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Abstract

:

The Mediterranean basin constitutes one of the largest global biodiversity hotspots, hosting more than 11,000 endemic plants, and it is recognised as an area with a high proportion of threatened taxa. Nevertheless, only a tiny fraction of the threatened Mediterranean endemics have their genetic diversity assessed, and we are unaware if and how climate change might impact their conservation status. This is even more pronounced in Eastern Mediterranean countries with a rich endemic flora, such as Greece, which hosts a large portion of the plant taxa assessed at the European level under the IUCN criteria. Using inter simple sequence repeats (ISSR) markers and species distribution models, we analysed the genetic diversity and investigated the impacts of climate change on four critically endangered and extremely narrow and rare Greek island endemic plants, namely Aethionema retsina, Allium iatrouinum, Convolvulus argyrothamnos, and Saponaria jagelii. All four species are facing intense anthropogenic threats and display moderate genetic diversity (uHe: 0.254–0.322), while climate change is expected to have a profound impact on their range size during the coming decades. A combination of in- and ex-situ measures, such as population reinforcement and seed bank conservation, are urgently needed in order to preserve these highly threatened and rare Greek endemics.
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1. Introduction


The Mediterranean basin with its ca. 10,000 islands and islets is the second largest global biodiversity hotspot in the world [1,2,3,4] due to geographically structured diversification rates, spatio-ecological isolation [5], and high topographical and environmental heterogeneity [6]. Its high species numbers are related to an ancient origin, followed by active speciation and explosive radiations [7]. The Mediterranean basin is characterised by immense biogeographical intricacy [4] and high endemism [6]. Most of these endemics have a very narrow geographical range (ca. 40%; [8]), often restricted to single islands, mountains, or coastal plains as a result of the region’s intricate geography and orography ([4] and references therein). The three Mediterranean peninsulas (the Iberian, the Italian, and the Balkan) have in general shaped the observed biogeographical patterns in the region [9,10] due to elaborate interactions between environmental and topographical factors [10,11,12,13,14,15] as well as due to the existence of several climatic refugia that allowed the persistence and the diversification of numerous plant lineages [16,17,18,19].



This elevated species richness seems to be in peril though, since the Mediterranean basin is also a global biodiversity hotspot of threatened taxa [20] and is considered as a high climate-change velocity area [21]. This may lead to increased extinction rates due to climate- and land-use change [22,23,24], a global phenomenon [25,26,27,28] characterising the Anthropocene era [29]. Besides, nearly 40% of plant taxa are facing increased extinction risk according to recent global estimates [30], as plant extinction rates have been rising for the past two centuries [31]. Under these circumstances, it is imperative to focus the conservation actions towards narrow endemic taxa, as their populations are usually highly fragmented and genetically depleted due to low size ([32] and references therein), meaning that their preservation is central in biological conservation [33].



Relatively few studies have been undertaken in the Mediterranean basin dealing with the conservation genetics of narrow endemic plant taxa (see [33] for a thorough review), and even fewer such studies have been conducted in the eastern Mediterranean [33,34]. The same applies in Greece, one of the most species-rich Mediterranean countries [35] that hosts 65 taxa (eight of which are facing imminent extinction) that are considered as threatened under the IUCN standards and assessed at the European level [36] (https://www.iucn.org/sites/dev/files/content/documents/greece_s_biodiversity_at_risk_fact_sheet_may_2013.pdf). Only two of these taxa, which are also characterised as critically endangered at the European level, i.e., Centaurea heldreichii and Minuartia dirphya, have been assessed under a conservation genetics framework, while all other studied taxa are either of lower extinction risk, not threatened at all, or not even Greek endemics [37,38,39,40,41,42,43,44,45]. Thus, the genetic diversity of the vast majority of the plant taxa occurring exclusively in Greece that have been assessed at the European level and are considered as critically endangered have not yet been assessed. Hence, the time seems ripe to investigate the genetic diversity of four of these taxa, which are characterised as critically endangered and constitute extremely narrow Greek endemics, namely Aethionema retsina, Allium iatrouinum, Convolvulus argyrothamnos, and Saponaria jagelii. Climate change is expected to severely reduce the range of Convolvulus argyrothamnos [46], while it remains unknown if and how climate change might affect Aethionema retsina, Allium iatrouinum, and Saponaria jagelii. Our primary objective was thus to conduct a preliminary study and provide a first estimate of the genetic diversity of the aforementioned taxa through inter simple sequence repeats (ISSR) markers and use species distribution models to assess the potential range change due to climate change for those taxa that we had adequate occurrences (i.e., Aethionema retsina and Allium iatrouinum [47]).




2. Materials and Methods


2.1. Study Species


All four of our study species (Aethionema retsina, Allium iatrouinum, Convolvulus argyrothamnos, and Saponaria jagelii) constitute rare Greek island endemics [35,48,49] and are characterized as critically endangered (CR) according to the IUCN Red List (www.iucnredlist.org, visit on 5 February 2021) and the Red Data Book of Greece [50,51]. Their populations comprise at most a few dozen individuals, occupy very restricted areas, occur in steep, precipitous cliffs (Aethionema retsina and Convolvulus argyrothamnos), in sandy beaches (Saponaria jagelii), or in rock crevices (Allium iatrouinum), and are included in the IUCN “Top-50” Mediterranean Island Plants Campaign [52] (apart from Allium iatrouinum). They are regarded as “extremely narrow endemics” [32], which are in need of effective conservation measures.



Aethionema retsina is a chasmophyte, up to 20 cm in height, with an up to 50-flowered racemose inflorescence that occurs at 10–450 m a.s.l. on northeast-facing crevices of Mt. Kochylas and Cape Korakia in Skyros and in calcareous cliffs on the northern coast of the nearby satellite island, Skyropoula, in the Northern Sporades island complex, which lies east of Evvia [53] (Figure 1). Its total population size does not exceed 51 mature individuals (a very small fraction of which is accessible—ca. 10%), scattered in three subpopulations in Skyros, while the Skyropoula subpopulation is virtually inaccessible and has not been recently assessed [53,54]. Overgrazing, limestone quarrying, and future road construction constitute the major threats this species is facing [53,54,55].



Allium iatrouinum is a recently described species [56], endemic to the southern part of Evvia Island in the West Aegean (Figure 1). It is a summer-flowering bulbous perennial, growing in crevices of metamorphic rocks, from sea level to 1020 m a.s.l. About 200–400 individuals had been estimated to occur in the locus classicus, covering an area of ca. 0.7 ha [56]. The recent construction of a wind farm in this area, however, has totally destroyed the species’ habitat, and no individuals were found during a visit in June 2020; there is a high probability that the species has become extinct from its locus classicus. In the summer of 2018, Ioannis Kofinas-Kallergis, a tireless amateur botanist, discovered two new subpopulations of Allium iatrouinum in southern Evvia, one near Karystos at low altitude and another ca. 4 km above Nimporio. We visited both of these locations in 2019 and 2020. Despite our repeated visits, we could not locate any individuals at the site near Karystos. On the other hand, the site above Nimporio hosts 110 mature individuals, which now seems to constitute the largest subpopulation of Allium iatrouinum.



Convolvulus argyrothamnos is a very rare Cretan single island endemic (Figure 1) with very strict ecological requirements [36,50,57,58]. It is a summer-flowering, chasmophytic perennial shrub, up to 80 cm in height, growing on precipitous limestone cliffs in the Rokka (at 150 m a.s.l.) and the Psoriaris (at 450 m a.s.l.) gorges, in north-western and south-eastern Crete, respectively [36,50,57,58,59]. Its total population size does not exceed 74 mature individuals (14 in Psoriaris gorge and 60 in Rokka gorge). Low probability of genetic exchange, wildfires, overgrazing, and seed gathering (from the very few accessible individuals) represent the major threats for this species [36,50,57,58,59].



Saponaria jagelii is an annual, spring-flowering species, up to 10 cm tall, that is apically glandular-hairy and growing in two nearby sandy beaches in the western part of Elafonisos Island (Figure 1), located off the southern coast of the Peloponnese [60]. Its total distributional area is extremely small, not exceeding a few dozen square meters. The main threats this species is facing is habitat degradation due to human activities (urbanization, trampling by tourists, motor vehicle transit) that may lead the species to extinction [61].




2.2. Specimens, DNA Extraction, Amplification, and Scoring of the ISSRs Markers


Leaves from two to eight adult specimens (Table 1), depending on the natural population size, for each one of the four study species were collected in 2019–2020, dehydrated using silica gel, and stored at −20 °C until further processing. All study species comprise extremely small populations, and two of them (Aethionema retsina and Convolvulus argyrothamnos) occur in inaccessible sites that required expert climbing techniques and rappelling to collect samples. Specimens were assigned to species based on morphological features following [35,48,49,56].



Total genomic DNA was isolated from leaf tissue using either a commercially available kit (Machery-Nagel, NucleoSpin Plant II kit for DNA from plants) or the CTAB 2× (hexadecyl-trimethyl-ammonium bromide) protocol of [62], with the modifications described in [63]. The DNA quantity and the quality were evaluated using agarose gel electrophoresis (i.e., high molecular weight DNA) and the ratio A260/A280 (samples with values 1.7–2.0 were further processed) as measured in nanodrop.



For the genetic diversity analyses, we used 13 ISSR primers (University of British Columbia Nucleic Acid-Protein Service Unit, UBC Primer Set no. 9) per species (see Table 1). ISSRs are widely used as a simple, fast, highly reproducible, and efficient technique in detecting genetic diversity in plant species populations [64].



Each PCR was performed twice in a 20 µL volume, where 1 µL of template DNA (15 or 20 ng) was mixed with 0.3 mM dNTPs, 0.3 mM of primer, 1.5–2.5 mM of the MgCl2, and 1 unit of Taq polymerase. The cycle programs comprised an initial denaturation step at 94 °C for 4 min, followed by 37–39 cycles of 30 s at 94 °C, 1.0 min at 45–55 °C, and 2 min at 72 °C. The cycling was ended with a 7 min sequence extension at 72 °C. The annealing temperatures of the PCRs and the concentration of MgCl2 varied (45–55 °C and 1.5–2.5 mM) between the different markers amplified as well as between the different species tested. The ISSR primers that successfully and repeatedly amplified per species as well as the respective PCR conditions are presented in detail in Table 2. The PCR amplification products were separated by electrophoresis on 2.0% agarose gels using 1.0× TBE buffer at 100 V and visualized with ethidium bromide staining under UV light or RedGel under blue light. A 100–3000 bp DNA ladder H3 RTU (NIPPON Genetics Europe) was used as a size marker for every gel run.




2.3. Scoring of the ISSR Markers and Analyses of Genetic Diversity


The photographs of the agarose gels were used to score data for ISSR markers. Repeatedly amplified bands that were well-separated, clear, and intense were scored in binary code with one (presence) and zero (absence). Any faint, smeared, and not reproducible bands were excluded from the scoring process. Bands were scored manually based on the bands of the DNA ladder using ImageJ. The scoring was performed on the same photographs by three of the authors (Konstantinos Kougioumoutzis, Panayiota Kotsakiozi, and Efthalia Stathi) independently in an effort to eliminate any subjectivity to the scoring process.



Genetic diversity for each one of the four plant species was estimated using parameters such as the percentage of polymorphic bands (PPB), the number of alleles (Na), the number of effective alleles (Ne), the Shannon’s information index (I), the unbiased expected heterozygosity (uHe), and the expected heterozygosity (He) as determined using GenAlex version 6.5 [65]. We also estimated Nei’s gene diversity (h) and total genetic diversity (Ht) using PopGen [66].




2.4. Environmental Data


We obtained current and future climatic data from the WorldClim and the CHELSA [67,68] databases at a 30 s resolution. We constructed sixteen additional bioclimatic variables using functions from the “envirem” 2.2 [69] R package. We extracted soil variables from the SoilGrids database [70] at a 250 m resolution. We extracted altitudinal data from the CGIAR-CSI data-portal [71]. We used functions from the “raster” 2.6.7 [72] and the “spatialEco” 1.2-0 [73] R packages to estimate supplementary topographical variables (aspect, heat load index, slope, topographic position index, and terrain ruggedness index) based on the altitudinal data. All environmental variables were statistically downscaled using functions from the “raster” 2.6.7 [72] and the “automap” 1.0.14 [74] packages so as to match the resolution of soil variables.



Regarding future projections, we obtained data for 2070 for three global circulation models (GCMs) according to [75] and two different intergovernmental panel on climate change scenarios from the representative concentration pathways (RCP) family: RCP2.6 (mild scenario) and RCP8.5 (severe scenario). Climate database-related uncertainty needs to be addressed when running species distribution models (SDMs) [76], thus we checked the bioclimatic consistency and congruence of our model predictions for every GCM and RCP that were available in both WorldClim and CHELSA, following the framework of [77]. To do so, we ran the species distribution models (described thoroughly in the next subsection) for both climate databases separately and then compared their outcome following [77].



From this initial set of 56 predictors, only sixteen did not have a collinearity problem for each of the climate databases (Spearman rank correlation < 0.7 and VIF < 10 [78]) and were thus included in the analyses. We used the “vifcor” function from the “usdm” 1.1.18 [79] R package to assess multicollinearity.




2.5. Species Distribution Models


2.5.1. Model Parameterization and Evaluation


We modelled the realized climatic niche of Aethionema retsina and Allium iatrouinum in an ensemble modelling scheme under the ensemble of small models (ESM) framework [80,81,82], which is suitable for modelling rare species [80,81,82], using the random forest (RF) modelling algorithm (single-technique ESMs perform equally as good as double ensembles [66]), which is robust to overfitting [83]. We did not analyse the potential distribution of Saponaria jagelii, as it is known only from two localities. We generated pseudo-absences (PAs) following [84] at a minimum distance of 2.8 km from presence locations, which equals to the median autocorrelation distance among the non-collinear environmental variables, using functions from the “blockCV” 1.0.0 [85] R package. Since data regarding the exact distribution area of Allium iatrouinum in Greece are lacking, we estimated the species’ background area using the “EOO.computing” function from the “ConR” 1.1.1 package [86] for the alpha-hull method, since the convex hull method often overestimates species ranges ([87] and references therein). ESMs were then calibrated by fitting bivariate models, which were then averaged into an ensemble model using weights based on model performances. For all the models, prevalence was equal to 0.5. We evaluated our models’ predictive performance via the true skill statistic (TSS [88]) based on a repeated (10 times) split-sampling (calibration data: 80%; evaluation data: 20%) approach. We used null model significance testing [89] to evaluate the performance of all the models and estimated the probability that each model performed better than 100 null models. All the models were found to outperform the null expectation at p < 0.001. We checked if there was any difference in the predictive ability of our models between the different climate databases via a Kruskal–Wallis non-parametric test (KWA) on the true skill statistic. All analyses were run in R 4.0.3 using base R functions and functions from the “biomod2” 3.3.7 and “ecospat” 3.1 R packages [90,91].




2.5.2. Model Projections


We projected the potential suitable area of Aethionema retsina and Allium iatrouinum under current and future climate conditions (habitat suitability values range from 0 to 1) via an ensemble model framework [76] based on calibrated models with TSS ≥ 0.8 (to avoid poorly calibrated ones). The contribution of each model to the ensemble forecast was weighted according to its TSS score. While model evaluation was carried out using the above-mentioned data-splitting procedure, the final models used for spatial projections were calibrated using 100% of the data, thus allowing taking advantage of all available data. We binary transformed the resulting habitat suitability maps based on the metric that maximizes the sum of sensitivity and specificity [92,93,94] and then compared them to the binary maps obtained for each GCM and RCP. As a conservative approach, the suitability of any cells that had non-zero values in the clamping mask was set to zero [95]. Finally, we applied a mask corresponding to urban and suburban areas to avoid projections at unsuitable areas irrespective of the prevailing environmental conditions.




2.5.3. Area Range Change


We used functions from the “biomod2” 3.3.7 R package [90] to infer if Aethionema retsina and Allium iatrouinum will contract or expand their future range. Both taxa were not assumed to have unlimited dispersal capacity, since this would be overoptimistic.






3. Results


3.1. ISSR Polymorphism


The primers used for each one of the four species as well as the number of bands produced per primer and their size range are presented in Table 2. Smeared and faint bands were not considered for the analysis of any of the species.



For Allium iatrouinum, 6 primers produced 47 unambiguous bands (34 out of 47 were polymorphic). Number of bands per primer ranged from 6 (UBC 841) to 10 (UBC 810) with an average count of 7.8 bands per primer. The bands’ size ranged from 306 to 2344 bp.



For Saponaria jagelii, 8 primers produced 58 unambiguous bands (30 of them were polymorphic). Number of bands per primer ranged between 4 (UBC 807) and 11 (UBC 841) with an average count of 7.3 bands per primer and their size ranged from 200 to 2350 bp.



For Convolvulus argyrothamnos, we used 13 primers since, due to the small sample size, we increased the number of markers in order to have a better estimation of the species’ genetic diversity. Fifty-three bands were polymorphic out of a total of 91 bands produced. The bands per primer ranged from 2 to 15, with an average count of 8.3 bands per primer. The bands’ size ranged from 153 to 1618 bp.



For Aethionema retsina, 8 primers produced 31 bands (20 of them polymorphic). Number of bands per primer ranged between 3 (UBC 880 and 815) and 8 (UBC 841) with an average count of 4.4 bands per primer. The bands’ size ranged from 166 to 1835 bp.




3.2. Genetic Diversity


Allium iatrouinum showed higher levels (Table 3) of genetic diversity (mean heterozygosity levels of 0.3, average number of observed alleles 1.7, allelic diversity 1.5, and 72.3% polymorphic bands) compared to the remaining species. Convolvulus argyrothamnos and Aethionema retsina showed similar levels of genetic diversity (Table 3) with mean heterozygosity level at 0.24, average number of observed alleles at about 1.6, and 58–64% polymorphic bands. We stress that these results should be treated with caution due to the small sample size. Finally, the lowest levels of genetic diversity were recorded for Saponaria jagelii (Table 3) with mean heterozygosity level at 0.2, average number of observed alleles at about 1.5, and 51.7% polymorphic bands.




3.3. Species Distribution Modelling


The ESM predictions had very good predictive power (TSS ≥ 0.99). Intra-climate database variation was not statistically significant for both taxa (KWA: H = 3.02, d.f. = 1, p = 1). Topographical variables had the highest contribution among the response variables for Aethionema retsina and Allium iatrouinum for both climate databases, followed by soil-related and bioclimatic variables for Aethionema retsina and Allium iatrouinum, respectively (Table 4). The resulting habitat suitability maps (Figure 2 and Figure 3 (WorldClim) and Figures S1 and S2 (CHELSA)) had high bioclimatic consistency (Figure 4 and Figure 5). They were converted into binary maps and subsequently compared to the binary maps obtained for each GCM, RCP scenario, and climate database. Since the trends for the future potential distribution of Aethionema retsina and Allium iatrouinum were identical across all sources of uncertainty, we present only the area range change for the WorldClim database and the CCSM4 GCM and the RCP 2.6 scenario for both taxa.



Our results indicate that, by 2070, Aethionema retsina and Allium iatrouinum will experience severe range contraction any GCM/RCP/climate database combination (Figure 6 and Figure 7 (WorldClim) and Figures S3–S22 (WorldClim and CHELSA)), since the median range contraction is 100.00%.





4. Discussion


4.1. Genetic Diversity


By using ISSR markers, we were able to provide a first rough estimate of the genetic diversity patterns of four extremely rare and highly endangered Greek endemic plant taxa. All four of the studied taxa display moderate to high genetic diversity (uHe: 0.254–0.322; Table 3) compared to other plant taxa of conservation concern from the Mediterranean basin [32,33] or other parts of the world (e.g., the taxa mentioned in Table 3 by [96]) but within the range reported from other threatened plant taxa using ISSRs [33,41] (uHe: 0.029–0.400). Perennials usually are more genetically diverse than annuals ([97] and references therein), while plants occurring on islands and in dry climates often exhibit higher levels of genetic diversity [97]. This is in line with our results, since Aethionema retsina, Allium iatrouinum, and Convolvulus argyrothamnos showed higher genetic diversity than Saponaria jagelii. This could be also attributed to the higher extinction debt perennial species are generally displaying [98], as these species respond at a much slower pace to extrinsic disturbances [99,100,101] and thus to reduced population size and gene flow [97]. Consequently, the moderately high genetic diversity reported herein for all four studied taxa might actually be a delayed response to historical events and anthropogenic pressures and could indicate that the studied species’ genetic diversity is at a pre-fragmentation state, a phenomenon observed in other parts of the world as well [102,103,104,105]. The moderately high genetic diversity of the study species seems to align as well with the trend recently observed in insular endemics from several (continental or oceanic) archipelagos displaying relatively high genetic diversity ([106] and references therein). It is worth noting that all four species are found in areas that have been identified as endemism centres [107]. Convolvulus argyrothamnos—a species endemic in Crete, the largest and most environmentally heterogeneous Greek island—occurs in a paleo-endemism hotspot [107], which implies that it might have had ample time and opportunities to accumulate genetic diversity [108]. As for Allium iatrouinum, which shows the second highest level of genetic diversity within the species studied here and similar to that reported for other palaeoendemic taxa occurring in the Mediterranean basin and elsewhere [40,96,109], this could be attributed to the fact that it belongs to a species group highly diversified in the Mediterranean, and its origin probably dates back in the Messinian [56].



The genetic diversity of Aethionema retsina and Convolvulus argyrothamnos is similar to that expected for long-lived perennials (uHe: 0.25; [110]) and other extremely narrow Mediterranean endemics [33,111,112]. The same is true for Saponaria jagelii, which has an uHe value close to what [110] reports for endemic species and within the range of other extremely narrow Mediterranean endemics [33,111,112]; the uHe value for Allium iatrouinum falls within the upper quartile of other extremely narrow Mediterranean endemics [33]. Besides, a narrow geographical range does not necessarily equate to low genetic diversity, since many narrow endemic plant taxa display moderate to high genetic diversity [112]. When comparing the genetic diversity of Aethionema retsina, Allium iatrouinum, Convolvulus argyrothamnos, and Saponaria jagelii to the genetic diversity of Centaurea heldreichii and Minuartia dirphya, the only CR Greek endemic species that have been assessed at the European level and for which genetic data are available, Aethionema retsina, Allium iatrouinum, Convolvulus argyrothamnos, and Saponaria jagelii, are less genetically diverse only relatively to Centaurea heldreichii. The latter taxon’s high genetic diversity is attributed to increased gene flow and introgression during the quaternary stadials and interstadials [37] and might also be due to its substantially larger population size (up to 8000 individuals) apropos to all the other taxa mentioned here.




4.2. Climate Change Impacts and Conservation Implications


Small population size and low to moderate genetic diversity are often linked to reduced fitness (e.g., [113,114]), meaning that the species in question will likely be unable to adapt to novel environmental conditions and track its niche [115]. This of course depends on the species’ life-cycle and other species-specific traits, but in the Anthropocene [29], an era of rapid climate-change and land-use change, extinction rates and risk have been accelerating throughout the Tree of Life all over the globe [23,25,27,116,117,118,119]. This is even more eminent in narrow-ranged endemic species with strict ecological requirements that suffer from habitat loss and increased anthropogenic pressures [120], such as the ones studied here. Both Aethionema retsina and Allium iatrouinum are predicted to experience severe range decline in the next decades and will be faced with an extremely high extinction risk, irrespective of GCM, RCP and climate databases examined, as their distribution is largely affected by precipitation seasonality and temperature (Allium iatrouinum and Aethionema retsina, respectively). Our projections suppose that the soil variables will remain constant (as there are not publicly available data regarding the future soil characteristics at global, European, or national levels). This will hardly be the case, since climate change will undoubtedly alter the soil characteristics in the future, especially in the Mediterranean, where summer soil moisture is projected to significantly decrease [121,122,123,124]. This means that our projections are rather conservative in their nature and most probably our study species will be facing even harsher conditions the next decades. This in line with the projections for many other Greek endemics, regardless of their geographical range [41,46]. Even though plants are quite resilient to extinction pressures [98], most known plants assessed under the IUCN criteria are facing a greater extinction risk [30] due to a variety of extrinsic and intrinsic factors, with climate change and land-use change (via habitat degradation/destruction) being the most prominent ones (e.g., [31,125]). However, even threatened taxa may not become extinct due to environmental change before their genetic diversity is seriously depleted due to inbreeding depression [114]. Hence, since the studied taxa displayed heterozygosity values resembling those of mixed or outcrossing reproductive species (uHe: 0.213–0.331; uHe for mixed reproductive species: 0.18; uHe for outcrossing species: 0.27; [110]), they seem to have low to moderate inbreeding. This might give them a fighting chance against climate change if they are not faced simultaneously with habitat degradation (as in the case of Allium iatrouinum) and other human-induced threats, such as overgrazing, trampling, and increased touristic activity. Unfortunately, the intensity and the level of threat all these species are currently facing render their unassisted probability of long-term survival quite pessimistic; the locus classicus of Allium iatrouinum has been completely destroyed, the sites where Aethionema retsina occurs are subject to overgrazing, and Saponaria jagelii is found in rapidly urbanizing localities with accentuated seasonal touristic activities. Convolvulus argyrothamnos seems to be at a slightly better state as a result mainly of the inaccessibility of most of its individuals, but this does not mean that it is not showing signs of increased conservation concern (e.g., small population size, low genetic diversity). For all the above reasons, it might be prudent to take some steps towards an efficient ex- and in-situ conservation management plan of all of these species by, e.g., collecting and depositing seeds in a seed bank, collecting germplasm, promoting population reinforcement through artificial breeding, and establishing a micro-reserve, which has been shown to be a cost-effective conservation measure in Greece and elsewhere [58,126,127,128].




4.3. Caveats-Concluding Remarks


The low population size and the inaccessibility of the studied taxa limited the sample size we used in this study, especially for Aethionema retsina and Convolvulus argyrothamnos, even though, in all cases, we used up to three times more ISSR markers than all relevant studies conducted for similar taxa in the Mediterranean (up to four ISSR markers [33]). We acknowledge this limitation and, as such, our results should be regarded as informative and preliminary rather than conclusive. This adversity could be overcome by using other type of markers, such as single-nucleotide polymorphism (SNP) markers that are more suitable in deciphering genetic diversity patterns for small populations [129]. Nevertheless, our results constitute a significant contribution to the field of threatened plants’ conservation genetics in the Eastern Mediterranean, since data regarding the genetic diversity of only seven threatened and extremely narrow endemics of either Turkey or Greece, two of the most biodiversity-rich Mediterranean countries, were available before [33]. Despite their moderately high genetic diversity and their occurrence inside established protected areas, the future prospects of all four study species are not optimistic due to the intensity of the anthropogenic threats they are already facing, their rather low population size, their strict ecological requirements, and their narrow niche. Even small range decline due to climate change may result in the extinction of extremely locally restricted plant species in the Mediterranean. Although protected areas networks (e.g., Natura 2000 in the European Union (EU) member states) offer protection to several species against locally defined threats, such as habitat loss, it is not certain that they would be able to provide effective protection against climate change, especially for narrow-ranged species that are highly threatened (however, see [46]). As the intensity and the level of threats are projected to increase over the next decades [125], this is a call for urgent action, especially for Mediterranean countries with high national responsibilities due to their rich endemic flora, such as Greece [130].









Supplementary Materials


The following are available online at https://www.mdpi.com/article/10.3390/d13040152/s1, Figure S1: Habitat suitability map of Aethionema retsina under current climate conditions based on the CHELSA climate database. Red dots indicate the occurrences of Aethionema retsina in Skyros and Skyropoula. Figure S2: Habitat suitability map of Allium iatrouinum under current climate conditions based on the CHELSA climate database. Red dots indicate the occurrences of Allium iatrouinum in southern Evvia, Figure S3: Predicted potential distribution map for 2070 and the BCC GCM and the RCP 2.6 scenario. Red grid cells: Aethionema retsina is currently predicted to occupy these areas but will not occupy them in the future. Blue grid cells: Aethionema retsina is currently predicted to occupy these areas and will continue to occupy them in the future. Light grey grid cells: Aethionema retsina is not currently predicted to occupy these areas and it is not predicted to occupy them in the future. Black dots indicate the occurrences of Aethionema retsina in Skyros and Skyropoula. Climate data refer to the WorldClim database, Figure S4: Predicted potential distribution map for 2070 and the BCC GCM and the RCP 8.5 scenario. Red grid cells: Aethionema retsina is currently predicted to occupy these areas but will not occupy them in the future. Blue grid cells: Aethionema retsina is currently predicted to occupy these areas and will continue to occupy them in the future. Light grey grid cells: Aethionema retsina is not currently predicted to occupy these areas and it is not predicted to occupy them in the future. Black dots indicate the occurrences of Aethionema retsina in Skyros and Skyropoula. Climate data refer to the WorldClim database, Figure S5: Predicted potential distribution map for 2070 and the CCSM4 GCM and the RCP 2.6 scenario. Red grid cells: Aethionema retsina is currently predicted to occupy these areas but will not occupy them in the future. Blue grid cells: Aethionema retsina is currently predicted to occupy these areas and will continue to occupy them in the future. Light grey grid cells: Aethionema retsina is not currently predicted to occupy these areas and it is not predicted to occupy them in the future. Black dots indicate the occurrences of Aethionema retsina in Skyros and Skyropoula. Climate data refer to the WorldClim database, Figure S6: Predicted potential distribution map for 2070 and the CCSM4 GCM and the RCP 8.5 scenario. Red grid cells: Aethionema retsina is currently predicted to occupy these areas but will not occupy them in the future. Blue grid cells: Aethionema retsina is currently predicted to occupy these areas and will continue to occupy them in the future. Light grey grid cells: Aethionema retsina is not currently predicted to occupy these areas and it is not predicted to occupy them in the future. Black dots indicate the occurrences of Aethionema retsina in Skyros and Skyropoula. Climate data refer to the WorldClim database, Figure S7: Predicted potential distribution map for 2070 and the HadGEM2 GCM and the RCP 2.6 scenario. Red grid cells: Aethionema retsina is currently predicted to occupy these areas but will not occupy them in the future. Blue grid cells: Aethionema retsina is currently predicted to occupy these areas and will continue to occupy them in the future. Light grey grid cells: Aethionema retsina is not currently predicted to occupy these areas and it is not predicted to occupy them in the future. Black dots indicate the occurrences of Aethionema retsina in Skyros and Skyropoula. Climate data refer to the WorldClim database, Figure S8: Predicted potential distribution map for 2070 and the HadGEM2 GCM and the RCP 8.5 scenario. Red grid cells: Aethionema retsina is currently predicted to occupy these areas but will not occupy them in the future. Blue grid cells: Aethionema retsina is currently predicted to occupy these areas and will continue to occupy them in the future. Light grey grid cells: Aethionema retsina is not currently predicted to occupy these areas and it is not predicted to occupy them in the future. Black dots indicate the occurrences of Aethionema retsina in Skyros and Skyropoula. Climate data refer to the WorldClim database, Figure S9: Predicted potential distribution map for 2070 and the BCC GCM and the RCP 2.6 scenario. Red grid cells: Aethionema retsina is currently predicted to occupy these areas but will not occupy them in the future. Blue grid cells: Aethionema retsina is currently predicted to occupy these areas and will continue to occupy them in the future. Light grey grid cells: Aethionema retsina is not currently predicted to occupy these areas and it is not predicted to occupy them in the future. Black dots indicate the occurrences of Aethionema retsina in Skyros and Skyropoula. Climate data refer to the CHELSA database, Figure S10: Predicted potential distribution map for 2070 and the BCC GCM and the RCP 8.5 scenario. Red grid cells: Aethionema retsina is currently predicted to occupy these areas but will not occupy them in the future. Blue grid cells: Aethionema retsina is currently predicted to occupy these areas and will continue to occupy them in the future. Light grey grid cells: Aethionema retsina is not currently predicted to occupy these areas and it is not predicted to occupy them in the future. Black dots indicate the occurrences of Aethionema retsina in Skyros and Skyropoula. Climate data refer to the CHELSA database, Figure S11: Predicted potential distribution map for 2070 and the CCSM4 GCM and the RCP 2.6 scenario. Red grid cells: Aethionema retsina is currently predicted to occupy these areas but will not occupy them in the future. Blue grid cells: Aethionema retsina is currently predicted to occupy these areas and will continue to occupy them in the future. Light grey grid cells: Aethionema retsina is not currently predicted to occupy these areas and it is not predicted to occupy them in the future. Black dots indicate the occurrences of Aethionema retsina in Skyros and Skyropoula. Climate data refer to the CHELSA database, Figure S12: Predicted potential distribution map for 2070 and the CCSM4 GCM and the RCP 8.5 scenario. Red grid cells: Aethionema retsina is currently predicted to occupy these areas but will not occupy them in the future. Blue grid cells: Aethionema retsina is currently predicted to occupy these areas and will continue to occupy them in the future. Light grey grid cells: Aethionema retsina is not currently predicted to occupy these areas and it is not predicted to occupy them in the future. Black dots indicate the occurrences of Aethionema retsina in Skyros and Skyropoula. Climate data refer to the CHELSA database, Figure S13: Predicted potential distribution map for 2070 and the BCC GCM and the RCP 2.6 scenario. Red grid cells: Allium iatrouinum is currently predicted to occupy these areas but will not occupy them in the future. Blue grid cells: Allium iatrouinum is currently predicted to occupy these areas and will continue to occupy them in the future. Light grey grid cells: Allium iatrouinum is not currently predicted to occupy these areas and it is not predicted to occupy them in the future. Black dots indicate the occurrences of Allium iatrouinum in Skyros and Skyropoula. Climate data refer to the WorldClim database, Figure S14: Predicted potential distribution map for 2070 and the BCC GCM and the RCP 8.5 scenario. Red grid cells: Allium iatrouinum is currently predicted to occupy these areas but will not occupy them in the future. Blue grid cells: Allium iatrouinum is currently predicted to occupy these areas and will continue to occupy them in the future. Light grey grid cells: Allium iatrouinum is not currently predicted to occupy these areas and it is not predicted to occupy them in the future. Black dots indicate the occurrences of Allium iatrouinum in Skyros and Skyropoula. Climate data refer to the WorldClim database, Figure S15: Predicted potential distribution map for 2070 and the CCSM4 GCM and the RCP 2.6 scenario. Red grid cells: Allium iatrouinum is currently predicted to occupy these areas but will not occupy them in the future. Blue grid cells: Allium iatrouinum is currently predicted to occupy these areas and will continue to occupy them in the future. Light grey grid cells: Allium iatrouinum is not currently predicted to occupy these areas and it is not predicted to occupy them in the future. Black dots indicate the occurrences of Allium iatrouinum in Skyros and Skyropoula. Climate data refer to the WorldClim database, Figure S16: Predicted potential distribution map for 2070 and the CCSM4 GCM and the RCP 8.5 scenario. Red grid cells: Allium iatrouinum is currently predicted to occupy these areas but will not occupy them in the future. Blue grid cells: Allium iatrouinum is currently predicted to occupy these areas and will continue to occupy them in the future. Light grey grid cells: Allium iatrouinum is not currently predicted to occupy these areas and it is not predicted to occupy them in the future. Black dots indicate the occurrences of Allium iatrouinum in Skyros and Skyropoula. Climate data refer to the WorldClim database, Figure S17: Predicted potential distribution map for 2070 and the HadGEM2 GCM and the RCP 2.6 scenario. Red grid cells: Allium iatrouinum is currently predicted to occupy these areas but will not occupy them in the future. Blue grid cells: Allium iatrouinum is currently predicted to occupy these areas and will continue to occupy them in the future. Light grey grid cells: Allium iatrouinum is not currently predicted to occupy these areas and it is not predicted to occupy them in the future. Black dots indicate the occurrences of Allium iatrouinum in Skyros and Skyropoula. Climate data refer to the WorldClim database, Figure S18: Predicted potential distribution map for 2070 and the HadGEM2 GCM and the RCP 8.5 scenario. Red grid cells: Allium iatrouinum is currently predicted to occupy these areas but will not occupy them in the future. Blue grid cells: Allium iatrouinum is currently predicted to occupy these areas and will continue to occupy them in the future. Light grey grid cells: Allium iatrouinum is not currently predicted to occupy these areas and it is not predicted to occupy them in the future. Black dots indicate the occurrences of Allium iatrouinum in Skyros and Skyropoula. Climate data refer to the WorldClim database, Figure S19: Predicted potential distribution map for 2070 and the BCC GCM and the RCP 2.6 scenario. Red grid cells: Allium iatrouinum is currently predicted to occupy these areas but will not occupy them in the future. Blue grid cells: Allium iatrouinum is currently predicted to occupy these areas and will continue to occupy them in the future. Light grey grid cells: Allium iatrouinum is not currently predicted to occupy these areas and it is not predicted to occupy them in the future. Black dots indicate the occurrences of Allium iatrouinum in Skyros and Skyropoula. Climate data refer to the CHELSA database, Figure S20: Predicted potential distribution map for 2070 and the BCC GCM and the RCP 8.5 scenario. Red grid cells: Allium iatrouinum is currently predicted to occupy these areas but will not occupy them in the future. Blue grid cells: Allium iatrouinum is currently predicted to occupy these areas and will continue to occupy them in the future. Light grey grid cells: Allium iatrouinum is not currently predicted to occupy these areas and it is not predicted to occupy them in the future. Black dots indicate the occurrences of Allium iatrouinum in Skyros and Skyropoula. Climate data refer to the CHELSA database, Figure S21: Predicted potential distribution map for 2070 and the CCSM4 GCM and the RCP 2.6 scenario. Red grid cells: Allium iatrouinum is currently predicted to occupy these areas but will not occupy them in the future. Blue grid cells: Allium iatrouinum is currently predicted to occupy these areas and will continue to occupy them in the future. Light grey grid cells: Allium iatrouinum is not currently predicted to occupy these areas and it is not predicted to occupy them in the future. Black dots indicate the occurrences of Allium iatrouinum in Skyros and Skyropoula. Climate data refer to the CHELSA database, Figure S22: Predicted potential distribution map for 2070 and the CCSM4 GCM and the RCP 8.5 scenario. Red grid cells: Allium iatrouinum is currently predicted to occupy these areas but will not occupy them in the future. Blue grid cells: Allium iatrouinum is currently predicted to occupy these areas and will continue to occupy them in the future. Light grey grid cells: Allium iatrouinum is not currently predicted to occupy these areas and it is not predicted to occupy them in the future. Black dots indicate the occurrences of Allium iatrouinum in Skyros and Skyropoula. Climate data refer to the CHELSA database.
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Figure 1. Map of Greece depicting the wider distributional area (red polygons) of the studied species. Aethionema retsina occurs in Skyros and Skyropoula, Allium iatrouinum in southern Evvia, Convolvulus argyrothamnos is a Cretan single endemic, and Saponaria jagelii is found on Elafonisos. 






Figure 1. Map of Greece depicting the wider distributional area (red polygons) of the studied species. Aethionema retsina occurs in Skyros and Skyropoula, Allium iatrouinum in southern Evvia, Convolvulus argyrothamnos is a Cretan single endemic, and Saponaria jagelii is found on Elafonisos.



[image: Diversity 13 00152 g001]







[image: Diversity 13 00152 g002 550] 





Figure 2. Habitat suitability map of Aethionema retsina under current climate conditions based on the WorldClim climate database. Red dots indicate the occurrences of Aethionema retsina in Skyros and Skyropoula. Threshold for binarization: 0.998. 
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Figure 3. Habitat suitability map of Allium iatrouinum under current climate conditions based on the WorldClim climate database. Red dots indicate the occurrences of Allium iatrouinum in southern Evvia. The red lines delineate the potential distribution are of Allium iatrouinum based on the alpha-hull method. Threshold for binarization: 0.999. 
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Figure 4. Bioclimatic consistency maps for Aethionema retsina. From left to right: based on WorldClim; based on CHELSA. 
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Figure 5. Bioclimatic consistency maps for Allium iatrouinum. From left to right: based on WorldClim; based on CHELSA. 
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Figure 6. Predicted potential distribution map for 2070 and the CCSM4 global circulation models (GCM) and the representative concentration pathways (RCP) 2.6 scenario. Red grid cells: Aethionema retsina is currently predicted to occupy these areas but will not occupy them in the future. Blue grid cells: Aethionema retsina is currently predicted to occupy these areas and will continue to occupy them in the future. Light grey grid cells: Aethionema retsina is not currently predicted to occupy these areas and it is not predicted to occupy them in the future. Black dots indicate the occurrences of Aethionema retsina in Skyros and Skyropoula. Climate data refer to the WorldClim database. Please note that the black dots in Skyropoula and south-eastern Skyros hide the red cells where the species is predicted to currently occupy. 






Figure 6. Predicted potential distribution map for 2070 and the CCSM4 global circulation models (GCM) and the representative concentration pathways (RCP) 2.6 scenario. Red grid cells: Aethionema retsina is currently predicted to occupy these areas but will not occupy them in the future. Blue grid cells: Aethionema retsina is currently predicted to occupy these areas and will continue to occupy them in the future. Light grey grid cells: Aethionema retsina is not currently predicted to occupy these areas and it is not predicted to occupy them in the future. Black dots indicate the occurrences of Aethionema retsina in Skyros and Skyropoula. Climate data refer to the WorldClim database. Please note that the black dots in Skyropoula and south-eastern Skyros hide the red cells where the species is predicted to currently occupy.



[image: Diversity 13 00152 g006]







[image: Diversity 13 00152 g007 550] 





Figure 7. Predicted potential distribution map for 2070 and the CCSM4 GCM and the RCP 2.6 scenario. Red grid cells: Allium iatrouinum is currently predicted to occupy these areas but will not occupy them in the future. Blue grid cells: Allium iatrouinum is currently predicted to occupy these areas and will continue to occupy them in the future. Light grey grid cells: Allium iatrouinum is not currently predicted to occupy these areas and it is not predicted to occupy them in the future. Black dots indicate the occurrences of Allium iatrouinum in Evvia. Climate data refer to the WorldClim database. Please note that the black dot in southern Evvia hides the red cell where the species is predicted to currently occupy. 
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Table 1. Plant species, sampling sites, number of individuals per sampling site, and number of markers that were successfully and repeatedly amplified per species in this study are shown. Individuals sampled from each species under study are given in parentheses. N: number of samples finally used in the analysis. ISSR: inter simple sequence repeats.
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	Species
	Locality
	N
	ISSR





	Allium iatrouinum (8)
	Evvia
	6
	6



	Saponaria jagelii (8)
	Elafonisos
	7
	8



	Convolvulus argyrothamnos (2)
	Rokka gorge, Crete
	2
	13



	Aethionema retsina (3)
	Skyros
	3
	8
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Table 2. ISSR primers that were successfully and repeatedly amplified per species, the sequence of each primer (ISSR sequence), the number of bands (NoB), and their size range (SR in base pairs), as well as the PCR conditions (annealing temperature (T), MgCl2 concentration, template, and number of cycles) used per marker and per species for the bands’ amplification.
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	ISSR
	Genus
	ISSR Sequence
	NoB
	SR
	PCR





	UBC 861
	Convolvulus
	(ACC)6
	2
	257–664
	T: 55.0 °C, MgCl2: 2.5 mM, DNA: 15 ng, 37 cycles



	UBC 841
	Convolvulus
	(GA)8YC
	8
	153–1157
	T: 50.0 °C, MgCl2: 2.5 mM, DNA: 15 ng, 37 cycles



	
	Aethionema
	
	8
	166–1583
	T: 50.0 °C, MgCl2: 2.5 mM, DNA: 15 ng, 37 cycles



	
	Saponaria
	
	11
	315–2350
	T: 48.0 °C, MgCl2: 2.5 mM, DNA: 20 ng, 37 cycles



	
	Allium
	
	6
	487–1047
	T: 51.0 °C, MgCl2: 2.5 mM, DNA: 15 ng, 39 cycles



	UBC 810
	Convolvulus
	(GA)8T
	15
	306–1618
	T: 53.5 °C, MgCl2: 2.5 mM, DNA: 15 ng, 37 cycles



	
	Saponaria
	
	7
	275–1267
	T: 50.0 °C, MgCl2: 2.5 mM, DNA: 20 ng, 39 cycles



	
	Allium
	
	10
	469–1378
	T: 50.0 °C, MgCl2: 2.5 mM, DNA: 15 ng, 39 cycles



	UBC 807
	Convolvulus
	(AG)8T
	3
	385–1023
	T: 50.0 °C, MgCl2: 2.5 mM, DNA: 15 ng, 37 cycles



	
	Aethionema
	
	5
	796–1835
	T: 51.5 °C, MgCl2: 2.5 mM, DNA: 15 ng, 37 cycles



	
	Saponaria
	
	5
	200–700
	T: 53.0 °C, MgCl2: 2.5 mM, DNA: 20 ng, 39 cycles



	
	Allium
	
	7
	306–1209
	T: 51.0 °C, MgCl2: 1.5 mM, DNA: 15 ng, 39 cycles



	UBC 808
	Convolvulus
	(AG)8C
	16
	218–1013
	T: 51.5 °C, MgCl2: 2.5 mM, DNA: 15 ng, 37 cycles



	
	Saponaria
	
	8
	420–1500
	T: 51.0 °C, MgCl2: 2.0 mM, DNA: 20 ng, 39cycles



	
	Allium
	
	9
	443–1470
	T: 51.0 °C, MgCl2: 1.5 mM, DNA: 15 ng, 39 cycles



	UBC 812
	Convolvulus
	(GA)8A
	8
	403–1141
	T: 50.0 °C, MgCl2: 2.5 mM, DNA: 15 ng, 37 cycles



	
	Saponaria
	
	6
	286–1432
	T: 51.0 °C, MgCl2: 2.5 mM, DNA: 20 ng, 39 cycles



	
	Allium
	
	7
	240–2402
	T: 51.0 °C, MgCl2: 2.0 mM, DNA: 15 ng, 39 cycles



	UBC 811
	Convolvulus
	(GA)8C
	11
	323–1172
	T: 50.0 °C, MgCl2: 2.5 mM, DNA: 15 ng, 37 cycles



	
	Aethionema
	
	5
	222–785
	T: 50.0 °C, MgCl2: 2.5 mM, DNA: 15 ng, 37 cycles



	
	Saponaria
	
	7
	469–1835
	T: 48.0 °C, MgCl2: 2.5 mM, DNA: 20 ng, 37 cycles



	UBC 825
	Convolvulus
	(AC)8T
	5
	488–1260
	T: 50.0 °C, MgCl2: 2.5 mM, DNA: 15 ng, 37 cycles



	
	Aethionema
	
	3
	487–1018
	T: 50.0 °C, MgCl2: 2.5 mM, DNA: 15 ng, 37 cycles



	UBC 844
	Convolvulus
	(CT)8RC
	7
	334–982
	T: 54.0 °C, MgCl2: 2.5 mM, DNA: 15 ng, 37 cycles



	UBC 818
	Convolvulus
	(CA)8G
	12
	450–1333
	T: 45.0 °C, MgCl2: 2.5 mM, DNA: 15 ng, 37 cycles



	
	Aethionema
	
	4
	512–1367
	T: 45.0 °C, MgCl2: 2.5 mM, DNA: 15 ng, 37 cycles



	UBC 815
	Aethionema
	(CT)8G
	3
	796–1663
	T: 45.0 °C, MgCl2: 2.5 mM, DNA: 15 ng, 37 cycles



	UBC 880
	Convolvulus
	(GGAGA)3
	4
	665–1192
	T: 45.0 °C, MgCl2: 2.5 mM, DNA: 15 ng, 37 cycles



	
	Aethionema
	
	3
	836–1238
	T: 45.0 °C, MgCl2: 2.5 mM, DNA: 15 ng, 37 cycles



	
	Saponaria
	
	8
	355–1490
	T: 50.0 °C, MgCl2: 2.5 mM, DNA: 20 ng, 39 cycles



	UBC 826
	Saponaria
	(AC)8C
	6
	403–1640
	T: 53.0 °C, MgCl2: 1.5 mM, DNA: 20 ng, 39 cycles



	
	Allium
	
	9
	1003–2344
	T: 52.0 °C, MgCl2: 1.5 mM, DNA: 15 ng, 39 cycles
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Table 3. Genetic diversity averaged for all the ISSR markers used per species. NoB: number of bands. na: number of alleles. ne: effective number of alleles. h: Nei’s gene diversity. I: Shannon’s information index. PPB: percentage polymorphism bands. He: expected heterozygosity. uHe: unbiased expected heterozygosity.
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	Species
	NoB
	na
	ne
	h
	I
	PPB
	He
	uHe





	Aethionema
	31
	1.645
	1.412
	0.242
	0.360
	64.5
	0.242
	0.290



	Allium
	47
	1.723
	1.514
	0.290
	0.424
	72.3
	0.290
	0.319



	Convolvulus
	91
	1.582
	1.412
	0.241
	0.352
	58.2
	0.241
	0.322



	Saponaria
	58
	1.517
	1.434
	0.232
	0.329
	51.7
	0.232
	0.254
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Table 4. Variable importance for the top 10 variables of models based on WorldClim (WC) and CHELSA (CH) climate databases for Aethionema retsina and Allium iatrouinum. HLI: heat load index. TPI: topographical position index. CLP: proportion of clay particles. CRF: volumetric fraction of coarse fragments. CEC: cation exchange capacity of the soil. ORC: organic carbon density. SLT: proportion of silt particles. AIT: Thornthwaite’s aridity index. CNT: continentality. ISO: isothermality. MDR: mean diurnal range. PET: mean annual evapotranspiration. PETCOLD: mean evapotranspiration of the coldest quarter. PETDRY: mean evapotranspiration of the driest quarter. PS: precipitation seasonality. Temp: count of the number of months with mean temp greater than 10 ℃.
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Variable

	
Aethionema retsina

	
Allium iatrouinum




	
WC

	
CH

	
WC

	
CH






	
AIT

	
-

	
-

	
0.420

	
-




	
Aspect

	
0.648

	
0.516

	
-

	
-




	
CEC

	
0.515

	
0.517

	
0.353

	
0.429




	
CLP

	
0.551

	
0.548

	
0.531

	
0.497




	
CNT

	
-

	
-

	
-

	
0.548




	
CRF

	
0.519

	
0.540

	
-

	
0.335




	
HLI

	
0.618

	
0.553

	
0.510

	
0.618




	
ISO

	
-

	
0.419

	
0.510

	
-




	
MDR

	
-

	
0.422

	
-

	
-




	
ORC

	
0.403

	
0.794

	
-

	
0.373




	
PET

	
0.509

	
-

	
-

	
-




	
PETCOLD

	
-

	
-

	
0.525

	
0.570




	
PETDRY

	
-

	
-

	
0.357

	
-




	
PS

	
0.397

	
-

	
0.614

	
-




	
Slope

	
-

	
0.485

	
-

	
0.482




	
SLT

	
-

	
-

	
-

	
0.369




	
Temp

	
0.506

	
0.427

	
0.561

	
-




	
TPI

	
0.490

	
-

	
0.659

	
0.667
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