)



Table 2 Suggested target species, compliance with specified conditions, capture method and season. Ideally five to six species from the list will be eventually used in the study.   
	Species
	Condition* 
	Remarks
	Capture method and season

	
	(1)
	(2)
	(3)
	(4)
	(5)
	
	

	Cairo spiny mice Acomys cahirinus (Order: Rodentia)
	√
	√
	√-
	NA??
	√-
	
	Live overnight trapping during spring and summer

	House mice Mus musculus (Order: Rodentia)
	√
	X
	√
	√
	√-
	'Control' species
	Live overnight trapping during spring and summer

	Ocellated skink Chalcides ocellatus (Order: Squamata)
	√
	√--
	√-
	NA??
	√-
	
	Active day-time search during spring

	Common chameleon Chamaeleo chamaeleon (Order: squamata)
	√--
	X
	√-
	NA??
	√-
	'Control' species
	Active night-time search during spring and summer

	Lebanon lizard Phoenicolacerta laevis (Order: squamata)
	√--
	√
	√-
	NA??
	√-
	
	Active day-time search during winter-summer

	Rüppell's snake-eyed skink Ablepharus  rueppellii (Order: squamata)
	√-
	√--
	√-
	NA??
	√-
	
	Active day-time search during spring-summer

	snake-eyed lizard Ophisops elegans (Order: squamata)
	√-
	√--
	√--
	NA??
	√-
	
	Active day-time search during spring-summer

	Fire salamander Salamandra salamandra (Order: Caudata)
	√-
	√
	√-
	NA??
	√-
	Local conservation status: CR A1c
	Active night/day-time search in annual pools and streams during winter

	Southern banded newt Triturus vitatus (Order: Caudata) 
	√--
	√
	√-
	NA??
	√-
	Local conservation status: CR A1c
	Active day-time search in annual pools and streams during winter

	Frontinellina frutetorum (order: Araneae)
	√
	√-
	√-
	NA??
	√-
	
	Active day-time search during spring and summer

	Walf spider Pardosa subsordidatula (Order: Araneae)
	√-
	√--
	√-
	NA??
	√-
	
	Active night-time search during spring and summer

	Argiope spp. (Order: Araneae)
	√-
	√-
	√-
	NA??
	√-
	Four species, depend on availability in the field
	Active day-time search during spring and summer

	Megarian banded centipede Scolopendra cingulata (Order: Scolopendromorpha)
	√-
	√-
	√-
	NA??
	√-
	
	Active day-time search during spring and summer



* See table 1 for details.
√ presumably comply with specified condition.
√- presumably close to comply with specified condition.
√-- presumably partly comply with specified condition, but usually largely unknown.
NA information not available. 
X does not comply with specified condition.


SURVEYS 
After Identifying key CMB areas and performing pre field surveys, we will identify and decide on the final list of target species. We will then conduct a series of field surveys to collect samples. We are aiming to use three CMB systems in the study; each will include at least two core areas separated by a corridor with a matrix of anthropogenic development and activities. We aim to collect samples from approximately 30 individual animals from each target species in each core area, corresponding with 60 samples per species per CMB times three CMBs to a sum of 180 samples per species. The surveys will use standard sampling techniques, depending on the species (se also table 2):
1. Rodents will be caught using live animal traps (H.B. Sherman Trap, Ink. Tallahassee, FL, USA) baited with dry peanut snacks. Traps will be placed in the afternoon in sites specifically aiming at the target species. All traps will be visited first thing in the morning. All caught animals will be recorded and released on site. Target species will be handled for DNA samples (feces, swabs, or tissue) and released on site.
2. Reptiles will be caught using active searches. Specific search technique depends on the species and might include visual search, search under covers or night-time search with torches. Target species will be hand-caught and handled for DNA samples (feces, swabs, or tissue) and released on site.  
3. Amphibians will be caught using active searches during the breeding season in specific aquatic sites known to support it. Target species will be hand-caught and handled for DNA samples (feces, swabs, or tissue) and released on site. 
4. Arthropods will be collected using active search. Specific search technique depends on the species and might include visual search, search under covers or night-time search with torches. Individuals belonging to target species will be collected and removed from site for further DNA extraction. 
Surveys' timing and extant will depend on species activity season and availability. As we aim primarily to understand genetic dynamics in the CMB system, surveys will target species specifically. As much as possible we will use non-invasive methods for obtaining the samples (using feces or slabs if applicable; e.g. Ketter-Katz et al. 2013). 
All live animal collection and handling will be performed under specific permits from both Israel Nature and Parks Authority, the University of Haifa Animal Ethics Committee and any other institutional approval as required.

GENETIC ANALYSIS
In order to determine the level of separation/connectivity among populations, that may be caused by the barriers, and/or mitigated by the corridor-passage system, we will conduct population genetic analysis on our selected model species. To assess the genetic diversity DNA fingerprinting techniques will be applied, as their capabilities to reveal high levels of diversity at high resolutions. The selected species will be sampled for genetic materials, which will be analyzed using Restriction site associated DNA markers (RAD-sequencing) and/or microsatellites techniques, to identify difference in SNPs (single nucleotide polymorphism) and/or allelic composition related to genetic isolation. SNPs (single nucleotide polymorphisms), are the most abundant and dense type of genetic markers that provides a powerful DNA fingerprinting technique for any origin or complexity. Restriction site Associated DNA Sequencing (RAD-Seq) genotyping is a partial genome sequencing strategy that uses Illumina next-generation sequencing to simultaneously discover and score numerous (thousands) SNPs markers in a number of individuals (Etter et al., 2012). Microsatellite analyses are species specific and thus are less prone to foreign DNA contamination, hence tolerating non-invasive DNA sampling.
DNA SAMPLING
Genetic sampling will require samples from approximately 30 individuals from each population, summing up to approximately 180 samples per species (three CMBs, two populations per CMB, thirty individuals per population). Each collected sample will be inserted and stored in a vial filled with ethanol until DNA extraction. DNA will be extracted in the laboratory by standard extraction method using DNeasy Blood and Tissue extraction kit (Qiagen). 
RAD LIBRARY PREPARATION
The RAD-seq procedure will follow Safran et al. (2016). In short, high molecular weight genomic DNA will be digested with EcoRI and MseI restriction enzymes. Adaptors will be ligated to the sticky ends of the fragments, consisting on the priming sites for Illumina sequencing, following by barcode sequences that will allow unique identification of sequences from each individual. Various barcoded adaptors (Illumina) will be used, to allow sequencing of numerous individuals of a species in one Illumina HiSeq sequencing lane. Sequencing will be performed in available out campus companies (e.g. Weizmann Institute of Science, the Nancy and Stephen Grand Israel National Center for Personalized Medicine (G-INCPM); CD Genomics, Shirley, NY, USA, or The National Center for Genome Research, Santa Fe, NM, USA; Majorbio, Shanghai, China).


MICROSATELLITES ISOLATION
At least 10 microsatellites showing high number of alleles/locus will be tested for each species. The isolation of the various microsatellites and the design of the suitable primers, for species that have not been tested for microsatellite before, will be done by commercial company. The analysis will include PCR amplification of various microsatellites to be found. The F- primer for each microsatellite will be labeled with a florescent dye (6-Fam, Vic, Ned and Pet). Amplification products concurrently with LIZ 500 size marker (Applied Biosystems) will be visualized under a Florescence-Reader (Applied Biosystems).
RAD DATA ANALYSIS
We will use Burrows–Wheeler Aligner (BWA; Li and Durbin 2009) to align data for each individual against a better known large reference genome assembly (according to the species sequenced) to be known at time of analyses. To identify variant sites in an assembled sequence and to obtain genotype likelihoods for variable sites, we will use SAMTOOLS and BCFTOOLS software packages (Li et al. 2009). Based on these results, we will use a Bayesian model to estimate population allele frequencies (Gompert et al. 2012). 
MICROSATELLITE DATA ANALYSIS
Allele identification and genotyping will be determined directly from the chromatographs using Peak-Scanner software (Applied Biosystem). Mean number of different alleles (Na), number of effective alleles (Ne), observed and expected heterozygosity, and the fixation index Fis values, as well as analysis of molecular variance (AMOVA) procedure will be followed the methods of Michalakis and Excoffier (1996) and will be analyzed by GenAlEx software (Peakall and Smouse 2006).
GENETIC DIFFERENTIATION ANALYSES
The level of genetic differentiation between patches, and the estimation of the number of genetic subpopulations will be performed by a Bayesian clustering method (STRUCTURE). The analysis divided the samples into possible homogenous groups (sub populations) according to their degree of genetic similarity (STRUCTURE 2.3.4 admixture model; burn-in of 100,000 steps and 100,000 iterations; five replicates for each K) (Pritchard et al. 2000; 2010). The inference of the probable number of clusters will be extracted by the log likelihood for each putative number of populations (K), Ln P(D) = L(K), and by the delta K methods (Evanno et al.  2005), using the program Structure Harvester (Earl and vonHoldt 2012).
SYNTHESIS
A combined analysis of all the above will allow us to (a) obtain essential knowledge on CMBs functionality, and (b) provide detailed recommendations on planning land-use composition within CMBs in an optimal way, which will reduce negative impacts on both wildlife and stakeholders. While there is a myriad of specific variables that may affect CMBs quality and function, we believe there are some basic generalizations that may be inferred from a systematic evaluation, as we propose here. The immediate value from this work will be a reduction of collateral damage from land-use alterations, suffered mainly by natural ecosystems and wildlife. 
However, farmers, entrepreneurs, municipalities and open landscapes managers would undoubtedly benefit in the short and long term from such knowledge-based management, by reducing conflict of interests and human-nature conflicts. Finally, we expect to see an increase in ecosystem services provided by CMBs following our recommendations. 

PRELIMINARY RESULTS
A preliminary spatial analysis, based on layers of EC and critical corridor segments (Fig.1) was conducted, to determine how ECs compare to the overall conditions in Israel in terms of human activity and relative land cover types. The analyses revealed that ECs are less affected than the mean effect. 81% of the delineated ECs are covered by natural vegetation, compared to 67% of overall. In terms of overall threat, calculated using a weighted mean with an exponential decay function, threat level inside ECs are 0.98 compared to 1.77 in general (Fig. 2). However, within EC sections declared critical by ISPN, threat levels are similar to the overall level (1.73 compared to 1.77), indicating narrow corridors suffer relatively high threat levels.

Figure 2: Comparison of weighted threat levels in the Mediterranean region, all ecological corridors, and critical segments of ECs


REFERENCES CITED
Anderson, A. B., and C. N. Jenkins. 2005. Applying nature’s design: corridors as a strategy for biodiversity conservation. Page Columbia University Press. New York.
Avrani, S., R. Ben-Shlomo and M. Inbar. 2012. Genetic structure of a galling aphid and its host Pistacia atlantica across an Irano-Turanian distribution: from fragmentation to speciation? Tree Genetics and Genomes, 8: 811-820.
Bertuol-Garcia, D., C. Morsello, C. N. El-Hani, and R. Pardini. 2018. A conceptual framework for understanding the perspectives on the causes of the science–practice gap in ecology and conservation. Biological Reviews 93:1032–1055.
Closset-kopp, D., S. Wasof, and G. Decocq. 2016. Using process-based indicator species to evaluate ecological corridors in fragmented landscapes. Biological Conservation 201:152–159.
Correa Ayram, C. A., M. E. Mendoza, A. Etter, and D. R. P. Salicrup. 2016. Habitat connectivity in biodiversity conservation: A review of recent studies and applications. Progress in Physical Geography 40:7–37.
Driscoll, D. A., L. M. Bland, B. A. Bryan, T. M. Newsome, E. Nicholson, E. G. Ritchie, and T. S. Doherty. 2018. A biodiversity-crisis hierarchy to evaluate and refine conservation indicators. Nature Ecology and Evolution 2:775–781.
Driscoll, D., S. Banks, P. Barton, D. B. Lindenmayer, and A. Smith. 2013. conceptual domain of the matrix in fragmented landscapes. Trends in ecology and evolution 28:605–613.
Earl, D.A., and B.M. von Holdt. 2012. STRUCTURE HARVESTER: a website and program for visualizing STRUCTURE output and implementing the Evanno method. Conservation Genetics Resources 4:359-361.
Eldredge, N. 2000. Life in the Balance: Humanity and the Biodiversity Crisis. Princeton University Press, Princeton.
Erinjery, J. J., S. Kumar, H. N. Kumara, K. Mohan, T. Dhananjaya, P. Sundararaj, R. Kent, and M. Singh. 2017. Losing its ground: A case study of fast declining populations of a ‘least-concern’ species, the bonnet macaque (Macaca radiata). PLoS ONE 12.
Erinjery, J. J., M. Singh, and R. Kent. 2018. Mapping and assessment of vegetation types in the tropical rainforests of the Western Ghats using multispectral Sentinel-2 and SAR Sentinel-1 satellite imagery. Remote Sensing of Environment 216:345–354.
Erinjery, J. J., M. Singh, and R. Kent. 2019. Diet-dependent habitat shifts at different life stages of two sympatric primate species. Journal of Biosciences 44.
Erinjery, J. J., M. Singh, and R. Kent. In Review. Seeing the canopies for the forest: habitat utilisation mapping using habitat structure and composition
Evanno, G., S. Regnaut, and J. Goudet 2005. Detecting the number of clusters of individuals using the software STRUCTURE: a simulation study. Molecular Ecology 14:2611-2620.
Gabay, O., and A. Zanzuri. 2019. Israel Society for the Protection of Nature (in Hebrew).
Gilbert-norton, L., R. Wilson, J. R. Stevens, and K. H. Beard. 2010. A Meta-Analytic Review of Corridor Effectiveness. Conservation Biology 24:660–668.
Haddad, N. M., L. A. Brudvig, J. Clobert, K. F. Davies, A. Gonzalez, R. D. Holt, T. E. Lovejoy, J. O. Sexton, M. P. Austin, C. D. Collins, W. M. Cook, E. I. Damschen, R. M. Ewers, B. L. Foster, C. N. Jenkins, A. J. King, W. F. Laurance, D. J. Levey, C. R. Margules, B. A. Melbourne, A. O. Nicholls, J. L. Orrock, D. X. Song, and J. R. Townshend. 2015. Habitat fragmentation and its lasting impact on Earth’s ecosystems. Science Advances 1:1–10.
Hanski, I. 1999. Habitat connectivity, habitat continuity, and metapopulations in dynamic landscapes. Oikos 87:209–219.
Hess, G. R., and R. A. Fischer. 2001. Communicating clearly about conservation corridors. Landscape and Urban Planning 55:195–208.
Hilty, J., A. Keeley, W. J. Lidicker, and A. Merenlender. 2019. Corridor Ecology: Linking Landscapes for Biodiversity Conservation and Climate Adaptation. 2nd edition. Island Press.
Hodgson, J. A., A. Moilanen, B. A. Wintle, and C. D. Thomas. 2011. Habitat area , quality and connectivity : striking the balance for efficient conservation. Journal of Applied Ecology 48:148–152.
IPCC. 2019. Climate Change and Land: an IPCC Special Report on Climate Change, Desertification, land degradation, sustainable land management, food security, and greenhouse gas fluxes Terrestrial Ecosystems. Page in M. M. ; Shukla PR, Skea J, Calvo Buendia E, Masson-Delmotte V, Pörtner H-O, Roberts DC, Zhai P, Slade R, Connors S, van Diemen R, Ferrat M, Haughey E, Luz S, Neogi S, Pathak M, Petzold J, Portugal Pereira J, Vyas P, Huntley E, Kissick K, Belkacemi M, editor. Terrestrial Ecosystems.
Jongman, R. H. G., and G. Pungetti. 2004. Ecological Networks and Greenways: Concept, Design, Implementation. Cambridge university press, Cambridge, UK.
Kent, R., A. Bar-Massada, and Y. Carmel. 2011. Multiscale analyses of mammal species composition - environment relationship in the contiguous USA. PLoS ONE 6.
Kent, R., A. Bar-Massada, and Y. Carmel. 2014. Bird and mammal species composition in distinct geographic regions and their relationships with environmental factors across multiple spatial scales. Ecology and Evolution 4.
Kent, R., J. Lindsell, G. Laurin, R. Valentini, and D. Coomes. 2015. Airborne LiDAR Detects Selectively Logged Tropical Forest Even in an Advanced Stage of Recovery. Remote Sensing 7:8348–8367.
Ketter Katz H., G. Katzir, A. Lustig and R. Ben-Shlomo. 2013. DNA Extraction from chameleons' faecal sac. Herpetological Review, 44: 238-240.
Kindlmann, P., and F. Burel. 2008. Connectivity measures: A review. Landscape Ecology 23:879–890.
Krosby, M., I. Breckheimer, D. J. Pierce, P. H. Singleton, S. A. Hall, K. C. Halupka, W. L. Gaines, R. A. Long, B. H. Mcrae, and B. L. Cosentino. 2015. Focal species and landscape ‘“ naturalness ”’ corridor models offer complementary approaches for connectivity conservation planning. Landscape Ecology 30:2121–2132.
Kubisch A., Holt R.D., Poethke H.J., and Fronhofer E.A. 2014. Where am I and why? Synthesizing range biology and the eco-evolutionary dynamics of dispersal. Oikos 123:5–22
LaPoint, S., P. Gallery, M. Wikelski, and R. Kays. 2013. Animal behavior, cost-based corridor models, and real corridors. Landscape Ecology 28:1615–1630.
Levin, N., H. Lahav, U. Ramon, A. Heller, G. Nizry, A. Tsoar, and Y. Sagi. 2007. Landscape continuity analysis: A new approach to conservation planning in Israel. Landscape and Urban Planning 79:53–64.
Loeuille, N. and M.A. Leibold 2014. Effects of local negative feedbacks on the evolution of species within metacommunities. Ecology Letters 17:563–573.
Marrotte, R. R., J. Bowman, M. G. C. Brown, C. Cordes, K. Y. Morris, M. B. Prentice, and P. J. Wilson. 2017. Multi-species genetic connectivity in a terrestrial habitat network. Movement Ecology 5:1–11.
Ministry of Environmental Protection. 2017. Ministry of Environmental Protection (2017) Israel Adjustments for Climate Changes: Strategic Recommendation and National Action Plan for the Israeli Government (in Hebrew).
Nahum S., G. Ne’eman, M. Inbar, and R. Ben-Shlomo 2008. Phenotypic Plasticity and Gene Diversity in Pistacia Lentiscus L. along Environmental Gradients in Israel. Tree Genetics and Genomes, 4: 777-785.
National Outline Plan. 2020. Plan Instruction. Planning Administration, Israeli Ministry of Finance (in Hebrew).
Nevo E., A.Beiles and R. Ben-Shlomo. 1984. The evolutionary significance of genetic diversity: ecological, demographic and life history correlates. In: Mani GS (ed) Evolutionary dynamics of genetic diversity. Lecture Notes in Biomathematics, Springer-Verlag, Berlin, pp 13-213.
Newman, D. and D. Pilson. 1997. Increased probability of extinction due to decreased genetic effective population size: Experimental populations of Clarkia pulchella. Evolution 51:354-362.
Peled, E., R. Ben-Shlomo and U. Shanas. 2014. Specialists may thrive in small habitats: the case of high genetic diversity within a confined gecko population. Journal of Zoology, 293: 100-107.
Peled, E., U. Shanas, L. Granjon and R. Ben-Shlomo 2016. Connectivity in fragmented landscape: generalist and specialist gerbils show unexpected gene flow. Journal of Arid Environments, 125: 88-97.
Pritchard, J.K., M. Stephens and P. Donnelly. 2000. Inference of population structure using multilocus genotype data. Genetics 155:945–959.
Pritchard, J.K., X. Wen. and  D. Falush. 2010. Documentation for structure software: Version 2.3. http://pritch.bsd.uchicago.edu/structure.html [accessed 11-Jan-2018].
Primack, R. 2000. A Primer of Conservation Biology. Sinauer, Sunderland, MA.
Rotem, D., N. Angert, A. Goldstein, and G. Ben-Nun. 2015. Ecological corridors in practice. Israel Nature and Parks Authority (in Hebrew).
Scharf, A. K., J. L. Belant, D. E. Beyer, M. Wikelski, and K. Safi. 2018. Habitat suitability does not capture the essence of animal-defined corridors. Movement Ecology 6:1–12.
Shamoon, H., S. Cain, U. Shanas, A. Bar-Massada, Y. Malihi and I. Shapira. 2018. Spatio-temporal activity patterns of mammals in an agro-ecological mosaic with seasonal recreation activities. European Journal of Wildlife Research, 64: 35.
Shapira, I., H. Shamoon and H. Dan 2019. Trail-camera mammal survey in Shilo Reserve, Israel. Research report presented to the Israel Nature and Parks Authority. HaMaarag – Israel's State of Nature Assessment Program, The Steinhardt Museum for Natural History, Tel Aviv University, Tel Aviv, Israel (in Hebrew).
Shapira, I., R. Chen and H. Dan. 2020. Animal use in eco-corridors bottlenecks as part of Israel’s central district eco-corridors statutory process. Research report presented to the Israel Nature and Parks Authority. HaMaarag – Israel's State of Nature Assessment Program, The Steinhardt Museum for Natural History, Tel Aviv University, Tel Aviv, Israel (in Hebrew).
Shkedy, Y., and E. Sadot. 2000. Ecological corridors in open areas: a conservation tool (in Hebrew).
Singh, J. 2002. The biodiversity crisis: A multifaceted review. Current Science 82:638–64
Sorek, M., H. Shamoon, I. Shapira et al. 2019. State of Nature Report Israel 2018 (Eds. M Sorek and I Shapira). HaMaarag – Israel's State of Nature Assessment Program, The Steinhardt Museum for Natural History, Tel Aviv University, Tel Aviv, Israel (in Hebrew). 
Sorek, M., I. Shapira, H. Shamoon, H. Dan and I. Levinsky. 2020. Open landscapes conversions and the effects of anthropogenic development on bird communities in Israel: insights from the State of Nature Report, Israel 2018. Ecology and Environment, accepted for publication (in Hebrew). 
Tilman, D., M. Clark, D. R. Williams, K. Kimmel, S. Polasky, and C. Packer. 2017. Future threats to biodiversity and pathways to their prevention. Nature 546:73–81.
Wilson, E., and E. Willis. 1975. Applied biogeography. Pages 522–534 in M. Cody and J. Diamond, editors. Ecology and Evolution of Communities. Belknap Press, Cambridge, Massachusetts.


Mediterranean region	Corridors	Critical sections	1.77	0.98	1.73	
Overall weighted threat level



1

image1.jpg
Medite

“Nabatich:

S

PR Lo S g

Madaba

rtrbutors, and the GiS User Corniity|




