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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:

y; ~ Binomial (p;)

Loglt (pi) = a+ Bixi[i] + Poxa[i] + Psxs[i] + ... + Brwwli] + phylo[t] +
el Zf s;[i]

/’LPhYIO[i] ~ MVN (07 O-QVphylo)

where « is an intercept term, A is the th fixed effect coefficient describing the effect of
species-level predictor I of species 7 on the response, 0 is a vector of zeroes, o2 is a
phylogenetic scaling factor, Vohylo is the standardised phylogenetic covariance matrix for all

species in the model, S (4li]) is a function describing the spatial effect for the Jjth

longitude/latitude occurrence coordinates of species i: sjli L and Ni is the total number of
observed occurrences of species i.
The spatial function can be expanded as:

[ (85) = mals;] + y222(85] + v323[85] + ... + Ymzmlsi] + ¥ (8y)

Where 7m represents a regression coefficient determining the linear effect of environmental
variable Zm[S; ], measured at coordinate 57, and ¥ (87) is a function describing the spatial

random effect. The 7 parameters can be moved out of f(85) 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

— N; .
ali) = w; X520 alss 1], we can simplify the model to:

pi = o+ Praq[i] + Bawa[i] + Paxsli] + ... + /Bkﬂfk[z]

7] + 1Z[d] + o+ NZmli] + Lphyiold] + Z U (s;4])

Such that the 7 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 ¥ (s5) 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 Aspatial matrix) with Vpoint rows (where Npoint is the number of occurrence
points), and Vmesh columns (where Nmesh 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’

1 5N T4 . .
occurrence points (e.g. Ni 21 Y (s M)) we calculated a new Aspeciesspatial matrix with Ni
rows and Nmesh columns, where each row was simply the mean of the rows in Aspatial

corresponding to the occurrence points of each species i. Again, weights in all rows sum to 1 in
this new A 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 o 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
‘peprior’ 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 o
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.

Random Effects

0.0 0.5 1.0 1.5 2.0 2.5

Spatial SD

Phylogenetic SD

Fixed Effects

Intercept "/=\ i 2\
Evolutionary Distinctiveness i/
Flowering Period / x‘ é
Log Range Area J yf\

Degree of Habitat Loss

/

(

Maximum Height

Fire Response

Mean Annual Rainfall J

Mean Annual Temperature .

i

-10 =5

6]

Estimate


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

bioRxiv preprint doi: https://doi.org/10.1101/496547; this version posted December 13, 2018. The copyright holder for this preprint (which was
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
under aCC-BY-NC-ND 4.0 International license.

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.
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