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Abstract 
 Based on the inventory of 67 fengshui woods, we first decomposed the beta diversity of these 
communities into nestedness and spatial turnover; then we quantified the relative contribution of abiotic 
factors to the variation of species composition using variation partitioning method at the meta-community 
scale. We found that the species composition was heterogeneous with high beta diversity and characterized by 
obvious spatial turnover pattern. Abiotic variables explained only a little variation of species composition; 
instead, undefined environmental variables and stochastic processes were the main factors driving species 
assemblage of fengshui woods in this study. For the sustainability of fengshui woods, management and 
conservation efforts should be devoted to a large range of fengshui communities instead of only focusing on 
several ones. Furthermore, linking the conservation of traditional culture and nature is likely to be more 
effective in managing and conserving fengshui woods than ignoring traditional beliefs, values and institutions. 
 

Introduction 
 Study on variation in species composition among fragmented communities (beta diversity) is 
a fundamental step for the conservation of biodiversity and for ecosystem management (Legendre 
et al. 2009, Carvalho et al. 2011). Beta diversity reflects two different phenomena: spatial turnover 
and nestedness (Baselga et al. 2007). Spatial turnover occurs when species in one site is 
substituted by different species in other sites. Contrary to spatial turnover, nestedness of species 
assemblages means the species of sites with smaller numbers of species are subsets of the species 
at richer sites (Almeida-Neto et al. 2011). The intrinsic value of separating the contribution of 
nestedness and spatial turnover patterns is for a deep understanding of the composition of beta 
diversity and for management and conservation issues (Baselga 2010). Spatial turnover pattern 
implies that a large number of different sites should be devoted management and conservation 
efforts, whereas nestedness pattern requires that sites with the richest species should have 
management and conservation priority.  
 A variety of deterministic and stochastic mechanisms can lead to the nestedness or spatial 
turnover pattern of beta diversity. Ulrich et al. (2009) reviewed that passive sampling, neutrality, 
selective environmental tolerances and habitat quality had been proposed for explaining 
nestedness. Similarly, spatial turnover pattern was considered as a consequence of environmental 
sorting or spatial and historical constraints (Baselga 2010). Furthermore, perfectly nestedness or 
spatial turnover is rare in nature; most communities are combinations of nestedness and spatial 
turnover patterns (Carvalho et al. 2011). Therefore, understanding processes behind beta diversity 
pattern, analyses of nestedness and spatial turnover patterns should be accompanied by appropriate 
environmental gradient and spatial analyses.  
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 Environmental gradient and spatial distance are perhaps the two predictors that are most 
widely invoked to explain the beta diversity pattern (Laliberté et al. 2009, Jamoneau et al. 2012). 
According to the niche theory, species distribution is determined by habitat heterogeneity because 
species differ in their response to resources (Freestone and Inouye 2006). As dispersal process is 
strongly spatial independent, beta diversity is predicted to increase along spatial gradients 
(Cottenie 2005). Beyond dispersal limitation, other stochastic processes may influence the beta 
diversity pattern (Smith and Lundholm 2010). Although early studies investigated the effects of 
stochastic processes on extinction and beta diversity pattern (Chase and Myers 2011), stochastic 
processes is often ignored by field ecologists because of its impenetrability and difficulties in its 
application (Gravel et al. 2011). To increase the identification of drivers of beta diversity pattern 
and for the sustainability of forest communities, it is important to clearly disentangle the 
contribution of habitat heterogeneity, dispersal limitation and other stochastic processes on beta 
diversity pattern, especially for fragmented forests. These types of knowledge will add to our 
understanding of fengshui communities to achieve sustainability, but are still poorly studied. In 
this study, we examined the beta diversity pattern and its determinants based on sampled data from 
fengshui woods in South China. This study will deepen our understanding of beta diversity in 
these forests. 
 
Materials and Methods 
 The study was carried out in Guangzhou city (E 112°57’~114°3’, N 22°26’~23°56’), China 
(Fig. 1). The prevailing climate is subtropical monsoon climate. Rainfall mainly occurs between 
April and September with a mean annual precipitation of 1600 mm. The annual average 
temperature is 22.8°C. The native forests are mainly composed by universal tropical- and 
temperate-originated species. Fengshui woods, as one kind of fragmented natural heritage forests, 
distributed widely in the South China. Fengshui woods have been protected by generations of 
villagers. They have retained features of original vegetation, and have been influenced by human 
beings because it is so close to villages (Ma  et al. 2015).  
 

 
 

Fig. 1. Sixty seven fengshui wood patches were selected randomly in Guangzhou city. 
 

 In 2010, 67 fengshui wood patches were selected randomly in Guangzhou city (Fig. 1). 
Among these 67 patches, the smallest one was 1.10 ha, the largest was 41.10 ha, and the average 
patch size was 11.33 ha. We established 20 m × 20 m plots (Echeverría et al. 2007) in the centre of 



BETA DIVERSITY PATTERN AND ITS DRIVING FORCES 907 

each fengshui wood patch. Species were identified within each plot. Elevation, slope and aspect of 
each plot were recorded. 
 In this study, we used the method developed by Carvalho et al. (2011): 
 Total beta diversity βcc = (b + c)/(a + b + c)  (1) 
 Replacement (turnover) β-3 = 2 × min (b,c)/(a + b + c)  (2) 
 Richness differences (nestedness) βrich = |b - c|/(a + b + c) (3) 
 βcc = β-3 + βrich (4) 
 where a is the number of species common to both sites, b is the number of species present in 
the first site but not in the second site and c is the number of species that occur in the second but 
not in the first.  
 We wanted to quantify the relative contributions of environmental factors, spatial distance and 
stochastic events to the dissimilarity of fengshui communities using the variation partitioning 
method. The species abundance data table of our 67 fengshui plots was considered as response 
matrix, and spatial and topographic variables were considered as explaining matrices. The spatial 
matrix was structured using the Principal Coordinates of Neighbor Matrices (PCNM) method 
(Dray et al. 2006, Jones et al. 2008).  
 All of our analyses were completed using R language (version 2.13.0) (R development core 
team 2010). Fig. 1 was plotted with “mapdata” and “googleVis” packages (Brownrigg et al. 2011, 
Gesmann and Castillo 2011).  
 
Results and Discussion 
 In each plot, each stem with diameter at breast height (DBH) no less than 1 cm was identified 
to species. As a result, 184 species belonging to 119 genera and 53 families were recorded. 
Saurauia tristyla, Caryota maxima, Castanopsis fissa, Litsea rotundifolia, Ligustrum quihoui, 
Acronychia pedunculata, and Ficus microcarpa were the seven most abundant species with more 
than 200 individuals recorded. 
 Total beta diversity (βcc), turnover (β-3) and nestedness (βrich) do not appear to correlate with 
spatial distance (Fig. 2), and turnover between pairwise plots is significantly greater than 
nestedness (p value was less than 2.20e-16). The average βcc, β-3 and βrich of all possible pairwise 
plots are 0.81, 0.61 and 0.20, respectively. 
 Spatial distance between our sampling plots ranges from 0.3 km to 61.7 km and the average 
distance is 26.3 km. Five PCNM variables were selected from the total 35 PCNM variables to 
represent spatial effect. The result of variation partitioning shows that topography and spatial 
distance contribute little (0.9 and 5.8%, respectively) for the dissimilarity of fengshui wood 
communities (Fig. 3). Most of the variations have not been explained. 
 Due to environmental variation or dispersal limitation, heterogeneous species composition 
may be common in fragmented forest (Jamoneau et al. 2012). However, our result (Figure 3) 
showed that topographic variables and dispersal limitation was not good predictors for the 
variation of species composition of fengshui communities. Significant spatial effect does not equal 
to significant dispersal limitation effect, because potential spatially-structured environmental 
variables that we did not investigate may result in an overestimation of dispersal limitation effect 
(Jones et al. 2008). Conversely, any dissimilarity independent of spatial distance could refute the 
impact of dispersal limitation (Chase and Myers 2011). In our analysis (Fig. 3), pure spatial 
variables only contributed less than 6% variation of species composition among different fengshui 
communities. This provided strong evidence to ignore the effect of dispersal limitation on the 
structuring of beta diversity pattern of fengshui communities. Meanwhile, although the adjusted          
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r-square of topographic variables was very low (Fig. 3), we cannot neglect the contribution of 
habitat heterogeneity to the beta diversity pattern of fengshui communities, because there are 
many environmental factors were not included in our analysis (e.g., soil properties) that may be 
important for fengshui community assemblage; instead, based on our results, we can only infer 
that topographic factors have little influence on the beta diversity pattern of fengshui communities.  
 

 
Fig. 2. Beta diversity decomposition. The hollow circle, solid circle and asterisk are 

pairwise total beta (βcc), turnover (β-3) and nestedness (βrich), respectively. The soild, 
long-dash and dotted lines are the mean value of βcc, β-3 and βrich, respectively. 

 

 
Fig. 3. Fractions issued from variation partitioning using the dissimilarity of fengshui 

wood communities versus topographic and spatial explanatory tables. The value in 
the circle represents the explanatory power (adjusted r-square) of each fraction. 
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Chiarucci et al. (2008) reported that complex geological, topographical and land use patterns lead 
to high beta diversity. Kreft et al. (2008) presented a meta-analysis of 488 island and 970 mainland 
floras showing that environment was a strong factor explaining composition variation. Undefined 
habitat heterogeneity (e.g., differentiation of soil properties) may contribute highly to the 
community heterogeneity of fengshui woods. 
 Unexplained fraction of variation of species composition masks two components of 
uncertainty: inadequate characterization of the exact environment and stochastic processes 
(Legendre et al. 2009); whatever, the reality that most variation of species composition of fengshui 
wood communities had not been explained by topography and dispersal limitation implied the 
prominent effect of stochastic events on species assemblage. This is not strange because forest 
management-associated disturbances can produce heterogeneity and make species assemblages 
more random than expected (Jamoneau et al. 2012). For hundreds of years, fengshui woods have 
constantly been directly or indirectly influenced by villagers to varying degrees. Through the years, 
some species may have disappeared from one fengshui wood patch because of natural and/or 
human disturbance, while other species may have appeared through accidental importing. Some 
studies (Laurance 2008, Riitters et al. 2012) reported that fragmentation would drive the 
homogenization of the remaining forest, as tree species composition was expected to shift towards 
edge-adapted species. Furthermore, this edge effect is supposed to increase with neighbored 
agriculture intensity (Cardelus et al. 2012). Fengshui woods are usually surrounded by cultivated 
fields and human villages; however, it is obvious that the species composition of fengshui woods 
has not been homogenized. Contemporary and historical random processes have overcome the 
homogenization effect and driven the species turn over pattern of fengshui woods.  
 Heterogeneous communities, characterized by obvious spatial turnover pattern require great 
management and conservation efforts to sustain the fengshui woods. On the one hand, 
heterogenization of species composition increases the maintaining value of forest communities 
because of its increased biodiversity and other ecological service functions. The high beta 
diversity (Fig. 2) suggests that fengshui woods deserve to make great effort for managing and 
conservation. On the other hand, high proportion of turnover in total beta diversity means that 
protecting one or several fengshui communities will provide limited benefit for regional species 
diversity conservation. In order to conserve a large range of species, it is necessary to protect all of 
the fengshui wood communities. Linking the conservation of traditional culture and nature is 
likely to be more effective in conserving fengshui woods than ignoring traditional belief, values 
and institutions. 
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