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1  | INTRODUC TION

Environmental filtering and biotic interactions are known to jointly rule 
the assembly of species into local communities from a regional species 
pool defined by historical contingencies and dispersal (Götzenberger 
et al., 2012; Lortie et al., 2004; Vellend, 2010). These ecological 

assembly rules are hypothesized to function hierarchically at different 
spatial scales (Hart, Usinowicz, & Levine, 2017; McGill, 2010; Pearson 
& Dawson, 2003; Schneider, 2001; Thuiller, Pollock, Gueguen, & 
Münkemüller, 2015; Wiens, 1989). Species with abilities to access the 
site and presenting ecological requirements that match the specific 
local abiotic conditions (i.e. environmental filtering) are candidates 
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Abstract
1. A comprehensive understanding of the scale dependency of environmental filtering  

and biotic interactions influencing the local assembly of species is paramount 
to derive realistic forecasts of the future of biodiversity and efficiently man-
age ecological communities. A classical assumption is that environmental filters 
are more prevalent at coarser scales with diminishing effects towards the finest 
scales where biotic interactions become more decisive. Recently, a refinement 
was proposed stipulating that the scale dependency of biotic interactions should 
relate to the type of interaction. Specifically, the effect of negative interactions 
(e.g. competition) should diminish with coarsening scale, whereas positive interac-
tions (i.e. facilitation) should be detected irrespective of the scale.

2. We use multiple vascular plant species datasets sampled at nested spatial scales 
(plot size varying from 0.04 to 64 m2) and recently developed joint species distri-
bution models to test the hypotheses.

3. Our analyses indicate slightly stronger environmental filtering with increasing plot 
size. While the overall strength of biotic interactions did not vary consistently 
across scales, we found a tendency for negative interactions to fade away with 
increasing plot size slightly more than positive interactions.

4. Synthesis. We provide partial, but not unambiguous, evidence of the scale dependency 
of ecological assembly rules. However, our correlative methodology only allows us to 
interpret the findings as indication of environmental filtering and biotic interactions.
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for the next filter, biotic interactions, expected to function among 
close neighbours. At these finest spatial scales, for instance, com-
petitively superior species may inhibit the existence of species with 
lower capacity to compete for resources (Klausmeier & Tilman, 2002; 
Passarge & Huisman, 2002), or the close spatial proximity with other 
species may have positive influences through facilitative interac-
tions (Brooker et al., 2008; Bruno, Stachowicz, & Bertness, 2003; 
Stachowicz, 2001). However, empirical evidence so far has not consis-
tently supported scale dependency of ecological assembly rules (e.g. 
Firth & Crowe, 2010). In particular, it remains unclear whether biotic 
interactions affect species co-occurrence patterns at coarse spatial 
scales (Araújo & Luoto, 2007; Belmaker et al., 2015; Gotelli, Graves, & 
Rahbek, 2010; Wisz et al., 2013; Yackulic, 2017) or if, in contrast, their 
effect is averaged out (Godsoe, Murray, & Plank, 2015; Hui, 2009; 
Segurado, Kunin, Filipe, & Araújo, 2012; Thuiller et al., 2015).

Recently, Araújo and Rozenfeld (2014) developed a mathemat-
ical model, which postulates that the scale dependency of biotic 
interactions depends on the type of interaction. According to this 
model, positive interactions between species, such as mutualism 
and commensalism, manifest at all spatial scales, while the effect of 
negative interactions should diminish as the resolution gets coarser 
(Figure 1). The reasoning behind this model is simple. Positive inter-
actions sustain across different spatial resolutions because if species 
are co-occurring due to facilitation they appear together at all scales 
of observations (Araújo & Luoto, 2007). Negative interactions lead-
ing to local extinctions, in contrast, might not be apparent at coarser 
scales where increase in space allows the coexistence of competitive 
species without too close proximity (Conti, de Bello, Lepš, Acosta, 
& Carboni, 2017; Godsoe et al., 2015). However, empirical studies 
conducted so far found little support for these expectations (e.g. 
Belmaker et al., 2015).

The traditional methodology to infer species associations devi-
ating from random patterns (proxy for biotic interactions) consists 

in analysing species co-occurrence matrices using different types 
of null model approaches (Gotelli, 2000; Gotelli & McCabe, 2002; 
Götzenberger et al., 2012). While these approaches make it possible 
to study pairwise interactions at the community level, they make it 
difficult to discern if non-random species associations result from 
biotic interactions, species' environmental preferences or disper-
sal processes (Chalmandrier et al., 2013; D'Amen, Mod, Gotelli, & 
Guisan, 2018). For example, segregated patterns could be caused by 
competition (Gutiérrez, Boria, & Anderson, 2014), environmental fil-
tering (Firth & Crowe, 2010) or dispersal limitations (García-Valdés, 
Gotelli, Zavala, Purves, & Araújo, 2015). To overcome this challenge, 
one can use methods that account for environmental conditions 
and/or dispersal in driving species co-occurrences (e.g. constrained 
modelling or ordination analyses; D'Amen et al., 2018; Peres-Neto, 
Olden, & Jackson, 2001). A recent implementation of such approach 
is joint species distribution modelling (JSDM), which is based on a 
hierarchical model composed of two stages (Warton et al., 2015; 
Wilkinson, Golding, Guillera-Arroita, Tingley, & McCarthy, 2019). The 
first stage fits a GLM to multiple species simultaneously to account 
for the effects of environmental factors. In the second stage, the re-
siduals of the fitted models are used to infer species associations not 
explained by the considered environmental variables. Thus, JSDMs 
can be used to disentangle the degree with which non-random asso-
ciations between species might be driven by environmental filtering 
(species pairs with correlated environmental responses) and biotic 
interactions (species pairs with correlated model residuals; Pollock 
et al., 2014; Zurell, Pollock, & Thuiller, 2018). While JSDMs have 
been used in this context (e.g. D'Amen et al., 2018), it is important to 
note that JSDM is a correlative approach (Dormann et al., 2012) and 
that residual correlations may also appear due to missing (environ-
mental) covariate that influence species co-occurrences (Hui, 2016; 
Pollock et al., 2014). It should thus be clear that JSDMs can nominate 
possible environmental filtering and biotic interactions but do not 
provide unequivocal evidence for them.

Understanding how and to which extent environmental filtering 
and biotic interactions shape ecological communities at different 
spatial scales is paramount to forecast future changes at differ-
ent biodiversity levels and set-up efficient management strategies 
(Guisan & Rahbek, 2011; Heller & Zavaleta, 2009; Kremen, 2005; 
Levin, 1992; Wainwright et al., 2018). Here, we aim to examine the 
scale dependency of environmental filtering and biotic interactions 
influencing assembly of local vascular plant communities using four 
datasets collected in alpine (Swiss Alps) and arctic (northern Finland) 
environments. Due to the relatively small extents of the two study 
areas, the species can be assumed free of dispersal limitations 
(D'Amen et al., 2018; Pottier et al., 2013; le Roux, Lenoir, Pellissier, 
Wisz, & Luoto, 2013). In each dataset, species data were sampled 
within multiple nested plot sizes (i.e. spatial resolutions; sensu scale 
in Araújo & Rozenfeld, 2014; see also Dungan et al., 2002). Plot 
sizes varied from 20 × 20 cm (0.04 m2) to 8  × 8 m (64 m2); a reso-
lution at which herbaceous species can effectively have an impact 
on each other, yet sampling is still feasible (Stoll & Weiner, 2000). 
Methodologically, we make benefit of JSDMs (Warton et al., 2015) 

F I G U R E  1   At fine spatial resolution (i.e. small plot size on the 
left), yellow and green species occur more often together than 
alone indicating a positive association, whereas yellow and blue 
species rarely occur together indicating a negative association. At 
coarse spatial resolution (i.e. large plot size on the right), yellow 
and green species occur together more often than alone indicating 
a positive association similar as in fine scale, whereas yellow and 
blue species now also indicate a positive association due to more 
frequent co-occurrence enabled by increasing plot size [Colour 
figure can be viewed at wileyonlinelibrary.com]
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