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Abstract 53 

 Wood-pastures are grazed systems resulting from a long-term use of natural woodlands by 54 

humans. These social-ecological systems, covering vast areas of Europe and other temperate 55 

regions, have both high biodiversity and economic values, so many are classified as High Nature 56 

Value Farmlands. However, in some regions a loss of spatial heterogeneity threatens this natural 57 

value. We investigated the potential contribution of tiny shrubby patches to increase spatial 58 

heterogeneity and functional diversity in wood-pasture landscapes. Specifically, we compared 59 

functional composition (Community Weighted Means) and functional diversity (Functional 60 

Dispersion and Functional Evenness) of assemblages of plants, beetles and lichens in those patches 61 

(252 to 3000 m2) and in the wood-pasture matrix. We found that shrubby patches and matrix 62 

harbour species assemblages with very distinct functional compositions in all studied taxonomic 63 

groups. Evergreen, woody, broad-leafed and fleshy-fruited are better represented in the patches. In 64 

beetles, the main differences were a greater prevalence of small-sized and fungivore species in the 65 

patches. Shrubby patches also mostly harboured lichens  with fruticose- and foliose-broad growth 66 

forms, a greater humidity preference, and lower eutrophication tolerance. Moreover, the two 67 

indexes used to quantify functional diversity (Functional Dispersion and Functional Evenness) 68 

show that, overall, diversity is greater in patches than in the matrix; in patches Functional 69 

Dispersion is statistically higher for plants, and Evenness is statistically higher for beetles and 70 

lichen. These differences are all consistent with the very distinct ecological conditions in the matrix 71 

and patches. The greater overall functional diversity of shrubby patches, and the major differences 72 

in functional composition between patches and matrix, observed for all taxa, indicate that these 73 

patches greatly enhance the functional diversity of species assemblages in wood-pasture landscapes. 74 

Consequently, preserving and promoting tiny shrubby patches is a potentially valuable low-cost 75 

management tool to increase biodiversity and improve ecosystem functioning in wood-pasture 76 

landscapes.  77 

Keywords: functional diversity; habitat management; montado/dehesa; multi-taxa; native 78 
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vegetation; silvopasture  79 

 80 

1. Introduction 81 

 Wood-pastures are savanna like systems, common across Europe, that have been shaped by 82 

a long-term history of animal grazing and the interaction between various land-use regimes and 83 

natural factors (Hartel and Plieninger, 2014). They are in general used for livestock grazing, 84 

produce various timber (such as cork, firewood, etc.) and non-timber forest products, and have a 85 

high socio-cultural value (Plieninger et al., 2015; Moreno et al., 2017). Despite their anthropogenic 86 

character, wood-pastures often retain many features of their original semi-natural vegetation and 87 

support a rich biodiversity (Bugalho et al., 2011; Bergmeier and Roellig, 2014). As a consequence, 88 

many wood-pastures in Europe are considered High Nature Value Farmlands (HNVF), agricultural 89 

landscapes holding a high biodiversity value, often as a result of a high spatial heterogeneity 90 

(Andersen et al., 2003; Pinto-Correia and Ribeiro, 2012). For example, it has been shown that in a 91 

context of wood-pasture the presence of landscape elements such as lines of riparian vegetation or 92 

small orchards can increase landscape level species diversity in arthropods (Taboada et al., 2006; 93 

Silva et al., 2011), birds (Leal et al., 2011) and mammals (Diaz et al., 1997; Rosalino et al., 2009).  94 

 Despite their socio-cultural and biodiversity value, and economic relevance, wood-pastures 95 

are reportedly declining due to land-use changes driven mostly by intensification or land 96 

abandonment (Bugalho et al., 2009; Godinho et al., 2014). In some regions, traditional land-uses 97 

have been greatly simplified, or even abandoned, due to changes in the market value of products 98 

and rural socio-economic conditions, resulting in human migration to urban areas (Plieninger et al., 99 

2015). In more productive regions, changes in livestock type and increasing animal densities have 100 

been observed, generally in response to changing market incentives, resulting in higher grazing 101 

pressure (Pinto-Correia and Godinho, 2013). Livestock grazing is an important aspect of wood-102 
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pasture dynamics as it usually contributes to maintain the characteristic vegetation structure and 103 

spatial heterogeneity (Moreno and Pulido, 2009). However, most intensively managed wood 104 

pastures end up being dominated by just two vegetation layers, an herb layer and a tree layer of 105 

variable density, because the regeneration of shrubs is repressed mechanically or by intensive 106 

grazing (Sales-Baptista et al., 2015; Listopad et al., 2018). The near or total absence of a shrub layer 107 

results in a simplified habitat structure and reduced spatial heterogeneity, with potential negative 108 

consequences for taxonomic and functional diversity of wood-pastures (Peco et al. 2012; Almeida 109 

et al., 2015). 110 

 Nevertheless, even intensively managed wood-pastures are occasionally dotted with small 111 

patches that are naturally excluded from grazing and mechanical clearing (e.g. rocky outcrops). The 112 

vegetation in these patches consists mostly of native trees, shrubs and herbs that are often 113 

representative of local forest communities before human intervention (Bergmeier et al., 2010). They 114 

contrast with the wood-pasture matrix of open and regularly grazed pastures (henceforth referred to 115 

as “matrix”) in terms of micro-climatic conditions, soil nutrients, shelter availability and food 116 

resources and may thus be an important contribution to the spatial heterogeneity and species 117 

diversity in wood-pastures (Oksuz et al. 2020). However, it remains to be assessed if this increased 118 

spatial heterogeneity contributes to ecosystem function by supporting species belonging to 119 

functional groups that are distinct from those present in the wood-pasture matrix. If the species 120 

added by the presence of patches are functionally redundant with those in the matrix, there will be 121 

no overall change in functional diversity despite the potential increase in species richness, even 122 

though functional redundancy may increase the resilience of the habitat (Mori et al., 2013). 123 

Understanding the functional contribution of small shrubby patches can contribute towards the 124 

development of biodiversity-friendly management solutions that address the adverse effects of land-125 

use intensification and landscape homogenization, without restricting the social and economic 126 

benefits of wood-pastures. Because functional diversity is an important driver of ecosystem services 127 
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and processes (de Bello et al., 2010; Gagic et al., 2015), maintaining or expanding such patches  128 

may promote species-rich and functionally diverse landscapes. However, to our knowledge, the 129 

contribution of shrubby patches to the functional diversity of wood-pastures has not been studied, 130 

so the information currently available across multiple biological groups and at appropriate spatial 131 

scales is too scarce to support management decisions. 132 

 In this study, we address this knowledge-gap using as a case study the Iberian wood-pasture 133 

system generally known as montados or dehesas, which covers vast areas throughout the western 134 

Mediterranean (Pinto-Correia et al., 2011). Their savannah-like structure has a tree layer usually 135 

dominated by cork oaks (Q. suber) and/or holm oaks (Q. rotundifolia). They are typically exploited 136 

for livestock grazing and cork or acorn production and, due to their rich biodiversity, are classified 137 

as High Nature Value Farmland. Like in most other wood-pasture systems, the intensively managed 138 

and grazed areas usually lack a well-developed shrub layer. We aimed to assess the contribution of 139 

shrubby patches to wood-pasture functional diversity by comparing shrubby patches and the wood-140 

pasture matrix using indices of functional composition (Community Weighted Means) and diversity 141 

(Functional Evenness and Functional Dispersion) across multiple taxa. Specifically, we address the 142 

following questions: 1) Are there trait-level differences in functional composition between shrubby 143 

patches and the matrix? And 2) do shrubby patches contribute to the functional diversity of 144 

landscapes dominated by wood-pastures? We explore these questions using three distinct taxonomic 145 

groups - plants, beetles and lichens. These groups were chosen as they potentially respond to 146 

important ecological factors such as direct grazing pressure (plants), vegetation structure (beetles), 147 

and micro-climatic conditions and nutrient availability (lichens). 148 

2. Materials and Methods 149 

2.1 Study Area 150 
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 Our study was done at two wood-pasture areas representative of the typical montado system, 

located in southern Portugal. The region has a Mediterranean climate, with hot and dry summers 

(Agencia Estatal de Meteorología, 2011). Small shrubby patches are common in the study area, 

often associated with rocky outcrops where it is difficult to mechanically clear shrubs. Moreover, 

once the shrub layer in the patches becomes dense, livestock tend to stop grazing in them. They 

usually host an ensemble of cork/holm oaks (Q. suber/Q. rotundifolia), wild olive trees (Olea 

europaea var. sylvestris) and fruiting evergreen shrub species such as evergreen buckthorn 

(Rhamnus alaternus) and elm leaf blackberry (Rubus ulmifolius). Shrubby patches are usually small 

but highly variable in terms of size, shrub density, woody plant richness and composition, and may 

constitute a substantial source of spatial heterogeneity in wood-pasture landscapes. The 

characteristics of each shrubby patch (patch area, proportion of ground covered by exposed rocks 

(on a scale of 0 to 5), height of the understory, height of the trees, and density of vegetation (on a 

scale of 1 to 10) are available in Appendix A. The density of shrubby patches is variable, but they 

covered less than 0.5% of the study areas. 

 Characterization of the plots was conducted during 2012-2013 in a total of twenty-four plots 151 

of which 13 were in shrubby patches (henceforth patches, N = 13) and 11 in the nearby wood-152 

pasture matrix (henceforth matrix, N = 11), at the two wood-pasture areas: Herdade do Freixo do 153 

Meio (FM) (38o 42’N, 8 o 19.1’W) and Barrocal dos Ricos (BR) (38o 46’N, 8 o 15’W) (Fig 1).  The 154 

matrix is mostly grazed by sheep and cattle and is used by free-ranging pigs. The studied wood-155 

pastures (FM and BR) are located about 10 km from each other, and in both areas all sampled plots 156 

are located within a radius of less than 1 km. We sampled all shrubby patches larger than 250 m2 157 

available in both FM and BR. These varied in size from 252 m2 to 3000 m2 (mean: 1226 m2, SD: 158 

793.9). The matrix plots were selected randomly within the same farm block of the sampled 159 

shrubby patches. They were more than 100 m apart, and at least 140 m from the nearest patches. 160 

Tree cover in the matrix was around 30 trees/ha. The initial number of sampled patches and matrix 161 
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plots was substantially larger than the one we used in the analyses, because in some sites pigs and 162 

wild boars destroyed the pitfall traps used to sample beetles.  163 

 164 

 165 

  166 

  167 

  168 

  169 

  170 

  171 

 172 

 173 

 174 

 175 

Fig. 1. Map of the 176 

study areas located in 177 

Montemor-o-Novo county, Portugal. Circles represent shrubby patches and filled squares represent 178 

matrix plots in Barrocal dos Ricos (N=8; 4 patches and 4 matrix plots) and Freixo do Meio (N=16; 179 

9 patches and 7 matrix plots). 180 

 181 

2.2 Plant sampling 182 

 We sampled shrubs, grasses and forbs at both the patches and matrix plots using  100 m2 

(10x10 m) quadrats  between May and July 2013. The cover of each plant species in the quadrat 

was visually estimated by the same observer. In each shrubby patch a quadrat was placed with one 

of the sides along the edge of the patch, but avoiding the transition between the patch and matrix. 

Each matrix quadrat included areas with and without canopy cover. Plant species present in each 

quadrat were identified in the field or in the laboratory, and their abundance was recorded using the 

Braun-Blanquet cover-abundance scale scored from 1 to 5 (Kent and Coker, 1996). For statistical 



 9   

analysis these scores were converted to a percentage scale ranging from 2.5% to 87.5% (1=2.5%, 

2=15%, 3=37.5%, 4=62.5%, 5=87.5%) (Appendix B). 

 To characterize the functional composition of the matrix and shrubby patches we selected 

six functional traits related to distinct vegetation characteristics that potentially reflect the 

differences in grazing pressure between the patches and matrix: woodiness, growth form, leaf shape, 

leaf phenology, fruit type and dispersal strategy traits (Appendices C and D). Trait data for most 

species was extracted from the BROT database (Paula et al., 2009; Tavşanoğlu and Pausas, 2018). 

For species not in this database, we used the TRY (Fitter and Peat, 1994; Castro-Díez et al., 1998; 

Kühn et al., 2004; Kattge et al., 2011) and LEDA (Kleyer et al., 2008) databases and published 

resources (Herrera, 1995; Manzano and Malo, 2006; Lengyel et al., 2009; Guzmán and Vargas, 

2009; Groom and Lamont, 2015; Linder et al., 2017). A description of each plant trait and their 

related trait syndromes is presented in Table 1. 

              183 

Table 1  

Comparison of community weighted mean (CWM) values using Wilcoxon rank sum test between 

the matrix and patches for the traits of plants, beetles and lichens. The values of p and W resulted 

from Wilcoxon rank sum test. The plus (+) and minus (-) signs indicate in which treatment 

(patch/matrix) the significantly different CWM values increase and decrease, respectively 

(Wilcoxon rank sum test; p ≤ 0.05).  

Taxa  Traits      Categories /Unit  p W 

Direction of the 

differences in CWM 

values 

Patch Matrix 

PLANTS                                                                           

Woodiness  
Woody <0.001  0 + - 

Non-woody <0.001  143 - + 

Growth form           
Tree                        <0.001   3 + - 

Shrub                 <0.001     0   + - 
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Herb                   ≤0.005    138      - + 

Graminoid <0.001 141  - + 

Leaf shape  

Broad         <0.001     3 + - 

Linear  <0.001  140   - + 

Leaf phenology 
Evergreen  <0.001     0  + - 

Deciduous 0.01    116 - + 

Fruit type   
Fleshy fruit  <0.001  0 + - 

 Dry fruit   0.45              79   

Dispersal 

strategy    

Autochory              0.69                       79    

Allochory  0.7             141   

BEETLES 

Body size mm  0.02 111 - + 

Feeding guild       

Predator               0.55 77    

Herbivore             0.36  88    

Saprovore            0.94 77      

Fungivore 0.03 28 + - 

Dispersal 

strategy             

Brachypterous      0.22  64     

Dimorphic       0.24  55     

Macropterous  0.07 96    

LICHENS 

Growth form 

Crustose    0.07  37   

Foliose narrow-

lobed         

≤0.005  128        - + 

Foliose broad-

lobed  

0.02 32         + - 

 Fruticose   0.01 17   + - 

Squamulose                                                        0.7                        72    

Photobiont type      

Chloroccocoid                               0.30 42   

Trentepohlia   0.40          94    

Cyanolichen 0.46  76   

Reproduction        

strategy                 

Asexual sorediate        0.78 66   

Asexual isidiate      0.82      79    

Sexual      0.88    57    

Humidity                 

preference            

Hygrophytic  0.05     25 + - 

Mesophytic    0.95       35    
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Xerophytic  0.01 110    - + 

Eutrophication     

tolerance                

 

Oligotrophic  ≤ 0.005 4 + - 

Mesotrophic  0.79       88    

Nitrophytic  ≤0.005  120 - + 

2.3 Beetle sampling 

 
 Beetles were sampled in each individual plot using sets of three pitfall traps buried in the 

soil, with the top level with the surface of the ground. They were made from polystyrene cups with 

a 95 mm diameter and were filled with water, soap and salt to a depth of 3 cm. In total, three traps 

were used in each shrubby patch and matrix plot. The location of the first trap was chosen randomly, 

and the other two traps were placed at around 10 m distance from each other forming a triangle. 

Traps were active for 5 weeks from 20th May to 25th June in 2013, but the captured arthropods were 

removed weekly. Captures in the same patch or matrix site were pooled before analyses. All 

Coleoptera species were identified to species level and the number of captures of each taxon was 

recorded (Appendix B). 

 We used body length, feeding guild and dispersal strategy (hind wing morphology) traits to 

characterize the beetle species assemblages (Table 1; Appendix C and D). Body length was 

measured in the laboratory from the tip of the head to the tip of the abdomen for 5 individuals of 

each species and averaged for the species. Feeding guilds were collected from available databases 

(Homburg et al., 2014) and published resources (Harde and Severa, 1984; Baraud, 1992; Viñolas 

and Cartagena, 2005). The hind wing morphology of each species was recorded from sampled 

individuals to define the dispersal ability trait (Aukema, 1986; Desender, 1989; Homburg et al., 

2014).  

2.4 Lichen sampling 

 184 

 Lichen sampling was performed by the same observer using the European standard protocol 

(Asta et al., 2002) between December 2013 and January 2014. All cork oaks (Q. suber) and holm 
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oaks (Q. rotundifolia) with a diameter at breast height (dbh) greater than 15 cm (usually fewer than 

five) were selected for sampling in shrubby patches. In the matrix, we sampled a fixed number of 

five trees per plot, located within the quadrats used for sampling plants or adjacent to them. A 10 x 

50 cm frame divided into five 10x10cm grid-cells was vertically placed over each tree trunk at 

about 1 m above the ground. All lichen species occurring inside each grid cell were identified to 

species level and recorded. This process was repeated in each tree trunk at the four cardinal 

directions (N, S, E, W) and the number of quadrats where each species was identified was used to 

estimate species abundance (Appendix B).  

 For each species recorded, we then collected information on five traits representing resource 

use characteristics and dispersal ability from the ITALIC database (Nimis and Martellos, 2017). 

These traits included growth form, photobiont type, reproduction strategy, humidity preference and 

eutrophication tolerance. All lichen traits, and their associated groups used for the analysis are listed 

in Table 1 and Appendix C and D. 

 185 

2.5 Data analysis 186 

 We tested differences in functional composition between the wood-pasture matrix and 187 

shrubby patches using the community weighted mean (CWM) index. This index represents the 188 

average trait value in a community, and it was estimated for each trait using species-trait and 189 

species-abundance matrices. In the case of continuous traits, the CWM is the weighted mean of that 190 

trait in the community, in which each species is weighted by its relative abundance. In categorical 191 

and binary traits CWM is the proportion of each category in the community (i.e. representing their 192 

relative abundance) (Lavorel et al., 2007). 193 

 Multi-trait functional dispersion (FDis) and functional evenness (FEve) indices were used to 194 

characterize and compare the functional diversity of the three taxonomic groups in patches and 195 

matrix. Functional dispersion (FDis) measures the degree of dissimilarity in a community by 196 
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calculating the weighted mean distance of each species to the weighted centroid of all species in 197 

multidimensional trait space of the community, with weights corresponding to species relative 198 

abundances. Functional evenness (FEve) index measure the evenness of species abundances 199 

distribution in the community trait space. These indices were selected because they can be 200 

calculated for any type of trait data (e.g. numerical, binomial, categorical) and are independent from 201 

species richness (Mason et al., 2005; Villéger et al., 2008). Before each index was calculated, we 202 

assessed the correlation between traits using Spearman correlations because highly correlated traits 203 

may bias measurements of functional diversity. There were no significant correlations (p > 0.05), so 204 

we calculated the multi-trait functional diversity indices using all traits compiled for each taxon, 205 

giving each trait an equal weight.  206 

 Community weighted mean (CWM), functional dispersion (FDis) and functional evenness 207 

(FEve) differences between the patches and the matrix were compared with Wilcoxon rank sum 208 

tests (p≤0.05) (Hollander and Wolfe, 1973). All indices were calculated using the “dbFD” function 209 

in package “FD” (Laliberté et al., 2014), Wilcoxon rank sum test was applied using “wilcox.test” 210 

function in “stats” package, and figures were produced using “ggplot2” (Wickham, 2009) in R 211 

v.3.4.3 computing environment (R Core Team, 2016). 212 

 We also tested whether the spatial distance between sampling sites had any effects on 213 

functional diversity and structure using a Mantel test (Mantel, 1967; Sokal, 1979), implemented 214 

with “ade4” package (Bougeard and Dray, 2018) also in R v.3.4.3, but no statistically significant 215 

(p>0.05) spatial effects were detected. Moreover, the comparisons of functional diversity and 216 

composition of plants, beetles and lichens between the patches and matrix for each study area is 217 

available in Appendix E. 218 

3. Results 219 
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3.1 Shrubby patches and the matrix host assemblages of plants, lichens and beetles with very 220 

distinct functional compositions 221 

 We identified a total of 73 species of plants, 57 of lichens and 43 of beetles (Appendix A). 222 

We detected highly significant differences in plant trait CWM values between patches and matrix 223 

for several of the trait syndromes tested (Fig 2 and Table 1). Plants with evergreen and woody 224 

growth forms, broad-leafed and with fleshy fruit  were much better represented in the patches than 225 

in the matrix. In contrast, linear-leaved plants and annual graminoids were better represented in the 226 

matrix than in the patches (Table 1). There were no differences between matrix and patches in the 227 

relative abundance of plants with dry fruits, allochorous and autochorous dispersal (Table 1). 228 

 

 

 

 

 

 

 

 

 229 

 230 

 231 

Fig. 2. Comparison of community weighted means (CWM) of plant traits in wood-pasture matrix 232 

and shrubby vegetation patches. Boxes show the median, lower and upper quartiles, whiskers 233 

represent extreme values and dots outliers. All differences are highly significant (**** p < 0.001, 234 

*** p ≤ 0.005). See Table 1 for details on test statistics. 235 

 236 
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 In beetles, CWM values of body size and fungivore feeding guild significantly differ 237 

between habitats, with small body-sized and fungivore species more prevalent in patches than in the 238 

matrix (Fig 3). We did not observe differences for saprovore, herbivore and predator feeding guilds 239 

(Table 1). Dispersal strategies did not differ between the patches and the matrix, but there is a 240 

nearly significant greater abundance of macropterous beetles in the matrix (Table 1). 241 

 242 

 243 

 244 

 245 

 246 

 247 

Fig. 3. Comparison of community weighted mean (CWM) for (a) body size and (b) fungivore beetle 248 

guilds. Smaller beetles and fungivore species were more prevalent in patches than in the matrix. 249 

Boxes identify the median, lower and upper quartiles, and whiskers show extreme values. Asterisks 250 

(*) indicate significant differences (p ≤ 0.05). See Table 1 for details on test statistics. 251 

 252 

 In lichens, CWM values of fruticose and foliose-broad lobe growth forms are higher in 253 

patches, while foliose-narrow lobes species are higher in the matrix (Fig 4). The CWM for crustose 254 

or squamulose growth lichens were not significantly different between habitats, although the 255 

difference was nearly significant in the former (Table 1). We did not observe any differences in 256 

lichen photobiont type and reproduction strategy traits (Table 1). Hygrophytic and oligotrophic 257 

lichen functional groups had higher CWM in the patches, and xerophytic and nitrophytic in the 258 

matrix (Fig 4). Mesophytic and mesotrophic lichens are similarly prevalent in patches and matrix 259 

(Table 1). 260 
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 261 

 262 

 263 

 264 

Fig. 4. Comparison 265 

of community 266 

weighted mean 267 

(CWM) in patches 268 

and matrix for 269 

lichen traits, Growth form (a), (b) (c); Humidity preference (d), (e) and Eutrophication tolerance (f), 270 

(g). Fruticose (a) and foliose-broad growth forms (b) as well as hygrophytic (d) and oligotrophic (g) 271 

lichens are better represented in patches than in the matrix. Boxes show the median, lower and 272 

upper quartiles, whiskers show extreme values and dots outliers. Asterisks indicate significant 273 

differences (* p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.005, **** p < 0.001). See Table 1 for details on test 274 

statistics. 275 

 276 

3.2 Functional dispersion and evenness in shrubby patches and matrix 277 

 278 

 Functional dispersion is significantly higher in patches than in the matrix for plants (W=5, 279 

p=0.003), but there are no significant differences for beetles and lichens (Fig 5). Functional 280 

evenness (FEve) values for plants were similar between the patches and the matrix but differed 281 

significantly for both beetles (W 282 

= 33, p-value = 0.03) and lichens 283 

(W = 29, p-value = 0.02) . 284 

 285 

 286 
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 288 

 289 

 290 

 291 

 

 

 292 

Fig. 5. Functional dispersion (a) and functional evenness (b) of plants, beetles and lichens in 293 

patches and matrix. Functional dispersion of plants is greater in patches than in the matrix, but 294 

differences for beetles and lichens are not significant. Functional evenness (FEve) is higher for 295 

beetles and lichens in patches than in the matrix, while it is not different for plants between the 296 

treatments. Boxes show the median, lower and upper quartiles, whiskers show lower and upper 297 

extreme values of FDis and FEve values and black dots are outliers. Asterisks indicate significant 298 

differences (* p ≤ 0.05, *** p ≤ 0.005) and ns indicates non-significant results (p>0.05). 299 

 300 

4. Discussion 301 

 Our results show substantial trait-level differences between shrubby patches and the wood-302 

pasture matrix in the species assemblages of the three studied taxonomic groups.  303 

4.1 Functional diversity and composition of plants 304 

 As expected, shrubby patches have a higher diversity (Fig. 5a) and relative abundance of 305 

woody plants, often with evergreen broad leaves and fleshy-fruits.  In contrast, the open matrix is 306 

dominated mostly by linear-leaved and dry-fruited herbs and graminoids (Fig. 2). Functional 307 

dispersion (FDis) of plants was higher in shrubby patches than in the matrix (Fig. 5a), but 308 
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functional evenness (FEve) was similar (Fig. 5b). These results imply that the high functional 309 

distinctiveness of shrubby patches does not arise from the presence of a few rare woody species that 310 

are absent from the matrix, but from the presence of a diverse and abundant woody vegetation. In a 311 

previous paper we demonstrated that shrubby patches harbour plant species distinct from those in 312 

the matrix (Oksuz et al., 2020), and here we show those different species are also functionally 313 

dissimilar, supporting the potential contribution of shrubby patches to the ecosystem functioning in 314 

wood-pastures (Diaz et al., 2007; Pakeman, 2011). 315 

 The higher plant functional dissimilarity found in the patches contrasts with the simpler 

structure of plant communities in the matrix, and contributes to increase vegetation heterogeneity in 

wood-pasture landscapes. Higher plant functional dissimilarity indicates a high niche availability in 

the patches, due to the provision of a broader range of unique microhabitats, food and breeding 

resources as the differences in CWM values of specific plant traits shows. For example, several 

studies have revealed a crucial role of dense shrubs with fleshy-fruits for increasing feeding and 

nesting opportunities in pastures (Hartel et al., 2014, Godinho et al., 2010; Martínez, 2009). 

Furthermore, higher availability of broad-leafed woody plants may have substantial potential to 

alter abiotic conditions including shade, soil nutrient richness and micro-climate, that profoundly 

influence species composition patterns (Moreno and Pulido, 2009). For instance, a higher shrub 

cover increases soil moisture and promotes a higher diversity of ground-dwelling arthropods in arid 

landscapes (Taboada et al., 2006). Moreover, stopping grazing allows shrub regeneration and has 

been shown to greatly enhance fruticose lichen growth (Concostrina-Zubiri et al., 2016).  

4.2 Functional diversity and composition of beetles and lichen 316 

 Interestingly, the observed trait-level differences of beetle and lichen assemblages did not 

result in distinct functional dispersion (FDis) patterns (Fig. 5a), indicating that the functional 

dissimilarity level of the patches is not different from that of the matrix. However, in both taxa, we 

observed higher functional evenness (FEve) in the patches (Fig. 5b). FEve reflects how regularly 
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the abundance of different traits is distributed across the habitat (Villéger et al., 2008). Therefore, 

the higher values of FEve observed for these two distinct taxa in woody vegetation patches suggests 

that the patches provide a diversity of food resources and micro-habitats that allows for an even 

distribution of the various traits. In contrast, low values of FEve in the matrix may indicate an 

under-utilization of some of the available functional niches (Mason et al., 2005), particularly when 

these are evenly distributed across the habitat (Gerisch et al., 2011). Because the open matrix has a 

regular distribution of plant functional groups, as indicated by the high FEve values for plants both 

in the patches and in the matrix (Fig. 5b), our results suggest that the lower FEve values observed 

for beetles and lichens probably represent an uneven trait distribution in the matrix habitat driven by 

higher grazing intensity (Hillebrand et al., 2008; Birkhofer et al., 2017). For example, it has been 

reported that habitat homogenization driven by intensive land-use may stimulate the dominance of 

specific traits and may reduce functional evenness (Hillebrand et al., 2008; Mouillot et al., 2013). 

 Regarding functional structure, we detected that smaller beetle species are clearly more 

prevalent in patches than in the matrix (Fig. 3a). Higher vegetation heterogeneity in the patches may 

facilitate micro-habitat complexity that favours small insects. In fact, it has been shown that small-

sized staphylinids are associated to more treed micro-habitats in Mediterranean habitats (García-

Tejero and Taboada, 2016). Moreover, it has been reported that, after a habitat disturbance, smaller 

beetles tend to prefer natural remnants to early succession stages of vegetation (Cunningham and 

Murray, 2006).  Fungivore beetles, although quite rare in our sampling, were more prevalent in the 

patches (Fig. 3b). Although several studies have reported a high diversity of fungi in wood-pastures 

(Nordén et al., 2004; Diamandis and Perlerou, 2013), in highly managed oak wood-pastures, fungi 

development may be to some extent restricted to relatively humid spots, especially in the rainy 

season. That is the case of the studied patches of natural vegetation, where dense woody cover 

lowers temperature, increases humidity and provides plant material left to decompose in loco, thus 

creating suitable conditions for fungi and for the animal species feeding on them.  
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 Lichen communities are regarded as an ecological indicator (Ellis et al., 2007; Pinho et al., 

2011) and, although there were no significant differences in FDis between patches and matrix, we 

observed a shift in the composition of lichen communities. Lichens present in the patches have 

greater preference for moister environments than those present in the matrix (Fig. 4d). In fact, 

patches have a higher tree and shrub density, which increases shading and evapotranspiration. Both 

conditions generate a micro-climatic environment with lower temperature, lower radiation and 

higher moisture, to which lichen communities respond (Giordani et al., 2013; Li et al., 2013). The 

shift in the lichen communities is also indicative of higher nutrient availability in the matrix than in 

the patches (Fig. 4f). Lichens in the matrix have ecological preferences for, and are more tolerant to, 

higher nutrient loads than those present in the patches. Several factors may contribute to a higher 

nutrient availability in the wood-pasture matrix, such as a greater abundance of livestock 

excrements, a sparser vegetation cover due to grazing and shrub removal, and the dominance by 

annual plants, which are only present during part of the year. Together, they increase the exposure 

of the soil in the matrix to dust particles, naturally enriched in nutrients (Pinho et al., 2008).  

Moreover, the canopy of trees in the patches may be able to intercept particles and nutrients (Santos 

et al., 2017). Larger lichens with higher surface exposure in relation to dry weight, which require 

moister conditions and tolerate less dust particles, as well as crustose lichens, which are highly 

resistant to light stress and have low nutrient demand due to their slow growth (Armstrong and 

Bradwell, 2010), are thus more abundant in patch areas. The presence of only a few scattered trees 

in the matrix may provide less appropriate conditions for hygrophytic (Fig. 4d), fruticose (Fig. 4a) 

and large foliose lichens (Fig. 4b). In contrast, most foliose-narrow lichens tolerate nutrient-rich 

environments and xerophytic conditions and are thus more abundant in the matrix (Fig. 4c). 

4.3 Functional diversity and composition of multi-taxa in relation to ecosystem functioning 

and management actions 
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 Overall, the substantial differences in the functional structure of plants reveal the traits (Fig. 317 

2) potentially driving the ecosystem functioning in patches and in the matrix (Grime, 1998; Lavorel, 318 

2013). These differences are reflected in higher functional dissimilarity of plants indicating elevated 319 

niche differentiation compared to the matrix (Tilman, 1997). Higher niche diversity may facilitate 320 

enhanced complementarity in resource use (Hooper, 1998; Dı́az and Cabido, 2001) in patches, 321 

which is indicated by the functional evenness patterns of beetles and lichens in our study. Moreover, 322 

several traits of beetles and lichens contribute to distinct functional composition of patches and the 323 

matrix potentially interacting with ecosystem functioning as well as services in various levels 324 

(Zedda and Rambold, 2015; Noriega et al., 2017). 325 

 326 

To conclude, our results highlight the positive influence of shrubby patches on the functional 327 

diversity of multi-taxa, potentially leading to improved ecosystem functioning and service provision 328 

in wood-pastures. This is very important, considering the urgent need for biodiversity-friendly 329 

management actions in wood-pastures (Arosa et al., 2017). Preserving and even establishing small 330 

shrubby patches may be a low-cost and practical conservation strategy with minimal impacts to 331 

management, because of the high regenerative capacity of the shrub layer and due to the fact that 332 

even small  patches make a significant positive contribution to functional diversity. Moreover, this 333 

strategy can be easily adjusted to existing management and conservation schemes, such as High 334 

Nature Value Farmland (HNVF), aiming to preserve semi-natural elements in managed wood-335 

pastures (Andersen et al., 2003).  However, we note that the analysis in this study should be 336 

replicated in other wood-pasture areas, preferably with larger samples, to ensure that our 337 

conclusions can be extrapolated to other similar systems.  338 

 339 

5. Conclusions and Implications for Management 340 



 22   

 Our results indicate that shrubby patches contribute greatly to the biodiversity and 341 

ecosystem functioning of wood-pasture landscapes. We demonstrated that shrubby patches 342 

contribute to the functional diversity of these habitats, maintaining a high level of biodiversity 343 

beyond species richness. Functional diversity is important to preserve healthy and functional 344 

ecosystems (Cadotte et al., 2011) an issue that is particularly relevant for threatened wood-pasture 345 

systems (Hartel et al., 2015). For this reason, the establishment and long-term maintenance of small 346 

shrubby patches should be stimulated to preserve the High Nature Value Farmland (HNVF) status 347 

of wood-pastures. 348 

 The ensuing challenge is how to conciliate the preservation of such habitat patches in the 349 

current scenario of increasing intensification of the use of wood-pastures observed throughout 350 

Europe, driven by ongoing market, social and environmental changes (Plieninger and Bieling, 351 

2013). Despite their major ecological importance, shrubby patches often occupy very small areas, 352 

usually over and around small rocky outcrops. Areas with such conditions are not amenable to be 353 

actively exploited and are often not used by land managers, so maintaining shrubby patches in such 354 

conditions is likely to have little negative impact on economic productivity. Activities that have 355 

been proposed to promote woody plant regeneration, such as controlling grazing pressure or 356 

changing grazing type and timing, as well as maintaining grazing-excluded areas (Plieninger, 2007; 357 

Almeida et al., 2015), can also benefit shrubby patches. Similarly, landscape restoration schemes 358 

(Ockendon et al., 2018) could aim to actively establish small vegetation patches composed of native 359 

species. Such actions could be stimulated through policy directives or implemented as prescriptions 360 

under forest certification frameworks (Auld et al., 2008; Bugalho et al., 2011). These prescriptions, 361 

such as the set-aside areas required by the Forest Stewardship Council (FSC) certification scheme, 362 

have shown remarkable success in stimulating tree regeneration and shrub diversity in wood-363 

pastures (Dias et al., 2014). Likewise, recommendations to maintain and promote small vegetation 364 
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patches could substantially boost the functional wealth of wood-pastures at a very low 365 

implementation cost. 366 

Contribution of the authors 367 

All authors contributed to the study conception and design. Material preparation, data collection and 368 

analysis were performed by D.P. Oksuz, C.A.S. Aguiar, S. Tápia, E. Llop, P. Lopes, A.R.M. 369 

Serrano, A.I. Leal, O. Correia, P. Matos, A. Rainho, C. Branquinho, R.A. Correia, J.M. Palmeirim. 370 

The first draft of the manuscript was written by D.P. Oksuz and all authors commented on previous 371 

versions of the manuscript. All authors read and approved the final manuscript. 372 

Declarations of interest 373 

None.              374 

Funding 375 

This work was supported by Fundação para a Ciência e a Tecnologia (FCT), through project 376 

PTDC/AGR-AAM/108448/2008 and several doctoral and post-doctoral grants: DPO 377 

(PD/BD/106044/2015), AIL (SFRH/BPD/88056/2012), RAC (SFRH/BPD/118635/2016), and AR 378 

(SFRH/BPD/101983/2014).  379 

Acknowledgements 380 

We are thankful to the various landowners who kindly allowed us to work in their farms, especially 381 

to Eng. Alfredo Cunhal Sendim, of Herdade do Freixo do Meio, who also provided logistic support 382 

and gave us valuable advice. We also thank Marta Acácio for providing assistance in data collection.  383 

 

References 384 

Agencia Estatal de Meteorología, Instituto de Meteorología, Atlas Climático Ibérico / Iberian 385 

 Climate Atlas. Madrid and Lisbon, Agencia Estatal de Meteorología (España) and Instituto 386 

 de Meteorología de Portugal. 2011. 387 



 24   

Almeida M, Azeda C, Guiomar N, Pinto-Correia T. The effects of grazing management in montado 388 

 fragmentation and heterogeneity. Agrofor. Syst. 2015; 90(1): 69–85. 389 

 https://doi.org/10.1007/s10457-014-9778-2 390 

Andersen E, Baldock D, Bennett H, Beaufoy G, Bignal E, Brouwer F, et al. Developing a 391 

 High Nature Value Farming area indicator. Internal report for the European Environment 392 

 Agency. IEEP, Copenhagen; 2003. 393 

Armstrong RA, Bradwell T. Growth of crustose lichens: a review. Geografiska Annaler. 2010; 92, 394 

 3–17. https://doi.org/10.1111/j.1468-0459.2010.00374.x  395 

Arosa ML, Bastos R, Cabral JA, Freitas H, Costa SR, Santos M. Long-term sustainability of cork 396 

 oak agro-forests in the Iberian Peninsula: a model-based approach aimed at supporting the 397 

 best management options for the montado conservation. Ecol. Model. 2017; 343, 68–79. 398 

Asta J, Erhardt W, Ferretti M, Fornasier F, Kirschbaum U, Nimis PL, et al. Mapping lichen 399 

 diversity as an indicator of environmental quality. In: Nimis PL, Scheidegger C, Wolseley 400 

 PA, editors. Monitoring with lichens–Monitoring lichens. Vol. 7. Dordrecht, Netherlands: 401 

 Kluwer Academic Publishers; 2002. pp. 273–279. https://doi.org/10.1007/978-94- 010-402 

 0423-7_19 403 

Aukema B. Wing length determination in relation to dispersal by flight in two wing-dimorphic 404 

 species of Calathus Bonelli (Coleoptera, Carabidae). In: den Boer PJ, Thiele HU, Weber F, 405 

 editors. Carabid beetles. Stuttgart, Germany: Fischer; 1986. pp. 91–99. 406 

Auld G, Gulbrandsen LH, Mcdermott CL. Certification schemes and the impacts on forests 407 

 and forestry. Annu. Rev. Environ. Resour. 2008; 33(1): 187–211. 408 

 https://doi.org/10.1146/annurev.energy.33.013007.103754 409 

Baraud J. Coléoptères Scarabaeoidea d’Europe, Faune de France 78. Fédération Française 410 

 des Sociétés de Sciences Naturelles, Paris, et Société Linnéenne de Lyon, Lyon, France; 411 

 1992. 412 

https://doi.org/10.1146/annurev.energy.33.013007.103754


 25   

Bergmeier E, Petermann J, Schröder E. Geobotanical survey of wood-pasture habitats in Europe: 413 

 Diversity, threats and conservation. Biodivers. Conserv. 2010; 19(11): 2995–3014. 414 

 https://doi.org/10.1007/s10531-010-9872-3 415 

Bergmeier E, Roellig M. Diversity, threats and conservation of European wood-pastures. In: 416 

 Plieninger T, and Hartel T, editors. European wood-pastures in transition: A social-417 

 ecological approach. London and New York, USA: Routledge; 2014. pp. 19–38. 418 

Birkhofer K, Gossner MM, Diekötter T, Drees C, Ferlian O, Maraun M, et al. Land-use type 419 

 and intensity differentially filter traits in above-and below-ground arthropod communities. J. 420 

 Anim. Ecol. 2017; 86(3): 511–520. https://doi.org/10.1111/1365-2656.12641 421 

Bougeard S, Dray S. Supervised Multiblock Analysis in R with the ade4 Package. J. Stat.  Softw.422 

 2018; 86(1): 1–17. http://doi.org/10.18637/jss.v086.i01 423 

Bugalho M, Caldeira M, Pereira J, Aronson J, Pausas J. Mediterranean cork oak savannas 424 

 require human use to sustain biodiversity and ecosystem services. Front. Ecol. Environ. 425 

 2011;  9(5): 278–286. https://doi.org/10.1890/100084 426 

Bugalho MN, Plieninger T, Aronson J, Ellatifi M. Open woodlands: A diversity of uses (and 427 

 overuses). In: Aronson J, Pereira JS, Pausas JG, editors. Cork Oak woodlands on the edge. 428 

 ecology, adaptive management, and restoration. Society for Ecological Restoration 429 

 International, Washington D.C., USA: Island Press; 2009. pp. 33–47. 430 

Cadotte MW, Carscadden K, Mirotchnick N. Beyond species: functional diversity and the 431 

 maintenance of ecological processes and services. J. Appl. Ecol. 2011; 48(5): 1079–1087. 432 

 https://doi.org/10.1111/j.1365-2664.2011.02048.x 433 

Castro-Díez P, Puyravaud JP, Cornelissen JHC, Villar-Salvador P. Stem anatomy and relative 434 

 growth rate in seedlings of a wide range of woody plant species and types. Oecologia. 1998; 435 

 116(1-2): 57–66. https://doi.org/10.1007/s004420050563 436 



 26   

Concostrina-Zubiri L, Molla I, Velizarova E, Branquinho C. Grazing or not grazing: 437 

 Implications for ecosystem services provided by biocrusts in Mediterranean Cork Oak 438 

 woodlands. Land. Degrad. Dev. 2016; 28(4): 1345–1353. https://doi.org/10.1002/ldr.2573 439 

Cunningham SA, Murray W. Average body length of arboreal and aerial beetle (Coleoptera) 440 

 assemblages from remnant and plantation Eucalyptus forests in Southwestern Australia. 441 

 Oecologia. 2006; 151(2): 303–312. https://doi.org/10.1007/s00442-006-0589-7 442 

de Bello F, Lavorel S, Díaz S, Harrington R, Cornelissen J, Bardgett R, et al. Towards an 443 

 assessment of multiple ecosystem processes and services via functional traits. Biodivers. 444 

 Conserv. 2010; 19(10): 2873–2893. https://doi.org/10.1007/s10531-010-9850-9 445 

Desender K. Heritability of wing development and body size in a carabid beetle, Pogonus 446 

 chalceus Marsham, and its evolutionary significance. Oecologia. 1989; 78: 513–520. 447 

Diamandis S, Perlerou C. Recent records of hypogeous fungi in Greece. Acta Mycol. 2013; 448 

 43(2): 139–142. https://doi.org/10.5586/am.2008.017 449 

Dias FS, Bugalho MN, Rodríguez-González PM, Albuquerque A, Cerdeira JO. Effects of  forest 450 

 certification on the ecological condition of Mediterranean streams. J. Appl. Ecol. 2014; 451 

 52(1):  90–198. https://doi.org/10.1111/1365-2664.12358 452 

Dı́az S, Cabido M. Vive la différence: plant functional diversity matters to ecosystem processes. 453 

 Trends Ecol. Evol. 2001; 16(11): 646–655. https://doi.org/10.1016/s0169-5347(01)02283-2  454 

Díaz S, Lavorel S, de Bello F, Quétier F, Grigulis K, Robson TM. Incorporating plant functional 455 

 diversity effects in ecosystem service assessments. Proc. Natl. Acad. Sci. 2007;104:20684–456 

 20689. 457 

Diaz M, Campos P, Pulido FJ. The Spanish dehesas: A diversity in land-use and wildlife. In: 458 

 Pain DJ, Pienkowski MW, editors. Farming and birds in Europe, the Common Agricultural 459 

 Policy and its implications for bird conservation. San Diego, USA: Academic Press; 1997. 460 

 pp. 178–209. 461 



 27   

Ellis CJ, Coppins BJ, Dawson TP, Seaward MR. Response of British lichens to climate change 462 

 scenarios: Trends and uncertainties in the projected impact for contrasting  biogeographi 463 

 groups. Biol. Conserv. 2007; 140(3-4): 217–235. 464 

 https://doi.org/10.1016/j.biocon.2007.08.016  465 

 Fitter AH, Peat HJ. The Ecological Flora Database. J. Ecol. 1994; 82(2): 415–425. 466 

 https://doi.org/10.2307/2261309 467 

Gagic V, Bartomeus I, Jonsson T, Taylor A, Winqvist C, Fischer C, et al. Functional identity 468 

 and diversity of animals predict ecosystem functioning better than species-based indices. 469 

 Proc. R. Soc. Lond. B. Biol. Sci. 2015; 282(1801): 20142620. 470 

 https://doi.org/10.1098/rspb.2014.2620 471 

García-Tejero S, Taboada Á. Microhabitat heterogeneity promotes soil fertility and ground-472 

 dwelling arthropod diversity in Mediterranean wood-pastures. Agric. Ecosyst. Environ. 473 

 2016; 233: 192–201. https://doi.org/10.1016/j.agee.2016.09.004 474 

Gerisch M, Agostinelli V, Henle K, Dziock F. More species, but all do the same: contrasting 475 

 effects of flood disturbance on ground beetle functional and species diversity. Oikos. 2011; 476 

 121(4): 508–515. https://doi.org/10.1111/j.1600-0706.2011.19749.x 477 

Giordani P, Incerti G, Rizzi G, Rellini I, Nimis PL, Modenesi P. Functional traits of 478 

 cryptogams in Mediterranean ecosystems are driven by water, light and substrate 479 

 interactions. J. Veg. Sci. 2013; 25(3): 778–792. https://doi.org/10.1111/jvs.12119 480 

Godinho S, Santos AP, Sá-Sousa P. Montado management effects on the abundance and 481 

 conservation of reptiles in Alentejo, Southern Portugal. Agrofor. Syst. 2010; 82(2): 197–482 

 207. https://doi.org/10.1007/s10457-010-9346-3 483 

Godinho S, Guiomar N, Machado R, Santos P, Sá-Sousa P, Fernandes J, et al. Assessment of 484 

 environment, land management, and spatial variables on recent changes in montado land 485 



 28   

 cover in southern Portugal. Agrofor. Syst. 2014; 90(1): 177–192. 486 

 https://doi.org/10.1007/s10457-014- 9757-7 487 

 488 

Grime JP. Benefits of plant diversity to ecosystems: immediate, filter and founder effects. J. Ecol. 489 

 1998; 86(6): 902–910. https://doi.org/10.1046/j.1365-2745.1998.00306.x 490 

Groom PG, Lamont BB. Seed release and dispersal mechanisms. In: Groom PG, Lamont  BB, 491 

 editors. Plant life of southwestern Australia: Adaptations for survival. Warsaw, Poland: 492 

 De Gruyter Open; 2015. pp. 172–188. https://doi.org/10.1515/9783110370195-010 493 

Guzmán B, Vargas P. Long-distance colonization of the Western Mediterranean by Cistus  ladanifer 494 

 (Cistaceae) despite the absence of special dispersal mechanisms. J. Biogeogr. 2009;  36: 495 

954–968. https://doi.org/10.1111/j.1365-2699.2008.02040.x 496 

Harde KW, Severa F. Guia de campo de los coleópteros de Europa. Barcelona, Spain: Omega; 1984. 497 

Hartel T, Hanspach J, Abson DJ, Máthé O, Moga CI, Fischer J. Bird communities in traditional 498 

 wood-pastures with changing management in Eastern Europe. Basic Appl.  Ecol. 2014; 499 

 15(5): 385–395. https://doi.org/10.1016/j.baae.2014.06.007 500 

Hartel T, Plieninger T, Varga A. Wood-pastures in Europe. In: Kirby KJ, Watkinsi C, editors. 501 

 Europe's changing woods and forests. From wildwood to managed landscapes. Chapter: 5. 502 

 Wallingford, UK: CABI; 432 2015, pp. 63–76. 503 

Hartel T, Plieninger T. The social and ecological dimensions of wood-pastures. In: Plieninger T, 504 

 Hartel T, editors. European wood-pastures in transition: A social-ecological approach. 505 

 London and New York, USA: Routledge; 2014. pp. 3–18. 506 

Herrera CM. Plant-vertebrate seed dispersal systems in the Mediterranean: Ecological, 507 

 evolutionary, and historical determinants. Annu. Rev. Ecol. Syst. 1995; 26: 705–727. 508 

 https://doi.org/10.1146/annurev.ecolsys.26.1.705  509 



 29   

Hillebrand H, Bennett DM, Cadotte MW. Consequences of dominance: A review of evenness 510 

 effects on local and regional ecosystem processes. Ecology. 2008; 89(6): 1510–1520. 511 

 https://doi.org/10.1890/07-1053.1 512 

Hollander M, Wolfe DA. Nonparametric statistical methods. New York, USA: John Wiley & 513 

 Sons; 1973. pp. 68–75. 514 

Homburg K, Homburg N, Schäfer F, Schuldt A, Assmann T. Carabids.org–A dynamic online 515 

 database of ground beetle species traits (Coleoptera, Carabidae). Insect Conserv. Divers. 516 

 2014;  7: 195–205. 517 

Hooper DU. The role of complementarity and competition in ecosystem responses to variation in 518 

 plant diversity. Ecology. 1998; 79(2): 704–719. https://doi.org/10.2307/176964. 519 

Kattge J, Díaz S, Lavorel S, Prentice IC, Leadley P, Bönisch G, et al. TRY–A global database of 520 

 plant traits. Glob. Chang. Biol. 2011; 17: 2905–2935. https://doi.org/10.1111/j.1365-521 

 2486.2011.02451.x  522 

Kent M, Coker P. Vegetation description and analysis. A practical approach. New York, USA: 523 

 John Wiley & Sons; 1996.  524 

Kleyer M, Bekker RM, Knevel IC, Bakker JP, Thompson K, Sonnenschein M, et al. The LEDA 525 

 Traitbase: A database of life‐history traits of the Northwest European flora. J. Ecol. 526 

 2008; 96: 266–1274. https://doi.org/10.1111/j.1365-2745.2008.01430.x 527 

Kühn I, Durka W, Klotz S. BiolFlor-A new plant-trait database as a tool for plant invasion 528 

 ecology. Divers. Distrib. 2004; 10(5-6): 363–365. https://doi.org/10.1111/j.1366-529 

 9516.2004.00106.x 530 

Laliberté E, Legendre P, Shipley B. FD: Measuring functional diversity from multiple traits,531 

 and other tools for functional ecology. 2014. R package version 1. pp. 0–12. Available 532 

 from: https://cran.r-project.org/web/packages/FD/FD.pdf 533 

 534 



 30   

Lavorel S, Grigulis K, McIntyre S, Williams NSG, Garden D, Dorrough J, et al. Assessing 535 

 functional diversity in the field–methodology matters! Funct Ecol. 2007; 22: 134–147. 536 

Lavorel S. Plant functional effects on ecosystem services. J. Ecol. 2013; 101: 4–8. 537 

Leal A, Martins R, Palmeirim J, Granadeiro J. Influence of habitat fragments on bird 538 

 assemblages in Cork Oak woodlands. Bird Study. 2011; 58(3): 309–320. 539 

 https://doi.org/10.1080/00063657.2011.576235 540 

Lengyel S, Gove AD, Latimer AM, Majer JD, Dunn RR. Ants sow the seeds of global 

 diversification in flowering plants. PLoS ONE. 2009; 4: e5480.  

 https://doi.org/10.1371/journal.pone.0005480       

Li S, Liu W-Y, Li D-W. Bole epiphytic lichens as potential indicators of environmental change in 

 subtropical forest ecosystems in Southwest China. Ecol. Indic. 2013; 29: 93–104. 

 https://doi.org/10.1016/j.ecolind.2012.12.012 

Linder HP, Lehmann CE, Archibald S, Osborne CP, Richardson DM. Global grass (Poaceae) 541 

 success underpinned by traits facilitating colonization, persistence and habitat 542 

 transformation. Biol. Rev. Camb. Philos. Soc. 2017; 93(2): 1125–44. 543 

 https://doi.org/10.1111/brv.12388 544 

Listopad C, Köbel M, Príncipe A, Gonçalves P, Branquinho C. The effect of grazing exclusion 

 over time on structure, biodiversity, and regeneration of high nature value  farmland 

 ecosystems in Europe. Sci. Total Environ. 2018; 610–611: 926–936. 

 https://doi.org/10.1016/j.scitotenv.2017.08.018 

Mantel N. The detection of disease clustering and a generalized regression approach. Cancer 545 

 Res. 1967; 27: 209–220. 546 

Manzano P, Malo JE. Extreme long-distance seed dispersal via sheep. Front. Ecol. Environ. 547 

 2006; 4: 244–248. https://doi.org/10.1890/1540-9295(2006)004[0244:elsdvs]2.0.co;2 548 

 549 



 31   

Martínez T. Role of various woody species in Spanish Mediterranean forest and scrubland as 550 

 food resources for Spanish Ibex (Capra pyrenaica Schinz) and red deer (Cervus elaphus L.). 551 

 In: Rigueiro-Rodróguez A, McAdam J, Mosquera-Losada MR, editors. Agroforestry in 552 

 Europe: Current status and future prospects. Advances in Agroforestry, Vol 6. Dordrecht, 553 

 Netherlands: Springer; 2009. pp. 233–255. 554 

Mason NWH, Mouillot D, Lee WG, Wilson JB. Functional richness, functional evenness  and 555 

 functional divergence: The primary components of functional diversity. Oikos. 2005; 111(1): 556 

 112–118. https://doi.org/10.1111/j.0030-1299.2005.13886.x  557 

   558 

Moreno G, Pulido FJ. The functioning, management and persistence of Dehesas. In: Rigueiro-559 

 Rodríguez A, McAdam J, Mosquera-Losada MR, editors. Agroforestry in Europe: Current 560 

 status and future prospects. Advances in Agroforestry, Vol 6. Dordrecht, Netherlands: 561 

 Springer; 2009. pp. 127–160. 562 

Moreno G, Aviron S, Berg S, Crous-Duran J, Franca A, de Jalón S, et al. Agroforestry systems of 563 

 high nature and cultural value in Europe: provision of commercial goods and other 564 

 ecosystem services. Agrofor. Syst. 2017; 92(4): 877–891. https://doi.org/10.1007/s10457-565 

 017-0126-1 566 

Mori AS, Furukawa T, Sasaki T. Response diversity determines the resilience of ecosystems to 567 

 environmental change. Biol. Rev. 2013; 88: 349–364. https://doi.org/10.1111/brv.12004  568 

Mouillot D, Graham NAJ, Villéger S, Mason NWH, Bellwood DRA. Functional approach 569 

 reveals community responses to disturbances. Trends Ecol. Evol. 2013; 28: 167–177. 570 

 https://doi.org/10.1016/j.tree.2012.10.004  571 

Nimis PL, Martellos S. ITALIC-The Information System on Italian Lichens. Version 5.0. 572 

 University of Trieste, Dept. of Biology, 2017. Available from: http://dryades.units.it/italic 573 

   574 



 32   

Nordén B, Ryberg M, Götmark F, Olausson B. Relative importance of coarse and fine woody 575 

 debris for the diversity of wood-inhabiting fungi in temperate broadleaf forests. Biol. 576 

 Conserv. 2004; 117(1): 1–10. https://doi.org/10.1016/s0006-3207(03)00235-0 577 

Noriega JA, Hortal J, Azcárate FM, Berg M, Bonada N, Briones MJI, Del Toro I,  Goulson D, 578 

 Ibanez S, Landis DA, Moretti M, Potts SG, Slade EM, Stout JC, Ulyshen M, Wäckers FL, 579 

 Woodcock B, Santos AMC. Research trends in ecosystem services provided by insects. 580 

 Basic Appl. Ecol. 2017; 26: 8–23. 581 

Ockendon N, Thomas DHL, Cortina J, Adams WM, Aykroyd T, Barov B. One hundred priority 582 

 questions for landscape restoration in Europe. Biol. Conserv. 2018; 221: 198–208. 583 

 https://doi.org/10.1016/j.biocon.2018.03.002 584 

Oksuz DP, Aguiar CA, Tápia S, Llop E, Lopes P, Serrano ARM, Leal AI, Branquinho C,  Correia 585 

 O, Rainho A, Correia RA, Palmeirim JM. Increasing biodiversity in wood- pastures by 586 

 protecting small shrubby patches. For. Ecol. Manage. 2020. 464: 118041. 587 

 https://doi.org/10.1016/j.foreco.2020.118041 588 

Pakeman RJ. Functional diversity indices reveal the impacts of land use intensification on 589 

 plant community assembly. J. Ecol. 2011. 99: 1143–1151.  590 

Paula S, Arianoutsou M, Kazanis D, Tavsanoglu Ç, Lloret F, Buhk C, et al. Fire-related traits 591 

 for plant species of the Mediterranean Basin. Ecology. 2009; 90(5): 1420. https://doi.org/592 

 10.1890/08-1309.1 593 

Peco B, Carmona CP, de Pablos I, Azcárate FM. Effects of grazing abandonment on functional and 594 

 taxonomic diversity of Mediterranean grasslands. Agric. Ecosyst. Environ. 2012; 152, 27–595 

 32.  596 

Pinho P, Dias T, Cruz C, Tang YS, Sutton MA, Martins-Loução MA, et al. Using lichen functional 597 

 diversity to assess the effects of atmospheric ammonia in Mediterranean woodlands. J. 598 

 Appl. Ecol. 2011; 48(5): 1107–1116. https://doi.org/10.1111/j.1365-599 



 33   

 2664.2011.02033.x 600 

 601 

Pinho P, Augusto S, Martins-Loução MA, Pereira MJ, Soares A, Máguas C, Branquinho C. 602 

 Causes of change in nitrophytic and oligotrophic lichen species in a Mediterranean climate: 603 

 Impact of land cover and atmospheric pollutants. Environ. Pollut. 2008; 154: 380–389. 604 

 https://doi.org/10.1016/j.envpol.2007.11.028 605 

Pinto-Correia T, Ribeiro S. HNV in 35 countries in Europe: Portugal. In Oppermann R, Beaufoy  G, 606 

 Jones G, editors. High Nature Value Farming in Europe. 35 European countries–experiences 607 

 and perspectives. Heidelberg, Germany: Verlag Regionalkultur; 2012. pp. 336–345. 608 

Pinto-Correia T, Godinho S. Changing agriculture changing landscapes: what is going on in 609 

 the high valued montado. In: Ortiz-Miranda D, Moragues-Faus A, Arnalte Alegre E, editors.610 

 Agriculture in Mediterranean Europe: Between old and new paradigms. Vol. 19. Bingley, 611 

 UK: Emerald Group Publishing Limited; 2013. pp. 75–90. 612 

Pinto-Correia T, Ribeiro N, Sá-Sousa P. Introducing the montado, the cork and holm oak 613 

 agroforestry system of Southern Portugal. Agrofor. Syst. 2011; 82(2): 99–104. https://614 

 doi.org/10.1007/s10457-011-9388-1 615 

Plieninger T, Hartel T, Martín-López B, Beaufoy G, Bergmeier E, Kirby K, et al. Wood-pastures of 616 

 Europe: Geographic coverage, social–ecological values, conservation management, and 617 

 policy implications. Biol. Conserv. 2015; 190: 70–79. 618 

 https://doi.org/10.1016/j.biocon.2015.05.014 619 

Plieninger T, Bieling C. Resilience-based perspectives to Guiding High-Nature-Value Farmland 620 

 through socioeconomic change. Ecol. Soc. 2013; 18(4). https://doi.org/10.5751/es-05877-621 

 180420. 622 

Plieninger T. Compatibility of livestock grazing with stand regeneration in Mediterranean holm oak 623 

 parklands. J. Nat. Conserv. 2007; 15(1): 1–9. https://doi.org/10.1016/j.jnc.2005.09.002 624 



 34   

R Core Team. R: A language and environment for statistical computing. 2016. R Foundation 625 

 for Statistical Computing, Vienna, Austria. Available from: https://www.R-project.org/ 626 

Rosalino L, Rosário J, Santos-Reis M. The role of habitat patches on mammalian diversity in 627 

 cork oak agroforestry systems. Acta Oecol. 2009; 35(4): 507–512. 628 

 https://doi.org/10.1016/j.actao.2009.03.006 629 

Sales-Baptista E, d’Abreu M, Ferraz-de-Oliveira M. Overgrazing in the Montado? The need 630 

 for monitoring grazing pressure at paddock scale. Agrofor. Syst. 2015; 90(1): 57–68. 631 

 https://doi.org/10.1007/s10457-014-9785-3 632 

Santos A, Pinho P, Munzi S, Botelho MJ, Palma-Oliveira JM, Branquinho C. The role of forest in 633 

 mitigating the impact of atmospheric dust pollution in a mixed landscape. Environ. Sci. 634 

 Pollut. Res. Int. 2017; 24(13): 12038–12048. https://doi.org/10.1007/s11356-017-8964-y 635 

Silva PM, Aguiar C, Silva IF, Serrano ARM. Orchard and riparian habitats enhance ground 636 

 dwelling beetle diversity in Mediterranean agro-forestry systems. Biodivers. Conserv. 2011; 637 

 20(4): 861–872. https://doi.org/10.1007/s10531-010-9987-6 638 

Sokal RR. Testing statistical significance of geographic variation patterns. Syst. Zool. 1979;  28: 639 

227–232. 640 

Taboada A, Kotze DJ, Salgado JM, Tarrega R. The influence of habitat type on the distribution of 641 

 carabid beetles in traditionally managed ‘dehesa’ ecosystems in NW Spain. Entomol. Fenn. 642 

 2006; 17: 284–295. 643 

Tavşanoğlu Ç, Pausas JG. A functional trait database for Mediterranean Basin plants. Sci. 644 

 Data. 2018; 5: 180135. https://doi.org/10.1038/sdata.2018.135  645 

Tilman D. The influence of functional diversity and composition on ecosystem processes. 646 

 Science. 1997; 277(5330): 1300–1302. https://doi.org/10.1126/science.277.5330.1300 647 



 35   

Villéger S, Mason NWH, Mouillot D. New multidimensional functional diversity indices for a 648 

 multifaceted framework in functional ecology. Ecology. 2008; 89(8): 2290–2301. 649 

 https://doi.org/10.1890/07-1206.1 650 

Viñolas A, Cartagena MC. Fauna de Tenebrionidae de la Península Ibérica y Baleares.  Barcelona, 651 

Spain: Argania; 2005. 652 

Wickham H. ggplot2: Elegant graphics for data analysis. New York, USA: Springer-Verlag; 653 

 2009. 654 

Zedda L, Rambold G. The diversity of lichenised fungi: Ecosystem functions and  ecosystem 655 

 services. In: Upreti DK, Divakar PK, Shukla V,  Bajpai R, editors. 2015. Recent advances in 656 

 Lichenology. New Delhi, Springer India; 2015. pp. 121–145. 657 

 658 

 659 


