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Abstract

:

This in-depth floristic study, conducted from 2019 to 2023 in nine temporary wetlands in the Guelma and Souk Ahras provinces, northeastern Algeria, aims to highlight the natural heritage of the region by analyzing the floristic composition in relation to environmental conditions. To achieve this goal, comprehensive inventories were conducted, revealing the presence of 317 species belonging to 64 botanical families and distributed across 204 genera. The plant diversity at each site was assessed using various biological indices, with a particular focus on the Taxonomic Distinctiveness Index (TDI) to determine the influence of environmental factors such as fires, altitude, overgrazing and agropastoral activities on biodiversity. The results highlighted the dominance of therophytes (43.22%) and the prevalence of the Mediterranean assemblage (66.25%). Moreover, 8.83% of the species were endemic, 1.89% were protected by Algerian legislation and 1.26% were listed on the IUCN Red List. The study identified Priority Conservation Zones (PCA) where the preservation of ponds, particularly MTG, TRC, BTH, and GZE, is crucial. Additionally, floristic and ecological boundaries between ponds were identified, highlighting marked biological similarities between certain pairs and notable isolations, particularly evident in the case of BTH with a significantly high TDI. These results underscore the critical importance of the studied region, emphasizing the need to integrate its floristic biodiversity into conservation efforts to enhance overall ecological integrity.
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1. Introduction


Mediterranean wetlands, identified as biodiversity “hotspots” [1] in the regional context, play a crucial role in hosting an exceptional diversity of plant and animal species, often endemic and rare. This positions them among the most diversified ecosystems on the planet [2,3,4,5,6,7]. However, despite their undeniable ecological importance, these wetlands face a growing threat, resulting in a 50% decrease in their area since 1900 [8,9,10].



Additionally, Algeria, home to a total of 2375 wetlands, of which 2056 are natural and 319 artificial, plays a key role in the conservation of these ecosystems. Fifty of these sites are listed on the international Ramsar priority list [11,12], mainly located in the north-eastern-western part of the country, delimited by three biogeographical sectors, K3 (Numidia subsector), C1 (Constantina sector), and H2 (Constantina highlands subsector) [13].



Furthermore, the environmental changes faced by these wetlands in Algeria are exacerbated by the impact of climate change, intensified by specific geomorphological and edaphological conditions that increase their vulnerability to anthropogenic pressures [14,15,16,17]. Small temporary shallow-water ponds are exposed to pressures from drought and intensive grazing, unfavorable conditions for maintaining a rich and varied biodiversity.



As a result, excessive grazing, in addition to hindering the regeneration of local plants, exacerbates the stress on plant species already weakened by drought. This combination of factors highlights the fragility of these valuable ecosystems and underscores the urgent need for sustainable conservation and management strategies to preserve their structural and functional integrity [18,19,20].



Although in-depth research has been conducted on ecosystems in these territories, such as in the forests and coastal areas of Numidia [21,22,23,24] or Fetzara lake [16], little attention has been given to temporary wetland ecosystems [19,25]. The recent discovery of new species in northeastern Algeria, uncommon on a Mediterranean scale [26,27,28,29,30], motivates this study focused on the temporary wetlands of the Souk Ahras and Guelma regions.



The main objectives of this work are to identify the environmental variables governing floristic distribution, assess the current ecological status, and discuss conservation programs for previous development and sustainable exploitation. Specifically, the effect of environmental variables on taxonomic distinction in wetlands will be a key focus of our study, allowing a deep understanding of the complexity of these ecosystems in the face of environmental pressures.




2. Materials and Methods


2.1. Study Area


The study area is located in northeastern Algeria (Figure 1), amidst the semi-arid zone to the south of Souk Ahras, the humid and sub-humid area to the north of Souk Ahras, and the sub-humid bioclimatic zone of Guelma [31].



It covers an area of almost 8047 km2 and features rugged terrain, with an average altitude ranging from 650 m in the south to 1000 m in the north (Table 1). Its location is indicated by a median position between the north, the highlands and the south of the country [32]. According to estimates by Kafi et al. (2015) [33], this region has approximately 199,240 ha of forest cover, primarily composed of Quercus suber L., Q. canariensis Willd., Pinus halepensis Mill. and P. pinaster Aiton [30,34], contributing to its remarkable richness. The meteorological stations of Guelma and Souk Ahras have provided annual climate readings for the period (2019–2023) with precipitation ranging between 420 and 425 mm for the GZE, GZN, TRC, TRN, and MJN wetlands and 698 and 700 mm for MTG, BTH, TAR and BRG. The average minimum temperature is around 11.5 °C, and the maximum is 26 °C.




2.2. Methodology


2.2.1. Soil Analysis


In each water pond, four soil samples were collected from different points in the form of pits measuring 30–60 cm × 50–80 cm and with a depth of 60 cm, according to the topography in each case. These four samples were combined to obtain a single representative sample per pound. They were all air-dried at room temperature for three weeks following the NF ISO 11464 methodology [35]. Subsequently, after manually separating fine soil from coarse components, they were sieved using a 2 mm round sieve.



In each sample, seven physicochemical parameters were measured: moisture using the gravimetric method by Reynolds (1970), organic matter of the moisture through incineration at 480 °C for 4 h in a muffle furnace, porosity using both apparent (DA) and real (DR) densities [36], organic carbon using the Anne de Dabin method (1965), total limestone using the volumetric method [37], electrical conductivity using a HANNA HI2315-01 conductometer and hydrogen potential using a pH meter HANNA HI22091-01, on the basis of the following definitions in Table 2:




2.2.2. Water Analysis


For the water sampling, clean 1.5-litre plastic bottles were used. One sample was collected from each water pond at 2–3 m from the shore and at a depth of 30–80 cm. To prevent gas exchange with the atmosphere, the bottles were filled underwater before screwing on the caps. For the physicochemical analysis, the samples were promptly dispatched to the laboratory. Nine physical and chemical parameters were analyzed in each sample, as Table 3 mentions:




2.2.3. Measurement of Other Environmental Variables


Concurrent with the ecological variables measured in soil and water, measurements are taken of the physiographic characteristics of the nine study ponds. These include the seasonality of their waters, the perimeter and surface area of each, their respective altitudes, slope and so on (Table 4).



On the other hand, measures are taken concerning extrinsic variables, understood as anthropogenic in origin, that is, those that can directly affect the structure, floristic composition, and functionality of the various wetlands. These are about the pressures from livestock farming, agriculture and forest fires. The values obtained for each variable are of a qualitative nature, representing characteristics rather than numerical values. All obtained values were adjusted to a numerical scale based on qualitative ranges according to different attributes (Table 4). The values assigned to each feature will be subsequently used for additional testing.




2.2.4. Floristic Study


The flora was systematically studied over two hydrological cycles (2019 and 2023), through samplings conducted twice a year (February–March and April–June) in the nine wetlands under study.



The sampling method employed involved quadrants [52], which entailed marking 9 m2 areas at the four cardinal points (North, South, East, and West). For wetlands with a surface area greater than 100 m2, three replicates were conducted for each cardinal point, following a systematic sampling method. This resulted in a total study area of 108 m2 (9 m2 × 3 replicates × 4 points) for each wetland. Conversely, for smaller water ponds (equal to or less than 100 m2), a single 9 m2 replicate was carried out for each cardinal point, amounting to a total area of 36 m2 per body of water.



For the identification of taxa, floras of Battandier (1888–1890) [53], Battandier and Trabut (1895) [54], Maire (1952–1987) [55], Quézel & Santa (1962–1963) [13], Pignatti (1982) [56], and Blanca et al. (2009) [57] were used. The African flora synonymic index (Dobignard & Chatelain, 2010–2013) [58] and the African Plant Database (APD, 2023) [59] were used to update nomenclature.



The rarity and threatened species were characterized using the Quézel & Santa (1962–1963) [13] flora categories, the global vulnerability criteria defined by the International Union for the Conservation of Nature in 1997 (Walter & Gillett, 1998) [60], the latest available red list (IUCN, 2023) [61] and our field observations.



The red list serves to emphasize the taxa most at risk of extinction and delineates priorities for policies aimed at safeguarding and conserving plant biodiversity. Additionally, we considered species with heritage significance protected by Decree No. 03–12/12–28, as well as non-cultivated plant species protected in Algeria (JORA, 2012) [62]. Biological types (sensu Raunkiaer, 1934) [63] for various taxa determined were based on information from Pignatti (1982) [56], Blanca et al. (2009) [57].



For chorological characterization, the Vascular Flora of Eastern Andalusia (Blanca et al., 2009) [57] was used.



For the endemics, the flora of Italia (Pignatti, 1982) [56], the synonymic index of Dobignard & Chatelain (2010–2013) [58] and the African Plant Database (APD, 2023) [59] were used.




2.2.5. Statistical Analysis


For the statistical analysis, Excel 2019, PAST 4.12 [64] and SPSS (Version 28.0) [65] were employed. Initially, the database containing raw data collected in the field for each measured variable was organized into Excel spreadsheets categorized by numerical or abbreviated letter codes (for taxa), some of which denote values within intervals. Subsequently, a normalization process was conducted to reduce the size of each sample and reformat the data to fit the requirements of the systems used.



As primary measures to highlight the ecological status of temporary ponds, the Shannon Diversity Index (H) and Taxonomic Distinctiveness Index (TDI) were obtained. While both reflect heterogeneity in communities, the former does so based on the number of species present and their relative abundance, i.e., based on biodiversity and the latter can also be an indicator of alterations in these communities. Therefore, it has been used to assess pressures and impacts that specific disturbances generate in terrestrial ecosystems [66].



The Taxonomic Distinctiveness Index (TDI) is a univariate metric more sensitive to changes within a population than to species diversity and appears to be less influenced by sample size, making it potentially more responsive than diversity indices themselves [66]. The traditional method to calculate this TDI is through the Delta+ index [67], but in this case, the adaptation made by Pereña et al. (2023) [68] for plant communities was used as it simplifies the calculation.



Next, a correlation analysis was conducted using the Pearson correlation coefficient to explore the relationships between these two indices and the biological and ecological variables analyzed earlier. The results are presented in tables and graphs to identify the most influential parameters affecting the ecological status of each location.



Analysis using Generalized Linear Models (GLM) was considered to correlate environmental variables with floristic diversity. However, this possibility was ruled out due to issues of non-identifiability or indeterminacy. This is because, with a number of independent variables greater than the number of observations, the estimation of GLM parameters does not have a unique solution. Consequently, there are multiple (infinite) solutions that can correctly fit the data. Such is the case that in an ordinary least squares (OLS) fit, infinite solutions can achieve an error of 0, resulting in an R2 of 1.



There was consideration of using a second type of GLM, constructing a model independently for each pair of dependent and independent variables. This approach provides the marginal effect of each independent variable on the dependent variable, without considering the impact of other dependent variables not included in that specific model. Consequently, this approach was also discarded.



Also, using the floristic data collected, the value of Priority Conservation Area (PCA) was determined, in this case referring to endemic taxa (PCA_END). To do this, the PCA value was first obtained for each site using the method proposed by Vane-Wright et al. (1991) [69]. Initially, the wetland with the highest number of species was selected for processing. These species were removed from the initial table (basic data matrix-BDM-). This process was repeated successively until all the wetlands under study were completed, including in each case the species that had not been previously considered. The values obtained in each treatment refer to the total number of identified species in the study area. Subsequently, the % of endemic taxa in each pond is obtained from the BDM. Finally, the resulting PCA values are multiplied by the % of endemic taxa, thus obtaining the value of PCA_END for each of the temporary wetlands.



Finally, to analyze the eco-floristic boundaries between ponds, understood in terms of barriers to species flow, a Matrix of Similarity Indices was developed. The statistical algorithm employed was that of Bray and Curtis, used to quantify the dissimilarity in composition between two distinct sites, based on counts within each site.



The results obtained allow us to evaluate, based on their greater or lesser similarity, the strength of the borders for the flow of flora.






3. Results


3.1. Hydro-Edaphic Characteristics


In this section, an analysis of the physicochemical properties in both soil and water samples is provided, offering insights into the findings. Table 5 and Table 6 serve as supplementary tools, complementing the information presented in the text.



These analyses reveal that the texture and structure of the soil exhibit significant porosity, with moisture and carbon contents ranging from low to moderate levels. The pH levels range between 6.3 and 7.66, indicating that the soil ranges from slightly acidic to alkaline, except in MJN, which shows a non-calcareous substrate. The total limestone percentage is considered high across all sites. Electrical conductivity varies between 0.1 mS/cm and 2.6 mS/cm. The soil and water values suggest that MTG, BTH, GZE, GZN, and TRN range from non-salinized to slightly salinized, while TAR, BRG and MJN range from moderately to highly salinized.




3.2. Other Environmental Variables Measurement


The results obtained from the analysis of physiographic characteristics are presented in Table 7, where one can observe how numerical values have been assigned to the qualitative variables based on the ranges allocated to each of them. These values will be subsequently used for the calculation of taxonomic distinctiveness.



It is notable that most of the wetlands have stagnant water, even though they are of a temporary nature, which, along with altitude (mostly between 800–1000 m above sea level), are determining factors for the floristic composition and structure, also reflected in the percentage of coverage (Wspr).



Regarding extrinsic variables, a significant level of grazing activity is observed, predominantly at levels 4 and 5, contrasting with the situation concerning agricultural activity. As for forest fires, they are practically absent in all the temporary wetlands.




3.3. Floristic Diversity


The floristic inventories conducted in the nine sampled wetlands revealed the presence of a total of 317 taxa, distributed across 204 genera belonging to 64 different botanical families (Table S1). Dominant families include Asteraceae with 50 taxa (15.77%), Fabaceae with 36 taxa (11.36%) and Poaceae with 27 taxa (8.52%). These three families collectively contribute significantly, constituting 35.65% of the total count (113 taxa), comprising over one-third of the identified flora. Apiaceae, Lamiaceae, and Caryophyllaceae are also notably well represented. Among the 64 identified families, 26 consist of a single species. A predominance of dicotyledonous angiosperms, which constitute the most significant systematic group with 249 taxa belonging to 46 families and 152 genera followed by monocotyledons comprise 65 taxa distributed across 15 families and 59 genera. Pteridophytes include 3 taxa from the Dennstaedtiaceae, Equisetaceae, and Isoetaceae families.



El-Matlegue, Guelta Zarga Effesus, and the Taoura ponds stand out as the richest areas in unusual floristic elements, each boasting over 100 species. In contrast, Taya Ranuncule distinguishes itself as the least abundant, with only 41 species.



Regarding dominant biological types, therophytes lead with 137 taxa (43.22%). Hemicryptophytes are well represented with 91 taxa (28.71%), followed by geophytes, phanerophytes, hydrophytes, and chamaephytes with 36 (11.36%), 24 (7.57%), 13 (4.42%), and 13 (4.10%) respectively. Only 4 species (1.26%) of helophytes are present, indicating very low representation.



This floristic composition encompasses transgressive species from various environments:




	
Forestry species, such as Quercus suber L., Erica arborea L., Cytisus villosus Pourr., Crataegus monogyna Jacq., Myrtus communis L., Pistacia lentiscus L. and Olea europaea L.



	
Lawn species, including both temporary-pond species (Cyperus rotundus L. subsp. rotundus, Silene laeta (Aiton) Godr., Isoetes histrix Durieu ex Bory, Typha domingensis Pers., Potentilla reptans L. and Illecebrum verticillatum L.) and therophitic pelouse species (Catapodium rigidum (L.) C.E. Hubb., Cerastium glomeratum Thuill., Ranunculus muricatus L., Medicago murex Willd., Trifolium arvense L., Plantago lanceolata L., Stellaria media (L.) Vill. and Geranium dissectum L.).



	
Hydrophytes species, such as Lemna minor L., Ranunculus aquatilis L. and Callitriche obtusangula Le Gall.



	
Hygrophytic species, such as Nasturtium officinale R. Br., Lythrum junceum Banks & Sol., Schoenus nigricans L., Juncus bufonius L., Cotula coronopifolia L., Mentha aquatica L. and Mentha pulegium L.









3.4. Biogeographic Distribution


The 317 identified taxa can be grouped into 5 sets according to their biogeography (Table 8; Figure 2). Different species can be found in more than one pond:




	
The Mediterranean set: the most numerous group with 210 taxa (66.25%), of which 165 correspond to strictly Mediterranean elements, 34 to euri-Mediterranean connecting elements, and 11 to Mediterranean-Atlantic connecting elements. In this group, the richest families are best represented, such as Fabaceae and Poaceae, with 26 and 15 taxa respectively, compared to the 31 taxa of the Asteraceae family.



	
The widespread distribution set: Within this classification, there are 31 taxa, constituting 9.78% of the studied flora. Among them, 12 are cosmopolitan taxa and 19 are subcosmopolitan taxa.



	
The Holarctic set: these species represent 12.93% (41 taxa) of the total flora. The paleotemperate element, with 24 taxa, is followed by the Holarctic element with 8 taxa; 6 taxa are Eurasian, and finally, 3 taxa originate from the tropics.



	
The introduced species set: 2.21% belong to this group, totaling 7 species, of which 5 are listed as introduced species, one as naturalized and another as cultivated.



	
The endemic species set: 28 regional endemic taxa are found in the study ponds, accounting for 8.83% of the total. With 11 species, i.e., 42.3% of the region’s endemic flora, Algerian-Tunisian endemic taxa are the most abundant. The families Apaiceae, Asteraceae, and Lamiaceae have the best representation with 4 taxa each, followed by Hyacinthaceae with 3 endemic species. Nine families are identified with a single endemic taxon.









3.5. Shannon Index and Its Relation to Ecological Variables


Taking the floristic data obtained from field inventories (Table S1), the Shannon Index is calculated to determine the diversity in each of the 9 studied wetlands. The test results are displayed in Table 9, where MTG exhibits the highest Shannon diversity index, followed by GZE and TRC. The lowest values correspond to GZN and TRN.



With these results, Pearson correlations have been conducted with the values of the different variables calculated in soil and water to determine if there is a relationship between floral richness and these ecological characteristics. The results are shown in Table 10 and Table 11.



The Table 10 shows how, in the case of soil-related variables, porosity has the greatest effect on floristic diversity, followed by total carbon, moisture, and organic matter, all directly linked to plant nutrition. This is unlike pH, which, in this scenario, due to its homogeneity across all ponds, does not exert any influence on wetlands flora.



In the case of water, Table 11 reveals that resistivity is the factor with the greatest influence on floral diversity, understood as an indicator of its good quality, followed by pH and ORP. On the other hand, turbidity stands in opposition, as it has the least influence on taxa, considering that most of them have a terrestrial nature.




3.6. Botanical Heritage


The rare flora in the studied area comprises 16 taxa, four of which have varying statuses on the International Union for the Conservation of Nature (IUCN) Red List [61]: Serapias lingua L. subsp. stenopetala (Maire & T. Stephenson) Maire & Weiller is classified as Critically Endangered, whereas Juncus heterophyllus L. M. Dufour, Scrophularia tenuipes Coss. & Durieu ex Coss. and Solenopsis bicolor (Batt.) Greuter & Burdet are near threatened species. There are 28 endemics or subendemics in the nine ponds that were sampled and especially those indigenous to Tunisia with 11 taxa (Algerian-Tunisian endemic) or to Morocco with 7 taxa (Algerian-Tunisian-Moroccan endemic). Not all rare species have the same heritage value, some are both endemic and rare, such as Bunium crassifolium (Batt.) Batt., Helosciadium crassipes W.D.J. Koch, Phlomis bovei de Noé and Scrophularia tenuipes Coss. & Durieu ex Coss.). Highlighting the relationship between rarity and endemism is crucial. In the broadest sense, nearly half of all endemic taxa are rare. Seven endemic taxa are identified as widely dispersed in the national territory, e.g., Cyclamen africanum Boiss. & Reut., Drimia numidica (Jord. & Fourr.) J.C. Manning & Goldblatt, Oenanthe virgata Poir. and Origanum vulgare L. subsp. glandulosum (Desf.) Ietsw. Additionally, six species are protected by algerian law: Bunium crassifolium (Batt.) Batt., Cardamine parviflora L., Cyclamen africanum Boiss. & Reut., Illecebrum verticillatum L., Phlomis bovei de Noé and Scrophularia tenuipes Coss. & Durieu ex Coss.




3.7. Taxonomic Distinctness (TD)


From the floristic data (Table S1), the Distinctiveness Index is calculated for each wetland, presented as the mean value within a range defined by the maximum and minimum values. The outcomes are detailed in Table 12 and Figure 3.



When comparing the results from Table 7 and Table 10, it becomes apparent that the areas showing higher values in the Shannon Diversity Index (MTG, GZE, TRC, and TAR) may not necessarily exhibit the highest Taxonomic Distinctiveness (BTH and TRN). This underscores the importance of calculating both indices. In fact, BTH demonstrates the highest TD index, thereby rendering it of particular interest for conservation purposes. Subsequently, the remaining sites exhibit less pronounced differences until reaching BRG, which demonstrates the lowest TD value, although it maintains a moderate value in the Shannon Index. In both cases, the average values fall outside the range established by the maximum and minimum TD values, potentially attributable to extrinsic disturbances (primarily of anthropogenic origin) that alter the floristic composition in one way or another.



The results obtained from the Taxonomic Distinctiveness calculation are correlated with the variables in Table 7 to determine the level of influence on the TD (Table 13).



The results highlight the negative influence of certain variables, such as forest fires, agriculture, or grazing, on DT.



These correlations indicate that agriculture and forest fires are the environmental variables with the highest coefficients, significantly shaping the distinctive character of the ponds and contributing negatively to the diversity and heterogeneity of the area. In the case of forest fires, although the obtained values are not entirely significant, they exhibit low occurrence and intensity, very homogeneous in the study area, resulting, to some extent, in an increase in their distinctive character. A similar situation occurs with agriculture, as in all cases, this activity is either non-existent or very low, except for TRC and MJN, where agricultural intensity values are moderate. The rest of the variables do not show significant results regarding the diversity and heterogeneity of the area. Section 4 will analyze the negative effects of overgrazing on species richness and abundance.




3.8. Priority Conservation Areas Based on Endemism (PCA_END)


The results obtained from the PCA calculation, the percentage of endemic taxa, and their multiplication are displayed in Figure 3, illustrating the final PCA_END value.



The TD range values and the priority conservation areas depending on endemism revealed that MTG, TRC, BTH and GZE respectively represent the prioritization conservation zones for natural heritage (Figure 4).




3.9. Estimation of Ecofloristic Boundaries


The results obtained from the similarity analyses among the different ponds, considering the ecological and floristic variables, are presented in Table 14 as a Matrix of Similarity Indices.



In Figure 5, pairs of sites are depicted according to the similarity values obtained. The first quartile represents very strong boundaries (0–0.25), the second quartile strong boundaries (0.25–0.5), the third quartile weak boundaries (0.5–0.75), and the fourth quartile very strong boundaries (0.75–1). The values were fitted to a regression line to subsequently identify (in red) those pairs of sites that conformed to a 95% confidence level.



Finally, 10 different situations were detected based on the strength/weakness of the eco-floristic boundaries (Table 15). The interesting information that was extracted is that out of the 4 sites marked as PCA_END, there could be a strong or very strong eco-floristic barrier in the case of BTH with another 4 sites, leading to a certain isolation and, consequently, more peculiar flora. In the case of MTG, TRC and GZE, weaker barriers or, at least, somewhat less strong ones could be identified with most of the remaining areas, allowing for the flow of species between them.





4. Discussion


4.1. Influence of Hydropedological Variables on Floristic Diversity


The results of the hydropedological analyses indicate the influence of various parameters on the floristic diversity in the 9 studied ponds, particularly the physiographic factors. Due to the calcareous substrate of geological formations rich in carbonates, which acts as a buffer for water [70], the pH values of the ponds ranged from neutral to slightly alkaline. These values fall within the same range as most Algerian wetlands [71]. Plants equipped with chlorophyll undergo photosynthesis by absorbing carbon dioxide from water and releasing oxygen, thereby causing an increase in pH. In stagnant water bodies rich in chlorophyll-bearing plants, this substantial pH elevation predominantly occurs during the day when photosynthesis is active. At night, in the absence of photosynthesis and with the release of CO2 by organisms, the pH returns to lower levels. Thus, pH variations in these aquatic environments are closely tied to the photosynthesis process. [72]. It is worth noting that pH favors the presence of certain species, such as Quercus suber, an endemic species in the Mediterranean-Atlantic region of the Mediterranean basin [73], in temporary ponds where values tend to be slightly acidic (6.3–6.72) [74]. However, soil does not pose a limiting factor, as compensatory mechanisms exist, such as the water table and the high atmospheric humidity characteristic of the Numidia region [75]. This variable has been identified as discriminant for vegetation in Mediterranean temporary wetlands [76,77,78].



Carbon dioxide, owing to its water solubility, constitutes a minor fraction of the atmosphere, exhibiting low concentrations in waters lacking organic constituents. Bicarbonate commonly assumes dominance, influenced by the intermediary pH and the interaction with substrates characterized by limited rock and mineral content. Within the context of photosynthetic processes, plants assimilate CO2, integrating carbon into organic matrices and progressively modifying the ambient CO2 concentration, as elucidated in the presented findings. This metabolic progression actively contributes to CO2 sequestration, resulting in the accumulation of organic matter at the sedimentary layers of aquatic ecosystems. Despite the favorable implications of this carbon sequestration, diminutive water bodies concurrently release carbon in the form of greenhouse gases, particularly methane (CH4), thereby attenuating the positive repercussions of carbon accrual. The magnitude of methane production is contingent upon the specific attributes inherent to the scrutinized ponds or lakes [79], as observed in the provided results.



Well-aerated soils have a high concentration of oxygen, which decreases from 100 mL/L in flooded soils and in microenvironments close to roots and plants. It’s important to note that pedofauna processes constantly alter this concentration [80]. However, generally, the concentration of dissolved oxygen in these ponds is slightly low due to turbidity induced by livestock activities. The uneven distribution of organic matter in soil samples, a crucial parameter, influences its physicochemical processes and the excessive proliferation or decrease of microorganisms is one of the causes of its degradation [40], varying according to the intensity of grazing [78].



The porosity and organic matter content in these ponds are moderate, which promotes the formation of well-structured and moist soils [40]. This creates a conducive environment for plant development by ensuring the adequate availability of water and nutrients [80,81,82]. However, it is crucial to note that this correlation can be influenced by plant types and environmental conditions [83].



Permanent saline ponds experience variations in water levels influenced by precipitation patterns (e.g., MJN). Inhabited by taxa resilient to water stress and capable of tolerating high salinity, these ponds present a physiologically dry environment due to the substantial presence of salts in the soil solution, resulting in lowered water potential and significantly reduced water availability for plants [84]. This salinity contributes to the degradation of soil structure and texture, directly impacting plant growth and productivity. It induces osmotic stress, nutrient imbalance, and toxicity, primarily attributable to elevated concentrations of Na+ and Cl− [85].



The soil parameters measured play a crucial role in preserving the ecological health of Mediterranean wetland ecosystems. The soil’s diversity, characterized by texture, morphology and physico-chemical properties, influences water retention and ecosystem stability. These soils are essential actors in the genesis and evolution of ecosystems, serving as vectors for vital nutrients. Their spatiotemporal dynamics, shaped by topography, parent rock, seasonal moisture variations and vegetation, escape the direct influence of the Mediterranean climate. To sustain the stability and ecological health of these habitats, sustainable management requires a thorough understanding of these parameters, considering anthropogenic pressures and frequent wildfires [86].




4.2. Floristic and Phytogeographical Diversity


The floristic richness of these ponds, totaling 317 taxa, surpasses the diversity recorded in studies by Allem et al. (2017) [19] in temporary ponds in Annaba, those conducted by Fetnaci et al. (2019) [16] in Fetzara Lake, Ali Tatar et al. (2023) [87] in peat ponds of small Kabylia and Ferchichi et al. (2014) [15] in the Mogods region (northern Tunisia). This species richness is attributed to the diversity of habitats across the 9 water ponds, comprising stagnant and flowing water ponds under humid, sub-humid, and semi-arid climates, ranging in altitude from 500 m above sea level to 1100 m above sea level [30].



Regarding biological types, the therophytes, comprising 136 taxa, are the dominant ones in the studied ponds. The prevalence of annual species reflects the communities’ adaptation to seasonal variations [88,89], favoring short-cycle species that invest more in sexual reproduction than in vegetative development [14]. Hemicryptophytes, associated with moist environments rich in organic matter, are well-represented with 90 taxa [90,91]. This diversity can also be explained by the significance of soil microflora [16].



The analysis of the main chorological types confirms that these ponds belong to the Mediterranean floristic community, in accordance with Quézel’s observations (2002) [92] for all Northern African countries. The predominance of the Mediterranean element (66.25%) is particularly similar to that of Algerian [16,19,77] and Tunisian [4,15] ponds.



Most of the identified endemic species belong to the hotspot known as Kabylias-Numidia-Kroumiria [1], and their count is comparable to that observed in the endemic vegetation of the Edough Peninsula (northeast Algeria) [24] and Souk Ahras (northeast-west Algeria) [30], surpassing the count observed in the wetlands of the Algerian northeast coast [16,19,87].




4.3. Conservation of Plant Heritage


The vegetation in the studied ponds is characteristic of temporary Mediterranean oligotrophic ponds. It consists of herbaceous communities with decreasing development from the humid bioclimatic stage to the semi-arid stage, transitioning from the humid Mediterranean formation to a less diversified sclerophyllous formation [30,72,76,93]. The results indicate that temporary water ponds are structured into three concentric belts based on a hydrological gradient linked to the topography (slope). The sediment grain size and immersion duration are influenced by this gradient, decreasing from the periphery towards the center. This organization promotes the coexistence of a diverse set of species, as observed in Tunisia [15], Morocco [14,76] and Sardinia [94]. This transition is pivotal in comprehending the subsequent regressions in wetland biodiversity and the emergence of xerophilic and/or pollution-indicating species, such as Cotula coronopifolia L., Erigeron bonariensis L., E. canadensis L., Lemna minor L., Oxalis pes-caprae L., Xanthium strumarium L. and Typha domingensis Pers., as well as Arctotheca calendula (L.) Levyns. that have appeared in the El Kala National Park in northeastern Algeria in response to climate modifications [95]. Species adapted to humidity have been replaced by drought-resistant species, with local conditions unable to compensate for summer water deficits, especially in mesophilic environments. Repeated droughts have surpassed a critical threshold, rendering even reputedly resilient species vulnerable, threatening flowering, pollinators and the entire food chain of wetlands [96]. Hydrophytic taxa, present in clay-sandy environments and sensitive to floods, play a key role in the vegetative development of wetlands, responding to flood-related stresses [97]. This correlation underscores the direct impact of climate change on ecosystem composition, contributing to a redistribution of species and a significant transformation of wetland characteristics, with major implications for agriculture and biodiversity [16,25].



Out of the total identified flora, there are 16 rare taxa, which represents 5.05%, and among these, there is a 21% of endemism. The presence of these heritage taxa is explained by the dynamics and functional characteristics of these humid environments [98].



In this case, the configuration of the flora appears to be influenced by various environmental parameters that impact spatial heterogeneity, conditioning the emergence of different environments (mosaics) [99]. Agriculture significantly influences floral diversity and distinctiveness (p > 0.7), aided by vegetation cover and forest fires (0.5 < p < 0.6). In contrast, overgrazing negatively affects Taxonomic Distinctiveness (TD) (p ~ 0.1). Although the annual fire risk in these areas, especially in MTG and BTH, is relatively moderate compared to other regions in Algeria [100], the transformation of the environment into almost permanent reservoirs used for fire defense or irrigation poses an unusual threat that jeopardizes this heritage, exacerbated by uncontrolled tourist development [99]. Additionally, this analysis considers this factor as the second most influential, after Agriculture, in Taxonomic Distinctiveness, preserving better-adapted species and promoting a more diverse and, therefore, resilient ecosystem [101].



It is well known that the altitude, ranging from 500 m to 1100 m, and the slope, generally moderate to steep, except in cases of TAR and BRG, affect the thermal structure of eastern Algeria [102], influencing wetland richness through temperature and photoperiodic flowering [103]. The disturbance of each of these factors influences the establishment and distribution of certain taxa [104].



Grazing favors certain competitive and opportunistic native species with a hydrophilic nature, which are unappealing to the livestock [105]. However, it drives deforestation in forest ecosystems, especially in the vicinity of wetlands [18,106].



The effects of uncontrolled grazing, observed in MTG, BTH, TAR, BRG, GZN, GZE, TRN, and MJN, manifest in the intense input of nitrogen, promoting the arrival of nitrophilic species, trampling, and the substitution of oligotrophic hydrophilic species by stress-resistant species, mostly annuals and opportunists, in temporary habitats [15,107,108,109]. Therefore, the presence of livestock can compromise the biotope through physicochemical mechanisms, altering water quality (increasing eutrophication through manure), sediments (reducing organic matter content), and vegetation cover (resulting in biomass loss due to defoliation, deposition of solid and liquid excrements, and trampling) [110].



The estimation of the eco-floristic boundaries of these ponds considers them to be “interpretation subunits” or segments of territory of physicochemical, biological, and heritage interest. These interpretation subunits are grouped in a particular manner with a confidence level of 95%, implying selective affinities among the ecosystem elements, grouping them into territorial as well as semiotic units. The four ponds in which PCA_END values are higher display a certain level of species overlap with many others, except for BTH, which exhibits strong and very strong boundaries with many of them, making it of particular interest for conservation efforts. These bordering endemics of BTH correspond less to areas of specialized hyperendemism than to extensive biogeographical zones where endemic species are locally not uncommon and may even be abundant [1].



Our study highlights the widely overlooked floristic diversity of temporary ponds in northeastern Algeria, considering the biogeographic context and various environmental factors influencing location diversity. Future research should explore additional physicochemical parameters influencing the eco-floristic boundaries of identified ponds, thereby providing valuable insights into the underlying mechanisms of biodiversity. Special attention should be given to the conservation implications associated with the identified strong boundaries, evaluating their potential impact on broader strategies for preserving temporary ponds in the region. The absence of the regular monitoring and management of human practices poses a significant threat, potentially leading to structural disruptions and the destruction of these ecosystems in the short or medium term. To address this, conservation measures tailored to the natural heritage of priority areas like MTG, TRC, BTH and GZE are essential for a high-altitude water body, with a forestry or pre-forestry vocation [111]. A systematic assessment of the ecology of these habitats is crucial for effective conservation planning. The dataset reflects the still wild and fragile state of the studied area, necessitating the implementation of socio-economic initiatives to sustain it. Given the deep ecological significance and intrinsic vulnerability of biotic communities in the region, the alarming situation and rapid decline of wetland ecosystems in northeastern Algeria, as demonstrated by this study, urgently demand the implementation of appropriate conservation measures and the informed management of anthropogenic activities [16,19,21]. Over the past two decades, it could have been feasible to facilitate the implementation of such preservation strategies, notably by designating numerous habitats as Key Biodiversity Areas (KBAs) for plants in the Mediterranean region [112] or incorporating them into the scope of Ramsar sites [98]. Additionally, considering the conservation of these areas against climate change and human pressures is crucial, further emphasizing the need for proactive measures to ensure their long-term preservation.





5. Conclusions


Amidst the pressing challenges of climate change, an in-depth study of the ecology of temporary ponds in northeastern Algeria highlights exceptional floristic biodiversity, encompassing 317 species distributed across 204 genera and 64 botanical families. However, this diversity, including endemic and protected species, is under threat from factors such as overgrazing, agropastoral activities and pollution linked to human pressure, elements that could impact floral composition in the short and medium term.



It is demonstrated how the Taxonomic Distinctiveness (TD) and Priority Conservation Areas based on Endemism (PCA_END) Indices, may be employed as powerful tools for identifying conservation-important zones based on their plant components.



The analysis of eco-floristic boundaries and the selection of priority conservation areas underscore the critical need to pay special attention to the MTG, TRC, BTH and GZE zones. Furthermore, factors such as fires, pH and precipitation have been identified as having a positive impact on biodiversity, offering crucial avenues for preserving this exceptional natural heritage and enhancing environmental health.



Therefore, it is imperative to implement targeted conservation measures and actively raise awareness among public authorities about the crucial importance of protecting these fragile ecosystems.
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Figure 1. Geographical location of the study area and sites. 
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Figure 2. Taxa abundance per chorological group at each site. MTG: El-Matlegue; BTH: El-Batha; TAR: Taoura; BRG: Burgas Lake; GZE: Guelta Zarga Effesus; GZN: Guelta Zarga Nigricans; TRN: Taya Ranuncule; TRC: Taya Rockery; MJN: Madjen Belahriti. 
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Figure 3. PCA_END values. MTG: El-Matlegue; BTH: El-Batha; TAR: Taoura; BRG: Burgas Lake; GZE: Guelta Zarga Effesus; GZN: Guelta Zarga Nigricans; TRN: Taya Ranuncule; TRC: Taya Rockery; MJN: Madjen Belahriti. 
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Figure 4. The potential distribution of the values of the PCA, END and TD ranges. 
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Figure 5. Identification of ecofloristic border types for each pair of temporary wetlands. 
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Table 1. Geographical characteristics of the study area and sites.
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	Code
	Site
	GPS Coordinates
	Biogeographical Sector [13]
	Altitude (m)
	Surface Area (m2)





	MTG
	El-Matlegue
	36°23′34″ N; 7°53′42″ E
	K3
	947
	76



	BTH
	El-Batha
	36°25′24″ N; 8°14′39″ E
	K3
	835
	3543



	TAR
	Taoura
	36°09′13″ N; 7°59′28″ E
	H2
	855
	6352



	BRG
	Burgas Lake
	36°09′10″ N; 7°58′59″ E
	H2
	835
	2162



	GZE
	Guelta Zarga Effesus
	36°17′35″ N; 7°38′42″ E
	C1
	725
	955



	GZN
	Guelta Zarga Nigricans
	36°17′34″ N; 7°38′37″ E
	C1
	743
	1500



	TRN
	Taya Ranuncule
	36°30′55″ N; 7°05′37″ E
	C1
	940
	386



	TRC
	Taya Rockery
	36°30′32″ N; 7°05′32″ E
	C1
	1082
	180



	MJN
	Madjen Belahriti
	36°26′09″ N; 7°05′12″ E
	C1
	501
	5155







K3 (Numidia subsector), C1 (Constantina sector) and H2 (Constantina Highlands sub-sector).













 





Table 2. Physico-chemical soil parameters definitions.
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	Soil Parameters
	Abbreviation
	Unit
	Definition





	Moisture
	H
	%
	The amount of water in the soil that plants need for development, often correlated with air humidity. Lower soil moisture is usually associated with dry winds [38].



	Organic matter
	OM
	%
	We can also name it organic carbon (OC). The mixture of animal and/or plant remains in various stages of decomposition defines soil organic matter (SOM), and its percentage of organic carbon directly affects its physicochemical qualities [39].



	Porosity
	P
	%
	Depending on the soil’s moisture levels, air or water fills most of its spaces. Together, they represent porosity, a characteristic quantifying the volume of soil gaps in proportion to the total volume [40].



	Total limestone
	TL
	%
	Limestone, primarily constituted of calcium carbonate crystallizing in the form of rhombohedral-symmetric calcite [41], provides the calcium that enables the soil to hold nutrient reserves [42].



	Electrical conductivity
	EC
	mS/cm
	Determined by the concentration of ions and all soluble salts present [43].



	Hydrogen potential
	pH
	
	Affects the availability of most nutrients. It shows the soil’s acidity through the concentration of H+ ions [44].










 





Table 3. Physico-chemical water parameter definitions.
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	Water Parameters
	Abbreviation
	Unit
	Definition





	Hydrogen potential
	pH
	
	Affected by various natural factors, such as rock type, soil structure, and human activity [45].



	Oxidation-reduction potential
	ORP
	Mv
	Reflected in the redox potential of water, which establishes the ability of a chemical species to gain or lose electrons. It helps to improve the understanding of aquatic chemistry and to estimate the equilibrium behavior of chemical species [46].



	Dissolved oxygen
	DO
	mg/L
	Measures the naturally dispersed oxygen in water. Its values should be above 4 mg/L to ensure a healthy aquatic environment and support the activity of microorganisms [47].



	Electrical conductivity
	EC
	µS/cm
	Measures the ease with which water can transport an electric current, therefore; it is a crucial factor in stagnant water dynamics. It increases with the concentration of ionized minerals [48]



	Resistivity
	ρ
	MΩ·cm
	A measure in which electric charges in particles within a medium move under the influence of a potential difference, so is, sometimes, preferred to a conductivity value in low-conductivity measurements, such as ultrapure water [49].



	Total dissolved solids
	TDS
	mg/L
	Naturally occurring pollutants that affect the color, total alkalinity and water conductivity in aquatic ecosystems which could be harmful with higher values [50].



	Salinity
	S
	PSU
	Represents the weight and content of dissolved salts in the water and is the ideal indicator of freshwater and saltwater mixtures, all of them using a professional multiparameter device, the HANNA HI9829



	Temperature
	T
	°C
	Affected by various natural factors, such as rock type, soil structure and human activity [45].



	Turbidity
	T
	NTU
	According to Gaid (2022) [51], it is linked to the concentration of suspended solids. It is a characteristic that fluctuates depending on colloidal substances (clays, rock fragments, bacteria, etc.) or humic acids (plant degradation). Significant water turbidity reduces transparency, subsequently decreasing the amount of solar energy that can enter the water and be utilized for photosynthesis by aquatic life. It was measured using an AQUA LYTIC AL450T-IR turbidimeter.










 





Table 4. Environmental characteristics measured.
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	Characteristic
	Abbreviation
	Scale and Ranks





	Temporality and facies
	Tmp and facs
	st = temporary stagnation (1), sp = permanent stagnation (2), cp = permanent current (3), ct = temporary current (4).



	Perimeter (m)
	Per (m)
	1 = <100, 2 = 100–200, 3 = 201–300, 4 = 301–500, 5 = >500



	Surface area (m2)
	Sur (m2)
	1 = <300, 2 = 300–700, 3 = 701–1500, 4 = 1501–2000, 5 = >2000



	Altitude (m)
	Alti (m)
	1 = <300, 2 = 300–600, 3 = 601–800, 4 = 801–1000, 5 = >1000



	Slope
	Slo
	1: none, 2: <15%, 3:15–30%, 4: >30%



	Depth (cm)
	Dep (cm)
	1 = < 25, 2 = 25–50, 3 = 51–75, 4 = 76–100, 5 = >100



	Exposure
	Expo
	1 = North, 2 = South, 3 = West, 4 = North-east, 5 = North-west, 6 = South-east



	Woody and herbaceous species cover rate
	Wspr
	1 = <5%, 2 = 5–10%, 3 = 10–25%, 4 = 25–50%, 5 = 50–100%



	Grazing, fire and agricultural activity
	Gra, Fire and Agr
	1 = absent, 2 = minimal activity, 3 = slight activity, 4 = medium activity, 5 = very significant activity










 





Table 5. Physico-chemical soil parameters.
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	Site
	H (%)
	OM (%)
	P (%)
	TC (%)
	TL (%)
	EC (mS/cm)
	pH





	MTG
	2.234
	10.175
	24.69
	0.738
	22.075
	0.1
	6.3



	BTH
	2.881
	13.284
	23.58
	0.924
	22.118
	0.1
	6.72



	TAR
	4.786
	13.908
	24.91
	3.567
	24.783
	0.8
	7.53



	BRG
	4.91
	13.334
	26.27
	3.444
	24.55
	1.15
	7.48



	GZE
	4.314
	8.423
	26.36
	7.749
	24.95
	0.4
	7.51



	GZN
	6.13
	7.223
	28.83
	0.615
	24.775
	0.3
	7.66



	TRN
	3.81
	8.209
	29.6
	1.107
	20.875
	0.1
	6.54



	TRC
	4.556
	16.439
	28.23
	5.412
	21.275
	0.3
	6.75



	MJN
	7.568
	10.516
	28.11
	3.321
	0
	2.6
	7.35







H (%): Moisture; OM (%): Organic matter; P (%): Porosity; TC (%): Total carbon; TL (%): Total limestone; EC (mS/cm): Electrical conductivity.













 





Table 6. Physico-chemical water parameters.
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	Site
	pH
	ORP (mV)
	DO (mg/L)
	EC (µS/cm)
	ρ (MΩ·cm)
	TDS (mg/L)
	S (PSU)
	T (°C)
	T (NTU)





	MTG
	7.17
	210.3
	1.58
	124
	0.0081
	62
	0.06
	20.01
	11.6



	BTH
	7.2
	248
	1.44
	147
	0.0041
	71
	0.11
	14.19
	10.27



	TAR
	7.58
	308.4
	1.55
	529.67
	0.002
	264.33
	0.26
	22.97
	19.26



	BRG
	7.79
	157.5
	2.09
	490.5
	0.002
	245
	0.24
	23.03
	64.2



	GZE
	7.71
	110.5
	4.54
	1325
	0.0008
	662
	0.67
	15.76
	2.38



	GZN
	7.74
	118.6
	4.72
	988
	0.001
	494
	0.49
	15.28
	146



	TRN
	7.6
	86.6
	4.28
	418
	0.0024
	209
	0.2
	14.86
	5.07



	TRC
	7.43
	108.6
	4.77
	215
	0.0047
	108
	0.1
	12.38
	68.1



	MJN
	10.18
	30.3
	4.56
	4197
	0.0002
	2099
	2.25
	17.81
	5.31







ORP (mV): Oxidizing or reducing qualities of an aquatic environment; DO (mg/L): Dissolved oxygen; EC (µS/cm): Electrical conductivity; ρ (MΩ·cm): Resistivity; TDS (mg/L): Total dissolved solids; S (PSU): Salinity; T (°C): Temperature; T (NTU): Turbidity.













 





Table 7. Quantitative values of other environmental variables.
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	Site
	Temp and Facs
	Per
	Sur
	Alti
	Slop
	Dpth
	Exp
	Wspr
	Graz
	Agr
	Fir





	MTG
	1
	1
	1
	4
	2
	3
	1
	5
	3
	1
	3



	BTH
	2
	3
	5
	4
	1
	1
	4
	4
	5
	2
	2



	TAR
	3
	3
	5
	4
	2
	3
	2
	5
	5
	1
	2



	BRG
	2
	4
	5
	4
	2
	4
	2
	5
	5
	2
	2



	GZE
	1
	2
	3
	3
	3
	1
	6
	4
	3
	1
	2



	GZN
	1
	2
	3
	3
	1
	3
	6
	4
	4
	2
	2



	TRN
	1
	1
	2
	4
	4
	3
	5
	3
	4
	1
	2



	TRC
	3
	1
	1
	5
	4
	3
	5
	4
	3
	4
	2



	MJN
	2
	3
	5
	2
	2
	5
	3
	4
	5
	4
	2







Temporality and facies: Temp & facs; Perimetre: Per; Surface area: Sur; Altitude: Alti; Slope: Slop; Depth: Dpth; Geographical Exposure: Exp; Woody and herbaceous species cover rate: Wspr; Grazing, Fires & Agricultural activity: Graz, Fir & Agra. MTG: El-Matlegue; BTH: El-Batha; TAR: Taoura; BRG: Burgas Lake; GZE: Guelta Zarga Effesus; GZN: Guelta Zarga Nigricans; TRN: Taya Ranuncule; TRC: Taya Rockery; MJN: Madjen Belahriti.













 





Table 8. Taxa abundance per chorological group at each site.
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	Chorological Types
	MTG
	BTH
	TAR
	BRG
	GZE
	GZN
	TRN
	TRC
	MJN





	Mediterranean
	96
	46
	69
	60
	88
	43
	23
	79
	34



	Widespread distribution
	10
	7
	16
	16
	13
	8
	9
	11
	10



	Holarctic
	19
	11
	19
	13
	17
	7
	7
	15
	9



	Introduced species
	3
	3
	2
	0
	1
	0
	0
	0
	1



	Endemic
	7
	10
	4
	4
	5
	2
	2
	12
	2










 





Table 9. Shannon Index.
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	Site
	MTG
	GZE
	TRC
	TAR
	BRG
	BTH
	GZN
	MJN
	TRN





	Shannon_H (S = ACE)
	38.65
	35.82
	34.53
	32.2
	27.78
	23.59
	19.09
	18.02
	13.96










 





Table 10. Correlations between the Shannon Index and Physico-chemical soil parameters.
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	H (%)
	OM (%)
	P (%)
	C (%)
	CL (%)
	CE (mS/cm)
	pH





	Correl Shannon_H
	−0.45794
	0.40123
	−0.55393
	0.49178
	0.16373
	−0.27482
	−0.10743










 





Table 11. Correlations between the Shannon Index and Physico-chemical water parameters.
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	PH
	ORP (mV)
	OD (mg/L)
	CE (µS/cm)
	ρ (MΩ·m)
	TDS (mg/L)
	S (PSU)
	T (°C)
	T (NTU)





	Correl Shannon_H
	−0.44011
	0.43611
	−0.33878
	−0.37657
	0.52755
	−0.37636
	−0.37926
	0.25246
	−0.14978










 





Table 12. Taxonomic Distinctness Index values (including upper and lower limits).
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	BRG
	GZE
	TRC
	GZN
	MTG
	TAR
	MJN
	TRN
	BTH





	Upper limit
	4.965
	4.956
	4.945
	4.997
	4.952
	4.955
	5.015
	5.053
	4.983



	Distinctness
	4.645
	4.748
	4.757
	4.802
	4.837
	4.866
	4.899
	4.955
	5.082



	Lower limit
	4.671
	4.708
	4.69
	4.625
	4.704
	4.685
	4.609
	4.57
	4.642










 





Table 13. Correlations between TD index and environmental variables. [Fir: Fires, Slop: Slope, Exp: Geographical Exposure, Alt: Altitude, Agra: Agricultural activity, per: Perimeter, Temp & facs: Temporality and facies, Sur: Surface, Wspr: Woody and herbaceous species cover rate, Dpth: Depth, Graz: Grazing].
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	Fir
	Exp
	Alti
	Agra
	Per
	Temp & Facs
	Sur
	Wspr
	Slop
	Dpth
	Graz





	Correl DT index
	−0.5822
	0.4278
	−0.4310
	−0.7474
	0.0045
	0.2315
	0.0839
	−0.5108
	0.3505
	0.4927
	−0.1144



	p value
	0.0999
	0.2506
	0.2467
	0.0206
	0.9907
	0.5489
	0.83
	0.1599
	0.3551
	0.1778
	0.7694










 





Table 14. Ecological and Floristic Variables-Based Similarity Index Matrix.






Table 14. Ecological and Floristic Variables-Based Similarity Index Matrix.





	Florist
	MTG
	BTH
	TAR
	BRG
	GZE
	GZN
	TRN
	TRC
	MJN





	MTG
	1
	0.38679245
	0.48979592
	0.35087719
	0.49420849
	0.35897436
	0.30681818
	0.43307087
	0.28272251



	BTH
	0.38679245
	1
	0.29946524
	0.16470588
	0.20895522
	0.18978102
	0.18644068
	0.20408163
	0.15037594



	TAR
	0.48979592
	0.29946524
	1
	0.44334975
	0.47863248
	0.41176471
	0.33112583
	0.4628821
	0.37349398



	BRG
	0.35087719
	0.16470588
	0.44334975
	1
	0.50691244
	0.35294118
	0.37313433
	0.46226415
	0.51006711



	GZE
	0.49420849
	0.20895522
	0.47863248
	0.50691244
	1
	0.41304348
	0.36363636
	0.41975309
	0.41111111



	GZN
	0.35897436
	0.18978102
	0.41176471
	0.35294118
	0.41304348
	1
	0.41584158
	0.40223464
	0.37931034



	TRN
	0.30681818
	0.18644068
	0.33112583
	0.37313433
	0.36363636
	0.41584158
	1
	0.4
	0.43298969



	TRC
	0.43307087
	0.20408163
	0.4628821
	0.46226415
	0.41975309
	0.40223464
	0.4
	1
	0.4



	MJN
	0.28272251
	0.15037594
	0.37349398
	0.51006711
	0.41111111
	0.37931034
	0.43298969
	0.4
	1



	Ecolog
	MTG
	BTH
	TAR
	BRG
	GZE
	GZN
	TRN
	TRC
	MJN



	MTG
	1
	0.87485649
	0.88617289
	0.85939661
	0.84237389
	0.82990935
	0.86783652
	0.8466044
	0.74205644



	BTH
	0.87485649
	1
	0.91690337
	0.90788013
	0.85456294
	0.85513673
	0.86054515
	0.848
	0.79972772



	TAR
	0.88617289
	0.91690337
	1
	0.95751396
	0.87023449
	0.86066447
	0.86477987
	0.85072167
	0.8230553



	BRG
	0.85939661
	0.90788013
	0.95751396
	1
	0.86013635
	0.8699316
	0.85511029
	0.85645933
	0.84884628



	GZE
	0.84237389
	0.85456294
	0.87023449
	0.86013635
	1
	0.91629956
	0.9022948
	0.87613543
	0.81573479



	GZN
	0.82990935
	0.85513673
	0.86066447
	0.8699316
	0.91629956
	1
	0.90948068
	0.87511478
	0.82068933



	TRN
	0.86783652
	0.86054515
	0.86477987
	0.85511029
	0.9022948
	0.90948068
	1
	0.91221595
	0.78929205



	TRC
	0.8466044
	0.848
	0.85072167
	0.85645933
	0.87613543
	0.87511478
	0.91221595
	1
	0.78720497



	MJN
	0.74205644
	0.79972772
	0.8230553
	0.84884628
	0.81573479
	0.82068933
	0.78929205
	0.78720497
	1










 





Table 15. Scenarios based on the Strength/Weakness of Ecofloristic Borders.






Table 15. Scenarios based on the Strength/Weakness of Ecofloristic Borders.












	
	VSBF
	SBF
	WBF
	VWBF





	VWBE
	
	
	
	MTG-TAR



	WBE
	
	MTG-TRN/BRG-GZN
	MTG-BTH/GZN-TRC/GZE TRC
	TAR-GZE



	SBE
	BTH-TRN/BTH-GZN/BTH-GZE
	TAR-TRN/MTG-BRG/BRG-TRN
	TAR-GZN
	BRG-TRC/BRG-GZE



	VSBE
	BTH-TRC
	
	
	TAR-TRC/BRG-MJN
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