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Emergent neutrality is the idea in community ecology that species interactions may drive a system in a direction where
some species become so similar that this similarity will be the primary cause for their coexistence instead of niche differen-
tiation. A recent, widely cited model of emergent neutrality is by Scheffer and van Nes, later applied to species abundance
distribution patterns by Vergnon et al. We take issue with the ecological interpretation of this model, demonstrating
that it in fact presupposes important differences between superficially similar-looking species. We argue that the tempta-
tion to interpret the model as one of emergent neutrality stems from the fact that these differences are unmodeled and
therefore hidden, obscuring the underlying coexistence mechanisms. We therefore claim that the model is actually one
of hidden niches, and present several alternative ways to make its hidden portions more explicit. These alterations to the
model also make its proper interpretation as one of hidden niches more transparent. We also polemize with the claim
of Vergnon et al. that multimodality in species abundance distributions is support for their emergent neutrality model:
we demonstrate that appropriate stochastic versions of classical resource partitioning or even neutral models can lead to
such patterns in a robust way. Observation of these patterns is therefore inconclusive as to the underlying mechanisms

that generate them.

Within community ecology, one relatively recent idea has
been the notion of ‘emergent neutrality’. In brief, this
school of thought addresses the questions whether and
how it is possible for interspecific interactions to drive a
community towards a state in which relative competitive
abilities differ so little that demographic stochasticity and
potential immigration from outside sources will dominate
community patterns instead of the details of the species
interactions themselves. The problem has an ecological
and an evolutionary aspect (Bonsall et al. 2004, Holt
2006, Hubbell 2006, Scheffer and van Nes 2006). In this
article we consider the ecological side only. More specifi-
cally, we will examine a model that was first proposed by
Scheffer and van Nes (20006), and then applied to macro-
ecological patterns by Vergnon et al. (2012). This model,
coined ‘self-organized similarity’ by its original authors
and later ‘emergent neutrality’ by Holt (2006), has received
widespread attention (Nee and Colegrave 2006, Holt
2006, Hérault 2007).

The emergent neutrality (EN) model was inspired by
the observation that in multispecies competitive Lotka—
Volterra models along a single trait axis, even if only a
handful of species survive in the final equilibrium state,
this state is preceded by long transients in which species
very similar to the eventual survivors slowly crawl towards
extinction. While the time it takes for these transients
to disappear will depend on model details (such as the

distribution of carrying capacities), the fact that such tran-
sient clusters of species emerge is a general phenomenon
that is expected to hold as long as fitness is a continuous
function of trait value. In that case, the more similar two
species are, the more similar their fitnesses will be and so
exclusion can be arbitrarily slow between them. The idea
behind the EN model is that such transient coexistence can
be stabilized by potentially very weak forces due to the
similarity of the species” fitnesses. The EN model therefore
employs species-specific negative density dependence on
top of the usual Lotka—Volterra-style competitive interac-
tions, and indeed, this revised model can produce stable
coexistence between species arbitrarily close along the trait
axis. This was interpreted by Scheffer and van Nes (2006)
and Vergnon et al. (2012) as their model unifying niche
and neutral perspectives in community ecology: each clus-
ter of species is segregated by the other via classical resource
competition, while species within a cluster coexist mainly
due to their similarity. Patterns of clustering similar to
those that arise as a stable feature in the EN model have
been observed in a variety of systems, and in particular
Scheffer and van Nes (2006), Segura et al. (2011), Vergnon
et al. (2012) and Yan et al. (2012) have suggested that
these patterns are evidence in favor of the EN model.
More recently, further empirical support for the EN
model has been presented by Vergnon et al. (2012). A new
trend in studying species abundance distribution (SAD)
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patterns has been to identify whether SADs, which have long
been thought to possess a single mode, are in fact multi-
modal (McGill et al. 2007, Dornelas and Connolly 2008).
While the frequency of multimodal SADs relative to uni-
modal ones found in nature is unknown, there is some evi-
dence that such patterns might well be common. Vergnon
etal. (2012) provided an elegant theoretical underpinning to
this phenomenon, by showing that the EN model can pro-
duce multimodal SAD patterns in a robust way. Further-
more, they argued that other community assembly theories
cannot produce multimodal SADs, and hence their existence
should be taken as support for the EN model.

The EN model is certainly a candidate theory of multi-
modality in SADs, and of community assembly more
broadly. However, we are not convinced by Vergnon et al.’s
(2012) study that the EN model would produce multimo-
dality more consistently than other community assembly
theories, such as resource partitioning or neutral models.
Equally important, we dispute the claim of Scheffer and
van Nes (2006), Holt (2006), and Vergnon et al. (2012)
that the model provides a unification of niche and neutral
modes of community assembly. Instead, we argue, it relies
on unmodeled species differences to generate coexistence.
Therefore, these species are only apparently similar: prop-
erly accounting for those unmodeled portions will reveal
the important coexistence-generating species differences
that were hidden in the original formulation. We propose
several alternative ways in which these implicit, hidden dif-
ferences might be accounted for. Whether any such revi-
sions to the model would still lead to multimodal SADs
remains to be seen.

Does neutrality emerge from the theory of emergent
neutrality?

The ecological part of the EN model (Scheffer and van Nes
2006, Vergnon et al. 2012) assumes Lotka—Volterra compe-
tition along a unidimensional, circular trait axis, on top of
which there is independent density regulation of each phe-
notype. The dynamics of this model lead to the emergence of
clusters of arbitrarily similar species that stably coexist, sepa-
rated by exclusion zones where no species survive (Fig. 2A’).
The interpretation of this coexistence pattern according to
Vergnon et al. (2012) is that species within one cluster
‘...coexist in essentially the same niche, thereby bridging a
gap between niche and neutral theory’. This coexistence even
between arbitrarily similars is ensured by the extra density-
dependent regulation term in their equations (Eq. 1 in
the Methods), which acts on each species independently,
regardless of how close they might be along the trait axis.

The authors’ interpretation of the mode of coexistence in
their model is tempting, but it is in fact the very opposite of
what is actually going on. We argue below that, in adding
regulation that is species-specific, Scheffer and van Nes
(2006) and Vergnon et al. (2012) are inadvertently intro-
ducing unspecified, hidden species differences into their
model. These enable the regulating agents to tell apart spe-
cies that seem to be arbitrarily similar when measured on
the one trait axis that is explicitly modeled.

The mathematical feature of the model obscuring the
fact that species which are close on the trait axis possess
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hidden differences can be seen on Fig. 2A. The figure depicts
the EN model’s competition kernel (competitive effect of
two species on one another as a function of their trait differ-
ence). Notice that, on top of the smooth curve, there is an
infinitely sharp peak at zero trait difference — this is how the
model phenomenologically incorporates the extra density
regulation imposed on each species. However, if species
indeed only differ in the single trait of the model, then bio-
logical realism rules that competitive effect should depend
smoothly on trait difference (Adler and Mosquera 2000,
Barabds et al. 2013). Consider bird species which differ
only in bill depth. It stands to reason that species with ever
so similar bill depths should be regulated ever so similarly
— if the difference in trait is minuscule then no potential
regulating agents would be able to tell them apart in the
first place (Meszéna 2005). The EN model does not fulfill
this criterion. In fact, the model insists on extra regulating
factors that affect each species individually regardless of
how closely placed on the trait axis. Therefore, the only way
in which the model can remain biologically realistic is by
assuming that the modeled trait is not the only thing in
which species differ from one another.

Of course, the EN model by itself does not uniquely
determine what those species differences are, but hat they
must be present is clear from our argument. It is easy to
think of specific examples. In line with the original inter-
pretation of the extra density regulation term given by
Scheffer and van Nes (2006), one could imagine that the
community has species-specific predators. In that case, two
species that are very close on the modeled trait axis might
have, say, different coat patterns, providing camouflage
from one (but not the other) predator. If the coat patterns
were not different, the predators would not be able to tell
the two species apart and so individual regulation of the
species would become impossible. Another option would
be for members of the community to differ in their blood
chemistry, making them protected from (and exposed to)
different pathogen species. Then, if the pathogens are all
blood type-specific, the maximum number of species that
can coexist while occupying the exact same position along
the original trait axis will be equal to the number of differ-
ent blood types. Yet another possibility is to have spatial
structure with some environmental gradient — then two
species that are very similar along the modeled axis could
have different environmental tolerances, and thus live in
separate patches and coexist.

The number of hypothetical scenarios is infinite. What
they all have in common is the involvement of crucial,
coexistence-generating species differences, in the absence
of which it is impossible to mediate negative density
dependence for each species independently. Conforming to
the modern usage of the word, the implicit species differ-
ences in the model are therefore niche differences, where the
term is not restricted to resource competition (Chesson
1991, 2000, Leibold 1995, Chesson et al. 2001, Amarasekare
2003, Chase and Leibold 2003, Meszéna et al. 2006,
Adler et al. 2007, Levine and HilleRisLambers 2009).

Returning to the question of the EN model’s interpreta-
tion as one of emergent neutrality: the claim by Scheffer and
van Nes (2006) and Vergnon et al. (2012) that species close
along the modeled trait axis coexist mainly due to their



similarities does not hold. Since, as we have seen, the coex-
isting species of the model actually do differ in ecologically
important ways even if they happen to be similar along the
particular trait axis under scrutiny, the EN model cannot
be one of emergent neutrality. The essential ingredients of
neutrality are ecological equivalence and pure ecological
drift. None of these ingredients are incorporated into the
EN model: first, it is a purely deterministic model, preclud-
ing the possibility for ecological drift; second, it produces
stable (as opposed to neutrally stable) coexistence between
species; third, species that are close along the modeled trait
axis are actually very different in some other trait(s) not
explicitly accounted for.

We therefore propose that is it better to acknowledge
this feature of the EN model right from the outset, and to
interpret it as a model of hidden niches instead of emergent
neutrality. What we mean by ‘hidden’ niches is that the
details of the interactions leading to niche segregation
along the unmodeled traits are treated in a purely phenom-
enological manner. If one lacks sufficient information
about, or is simply uninterested in the details of the mech-
anism bringing about the species-specific density regula-
tion, then the EN model provides a sound and potentially
useful nonmechanistic model. As long as we can keep in
mind that ‘being close on the trait axis’ does not translate
into ‘occupying the same niche’ or ‘being ecologically simi-
lar’, there is no reason one could not think about commu-
nity dynamics in this particular way.

Our proposed interpretation notwithstanding, the model
does have two serious limitations. First of all, since the
details of the hidden mechanism are obscured, quantitative
predictions should be used judiciously. In particular, the
claim of Vergnon et al. (2012) that this model produces
multimodal SADs as a robust feature might sensitively
depend on how exactly the hidden mechanism actually
operates. Second, a model relying on hidden differences to
explain coexistence does raise questions about its own util-
ity. Consider two species along the modeled trait axis that
cannot coexist without the extra density regulation term.
Their coexistence is then unexplained by the part of the
model that is mathematically explicit, but 75 explained by
the unmodeled mechanism. If that is truly the case, then
one should not bother with the mathematical model to
begin with, as coexistence is adequately explained by
implicit, verbal arguments in the first place.

To ultimately be able to deal with these problems, the
hidden parts of the model have to be made mathematically
explicit. The most straightforward way of doing this is by
incorporating the hidden mechanism via another niche
dimension, leading to a multidimensional niche model. An
example of this modeling strategy can be seen on Fig. 1. We
now have two independent trait axes. In line with our earlier
discussion, the extra trait axis could represent a wide array of
different things. (What that trait is in a given ecological situ-
ation, how species interactions depend on it, whether the
trait is discrete or quantitative, etc. are empirical questions.
Here we are merely showing how such a strategy may be
implemented in principle; the contingent details of the
model will vary on a case-to-case basis.) Initially, 200 species
were randomly placed in this two-dimensional trait space,
then the system was simulated until equilibrium was reached
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Figure 1. Results of simulated Lotka—Volterra competition
with two independent circular trait axes. Initially, 200 species were
randomly positioned in this trait space with uniform densities.
(A) The distribution of species at equilibrium; the abundances
are not shown. Limiting similarity is evident, but only if one con-
siders the trait space as a whole. On (B) and (C) one can see the
surviving species projected onto the first and second trait axes,
respectively. Notice that separate clusters of species become
apparent: without considering both trait axes, one would get
the impression that species within these clusters stably coexist
without niche differentiation.

(Methods). When looking at the trait positions of survivors
within the whole trait space (Fig. 1A) the species are more or
less regularly spaced out, but if we only acknowledge the
existence of a single trait axis (Fig. 1B—C), we would get the
impression that clusters of species stably coexist without
niche differentiation — the pattern generated by the original
EN model.
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It is also possible to modify the EN model in a slightly
different spirit. After all, one could insist that the single trait
axis be truly the only thing in which species should differ.
For example, resource use could be determined by body size,
and this same trait could be the basis for predators to choose
their prey. In this case it has to be taken into account that no
predator has infinite powers of discrimination: even if they
are very apt at telling body sizes apart, there must come a
point beyond which two prey items are too similar to be dif-
ferentiated.

This scenario can be implemented by slightly smearing
the infinitely sharp top—down regulation over the trait axis.
Figure 2A and 2B depict this difference. Figure 2A corre-
sponds to the competition kernel of the original EN model.
In turn, Fig. 2B shows the case where the extra density-
dependent regulation, though extremely species-specific, is
not infinitely so. Figure 2A’ and 2B’ are corresponding
equilibrium coexistence patterns, obtained via simulating a
Lotka—Volterra model along a circular trait axis with 200
randomly placed species starting with equal abundances
(Methods). Figure 2A’ yields what is expected under the
EN model: exclusion zones and clusters of species in
between, and within the clusters species can be arbitrarily
similar. On Fig. 2B’, where everything is the same as before
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except for the competition kernel, we see much the same
thing, except that the species within the clusters cannot be
arbitrarily similar. The differences within a cluster are gov-
erned by the width of the extra regulatory term, i.e. the
width of the ‘tip’ of the kernel on Fig. 2B. Incidentally, the
same is true for the EN simulation: since the width of
the ‘tip’ is zero in that case, no limit to the similarity of
the species within the clusters is observed. As previously
argued, this would only be biologically realistic if there
were other, hidden differences between the species, leading
back to our previous, multidimensional modeling strategy.

In summary, the EN model is actually a model of hid-
den niches, where clusters of coexisting species emerge due
to differences in the modeled trait, and species within a
cluster coexist via differing in some other, unmodeled trait.
Since the effects of this extra trait are handled on a purely
phenomenological basis, it remains implicit in the model.
Due to its hidden nature, it is not immediately apparent
that two coexisting species which are very similar along the
explicitly modeled trait axis are actually different in the
hidden one. If one overlooks this fact, there will be a temp-
tation to interpret the model as one that unifies niche and
neutral perspectives of biodiversity maintenance. Remind-
ing oneself that those species are only superficially similar
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Figure 2. Results of simulated Lotka—Volterra competition using two different competition kernels. In both cases, 200 species were
randomly placed along the trait axis with uniform densities. Though the trait positions were randomized, they are the same between
the two runs. (A) is a competition kernel with extra self-interaction added, which only influences the species in question and nobody else
(this is the approach of the original EN model); (&) is the resulting equilibrium community. (B) is a kernel like the one in (A), except
that the infinitely sharp peak has been smeared out slightly. (B’) Observe that this kernel leads to a coexistence pattern where separate
clumps of species appear, but within each clump the species are separated by a distance that roughly corresponds to the width of the ‘tip’

of the kernel.
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opens the avenue for interpreting the model’s results cor-
rectly, as well as for improving on the model by making its
hidden portions more explicit.

Multimodality in SADs

Problems with its interpretation notwithstanding, one
potentially important aspect of the EN model is that it
offers an explanation to the phenomenon of multimodality
in SADs. Vergnon et al. (2012) emphasize that currently
existing SAD theories, such as resource partitioning
(MacArthur 1960, 1970, Sugihara 1989) or neutral
(Hubbell 2001) models, cannot produce such patterns at
all. If true, this would not only provide empirical support
for the EN model, but would also be an argument that
SAD patterns can usefully inform one about underlying
processes. As this capacity of SADs is frequently questioned
(McGill 2003), the debate over their importance would
be seen in a new light.

We argue however that classical resource partitioning and
neutral models are in fact able to produce multimodality in
SADs, thus contesting the EN model’s claim of being the
sole contender for explaining the phenomenon. We also ask
the question whether an EN model modified as we described
in the previous section would still robustly produce multi-
modal SAD:s.

The widely held consensus that resource partitioning
and neutral models predict strictly unimodal SADs proba-
bly stems from the fact that their predicted mean patterns
are always unimodal (see Hubbell 2001 and Volkov et al.
2003 for the neutral case). In nature, however, a particular
community will not correspond to some theoretical mean,
but instead to a single realization of the stochastic process.
Individual realizations may well differ from the average.
Moreover, such a discrepancy between individual realiza-
tions and the underlying mean pattern could be the norm
— this will always happen when the mean and the mode of
a distribution do not coincide. This implies that in princi-
ple a stochastic model could easily produce multimodal
patterns even if the underlying mean pattern is unimodal.

The basis for the EN model is Lotka—Volterra competi-
tion along a circular trait axis with uniform carrying capa-
cities and possibly immigration (but without the extra
density-regulation term). This offers a simple resource par-
titioning model which does not produce multimodality in
the deterministic limit. We examined a stochastic version
of this competition model, with immigration from a
regional pool, to see if it produced multimodality. In other
words, we examined a stochastic version of the EN model
with the extra density-dependent regulation term removed.
The model is similar in spirit to other ‘stochastic niche
models’ in the literature (Chave et al. 2002, Tilman 2004,
Gravel et al. 2006, Haegeman and Loreau 2011) which
incorporate both niche differentiation and the stochastic
elements of neutral theory, and also incorporates the
resource competition that formed the basis of classical
resource partitioning based models of the species abun-
dance distribution (MacArthur 1960, Sugihara 1989). The
model produces clusters of species as a stable feature similar
to the EN model (Fig. 3). However, the reason for them is
the stochastic immigration, not extra negative density

Population density
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Figure 3. A sample run of the stochastic niche model near station-
ary equilibrium. Notice the clustering of species around a handful
of dominant ones. The subdominant species persist due to the fact
that their deterministic decline towards extinction is so slow that
stochastic immigration still keeps them at a reasonable abundance.

dependence. Species within a cluster therefore are actually
very similar in this model, ‘almost neutral’, in the sense
that drift and immigration play an important role in their
relative dynamics. In the original EN model, as each spe-
cies is independently stabilized, this would not hold.

To examine whether this stochastic niche model would
produce multimodality, we performed 100 stochastic sim-
ulations until stationary equilibrium was reached, and
tested each resulting SAD for multimodality (Methods).
This revealed that there is in fact a 50% chance that any
individual realization of the stochastic process ends up
multimodal (in stark contrast with the prediction based on
the underlying theoretical mean distribution, which pre-
dicts 100% unimodality; Fig. 4A). This estimate should
be conservative, as we were only testing for two modes at
most, missing out on patterns with three or more modes.
Also, due to methodological difficulties in fitting multiple
modes which do not occur when fitting a single mode
(Dornelas and Connolly 2008), optimal fitting of two
modes was more difficult to achieve than of a single mode,
biasing our results towards unimodality. In short, our
results indicate that multimodal SADs could be expected
to arise from individual runs of our stochastic niche model
at least half the time.

Buct are niche interactions even needed for this multimo-
dality to arise? To answer this question, we repeated the
simulations described above with all competition coeffi-
cients set to be equal to one, i.e. we simulated a neutral
community (Methods). For this model the underlying
mean SAD pattern can be obtained analytically (Hubbell
2001): it is the so-called zero-sum multinomial distribu-
tion. This distribution is unimodal. However, according to
our simulation results, individual runs of the neutral model
are multimodal 50% of the time (Fig. 4B). Therefore, the
neutral model produces multimodality just as often as the
stochastic niche model does.

These results suggest that multimodality detected in
nature may well be a signature of demographic stochastic-
ity and not represent any other underlying ecological pro-
cesses. Vergnon et al. (2012) already acknowledged that
multimodal SADs may arise even in the absence of the
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Figure 4. Multimodality in SADs produced by (A) stochastic niche,
and (B) neutral dynamics. The bars represent a single realization of
the stochastic process that ended up significantly multimodal; the
solid lines are the average SADs over 100 simulations. In both the
niche and the neutral case, significantly multimodal patterns were
produced half the time, while the mean over all runs was unimodal.
This demonstrates that judging the ability of a stochastic model to
produce a certain kind of pattern based on properties of the under-
lying theoretical mean can be very misleading.

mechanism proposed by the EN model, e.g. due to envi-
ronmental heterogeneity, or differences in niche suitability.
Here we showed that demographic stochasticity is another
potential candidate for explaining multimodality. The sen-
sitivity of this multimodality to parameters like the width
of the competition kernel or the strength of immigration is
as yet unknown, as we carried out simulations with these
each fixed at a particular value. We chose an immigration
rate that is thought to be approximately realistic for a
known community (in particular Barro Colorado Island;
Methods). We chose a competition kernel width that pro-
duces roughly the same number of clusters of species on the
trait axis as cases of the EN model examined by Vergnon
et al. (2012).

Nevertheless, should this result prove to be robust
against changes in these parameters, it would also have the
unfortunate corollary that multimodality in SADs is not a
phenomenon that can convincingly inform one about
underlying ecological processes. The debate over the utility
of such patterns is therefore not resolved here; we merely
have another reason to be somewhat skeptical about using
them for process inference. This, of course, is not to say
that some other, more subtle property would not one day
be discovered that carries the signature of the underlying
dynamics. There is in fact ongoing work to determine how
often it is possible to reject the neutral model in favor of
the stochastic niche model described above based on their
SADs (Rael et al. unpubl.).

The EN model, perhaps better termed the HN (‘hidden
niches’) model, has already made good progress on clarifying
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the role, importance, and potential explanations of multi-
modal SAD patterns. One question still needs to be
answered: would versions of the model that make its hid-
den portions explicit, such as the ones described in the
previous section, be able to produce multimodal SADs in
a robust way? In the modified model of Fig. 1, the distri-
bution and overlap of species in the additional trait dimen-
sions (for example, the degree to which hosts share their
enemies, which appears to be substantial; Novotny et al.
2002) will presumably influence the tendency for multi-
modality to arise, while in the other modified model in
Fig. 2, the number of species at relatively high densities
will be lower than in the original model (compare Fig. 2A°
and 2B’). A followup question is then whether multimo-
dality observed in nature is highly repeatable in a given
system, or occurs some percentage of the time. In the lat-
ter case it might be better explained by our stochastic niche
model, or more simply by the neutral model (since they
only produce multimodality a certain fraction of times)
than a modified HN model that produces multimodality
almost all the time. We leave these questions as future
problems to be solved.

Methods

Our starting point is the EN model of Scheffer and van Nes
(2006) and Vergnon et al. (2012):

dn,
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where 7, is the maximum per capita growth rate of species 7,
N, is its density, K; its carrying capacity, 0, is the competitive
effect of species j on species 7, and g and H are constants. This
can also be written as
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is the (effective) competition kernel; §, is the Kronecker
symbol, equal to 1 if i = j and to 0 otherwise. In the original
EN model, o, has the form
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where w;,, is the niche distance between species i and j
measured/ along a circular niche axis of unit length.

To generate Fig. 1 the trait space was chosen to have two
circular dimensions. The ‘distance’ between species was
interpreted as the Euclidean distance (we have used other
norms as well, and they all lead to the same qualitative
results). Initially, 200 species were randomly assigned coor-
dinates in this niche space. Then, Eq. 2 was numerically
solved with uniform starting abundances, »,= K;= 1 and
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Notice that we used an exponent of 4 instead of the original
2 (Gaussian case) in the expression above. This choice is
justified below in the Addendum.

To generate Fig. 2, we simulated Eq. 2 for 200 randomly
placed species along a single circular trait axis with a uniform
initial condition. The parameters were ,= K;=1, and

4
w;

for Fig. 2A and 2A’ and

— _ 9 _ ij
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for Fig. 2B and 2B’.

In the stochastic version of the same model, used in
making Fig. 3 and 4, the birth, death, and immigration
events are modeled as a Poisson process, with their respective
rates for species 7 being
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where S is the number of species present in the local
community, 7= 0.098 is the immigration rate, /= 21455
is the total community size, and p, is the relative abundance
of species 7 in the metacommunity.

The value of / was chosen to be equal to the number of
individual trees of diameter at breast height 10 ¢cm and
above on a 50 ha plot on Barro Colorado Island (Hubbell
2001). The parameter 7 was chosen to be equal to that pro-
viding the best fit of the neutral model to the species abun-
dance distribution observed for that same community,
which is not far off of what is considered realistic based on
measured dispersal kernels (Chisholm and Lichstein 2009).

The distribution of metacommunity abundances p; was
chosen following Eq. 34 and 35 of Etienne et al. (2007), i.e.
based on the assumption of an infinite neutral metacom-
munity. The quantity s, is the rate of immigration of species
not yet present in the local community; the new species’
identity is then determined based on the distribution of
metacommunity abundances.

The model was stochastically simulated using the
Gillespie algorithm until stationary equilibrium was reached.
In the first 100 simulations we set o, = exp(—w?j/(#) with
6=0.15 and K=5400 (Fig. 4A). In the second 100
simulations we set 0;,=1 and K=/ (neutral dynamics,
Fig. 4B). We fitted mixtures of one and two Poisson
lognormal distributions to each of our runs following the

code (R Development Core Team) and methodology
described by Dornelas and Connolly (2008), recording the
number of cases in which the stationary SAD was signifi-
cantly multimodal.

Addendum: the form of the competition kernel

The original EN model uses constant carrying capacities
and Gaussian competition coefficients. Though these might
seem like reasonable choices, they in fact are a very special
combination that should be avoided in studies of species
coexistence and limiting similarity. The reason is that, when
this combination is properly implemented, it leads to the
coexistence of al/ species, with no competitive exclusion at
all (Pigolotti et al. 2010). It can be shown however that an
arbitrarily small perturbation of these parameters is enough
to take us out of this very special pattern, to one where
at equilibrium species are more or less evenly spaced
(Gyllenberg and Meszéna 2005, Pigolotti et al. 2010,
Barabds et al. 2012). As nature is a noisy place, one should
not expect all carrying capacities to be exactly equal, or the
competition kernel to be precisely Gaussian — leading one
out of this special scenario.

The reason why Scheffer and van Nes (2006) did not
observe continuous coexistence in their study was the way
they implemented the periodic boundary conditions. In
effect, their approach truncates the competition kernel at the
ends. This perturbation is enough to destroy the continuous
coexistence pattern, but only if the kernel’s variance is high
enough. For too low variances, since the Gaussian function
goes to zero so fast, the truncation effect might not even
register numerically on a computer with standard float preci-
sion. In effect then, by choosing a constant K'and Gaussian
kernel, the patterns are dominated by second-order ecologi-
cal effects, because the system is right on the boundary of
stability and instability (Pigolotti et al. 2010, Barabds et al.
2012).

To steer safe of model artifacts stemming from an overly
special choice of parameters, one can either perturb the car-
rying capacities or modify the shape of the competition
kernel. Here we opted for the second choice and used
kernels of the form exp(— w?j/04) that are more ‘boxy’ than
the original Gaussian. Pigolotti et al. (2010) show that
this parameter combination never leaves the system on
the aforementioned stability boundary. The qualitative
patterns one obtains with the use of the modified kernel
are unaffected; compare our Fig. 1B, 1C and 2A" with
Fig. 2B of Scheffer and van Nes (2006) or Fig. 3B of
Vergnon et al. (2012).

It is possible however that the particular choice one makes
for the exponent of the competition kernel might influence
the quantitative specifics of the clustering patterns and quan-
titative tendency towards multimodality in our stochastic
niche model. We have not yet explored this. We note how-
ever that there is no clear evidence that the competition ker-
nel takes on any one particular form commonly in nature
(Abrams 1975, Meszéna et al. 2006, Hernandez-Garcia et al.
2009, Barabds et al. 2012), so ultimately assessing the ten-
dency of stochastic Lotka—Volterra models to produce mul-
timodality should involve the exploration of a wide range of
competition kernels.
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