









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript













Global Ecology and Biogeography, (Global Ecol. Biogeogr.) (2009) 18, 596–606 Blackwell Publishing Ltd



RESEARCH PAPER



Dispersal traits linked to range size through range location, not dispersal ability, in Western Australian angiosperms Aaron D. Gove1,2*, Matthew C. Fitzpatrick3,4, Jonathan D. Majer1 and Robert R. Dunn1,2



1



Centre for Ecosystem Diversity and Dynamics in the Department of Environmental and Aquatic Sciences, Curtin University of Technology, Perth, Western Australia, Australia, 2 Department of Biology, North Carolina State University, Raleigh, NC, USA, 3Harvard University, Harvard Forest, 324 North Main Street, Petersham, MA 01366, USA, 4 Department of Biological Sciences, University of Rhode Island, 100 Flagg Road, Kingston, RI 02881-0816, USA



ABSTRACT



Aim We examine the relative importance of seed dispersal mode in determining the range size and range placement in 524 species from six focal plant families (Agavaceae, Euphorbiaceae, Malvacaeae, Sapindaceae, Proteaceae and Fabaceae (Acacia)). Location Western Australia. Methods Taxa were categorized by dispersal mode and life-form and their distributions modelled using maxent. Geographical range size was compared amongst dispersal mode, life-form and biome using phylogenetically independent contrasts. Geographical range placement was considered in a similar manner. Results Range size did not vary with dispersal mode (ant versus wind and vertebrate dispersal) or life-form, and instead varied primarily as a function of the biogeographical region in which a species was found. Range placement, however, did vary among dispersal modes, with the consequence that diversity of wind- and ant-dispersed plants increased with latitude while the diversity of vertebratedispersed plants was more evenly distributed.
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Main conclusions For the taxa studied, range sizes were a function of the biogeographical region in which species were found. Although differences in range size may exist among species differing in dispersal modes, they are likely to be far smaller than differences among species from different biogeographical regions. The trait most likely to affect species geographical range size, and hence rarity and risks associated with other threats, may simply be the geographical region in which that species has evolved. Keywords Angiosperm diversity, biogeography, dispersal, latitude, myrmecochory, Western Australia.



At the regional scale, patterns of species diversity are a consequence of both species range sizes and their positions in space (Colwell & Lees, 2000; Arita & Rodríguez, 2002; Colwell et al., 2004). Both range size and range position can in turn be influenced by species traits such as dispersal ability. However, the role of dispersal in determining range size is poorly understood, while its influence on range positions is considered better understood but is rarely considered empirically.



Species vary in geographical distribution from globally distributed species, such as the osprey, to species with geographical distributions that were, even prior to anthropogenic disturbance, no more than a few dozen hectares (e.g. Dunn & Romdal, 2005). Theory suggests that one of the traits likely to influence range size is dispersal ability (Hanski, 1999; Dynesius & Jansson, 2000; Hubbell, 2001). Poorly dispersing species are predicted to have smaller ranges because they are less able to establish or maintain gene flow to distant sites, or more likely to become locally adapted and more likely to speciate (Kunin & Gaston, 1997;
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INTRODUCTION



Ecological constraints on range size Latimer et al., 2005; Urban et al., 2008). However, empirical results for plants, as an example, have been mixed (Edwards & Westoby, 1996; Kelly & Woodward, 1996; Murray, 2002a,b; Pocock et al., 2006) and proposed mechanisms linking dispersal ability with range size are not generally well supported (Lester et al., 2007). Just why dispersal mode and range size are only sometimes correlated remains unresolved but may depend upon taxa, scale and particular context (Lester et al., 2007). Here, we gain insight into these factors by examining the interplay between range size and range placement and focusing upon a terrestrial environment with pronounced biome boundaries. The effects of dispersal mode on range size may be contingent on several other species-level traits. One trait particularly likely to influence seed dispersal distance is life-form (Murray et al., 2002b). Larger plants may achieve longer dispersal distances than do smaller plants, both because of the height from which seeds drop, and thus their access to more powerful dispersers, and because of their ability to produce more seeds per plant (Westoby et al., 1990; Ruokolainen & Vormisto, 2000; Ruokolainen et al., 2002). Lineages with dispersal modes with larger average dispersal distances should have larger ranges (as above), and for a given dispersal mode larger plant life-forms (e.g. trees versus herbs) should achieve larger ranges. An alternative reason why findings among studies differ with regard to the relationships between dispersal mode, or other traits, and range size is that the trait may vary along environmental gradients (e.g. Bond et al., 1991, Márquez et al., 2004). This possibility has rarely been considered, but given that dispersal traits can vary dramatically in space (Willson et al., 1989; Moles et al., 2007), it is a realistic one. Under this scenario, range sizes of taxa would be governed primarily by aspects of the biogeographical region in which they are found, rather than dispersal-related traits. Species with a particular trait may have larger ranges, for example, simply as a consequence of being more common in biomes or biogeographical regions where habitat is at its largest extent. If range sizes are primarily a result of attributes of biogeographical regions rather than species traits (or some interaction of the two), relationships between such traits and range size are expected to vary among regions and to be difficult to generalize. Amongst terrestrial ecosystems, those that include seed dispersal by ants (myrmecochory), wind and vertebrates are excellent candidates for the study of dispersal mode, dispersal distance and their consequences for geographical range size. Ant-dispersed species possess some of the shortest dispersal distances documented (Gómez & Espadaler, 1998) and thus should be the most likely to show the effects of dispersal limitation on range size. If dispersal ability is associated with range size, plant species dispersed by ants should have smaller geographical ranges than those dispersed by birds or wind. To date, empirical results provide only modest support for a relationship between dispersal mode and range size in ecosystems with seed dispersal by ants and birds or wind. In Australia, Oakwood et al. (1993) found that larger range sizes in vertebratedispersed plant species depended upon the region considered. Similarly McDonald et al. (1995), found that ant-dispersed



species were more likely to be endemic to the Cape Province of South Africa than wind-dispersed species, though they did not explicitly consider range size. Here, we examine the relationship between dispersal mode, life-form and range placement in Western Australia, a region in which myrmecochory – a globally rare dispersal mode – is very common (Berg, 1975) and has evolved often (Dunn et al., 2007, 2008; Lengyel et al., 2009). First, we test whether range size varies with dispersal mode and life-form, and more specifically whether ant-dispersed species have smaller geographical ranges than species with other dispersal vectors. We also consider whether once we account for biogeographical gradients in dispersal mode by focusing on Western Australia’s primary biogeographical regions, the relationship between dispersal mode and range size persists. Secondly, we examine whether dispersal mode varies with latitude and longitude and consider the consequences of such variations in range placement. Finally, we use our distribution models to identify the important environmental variables associated with the distribution of species within each class of dispersal mode. METHODS Dispersal mode We chose six plant families for consideration (Euphorbiaceae, Agavaceae, Sapindaceae, Malvaceae, Proteaceae and Fabaceae (Acacia)). We focussed on these families because morphological adaptations of diaspores for dispersal are known to vary within families and dispersal of seeds by ants is well represented, while many of the phylogenetic relationships are well defined. We use the term seed throughout for convenience, but technically the relevant dispersal unit (diaspore) varies from seeds to multiseeded fruits. In assigning seeds to dispersal groups, we focused on morphological adaptations for dispersal. We assigned dispersal morphology at the level of plant genera (79 in total). Exceptions were Grevillea (Proteaceae) and Acacia, which were split at the species level due to a large degree of within-genus variation of dispersal mode. We assigned dispersal mode based on a combination of observations of diaspores and the consultation of systematic revisions, regional floras, interactive keys and publications explicitly focussing on diaspore dispersal. When diaspores possessed white, or more generally pale, fleshy appendages smaller in size than the ‘body’ of the diaspore, these appendages were considered to be elaiosomes and the seeds were considered to be ant dispersed. When diaspores possessed larger, more brightly coloured appendages, or were covered in flesh, they were coded as vertebrate dispersed. When diaspores possessed wings or wing-like appendages, they were coded as wind dispersed. All other species were coded as passively dispersed. In order to examine the role of life-form as a correlate of biogeographical attributes, we designated species to life-forms (trees, shrubs or herbs) based upon descriptions provided by FloraBase (Department of Environment and Conservation, 2005). Taxa that fell within two categories were assigned to the larger of the two life-forms.
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A. D. Gove et al. Geographical range data Geographical range data were compiled from Western Australian Herbarium records (PERTH; accessed May 2005). Western Australia and its plants are ideal for these tests because a variety of dispersal modes are represented within the region and plant diversity is exceptionally high (e.g. Hopper, 1979, 1992; Hopper & Gioia, 2004). We used the distribution of the six plant families, which together include 524 species in Western Australia. The state of Western Australia covers an area of approximately 2,770,000 km2 and 22° of the 29° (75%) of latitude covered by mainland Australia. We estimated the size of species ranges by modelling their distributions using maxent 2.3.3 (Phillips et al., 2006). maxent is a recent implementation of a statistical approach called maximum entropy that characterizes probability distributions from incomplete information (Phillips et al., 2006). In the context of modelling distributions of species using maximum entropy, the assumptions are: (1) that occurrence data represent an incomplete sample of an empirical probability distribution; (2) that this unknown distribution can be most appropriately estimated as the distribution with maximum entropy (i.e. the probability distribution that is most uniform) subject to constraints imposed by environmental variables; and (3) that this distribution of maximum entropy approximates the potential geographical distribution of the species (see Phillips et al., 2006, for more details). maxent has several characteristics that make it particularly suitable for our study, including a deterministic algorithm, the ability to use presence-only distribution data and the option to automatically batch process using command line scripts. Further, maxent has been found to be a promising and robust approach for modelling species distributions (Elith et al., 2006; Hernandez et al., 2006; Pearson et al., 2007; Sérgio et al., 2007). To avoid potential problems relating to small sample sizes (Stockwell & Peterson, 2002), we developed models only for species that had at least 20 unique distribution records, thereby leaving 573 – 49 = 524 species for analysis. We used Phillips et al.’s (2006) suggested default values for the convergence threshold (10–5) and maximum number of iterations of 1000. Setting of regularization values, which address problems of over-fitting and selection of ‘features’ (environmental variables and/or functions derived from combinations of such variables), were performed automatically by the program per the default rules dependent on the number of occurrence records. Environmental variables (from which ‘features’ are based) included those considered important to plant distribution in general (Woodward, 1987) and Western Australia in particular (Hopper & Maslin, 1978; Hnatiuk & Maslin, 1988; Beard, 1990; Groom & Lamont, 1996; Keighery, 1996; Lamont & Connell, 1996; Cowling & Lamont, 1998; B. Lamont, pers. comm.). These included major soil types (Digital Atlas of Australian Soils, Department of Agriculture, Fisheries and Forestry, 2005), an index of humidity (the ratio of mean actual annual evapotranspiration to mean potential annual evapotranspiration, AET/PET), mean annual sum of precipitation, mean annual temperature, maximum temperature
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of the warmest month, and winter (JJA) and summer (DJF) averages of precipitation, temperature and potential evapotranspiration (Bureau of Meteorology, 2005). All layers were at a resolution of 0.025° (approximately 2.5 km × 2.5 km in Australia) and were projected to Alber’s equal-area conic to preserve the area characteristics of resulting range predictions. We converted the relative suitability values (0–100) from maxent to presence/absence (1/0) using the minimum threshold value that predicted all known occurrences as present. This approach is a conservative estimate that determines the smallest predicted range possible, but which contains all known occurrences. In ecological terms, the predicted range thus contains all environmental conditions that are at least as suitable as those where the species has been observed. Using arcmap 9.1 (ESRI, 2006), we determined the area of the predicted ranges and their latitude–longitude centre point. For all diversity analyses, we derived maps of species richness by calculating the sum of overlapping presence/absence ranges in each cell. The area under the curve (AUC) of the receiver operator characteristic (ROC) plot of sensitivity versus (1 – specificity) and pseudo-absences rather than observed absences (Phillips et al., 2006) was used to test the agreement between observed species presence and the modelled potential distribution. Models for all 524 species exhibited acceptable performance (minimum AUC = 0.86). We examined the relative importance of individual environmental variables as predictors of the distributions of each species in each dispersal mode using maxent’s built-in jackknife procedure. To quantify the importance of a variable for each dispersal mode, we calculated the mean training gains when the variable of interest was used in isolation in the maxent runs for all species within that mode. Analyses, range size and midpoint We compared the geographical range sizes of species among dispersal modes and life-forms and variation in range midpoint location among dispersal modes. We also tested whether occupied biome (botanical provinces based on Beard, 1980) had an association with range size. Species were assigned to one of three biomes based on the location of the species’ range midpoint. We focus here on three biomes – the South West, Eremaean and Northern provinces. We chose these provinces because, in contrast to the more finely divided, for example, World Wildlife Fund (WWF) ecoregions (Olson et al., 2001) these provinces have very separate histories (Beard, 1980) and represent areas of strong transition in species composition (M. C. Fitzpatrick, unpublished data), which is not necessarily the case with WWF ecoregions where turnover amongst region may be as much as that within regions (McDonald et al., 2005). Areas and midpoints of ranges were analysed using phylogenetic comparative analyses (Purvis & Rambaut, 1995). We tested whether dispersal mode, life-form and biome were related to range size and whether the location of each species (latitude and longitude) was related to dispersal mode in terms of the independent occasions on which evolutionary transitions in the given trait had occurred. Our phylogenetic hypotheses
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Ecological constraints on range size Table 1 Results of phylogenetically independent contrasts on sister clades for the relationship between plant life-history traits and biome on geographical range size and position. Variable



Contrasts Positive contrasts F



Geographical range size Dispersal mode 13 Life form 28 Biome 36



7 15 32



P



1.04 0.327 0.01 0.929 61.37 < 0.001



Latitude Dispersal mode



11



9



15.45



0.003



Longitude Dispersal mode



11



8



10.69



0.008



phylogenetic comparisons for dispersal mode (ant versus vertebrate and wind), 28 comparisons for life-form and 36 contrasts in the two bioregion types. Area was log-transformed before analysis. Because dispersal modes were non-randomly distributed among these biomes, comparisons of range size among dispersal modes at the scale of Western Australia may confound the effects of dispersal mode per se and the effects of biome size. As such, we repeated the comparisons of range size among dispersal modes within biomes. RESULTS Figure 1 Phylogenetically independent contrasts between range size and (a) dispersal mode, (b) life-form and (c) biogeographical region.



were based on the Angiosperm Phylogeny Group (2003) for the families, Whitlock et al. (2001) for the Malvaceae (Sterculiaceae), Hoot and Douglas (1998) for the Proteaceae and Wurdack et al. (2004, 2005) and Kathriarachchi et al. (2006) for the Euphorbiaceae. Agavaceae was separated into several clades recognized by the Angiosperm Phylogeny Group (2003). The phylogenies for Sapindaceae, Acacia and Grevillea were resolved as polytomies. As the comparison of independent contrasts relies on a dichotomy of independent variables (Purvis & Rambaut, 1995), or a clear gradient in more than two categorical variables, we compare ant-dispersed with wind- and vertebrate-dispersed species (assumed to be ‘long dispersal’) combined. Likewise, we chose to examine the effect of biomes in terms of their size: the smaller biomes of the North and Southwest provinces, are of similar area (3.3 × 107 ha vs. 3.2 × 107 ha, respectively), and we combined data from the two to form a ‘small biomes’ treatment to compare with species occupying the larger Eremaean Province (‘large biome’). Existing phylogenetic data allowed for 13



Does range size vary with dispersal mode, life-form or biome? When we considered the region as a whole (disregarding biomes), range sizes did not vary between ant-dispersed and other dispersal modes (F1,12 = 1.04, P = 0.327; Fig. 1a, Table 1). No individual test comparing pairs of dispersal modes (ant-, wind- or vertebrate-) was significant (P = 0.37–0.88); but power was particularly low at this level (three to nine contrasts). Range size was not associated with difference in life-form (F1,27 = 0.01, P = 0.929; Fig. 1b, Table 1). In contrast, the size of the biogeographical region considered was strongly associated with range size among lineages. Geographical ranges were almost seven times larger in the Eremaean biome as compared to the smaller South West and Northern biomes (F1,35 = 61.37, P < 0.001, Fig. 1c). Within biomes, there was a marginal relationship between dispersal mode and range size in the smaller biomes, but not in the larger biome (Table 2). We found no relationship between life-form and range size. Thus, range size is likely to be primarily associated with the biome in which it is situated. With greater statistical power, we may detect a significant statistical signal of dispersal mode on range size within each biome, but given the larger differences between biogeographical regions in range size, such a difference is likely to remain small.
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A. D. Gove et al. Table 2 Results of phylogenetically independent contrasts on sister clades for the relationship between plant species traits and geographical range size within biomes. Contrasts



Positive contrasts



F



P



Within large biome Dispersal mode Life-form



7 14



3 4



0.35 1.84



0.577 0.198



Within small biomes Dispersal mode Life-form



11 22



9 12



4.10 0.26



0.070 0.615



Are there biogeographical gradients in dispersal mode? In phylogenetic comparisons, locations of the mid-points of species geographical ranges were significantly associated with dispersal mode (Table 1). Ant-dispersed species were positioned further to the south (F1,10 = 15.45, P = 0.003) and to the west (F1,10 = 10.69, P = 0.008) than species dispersed by other modes (Fig. 2). In all plant clades, ant-dispersed species were concentrated in the South West, and vertebrate-dispersed species were richest in three separate regions (Northern, Central West and South West). Like ant-dispersed plant species, winddispersed species were also concentrated in the South West (Fig. 2c). As a consequence of these patterns in range placement, ant- and wind-dispersed species showed a strong latitudinal gradient in diversity. Notably, the gradient was in the opposite direction of the ‘canonical gradient’ in diversity, such that ant- and wind-dispersed plants were both most diverse furthest from the equator. Environmental variables and species distributions For both wind- and ant-dispersed species, the environmental variables best associated with species distributions were winter precipitation, followed by summer temperature and actual/ potential evapotranspiration (Fig. 3a,b). Wind- and ant-dispersed species had very similar profiles of importance of environmental variables, which coincides closely with their similar distribution patterns in south-western Australia, a region of mediterranean climate (Fig. 2c,d). The two most important variables for vertebrate-dispersed species were winter precipitation and winter potential evapotranspiration followed by mean annual temperature and summer precipitation (Fig. 3c). DISCUSSION Does range size vary with dispersal mode, life-form and biome? Theory suggests that species with poor dispersal ability may move more slowly across the landscape, maintain less gene flow



600



and consequently have smaller geographical ranges (Carter & Prince, 1988; Rosenzweig, 1995; Cody & Overton, 1996). However, like several other authors (e.g. Kelly & Woodward, 1996; Thompson et al, 1999; Murray et al., 2002a; Lester et al., 2007), we found little empirical support for the relationship between range size and dispersal mode over such a large scale. Despite having average dispersal distances of the order of metres, ant-dispersed plant species did not consistently have smaller ranges than plant species dispersed by, for example, birds, for which dispersal distances could easily be hundreds of metres (Westcott et al., 2005; Weir & Corlett, 2006). Similarly, plant size, which may influence range size through its effects on initial seed dispersal distances during falling (Ruokolainen & Vormisto, 2000), was not correlated with range size within Western Australia. Why doesn’t dispersal mode correlate more strongly with range size? One reason is that despite the short average distances associated with ant-dispersal of seeds (Gómez & Espadaler, 1998), rare long-distance dispersal events may occur often enough to maintain large-scale gene flow and hence large geographical ranges (Clark, 1998; Higgins & Richardson, 1999; Vellend et al., 2003; Calviño-Cancela et al., 2006; He et al., 2009). While the short average dispersal distance of ant-dispersed species undoubtedly affects local gene flow patterns (e.g. Kalisz et al., 1999), at larger scales, rare long-distance dispersal events may actually be independent of dispersal morphology (Higgins et al., 2003; He et al., 2009). Emus (Dromaius novaehollandiae) are known to occasionally disperse ant-dispersed plant species in Western Australia (Calviño-Cancela et al., 2006), as are white-tailed deer in North America (Vellend et al., 2003). Any of a variety of non-standard means of dispersal may be sufficient to move propagules across species potential ranges, particularly in regions such as Western Australia where climate has been relatively stable for millions of years due to weak Milankovitch cycles (Dodson, 1998). If dispersal mode does not mediate range size then what does? The most obvious alternative is that range sizes of species are primarily a function of the size of their occupied biogeographical regions. Western Australia can be divided into three biogeographical regions that differ both in their current climate and in the history of their biotas. These biogeographical regions have relatively hard boundaries, such that few species have ranges that cross them (Beard, 1980; M. C. Fitzpatrick et al., unpublished data). We found that the two biogeographical regions that are much smaller – the South West and Northern biogeographical regions – had species ranges that were on average, almost seven times smaller than those in the Eremaean region (Fig. 1c). The most parsimonious explanation for the larger range sizes in larger biomes is that, in those biomes, species have more geographical space in which environmental requirements are met (Oakwood et al., 1993; Smith et al., 1994; Hughes et al., 1996). For instance, in our study, despite their ostensibly greater dispersal ability, wind-dispersed species are confined to precisely the same environmental (and hence geographical) space as ant-dispersed species (Fig. 3). The data suggest that it is the association of dispersal mode and environmental conditions,
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Ecological constraints on range size



Figure 2 Geographical patterns of (a) mean annual precipitation, and species diversity separated by dispersal mode for focal angiosperm groups in Western Australia: (b) vertebrate-dispersed species, (c) wind-dispersed species, (d) ant-dispersed species. Outlined areas are the Northern, Eremaean and South West biomes.
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A. D. Gove et al.



Figure 3 Results of jackknife tests of variable importance for (a) ant-, (b) wind- and (c) vertebrate-dispersed species using all occurrence points. Bars represent the mean training gain, a measure of the average likelihood of the point localities under the maxent probability distribution, across all species of each dispersal mode when each variable is used in isolation. Variables with the highest gains contain the most useful information for predicting the distribution of species of that dispersal mode.



rather than dispersal limitation, which determines the extent of species range boundaries. Alternative explanations are also possible, such as the environmental gradients within the two smaller regions being more pronounced, leading to smaller ranges. Nonetheless, our result makes it clear that there are strong differences among regions in range size that are largely independent of species traits. These differences make it very likely that linking species traits and range size, and hence rarity and extinction risk, will remain a difficult endeavour. To date, most studies of the relationship between range size and dispersal mode have tended to use numbers of occupied regions/quadrats or a simple rectangle based on latitudinal and longitudinal extent. Here, we chose instead to use species distribution models to estimate range size. Species distribution models offer much more nuance in modelling the occurrence of a species. However, species distribution models may overestimate the area actually inhabited by a given species by including potential rather than occupied sites. This is only a problem for our analysis if our models disproportionately overestimate the sizes of species ranges from a particular dispersal mode, which is unlikely. In fact, we found that range sizes derived from maxent
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models and simple convex hull polygons were strongly correlated (R2 = 0.79, P < 0.001), suggesting that modelled potential ranges would not affect comparisons of range sizes amongst dispersal modes. Are there biogeographical gradients in dispersal mode? In our study, dispersal mode is strongly related to region: ant- and wind-dispersed species are concentrated in the South; vertebrate-dispersed species are concentrated in three areas (Northern, Central West and South West). One explanation for a preponderance of large-seeded, and hence vertebrate-dispersed, species in the tropics has been the suggestion that high rainfall (Lord et al., 1997) or denser shade (Bolmgren & Eriksson, 2005) leads to higher resource requirements in order to become established. This may help to explain the occurrence of vertebratedispersed species in the tropical north of Western Australia. An alternative explanation for spatial patterns in the diversity of different dispersal modes is that those patterns reflect differences in the availability of dispersal agents (e.g. Beattie, 1983; but see
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Ecological constraints on range size Herrera, 1987, Jordano, 1995, and Márquez et al., 2004). In Western Australia, bird and mammal diversity peak in the north, and commensurate with that pattern the diversity of vertebrate dispersed plants is, relative to other plants, biased toward the north. The preponderance of ant-dispersed plants, on the other hand, is unlikely to be due solely to the availability of ants as dispersers. Gove et al. (2007) have shown that species richness and ant activity were not positively associated with seed removal rate along a 1650-km latitudinal transect in Western Australia. At the habitat scale, Mossop (1989) found no difference in ant activity, despite habitats differing in the frequency of ant-dispersed plant species (see Bond et al., 1991, for similar observations in South Africa). Furthermore, previous estimates of the frequency of myrmecochory predicted a gradient, ‘in which species richness and abundance of myrmecochores and diaspore-dispersing ants increase with decreasing latitude’ (Beattie, 1983, p. 249) – a prediction contrary to our observations. The preponderance of ant-dispersed plant species is often explained by low-nutrient soils (Beattie, 1985; Westoby et al., 1991), but soil type was the least important factor when modelling species distributions (Fig. 3a) in our study. High fire frequency and intensity (Majer, 1982; Bond & Slingsby, 1984; Hughes & Westoby, 1992) are considered other important predictors. CONCLUSIONS Overall, we find that range size in Western Australia is primarily a function of biome size (at least for the variables considered here). The most parsimonious general explanation for the association between biogeographical region and range size is that many species have, because of the relative climatic stability of Western Australia over the last 5 Myr and occasional longdistance dispersal, realized their potential ranges. Species potential ranges are in turn relatively constrained to those conditions within the biogeographical region in which they have evolved. As the Eremaean Province is large and expanding (e.g. Fitzpatrick et al., 2008), so are the geographical ranges of the species with their ranges centred in the Eremaean Province. In contrast, the environmental conditions characteristic of the Northern and South West provinces have contracted, leaving ranges of most species within those botanical provinces small. Under these conditions, it is unlikely that any life-history traits correlate well with plant species range size, but instead that history and the history of climate in Western Australia is far more important. This hypothesis deserves further attention in other regions and continents, but where it has been considered it finds support. For instance, several bird studies have found a relationship between species range size and extent of habitat (Duncan et al., 1999; Hawkins & Diniz-Filho, 2006). A dispersal mode, such as myrmecochory, should not necessarily be associated with increased risk of extinction due to reduced range size, as factors other than dispersal ability can be drivers of geographical range size. Despite this suggestion, ant-dispersed species, for example, are still predisposed to extinction due to their relatively high frequency within particular biomes. In our
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