












Figure 4. ​​ Predicted threat of all ​Hakea ​ species from a spatiophylogenetic model, broken down into 

different factors determined to be substantial by the model. The panels from left to right are: 1) the 

Hakea ​ species and their phylogeny, 2) the decomposition of the predicted threat into contributions from 

the different “substantial” factors and 3) the predicted probability of each species being Threatened. 

Predicted Threat is calculated as the predicted deviation from the average threat for each species when 

taking into account each risk factor independently, whilst holding other factors in the model constant 

(setting them to zero in the linear predictor). Error bars represent 95% credible intervals. Threat 

decomposition in the middle panel is split by positive and negative effects, such that stacked bars below 

the zero line show the relative contribution to deviations below the average, and those above the zero 

line show the contributions to deviations above the average. The predicted mean deviation from average 

threat is shown by a white bar. 
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Figure 5. ​​ Species occurrence points for a) species currently “threatened”, and b) species the model 

classified as “of concern” – (not currently threatened but with predicted risk >0.20). Each occurrence 

point is coloured according to the species’ predicted risk. 
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Figure 6. ​​ Maps of “non-spatial” risk factors. These maps plot the spatial random effects estimated on 

the spatial mesh for Australia (Figure 1b in main text), for the predicted risks associated with different 

risk factors. See methods for details on the calculations. The maps can be interpreted as a continuous 

approximation of how each risk factor is distributed across Australia, where risk factors associated with 

species traits or phylogeny is derived from the distributions of the species that they affect. For example, 

the phylogenetic based risk map shows where species in the most high risk clades tend to occur in 

Australia. 
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Supplementary Information 

Statistical Model Details 

Mathematically, we can write out the equation of our full model as: 

 

 

  

 

 

where  is an intercept term,  is the th fixed effect coefficient describing the effect of 
species-level predictor  of species  on the response,  is a vector of zeroes,  is a 
phylogenetic scaling factor,  is the standardised phylogenetic covariance matrix for all 
species in the model,  is a function describing the spatial effect for the th 
longitude/latitude occurrence coordinates of species : , and  is the total number of 
observed occurrences of species .  
The spatial function can be expanded as:   
 

 
 
Where  represents a regression coefficient determining the linear effect of environmental 
variable , measured at coordinate , and  is a function describing the spatial 
random effect. The  parameters can be moved out of  because they are simple linear 
terms, and so the mean of their sum is the same as the sum of their means. So, if we set 

, we can simplify the model to: 
 

 
 
Such that the  terms are now fixed effect coefficients on the mean environmental variables for 
each species as a whole (e.g. the mean of the variables across all of a species' occurrence 
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points). The  function is a basis function that approximates the spatial Matérn covariance 
function across a spatial mesh, using a stochastic partial differential equation approach ​(SPDE: 
Lindgren ​et al. ​ 2011) ​. Lindgren et al. ​(2011) ​ has mathematical details of the SPDE approach, 
which we will not reproduce here.  

INLA uses a set of weights to calculate the spatial random effects at the coordinates of 
the data. The weights interpolate between the three closest mesh points, and are encapsulated in 
a matrix (the  matrix) with  rows (where  is the number of occurrence 
points), and  columns (where  is the number of mesh points), where the weights in 
each row sum to 1. In order to calculate the average spatial effect across each species’ 

occurrence points (e.g. ) we calculated a new  matrix with  
rows and  columns, where each row was simply the mean of the rows in  
corresponding to the occurrence points of each species . Again, weights in all rows sum to 1 in 
this new  matrix. 
 

Choosing Bayesian priors 

INLA requires priors on all parameters to be specified. For fixed parameters we used the 

default INLA prior, a wide gaussian prior with mean = 0 and variance = 100. For the 

phylogenetic and spatial random effects we used weakly informative priors, as recommended 

by Simpson ​et al. ​ ​(2017) ​ and Gelman ​et al.​ ​(2008) ​. For the phylogenetic scaling parameter we 

used the ‘pcprior’ distribution in INLA with parameters 1 and 0.1, corresponding to an 

exponential distribution with about 10% of its probability distribution >1. To test the sensitivity 

of our analysis to the choice of prior, we ran the full model with several different prior 

parameters ([1, 0.01], [1, 0.1], [1, 0.5], [1, 0.99]) representing distributions with increasingly 

heavy tails, the last of which approximates an uninformative uniform distribution. The choice 

of prior had very little effect on any other parameter estimates, and all qualitative results were 

identical, so for all subsequent analyses we used [1, 0.1]. 

 

The priors on the spatial random effect (which include the range and  parameter of the INLA 

implementation of the ​(Rasmussen & Williams 2006)​ were chosen as follows.  Illian et al. 

(2012) ​ recommend choosing priors on the range parameter (representing the spatial range over 

which the covariance decays to almost zero) that avoid spatial overfitting, by placing most of 

the prior density on range values greater than the apparent covariance range of the 
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environmental factors used in the model. Allowing values much less than this can result in a 

spatial random effect that overfits on a very fine spatial scale, which will explain away any 

environmental factors, and lead to poor predictions for new data. By choosing a prior that 

enforces a similar spatial covariance in the spatial random effect and fixed environmental 

factors, we allow the model to more appropriately compare between them and choose the most 

parsimonious decomposition of the effects. We chose a prior through trial and error by fitting 

only the spatial random effect to our data, then comparing a map of the result to maps of our 

environmental factors until we found a set of priors where the random effect map showed a 

similar spatial covariance to the environmental factor maps. For the range parameter, a 

‘pcprior’ with 10% of its density <2 decimal degrees resulted in appropriate covariance 

structure. Any value >2 in the prior resulted in very similar results that avoided overfitting (as 

the estimated range in the model was considerably greater than 2; see Results). On the  

parameter we used a ‘pcprior’ distribution with values [1, 0.01]. The  parameter, which 

controls the ‘smoothness’ of the ​(Matérn covariance function: Rasmussen & Williams 2006) 

was fixed to 2, which is a standard choice in spatial modelling.  
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Supplementary Figures 
 
Figure S1. Bayesian marginal posterior distributions of model parameters when run using alternative 
method of calculating ED (“equal splits”). The top panel shows the estimated standard deviation of the 
two random effects as calculated at the species-level. The bottom panel shows the fixed effect linear 
regression coefficients. Because all fixed effect variables were standardised, these represent 
standardised coefficients, and are comparable to one another. Posterior distributions that were 
categorised as substantial effects, (95% credible intervals do not overlap zero) are plotted as blue; 
otherwise red.The mean of the posteriors are plotted as points along with errorbars representing the 95% 
credible interval. 
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Figure S2. ​​ The distribution of model coefficients across models run for each of 200 generated 
phylogenies, where for each phylogeny all of the 15 missing species were placed randomly within a 
clade that corresponds to its taxonomy. Specifically, each species was placed randomly within the clade 
that subtends the node corresponding to the most recent common ancestor of all other species found in 
same taxonomic group as the missing species (according to Barker ​et al. ​ (1999)). Coefficients were 
summarised for each model by the median of its marginal posterior distribution. 
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Figure S3. ​​ Correlation matrix of all predictors in the model. Additionally included are the phylogenetic 
and spatial predictions from the model. 

 

.CC-BY-NC-ND 4.0 International licenseunder a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available 

The copyright holder for this preprint (which wasthis version posted December 13, 2018. ; https://doi.org/10.1101/496547doi: bioRxiv preprint 

https://doi.org/10.1101/496547
http://creativecommons.org/licenses/by-nc-nd/4.0/


 
Bibliography 
 
 
Ames, G.M., Wall, W.A., Hohmann, M.G. & Wright, J.P. (2017). Trait space of rare plants in a 
fire-dependent ecosystem. ​Conserv. Biol. ​, 31, 903–911 
Australian Biological Resources Study. (2018). Flora of Australia 
Barker, R.M., Haegi, L. & Barker, W.R. (1999). Hakea. In: ​Flora of Australia ​ (ed. Wilson, A.). 
ABRS/CSIRO, Canberra 
Bromham, L., Hua, X. & Cardillo, M. (2016). Detecting Macroevolutionary Self-Destruction from 
Phylogenies. ​Syst. Biol. ​, 65, 109–127 
Cardillo, M., Dinnage, R. & McAlister, W. (2018). The relationship between environmental niche 
breadth and geographic range size across plant species. ​J. Biogeogr. 
Cardillo, M., Mace, G.M., Gittleman, J.L., Jones, K.E., Bielby, J. & Purvis, A. (2008). The 
predictability of extinction: biological and external correlates of decline in mammals. ​Proc. Biol. Sci. ​, 
275, 1441–1448 
Cardillo, M., Mace, G.M., Gittleman, J.L. & Purvis, A. (2006). Latent extinction risk and the future 
battlegrounds of mammal conservation. ​Proc Natl Acad Sci USA ​, 103, 4157–4161 
Cardillo, M., Mace, G.M., Jones, K.E., Bielby, J., Bininda-Emonds, O.R.P., Sechrest, W., ​et al. ​ (2005). 
Multiple causes of high extinction risk in large mammal species. ​Science ​, 309, 1239–1241 
Cardillo, M. & Meijaard, E. (2012). Are comparative studies of extinction risk useful for conservation? 
Trends Ecol Evol (Amst) ​, 27, 167–171 
Cardillo, M., Purvis, A., Sechrest, W., Gittleman, J.L., Bielby, J. & Mace, G.M. (2004). Human 
population density and extinction risk in the world’s carnivores. ​PLoS Biol. ​, 2, E197 
Cardillo, M. & Skeels, A. (2016). Spatial, phylogenetic, environmental and biological components of 
variation in extinction risk: A case study using banksia. ​PLoS ONE ​, 11, e0154431 
Cardillo, M., Weston, P.H., Reynolds, Z.K.M., Olde, P.M., Mast, A.R., Lemmon, E.M., ​et al. ​ (2017). 
The phylogeny and biogeography of Hakea (Proteaceae) reveals the role of biome shifts in a continental 
plant radiation. ​Evolution; international journal of organic evolution ​, 71, 1928–1943 
Chang, W., Cheng, J., Allaire, J.J., Xie, Y. & McPherson, J. (2018). shiny: Web Application Framework 
for R 
Climate Change in Australia ​. (2018). . Available at: https://www.climatechangeinaustralia.gov.au/en/. 
Last accessed 2 November 2018 
Council, C. (n.d.). Thirsty Country: Climate Change and Drought in Australia 
Davies, T.J., Smith, G.F., Bellstedt, D.U., Boatwright, J.S., Bytebier, B., Cowling, R.M., ​et al. ​ (2011). 
Extinction risk and diversification are linked in a plant biodiversity hotspot. ​PLoS Biol. ​, 9, e1000620 
Dinnage, R. & Cardillo, M. (2018). Habitat loss is information loss: Species distribution models are 
compromised in anthropogenic landscapes. ​bioRxiv 
Fick, S.E. & Hijmans, R.J. (2017). WorldClim 2: new 1-km spatial resolution climate surfaces for 
global land areas. ​International Journal of Climatology ​, 37, 4302–4315 
Fisher, D.O., Blomberg, S.P. & Owens, I.P.F. (2003). Extrinsic versus intrinsic factors in the decline 
and extinction of Australian marsupials. ​Proc. R. Soc. Lond. Ser. B-Biol. Sci. ​, 270, 1801–1808 
Fisher, D.O. & Owens, I.P.F. (2004). The comparative method in conservation biology. ​Trends Ecol 
Evol (Amst) ​, 19, 391–398 

.CC-BY-NC-ND 4.0 International licenseunder a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available 

The copyright holder for this preprint (which wasthis version posted December 13, 2018. ; https://doi.org/10.1101/496547doi: bioRxiv preprint 

http://f1000.com/work/bibliography/5965401
http://f1000.com/work/bibliography/5965401
http://f1000.com/work/bibliography/5965401
http://f1000.com/work/bibliography/5965401
http://f1000.com/work/bibliography/5943177
http://f1000.com/work/bibliography/5943178
http://f1000.com/work/bibliography/5943178
http://f1000.com/work/bibliography/5943178
http://f1000.com/work/bibliography/5943178
http://f1000.com/work/bibliography/5943179
http://f1000.com/work/bibliography/5943179
http://f1000.com/work/bibliography/5943179
http://f1000.com/work/bibliography/5943179
http://f1000.com/work/bibliography/6112416
http://f1000.com/work/bibliography/6112416
http://f1000.com/work/bibliography/6112416
http://f1000.com/work/bibliography/5943180
http://f1000.com/work/bibliography/5943180
http://f1000.com/work/bibliography/5943180
http://f1000.com/work/bibliography/5943180
http://f1000.com/work/bibliography/5943180
http://f1000.com/work/bibliography/264028
http://f1000.com/work/bibliography/264028
http://f1000.com/work/bibliography/264028
http://f1000.com/work/bibliography/264028
http://f1000.com/work/bibliography/326207
http://f1000.com/work/bibliography/326207
http://f1000.com/work/bibliography/326207
http://f1000.com/work/bibliography/326207
http://f1000.com/work/bibliography/326207
http://f1000.com/work/bibliography/326207
http://f1000.com/work/bibliography/577337
http://f1000.com/work/bibliography/577337
http://f1000.com/work/bibliography/577337
http://f1000.com/work/bibliography/1088741
http://f1000.com/work/bibliography/1088741
http://f1000.com/work/bibliography/1088741
http://f1000.com/work/bibliography/1088741
http://f1000.com/work/bibliography/5943181
http://f1000.com/work/bibliography/5943181
http://f1000.com/work/bibliography/5943181
http://f1000.com/work/bibliography/5943181
http://f1000.com/work/bibliography/4673551
http://f1000.com/work/bibliography/4673551
http://f1000.com/work/bibliography/4673551
http://f1000.com/work/bibliography/4673551
http://f1000.com/work/bibliography/4673551
http://f1000.com/work/bibliography/4673551
http://f1000.com/work/bibliography/4673551
http://f1000.com/work/bibliography/5953672
http://f1000.com/work/bibliography/5953672
http://f1000.com/work/bibliography/5965488
http://f1000.com/work/bibliography/5965488
http://f1000.com/work/bibliography/5965488
http://f1000.com/work/bibliography/4673588
http://f1000.com/work/bibliography/397076
http://f1000.com/work/bibliography/397076
http://f1000.com/work/bibliography/397076
http://f1000.com/work/bibliography/397076
http://f1000.com/work/bibliography/397076
http://f1000.com/work/bibliography/397076
http://f1000.com/work/bibliography/4800599
http://f1000.com/work/bibliography/4800599
http://f1000.com/work/bibliography/4800599
http://f1000.com/work/bibliography/4673525
http://f1000.com/work/bibliography/4673525
http://f1000.com/work/bibliography/4673525
http://f1000.com/work/bibliography/4673525
http://f1000.com/work/bibliography/5943182
http://f1000.com/work/bibliography/5943182
http://f1000.com/work/bibliography/5943182
http://f1000.com/work/bibliography/5943182
http://f1000.com/work/bibliography/724770
http://f1000.com/work/bibliography/724770
http://f1000.com/work/bibliography/724770
http://f1000.com/work/bibliography/724770
https://doi.org/10.1101/496547
http://creativecommons.org/licenses/by-nc-nd/4.0/


Freckleton, R.P. & Jetz, W. (2009). Space versus phylogeny: disentangling phylogenetic and spatial 
signals in comparative data. ​Proc. Biol. Sci. ​, 276, 21–30 
Fréville, H., McConway, K., Dodd, M. & Silvertown, J. (2007). Prediction of extinction in plants: 
interaction of extrinsic threats and life history traits. ​Ecology ​, 88, 2662–2672 
Gaston, K.J. & Blackburn, T.M. (1997). Evolutionary age and risk of extinction in the global avifauna. 
Evol. Ecol. ​, 11, 557–565 
Gaston, K.J. & Fuller, R.A. (2009). The sizes of species’ geographic ranges. ​Journal of Applied 
Ecology ​, 46, 1–9 
Gelman, A., Jakulin, A., Pittau, M.G. & Su, Y.-S. (2008). A weakly informative default prior 
distribution for logistic and other regression models. ​Ann. Appl. Stat. ​, 2, 1360–1383 
Godefroid, S. (2014). Do plant reproductive traits influence species susceptibility to decline? ​Plant Ecol. 
Evol. ​, 147, 154–164 
Grafen, A. (1989). The phylogenetic regression. ​Philos Trans R Soc Lond, B, Biol Sci ​, 326, 119–157 
Greenberg, D.A., Palen, W.J., Chan, K.C., Jetz, W. & Mooers, A.Ø. (2018). Evolutionarily distinct 
amphibians are disproportionately lost from human-modified ecosystems. ​Ecol. Lett. ​, 21, 1530–1540 
Illian, J.B., Sørbye, S.H. & Rue, H. (2012). A toolbox for fitting complex spatial point process models 
using integrated nested Laplace approximation (INLA). ​Ann. Appl. Stat. ​, 6, 1499–1530 
Isaac, N.J.B., Turvey, S.T., Collen, B., Waterman, C. & Baillie, J.E.M. (2007). Mammals on the EDGE: 
conservation priorities based on threat and phylogeny. ​PLoS ONE ​, 2, e296 
IUCN. (2018). ​The IUCN Red List of Threatened Species. Version 2018-1 
Jetz, W. & Freckleton, R.P. (2015). Towards a general framework for predicting threat status of 
data-deficient species from phylogenetic, spatial and environmental information. ​Philos Trans R Soc 
Lond, B, Biol Sci ​, 370, 20140016 
Johnson, C.N., Delean, S. & Balmford, A. (2002). Phylogeny and the selectivity of extinction in 
Australian marsupials. ​Animal Conservation ​, 5, 135–142 
Jones, K.E., Sechrest, W. & Gittleman, J.L. (2005). Age and area revisited: identifying global patterns 
and implications for conservation. In: ​Phylogeny and Conservation ​ (eds. Purvis, A., Gittleman, J.L. & 
Brooks, T.). Cambridge University Press, Cambridge, pp. 141–165 
Keith, D.A., Rodríguez, J.P., Rodríguez-Clark, K.M., Nicholson, E., Aapala, K., Alonso, A., ​et al. 
(2013). Scientific foundations for an IUCN Red List of ecosystems. ​PLoS ONE ​, 8, e62111 
Kembel, S.W., Cowan, P.D., Helmus, M.R., Cornwell, W.K., Morlon, H., Ackerly, D.D., ​et al. ​ (2010). 
Picante: R tools for integrating phylogenies and ecology. ​Bioinformatics ​, 26, 1463–1464 
Lahti, T., Kemppainen, E., Kurtto, A. & Uotila, P. (1991). Distribution and biological characteristics of 
threatened vascular plants in Finland. ​Biological Conservation ​, 55, 299–314 
Leão, T.C.C., Fonseca, C.R., Peres, C.A. & Tabarelli, M. (2014). Predicting extinction risk of Brazilian 
Atlantic forest angiosperms. ​Conserv. Biol. ​, 28, 1349–1359 
Lindgren, F., Rue, H. & Lindström, J. (2011). An explicit link between Gaussian fields and Gaussian 
Markov random fields: the stochastic partial differential equation approach. ​J. Royal Statistical Soc. B ​, 
73, 423–498 
Loreau, M., Mouquet, N. & Gonzalez, A. (2003). Biodiversity as spatial insurance in heterogeneous 
landscapes. ​Proc Natl Acad Sci USA ​, 100, 12765–12770 
Martins, T.G., Simpson, D., Lindgren, F. & Rue, H. (2013). Bayesian computing with INLA: New 
features. ​Comput. Stat. Data Anal. ​, 67, 68–83 
Meijaard, E., Sheil, D., Marshall, A.J. & Nasi, R. (2008). Phylogenetic age is positively correlated with 

.CC-BY-NC-ND 4.0 International licenseunder a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available 

The copyright holder for this preprint (which wasthis version posted December 13, 2018. ; https://doi.org/10.1101/496547doi: bioRxiv preprint 

http://f1000.com/work/bibliography/397152
http://f1000.com/work/bibliography/397152
http://f1000.com/work/bibliography/397152
http://f1000.com/work/bibliography/397152
http://f1000.com/work/bibliography/194274
http://f1000.com/work/bibliography/194274
http://f1000.com/work/bibliography/194274
http://f1000.com/work/bibliography/194274
http://f1000.com/work/bibliography/5943183
http://f1000.com/work/bibliography/5943183
http://f1000.com/work/bibliography/5943183
http://f1000.com/work/bibliography/2440833
http://f1000.com/work/bibliography/2440833
http://f1000.com/work/bibliography/2440833
http://f1000.com/work/bibliography/2440833
http://f1000.com/work/bibliography/2824597
http://f1000.com/work/bibliography/2824597
http://f1000.com/work/bibliography/2824597
http://f1000.com/work/bibliography/2824597
http://f1000.com/work/bibliography/5943184
http://f1000.com/work/bibliography/5943184
http://f1000.com/work/bibliography/5943184
http://f1000.com/work/bibliography/5943184
http://f1000.com/work/bibliography/205327
http://f1000.com/work/bibliography/205327
http://f1000.com/work/bibliography/205327
http://f1000.com/work/bibliography/5963289
http://f1000.com/work/bibliography/5963289
http://f1000.com/work/bibliography/5963289
http://f1000.com/work/bibliography/5963289
http://f1000.com/work/bibliography/5581962
http://f1000.com/work/bibliography/5581962
http://f1000.com/work/bibliography/5581962
http://f1000.com/work/bibliography/5581962
http://f1000.com/work/bibliography/725010
http://f1000.com/work/bibliography/725010
http://f1000.com/work/bibliography/725010
http://f1000.com/work/bibliography/725010
http://f1000.com/work/bibliography/5943185
http://f1000.com/work/bibliography/5943185
http://f1000.com/work/bibliography/5943186
http://f1000.com/work/bibliography/5943186
http://f1000.com/work/bibliography/5943186
http://f1000.com/work/bibliography/5943186
http://f1000.com/work/bibliography/5943186
http://f1000.com/work/bibliography/775240
http://f1000.com/work/bibliography/775240
http://f1000.com/work/bibliography/775240
http://f1000.com/work/bibliography/775240
http://f1000.com/work/bibliography/6112398
http://f1000.com/work/bibliography/6112398
http://f1000.com/work/bibliography/6112398
http://f1000.com/work/bibliography/6112398
http://f1000.com/work/bibliography/6112398
http://f1000.com/work/bibliography/1936779
http://f1000.com/work/bibliography/1936779
http://f1000.com/work/bibliography/1936779
http://f1000.com/work/bibliography/1936779
http://f1000.com/work/bibliography/1936779
http://f1000.com/work/bibliography/1936779
http://f1000.com/work/bibliography/397135
http://f1000.com/work/bibliography/397135
http://f1000.com/work/bibliography/397135
http://f1000.com/work/bibliography/397135
http://f1000.com/work/bibliography/397135
http://f1000.com/work/bibliography/397135
http://f1000.com/work/bibliography/5965399
http://f1000.com/work/bibliography/5965399
http://f1000.com/work/bibliography/5965399
http://f1000.com/work/bibliography/5965399
http://f1000.com/work/bibliography/209138
http://f1000.com/work/bibliography/209138
http://f1000.com/work/bibliography/209138
http://f1000.com/work/bibliography/209138
http://f1000.com/work/bibliography/5561382
http://f1000.com/work/bibliography/5561382
http://f1000.com/work/bibliography/5561382
http://f1000.com/work/bibliography/5561382
http://f1000.com/work/bibliography/5561382
http://f1000.com/work/bibliography/456930
http://f1000.com/work/bibliography/456930
http://f1000.com/work/bibliography/456930
http://f1000.com/work/bibliography/456930
http://f1000.com/work/bibliography/725583
http://f1000.com/work/bibliography/725583
http://f1000.com/work/bibliography/725583
http://f1000.com/work/bibliography/725583
http://f1000.com/work/bibliography/5943187
https://doi.org/10.1101/496547
http://creativecommons.org/licenses/by-nc-nd/4.0/


sensitivity to timber harvest in Bornean mammals. ​Biotropica ​, 40, 76–85 
de Moraes Weber, M., Stevens, R.D., Lorini, M.L. & Grelle, C.E.V. (2014). Have old species reached 
most environmentally suitable areas? A case study with South American phyllostomid bats. ​Global 
Ecology and Biogeography ​, 23, 1177–1185 
Murray, B.R., Thrall, P.H., Gill, A.M. & Nicotra, A.B. (2002). How plant life-history and ecological 
traits relate to species rarity and commonness at varying spatial scales. ​Austral Ecol. ​, 27, 291–310 
Murray, K.A., Verde Arregoitia, L.D., Davidson, A., Di Marco, M. & Di Fonzo, M.M.I. (2014). Threat 
to the point: improving the value of comparative extinction risk analysis for conservation action. ​Glob. 
Chang. Biol. ​, 20, 483–494 
Myers, N., Mittermeier, R.A., Mittermeier, C.G., da Fonseca, G.A. & Kent, J. (2000). Biodiversity 
hotspots for conservation priorities. ​Nature ​, 403, 853–858 
Paul, J.R., Morton, C., Taylor, C.M. & Tonsor, S.J. (2009). Evolutionary time for dispersal limits the 
extent but not the occupancy of species’ potential ranges in the tropical plant genus Psychotria 
(Rubiaceae). ​Am. Nat. ​, 173, 188–199 
Purvis, A. (2008). Phylogenetic Approaches to the Study of Extinction. ​Annu. Rev. Ecol. Evol. Syst. ​, 39, 
301–319 
Purvis, A., Cardillo, M., Grenyer, R. & Collen, B. (2005). Correlates of extinction risk: phylogeny, 
biology, threat and scale. In: ​Phylogeny and Conservation ​ (eds. Purvis, A., Gittleman, J.L. & Brooks, 
T.). Cambridge University Press, Cambridge, pp. 295–316 
Rasmussen, C.E. & Williams, C.K.I. (2006). ​Gaussian processes for machine learning ​. MIT Press, 
Cambridge, Mass 
Redding, D.W., DeWolff, C.V. & Mooers, A.Ø. (2010). Evolutionary distinctiveness, threat status, and 
ecological oddity in primates. ​Conserv. Biol. ​, 24, 1052–1058 
Redding, D.W., Mazel, F. & Mooers, A.Ø. (2014). Measuring evolutionary isolation for conservation. 
PLoS ONE​, 9, e113490 
Ricklefs, R.E. & Bermingham, E. (2002). The concept of the taxon cycle in biogeography. ​Global Ecol. 
Biogeography ​, 11, 353–361 
Rue, H., Martino, S. & Chopin, N. (2009). Approximate Bayesian inference for latent Gaussian models 
by using integrated nested Laplace approximations. ​J. Royal Statistical Soc. B ​, 71, 319–392 
Safi, K. & Pettorelli, N. (2010). Phylogenetic, spatial and environmental components of extinction risk 
in carnivores. ​Global Ecology and Biogeography ​, 19, 352–362 
Simpson, D., Rue, H., Riebler, A., Martins, T.G. & Sørbye, S.H. (2017). Penalising model component 
complexity: A principled, practical approach to constructing priors. ​Stat. Sci. ​, 32, 1–28 
Sjostrom, A. & Gross, C.L. (2006). Life-history characters and phylogeny are correlated with extinction 
risk in the Australian angiosperms. ​J. Biogeography ​, 33, 271–290 
Skeels, A. & Cardillo, M. (2017). Environmental niche conservatism explains the accumulation of 
species richness in Mediterranean-hotspot plant genera. ​Evolution ​, 71, 582–594 
Sodhi, N.S., Koh, L.P., Peh, K.S.-H., Tan, H.T.W., Chazdon, R.L., Corlett, R.T., ​et al. ​ (2008). 
Correlates of extinction proneness in tropical angiosperms. ​Diversity and Distributions ​, 14, 1–10 
Vamosi, J.C., Magallón, S., Mayrose, I., Otto, S.P. & Sauquet, H. (2018). Macroevolutionary patterns of 
flowering plant speciation and extinction. ​Annu. Rev. Plant Biol. ​, 69, 685–706 
Vamosi, J.C. & Wilson, J.R.U. (2008). Nonrandom extinction leads to elevated loss of angiosperm 
evolutionary history. ​Ecol. Lett. ​, 11, 1047–1053 
Verde Arregoitia, L.D., Blomberg, S.P. & Fisher, D.O. (2013). Phylogenetic correlates of extinction risk 

.CC-BY-NC-ND 4.0 International licenseunder a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available 

The copyright holder for this preprint (which wasthis version posted December 13, 2018. ; https://doi.org/10.1101/496547doi: bioRxiv preprint 

http://f1000.com/work/bibliography/5943187
http://f1000.com/work/bibliography/5943187
http://f1000.com/work/bibliography/5943187
http://f1000.com/work/bibliography/6112397
http://f1000.com/work/bibliography/6112397
http://f1000.com/work/bibliography/6112397
http://f1000.com/work/bibliography/6112397
http://f1000.com/work/bibliography/6112397
http://f1000.com/work/bibliography/5943188
http://f1000.com/work/bibliography/5943188
http://f1000.com/work/bibliography/5943188
http://f1000.com/work/bibliography/5943188
http://f1000.com/work/bibliography/5943189
http://f1000.com/work/bibliography/5943189
http://f1000.com/work/bibliography/5943189
http://f1000.com/work/bibliography/5943189
http://f1000.com/work/bibliography/5943189
http://f1000.com/work/bibliography/584089
http://f1000.com/work/bibliography/584089
http://f1000.com/work/bibliography/584089
http://f1000.com/work/bibliography/584089
http://f1000.com/work/bibliography/2002536
http://f1000.com/work/bibliography/2002536
http://f1000.com/work/bibliography/2002536
http://f1000.com/work/bibliography/2002536
http://f1000.com/work/bibliography/2002536
http://f1000.com/work/bibliography/197806
http://f1000.com/work/bibliography/197806
http://f1000.com/work/bibliography/197806
http://f1000.com/work/bibliography/197806
http://f1000.com/work/bibliography/5943190
http://f1000.com/work/bibliography/5943190
http://f1000.com/work/bibliography/5943190
http://f1000.com/work/bibliography/5943190
http://f1000.com/work/bibliography/5943190
http://f1000.com/work/bibliography/5696370
http://f1000.com/work/bibliography/5696370
http://f1000.com/work/bibliography/5696370
http://f1000.com/work/bibliography/5696370
http://f1000.com/work/bibliography/397094
http://f1000.com/work/bibliography/397094
http://f1000.com/work/bibliography/397094
http://f1000.com/work/bibliography/397094
http://f1000.com/work/bibliography/5943191
http://f1000.com/work/bibliography/5943191
http://f1000.com/work/bibliography/5943191
http://f1000.com/work/bibliography/5943192
http://f1000.com/work/bibliography/5943192
http://f1000.com/work/bibliography/5943192
http://f1000.com/work/bibliography/5943192
http://f1000.com/work/bibliography/349657
http://f1000.com/work/bibliography/349657
http://f1000.com/work/bibliography/349657
http://f1000.com/work/bibliography/349657
http://f1000.com/work/bibliography/5943193
http://f1000.com/work/bibliography/5943193
http://f1000.com/work/bibliography/5943193
http://f1000.com/work/bibliography/5943193
http://f1000.com/work/bibliography/4886659
http://f1000.com/work/bibliography/4886659
http://f1000.com/work/bibliography/4886659
http://f1000.com/work/bibliography/4886659
http://f1000.com/work/bibliography/5943194
http://f1000.com/work/bibliography/5943194
http://f1000.com/work/bibliography/5943194
http://f1000.com/work/bibliography/5943194
http://f1000.com/work/bibliography/4649775
http://f1000.com/work/bibliography/4649775
http://f1000.com/work/bibliography/4649775
http://f1000.com/work/bibliography/4649775
http://f1000.com/work/bibliography/199891
http://f1000.com/work/bibliography/199891
http://f1000.com/work/bibliography/199891
http://f1000.com/work/bibliography/199891
http://f1000.com/work/bibliography/199891
http://f1000.com/work/bibliography/199891
http://f1000.com/work/bibliography/4914234
http://f1000.com/work/bibliography/4914234
http://f1000.com/work/bibliography/4914234
http://f1000.com/work/bibliography/4914234
http://f1000.com/work/bibliography/3443662
http://f1000.com/work/bibliography/3443662
http://f1000.com/work/bibliography/3443662
http://f1000.com/work/bibliography/3443662
http://f1000.com/work/bibliography/2798373
https://doi.org/10.1101/496547
http://creativecommons.org/licenses/by-nc-nd/4.0/


in mammals: species in older lineages are not at greater risk. ​Proc. Biol. Sci. ​, 280, 20131092 
Warren, B.H., Hagen, O., Gerber, F., Thébaud, C., Paradis, E. & Conti, E. (2018). Evaluating alternative 
explanations for an association of extinction risk and evolutionary uniqueness in multiple insular 
lineages. ​Evolution ​, 72, 2005–2024 
Willis, J.C. (1922). ​Age and area; a study in geographical distribution and origin of species, by J. C. 
Willis, with chapters by Hugo de Vries, H. B. Guppy, Mrs. E. M. Reid, James Small. ​ The University 
Press, Cambridge [Eng.] 
Wilson, E.O. (1961). The nature of the taxon cycle in the Melanesian ant fauna. ​The American 
Naturalist ​, 95, 169–193 

.CC-BY-NC-ND 4.0 International licenseunder a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available 

The copyright holder for this preprint (which wasthis version posted December 13, 2018. ; https://doi.org/10.1101/496547doi: bioRxiv preprint 

http://f1000.com/work/bibliography/2798373
http://f1000.com/work/bibliography/2798373
http://f1000.com/work/bibliography/2798373
http://f1000.com/work/bibliography/5762820
http://f1000.com/work/bibliography/5762820
http://f1000.com/work/bibliography/5762820
http://f1000.com/work/bibliography/5762820
http://f1000.com/work/bibliography/5762820
http://f1000.com/work/bibliography/5943196
http://f1000.com/work/bibliography/5943196
http://f1000.com/work/bibliography/5943196
http://f1000.com/work/bibliography/5943196
http://f1000.com/work/bibliography/5943196
http://f1000.com/work/bibliography/5943197
http://f1000.com/work/bibliography/5943197
http://f1000.com/work/bibliography/5943197
http://f1000.com/work/bibliography/5943197
https://doi.org/10.1101/496547
http://creativecommons.org/licenses/by-nc-nd/4.0/

