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Abstract

:

Sclerophyllous scrub formations, the main vegetation type in many islands of the Aegean area, provide many goods and services to humans, such as biodiversity, soil protection, and forage for livestock and wildlife. Dominant shrub species of sclerophyllous formations are well adapted to dry season conditions due to various anatomical and physiological mechanisms. As a result, their biomass acts as very flammable, fine fuel, and consequently, wildfires are very common in these ecosystems. Wildfire effects on vegetation and biodiversity in the Mediterranean basin have been studied, and the results are diverse, depending mainly on the vegetation type and frequency of fires. Additionally, post-fire vegetation establishment and structure are critical factors for the implementation of grazing management. The aim of this study was to evaluate the effects of wildfire on species composition, floristic diversity, forage quality, and rangeland health indices related to ecosystem stability and function in three thermo-Mediterranean vegetation types: (1) Sarcopoterium spinosum low formations, (2) low formations of Cistus creticus, and (3) low formations of Cistus creticus in abandoned terraces. The research was conducted on the Oinousses islet, which is located northeast of Chios Island, in May 2013 (one year after the fire). Vegetation sampling was performed along five transects placed in recently burned and adjacent unburned sites of each vegetation type. The plant cover was measured, while the floristic composition, diversity, evenness, and dominance indices were determined for the vegetation data. Additionally, the forage quality was determined in terms of crude protein (CP) and fiber content. The vegetation cover was significantly lower, and the floristic diversity was significantly higher in burned areas in comparison to those in the unburned areas. Woody species, followed by grasses and forbs, dominated in both the burned and unburned areas. However, the percentage of woody species was significantly decreased in the burned areas of Sarcopoterium spinosum and Cistus creticus low formations. On the other hand, the percentage of grasses, forbs, and legumes increased in all cases except in Cistus creticus terraces. The lowest value of the Jaccard Index of similarity between the burned and unburned sites (beta diversity) was observed for Cistus creticus, indicating the effect of fire on the species composition of this vegetation type. The forage quality was found to be improved in all the burned areas, especially in those dominated by Cistus creticus. Finally, fire has a positive impact on the ecosystem’s functions, mainly for Sarcopoterium spinosum low formations.
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1. Introduction


Sclerophyllous low scrub formations are common habitats at low and middle altitudes in the eastern Mediterranean and Anatolian areas. They are sub-habitats of the F7.3 European Red List of Habitats [1]. They usually occupy dry sites with shallow limestone (calcareous) soils. According to the EU’s description of the habitats, they are located in the coastal thermo-, meso-, and supra-Mediterranean zones of the Aegean islands, in mainland Greece and the Ionian islands, and in coastal Anatolia and Crete (up to 1200 m a.s.l.) [2]. These habitats, which are also referred to as ‘phrygana’ in Greece and garrigue in other countries [3], are traditionally used for grazing by livestock. They consist mainly of low, thorny, dimorphic shrub species [4]. The aforementioned species have developed an adaptation mechanism to dry thermal conditions in the Mediterranean basin by replacing winter leaves with much smaller summer ones in order to conserve water [5,6]. The most characteristic dominated species are Sarcopoterium spinosum, Cistus creticus, C. salviifolius, Erica manipuliflora, Genista acanthoclada, Phlomis fruticosa, Corydothymu scapitatus, and Euphorbia acanthothamnus [7].



Sclerophyllous scrub formations are very diverse ecosystems. They comprise some of the most species-rich plant communities in the Mediterranean basin and provide many goods and services to humans. Regarding regulating and supporting services [8], they contribute to the regulation of soil quality and protection, carbon sequestration, and provide a habitat for wildlife. Concerning provision services, they provide medicinal and aromatic plants, chemical extracts, and food as the majority of dominated scrubs and many of the understory herbs have medicinal and aromatic properties, e.g., honey from wild herbs, as well as forage for livestock and wildlife [9].



These ecosystems in the Aegean islands have been traditionally used for grazing by livestock. Despite the fact that the main use of these ecosystems is grazing, the dominated phryganic species are unpalatable and/or less desirable for grazing. This means that the main source of forage is the herbaceous species under or among the shrubs. Thus, an increase in the density of the phryganic species will result in a decrease in the availability and quality of the forage. In addition to the reduction of forage availability, this thickening would also result in a decrease in species richness and floristic diversity. Shepherds in these areas know this and use fire as a tool to increase the forage quantity and quality [7]. Additionally, they are among the major fire-prone biomes in the world [10]. Fire in this biome is an essential ecological process and beneficial for the ecosystem’s function [11]. In this respect, grazing and fire are key factors that have interacted with and shaped the structure and function of plant communities in the phryganic ecosystems in the Aegean islands.



However, grazing has drastically decreased in the past few decades in these areas, mainly due to changes in land uses and the increase in tourism. This has led to changes in landscapes and the environment, changes in vegetation composition and structure, decreases in forage quantity and quality, increases in woody vegetation, and the loss of biodiversity, endangering the provision of key ecosystem services [12,13]. Furthermore, the increase in woody vegetation may contribute to an increase in the risk and/or the frequency of wildfires. Fire-prone biomes have a characteristic historical range of variability in frequency, severity, and patchiness of fires [14]. Any change in this historical range due to human intervention can alter the ecosystem’s response to fire [15].



The effect of fire on ecosystem services has been studied mainly in forest ecosystems and for services related to soil stability and fertility [15]. The general view is that fire is a natural disaster and has a negative effect on ecosystem services. On the other hand, these ecosystems can remain stable under grazing and burning [16]. Particularly for post-fire grazing management, the question that arises is: when can it be applied to burned areas? The implementation of grazing management in burned areas directly depends on the establishment and structure of post-fire vegetation. Livestock grazing in burned areas before vegetation is well established could lead to ecosystem degradation. On the other hand, the thickening of vegetation before livestock grazing could make the ecosystem vulnerable to a new fire. However, research about the effect of fire on ecosystems adapted to fire, such as the sclerophyllous low scrub formations, is limited. The sclerophyllous low scrub formation of Aegean islands is assessed at the Least Concern status [2] based on Indicators of quality of the European Red List of Habitats [1]. This is mainly because of the extensive distribution of this habitat in the Eastern Mediterranean, which has not decreased in recent years. However, these ecosystems are highly affected by human activities such as grazing, fire, and cultivation abandonment. Therefore, further research focusing on the quality characteristics of these ecosystems is needed in order to detect the role of human activities in plant communities and how they affect the provision of their services. In this respect, the aim of the present study was to detect the effects of wildfire on species composition, floristic diversity, forage quality, and rangeland health indices related to ecosystem stability and function in three thermo-Mediterranean vegetation types (1) low formations of Sarcopoterium spinosum, (2) low formations of Cistus creticus and (3) low formations of Cistus creticus in abandoned terraces. This information could be a tool for managers to implement grazing plans in the burned areas of these ecosystems.




2. Materials and Methods


2.1. The Study Area


The study was conducted in Oinousses islet (38°20′00′′ N, 26°08′00′′ E, 80 m a.s.l.), which is in the Eastern Aegean Sea in May 2013. The islet is located in the sea channel between the NE coast of Chios Island (Greece) and the western coast of Anatolia (Turkey) (Figure 1). Oinousses islet covers an area of 14 km2 and belongs to the NATURA 2000 network. The mean annual temperature is 10.2 °C, and the mean annual precipitation is 556 mm. The climate is classified as Mediterranean, with mild winters and dry, very hot summers, and as Csa, according to the bioclimatogram of Emberger and the Köppen–Geiger classification, respectively [17]. The most important economic activities in the area are livestock production, agriculture, and fishing. Rangelands cover 90.8% of the area, dominated by sclerophyllous scrub vegetation. These semi-natural formations, mainly of garigue–phrygana, have also occupied the abandoned agricultural terraces. The rangelands of Oinousses islet are public and communally grazed by small ruminants, mainly goats with approximately 1000 heads, throughout the year.



A wildfire in the summer of 2012 burned a huge part of the northwestern part of the islet. Three thermo-Mediterranean vegetation types were identified in the burned and the unburned part of the islet: (1) low formations of Sarcopoterium spinosum (S. spinosum), (2) low formations of Cistus creticus (C. creticus), and (3) low formations of C. creticus in abandoned terraces. In each vegetation type, recently burned and adjacent unburned representative sites were selected in the spring of 2013, one year after the wildfire (Figure 2).




2.2. Vegetation Data Collection and Analysis


Due to the homogeneity of the habitats, five experimental transects of 20 m each were established along the contour lines at each site, at a distance of at least 100 m between them. The plant cover was measured at the end of the growing season 2013 in each transect according to the line-and-point method, which is widely used in rangeland studies [18]. Transect lines are placed in a way that every point has a similar elevation. Transects were set up in vegetation, and 100 recordings (per 20 cm) were conducted per transect. A total of 3000 points were recorded. The total number of live plant species hits was the plant cover. The vegetation sampling was conducted at the peak of the flowering season, i.e., May, in order to ensure the presence of a high range of the plant community life forms. The nomenclature of the recorded plant taxa follows Strid and Tan [19,20] and Tutin et al. [21,22,23,24,25]. The floristic composition was calculated from plant cover measurements and classified into four functional plant groups: grasses, legumes, forbs, and woody. Legumes were presented separately from forbs because of their nutritional importance for small ruminants [26]. Floristic diversity, evenness, and dominance were determined for each transect [27] by the number of species, the Shannon–Wiener diversity index (H′), the Simpson diversity index (D), the Buzas and Gibson evenness (E) and the Berger–Parker dominance index (d) [28,29,30].



Additionally, the Jaccard index was estimated by the following formula: Cj = j/(a + b − j), where: j = the number of species common to both sites, a = the number of species in site A, and b = the number of species in site B. All the diversity indices were calculated using PAST vol. 4 [31].




2.3. Development of Indices of Landscape Stability, Composition, and Function


Three ecosystem variables, including landscape composition, landscape function, and landscape stability, were utilized to develop indices of rangeland health based on empirical data collected at the same time next to the five experimental transects from each vegetation type [32,33,34,35].



Six attributes were used to calculate these indices (Table 1). The possible range of each attribute was divided into 5 or 6 ecologically meaningful classes, and each class was then assigned a value according to its perceived effect on composition, function, or stability. The percentage of plant cover, which is a crucial component of composition and stability, was divided into five classes, thus: 0–10%—1, 10–25%—2, 25–50%—3, 50–75%—4, and >75%—5. Accordingly, a site with 65% plant cover would receive a value of 4. For ‘landscape function’, herbage production was divided into five classes, thus: 0–700 kg ha−1—1, 701–1400 kg ha−1—2, 1401–2100 kg ha−1—3, 2101–2800 kg ha−1—4, and >2801 kg ha−1—5, while soil erosion was also divided into five classes: very severe—1, severe—2, moderate—3, slight—4, and insignificant—5. Data on woody species and legumes were used as inputs for the composition and function indices such that a higher score indicated a greater cover of woody and legumes. Data on species richness were also used as inputs for the composition and function indices. ‘Species richness’ was divided into five classes: 1–5 species—1, 6–10 species—2, 11–15 species—3, 16–20 species—4, and >21 species—5. The total score was calculated by adding the score of each attribute.




2.4. Forage Nutritive Value


Forage production was collected by clipping two 0.5 m × 0.5 m squares at 5 and 15 m points of each transect (i.e., 10 squares per treatment) in every burned and unburned plot, at 1 cm above ground, at the end of the growing season during the experimental period. Only annual twigs and leaves of woody species were included. Forage production in the unburned areas was separated into herbage and woody production. These samples were oven-dried at 60 °C for 48 h and weighed [36]. All the herbaceous samples from each vegetation type were ground through a 1-mm screen and analyzed for neutral detergent fiber (NDF) and acid detergent fiber (ADF) with the ANKOM fiber220 analyzer (ANKOM Technology Corporation, Fairport, NY, USA). NDF was estimated with the addition of sulfite, and ADF analysis was sequential to NDF analysis. ADF samples were incubated with 70% sulphuric acid for the determination of acid detergent lignin (ADL) [37] and N using the Kjeldahl procedure [38]. CP was then calculated by multiplying the N content by 6.25. All analyses were carried out on duplicate samples, and results were reported on a DM basis.




2.5. Statistical Analysis


A two-way analysis of variance (ANOVA) was performed to examine the influence of the factor vegetation type and the factor treatment (burned vs. unburned) and their interaction on the univariate measures: (1) plant cover, (2) functional group composition, (3) diversity indices, (4) rangeland health indices, and (5) nutritive value parameters. Data sets consisting of percentage values were arcsine-transformed to degrees prior to analysis [39]. The Tukey–Kramer at the 0.05 probability level was used to detect the differences among means [40]. All statistical analyses were performed using the SPSS statistical package v. 27.0 (IBM Corp. in Armonk, NY, USA). An additional PCA analysis was conducted in order to study the patterns of variation in the datasets of floristic composition. The taxa that were presented to all plots in each site, and they had a percentage of more than 5% in species composition, were included. Biplot was constructed based on PCA output in order to visualize the distribution of burned and unburned sites in relation to floristic composition. The PCA analysis was carried out using the package Vegan (v2.5-6) of R.





3. Results


3.1. Plant Cover—Composition—Floristic Diversity


In total, 47 species were recorded in all the studied sites (Supplementary Table S1). The woody species, followed by grasses and forbs, dominated in both burned and unburned areas. The common species in all the studied sites were Avena barbata, Briza maxima, Trifolium campestre, and Vulpia myuros. According to the PCA, the floristic composition clearly distinguished the burned and unburned sites (Figure 3). This was more obvious for C. creticus and S. spinosum burned and unburned sites located on the right and left side of PCA1, respectively. On the other hand, both the burned and unburned sites of C. creticus terraces were located on the left side of PCA1 and close to all the unburned sites (Figure 3). PC1 and PC2 accounted for 31% and 24% of the total variation, respectively.



The highest Jaccard similarity index was recorded between the burned areas of C. creticus and S. spinosum (Table 2). This is indicative that similar species were established in both areas after the fire. Inversely, burned and unburned sites of C. creticus had the lowest similarity indicating that the fire altered the floristic composition of C. creticus low formations (Table 2).



Significant differences between burned and unburned sites were recorded for plant cover, all the functional plant groups, number of species, Evenness, and the Berger–Parker dominance index (Table 3). Additionally, significant differences for plant cover, forbs, woody species, number of species, Shannon, Evenness, and the Berger–Parker dominance index were recorded among the vegetation types. The interaction of burning and vegetation type was significant for the plant cover, all the functional plant groups apart from legumes, the number of species, Evenness, and the Berger–Parker dominance index (Table 3).



The plant cover (across vegetation types) was found significantly decreased in the burned sites in 2013, i.e., one year after the wildfire. Functional group composition was differentiated between sites. Burning reduced the percentage of woody species while it increased the percentages of the other plant functional groups. There was a trend of higher floristic diversity in the burned sites, as the Shannon index and Evenness were significantly higher, while the Berger–Parker dominance index was significantly lower (Table 4).



Plant cover (across burning) was significantly higher in the S. spinosum phrygana. The percentage of forbs was significantly lower, and this of woody species was significantly higher in the low formations of C. creticus compared to those recorded in the other vegetation types (Table 5). Floristic diversity indices (Number of species, Shannon, Evenness) were significantly lower in the terraces with C. creticus. Berger–Parker index of dominance followed the opposite trend.



Plant cover in the unburned sites did not differ among the vegetation types, while in the burned ones, it was found higher in the S. spinosum low formations (Figure 4).



The percentage of grasses was significantly lower in the terraces with C. creticus than the other vegetation types in the burned area, while in the unburned area, it was higher than that recorded in the S. spinosum low formations. Grass percentage increased in the burned areas with low formations of C. creticus and in S. spinosum but burning did not affect their presence in the terraces with C. creticus (Figure 5a). The percentages of forbs were significantly higher only in the burned sites with low formations of Cistus creticus and with S. spinosum. Grass percentage was higher in the burned low formations of C. creticus compared to the other burned vegetation types, while no significant difference was recorded among the unburned vegetation types (Figure 5b). Woody species percentage was not changed with burning in the terraces with C. creticus, while it decreased in the other vegetation types. It was significantly higher in the burned terraces with C. creticus that in the other burned vegetation types (Figure 5c).



The number of species was significantly reduced only in the burned terraces with C. creticus (Figure 6a). No differences in Evenness were detected among the not burned vegetation types, while in the burned ones, Evenness was significantly higher in the low formations of C. creticus. Only in this vegetation type had burning significantly increase this diversity index (Figure 6b). Berger Parker dominance index was significantly higher in the burned terraces with C. creticus followed by low formations of S. spinosum, while no differences were found among the unburned vegetation types. Burning did not affect this index in the terraces with C. creticus (Figure 6c).




3.2. Nutritive Value


Significant differences between the burned and the unburned areas were recorded for NDF, ADF, and ADL content (Table 6). Additionally, significant differences in CP and NDF contents were recorded among the vegetation types. The interaction of burning and vegetation type was significant for CP, NDF, and ADF contents (Table 6).



The NDF and the ADF contents (across vegetation types) were higher in the unburned sites, while ADL content was higher in the burned ones (Table 7). As the interaction of burning and vegetation type was not significant for the ADL, the ADL content was higher in the burned sites compared to the unburned for all the vegetation types. Wildfires did not affect the CP content of the vegetation.



CP content was significantly higher in low formations of C. creticus compared to those recorded in the other vegetation types (Table 8). NDF content recorded in low formations of C. creticus in the abandoned terraces was significantly lower than those found in the other vegetation types. There were no significant differences among the vegetation types for ADF and ADL contents.



The CP content in both burned and unburned sites was significantly higher in the low formations of C. creticus compared to the other vegetation types. The CP content in the unburned low formations of S. spinosum was higher than that recorded in the burned sites, while no significant differences were detected between burned and unburned sites in the other vegetation types (Figure 7a).



The NDF and ADF contents in both the burned sites dominated by C. creticus were lower than those not burned, while the opposite trend was recorded in the S. spinosum, being, however, significant only for the ADF. The NDF and ADF contents in both unburned sites with C. creticus were significantly higher than that of S. spinosum, while in the burned sites, the results were the opposite (Figure 7b,c).




3.3. Landscape Indices


Significant differences among vegetation types were recorded only for the stability index of the landscape, while burning affected all the landscape indices except the total score (Table 9). The interaction of burning and vegetation type was significant for the landscape composition and stability indices (Table 9).



The indices of landscape function and stability were decreased by burning, while the landscape composition index was significantly higher in the burned sites (Table 10).



The landscape stability index was significantly higher in the low formations of S. spinosum compared to the other vegetation types (Table 11).



The landscape composition index in the burned sites was significantly lower in the low formations of C. creticus in the abandoned terraces compared to the other vegetation types. At the same time, in the unburned area, no significant differences were detected among vegetation types. Burning reduced the landscape composition index only in the low formations of S. spinosum (Figure 8a).



The landscape composition index in the burned area was significantly higher in the low formations of S. spinosum compared to the other vegetation types, while in the unburned area, no significant differences were found. The landscape composition index was not affected by burning in the low formations of S. spinosum, but it decreased in the other vegetation types (Figure 8b).





4. Discussion


It is well substantiated that wildfires are a common phenomenon in the Mediterranean rangeland ecosystems, and they alter the structure and dynamics of plant communities [41,42]. Many plant species have adapted to fire using two basic mechanisms: (a) by resprouting from alive plants after the fire and (b) by recruiting from seeds [43,44]. As a result, the vegetation in these ecosystems has the ability to recover a few years after the fire [45].



According to the results of the present study, there were no differences in plant cover among the vegetation types of the unburned sites. On the other hand, fire reduced plant cover in all the vegetation types, though in different degrees. Plant cover in the burned formations of S. spinosum was higher than those recorded in the C. creticus formations and the terraces with C. creticus. According to Kazanis and Arianoutsou [46], plant cover post-fire is affected by the woody species cover. Both woody species are post-fire pioneer plants [47,48]. Cistus species are force seeders [49,50]. C. ladanifer has been reported as a species that dominates in burnt areas [49]. It can recover faster even than resprouted species [51], besides the fact that vegetative resprouting has advantages over seed germination in burned environments [52]. S. spinosum can recover by both resprouting and seed germination [53]. The aggressive regrowth and competitive ability of this species resulted in a higher degree of plant cover in the formations of S. spinosum.



The floristic composition was differentiated in the burned sites in relation to the adjacent unburned ones but to a different degree across the three vegetation types. The pre-fire floristic composition was dominated by woody species (around 70%), followed by grasses, forbs, and legumes in all vegetation types. In the post-fire floristic composition, the abundance of woody species decreased, while the abundance of grasses, forbs, and legumes increased in the low formations of C. creticus and S. spinosum. Inversely, in the terraces of Cistus creticus, there were no differences in the abundance of woody species, grasses, and forbs between burned and unburned sites. This resulted in the highest differentiation in terms of the Jaccard similarity index being recorded between burned and unburned sites of C. creticus formation and the lowest in the terraces of C. creticus.



Fire generally contributes to the decline of woody species [54,55] in rangelands. In many cases, prescribed burning is used as a management tool to limit shrub encroachment in grasslands. The reduction of woody species leads to a limitation of competition, which favors the establishment of other functional groups [56,57]. The recovery of woody species after the fire depends on their regeneration capacity [58]. As mentioned above, the regeneration capacity of both species (C. creticus and S. spinosum) is high and has contributed to their quick recovery. Notably, the percentage of S. spinosum in the composition of the vegetation reached about 50% just one year after the fire. In this respect, Papanastasis [59] reported the full recovery of S. spinosum three years after a fire. Furthermore, it should be noted that the faster recovery of Cistus creticus in the terraces compared to the other sites. The abundance of Cistus creticus in terraces was similar before and after the fire. This can be attributed to the specific micro-environment of terraces (soil, light, temperature) that probably favors the germination of the seeds and the establishment of seedlings [60]. Terraces are common in hilly areas and have been built in order to conserve soil and water as well as to increase the arable fields [61]. Finally, the percentage of legumes increased in post-fire vegetation in all the vegetation types. Actually, the percentage of legumes in burned sites was three times more compared to the unburned ones. Probably, fire contributes to the cracking of their hard-coated seeds and accelerates their germination [54,62].



The floristic diversity was higher in the burned sites compared to the unburned ones. There are many reports about the positive effect of fire on floristic diversity in rangelands [63,64,65]. In particular, for fire-prone ecosystems such as the phryganic, fire has been proposed as a major driver of their diversity [66]. This positive effect mainly contributed to the decrease of the competitive woody species and the increase of the other functional groups.



The CP content did not significantly differ between burned and unburned areas. This finding was unexpected as forage in burned areas has higher crude protein than forage in unburned ones [67]. The absence of a response can be an indication that livestock did not graze in these areas in time to benefit from the initial greening up in the burned locations [68]. Another potential explanation is that the effect of time (after one year) evened out the difference in CP content. According to Thapa [69], in research carried out in grasslands in Nepal, there was no difference in the CP content of the post-fire regrowth forage after four months. Although there was a decrease in fiber content, ADL probably increased due to an increase in legumes in the burned areas. This is due to the possible higher content of condensed tannins, which interfere with ADL [70].



On the other hand, the vegetation type (across fire) had different CP content for the Cistus vegetation types. These variations may have developed because of their different growing environment. Temel and Tan [71] reported similar results for the CP content of C. creticus, although they have estimated lower NDF and ADF content for the same species in comparison to this study. According to Gokkus [72], S. spinosum had lower CP content (5.37%) in spring compared to our result but almost double ADL content (15.98%). Generally, the two dominant species, C. creticus and S. spinosum, are not as preferable with low nutritive value. However, both have been affected by wildfire, which had a positive effect on the nutritive value in terms of fiber and CP content in the C. creticus vegetation type but had an adverse effect on the S. spinosum vegetation type [73].



The landscape function and stability were negatively affected by burning. The increased soil erosion and the reduced plant cover recorded in the burned rangeland sites constitute the main reason for the reduced stability index, mainly in the C. creticus formations and the terraces with C. creticus. Increased risk for soil erosion in burned similar vegetation types has been reported [74]. Although legumes’ percentage increased in the burned sites, the reduced herbage production and the increased soil erosion reduced the function index. In contrast, burning benefited the composition index, especially in the formations of S. spinosum, because of the lower woody species cover and the increased floristic diversity. It has to be noted that formations of S. spinosum were favored by burning more than the other vegetation types as the composition index was increased, while the stability index did not affect one year after the fire.



Sarcopoterium spinosum is an unpalatable species [75] and is not consumed by livestock except early in spring, while Cistus creticus is browsed by goats mainly in autumn [76]. Therefore, prescribed burning has been used to combat dense Sarcopoterium spinosum communities and improve rangeland vegetation [45]. The results of the present study confirm that burning can improve the landscape in this vegetation type, as well as the idea that these ecosystems can remain stable when not dense [16].




5. Conclusions


Fire generally had a positive impact on the services provided by these fire-prone ecosystems of Cistus creticus and Sarcopoterium spinosum. The floristic diversity and species evenness were enhanced, while dominance was reduced after the fire. The exception was the abandoned terraces, in which an aggressive presence of the Cistus creticus was recorded. The forage quality and the landscape function slightly improved in the burned sites, which was more evident in the formations of Sarcopoterium spinosum compared to the other vegetation types. The present research confirms the general assumption that a high density of dominant scrubs affects the stability of these ecosystems. In this regard, the goal of management should be to maintain the post-fire status of dominant shrub abundance. Grazing mainly with goats can contribute in this direction. At the same time, the management should take measures to improve the vegetation in the terraces. Otherwise, the thickening of the scrubs combined with the observed variability of climatic conditions (precipitation, temperature) may increase the frequency of fires. This increase can alter the response of these ecosystems to fire and affect their structure and function as well as the services they provide.
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Figure 1. The study area in the Oinousses islet. 
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Figure 2. (a) Burned and the adjustment unburned area in Cistus creticus low formations; (b) Burned abandoned terraces with Cistus creticus. 
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Figure 3. Biplot of principal component analysis based on the floristic composition in vegetation types (1) Sarcopoterium spinosum (Sarcop), (2) low formations of Cistus creticus (Cistus), and (3) low formations of Cistus creticus in abandoned terraces (CistusT) in burned (Black dot) and adjacent unburned sites (Blue dot). AirEl: Aira elegantissima, AntOd: Anthoxanthum odoratum, AveBa: Avena barbata, BitBi: Bituminaria bituminosa, BriMa: Briza maxima, BroSc: Bromus scoparious, CarPy: Cardus pycnocephalus, CerGl: Cerastium glomeratum, CisCr: Cistus creticus, CisSa: Cistus salviifolius, CreCo: Crepis commutate, DacGl: Dactylis glomerata, EriMa: Erica manipuliflora, FilGa: Filago gallica, GasVe: Gastridium ventricosum, HorMu: Hordeum murinum, LagOv: Lagurus ovatus, LavSt: Lavandula stoechas, LotPe: Lotus peregrinus, OrnCo: Ornithopus compressus, PetDu: Petrorhagia dubia, PisLe: Pistacia lentiscus, PlaLa: Plantago lanceolata, PlaWe: Plantago weldenii, SarSp: Sarcopoterium spinosum, SheAr: Sheradia arvensis, SilGa: Silene gallica, TarS: Taraxacum sp, TriAn: Trifolium angustifolium, TriAr: Trifolium arvensis, TriCa: Trifolium campestre, TriSt: Trifolium stellatum, TubGu: Tuberaria guttata, VicVi: Vicia villosa, VulMy: Vulpia myuros. 
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Figure 4. Effects of burning and vegetation type on the plant cover. Columns followed by the same letter are not significantly different (p > 0.05). 
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Figure 5. (a) Effects of location and year on grasses percentage. Columns followed by the same letter are not significantly different (p > 0.05). (b) Effects of location and year on forbs percentage. Columns followed by the same letter are not significantly different (p > 0.05). (c) Effects of location and year on woody species percentage. Columns followed by the same letter are not significantly different (p > 0.05). 
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Figure 6. (a) Effects of location and year on the number of species. Columns followed by the same letter are not significantly different (p > 0.05). (b) Effects of location and year on evenness of species. Columns followed by the same letter are not significantly different (p > 0.05). (c) Effects of location and year on Berger–Parker dominance index. Columns followed by the same letter are not significantly different (p > 0.05). 
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Figure 7. (a) Effects of burning and vegetation type on the CP content. Columns followed by the same letter are not significantly different (p > 0.05). (b) Effects of burning and vegetation type on the NDF content. Columns followed by the same letter are not significantly different (p > 0.05). (c) Effects of burning and vegetation type on the ADF content. Columns followed by the same letter are not significantly different (p > 0.05). 
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Figure 8. (a) Effects of location and year on landscape composition index. Columns followed by the same letter are not significantly different (p > 0.05). (b) Effects of location and year on landscape stability index. Columns followed by the same letter are not significantly different (p > 0.05). 
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Table 1. Attributes, possible scores, and maximum scores used for calculating indices of landscape composition, function, and stability.
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Attributes

	
Landscape Indices




	
Composition

	
Function

	
Stability






	
Plant cover (%)

	
1–5

	

	
1–5




	
Woody cover (%)

	
1–5

	

	




	
Species richness

	
1–5

	

	




	
Erosion

	

	
1–5

	
1–5




	
Herbage production

	

	
1–5

	




	
Legumes (%)

	

	
0–5

	




	
Range of scores

	
3–15

	
2–15

	
2–10




	
Total score

	
5–30











[image: Table] 





Table 2. Values of Jaccard similarity index between the study areas.
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	CisUn *
	CisTUn *
	SarcoUn *
	CisBur *
	CisTBur *
	SacroBur *





	CisUn
	1
	
	
	
	
	



	CisTUn
	0.368
	1
	
	
	
	



	SarcoUn
	0.309
	0.393
	1
	
	
	



	CisBur
	0.254
	0.339
	0.246
	1
	
	



	CisTBur
	0.271
	0.340
	0.322
	0.308
	1
	



	SarcoBur
	0.292
	0.311
	0.379
	0.473
	0.352
	1







* CisUn: Cistus creticus Unburned, CisBur: Cistus creticus Burned, CisTUn: Cistus creticus Terraces Unburned, CisTBur: Cistus creticus Terraces Burned, SarcoUn: Sarcopoterium spinosum Unburned, SarcoBur: Sarcopoterium spinosum Burned
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Table 3. Statistical significance of F ratios from the analysis of variance for plant cover, functional group composition, and diversity indices.






Table 3. Statistical significance of F ratios from the analysis of variance for plant cover, functional group composition, and diversity indices.











	
	Burning
	Vegetation Type
	B*V





	Plant cover
	*
	*
	*



	Grasses
	*
	NS
	*



	Legumes
	*
	NS
	NS



	Forbs
	*
	*
	*



	Woody
	*
	*
	*



	Number of species
	NS
	*
	*



	Shannon (H)
	*
	*
	NS



	Simpson (D)
	NS
	NS
	NS



	Evenness (e^H/S)
	*
	*
	*



	Berger–Parker
	*
	*
	*







* Significant (F Test at p ≤ 0.05); NS p > 0.05
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Table 4. Effects of burning (across vegetation types) on plant cover, functional group composition, and diversity indices.






Table 4. Effects of burning (across vegetation types) on plant cover, functional group composition, and diversity indices.










	
	Unburned
	Burned





	Plant cover (%)
	90.5 a *
	56.3 b



	Grasses
	16.4 b
	27.5 a



	Legumes
	3.4 b
	9.6 a



	Forbs
	9.3 b
	16.3 a



	Woody
	70.9 a
	46.6 b



	Number of species
	16.0 a
	15.0 a



	Shannon (H)
	1.7 b
	2.0 a



	Simpson (D)
	1.7 a
	1.3 a



	Evenness (e^H/S)
	0.37 b
	0.58 a



	Berger–Parker
	0.53 a
	0.39 b







* Means within each row followed by the same letter are not significantly different (p > 0.05).
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Table 5. Effects of vegetation type (across burning) on plant cover, functional group composition, and diversity indices.






Table 5. Effects of vegetation type (across burning) on plant cover, functional group composition, and diversity indices.











	
	Cistus
	Cistus Terraces
	Sarcopoterium





	Plant cover (%)
	68.1 b *
	68.2 b
	83.9 a



	Grasses
	26.7 a
	18.3 a
	20.8 a



	Legumes
	6.3 a
	9.2 a
	4.0 a



	Forbs
	18.4 a
	9.0 b
	10.9 b



	Woody
	48.6 b
	63.4 a
	64.3 a



	Number of species
	17 a
	13 b
	17 a



	Shannon (H)
	2.1 a
	1.7 b
	1.9 a



	Simpson (D)
	1.4 a
	1.7 a
	1.4 a



	Evenness (e^H/S)
	0.53 a
	0.43 b
	0.43 b



	Berger–Parker
	0.40 b
	0.56 a
	0.44 b







* Means within each row followed by the same letter are not significantly different (p > 0.05).













[image: Table] 





Table 6. Statistical significance of F ratios from the analysis of variance for chemical composition.






Table 6. Statistical significance of F ratios from the analysis of variance for chemical composition.











	
	Burning
	Vegetation Type
	B*V





	CP
	NS
	*
	*



	NDF
	*
	*
	*



	ADF
	*
	NS
	*



	ADL
	*
	NS
	NS







* Significant (F Test at p ≤ 0.05); NS p > 0.05
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Table 7. Effects of burning (across vegetation types) on chemical composition.
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	Unburned
	Burned





	CP
	97.5 a *
	90.7 a



	NDF
	602.9 a
	495.5 b



	ADF
	378.4 a
	349.6 b



	ADL
	69.7 b
	96.2 a







* Means within each row followed by the same letter are not significantly different (p > 0.05).
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Table 8. Effects of vegetation type (across burning) on chemical composition.






Table 8. Effects of vegetation type (across burning) on chemical composition.











	
	Cistus
	Cistus Terraces
	Sarcopoterium





	CP
	106.6 a *
	87.9 b
	83.3 b



	NDF
	560.0 ab
	517.0 b
	570.5 a



	ADF
	362.2 a
	356.8 a
	373.0 a



	ADL
	79.1 a
	81.0 a
	83.0 a







* Means within each row followed by the same letter are not significantly different (p > 0.05).













[image: Table] 





Table 9. Statistical significance of F ratios from the analysis of variance for indices of landscape composition, function, and stability.






Table 9. Statistical significance of F ratios from the analysis of variance for indices of landscape composition, function, and stability.











	
	Burning
	Vegetation Type
	B*V





	Total score
	NS
	NS
	NS



	Composition
	*
	NS
	*



	Function
	*
	NS
	NS



	Stability
	*
	*
	*







* Significant (F Test at p ≤ 0.05); NS p > 0.05
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Table 10. Effects of burning (across vegetation types) on indices of landscape composition, function, and stability.






Table 10. Effects of burning (across vegetation types) on indices of landscape composition, function, and stability.










	
	Unburned
	Burned





	Total score
	18.3 a
	17.3 a



	Composition
	10.0 b
	10.9 a



	Function
	8.3 a
	6.4 b



	Stability
	9.6 a
	7.5 b







Means within each row followed by the same letter are not significantly different (p > 0.05).
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Table 11. Effects of vegetation type (across burning) on the indices of landscape composition, function, and stability.






Table 11. Effects of vegetation type (across burning) on the indices of landscape composition, function, and stability.











	
	Cistus
	Cistus Terraces
	Sarcopoterium





	Total score
	18.5 a *
	17.4 a
	17.6 a



	Composition
	11.0 a
	9.8 a
	10.6 a



	Function
	7.5 a
	7.6 a
	7.0 a



	Stability
	8.2 b
	8.2 b
	9.3 a







* Means within each row followed by the same letter are not significantly different (p > 0.05).
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