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Local and Regional Processes in Community Assembly
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Abstract

Controversy on whether local (deterministic) or regional (stochastic) factors control the structure of communities persists
after decades of research. The main reason for why it has not been resolved may lie in the nature of evidence which largely
comes from realized natural communities. In such communities assembly history leaves a mark that may support either set
of factors. To avoid the confounding effects of assembly history we controlled for these effects experimentally. We created
a null community by mixing 17 rock pool communities. We then divided the null community into replicates and distributed
among treatments representing a gradient of factors from local to regional. We hypothesized that if deterministic factors
dominate the assembly of communities, community structures should show a corresponding gradient from being very
similar and convergent to dissimilar and divergent. In contrast, if local processes are predominantly stochastic in nature,
such a gradient of community configurations should emerge even in the homogeneous setting. Our results appear to
partially support both hypotheses and thus suggest that both deterministic and stochastic processes contribute to the
assembly of communities. Furthermore, we found that to satisfactorily explain patterns observed in natural communities
environmental heterogeneity and regional processes must also be considered. In conclusion, although deterministic
mechanisms seem to be important in the assembly of communities, in natural systems their signal may be diluted and
masked whenever other factors exert meaningful influence. Such factors increase the number of possible paths to the point
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that the number of paths equals the number of communities in a metacommunity.
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Introduction

Although the assembly of communities from the available
species pool is generally viewed as due to a mix of stochastic and
deterministic patterns, a consensus is lacking as to the sources and
effects of these two causal agents. For example, we may want to
know if any regularities exist in the contribution of local processes
(e.g., competition, environment) versus regional processes (e.g.,
immigration-emigration) [1-3,4,5]. Such questions are closely
related since local processes are generally seen as deterministic
(regulated by species already present and by local environmental
conditions) while regional processes are seen as stochastic (identity
of potential colonizers is independent of local conditions) [1,2,6].

Local assembly invokes niche-based processes as a key mech-
anism [7,8,9,10,11]. According to this perspective, a new com-
munity forms from species first filtered by their environmental
requirements. These species are further filtered according to
assembly rules thought to arise from biological interactions [12—
14]. Since environmental and biological filtering operates regard-
less of the properties of the regional species pool and the expected
outcome 1s defined by specific conditions and specific species
combinations, such processes are seen as deterministic [15,16].
This proposition is amenable to experimental tests because it
allows specific predictions. FFor example, communities assembling
under similar environmental regimes and equally accessible to
colonizers should follow a common path if the mechanisms are
deterministic. Consequently, such communities should converge in
composition and abundance structure.
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In contrast, if regional processes are more important than local
processes in the assembly of communities, community structure
should be predominantly shaped by stochastic processes such as
immigration, order of colonization and extinction - all of which
depend on the size and nature of the regional pool [6,17]. As
a result, communities developing in a similar environment should
be dissimilar.

Difficulties in finding an empirical resolution to these opposing
expectations may stem from the fact that studies supporting local
or regional processes usually rely on realized communities [18].
Such communities are shaped by multiple factors (e.g., immigra-
tion, competition, mutualism, random extinction, local environ-
ment [19-22] among others) acting during assembly [23].
Consequently, informative patterns of assembly in realized
communities are difficult to detect; which makes linking specific
mechanisms to the observed community structure difficult [24].
Lengthy discussion on the application of null model analysis to
detect patterns from realized communities [14,25-28] exemplifies
the problem. Although null models have achieved great sophis-
tication, they still face serious challenges [28-30].

On occasions when environment has strong influence (e.g., high
disturbance frequency), its signal may be reflected in community
structure [31]. Even in such cases however a large proportion of
the compositional variability is attributed to history of the
assembly process [32-34]. In sum, signals due to deterministic
mechanisms can be masked by stochastic variation in realized
communities and thus make them wunsuitable for drawing
inferences about their contribution.

January 2013 | Volume 8 | Issue 1 | 54580



We propose to reveal the relative contributions of local and
regional processes in the assembly of communities by an
experimental strategy. The strategy involves stepwise elimination
of confounding influences on assembly. First, we created a null
community (a community of aquatic invertebrates formed from
a mix of 17 natural communities obtained from rock pools).
Because all species were added at the same time, this approach
eliminated the history of colonization as a factor. Next, we divided
this null community among four treatments comprising 17 to 40
replicate communities. We followed their development for several
months. We created four treatments by placing null community in:
(a) natural pools with different natural physical and chemical
environments, with dispersal allowed and local habitat heteroge-
neity present; (b) beaker communities that allow physical and
chemical external influences but no dispersal; (c) as in treatment ‘b’
plus chemical exchanges, and; (d) as in ‘c’ but placed under the
same environmental regime (homogeneous environment). All of
these treatments were compared to naturally assembled commu-
nities.

We assumed that convergence among community states formed
in treatments would be a good indicator of the degree to which
deterministic processes shape community structure. Specifically, if
local processes are overwhelmingly deterministic, a single com-
munity state should emerge in the homogeneous setting (that is all
replicate communities should converge and become similar), and
progressively divergent states should emerge under treatments that
allow other influences (that is dispersal and heterogeneity of
conditions to which individual replicates were subjected to). In
contrast, if local processes are predominantly stochastic, a gradient
of community configurations should emerge in the homogeneous
setting - a gradient in which alternative states are difficult to
identify. Furthermore, in experimental treatments with more
ecological realism, similarity among community replicates (inter-
replicate similarity) should be lower than that observed in the
homogeneous setting. Finally, if community is structured by both
deterministic and stochastic factors, the homogenous setting
should produce detectable alternative states with a considerable
degree of similarity. With more realistic conditions (remaining
treatments), a progressive dilution of these states should be
observed. See Table 1 for all the expectations, along with the
expectations for the dissimilarity values of the null model. While it
is clear that the unobstructed development of communities in the
natural setting does not permit discriminating between determin-
istic and stochastic mechanisms, the decay of their respective
signals should follow different paths and thus assist in drawing
inferences.

Methods
Study Site

For the experiments in this study we used an invertebrate
community inhabiting a set of rock pools located on the grounds of
the University of the West Indies Discovery Bay Marine Lab,
Jamaica. No specific permits were required for the described field
studies by the institution managing the grounds and no
endangered or protected species were involved in our study.

The mean size of the pools is 52 (SD*20 cm) x 30 cm
(SD=*14 cm), with a mean depth of 12 cm (SD*8 c¢m) and mean
volume of 17 L (SD*18.5 L). Some pools are separated from their
neighbors by a few cm and others by several meters. Some of the
pools are tidal but the majority are maintained by rain and
occasional wave splash water, which produces an diversity of fresh,
brackish and salt water pools [35].
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Table 1. General outline of treatments and predictions.
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The biological community of interest consists of over 70 small
benthic and planktonic animals, mostly between 600 pum to 5 mm.
The animals represented Turbellaria (7 spp.), Nematoda (1 spp.),
Polychaeta (5 spp.), Oligochaeta (2 spp.), Ostracoda (21 spp.),
Copepoda (8 spp.), Cladocera (4 spp.), Decapoda (crab) larvae
(1 spp.), Decapoda (shrimps) (3 spp.), Amphipoda (1 spp.), Isopoda
(1), and Insecta (18 spp.). The life cycle of the animals residing in
the rock pools may take from less than one week up to three
months [36]. Most communities experience occasional desicca-
tion, especially in the summer and in shallow pools [37].

Previous studies in the rock pool community had identified
trophic relationships for some of the species [37,38]. For example,
larger ostracods, like Candona sp., are top predators feeding on
several trophic levels that range from cladocerans (herbivores) and
other ostracods (detritivores) down to detritus. Insects such as
mosquitoes feed on phytoplankton, protozoans, and detritus, while
beetles and some polychaetes are predatory. Midges however feed
also on filamentous algae and detritus.

Experiments

To implement treatments outlined in Table 1, we first created
a null community - a community of all species available in
arbitrarily defined region. We created this null community by
mixing contents of 17 freshwater (salinity <5 per mil, average
volume 10.4 L=SD 7.6) pools that were selected from the set of
pools (see Study Site). They were located from one to seven meters
apart from the nearest neighbor. Before combining the contents of
the pools, we took biotic samples to capture the composition of
each individual community. We also measured the volume of
water removed from each pool. To kill off any remaining
freshwater organisms we cleaned pools thoroughly with seawater,
and patted dry with a sponge. We then place the null community
into the emptied pools in volumes matching the original volumes
(Treatment A). In addition, two beakers were added into each pool
(Figure 1a). These beakers were also filled with 400 ml of the null
community mix. One of these beakers had a rectangular hole
through its side covered by a fine mesh of 125 um (Figure 1b;
Treatment B); the other beaker was not altered (Treatment C).
The beakers had a lid opening covered by a net (63 wm mesh size)
to exclude airborne invertebrate propagules (Figure la). Forty
additional beakers were filled up with the null community mix and
placed under a similar environmental regime (outdoors, on
a bench; Treatment D). Treatment A served to assess the effects
of naturally diversified environments on the community de-
velopment without differences due to initial colonization success.
Treatment B served to evaluate the effect of local physical and
chemical conditions in the absence of the influence of colonization
history, subsequent dispersal, or habitat heterogeneity (due to
morphometric differences among pools). Treatment C aimed to
provide further reduction of natural local influences associated
with the abiotic and indirect biotic factors. Treatment D aimed to
isolate internal community processes from all other factors that
might affect developmental trajectories. Table 1 provides an
overview of the experimental design in addition to listing
theoretical expectations mentioned earlier.

We sampled the null community mix at the beginning of the
experiment, before it was distributed among treatments, and each
treatment after 4 months. Contents of the beakers and natural
pools were homogenized by stirring the water while sampling for
invertebrates. Samples consisted in 100 ml of water which was
passed through a 63 um net. Animals retained in the net were
transferred into a 50 ml vial with 50% ethanol. In laboratory,
organisms were separated using a stereomicroscope following an
established visual method in which more than 95% of the
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individuals are removed from the sample [39], identified and
counted.

Data Analysis

First, we used a null model to detect signals of deterministic,
stochastic or intermediate contributions of these processes using
the data transformed to presence/absence matrix. Second, we
identified alternative states using a similarity measure based on the
distribution and abundance of the species. We describe these two
steps below.

Null model. We used the PaST (Paleontological STatistics)
program [40] to obtain the Raup and Crick [41] similarity index.
We transformed similarity values to dissimilarity and standardized
to range from —1 to 1 following Chase et al. [42] modification.
The model randomizes the presence-absence of the species of the
regional pool constrained by the frequencies of species in each site
(1000 random replicates). The value of the index is based on the
number of shared species observed and shared species expected
[42] between each pair of sites. The mean value of the resulting
dissimilarity matrix is used to compare treatments. Values close to
zero indicate randomness; values around — 1 indicate communities
more similar than expected and positive values indicate commu-
nities less similar than expected [42]. We applied this model to the
communities observed after four months of the experiment in
treatments A, B, C and D as well as to the communities found in
natural pools before the mixing.

Classification and ordination. Although the null model we
applied does a good job in identifying structuring forces in the
assembly of communities, it might deliver confusing signals in
some cases. Chase et al. [42] admits that the dissimilarity metrics
have an “unavoidable” problem when local diversity is very low
relative to the species pool, as expected in the beakers with no
dispersal. In such situations the number of shared species edges
towards zero, decreasing the power of the index to detect
deviations from the null expectation [42]. Also, and more
mmportantly, the index might underestimate deterministic signals.
For example, in a metacommunity there might be several
deterministic paths initiated by the involvement of stochastic
processes. This situation could result in several groups of highly
similar communities that are significantly different from each
other. In such a case the index would underestimate determinism
because the high similarity within groups would be diluted by the
low similarities between sites belonging to different groups. To
overcome this and related problems we checked for the presence
of alternative states and calculated the average similarity using
species abundances rather than presences only (see Table 1).

In order to assess the number of plausible alternative states and
estimate the average similarity among replicates for each
treatment we calculated Bray-Curtis similarity index between all
possible replicate pairs. Abundance data were fourth root
transformed to down weigh high abundance species and allow
rare species to contribute more to the overall similarity.

We used similarity values to perform two analyses. First,
using a hierarchical cluster analysis (group average as the
clustering mode) we grouped samples from each community,
regardless of treatment, according to their similarity in species
composition and abundance. To identify alternative states
within treatments we adopted a stringent group defining
criterion. The criterion was the minimum similarity (defined
by the least similar replicate of that community) that retained
null community samples together as one group. Thus, any
group recognized as an alternative state must have contained
communities at least as similar as the homogenized null
community the experiment had begun with and differ from
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Figure 1. Treatment description. (a) Treatments C (left beaker), B (right beaker), and A (pool); (b) detail of a beaker used for the Treatment B, with

a net covered hole for water interchange and foam for floatation.
doi:10.1371/journal.pone.0054580.g001

all other such groups or individual communities. A potential
caveat is due to the fact that high similarity among founding
communities (e.g., NC controls) leaves a limited parameter
space for further increase in similarity. To determine whether
the resulting alternative states were significantly different and
not an artifact of the high similarity threshold used to identify
them, we used an analysis of similarities (ANOSIM protocol in
PRIMER 6).

The second analysis involved a combination of procedures to
visualize the degree of convergence and divergence between
groups of communities (alternative states). To accomplish this,
we first applied a non-metric multi-dimensional scaling (NMDS)
to the Bray-Curtis similarity matrix. Then, we superimposed the
community classification produced by the cluster analysis onto
the NMDS graph in order to evaluate the mutual consistency of
both representations [43]. Here, alternative states from the
cluster analysis appear in the NMDS as ellipses encircling
samples (points). Both analyses were performed using PRIMER
6. Finally, we also tested for the significance of the differences
in the structure (distribution and abundance of species) between
treatments using permutational analysis of multivariate disper-
sions (PERMDISP2 [44]). This procedure compares groups
according to their level of dispersion around a centroid. Finally,
because differences among treatments in container volume have
significantly affected richness and density of replicate commu-
nities, they may have systematically influence within-treatment
similarities. To wverify that this was not the case, we have
conducted an ANOVA analysis where treatments with different
volumes were factors. We found that mean similarities did not
differ among the treatments (F=0.002, p=0.969) and thus did
not affect our general findings.

We intentionally avoided characterizing the alternative states as
stable or not as such characterization does not seem to contribute
to answering our questions, primarily because such state appear
transient [45].

PLOS ONE | www.plosone.org

Results

Null Model

Patterns generated by the null model conform to the scenario
in which both determinism and stochasticity play a role in the
assembly of communities. Deterministic signal was higher than
—1 in Treatment C (mean —0.37% standard error 0.04) and
became weaker as treatments included more factors. As
expected, the highest value of the index was found in the PP
treatment (natural pools), indicating an important influence of
environment and dispersal in the assembly process. Counter
intuitively Treatment D showed a lower level of determinism
(—0.26£0.007) when compared to the other treatments, closer
to the value showed by the pools with dispersal and
environmental  differences  permitted  (Treatment A,
—0.25*0.03) (Figure 2). This appears to be due to the
weaknesses of this particular null model (see Methods) when
local diversity is low and when deterministic signal is diluted
(see the section below on alternative community states).

Similarity of Community States

We found that the levels of inter-replicate Bray- Curtis similarity
formed a gradient entirely consistent with the expectation in which
both set of processes contribute in the assembly (Table 1).
Specifically, the null community (NC) samples had the highest
similarity (88%, n =15, standard error (se) £0.38), communities in
natural pools, PP, had the lowest inter-replicate similarity (53%,
n=6, se =1.55), and the remaining treatments (Treatment A, B
and C) showed increasing levels of inter-replicate similarity
(Figure 3).

Most of the treatments differed significantly from each other
and those that did not (Table 2) are consistent with the general
pattern nevertheless. Specifically, closed beaker communities in
homogeneous setting (Treatment D) were most similar to the null
community (NC). Furthermore, pool communities assessed prior

January 2013 | Volume 8 | Issue 1 | 54580
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to mixing (PP) had the same level of similarity as communities
developed from null community in the same set of natural pools
(Treatment A). Internal similarity of Treatments B and C
increased gradually as the factors affecting assembly were
experimentally reduced. This trend underscores the dominant
role of interactions between local and regional processes in natural
settings.

Alternative Community States

The trend the number of alternative states also
corresponds with our hypothesis (Table 1): The more factors
involved in the assembly, the higher the number of alternative

in
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Table 2. PERMDISP2 test results comparing dispersion
between treatments.

Treatment PP A B C D NC
PP
A 0.85778
0.00567* 0.02497*
0.00508* 0.00143* 0.07346
D 0.00000* 0.00000* 0.00000* 0.01677*
NC 0.00002* 0.00017* 0.00000* 0.03822* 0.27201

PERMDISP2 test results comparing dispersion between treatments. Numbers
are p-values and asterisks indicate significant differences.
doi:10.1371/journal.pone.0054580.t002

states. Significantly, alternative states emerge even in the most
homogenous conditions (Treatment D). In that treatment we
found such states represented by more than one
community (i.e., collective alternative states, CAS), and 3
unitary alternative states (i.e., alternative states with one
member, UAS). The next most isolated group (Treatment C)
formed two CAS, and four UAS. Treatment B communities
formed two CAS, each with two members, with the remaining
communities (11) representing UAS. Within Treatment A only
one alternative state with two members was detected. The
remaining communities (15) were UAS. Communities in the
natural pools, PP) failed to form identifiable CAS. Consequent-
ly, all replicates fell into the UAS category (Figure 4).

Differences among CAS were significant, between and within
treatments (Table 3) except when the number of permutations was
low, that is, when the two groups compared had two or,
exceptionally, three members.

four

100
® Mean
90 [ ] Mean+SE
T MeantsD ===
* Qutliers
80 © Extremes
3 :
> 70 3 .
= e
(_U [ ]
£ 60 . o
= °
50
o]
40
30
PP A B C D NC

Figure 3. Comparison of mean similarity among treatments. Mean similarity values are based on all communities within a single treatment.
PP —pool communities prior to mixing, A - communities in natural pools (after they developed from the null community); B - immersed beaker
communities with material interchange permitted but no dispersal; C - immersed beaker communities without dispersal and material interchange,

and D - beaker communities in homogeneous setting.
doi:10.1371/journal.pone.0054580.g003
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doi:10.1371/journal.pone.0054580.9004

Other Community Trends

On average, replicate community abundances increased over
time with the exception of the most isolated communities
(Treatment D) (Figure 5). By contrast, richness, diversity, and
evenness declined across all the treatments (Figure 5).

The composition and abundance of species changed differently
in various treatments. Individual species either increased or
decreased their relative abundance and frequency compared to
NC (Figure 6). A total of 16 invertebrate species were identified in
the null community samples. Most of the individuals were
crustaceans: one decapod (larvae) Sesarma mierst (Rathbun); two

(Richard); three copepods, Paracyclops fimbriatus (Fisher), Orthocyclops
modestus (Herrick) and MNitocra spinipes Boeck; and four ostracods,
Candona sp., Cypricercus sp., Cypnidopsis cf. mariae Rome, and
Potamocypris sp. The rest of the species where insect larvae
represented by three midges: a chiromid, a tanypodid and
a ceratopogonid; two mosquitoes: Culex sp. and Anopheles sp., and
a coleopteran (larvae).

The most abundant of these species were the ostracods
Potamocypris  sp. and  Cypridopsis  cf. mariae followed by the
cladocerans C. rigaudi and A. davidii, and ostracod Candona sp.
Insect larvae and larvae of the crab S. miersii were the less

cladocerans, Ceriodaphnia  rigaudi  (Richard) and Alona davidii abundant. In general, more abundant species showed higher
Table 3. ANOSIM results for the pairwise comparisons of the similarity among alternative states.
Alternative
State D1 (n=3) D2 (n=21) D3 (n=8) D4 (n=4) C1 (n=3) C2 (n=7) B1 (n=2) B2 (n=2) A1 (n=2)
D1
D2 0.020*
D3 0.006* 0.001*
D4 0.029* 0.002* 0.002*
c1 0.1 0.002* 0.006* 0.029*
Cc2 0.008* 0.001* 0.001* 0.003* 0.008*
B1 0.1 0.004* 0.022* 0.067 0.1 0.028*
B2 0.429 0.004* 0.0022* 0.067 0.1 0.028* 0.33
A1 0.1 0.004* 0.0022* 0.067 0.1 0.028* 0.33 033
ANOSIM results for the pairwise comparisons of the similarity among alternative states. Numbers are p-values and asterisks indicate significant differences.
doi:10.1371/journal.pone.0054580.t003
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Figure 5. Changes in mean richness, abundance, evenness, and diversity through time for each treatment. State of communities in
different treatments at the end of experiment (4 months): mean richness, abundance, evenness, and diversity (bars) and standard error (whiskers)

shown.
doi:10.1371/journal.pone.0054580.g005

frequencies but both frequency and abundance were more
variable in less abundant species (Figure 6).

We did not detect any systematic change in the community
trophic structure during the course of the experiment. This is
possibly because most of the organisms used in the experiment are
opportunistic detritivores or omnivores.

Discussion

Communities that formed on a gradient of processes from local
to regional scale showed a corresponding gradient of declining
similarity and of increasing number alternative states. The
formation of alternative states (groups of replicates with high
similarity at the end of the experiment) in treatments where only
local processes were involved suggests that both stochastic and
deterministic forces must be in play. The latter further implies that
community-wide assembly rules are involved to some extent as
some have suggested [46,47]. This inference is further backed up
by a negative, but far from —1, Raup and Crick dissimilarity value
for treatment D, which indicates some involvement of stochastic
processes during assembly.

The emergence of several community states in a homogeneous
environment emphasizes that significant community differences
can arise without the interference of community history (com-
monly discussed in terms of the order of colonization or priority
effects). This observation could explain instances where priority
effects were detected and other instances where they were not
[48,49]. A tentative conclusion is thus that priority effects are not
a requirement for the formation of alternative states even if they
may often be involved.

PLOS ONE | www.plosone.org

It seems then that assembly rules resulting from the filtering
effect during niche accommodation among arriving and constit-
uent species are an influential force in the assembly of
communities. This influence however is modified by stochastic
events that cause the formation of several deterministic paths
among initially similar communities. In the case of treatment D,
this might have been caused by demographic stochasticity or
simply by small initial differences inevitable during the allocation
of the null community among the beakers. Other examples of
possible mechanisms include intra-guild predation [50], random
extinction of top predators [51] or size-dependent predation by
top predators.

Local environmental factors contribute further to the stochastic
signal. The structure of communities is often linked to environ-
mental local factors [23,52,53], especially among ephemeral
ecosystems like some in this study [54]. The number of alternative
states observed in Treatment C was higher than in Treatment D
when differences in the number of samples are accounted for
(Treatment C, 17 beakers; Treatment D, 40 beakers). As
Treatment C allows environmental variables to influence com-
munities more than Treatment D, we attribute the increased
community divergence (more states, less similarity) to the direct or
indirect action of the environment [32,33,52,53]. Determinism
may also play a role here. However, because Raup and Crick
dissimilarity index was near zero, we must conclude that a strong
stochastic component dominated. Buenau et al. [55] found that
competing populations inhabiting local communities that differ in
environmental conditions can form alternative states. In such
situations environmental feedback controls the recruitment success
of competing populations as a function of differences in their
fitness due to specific local conditions.
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Figure 6. Mean abundance and frequency of species in each treatment. PP — pre-mixed pool communities, Treatment A - communities in
natural pools; Treatment B - immersed beaker communities with material interchange permitted; Treatment C - immersed beaker communities
without migration and material interchange, and Treatment D - communities in homogeneous setting.

doi:10.1371/journal.pone.0054580.g006

Disturbance may have also contributed to differentiation among
replicates. Instances of pool desiccation are not uncommon in the
studied system [37]. This source of heterogeneity, combined with
demographic stochasticity and environmental differences already
present, provides a reasonable explanation for a higher number of
alternative states and low inter-replicate similarity (and thus close
to zero Raup and Crick dissimilarity) among replicates in
Treatments B and C.

Although biological interactions and environment accounted for
much of the variation involved in the assembly of the experimental
communities, it was not until regional processes (Treatment A)
were included before the general patterns observed in the natural
pools (Pools pre-mixed, PP) were reproduced. This is a clear
indication of the importance of dispersal in the assembly processes,
although not as strong as suggested by the neutral theory [17]. In
this treatment (A), as in others, Raup and Crick dissimilatiy index

PLOS ONE | www.plosone.org

was negative although closer to zero, which indicates a non-
negligible influence of deterministic processes.

All of the above suggests that local, biological and environmen-
tal processes, together with regional processes are needed to
explain patterns and dynamics in realized communities. Our
results give support to the contemporary view in community
assembly in which both local and regional processes are important
when explaining community structure [56]. According to this view
local and regional processes are the extremes of a continuum [57],
with local processes and regional processes making different
contributions to the final community state [58]. In short, regional
processes alone are insufficient to generate the level of structural
diversification observed in natural communities.

In conclusion, although deterministic mechanisms seem to be
an important factor in the assembly of communities, in natural
systems their signal may be diluted and masked whenever other
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factors exert meaningful influence. Such factors increase the
number of possible paths to the point that the number of paths
equals the number of communities in a metacommunity. This
logic is further corroborated by the totality of results obtained from
the remaining treatments: gradual addition of various external
influences leads to a complete breakdown of tendency to form
similar communities.
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