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Supplementary material



Appendix 1. Logistic regressions of 15 climatic variables and latitude against the proportion 

of Australian fleshy-fruited species per 50 km grid cell. 

Variable β coefficient p-value McFadden's R2 

maximum precipitation over five days (mm) 0.009 < 0.0001 0.389 

total precipitation in wettest month (mm) 0.004 < 0.0001 0.241 

minimum temperature in coldest month (℃) 0.070 < 0.0001 0.238 

yearly temperature variation (CV) -62.353 < 0.0001 0.204 

mean annual temperature (℃) 0.061 < 0.0001 0.201 

consecutive wet days (days) 0.226 < 0.0001 0.154 

diurnal temperature range (℃) -0.124 < 0.0001 0.136 

seasonal temperature variation (CV) -3.256 < 0.0001 0.126 

mean annual precipitation (mm) 0.001 < 0.0001 0.118 

maximum temperature in hottest month (℃) 0.045 < 0.0001 0.116 

seasonal precipitation variation (CV) 0.562 < 0.0001 0.114 

frost days (days) -0.010 < 0.0001 0.013 

total precipitation in driest month (mm) -0.004 < 0.0001 0.011 

consecutive dry days (days) -0.001 < 0.0001 0.002 

yearly precipitation variation (CV) -0.011 0.835 < 0.001 

    

latitude 0.041 < 0.0001 0.260 

longitude 0.020 < 0.0001 0.150 

 

  



Appendix 2. Histogram of studied species number per 50 km grid cell within Australia. The 

embedded map shows the species number in 50 km grid cells. 

 

  



Appendix 3. The correlation matrix of the Pearson’s correlation coefficients between 

climatic variables. Positive correlations are displayed in blue and negative correlations in red. 

Colour intensity and circle size are proportional to the Pearson’s correlation coefficients. The 

legend on the right side of the correlogram shows the correlation coefficients and the 

corresponding colours. 

 

  



Appendix 4. 

We matched the species in our fruit type dataset to a large recent time-tree (Zanne et al. 2013, 

Zanne et al. 2014) for vascular plants, using “Taxonstand” to standardize names (Cayuela and 

Osanaen 2014) and phyndr to maximize overlap (Pennell et al. 2015).  This led to 891 species 

in the resulting time-tree with trait values.   

We then used a phylogenetic logistic regression approach developed by Ives and Garland 

(2010) and implemented in R by Ho and Ane (2014).  This can estimate a metric of 

phylogenetic signal for binary traits and also test for the association of two traits after first 

accounting for phylogenetic correlation.   

Ives and Garland (2010) show that for the binary case, their statistic α is a measure of 

phylogenetic signal with α = 1 representing the phylogenetic correlation equivalent to a 

continuous trait evolving under Brownian motion; α = ∞ represents no phylogenetic signal.  

The estimated value was α = 0.021 for the trait of fleshy fruit (see Ives and Garland 2010). 

 

 

 

 

 



Variable β coefficient p-value AIC 

maximum precipitation over five days (mm) 0.594 < 0.0001 524.4 

consecutive wet days (days) 0.434 < 0.0001 530.1 

frost days (days) -0.324 < 0.0001 692.1 

consecutive dry days (days) 0.340 < 0.0001 759.6 

total precipitation in wettest month (mm) 0.538 < 0.0001 761.4 

mean annual precipitation (mm) 0.615 < 0.0001 773.9 

diurnal temperature range (℃) -0.593 < 0.0001 782.4 

maximum temperature in hottest month (℃) 0.278 < 0.0001 839.1 

yearly precipitation variation (CV) 0.212 < 0.0001 840.2 

seasonal precipitation variation (CV) 0.310 < 0.0001 843.3 

mean annual temperature (℃) 0.398 < 0.0001 853.2 

seasonal temperature variation (CV) -0.497 < 0.0001 856.1 

minimum temperature in coldest month (℃) 0.461 < 0.0001 863.1 

total precipitation in driest month (mm) 0.387 < 0.0001 872.6 

yearly temperature variation (CV) -0.220 < 0.0001 879.0 

    

latitude 0.438 < 0.0001 862.8 

longitude 0.487 < 0.0001 893.9 
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Appendix 5. 

The growth form of each species was categorized into tree, shrub or herb, according to 

species descriptions in the Flora of Australia Online database (Flora of Australia Online 

2009). For species that lacked growth form information in Flora of Australia Online, we 

referred to descriptions in other sources, including FloraBase (Western Australian Herbarium 

1998), PlantNET (The Royal Botanic Gardens and Domain Trust 1999) and the database of 

Australian Tropical Rainforest Plants (Centre for Australian National Biodiversity Research 

2010). Climbers and species with ambiguous growth forms were not included in the analysis. 

The final dataset consisted of 629 tree species (100260 geographic occurrences), 2071 shrub 

species (420553 geographic occurrences), and 881 herb species (188685 geographic 

occurrences). 

The species list and their occurrence data were mapped onto 50 km grid cells using 

Biodiverse v0.18 (Laffan et al. 2010). The count and proportion of tree species was exported 

for each grid cell using label property analyses (2983 grid cells in total). 

There was a significant latitudinal gradient in the proportion of tree species in Australia (β 

coefficient = 0.102, p < 0.0001, R2 = 0.42). Tree species were more frequent towards the 

tropics and at the northeast coastal fringes (Fig. A5.1). This result is consistent with previous 

studies on the global pattern in plant growth form that the proportion of trees increases and 

the proportion of herbs decreases towards the tropics (Moles et al. 2007; Moles et al. 2009). 

The proportion of fleshy-fruited species was fitted against latitude, growth form and their 

interaction, using logistic regression in R version 3.0.3 (R Core Team 2014). 



The proportion of fleshy-fruited species was significantly with latitude, growth form and their 

interactions (p < 0.0001 for each term in the logistic regression model). Towards the low 

latitudes, trees were more likely to present fleshy fruits than do either shrubs or herbs, while 

the proportion of fleshy-fruited species with each growth form approached to be similar at 

high latitudes (Fig. A5.2). 

 

Figure A5.1. The proportion of tree species in 50 km grid cells within Australia (9.25°S – 

43.75°S). Cells with fewer than five species were removed for visual purpose. 



 

Figure A5.2. Predicted proportion of fleshy-fruited species against latitude for each growth 

form. 
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