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Abstract 

 

Recent theoretical studies suggest that the distribution of species in space has 

important implications for the conservation of communities in fragmented landscapes. 

Facilitation and dispersal are the primary mechanisms responsible for the formation of 

spatial patterns. Furthermore, disruptions in the formation of patterns arise after 

degradation, which can serve as an early indicator of stress in plant communities. 

Spatial dispersal ability and pattern formation were evaluated in 53 linear transects of 

500 m length within 14 fragments of natural vegetation within a matrix of abandoned 

crop fields in Cabo de Gata National Park, Almería, Spain. Fragments were classified 

into three size classes (<300 ha, 300-900 ha, and > 900 ha). Fragment connectivity 

was quantified using the distances between fragments. Spatial dispersal ability was 

quantified for the 187 species recorded in our study. Species with restricted dispersal 

had the highest degree of spatial organization and, species that disperse by biotic 

vectors (e.g., vertebrates), the lowest. In addition, species most susceptible to 

fragmentation are vertebrate-dispersed shrubs, which declined in abundance 

associated with loss of spatial organization in the smallest fragments. It is postulated 

that the positive feedback between abundance of recruitment and vertebrate visits 

influence the colonization and persistence of vertebrate-dispersed shrubs explaining its 

abundance in large fragments. Indeed, fragments lower than a certain threshold 

reduced spatial organization not only in shrubs with biotic dispersal, but also in species 

with abiotic dispersal (mainly wind) and with restricted dispersal. The dispersal-

distance negative relationship, more intense in species with restricted dispersal, leads 

to long-range spatial autocorrelation that increase with the positive correlation between 

seed production and establishment. Fragments lower than a certain threshold may be 

vulnerable to a cascade of species loss, because of reduce recruitment, establishment 

and patch biomass due to natural senescence, finally breaking up facilitative plant 

interactions.  
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INTRODUCTION 

 

Non-random spatial patterns at the scales of the population and community are 

common in natural ecosystems (Condit et al., 2000; Greig-Smith, 1979; Guichard et al., 

2003; Hassell, Comins & May, 1991; Rietkerk & van de Koppel, 2008). Spatial patterns 

emerge from internal processes (Cale, Henebry & Yeakley, 1989) and can occur in 

strictly isotropic environments (Barbier et al., 2006; Lefever & Lejeune, 1997; Lejeune, 

Tlidi & Couteron, 2002), although in an heterogeneous environment the formation of 

spatial patterns can also be important (Bolker, 2003; Snyder & Chesson, 2003). 

Random species distributions can result from disturbance (Alados et al., 2004a; Alados 

et al., 2003; Kéfi et al., 2007a; Seabloom et al., 2005)  or occur in the early stage of 

colonization (Cutler, Belyea & Dugmore, 2008; Solé & Bascompte, 2006). During 

ecosystem development, facilitative interactions between neighbors can lead to patch 

nucleation and coalescence (Cutler et al., 2008; Yarranton & Morrison, 1974). We 

differentiate between those patch-scale patterns emerging from local interactions, and 

landscape-scale spatial patterns or heterogeneity resulting from the interaction of large-

scale physical and ecological processes (Cutler et al., 2008)  

Large-scale spatial heterogeneity, dispersal patterns, and biotic interactions influence 

the distribution of species within a landscape (Bolker & Pacala, 1999; Levin, 1974; 

Rees, Grubb & Kelly, 1996; Seabloom et al., 2005; Shachak et al., 2008). Species 

differ in their response to fragmentation, depending on their life-history traits (Adriaens, 

Honnay & Hermy, 2006). In particular, dispersal ability has important implications for 

competitive coexistence and response to fragmentation (Chesson & Huntly, 2000; 

Damschen, Brudvig & Haddad, 2008; Davies et al., 2005; Fahrig, 2003; Montoya et al., 

2008). Habitat fragmentation increases the distance between reservoirs of diaspores, 

which can play an important role in the colonization of new areas and recovery 

dynamics. This threatens the persistence of plant species and causes a loss in 

biodiversity. Species that have traits that favour colonization by, for example, wind 
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dispersal (Hovestadt, Yao & Linsenmair, 1999) and wind-pollination (Hobbs & Yates, 

2003), are less susceptible to the effects of isolation and even can increase overall 

species richness  (Brudviga et al., 2009; Harper et al., 2005). In contrast, species that 

have short-range dispersal are vulnerable to extinction (Johst, Brandl & Eber, 2002; 

Verheyen et al., 2004); e.g., in a dynamic landscape, slow-colonizing species with low 

dispersability (large seeds, low fecundity, unassisted dispersal) have patch 

occupancies that are much lower than those of rapid colonizers (Verheyen et al., 

2003). So, dispersal is a key factor in the conservation of biodiversity in fragmented 

landscapes because it influences the capacity for plants to colonize fragments 

(Brudviga et al., 2009; Damschen et al., 2008; Ozinga et al., 2004).  

In a previous study in Cabo de Gata Natural Park, Almería, Spain (Alados et al., 2009; 

Navarro et al., 2009) we observed that species that have restricted spatial dispersal 

(reduction of dispersal structures or with anchorage mechanisms), which are 

predominant in arid regions (Ehrman & Cocks, 1996; Ellner & Shmida, 1981; 

Gutterman, 1993; Gutterman, 1994), are very sensitive to fragmentation, while species 

with better dispersal abilities such as wind-dispersed species are less sensitive. 

Indeed, fragmentation disrupted the structured spatial patterns of the plant species 

characteristic of Cabo de Gata Natural Park. Spatial self-organization results from local 

interactions between organisms and the environment and emerges at patch-scales 

(Rietkerk & van de Koppel, 2008; van de Koppel et al., 2008). For example, facilitation 

(Bertness & Callaway, 1994; HilleRisLambers et al., 2001; Pugnaire, Haase & 

Puigdefábregas, 1996) and limited dispersal ability (Miller, Mladenoff & Clayton, 2002) 

promote the development of self-organized spatial patterns (Aarssen & Turkington, 

1985; Kéfi et al., 2007b; Solé & Bascompte, 2006; Soro, Sundberg & Rydin, 1999). 

However, the relative importance of spatial dispersal and individual interactions is 

scarcely investigated (Pueyo et al., 2008). Habitat fragmentation can be used to 

disentangle the interaction and dispersal components of pattern formation, because 

habitat fragmentation increases the distance between fragments, which influence 
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species that vary in dispersal range in a different way. Indeed, if short range dispersal 

is the main cause of pattern formation, we should observe self-organized spatial 

patterns associated to restricted dispersal species.  

  In this study, we focused on the changes in spatial organization within fragments. The 

habitat fragments had common physical and development histories and were 

influenced by the same environment. Thus, landscape-scale heterogeneity of the 

fragments was similar, and fragment size and connectivity were the major influencing 

factors. We investigated the effect of habitat fragmentation (decreased size and 

increased isolation of fragments) on the change in plant spatial organization, and how 

this interacted with different plant growth forms and dispersal mechanisms.  

Specifically, we addressed the following questions:  

(i) Does fragment size and connectivity differentially influence the abundance 

of species that differ in growth form and spatial dispersal abilities? We 

expect species characteristic of well preserved shrubland matorral of Cabo 

de Gata National Park (shrubs) to decline in abundance with fragmentation, 

as small fragments are easily accessible to tussock grasses from the 

degraded matrix. We expect that species that depend on higher trophic 

interactions, e.g., vertebrate dispersal will be more sensitive to habitat 

fragmentation than will be species that have developed dispersal-enhancing 

features such as wind dispersal and do not depend on other organisms to 

disperse.  

(ii) What is the effect of spatial dispersal ability on spatial self-organization? We 

expect restricted-dispersed species present a larger degree of spatial 

organization than species with dispersal-enhancing features. 

(iii) Does fragmentation (size of habitat fragments and connectivity) disrupt the 

long-term spatial organization of species? We expect that small fragments 

have a lower degree of spatial organization and, therefore, negatively 

influence the species that depend on higher trophic level to disperse and 
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those that have restricted dispersal, meanwhile species that disperse by 

wind would not be affected. Those species would reduce diaspores 

availability when fragmentation reaches certain threshold.  

 

METHODS 

STUDY AREA 

The study area was in the Cabo de Gata Natural Park (37 570 ha) in southeastern 

Spain, which was founded in 1987. Elevation ranges from sea level to 493 m at El 

Fraile Peak, and the climate is Mediterranean semi-arid. Between 1973 and 1996, at 

43 m a.s.l., the average annual rainfall was 193.9 mm and the mean annual 

temperature was 19.4 ºC. The ecological community of the volcanic portion of the park 

is dominated by a dense open shrubland of Chamaerops humilis, along with Rhamnus 

lycioides, Pistacia lentiscus, and Periploca laevigata (Peinado, Alcaraz & Martínez-

Parras, 1992).  Historically, the area was exploited mainly by traditional agro-pastoral 

systems, with cereal cultivation on the floodplains and livestock (sheep and goats) 

grazing on the slopes. 

 

PLANT TRAITS 

Data were gathered for the 187 species recorded in our study. The 37 most abundant 

species, which represented 84% of the vegetation cover of the study area are recorded 

in Appendix 1. Field sampling and observations were performed monthly between 

December 2005 and November 2007. Voucher specimens of the plant species were 

kept in the MGC Herbarium. Botanical nomenclature follows Castroviejo et al. 

(1986/2007). For each species, growth form and two regenerative plant traits (spatial 

dispersal ability and clonality) were evaluated. 

Based on growth form, species were classified as trees, shrubs (woody plants > 0.8 m 

tall with the main canopy deployed relatively close to the soil surface on one or more 
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relatively short trunk(s)), semi-shrubs (woody plants up to 0.8 m tall), and herbs 

(Cornelissen et al., 2003). All of the semi-shrubs were chamaephyte species. Grasses 

were classified either as tussock grasses or non-tussock grasses. Clonality is the ability 

of a plant to reproduce vegetatively (Cornelissen et al., 2003). Plants were categorized 

as either clonal or non-clonal. Species that have developed spatial dispersal ability are 

those whose diaspores are equipped with structures that facilitate spatial dispersal, 

e.g., (a) flight structures (pappi, barbs, wings) and are dispersed by abiotic vectors 

(DDA), or (b) diaspores that have nutrient structures such as fleshy fruits and are 

dispersed by biotic vectors (DDB) (Cain, Milligan & Strand, 2000; Ellner & Shmida, 

1981; Higgins, Nathan & & Cain, 2003; Venable & Levin, 1985). Species that have 

restricted spatial dispersal (RD) are those whose diaspores lack dispersal-enhancing 

features or that actively restrict dispersal (Willson, 1993). When, in addition, species 

suffer from secondary dispersal by wind, we give priority to restricted dispersal 

because its influence on spatial aggregation. Characterization of plant dispersal 

strategies of Cabo de Gata Natural Park were previously studied in Navarro et al, 

(2009). The diaspore is the dispersal unit (Weiher et al., 1999). 

 

DATA COLLECTION AND ANALYSIS 

 

We collected data from 53 transects, each 500 m in length and distributed among 14 

fragments of natural vegetation within a matrix of abandoned crop fields. We selected 

sites that had different fragment sizes, but similar soils and exposures (Alados et al., 

2004b). Fragments were classified into three size classes: <300 ha (26 transects), 300-

900 ha (12 transects), and >900 ha (15 transects). Blocks of 3 to 4 transects each were 

nested into each size class (5 blocks in class <300 ha, 3 blocks in class 300-900 ha 

and 9 blocks in class >900 ha). We used the Point-Intercept Method (every 20 cm) 

(Goodall, 1952) to record the presence of individual plants along the 500-m transects.  
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Fragment size was calculated from digitized vegetation maps derived from 

orthorectified aerial photographs taken in 1994 using GIS (Geographic Information 

System) tools (Alados et al., 2004b). The area is protected and fragment modification 

of shrubland is not appreciable. Fragment connectivity was quantified using the 

distance between fragments. 
j

i DijS )exp( , Dij is the distance from fragment-edge 

i to fragment-edge j, and φ is a parameter. To calculate the distances between the 

edges of fragments (assumed to be circles), fragment radii were subtracted from the 

Euclidean center-to-center distances (Moilanen, 2004). 

The long-range spatial correlation of each species determined the degree of spatial 

clustering of each species’ cover, independent of the scale of measurement. Detrended 

Fluctuation Analysis (DFA), which describes spatial autocorrelation and patchiness, 

was used to detect long-range spatial autocorrelations (Alados & Weber, 1999; Hu et 

al., 2001; Peng et al., 1992). In the DFA, the integrated sequence s
i ixsy )()(  was 

subdivided into non-overlapping sequential sets or 'boxes' of size b (x(i) = +1 for 

presence, and x(i) = -1 for absence). The long-range spatial autocorrelation of 

individual species was evaluated using the presence (+1) and absence (-1) data of 

each species, separately. A regression line was fitted to each box of size b; i.e., )(syb  

was regressed on s, and the residual variance per each box size was calculated using 

2

2 )(ˆ)(
)(

N

sysy
bF bb . To provide the scale of the relationship bF b)( ,that 

process was repeated for scales 4, 6, 8 …. 512 points along the first 2050 points of 

each transect. The  parameter reflects the long-range correlation of the plant 

distribution sequence, which is equivalent to the Hurst Exponent (Hausdorff et al., 

1997), but it is a superior method to quantify long-range correlations (Hu et al., 2001). 

Theoretically,  is unaffected by the magnitude of fluctuations, but is affected by the 

sequential ordering of the fluctuations. If  21 , the sequence depends on the 
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history of the distribution and, when 21 , the sequence is randomly distributed. To 

obtain the alpha values, we used the Drasme2007 software developed by Escós & 

Alados (http://www.ipe.csic.es/conservacion/projects.htm#resources). In order to 

remove spatial autocorrelation obtained from species with crown cover larger than 

the size of the intercept interval (20 cm), we calculated the α value of simulated 

randomizations of individual plants (α-rand) and subtracted the original α from this 

value (α-rand), the resulting value (Δ alpha-DFA) represents  the increase of spatial 

organization. Except where noted otherwise, values are presented as mean ± standard 

error. To control pseudo-replication effects we performed nested ANOVAs with blocks 

nested within fragment size. We performed statistical analyses using SAS V9.1. 

 

RESULTS 

 

EFFECTS OF FRAGMENT SIZE AND CONNECTIVITY ON ABUNDANCE OF SPECIES WITH 

DIFFERENT GROWTH FORMS AND DISPERSAL ABILITY 

 

In Cabo de Gata Natural Park, Spain, shrubs were significantly less abundant in small 

fragments while the reverse was true for tussock grasses. Fragment size did not affect 

the abundance of non-tussock grasses, semi-shrubs, and trees (Table 1). Fragment 

connectivity was negatively correlated with the abundance of herbs, non-tussock 

grasses, and semi-shrubs, and positively with the abundance of tussock grasses 

(Table 2). Thus, herbs, tall grasses, and semi-shrubs were more abundant, and 

tussock grasses less abundant in isolated fragments. Connectivity was not significantly 

correlated with the abundance of shrubs or trees (Table 2).  

The open shrubland of Cabo de Gata showed significantly larger abundance of species 

that disperse by abiotic vectors (DDA) (0.60 ± 0.01) than species that disperse by biotic 

vectors (DDB) (0.22 ± 0.01) and species with restricted dispersal (RD) (0.09 ± 0.01) 

(one way nested ANOVA F2, 148 = 16.80, P < 0.0001). No significant difference between 

http://www.ipe.csic.es/conservacion/projects.htm#resources
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blocks within groups was observed (F8, 148 = 0.55, ns). Fragment size influenced 

significantly the abundance of DDB species (F2, 37 = 32.03, P < 0.001), DDA species 

(F2, 37 = 8.08, P < 0.001), and clonal species (F2, 37 = 8.94, P < 0.001). DDB species 

were significantly less abundant in small fragments whereas DDA and clonal species 

were more abundant in small fragments (Fig. 1). Fragment size did not affect the 

abundance of RD species (F2, 37 = 2.85, P = 0.07). 

The relation between fragment connectivity and abundance of species with different 

dispersal ability was analysed by linear regression (Table 2). Fragment connectivity 

and the abundance of RD species were significantly negatively related. Thus, RD 

species were most abundant in isolated fragments, and species that have developed 

dispersal by abiotic vectors (DDA) were most abundant in connected fragments. Clonal 

species were also more abundant in highly connected fragments. 

 

SPATIAL DISPERSAL, CLONALITY, AND THE FORMATION OF SPATIAL PATTERNS 

 

To assess the effect of spatial dispersal ability on the formation of spatial patterns, we 

compared the degree of spatial autocorrelation of plant distribution, corrected for plant 

size (Δ alpha-DFA) with the spatial dispersal ability and fragment size by a two-ways 

nested ANOVA with block nested within fragment size (F21, 1092 = 5.08, P < 0.001). 

Small fragment size had significantly lower Δ alpha-DFA than medium and large 

fragment sizes (F2, 1092 = 17.11, P < 0.001).  DDB species had significantly lower Δ 

alpha-DFA than DDA species and RD species (F2, 1092 = 7.98, P < 0.001) (Fig. 2). 

Indeed, results from the partitioned ANOVA for each dispersal category shown in Fig. 

2 revealed that RD species declined Δ alpha-DFA significantly when fragment size 

reached the smallest category (F2, 416 = 8.88, P < 0. 001), as also did DDA species (F2, 

544 = 17.70, P < 0. 001). DDB species showed the same trends but not significant (F2, 

107 = 2.14, P = 0. 1).  Clonal plants had not a significant different degree of spatial 

autocorrelation than non-clonal plants (F1, 1095 = 0.21, ns).  



 11 

 

EFFECTS OF FRAGMENT SIZE ON THE DISRUPTION OF ORGANIZED SPATIAL 

PATTERNS 

 

Our ANOVA further revealed that the effect of growth form interacted with dispersal 

ability and fragment size (Table 3). Shrub species increased Δ alpha-DFA with 

fragment size (F2, 245 = 12.74, P < 0.001). Neither tussock grasses (F2, 36 = 1.15, ns) nor 

trees (F2, 5 = 1.76) influenced the relationship between fragment size and spatial 

organization. Herbs (F2, 252 = 4.02, P =0.05), non-tussock grasses (F2, 186 = 7.79, P < 

0.001), and semi-shrubs (F2, 305 = 4.80, P < 0.01) had a higher degree of spatial 

autocorrelation in medium-sized fragments (300-900-ha). So, although shrubs 

represented only ~ 25% of the vegetation cover, this growth form was mainly 

responsible for the disruption of structured spatial patterns in fragmented landscapes.  

When the contribution of shrub spatial dispersal to pattern formation was considered in 

the analyses (Fig. 3), the result revealed that DDB species (F2, 53 = 5.04, P < 0.01) and 

RD species (F2, 106 = 4.21, P < 0.05) contributed the most to the organized spatial 

patterns in large fragments, whereas DDA species favored spatial organization in 

medium-sized fragments (F2, 56 = 13.11, P < 0.01). Fragment connectivity affected 

significantly the spatial autocorrelations of shrubs, semi-shrub and non-tussock grass 

(Table 4). Thus, shrubs, semi-shrubs, and non-tussock grasses, were more self-

organized in isolated fragments. 

 

DISCUSSION 

 

Dispersal potential has a significant influence on the relationship between species 

abundance and fragment size. According to our predictions we observed that species 

that depend on higher trophic interactions were more sensitive to habitat fragmentation 

than species that do not, as opposed to what have been reported by Montoya et al. 
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(2008), were animal-dispersed trees were less vulnerable to forest loss than wind-

dispersed trees. Typically, species that have developed spatial dispersal abilities are 

less sensitive to isolation and reductions in fragment size than are species that have 

restricted spatial dispersal (Dupré & Ehrlén, 2002; Honnay et al., 2002; Johst et al., 

2002; Kolb & Diekmann, 2005; Verheyen et al., 2004). When the species that have 

developed spatial dispersal abilities were differentiated between those that use abiotic 

vectors (mainly wind in the arid area of our study (Navarro et al., 2009)) and those that 

use vertebrates as a biotic vector, fragmentation favoured abiotic-dispersed species 

but restricted biotic-dispersed species. Habitat loss is probably associated to the loss of 

animals that disperse seeds influencing the persistence of biotic dispersed plants 

(Bascompte & Jordano, 2007; Montoya et al., 2008). Studies have shown that small 

habitat fragments can favor seed predation (Curran & Webb, 2000; Santos & Telleria, 

1997) and reduced seed dispersal by frugivorous vertebrates (Santos & Tellería, 1994; 

Santos, Tellería & Virgos, 1999) because a threshold amount of food  is required to 

attract prey species (Reynolds et al., 2009; Serrano & Tella, 2003). Fragments lower 

than a certain threshold, restricting vertebrate visits, may be vulnerable to a cascade of 

species loss, because the vertebrate-dispersed shrubs reduce recruitment, 

establishment and patch biomass due to natural senescence, finally breaking up 

facilitative plant interactions. Indeed, small fragment are under larger impact of 

demographic and environmental stochasticity that negatively influence species 

persistence (Soulé, 1987).  

In our study and others, fragment isolation influenced negatively the abundance of 

clonal spreading plants (Kolb & Diekmann, 2005). In our study, however, the species 

that have restricted spatial dispersal were most abundant in isolated fragments and 

were not significantly affected by fragment size. These species are common in arid 

ecosystems, where suitable space to germinate is scarce, and it is more advantageous 

to germinate close to the mother plant (Ehrman & Cocks, 1996; van Rheede van 

Oudtshhoorn & van Rooyen, 1999). They can persist in fragmented landscapes until a 
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threshold is reached and low connectivity limits the rescue effect (Ovaskainen et al., 

2002; Xu et al., 2006). 

Fragment size was positively correlated with the abundance of shrubs, and negatively 

correlated with the abundance of tussock grasses. Previous studies of the vegetation 

dynamics in Cabo de Gata Natural Park indicated a transition from brushwood 

vegetation to alpha steppe (dominated by tussock grass) as the amount of degradation 

increased (Alados et al., 2003). Alpha steppe represents an end successional 

degradation stage of Cabo de Gata shrubland (Peinado et al., 1992), more developed 

in small fragments but well connected. Yet, tussock grasses require well connected 

fragments to develop, which is unlike herbs, non-tussock grasses, and semi-shrubs, 

which are more abundant in isolated fragments because of their ability to colonize 

disturbed habitats (Navarro et al., 2009). 

Shrub species are an important component of the Cabo de Gata Natural Park. Shrubs 

change the distribution of resources through pattern formation (Rietkerk et al., 2004),  

modulating ecosystem processes at spatial and temporal scales beyond the extent of 

the shrubs as ecosystem develops.  Species dispersed by animals show a positive 

density feedback as animal attraction increase with recruitment abundance (Reynolds 

et al., 2009) and con-specific attraction  (Serrano & Tella, 2003). The positive feedback 

between recruitment abundance and vertebrate visits influence the colonization and 

persistence of vertebrate-dispersed shrubs, which modify the distribution of water and 

nutrients around the shrub canopy and facilitate the patch formation (Kéfi et al., 2007a). 

The dispersal-distance negative relationship (Harper, 1977) leads to long-range spatial 

autocorrelation of shrub distribution that increase with the positive relation between 

seed production and establishment. Although post-dispersal seed predation can be 

large, most un-predated seed establish close to the mother plant (Nathan & 

Casagrandi, 2004; Rey & Alcántara, 2000).  

In our study we found that habitat fragmentation was associated with decline of 

vertebrate-dispersed shrubs and loss of their spatial organization. In other words, large 
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fragments were needed to develop self-organized distribution of vertebrate dispersed 

shrubs. Processes operating at the scale of individual organisms typically result in self-

organized spatial patterns beyond the spatial and temporal scales of individual 

organisms (Aarssen & Turkington, 1985; Cutler et al., 2008; Solé & Bascompte, 2006). 

Various mechanisms are responsible for the formation of self-organized spatial 

patterns. Facilitative interactions and dispersal limitations are the two most important 

mechanisms responsible for spatial self-organization (Solé & Bascompte, 2006).  

Habitat fragmentation can affect the persistence of species and their capacity to 

propagate within different-sized fragments depending on the characteristics of the 

species (Adriaens et al., 2006; Kolb & Diekmann, 2005; Tremlová & Münzbergová, 

2007). Species that have restricted spatial dispersal exhibited larger degrees of spatial 

autocorrelation than did the species that have developed spatial dispersal. The 

theoretical model of Pueyo et al. (2008) also reported  that short dispersal distances 

are associated with enhanced self-organization. Developed spatial dispersal species 

that use abiotic vectors, e.g., wind, which are dominant in early successional habitats 

(Dzwonko, 1993; Navarro, Alados & Cabezudo, 2006; Salisbury, 1942), where random 

distributions predominate (Cutler et al., 2008; Dale & Blundon, 1990; Fowler, 1990; 

Kershaw, 1963; Solé & Bascompte, 2006), and vertebrate dispersal species (Seidler & 

Plotkin, 2006) exhibited a lower degree of  spatial autocorrelation (spatial self-

organization) than did species that have restricted dispersal. Chust et al. (2006) also 

observed lower spatial autocorrelation in grasslands dominated by wind-dispersed 

species. From our results we deduce that spatial restricted dispersal is an important 

mechanism to develop spatial organized patterns in semiarid habitats. 

In our study and that of (Piessens, Honnay & Hermy, 2005), species that have 

mechanisms to facilitate developed spatial dispersal were affected by isolation as much 

as were those species that lack these mechanisms. We observed that biotic-dispersed 

species as well as abiotic-dispersed and restricted-dispersed species declined spatial 

autocorrelation with declining fragment size. Although the difference for vertebrate- 
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dispersed species was not significant when all the growth forms were analyzed 

together. Thus, meanwhile spatial organization of vertebrate-dispersed shrubs is 

sensitive to fragmentation; this effect is lost when we included other growth forms, 

particularly tree species, which are not affected by fragment size. Olea europaea is the 

tree most abundant in our study area, and its distribution is associated to man 

management.    

In summary, smaller fragments disrupted the self-organized distribution of plant 

species and, in particular, the distributions of shrub species were more random in the 

smaller fragments. Thus, large fragments might undergo succession more than do 

small fragments (Holt, Robinson & Gaines, 1995), which increases spatial 

heterogeneity (Cook et al., 2005). Indeed, the shrubs most affected by reductions in 

fragment size are those that disperse by vertebrates or those with restricted spatial 

dispersal. We propose that shrubs induce positive feedback mechanisms arising from 

vertebrate attraction and resource concentration, leading to facilitative plant 

interactions. These are important components of the formation of self-organized spatial 

patterns in developed fragments. We concluded that spatial dispersal potential had a 

significant influence on the relationship between species abundance and fragment size.  
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Legends: 

 

Fig 1. Abundance rates of species (mean ± standard error) that inhabited fragments 

>900 ha (large), 300-900 ha (medium), and <300 ha (small) in the open 

shrubland community of Cabo de Gata Natural Park, SE Spain. Species were 

classified based on their dispersal ability as: restricted dispersal (RD), abiotic 

developed dispersal (ADD) and biotic developed dispersal (BDD). DFA is 

Detrended Fluctuation Analysis. Error bars represent standard error, and 

characters (*) at the top of the bars denote significant differences between 

treatments based on a Bonferroni post-hoc analysis. 

 

Fig. 2. Mean (± standard error) increase of long-range spatial autocorrelation 

exponents (Δ alpha-DFA) among plant species based on their spatial dispersal 

ability (RD is restricted dispersal, ADD is abiotic developed dispersal, BDD is 

biotic developed dispersal) and fragment size (fragments >900 ha (large), 300-

900 ha (medium), and <300 ha (small)) in the open shrubland community of 

Cabo de Gata Natural Park, SE Spain. Different letters at the top of the bars 

denote significant difference between fragment size per each dispersal category 

based on Bonferroni post-hoc analysis. 

 

Fig. 3. Mean (± se) increase of long-range spatial autocorrelation exponents (Δ alpha-

DFA) among shrub species based on their spatial dispersal ability (RD is 

restricted dispersal, ADD is abiotic developed dispersal, BDD is biotic 

developed dispersal) and fragment size (fragments >900 ha (large), 300-900 ha 

(medium), and <300 ha (small)) in the open shrubland community of Cabo de 

Gata Natural Park, SE Spain. Different letters at the top of the bars denote 

significant difference between fragment size per each dispersal category based 

on Bonferroni post-hoc analysis. 
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Table 1. Nested ANOVA results and mean ± standard error of relative abundance rate for 
fragment size ranging from >900 ha (large), 300-900 ha (medium), and <300 ha (small) in 
the open shrubland community of Cabo de Gata Natural Park, SE Spain. Block is nested 
within fragment size. Means with different letters denote significant differences between 
treatments based on a Bonferroni post-hoc analysis. *** P ≤ 0.001, ** P ≤ 0.01, * P ≤ 0.05, 
no asterisk indicates P > 0.05. 
 

   Fragment size 
 

 

Growth form F2, 37 Small  Medium Large 
 

Herbs 2.73 0.143 ± 0.012 0.178 ± 0.021 0.145 ± 0.011 
Non-tussock grasses 1.85 0.126 ± 0.020 0.147 ± 0.020 0.136 ± 0.019 
Semi-shrub 2.32 0.154 ± 0.016 0.185 ± 0.026 0.179 ± 0.010 
Tussock grasses 27.51***    0.455 ± 0.029a 0.353 ± 0.032b 0.294 ± 0.042b 
Shrub 68.20*** 0.119 ± 0.010a 0.135 ± 0.017a 0.244 ± 0.018b 
Tree 0.41 0.002 ± 0.001 0.002 ± 0.001 0.002 ± 0.001 
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Table 2. Relationships between connectivity and abundance of the different growth forms, 
dispersal ability and clonality as tested by lineal regression analysis in the open shrubland 
community of Cabo de Gata Natural Park, SE Spain. (RD is restricted dispersal, ADD is 
abiotic developed dispersal, BDD is biotic developed dispersal) 
 

 slope R2 F(1,51) P ≤ 

Growth form     

Herbs -0.135 0.10 5.72   0.05 

Non-tussock grasses -0.319 0.27 18.18   0.0001 

Semi-shrub -0.208 0.15 8.93 0.001 

Tussock grasses 0.562 0.25 17.30 0.0001 

Shrub 0.102 0.03 1.78 ns 

Tree -0.001 0.01 0.07 ns 

Dispersal ability     

RD -0.204 0.10 5.41 0.05 

ADD 0.200 0.08 4.38 0.05 

BDD 0.025 0.04 0.23 ns 

Clonality     

Clonal 0.352 0.16 9.81 0.01 
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Table 3. ANOVA results of the effect of fragment size ranging from >900 ha (large), 
300-900 ha (medium), and <300 ha (small), growth forms and dispersal ability on Δ 
alpha-DFA values for in the open shrubland community of Cabo de Gata Natural Park, 
SE Spain. Block is nested within fragment size. 
 

     
 df Mean square F P ≤ 

 
Dispersal 2 0.059 6.66 0.01 
Fragment size 2 0.191 8.89 0.0001 
Growth form 5 0.095 10.97 0.0001 
Block (Fragment size) 13 0.017 2.64 0.01 
Dispersal * Fragment Size 4 0.003 1.24 ns 
Dispersal * Growth form 5 0.107 13.37 0.0001 
Fragment Size * Growth form 10 0.013 2.14 0.05 
Fragment Size * Growth form 
*Dispersal 

10 0.013 
 

2.13 0.05 
 

Error 1062 0.006   
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Table 4. Relationships between connectivity and Δ alpha-DFA values of the 
different growth forms as tested by lineal regression analysis in the open 
shrubland community of Cabo de Gata Natural Park, SE Spain.  

 
Growth form slope R2 n1, n2 F P ≤ 

Herbs 0.007 0.01 1, 314 0.03  ns 

Non-tussock grasses -0.194 0.05 1, 200   11.72 0.0001 

Semi-shrub -0.113 0.03 1, 289 8.88 0.01 

Tussock grasses -0.058 0.01 1, 50 0.61 ns 

Shrub -0.139 0.03 1, 241 8.94 0.01 

Tree -0.657 0.05 1, 8 0.42 ns 
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Legends: 

 

Fig 1. Abundance rates of species (mean ± standard error) that inhabited fragments 

>900 ha (large), 300-900 ha (medium), and <300 ha (small) in the open 

shrubland community of Cabo de Gata Natural Park, SE Spain. Species were 

classified based on their dispersal ability as: restricted dispersal (RD), abiotic 

developed dispersal (ADD) and biotic developed dispersal (BDD). DFA is 

Detrended Fluctuation Analysis. Error bars represent standard error, and 

characters (*) at the top of the bars denote significant differences between 

treatments based on a Bonferroni post-hoc analysis. 

 

Fig. 2. Mean (± standard error) increase of long-range spatial autocorrelation 

exponents (Δ alpha-DFA) among plant species based on their spatial dispersal 

ability (RD is restricted dispersal, ADD is abiotic developed dispersal, BDD is 

biotic developed dispersal) and fragment size (fragments >900 ha (large), 300-

900 ha (medium), and <300 ha (small)) in the open shrubland community of 

Cabo de Gata Natural Park, SE Spain. Different letters at the top of the bars 

denote significant difference between fragment size per each dispersal category 

based on Bonferroni post-hoc analysis. 

 

Fig. 3. Mean (± se) increase of long-range spatial autocorrelation exponents (Δ alpha-

DFA) among shrub species based on their spatial dispersal ability (RD is 

restricted dispersal, ADD is abiotic developed dispersal, BDD is biotic 

developed dispersal) and fragment size (fragments >900 ha (large), 300-900 ha 

(medium), and <300 ha (small)) in the open shrubland community of Cabo de 

Gata Natural Park, SE Spain. Different letters at the top of the bars denote 

significant difference between fragment size per each dispersal category based 

on Bonferroni post-hoc analysis. 
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Table 1. Nested ANOVA results and mean ± standard error of relative abundance rate for 
fragment size ranging from >900 ha (large), 300-900 ha (medium), and <300 ha (small) in 
the open shrubland community of Cabo de Gata Natural Park, SE Spain. Block is nested 
within fragment size. Means with different letters denote significant differences between 
treatments based on a Bonferroni post-hoc analysis. *** P ≤ 0.001, ** P ≤ 0.01, * P ≤ 0.05, 
no asterisk indicates P > 0.05. 
 

   Fragment size 
 

 

Growth form F2, 37 Small  Medium Large 
 

Herbs 2.73 0.143 ± 0.012 0.178 ± 0.021 0.145 ± 0.011 
Non-tussock grasses 1.85 0.126 ± 0.020 0.147 ± 0.020 0.136 ± 0.019 
Semi-shrub 2.32 0.154 ± 0.016 0.185 ± 0.026 0.179 ± 0.010 
Tussock grasses 27.51***    0.455 ± 0.029a 0.353 ± 0.032b 0.294 ± 0.042b 
Shrub 68.20*** 0.119 ± 0.010a 0.135 ± 0.017a 0.244 ± 0.018b 
Tree 0.41 0.002 ± 0.001 0.002 ± 0.001 0.002 ± 0.001 
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Table 2. Relationships between connectivity and abundance of the different growth forms, 
dispersal ability and clonality as tested by lineal regression analysis in the open shrubland 
community of Cabo de Gata Natural Park, SE Spain. (RD is restricted dispersal, ADD is 
abiotic developed dispersal, BDD is biotic developed dispersal) 
 

 slope R2 F(1,51) P ≤ 

Growth form     

Herbs -0.135 0.10 5.72   0.05 

Non-tussock grasses -0.319 0.27 18.18   0.0001 

Semi-shrub -0.208 0.15 8.93 0.001 

Tussock grasses 0.562 0.25 17.30 0.0001 

Shrub 0.102 0.03 1.78 ns 

Tree -0.001 0.01 0.07 ns 

Dispersal ability     

RD -0.204 0.10 5.41 0.05 

ADD 0.200 0.08 4.38 0.05 

BDD 0.025 0.04 0.23 ns 

Clonality     

Clonal 0.352 0.16 9.81 0.01 
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Table 3. ANOVA results of the effect of fragment size ranging from >900 ha (large), 
300-900 ha (medium), and <300 ha (small), growth forms and dispersal ability on Δ 
alpha-DFA values for in the open shrubland community of Cabo de Gata Natural Park, 
SE Spain. Block is nested within fragment size. 
 

     
 df Mean square F P ≤ 

 
Dispersal 2 0.059 6.66 0.01 
Fragment size 2 0.191 8.89 0.0001 
Growth form 5 0.095 10.97 0.0001 
Block (Fragment size) 13 0.017 2.64 0.01 
Dispersal * Fragment Size 4 0.003 1.24 ns 
Dispersal * Growth form 5 0.107 13.37 0.0001 
Fragment Size * Growth form 10 0.013 2.14 0.05 
Fragment Size * Growth form 
*Dispersal 

10 0.013 
 

2.13 0.05 
 

Error 1062 0.006   
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Table 4. Relationships between connectivity and Δ alpha-DFA values of the 
different growth forms as tested by lineal regression analysis in the open 
shrubland community of Cabo de Gata Natural Park, SE Spain.  

 
Growth form slope R2 n1, n2 F P ≤ 

Herbs 0.007 0.01 1, 314 0.03  ns 

Non-tussock grasses -0.194 0.05 1, 200   11.72 0.0001 

Semi-shrub -0.113 0.03 1, 289 8.88 0.01 

Tussock grasses -0.058 0.01 1, 50 0.61 ns 

Shrub -0.139 0.03 1, 241 8.94 0.01 

Tree -0.657 0.05 1, 8 0.42 ns 
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Appendix 1. Percentage of cover and plant traits studied of the most abundant species 
of the open shrubland of Cabo de Gata Natural Park. Spatial dispersal ability (SD) is: 
RD, restricted spatial dispersal; DDA, developed spatial dispersal, by abiotic vectors; 
DDB, developed spatial dispersal by biotic vectors. Clonality included: C (Clonal) NC 
(non clonal). Growth Forms are: T (tree), Sh (Shrubs). SSh (Semi-shrubs), H (herbs), 
TsG (tussock grasses), non-TsG (non-tussock grasses). 
 

Species Cover (%) Spatial 
dispersal  

Clonality Growth 
forms 

Anthyllis cytisoides         1.355 DDA NC SSh 

Asparagus horridus  1.239 DDB C H 
Asteriscus maritimus 0.596 RD NC SSh 

Avena barbara 0.527 DDA C non-TsG 
Avenula gervaisii 0.640 DDA C non-TsG 

Ballota hirsuta 0.636 DDA NC SSh 
Brachypodium distachyon  2.406 DDA C non-TsG 

Brachypodium retusum  4.887 DDA C non-TsG 
Bromus rubens 0.636 DDA C non-TsG 

Carduus tenuiflorus 0.710 DDA NC H 
Chamaerops humilis  6.911 DDB C Sh 

Cistus albidus  0.564 RD NC Sh 
Dactylis glomerata 0.973 RD C non-TsG 

Fagonia cretica 0.573 DDA NC H 

Fumana laevipes 0.846 RD NC SSh 
Genista ramosissima  0.746 RD NC Sh 

Genista spartoides 0.849 RD NC Sh 
Heliantemum almeriense 0.925 RD NC SSh 

Launaea lanifera 1.781 DDA NC SSh 
Lavandula multifida 1.005 RD NC SSh 

Leontodon longirrostris 0.585 RD NC H 
Linum strictum 1.161 RD NC H 

Lycium intrincatum 0.020 DDB C Sh 

Olea europaea  0.100 DDB NC T 

Periploca laevigata 3.804 DDA NC Sh 

Phagnalon saxatile 0.323 DDA NC SSh 
Phlomis purpurea 1.811 RD NC Sh 

Plantago amplexicaulis 2.343 DDA NC H 
Salsola genistoides 0.574 DDA NC Sh 

Silene colorata  0.615 RD NC H 
Stipa capensis 1.210 RD C non-TsG 

Stipa tenacissima 34.84 DDA C TsG 

Stoibrax dichotomum 0.594 RD NC H 

Teucrium charidemi 0.702 DDA NC SSh 
Teucrium pseudo-
chamaepitys 

0.587 
RD 

NC SSh 

Thymus hyemalis  4.732 DDA NC SSh 

Ulex parviflorus  0.923 RD NC Sh 


