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Here, we propose a complementary set of analyses to 
understand the causes of species co-occurrence patterns 
(Fig. 1, right box). �is framework integrates three differ-
ent modules. 1) A null model analysis of pairwise species 
co-occurrence that estimate species occurrence probabilities 
from species distribution models (SDMs) to place species 
randomly in sites (environmentally-constrained null model, 
as proposed by Peres-Neto et al. 2001; Fig. 1a right box). 
Because the SDMs represent the application of an envi-
ronmental filter on the community, this step is expected to 
maximize the chance of distinguishing between the influence 
of environmental preferences and biotic interactions. 2) A 
comparative null model analysis with the classic null model 
that does not incorporate environmental variables (Fig. 1b, c  
right box). 3) An analysis of the spatial and elevational 
geographic configuration of the species-pair distributions 
to distinguish species pairs that may be limited by disper-
sal (disjoint distributions) from those that may be limited 
by species interactions or niche differentiation (contiguous 
distributions; Fig. 1d right box and Fig. 2).

�e main similarity of the two frameworks is that they 
both use null models. �e main difference is in the use of 
SDMs to create an environmentally constrained null model 
versus the use of a classic null model. �us, hereafter we refer 
to these as the ‘SDM framework’ and the ‘Classic frame-
work’, respectively. 

Because another emerging SDM tool – joint species distri-
bution modelling (JSDM; Pollock et al. 2014, Warton et al. 
2015) – is increasingly presented to infer community 
assembly rules, and could thus be integrated into our test, 
we present an analytical alternative in which we use JSDMs 
in modules 1) and 2) of the SDM framework. �is test is 
made possible because JSDMs also use data on species occur-

both use null models(wor)036ewi 48 modulesse data on species occurb7t7 ( mulnt an a76  Tm
hi Tm of tche pr)ntally framibls gen Tmlizternathose that may be limited 
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Data deposition

Data available from the Dryad Digital Repository:  http://
dx.doi.org/10.5061/dryad.8mv11  (D’Amen et al. 2017).

Results

Classic null model

�e pairwise classic null model identified 3825 signifi-
cantly associated pairs (around 25% of all possible pairs) 

http://dx.doi.org/10.5061/dryad.XXXXX
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considers together these three processes within field observa-
tion data is expected to improve our understanding of the 
mechanisms structuring ecological communities. 

Here we compared the performance of two such frame-
works (and one alternative approach using the recently 
promoted JSDMs, provided in the Supplementary material 
Appendix 1). �e first ‘Classic framework’ has been recently 
proposed and applied to examine taxon associations through 
time for late Quaternary fossil pollen assemblages at relatively 
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fixed-fixed algorithm used in previous pairwise tests (Gotelli 
and Ulrich 2010). Another reason for this result could be 
that we restricted the analysis to common species (i.e. species 
with more than 30 occurrences). When both species in a pair 
are rare, it may be difficult to detect non-randomness. As 
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2017). Whatever the ultimate causes of species co-occur-
rence, the use of explicit hypothesis-testing frameworks as we 
have employed here sharpens the process of inference.
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