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species turnover for birds, mammals and butterflies along replicate transects of approximately 
1000 km split into 10 sampling sites. Six transects encompassed spatial gradients with little 
variation in NPP and six transects encompassed gradients with high variation in NPP. We 
calculated three representative indices of turnover and plotted these against distance between 
sampling sites to determine the decline in similarity among species assemblages with distance. 
Computer simulations were used to generate random (null) species distributions along transects 
based on simple ‘random distribution models’. These models assumed no differences between 
species and a consistent decline in species assemblage similarity with distance. Species turnover 
was greatest along transects with high variation in NPP, especially for birds. Significant turnover 
for mammals and butterflies was also recorded along many low variation transects. Birds and 
butterflies exhibited the lowest turnover overall – mammals had high turnover in almost all 
transects. Patterns in turnover varied depending on the index used. The index emphasising 
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many cases. It was most successful in predicting turnover along high variation transects and for 
mammals. In many cases, species turnover was predicted from the simple assumption of 
consistent decline in the similarity between sites with increasing distance irrespective of the 
gradient in environmental variability. However, important differences occurred between taxonomic 
groups and gradients of low vs high variation. These differences suggest that protecting a few 
species rich sites in regions of low variability may capture a substantial proportion of regional 
diversity for highly mobile groups with large range sizes, although this wouldn’t be the case for 
less vagile and more geographically restricted species. Regions with high variation in NPP 
require a greater number of reserves owing to strong and consistent turnover irrespective of 
taxonomic group. 
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ABSTRACT 1 

Understanding the factors that drive spatial patterns in biodiversity is fundamental to 2 

developing effective conservation strategies. The relationships between net primary 3 

productivity (NPP) and species richness are well documented in the literature, yet the 4 

influence of spatial variation in productivity on species turnover has received relatively 5 

little attention. The aims of this study were to: i) compare patterns in species turnover 6 

among different taxonomic groups occupying spatial gradients that encompassed low 7 

variation in NPP and high variation in productivity; and ii) contrast these patterns with 8 

those produced by null models. We examined species turnover for birds, mammals and 9 

butterflies along replicate transects of approximately 1000 km split into 10 sampling 10 

sites. Six transects encompassed spatial gradients with little variation in NPP and six 11 

transects encompassed gradients with high variation in NPP. We calculated three 12 

representative indices of turnover and plotted these against distance between sampling 13 

sites to determine the decline in similarity among species assemblages with distance. 14 

Computer simulations were used to generate random (null) species distributions along 15 

transects based on simple ‘random distribution models’. These models assumed no 16 

differences between species and a consistent decline in species assemblage similarity 17 

with distance. Species turnover was greatest along transects with high variation in NPP, 18 

especially for birds. Significant turnover for mammals and butterflies was also recorded 19 

along many low variation transects. Birds and butterflies exhibited the lowest turnover 20 

overall – mammals had high turnover in almost all transects. Patterns in turnover varied 21 

depending on the index used. The index emphasising continuity in species composition 22 

always recorded the greatest turnover compared to indices representing differences in 23 
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species identities or richness. A null model assuming a linear decline in species 24 

assemblage similarity with distance was able to match observed patterns in turnover in 25 

many cases. It was most successful in predicting turnover along high variation transects 26 

and for mammals. In many cases, species turnover was predicted from the simple 27 

assumption of consistent decline in the similarity between sites with increasing distance 28 

irrespective of the gradient in environmental variability. However, important differences 29 

occurred between taxonomic groups and gradients of low vs high variation. These 30 

differences suggest that protecting a few species rich sites in regions of low variability 31 

may capture a substantial proportion of regional diversity for highly mobile groups with 32 

large range sizes, although this wouldn’t be the case for less vagile and more 33 

geographically restricted species.  Regions with high variation in NPP require a greater 34 

number of reserves owing to strong and consistent turnover irrespective of taxonomic 35 

group.   36 

 37 

Keywords 38 

Beta-diversity, species turnover, null models, environmental variability, Australia, net 39 

primary productivity, birds, butterflies, mammals.  40 
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INTRODUCTION 46 

Understanding the factors that underlie patterns in the distribution of species has 47 

been a considerable challenge in ecology for decades (MacArthur, 1965; Pianka, 1966; 48 

Janzen, 1970; Brown, 1981; Currie, 1991; Gaston, 2000). Latitudinal (see Rohde, 1999; 49 

Gaston, 2000; Willig et al., 2003; Hillebrand, 2004 for reviews) and altitudinal (e.g. Lees 50 

et al., 1999; Brown, 2001; Sanders, 2002; McCain, 2004) gradients in species richness 51 

have received substantial attention and numerous theories have been generated to explain 52 

these patterns (Rahbek & Graves, 2001; Willig et al., 2003). The relationship between 53 

spatial gradients and species turnover (≈ beta-diversity) has also been explored by many 54 

researchers, but has received relatively little attention compared to that afforded to spatial 55 

gradients in species richness (e.g. McCoy & Connor, 1980; Harrison et al., 1992; 56 

Blackburn & Gaston, 1996; Clarke & Lidgard, 2000; Lennon et al., 2001; Garcillán & 57 

Ezcurra, 2003; Koleff et al., 2003b). Variation in species assemblages between individual 58 

sites within the same region is recognised as an important spatial pattern in biodiversity 59 

(Whittaker, 1960; Wilson & Shmida, 1984; Blackburn & Gaston, 1996; Koleff et al., 60 

2003b).  61 

There is limited knowledge of the mechanisms that may underlie patterns in 62 

species turnover. Variation in deterministic processes (e.g. speciation, competition, 63 

dispersal, and species’ adaptations to environmental variability) between species may 64 

play a role, but this has recently been challenged by neutral theory (Hubbell, 1979, 2001; 65 

see McGill, 2003; Nee & Stone, 2003; Volkov et al., 2003; Chave, 2004 for extension 66 

and discussion). Moreover, empirical patterns of turnover have rarely been compared to a 67 

null expectation (but see Koleff & Gaston, 2001; Condit et al., 2002). Understanding the 68 
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process of species turnover would greatly enhance our knowledge of the factors 69 

controlling biodiversity and has direct relevance to conservation planning strategies.  70 

“Beta-diversity” (β) and “species turnover” are often used interchangeably in the 71 

literature to refer to the same thing, but this approach is misleading (Vellend, 2001). 72 

Beta-diversity is the difference in species composition between study sites. Each site has 73 

its own diversity (alpha, α) and β and α-diversity combined contribute to the regional 74 

diversity (gamma, γ). Measures of beta-diversity used in this way may not necessarily be 75 

spatially explicit, whereas the concept of species turnover implies variation in species 76 

composition along a spatial gradient (referring to turnover in space as opposed to 77 

turnover in time). Therefore, measures of association between sites must be placed in a 78 

spatial context (e.g. related to geographic distance between sites).  79 

High species turnover along a spatial gradient will lead to an increasing decay in 80 

the similarity between sites with distance. A decrease in similarity with increasing 81 

distance is a well-known geographical phenomenon that is also of interest to 82 

biogeographers (Nekola & White, 1999). It is likely that variation in the environment and 83 

species characteristics will influence the degree of turnover, but it is not clear if 84 

consistent patterns should be expected under certain circumstances or if these patterns 85 

differ markedly from those generated at random using a few basic assumptions.   86 

 It is well recognised in the literature that alpha diversity varies with net primary 87 

productivity (NPP; Waide et al., 1999; Gaston, 2000; Mittelbach et al., 2001; Whittaker 88 

& Heegaard, 2003). The relationship is frequently positive, whereby diversity peaks at 89 

the highest values of NPP, but hump-shaped relationships are also common where 90 

diversity may peak at mid to high values, but exhibit a decline phase a very high values 91 
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of NPP. Moreover, relationships appear to be scale and taxon specific (Whittaker & 92 

Heegaard, 2003).  Despite its prominence in studies of alpha diversity, the influence of 93 

variation in NPP on species turnover along spatial gradients remains largely unexplored. 94 

In this study, we examine patterns of species turnover among various taxonomic groups 95 

occupying environments with different gradients in NPP. We also compare empirical 96 

patterns with those derived at random assuming a constant decay in similarity between 97 

sites with distance and ignoring differences between species. Our primary interest is not 98 

in absolute turnover, but turnover relative to the productivity gradient and taxonomic 99 

group.  100 

 We make a number of predictions about the degree of turnover likely to occur 101 

given variation in productivity gradients. For spatial gradients with low variation in NPP 102 

we predict:  103 

i) low turnover in species composition;  104 

ii) no difference in the degree of turnover among the different taxonomic 105 

groups; and 106 

iii) no difference between actual patterns in turnover and those generated by 107 

our null models that assume no differences between species and decay in 108 

similarity is a random process influenced solely by the distance between 109 

sites.   110 

For spatial gradients with high variation in NPP we predict:  111 

i) high turnover in species composition;  112 

ii) higher turnover for less mobile groups (i.e. turnover for butterflies > 113 

mammals > birds); and 114 
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iii) significant differences between actual patterns in turnover and those 115 

generated by the null models.  116 

 117 

METHODS 118 

Species data 119 

Species richness and turnover with distance were assessed for birds, mammals 120 

and butterflies within continental Australia. Distribution data were obtained for birds 121 

from Barrett et al. (2003), for mammals from Strahan (1995), Menkhorst & Knight 122 

(2001), McKenzie, N.L., Burbidge, A.A. & Baynes, A. (unpublished) and state-based 123 

wildlife atlases, and for butterflies from Braby (2000). These data were collected at a 124 

spatial resolution of 1° grid cells (= the sampling grain) defined by latitude and longitude. 125 

 126 

Transects 127 

Transects consisted of 10 contiguous grid cells (= the sampling extent, ≈ 1000 128 

km), running west-east, that spanned different regions with contrasting variation in NPP 129 

(see below). Each transect was confined to a single latitudinal band, but transects were 130 

not contiguous latitudinally or longitudinally. NPP data (presented in tC ha-1) were 131 

obtained from http://audit.ea.gov.au/ANRA/atlas home.cfm.  132 

The transects were selected using stratified random sampling. Stratification was 133 

based on the level of variation in productivity across a region and whether it was in 134 

northern or southern Australia (to account for broad climactic differences). Four transect 135 

types were chosen classified as: low variation south (LVS), low variation north (LVN), 136 
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high variation south (HVS) and high variation north (HVN). There were three replicates 137 

of each transect type (resulting in 12 transects).  138 

These transects sampled spatial gradients in NPP rather than gradients defined by 139 

topography or latitude because we were primarily interested in species turnover in 140 

relation to spatial variation in productivity independent of altitudinal or latitudinal 141 

gradients. The spatial extent selected for the analysis is broadly relevant to the taxonomic 142 

groups studied and, for high variation transects, encompassed the necessary variation in 143 

NPP for meaningful comparisons.  144 

Changes in habitat type will influence NPP and species turnover with turnover 145 

likely to be high between sites in different habitats. Our LV transects spanned minimal 146 

change in broad habitat type (encompassing deserts and grasslands), whereas HVS 147 

transects spanned deserts, grasslands, temperate woodlands and temperate forests, and 148 

HVN transects spanned deserts, grasslands and subtropical forests.  149 

 150 

Analysis of species turnover 151 

We calculated three characteristic measures of turnover for each transect based on 152 

pair-wise comparisons of each cell. This resulted in matrices of turnover measures for the 153 

actual and randomly generated data (see below). Different equations may emphasise the 154 

different components of changes in species assemblages across sites so we considered it 155 

instructive to include representative measures. The following classifications and 156 

descriptions were obtained from Koleff et al. (2003a) who reviewed a number of turnover 157 

measures.  158 
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Measure β1 (Routledge, 1977) is influenced by differences in species identities 159 

between sites more than differences in species richness. It can be expressed as: 160 

 161 

β1 = 
bccba

cba
2)(

)(
2

2

−++
++  - 1 162 

 163 

where, when comparing paired sites, a equals the total number of species common to 164 

both sites, b equals the total number of species occurring in the second site, but not the 165 

first, and c equals the number occurring in the first, but not the second.   166 

β2 (Wilson & Shmida, 1984) is a measure of the continuity in species composition 167 

between sites, but is not influenced by the relative magnitude of species gains and losses. 168 

It can be expressed as:  169 

 170 

β2 = 
cba

cb
++

+
2

 171 

 172 

Note that β2 is equivalent to 1 - the Sørensen coefficient.  173 

β3 (Lennon et al., 2001) is simply a measure of the difference in species richness 174 

between sites. It can be expressed as:  175 

 176 

β3 = 
cba

cb
++

−

2
2

 177 

 178 
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The turnover matrices incorporate the spatial structure in the data (i.e. provide 179 

values for cells that differ in their spatial relationship) and are a representation of species 180 

turnover. We also calculated the Euclidean distance between each pair of cells in a 181 

transect to derive a distance matrix (this was the same for each transect).  Hence, a given 182 

transect had the same distance matrix as all other transects, but a different turnover 183 

matrix.  184 

Following the methods of Whittaker (1960, 1972) and Vellend (2001), we plotted 185 

log-transformed values of the turnover indices against Euclidean distance for each 186 

transect. This provides a graphical representation of the decline in similarity with 187 

distance. These authors also fit straight lines to their data using linear regression (and 188 

used a randomisation procedure to test for significant differences between regression 189 

slopes – see Vellend (2001) for details), but our data were not suitable for regression 190 

analysis in most cases. Therefore, we simply present the data in scatterplots.  191 

We tested our data using two randomization procedures (which is appropriate for 192 

non-independent data). First, we determined if there was a significant relationship 193 

between species turnover and distance using Mantel’s test (Mantel, 1967). Second, we 194 

determined if there was a significant difference in the pattern of species turnover among 195 

taxonomic groups, transects and actual vs random data by comparing differences 196 

observed in nature with a distribution of randomly generated differences. Distance and 197 

turnover matrices were randomised 1000 times with a measure of association (Spearman 198 

rank correlation) recorded at each iteration, for each taxonomic group in each transect. 199 

Actual differences between transects were then compared to the randomly generated 200 

distribution of differences to test for significance. The alpha level was kept at 0.05 201 
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because we believe this is the more conservative approach in this instance (i.e. a smaller 202 

alpha level would lead to fewer significant differences between observed and randomly 203 

generated patterns, providing support for our null models).  204 

 205 

Random species distribution models 206 

Computer simulations were used to generate random species distributions based 207 

on pre-determined turnover ‘models’. We simulated species distribution for each 208 

taxonomic group across four transects; one in each variability type. Simulated 209 

distributions were generated from actual data from the first replicate in transect types 210 

LVS, LVN, HVS and HVN. For example, to simulate the distribution of birds across a 211 

LVS transect, we used the observed number of bird species in the first replicate of 212 

transect type LVS as the species pool from which to generate the random distribution. A 213 

species was chosen at random, with replacement, from the species pool and placed within 214 

the transect following certain rules (see below). The total number of random selections 215 

was based on the total number of individuals (birds) actually occurring in the transect. 216 

This was repeated for each taxonomic group in each transect type.  217 

The placement of species within a transect (i.e. within one of the ten grid cells) 218 

was determined by a turnover model. We used two models: exponential and linear. In the 219 

exponential model, the first individual was placed in the transect at random. The second 220 

individual was also placed at random unless it was the same species as the first. If it was 221 

the same, it was placed in a neighbouring grid cell with an assigned probability for each 222 

cell that declined exponentially with distance from the cell the species already occupied. 223 

For example, if the species already occurred in the first cell in the transect, there was a 224 
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higher probability that it would be placed in the second cell compared to the third 225 

compared to the fourth and so on. This probability declined exponentially with distance. 226 

This approach attempted to simulate the decline in similarity between cells with distance. 227 

The same approach was followed for the linear model, except that the probability of 228 

species occurrence in a cell declined linearly with distance from any cell it already 229 

occupied.  230 

 The purpose of these models is to facilitate comparison of patterns in turnover 231 

observed in nature with those derived at random. If actual patterns deviate significantly 232 

from a random expectation this provides a stronger justification for invoking potential 233 

mechanistic explanations for those patterns. These are not entirely null models in that 234 

they assume a consistent decline in similarity between sites with distance. Therefore, the 235 

question being asked is whether actual patterns in turnover are simply a result of sites 236 

being further apart and the probability that species assemblage similarity will decline 237 

with distance, or are driven by other factors. For example, turnover along a spatial 238 

gradient that encompasses multiple habitat types and contains species with varying 239 

vagility and range sizes should be significantly different to the turnover generated by our 240 

random models if these factors are important in defining the level of turnover.   241 

 242 

RESULTS  243 

Variation in NPP 244 

Low variation (LV) transects are characterised by a small variation in the range of 245 

NPP values occurring along the spatial gradients, evidenced by coefficients of variation 246 

ranging from 12.8-32.2%. In contrast, high variation (HV) transects had coefficients of 247 
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variation ranging from 67.4-87.5% (Table 1). For LV transects, the values of NPP were 248 

generally comparable across the entire spatial gradient, fluctuating within a tight range, 249 

whereas for HV transects there was a substantial and consistent increase in NPP with 250 

distance (Fig. 1). Hence, the productivity gradient was much steeper for HV transects, as 251 

expected, and consequently a more substantial decay in species assemblage similarity 252 

with distance would be expected.  253 

 254 

Species turnover 255 

Species richness 256 

There were distinct patterns in species richness with distance, especially for HV 257 

transects where species richness increased markedly from west to east mimicking the 258 

trends in NPP (Appendix 1). Patterns were less obvious for LV transects. These results 259 

likely influenced the patterns observed in species turnover with the addition of new 260 

species with distance across HV transects. However, the strongest patterns in turnover 261 

generally did not occur using β3 the index representing differences in species richness 262 

(see below). This suggests true turnover in species assemblages with distance rather than 263 

simply adding new species.  264 

 265 

Comparisons among transects 266 

As expected, species turnover was greatest along HV transects. This was most 267 

evident for birds (Fig. 2) with turnover for mammals and butterflies still differing 268 

significantly from zero across many LV transects (Figs 3 and 4). Nevertheless, the pattern 269 

of turnover was most consistent across HV transects with a strong decline in species 270 
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community similarity with increasing distance. This is emphasised by pair-wise 271 

comparisons across all transects using randomisation tests (ignoring differences between 272 

indices). When patterns of turnover differed significantly between transects, this was 273 

largely driven by differences between LV and HV transects (i.e. birds, 69% of all 274 

differences, n = 226; mammals, 59%, n = 135; and butterflies 51%, n = 173).  275 

Within a variation class, there were minor differences in species turnover between 276 

north and south transects (i.e. HVN vs HVS: birds 14% of all differences, 38% of all 277 

comparisons (n = 81); mammals 5% and 8%, respectively; and butterflies 15% and 32%, 278 

respectively: LVN vs LVS: birds 6% and 16%, respectively; mammals 16% and 27%, 279 

respectively; and butterflies 8% and 17%, respectively).     280 

 281 

Comparisons among taxonomic groups 282 

 Comparing across taxonomic groups, birds and butterflies had the lowest turnover 283 

overall. Indeed, for butterflies, there was no turnover whatsoever across some cells in 284 

certain transects (mostly LV – Fig. 4). Birds generally had low turnover in LV transects 285 

(Fig. 2). On the other hand, mammals had high turnover in almost all transects. Pair-wise 286 

comparisons between taxonomic groups using randomisation tests showed that spatial 287 

gradients in mammal turnover differed significantly from birds in the majority of LV 288 

transects (61% of all LV transects) regardless of the index used; and differed significantly 289 

from butterfly turnover, but almost exclusively in HV transects (Table 2). The decline in 290 

similarity with distance was almost always stronger for mammals. When comparing birds 291 

with butterflies, butterfly turnover was strongest, but significant differences were mostly 292 

confined to LV transects (59% of all significant differences). 293 



 

CSU Research Output 
http://researchoutput.csu.edu.au 

16

Comparisons among indices 294 

Important differences in turnover patterns were observed depending on the index 295 

used. For example in butterflies, turnover was weak or non-existent in many cases when 296 

using β1 (emphasising differences in species identities), whereas for the same transects, 297 

turnover was significant in every case using β2 (emphasising continuity in species 298 

composition; Fig. 4). These relationships were not consistent across taxonomic groups; 299 

for birds, β3 (differences in species richness) recorded the lowest turnover. What was 300 

consistent, however, was that β2 always recorded the highest turnover (i.e. significant 301 

turnover was recorded most often and there was never a situation where turnover was 302 

recorded as significant by the other two measures and not by β2).  303 

When examining significant differences in turnover between indices across all 304 

transects, β3 differed from β1 and β2 most often for birds (35% and 47% of all 305 

comparisons (n = 144), respectively, compared to 30% for β1 vs β2) and mammals (28% 306 

and 28%, respectively, compared to 13% for β1 vs β2). For butterflies, β1 vs β2 differed 307 

the most (48%), compared to β3 vs β1 (43%) and β3 vs β2 (13%). Hence, on average, the 308 

results obtained using β3 tended to differ more from β1 and β2 than the latter two indices 309 

did from each other.    310 

 311 

Model performance 312 

 The random models all performed similarly when predicting patterns of turnover 313 

across transects and taxonomic groups. However, the exponential model tended to 314 

overestimate turnover in many cases, leaving the linear model as the one most closely 315 

fitting the observed data. Therefore, we only present the results for the linear model. 316 
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Moreover, the results are confined to the first replicate transect in each variation class, as 317 

these data were used to parameterise the model.  318 

 In all cases, except two, the linear model predicted a significant rate of species 319 

turnover with distance for each taxonomic group in each transect (Fig. 5). The two 320 

exceptions were for butterflies in the LVS and HVN transects using the β3 index. The 321 

patterns of turnover were obvious and consistent for all transects using the β1 and β2 322 

indices, but were less so using β3.  323 

 There was remarkable congruence between the simulated and actual patterns of 324 

turnover for mammals (Table 3). Indeed, there were no significant differences between 325 

observed and predicted patterns. The model also performed well in predicting patterns of 326 

bird turnover, especially for HV transects. It was less successful at predicting butterfly 327 

turnover with no consistent patterns for LV or HV transects. When differences were 328 

significant, the model almost always predicted higher turnover than that actually 329 

observed (Table 3).  330 

We determined significant differences between actual and simulated data using 331 

randomisation tests with Spearman rank correlation coefficients as the measure of 332 

association (see Methods). This analysis identified differences in the pattern of turnover, 333 

but was unable to detect differences in the magnitude of turnover (e.g. the same 334 

correlation coefficient can be generated between values in a tight range, compared to 335 

those in a much broader range). Comparing slopes generated from linear regression can 336 

assess magnitude of turnover, but our data were mostly not suitable for such analyses. 337 

However, magnitude of turnover can be interpreted visually by comparing data presented 338 

in Figs 2 to 5.  339 
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DISCUSSION 340 

 We begin the discussion by re-visiting our predictions. For spatial gradients with 341 

low variation in NPP we found:  342 

i) relatively low turnover compared to high variation transects, but still a 343 

higher degree of turnover than we expected; 344 

ii) differences in the degree of turnover among the different taxonomic 345 

groups, which was unexpected; and 346 

iii) actual patterns of turnover consistent with the predictions of the null 347 

model in most cases, although it predicted higher turnover for birds in 4 348 

out of 6 transects.  349 

For spatial gradients with high variation in NPP we found:  350 

iv) consistently high turnover as expected;  351 

v) turnover differed between taxonomic groups, but mammals had the 352 

highest turnover followed by butterflies and then birds (where we 353 

predicted butterflies > mammals > birds); and 354 

vi) few differences between actual patterns in turnover and those predicted by 355 

the null model, where we expected significant differences to occur.   356 

Using a simple null model, we were able to predict patterns of turnover for certain 357 

taxonomic groups occupying particular environments. The model was most successful at 358 

predicting turnover for mammals – regardless of the gradient in NPP or turnover index 359 

used. It almost always predicted a strong decline in species assemblage similarity with 360 

distance (especially with indices β1 and β2; Fig. 5). Hence, when such a decline actually 361 

happened in nature, the modelled and observed patterns matched. Indeed in HV transects, 362 
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random and observed patterns of turnover only differed significantly in three out of 18 363 

transects. The main conclusion from our modelling is that species turnover is largely 364 

predictable, especially for strong gradients in NPP, and that the patterns of turnover can 365 

be explained by randomly assigning species to geographic space with a simple 366 

assumption of consistent decline in similarity with distance between sites.  367 

Koleff & Gaston (2001) found that mid-domain models, that randomly assign 368 

species ranges (Colwell & Hurtt, 1994), were a poor fit to actual patterns of turnover for 369 

parrots and woodpeckers across the New World. Condit et al. (2002) found that the 370 

adequacy of fit of null models to species turnover varied with scale of observation. The 371 

test of our model is limited because we were only able to compare patterns in turnover 372 

rather than rate or magnitude. However, visual inspection of actual and random patterns 373 

of turnover (Figs 2 to 5) suggests some comparability in the magnitude of similarity 374 

decay.  375 

It is important to recognise the role that variation in NPP appeared to play in 376 

influencing turnover. Strong patterns of turnover were most consistently recorded in HV 377 

transects for all taxonomic groups, but especially birds (when comparing to LV 378 

transects). Variation in NPP is correlated with environmental heterogeneity in this study, 379 

whereby low variation transects encompassed only one to two major habitat types of 380 

similar structure (desert and grassland), whereas high variation transects covered three to 381 

four major types.  Environmental (habitat) heterogeneity has long been recognised as a 382 

primary driver in promoting species diversity (MacArthur & MacArthur, 1961; Finch, 383 

1989; Daniels et al., 1992; Kerr & Packer, 1997; Willig et al., 2003; Tews et al., 2004), 384 
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but its contribution to influencing turnover is becoming more widely acknowledged (e.g. 385 

Nekola & White, 1999; Condit et al., 2002; Garcillán & Ezcurra, 2003). 386 

Our study was conducted across a relatively large spatial extent, using a coarse 387 

grain size. For such a spatial extent, one would expect factors like vagility and 388 

geographic range size to influence turnover patterns more than factors operating at 389 

smaller extents (e.g. local competition; Harrison et al., 1992). We expected butterflies to 390 

have a higher degree of turnover than mammals owing to differences in body size and 391 

perceived levels of site fidelity and habitat specificity (e.g. relationships with specific 392 

host plants). However, this expectation seems misguided. Certainly birds appear to be the 393 

most mobile of the groups in our study and the patterns in turnover support this. Turnover 394 

in mammals may have been greater than expected because many nonvolant mammals in 395 

Australia are relatively small and probably don’t move great distances.  396 

However, if vagility is driving patterns in turnover we would expect similar 397 

results in LV and HV transects, because there is no reason to suspect vagility varies 398 

consistently with variation in NPP. This interpretation is limited because vagility can vary 399 

greatly within a taxonomic group and further work is required that places species in 400 

cross-taxonomic ‘vagility groups’ (although data for such classifications are lacking).   401 

Small range sizes should correspond with higher turnover (Blackburn & Gaston, 402 

1996; Gaston & Williams, 1996). Range sizes (measured in contiguous grid cells with a 403 

mean for all species) in HV transects were smaller than LV transects for all taxa (birds: 404 

5.98 SD± 3.32 and 6.45 SD± 3.56, respectively; mammals 4.28 SD± 2.03 and 6.85 SD± 405 

2.81; and butterflies 3.22 SD± 1.74 and 5.85 SD± 3.09). This may have contributed to the 406 

greater turnover recorded in HV transects. However, ranking taxa from largest to smallest 407 
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average range size equals birds > mammals > butterflies, contrary to what would be 408 

expected given the patterns in turnover (the position of mammals and butterflies should 409 

be switched). We don’t use actual geographic range sizes for each species, but extent of 410 

occurrence within a given transect, as we believe this is more relevant when comparing to 411 

turnover patterns.  412 

Dispersion of range sizes would also influence the level of ‘true’ turnover (i.e. 413 

species replacement) across a spatial gradient (Harrison et al., 1992). True turnover 414 

would most likely occur when ranges are distributed evenly in space. In HV transects 415 

especially, our results are influenced by the fact that species ranges are concentrated in 416 

the eastern end of the transect (represented by high species richness in these areas).    417 

Direct comparisons between studies of turnover are hindered by differences in 418 

methods, spatial grain and extent, and taxa (Koleff et al., 2003a). Nonetheless, some 419 

general conclusions can be made. Our results concur with Harrison et al. (1992) in that 420 

vagility didn’t appear to influence turnover as much as range size and environmental 421 

variation (i.e. variation in NPP). Habitat specialisation may also be a factor – turnover 422 

should be greater among species with more specialised habitat requirements (≈ smaller 423 

niche breadth). NPP is strongly correlated with temperature and rainfall (although 424 

numerous factors influence NPP – see Eamus, 2003). Hence, species with a restricted 425 

niche breadth and narrow tolerance to variation in these factors should show high 426 

turnover. In our study, we would expect butterflies to have the greatest environmental 427 

restrictions, especially if associated with host plants that also have a limited distribution. 428 

The fact that butterfly turnover was weak in LH transects probably reflects the low 429 

species richness in these areas (spanning arid and semi-arid landscapes; Appendix 1).  430 
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Spatial gradients in species richness influence turnover, but contrary to the results 431 

of Lennon et al. (2001) and Koleff & Gaston (2002) the most consistent patterns of 432 

turnover in our study were recorded across spatial gradients with high (as opposed to 433 

low) total species richness (although we measure turnover in different ways and using 434 

different spatial configurations). Certainly, it doesn’t appear inevitable that low species 435 

richness should result in high turnover; especially if the spatial gradient spans an area of 436 

low environmental variability (Lennon et al. (2001) also raise the issue of individual 437 

species association with low species richness areas. If this occurs, low species richness 438 

areas would only represent a subset of regional diversity – resulting in low turnover).  439 

With minimal landscape change (in biotic and abiotic factors), the same species 440 

should be able to exploit the full extent of a spatial gradient. In our study, high species 441 

richness and high environmental variation were correlated making it difficult to tease 442 

apart the individual influence of these factors. However, there were substantial 443 

differences in species richness between LVS and LVN transects for all taxa (Appendix 444 

1). Given the similar levels of productivity variation across these transects, the difference 445 

in species richness did not result in considerable differences in patterns of turnover. This 446 

further emphasises the role of environmental variation.  447 

It wasn’t our purpose to examine in detail the performance of the turnover indices 448 

we used – this has been done elsewhere (Koleff et al., 2003a.). Rather, we were interested 449 

in how the representation of patterns of turnover varied with the different indices, and to 450 

ensure that the patterns we observed were not just an artefact of the index used. Not 451 

surprisingly, the patterns represented by indices β1 and β2 (the first focussing on species 452 

replacement only and the second combining species replacement and richness gradients) 453 
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were most similar (although not for butterflies), and both of these generally differed most 454 

strongly from the patterns represented by β3 (focussing on changes in species richness 455 

only). We concur with Koleff et al. (2003a) that indices that measure species gains and 456 

losses are probably the most useful for studies that wish to represent true turnover across 457 

space.  458 

The apparent strong relationship between turnover and productivity has important 459 

implications for land and conservation management. Since remote sensing or modelling 460 

can estimate values such as NPP, it may also be possible to indirectly estimate patterns in 461 

turnover for a given taxonomic group along a spatial gradient (i.e. without direct 462 

sampling and assuming knowledge of the size of the regional species pool). However, it 463 

is important to note that in HV transects, NPP increased consistently across the spatial 464 

gradient (undoubtedly contributing to the consistent decline in species assemblage 465 

similarity). The null model we employed may not perform so well with greater spatial 466 

variability in NPP or heterogeneity (i.e. a range of peaks and troughs). It may be best 467 

applied to gradients that span low to high NPP (e.g. desert – grassland – woodland – 468 

forest).  469 

  The conservation implications of our results are that in landscapes with low 470 

variability, protecting a couple of species rich areas may capture a large proportion of 471 

regional diversity for highly mobile taxonomic groups with primarily large range sizes 472 

(e.g. birds). However, it appears this wouldn’t be adequate for butterflies or small 473 

mammals. More reserves are required in high variability landscapes regardless of focal 474 

taxon, owing to strong and consistent turnover.  475 

 476 
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Table 1: Summary statistics (SD = standard deviation) and coefficient of variation (CV) 

for NPP values across all 12 transects in each variability type (LVS = low variation 

south; LVN = low variation north; HVS = high variation south; HVN = high variation 

north).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Transect type Replicate Range Mean SD CV 

 
LVS 1 0.17-0.34 0.23 0.05 22.61 

 2 0.25-0.38 0.31 0.04 12.76 
 3 0.21-0.45 0.29 0.09 32.16 
 

LVN 1 0.58-0.99 0.79 0.13 16.11 
 2 0.38-0.97 0.54 0.17 31.59 
 3 0.18-0.32 0.24 0.05 22.36 
 

HVS 1 0.85-6.05 2.56 1.72 67.38 
 2 0.65-7.90 3.25 2.38 73.09 
 3 0.83-7.07 2.89 2.29 79.08 
 

HVN 1 0.10-3.35 1.47 1.16 79.28 
 2 0.37-4.00 1.34 1.13 84.38 
 3 0.22-3.61 1.18 1.03 87.49 
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Table 2: Significant differences in turnover among taxonomic groups for all transects and 

indices (e.g. LVS1 = low variation south, replicate 1). M = mammal turnover was greater 

(i.e. a larger correlation coefficient) in pair-wise comparisons; B = bird turnover was 

greater; and BU = butterfly turnover was greater. Non-significant differences are not 

indicated.   

 Birds vs Mammals Birds vs Butterflies Mammals vs Butterflies 
LVS1 β1    
LVS2 β1    
LVS3 β1    
LVS1 β2 M   
LVS2 β2    
LVS3 β2 M BU  
LVS1 β3 M BU  
LVS2 β3  BU BU 
LVS3 β3 M BU  
LVN1 β1 M BU  
LVN2 β1 M  M 
LVN3 β1 M   
LVN1 β2  BU  
LVN2 β2 M BU  
LVN3 β2 M BU  
LVN1 β3    
LVN2 β3 M BU  
LVN3 β3 M BU  
HVS1 β1   M 
HVS2 β1  B M 
HVS3 β1  B M 
HVS1 β2    
HVS2 β2    
HVS3 β2    
HVS1 β3    
HVS2 β3    
HVS3 β3  BU  
HVN1 β1   M 
HVN2 β1 M B M 
HVN3 β1 M  M 
HVN1 β2    
HVN2 β2    
HVN3 β2 M   
HVN1 β3  BU  
HVN2 β3  BU  
HVN3 β3 M BU  
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Table 3: Significant differences in turnover between modelled and actual results for each 

taxonomic group in the first replicate of each transect variability type. H = the random 

model predicted higher turnover (i.e. a larger correlation coefficient) than actually 

occurred; L = the model predicted lower turnover than actually occurred. Non-significant 

differences are not indicated.   

 

 Birds Mammals Butterflies
LVS β1 H   
LVS β2 H   
LVS β3   H 
LVN β1 H   
LVN β2 H   
LVN β3   H 
HVS β1   H 
HVS β2    
HVS β3    
HVN β1   H 
HVN β2    
HVN β3   L 
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Figure 1: Differences in NPP values with distance along replicate transects of: a) LVS; b) 

LVN; c) HVS; and d) HVN.  

 

Figure 2: Relationship between species turnover and distance for birds. Graphs show the 

level of similarity between species assemblages in each transect cell – higher values = 

lower similarity. Replicate transects are represented by □ = transect 1(T1), ▲= transect 2 

(T2) and ● = transect 3 (T3). P values are only provided for significant relationships.  

 

Figure 3: Relationship between species turnover and distance for mammals. Graphs show 

the level of similarity between species assemblages in each transect cell – higher values = 

lower similarity. Replicate transects are represented by □ = transect 1(T1), ▲= transect 2 

(T2) and ● = transect 3 (T3). Data for LVS transect 2, using β3 were dominated by zeros 

(i.e. little turnover) and are not plotted. P values are only provided for significant 

relationships.  

 

Figure 4: Relationship between species turnover and distance for butterflies. Graphs show 

the level of similarity between species assemblages in each transect cell – higher values = 

lower similarity. Replicate transects are represented by □ = transect 1(T1), ▲= transect 2 

(T2) and ● = transect 3 (T3). Data for LVS transects 1 and 2, LVN transect 2, and HVN 

transect 1, all using β1, were dominated by zeros (i.e. little turnover) and are not plotted. 

Note that data for LVS transect 3 and LVN transect 3, both using β1, also have a high 

number of zeros, even though they are plotted and a significant relationship was 

identified. P values are only provided for significant relationships.  
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Figure 5: Relationship between species turnover and distance for the linear model. 

Graphs show the level of similarity between species assemblages in each transect cell – 

higher values = lower similarity. Different taxa are represented by □ = birds, ▲= 

mammals and ● = butterflies. P values are only provided for significant relationships.  
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Fig. 1 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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Appendix 1. The relationship between species richness and distance. Graphs in rows a-d 

cover LVS, LVN, HVS and HVN transects, respectively, whereas graphs in columns 1-3 

cover birds, mammals and butterflies, respectively. Replicate transects have been plotted 

together.  
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