Divergent perspectives on
community convergence
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ommunity structure devel-
ops through myriad inter-
actions among species in
space and time, operating
against a background of environ-
mental variability and chance
events. Making matters even more
complex is the possible influence
of higher-order processes such as
self-organization and emergence.
The relative importance of each of
these components is fundamental

Recent experimental and theoretical
studies of community development, as
well as more general studies of complex
systems, indicate that historical
differences and intrinsic indeterminism
can lead to long-term community
divergence. This observation has
sparked a series of new investigations
of community structure in systems
that developed under controlled
or natural conditions.

or system type, working back-
wards to implicate causes of
observed variation can be equally
as difficult as predicting outcomes
of assembly sequences (Table 1).
Variation among all these devel-
oped communities has been
derived from a range of sources,
yet historical events which con-
tributed to observed variation
are, by definition, hidden in the
invisible past. Mechanisms whose

to understanding the nature of the
community and ultimately lies at
the root of questions of biological
diversity, evolution and extinction.
Until recently, ecological thinking
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outcomes are predictable in
theory or in a highly controlled
experimental situation are often
richly variable when acting in con-
cert with the suite of mechanisms

was dominated by a deterministic,
equilibrium, almost balance-of-
nature flavor (see Pimm!). From this viewpoint, conver-
gence to a stable deterministic endpoint is ultimately a mat-
ter of time, with nature eventually sorting itself out and
arriving at some ‘optimal’ solution. In this deterministic
framework, communities that develop ‘in parallel’ under the
same conditions would converge to a common structure.
Indeed, a good deal of evidence exists for convergence at
many levels of scale. For example, communities developing
on different continents but under similar environmental con-
ditions exhibit many interesting parallels in species compo-
sition and morphology?3. Such global scale comparisons are
conceived on the premise that similar environments lead to
similar communities because: (1) in the short term, the envi-
ronment delimits possible community configurations, and
(2) in the long term, environmental similarity leads to some
degree of evolutionary convergence among constituent
species.

But how similar is similar? With challenges to the equi-
librium, balance-of-nature paradigm, the role of history has
reentered the picture as a formidable factor generating vari-
ation in community structure!5, Accordingly, the scope of
the convergence-divergence question has converged as it
were. Rather than examining community similarity across
continents, ecologists have begun to ask, even under the
same conditions, will similar communities develop? This nar-
rowing of focus is manifest in a shift from studying ‘similar’
communities across continents to studying ‘replicate’ com-
munities, which are highly similar in species pool and en-
vironment, under controlled or natural conditions.

Here, we review recent evidence for convergence and di-
vergence at similar sites, taking into consideration the com-
plex issues involved in searching for regularity and pattern in
community structure. The studies included address a broad
range of perspectives on community convergence and di-
vergence. At first glance, Wiens’ broad-scale comparison of
morphological traits between birds and grasses across conti-
nents’® may appear incomparably different from Rodriguez’s
experiments tracking trajectories of periphyton communities
on the scale of only a few centimeterst. Whatever the scale

and processes operating in
nature.

Convergence, divergence and concepts of community

Perceptions of community convergence or divergence
depend directly on how a community is defined and thought
to function. Studying convergence and divergence across a
variety of types of systems requires attention to the varied
concepts of community at three levels: community member-
ship and boundaries, measures of community structure, and
community dynamics. Before we can begin to synthesize in-
formation about convergence and divergence it is important
to establish a framework for understanding communities at
each of these levels.

Community definitions and membership

Where does a community begin and end? Are community
boundaries a feature of the localized web of species linked
by interactions such as competition and predation™? Is a
community boundary formed by limitations to the practical
extent of energy flow*10117? Or is the community a localized
set of interacting species which exhibit limits to member-
ship!?? Perhaps all three provide useful elements to a com-
munity conceptualization. However conceived, we must be
mindful that these are not simply semantic arguments.

Many purported community studies, indeed the majority
of those in this survey, actually examine only portions of a
community - generally, a guild. Unfortunately, such pieces
do not possess all the properties of the level of organization
being examined. Restricting a study to part of a community
can obscure higher-level patterns and dynamics that may
be important for understanding lower-level phenomena. For
example, comparing two grasslands only on the basis of
plant species composition may not reveal that a herbivore
played a central role in shaping their similarity or difference.

The resolution at which community membership is de-
fined can also be critical in comparing communities. Yodzis!?
illustrates this point graphically by showing two drastically
different food webs describing the northwest Atlantic. One
contains three items: seals, cod, and everything else. The
other is a dizzying maze of species and connections. Each
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Table 1. Some sources of community variability and their relationship with

prediction/explanation of community structure

Source of variation

Examples

Condition for prediction

Environmental
gradients

Sequence effects

Chaotic dynamics

Indeterministic
trajectories

‘Random’ noise

Any combination
of the above

Nitrogen levels, precipitation, altitude

Community composition depends on
order of species arrivals

Sensitive dependence on initial
conditions

Alternate endpoints, even under
identical conditions

Variation due to individual traits or
environmental stochasticity

(a) Interacting; disturbance

Predictable, but depends critically on identifying relevant
environmental factor(s)

Requires information about history

Predictable in principle, but unlikely in the field

Unpredictable, even with precise information about
environment and history

Unpredictable, even in the most controlled of systems

Prediction entails dissecting out the role of each type

community attributes, all
communities appeared to
have converged. Only at the
level of taxonomic and func-
tional groups did meaningful
patterns  suggesting an
attractor related to succes-
sion hecome evident. Simi-
larly, Rodriguez® observing
recovery following disturb-
ance in periphyton commu-
nities found that total den-
sity, a community measure,
converged to the state of an
undisturbed control commu-
nity early during the recovery
period, whereas the relative

(b} Superimposed; chaos tempered
by an environmental gradient

of process

taxonomic abundance never
converged. Certainly, pat-
tern is a matter of scale3233,

arguably represents the system, but we agree with Yodzis
that ‘we need to assume guilt until proven innocent, both
theoretically and empirically’ when it comes to excluding
elements or connections from consideration in a system.
When comparing community structures, the scope of infer-
ence is restricted to the least common denominator of com-
munity information.

Community structure

Even with defined boundaries and membership, com-
munity structure and pattern is ultimately in the eye of the
beholder (Fig. 1). A given prairie can be described as alist of
all species of plants, rodents, bugs, etc. and abundance of
each. Alternatively, the same community is more coarsely
defined in terms of ratios of grasses to composites to leg-
umes, or simply as a system dominated by big bluestem. This
is not even to mention the various species-independent
community descriptors, such as properties and complexity
of food webs’? or functional metrics!8.

Different components of structure change at different
rates. For this reason, ecologists are recognizing that mean-
ingful comparison of structure and pattern requires com-
munity measures at a range of levels3031, We recently col-
laborated with Carmen Rojo to examine algal communities
in fifteen aquatic field microcosms after eight years of as-
sembly using four measures of community structure (un-
published). At the finest scale the communities appeared
nearly random in composition, whereas for coarse-scale

Community properties

Community attributes
(mean body size,
species richness,
diversity, texture)314-17

Abiotic factors
(nutrient levels)”-218

Guild or other
species groupings

Guild
proportionality?5:17.18-21

Guild ‘favored states’'s

Taxonomic or functional
groups composition%22

Other ways of
grouping'%21

Species

Species presence
or absence®?
Dominant species
composition22-26
Species
abundances?’-28

Fig. 1. A hierarchy of community structure.
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Community dynamics

Further difficulty in the search for generality is evident in
the varied concepts of the dynamic nature of the community.
Do communities tend toward a single or multiple states? Are
these true equilibrium ‘endpoints’, or are they nonequilib-
rium cycles, attractors or an unrelated series of states? These
questions emulate the old and well-known climax commu-
nity debate in the literature of plant succession. Clearly, this
historical debate continues3 while equilibrium, determinis-
tic dynamics remain a formidable part of ecological thinking.
Drake et al.*, in a set of laboratory microcosm experiments,
observed that differences in invasion success and persis-
tence led to the development of alternative community
states, but Grover and Lawton® argued that these patterns
were related to inadequate time allowed to reach equilib-
rium, Differing views of community dynamics lead to varied
concepts of community stability and regularity (Box 1).

What and how much information is needed to assess
convergence depends critically on the nature of the com-
munity dynamics. A true stable, equilibrium community can
be defined by its state at a single point in time, whereas the
series of states in a nonequilibrium system requires a time
series. Viewing a nonequilibrium system, either cycling or
apparently random, from a single point in time can be mis-
leading since a set of such systems may appear very similar
at one time yet very dissimilar at another (Box 1c,d). In this
way, systems may appear to have diverged when they have
actually converged to a cycle, but are temporally out of sync.

Divergence in empirical evidence, and the ‘burden
of proof’

Is it remarkable that communities developing at similar
sites are anything but random associations of species? Or is
each minor variation analytically intriguing, a nuance result-
ing in a particular deviation from the environmentally de-
termined norm? Given the variety of community concepts,
it is not surprising that approaches to the convergence-
divergence question are equally diverse. Table 2 summa-
rizes the community type, methods and conclusions of
recent studies of convergence and divergence including
natural systems3417.19-2228  field experiments5226, and
microcosms?324.27,

Conclusions about convergence are often commensu-
rate with the authors’ concepts of community and the
assembly trajectory. For example, McCune and Allen®® stud-
ied tree composition in 11 adjacent canyons with the same
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geological history and gen-
eral climate by examining the
relationship between com-
munity variation and a suite
of environmental factors. The
variation in environment
explained only 10 percent of
the variation among commu-
nities. The remaining unex-
plained variability was attrib-
uted to a strong effect of
chance events and history.
Clearly, by assuming that
variation is related to a small
number of environmental fac-
tors and that the correct fac- (a
tors have been chosen and
measured, this type of
approach places the burden
of proof on the side of con-
vergence. At the opposite

Box 1. Concepts of community dynamics and convergence or divergence

of community structure

(a) Single stable point: Given sufficient time, communities under the same conditions will converge to a common, persistent,
environmentally determined state.

{b) Multiple stable states: Communities converge to one of a number of alternative stable states. While community structures
vary, the type and magnitude of difference persist through time.

(c) Attractor or cycle: Communities move through a repeating (or at least finite) series of states. Communities may con
verge in terms of this series, yet be offset in time. In the case of such temporal stagger, convergence can only be measured
in a time series. At any one point in time, the communities may appear very similar or very different, but this relationship
can change quickly and frequently.

(d) Random, chance-driven or chaotic trajectories: Communities move through a series of apparently unrelated states,
and each community is driven by its own history. A time series is necessary to compare communities and distinguish such
systems from attractor or cyclic communities.

end of the spectrum Som-
mer2 experimented with
aquatic microcosms inocu-
lated with species combi-
nations from different lakes,
comparing which species

eventually came to dominate.
In his experiment, conver-
gence and ‘time to conver-
gence’ were built-in criteria;
the experiment was set to
end when convergence
occurred, making it difficult
to imagine how nonconver-
gence or divergence would
have been dealt with.

()

Stability of equilibrium
Community structure

The meaning of conver-
gence and divergence in
evolutionary and ecological

time

Allied with the varied
expectations of community
outcomes are different inter-

Time

Indeterminism of outcome

pretations of the meaning of

convergence and divergence. Schluter’s? aNnova method of
testing community convergence centers around increasing
similarity over that of their ‘ancestral communities’, empha-
sizing that similarity alone does not necessarily entail con-
vergence. Medel'¢ used this method to compare community
attributes of 42 harvester ant assemblages on three conti-
nents. He found an overall lack of convergence which could
not be explained by precipitation differences that were con-
sidered to be the primary environmental difference. In fact,
communities within the same precipitation interval exhib-
ited more variation than those in different intervals. This
failure of variability among locations to account for lack of
convergence is the criterion, in Schluter’s method, for
implicating historical differences. Notably, this anova
approach is done using a measure of community structure
at only a single point in time, so this method assumes an
equilibrium or stable endpoint.

An alternative way of evaluating convergence or diver-
gence involves tracking a trajectory of community develop-
ment over time. From this point of view, convergence and
divergence can imply either becoming more similar or reach-

TREE vol. 12, no. 11 November 1997

ing a specific state or set of states. How long a community
must be observed in order to discern such dynamics, how-
ever, is unclear. Inouye and Tilman?26 observed old-field
succession in experimental plots subjected to different nitro-
gen treatments, following the changes in dominance. After
four years of assembly, a trend toward convergence was
found within nitrogen treatments. By the eleventh year,
however, this apparent convergence had disappeared. Even
‘long-term’ studies such as this may not be sufficient to
forsee the even longer-term trends. However, their findings
may contribute to general concepts of convergence or di-
vergence tendencies for particular types of system.

Convergence minus divergence = assembly rules?
Convergence and divergence is a question of finding the
roots of variation among communities developing in similar
settings. Chance and historical effects are unique in their
nature and effects on each system?-37, yet there may be
‘rules’ or patterns in the mechanics of community develop-
ment which provide a framework for understanding the ori-
gins of variation. A variety of studies have sought general
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Hypotheses tested

Degree of convergence

Variation explained
by productivity gradient

Variation in convergence
due to zooplankton

Guild proportions fit
‘favored states’ model

Convergence

Convergence

Convergence
Convergence

Convergence or
divergence

Convergence

Convergence or
divergence among
nitrogen treatments

Variation explained by
ecological or
evolutionary
mechanisms

Convergence

Convergence, divergence
and significance

Assembly rules

Variation explained by
site factors

Convergence

Table 2. Summary of selected studies of community convergence and divergence
Community Membership Measure of structure Site difference Measure of convergence
Lakeshore and Plants Community metrics Productivity gradient ~ Statistical regression
mountainsidel4
Aquatic Plankton Dominant species Initial conditions Similarity; trajectories
laboratory
microcosms23
Desert1s Rodents Species, community History via location ~ Variance; null model
metrics
Saltmarsh1® Plants Guild proportionality Location along Null model; significance
(a priori and intrinsic)  transects
Lake® Periphyton  Dominant species Disturbance regime  Similarity
on artificial
substrata
Rainforest20 Plants Guild proportions Altitude gradient Similarity to null model
(a priori)
Shrubland3 Plants Community History via location  Similarity
and birds N
Freshwater Piankton Dominant species History Similarity; trajectories
laboratory
microcosms24
Lawn2t Plants ‘Intrinsic guild’ Untreated versus Variance; nuli model
proportions perturbed
Grassland Plants Dominant species Initial conditions; Similarity; trajectories
(experimental)25.26 nitrogen
Bracken?2 Insects Species; taxonomic History via location  Various, depending on
representation; scale and community
community measures measure
Freshwater field Plankton Species; taxonomic History Similarity; cluster
microcosms groups; functional analysis;
(Rojo et al., groups; community correspondence analysis
unpublished) measures
Carr (wooded fen)” Plants Community ‘texture’ History via location  Null model;
{morphology) significance test
Freshwater Protists Species abundance Species; ANOVA On structure and
laboratory invasion timing invasibility
microcosms?27
Forest28 Plants Tree species History; site factors ~ Similarity
Desert16 Ants Community measures  History; precipitation anova (following
Schluter2®)

High

High

High

High

High

High

Medium

Medium {convergence
to alternative states)

Varying with guild
scheme

Varying

Varying with scale
(continental, regional,
local} and measure

Varying with community
measure

Low: only when
abundant species are
more heavily weighted

Low, but explained by
sequence effect

Low

Low
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phenomenological responses from mechanisms which oper-
ate during the process of community development. Often,
the specific mechanisms behind these responses are unde-
tectable in the community that results; thus observing the
details of community development is necessary to implicate
mechanisms that are generating a specific structure. In this
realm, the line between convergence and divergence is con-
tingent upon information.

For example, in the controlled microcosm experiments
of Drake et al.?* and Lawler?, the simplicity of the commu-
nities and short generation times make it possible to follow
the complete history of a community. These studies have
elucidated specific mechanisms (see sequence effects, below)
that lead to alternative community states, offering a first-
hand view of divergence in community structure. Lawler
takes pains to point out that the contribution of these rules
to divergence in natural systems remains to be fully ex-
plored. Under the microscopic scrutiny of a laboratory set-
ting, mechanisms that may generate divergence in nature
take on the rule-driven appearance of convergent, predict-

able behavior. When the entire history of a system is known,
the difference between convergence and divergence is an as-
sembly rule. Two types of assembly rules are potentially im-
portant for explaining trends in community structure among
communities developing at similar sites, sequence effects
and guild proportionality.

Assembly rules of species order and history

Events related to the timing and order of species introduc-
tions can, at least in theoretical and laboratory settings, lead
to divergence in community structure33. Figure 2 illustrates
three such types of mechanisms that might be envisaged in
the assembly of communities. First, sequence effects occur
when community structures develop differently depending
on the timing and order of species arrival. What species domi-
nate the community can be a direct product of events early
in the history of the system. If sequence effects occur, a re-
gional species list would not translate to a single community
structure. Second, communities may develop along trajecto-
ries which are deterministic or indeterministic. By definition,
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systems developing along indeterministic trajectories are
unpredictable — even with complete information about his-
tory. Last, it may not be possible to reconstruct a whole
community using only the parts of the final state. Interac-
tions in the past, the history of the relationship between
species that are no longer there may be the invisible keys to
understanding extant community structure. Convergence
and divergence studies may provide much-needed critical
evidence of the role these mechanisms play in structuring
communities in nature.

Pattern in guild and community structures

A second approach to uncovering regularities in com-
munity development focuses on pattern derived from coarse-
scale species attributes at the level of guilds or functional
groups. Fox™ first proposed a guild-level assembly rule by
which community development proceeds while maintaining
nearly equal representation of functional groups, termed
‘favored states’’, While Fox’s statistical methods and null
model have recently been shown to be flawed404., this ap-
proach has generated further investigation and insight into
guild level assembly mechanics'9-2l. Wilson and coworkers
have evaluated a variety of systems for assembly rules based
on both ‘a priori’ guilds (functional or taxonomic groups de-
fined externally to the community being studied), and ‘in-
trinsic guilds’ (statistically determined from the community
data.) Wilson and Roxburgh?! took the pattern-seeking ap-
proach to an interesting extreme by trying to fit different in-
trinsic guild patterns to their data until all communities were
found to converge. While this method succeeds at finding a
mathematically correct description of the guild proportion-
ality, to advance predictability of community structure with-
out having to study each community individually requires
that patterns apply generally, at least to sets or groups of
systems.

In systems governed by guild- or functional group- level
assembly rules, while the precise species composition would
still be unpredictable, the rule narrows down the number of
possible outcomes from a given species pool. Such guild-
level patterns would not be detectable from other measures,
such as species diversity or richness, yet they certainly con-
tribute dimensions of a general framework for assembly
rules.

Convergence plus divergence = embedded dynamics

Nature would be intolerably regular if all communities
converged to a single solution or attractor. If this were the
case any differences among communities would simply re-
flect their relative position en route to an inevitable solution.
In this case alternative states could be observed because
disturbance can act to reset the system some distance away
from the global attractor. Clearly the frequency and magni-
tude of disturbance interplay with the inertia of the assem-
bly trajectory to determine the suite of observable states.
Conversely, if each assembly trajectory diverged, commu-
nities would appear entirely idiosyncratic and fully struc-
tured by chance.

Studies of convergence and divergence implicate a vari-
ety of mechanisms and processes spanning a variety of lev-
els of scale. Many of the studies reporting convergence found
convergence at rather coarse structural levels (e.g. guild
representation), while those reporting divergence observed
divergence at finer levels of scale like species composition.
Comparative investigations based on such distinctly differ-
ent levels of organization must be cognizant of the dangers
inherent in equating systems which represent such distinct
levels of integration. It is easy to conceive of a situation
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Fig. 2. Examples of community assembly dynamics. (a) Sequence
effects. Timing and order of species arrival determine community com-
position. Here, the same four species introduced in alternate se-
quences lead to three different communities. (b) Deterministic versus
indeterministic trajectories. The same community can be determinis-
tic or indeterministic under different conditions. (c) ‘Humpty-dumpty’
effect. A whole community assembled from the total species pool can-
not be reconstructed by limiting the species pool using only the parts
of the final state. Black circles — producers; shaded circles — herbi-
vores; open circles - predators. (Adapted from Drake et a/.38.)

where a single community, measured at two different levels
of scale, would lead one to believe that the system con-
verged on the one hand and diverged on the other.
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