
www.ecography.org

ECOGRAPHY

Ecography

1233

Subject Editor: Dominique Gravel
Editor-in-Chief: Miguel Araújo
Accepted 12 October 2017

41: 1233–1244, 2018
doi: 10.1111/ecog.03148

doi: 10.1111/ecog.03148 41 1 2 3 3 –
1244

A key focus in ecology is to search for community assembly rules. Here we compare 
two community modelling frameworks that integrate a combination of environmental 
and spatial data to identify positive and negative species associations from presence–
absence matrices, and incorporate an additional comparison using joint species 
distribution models (JSDM).

The frameworks use a dichotomous logic tree that distinguishes dispersal 
limitation, environmental requirements, and interspecific interactions as causes 
of segregated or aggregated species pairs. The first framework is based on a 
classical null model analysis complemented by tests of spatial arrangement and 
environmental characteristics of the sites occupied by the members of each species 
pair (Classic framework). The second framework, (SDM framework) implemented 
here for the first time, builds on the application of environmentally-constrained 
null models (or JSDMs) to partial out the influence of the environment, and 
includes an analysis of the geographical configuration of species ranges to account 
for dispersal effects. 

We applied these approaches to examine plot-level species co-occurrence in plant 
communities sampled along a wide elevation gradient in the Swiss Alps. According 
to the frameworks, the majority of species pairs were randomly associated, and most 
of the non-random positive and negative species associations could be attributed to 
environmental filtering and/or dispersal limitation. �ese patterns were partly detected 
also with JSDM. Biotic interactions were detected more frequently in the SDM 
framework, and by JSDM, than in the Classic framework. All approaches detected 
species aggregation more often than segregation, perhaps reflecting the important role 
of facilitation in stressful high-elevation environments. 

Differences between the frameworks may reflect the explicit incorporation of 
elevational segregation in the SDM framework and the sensitivity of JSDM to the 
environmental data. Nevertheless, all methods have the potential to reveal general 
patterns of species co-occurrence for different taxa, spatial scales, and environmental 
conditions. 

Research

Disentangling biotic interactions, environmental filters, and 
dispersal limitation as drivers of species co-occurrence

Manuela D’Amen, Heidi K. Mod, Nicholas J. Gotelli* and Antoine Guisan*

M. D’Amen (http://orcid.org/0000-0001-5910-4267) (manuela.damen@msn.com), H. K. Mod and A. Guisan, Dept of Ecology and Evolution, Univ. of 
Lausanne, Lausanne, Switzerland. AG also at: Inst. of Earth Surface Dynamics, Geopolis, Univ. of Lausanne, Switzerland. – N. J. Gotelli, Dept of Biology, 
Univ. of Vermont, Burlington, VT, USA.

––––––––––––––––––––––––––––––––––––––––
© 2017 �e Authors. Ecography © 2017 Nordic Society Oikos
*shared last authorship

http://orcid.org/0000-0001-5910-4267




1235

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
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species for the whole area, e.g. 260 used in Dubuis et al. 
2011). �is minimum sample size was used to ensure that 
SDMs were fit reliably. �e data were organized as a binary 
presence–absence matrix with 175 columns (= species) and 
912 rows (= plots), with each entry indicating the presence 
(1) or absence (0) of a particular species in a plot.

For each plot, we recorded the exact geographic coordi-
nates and the elevation. Site environmental characteristics 
were extracted from temperature and precipitation data 
recorded by the Swiss network of meteorological stations and 
from a digital elevation model with a spatial resolution of  
25 m (Dubuis et al. 2011). Specifically, we analysed: 1) grow-
ing degree-days (above 0°C), 2) a moisture index calculated as 
the difference between precipitation and evapotranspiration 
(values summed over the growing season), which expresses 
the amount of soil water potentially available, 3) solar radia-
tion summed over the year, 4) plot slope (in degrees), and 5) 
topography. �ese five continuous variables have been previ-
ously shown to be important predictors of the distribution of 
the same set of plant species in the study area (Dubuis et al. 
2011). For each pair of species, we additionally used these five 
variables to calculate niche overlap (see Supplementary mate-
rial Appendix 2 for a detailed explanation of this procedure). 

Null model analysis of species co-occurrence

We applied a pairwise null model analysis (Gotelli and 
Ulrich 2010) to the presence–absence plant species matrix 
to determine which species associations are significant across 
the study area (hereafter ‘classic null model’). We quanti-
fied the strength of association between each pair of species  
a and b by the C-score index (Stone and Roberts 1990) 
rescaled between 0 and 1:

Cscore
R R

R Rab
a b

a b

=
−( )× −( )
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S S
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where Ra is the number of occurrences of species a, Rb is the 
number of occurrences of species b, and S is the number 
of sites that contain both species a and b. An index of 0.0 
means that the species pair is maximally aggregated (occur-
rences are perfectly nested), and an index of 1.0 means that 
the species pair is maximally segregated (no co-occurrences, 
forming a perfect ‘checkerboard pair’ in Diamond’s (1975) 
terminology).

C-scores for individual species pairs were compared to the 
statistical expectation for a set of 10 000 null communities 
generated with a ‘fixed-equiprobable’ null model algorithm. 
�is algorithm preserves species occurrence frequencies (col-
umn totals), but allows species richness per plot (row totals) 
to vary randomly and equiprobably, which is appropriate 
for data sampled from plots of constant area (Gotelli 2000). 
�e null model imposes constraints on the randomization 
to try and remove some obvious sampling factors, but it is 
not a mechanistic model with parameters that specify par-
ticular processes. Simple null models analyzed without any 
environmental or spatial data assume that differences in 

environmental conditions among sites and differences in dis-
persal potential among species are weak or not important. 
�ese null models generate patterns expected in the absence 
of all of these forces (Gotelli and Ulrich 2012). 

We apply the C-score because of its large use in the co-
occurrence literature. Alternatively, Schluter’s (1984) V-ratio 
could have been used with the fixed-equiprobable model, but 
its performance is no better than the C-score (Gotelli 2000). 
We always compare the observed C-score with a null model 
that preserves the frequencies of species occurrences, which 
controls for shared absences. �is means that for a given set 
of species occurrence frequencies, the more shared absences 
there are, the more likely the pattern will be identified as 
aggregated. Conversely, the fewer shared presences there are, 
the more likely the pattern will be identified as segregated. 

With 175 species, there are 15 225 possible species pairs 
(175  174/2) and associated significance tests. We applied 
the empirical Bayes approach, which assumes independence 
of probabilities (Efron 2005), to control for the potentially 
large number of false positives that can emerge with the 
analysis of many species pairs (Gotelli and Ulrich 2010). 
�e empirical Bayes approach is based on the comparison of  
the scores calculated for each species pair with those obtained 
for the same species pair in randomized matrices. By doing 
this, the test seeks to impose a realistic cutoff to identify 
‘interesting’ cases, while still controlling for false discovery 
(Gotelli and Ulrich 2010). Operationally, to apply the empiri-
cal Bayes approach, each pairwise C-score was rescaled on a 
0–1 interval and grouped into 22 classes of evenly spaced 
bins. Within each bin, the scores were ranked from smallest to 
largest. We then randomized the original matrix 1000 times, 
and we calculated the average number of species pairs in each 
bin. �is produced a null distribution of the frequencies of 
species pairs with different scores. In each bin, we retained 
as significant pairs only the ones that had observed C-scores 
greater than the mean number of simulated species pairs. Fur-
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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
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 
in other studies of modern assemblages (Gotelli and Ulrich 
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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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