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Community assembly is a branch of ecology that looks at how communities are
assembled as they follow trajectories through time. A trajectory is controlled by biotic
and abiotic constraints (filters) that act at multiple scales. From a total species pool,
environmental and dispersal constraints control which species enter an ecological
species pool. Within this pool, internal dynamics determine which of these species
becomes part of the extant community. Environmental filters act by removing species
that lack specific traits. Thus, traits are filtered, and with them, species. In this paper,
we present the basic ecological theory of community assembly and address how it
can be used in conjunction with a trait-based approach to understand and possibly
predict how weed community structure changes in response to imposed filters such
as tillage or crop rotation. Weed ecologists have struggled with the need to place
our practical knowledge of agriculture and weeds into a broader theory, and there
have been many calls to integrate ecology with agronomy and weed science. Com-
munity assembly might be one way to do so.
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The U.S. National Science Foundation (NSF) recently
outlined four major priorities (or frontiers) for ecological
research that deal with how ecological processes shape the
earth’s biological diversity (Thompson et al. 2000). One
frontier addresses how complex communities are formed or
assembled over time from a regional species pool. Com-
munity assembly is an emerging science within plant ecol-
ogy. It provides a framework to understand why and how
species invade or become extinct, how communities respond
to perturbations and why their response will differ over
time, and finally, why attempts at community restoration or
creation so often fail. This is an excellent time for weed
scientists to be involved in the discussion of plant com-
munities. We have struggled with the need to incorporate
practical knowledge into a broader theory, and there have
been repeated calls to integrate ecology and agriculture in
the move toward sustainable agriculture (Altieri 1988; Elli-
ott and Cole 1989; Jackson and Piper 1989; Luken 1990;
Paul and Robertson 1989; Swanton et al. 1993; Trenbath
1985). Community assembly theory is an excellent way to
do this and could provide a template for how we control or
direct weed communities in the future.

Weed management has become focused on understanding
the biology and control of individual weeds infesting crop-
land. An alternative approach, however, is to study weed
communities, rather than to focus exclusively on the control
of problem weed species (Clements et al. 1994; Hobbs and
Humphries 1995; Luken 1997). Individuals do not act in-
dependently: they are imbedded in a community fabric.
When a weed species (or group of species) is removed from
a community (or if its density is reduced), other species,
either new or already present, can invade those vacated gaps.
As a result, a weed problem still exists—only the species are
different. For example, the successful biological control of
St. John’s wort (Hypericum perforatum L.) may have resulted
in the increase of yellow starthistle (Centaurea solstitialis L.)

in California (Mack 2000; Mack et al. 2000). To avoid this
type of direct exchange of one weed for another, population
level processes must be considered within the context of
communities because changes in one population will likely
cascade to affect other populations in the community. We
propose that management directed at the community level
will lead to advances in ecological weed management.

This shift in focus from weed species to weed commu-
nities requires a new way of framing questions about weeds
and weed control. The community assembly approach con-
siders plant communities to be assembled entities and asks
how particular species assemblages came about. Weed–crop
communities, like all plant communities, are assembled.
Over time and space, various processes (e.g., competition)
and constraints (e.g., environmental conditions) remove spe-
cies from the regional species pool. These processes and con-
straints may interact in a complex fashion. While adjacent
fields may be planted with the same crop and have similar
weed seed banks, different plant communities might result
depending on the environmental conditions, sowing date,
or tillage and crop history because these influence plant in-
teractions. Even highly managed agricultural ecosystems can
be examined within an assembly framework. In fact, agri-
cultural systems might be more amenable to the assembly
approach than natural systems because they are already high-
ly managed, and we have a better understanding of the fil-
ters and processes that govern them. Therefore, general prin-
ciples in the form of assembly constraints might be easier
to elicit in agricultural systems.

The idea of applying ecological principles to agricultural
systems is not new. Zimdahl (1999) suggested that weed
scientists should ask holistic, ecologically based questions in
order to understand the distribution and abundance of weed
species. Maxwell (1999) suggested that we study ‘‘the general
patterns of variation and behavior in pest communities and
populations in response to general manipulations’’ rather



Booth and Swanton: Assembly of weed communities • 3

than using a reductionist approach. What we propose here
is a possible framework for those who are interested in this
approach. Although this paper is largely theoretical, we have
tried to present examples from the pure and applied litera-
ture wherever possible. We used weed examples wherever we
could; however, they did not always exist. We do not pre-
sume to have all the answers to how the assembly approach
can be applied to weed management. In fact, in writing this,
we had many discussions starting with ‘‘but how will this
be applied?’’ or ‘‘how can we test this?’’ Rather than waiting
until we can answer all our own questions, we present these
concepts with the hope that others will enter the discussion.

The objectives of this paper are to present the theoretical
basis of community assembly and to suggest some applica-
tions to weed ecology. To understand this, it is necessary to
review some basic concepts of community ecology. There-
fore, this paper is divided into three main sections. In the
first, we outline some principles of community ecology in
order to put community assembly in a community context.
In the second section, we present the basis of assembly the-
ory, and in the third section we explain why we think as-
sembly theory is appropriate to weed science. This is not an
exhaustive review of community assembly theory. (For fur-
ther details on assembly theory, see Belyea and Lancaster
1999; Drake 1990a, 1990b, 1991; Keddy 1992a, 1992b;
Weiher and Keddy 1999b.)

Community Concepts

Defining a Community

A community is most commonly defined as an assem-
blage of species that occur in the same space and time (Be-
gon et al. 1999). Whereas this appears to be a simple con-
cept, it is important to define what physical entity is being
studied and what criteria are being used to define it. There
are two general difficulties in delineating communities: (1)
what species should be included in the community, and (2)
where are the boundaries or limits of the community?

Most community studies actually only consider part of a
community. A true community will contain all of the species
present, but because true communities are intractable,
groups of species are usually selected for study. Most whole
community studies use microcosms, which are artificially
created experimental communities (usually aquariums)
where the environment, species composition, and order of
invasion can be tightly controlled. The use of microcosms,
of course, has limitations (Carpenter 1996), but with the
exception of microcosm experiments, no studies that we
know of examine the assembly of an entire community.

When we study only a subset of species in a community,
problems arise because community patterns can either
emerge in species that were excluded or as a result of species
that were excluded. In the first case, a researcher might con-
clude that there is no difference in community composition
among various treatments, when in fact there are, but the
differences occur in excluded species. In the second case,
observed differences among communities may either be un-
explainable or incorrectly interpreted. For example, in a sit-
uation where soilborne organisms influence the structure of
a weed community (Jordan et al. 2000), it will be impossible
to identify the assembly mechanisms if soilborne organisms
are omitted from the study. Data from studies of incomplete

communities must be interpreted considering that unstudied
organisms might have a central function and that studied
organisms might be superfluous. Often, the importance of
a species will not be obvious. Within a community, all spe-
cies are not equal, but evidence must be obtained before we
can exclude them from consideration.

The second difficulty in defining a community is deter-
mining community boundaries. Boundaries have typically
been defined for purely practical or arbitrary reasons. They
are usually delimited based on our perception of the com-
munity structure rather than on how the community actu-
ally functions. Thus, a forest, bog, or corn (Zea mays L.)
field becomes a de facto community whether or not we
know how it functions. Discrete boundaries rarely occur in
natural or managed systems. Even in agricultural fields, there
is movement of nutrients, soil, plants (pollen, seeds), and
animals across field boundaries. As with community com-
position, we must make reasonable decisions about com-
munity boundaries, recognizing that they are not real enti-
ties and that these decisions may effect the interpretation of
data.

Community Dynamics
Communities are never static, nor are they necessarily at

equilibrium. They change in response to external and inter-
nal forces. The classical equilibrium paradigm in ecology
assumed that communities were self-regulating, closed sys-
tems that developed over time into a specific community
type (i.e., a successional climax). Following a disturbance,
the community would return to its original climax state. We
now know, however, that following a disturbance, alternative
successional pathways can produce multiple stable states
(Abrams et al. 1985; Dublin et al. 1990; Knowlton 1992;
McCune and Allen 1985; Walker 1981). In addition, we
recognize that a community is a mosaic of patches at dif-
ferent stages of development (White 1979). Furthermore,
every species has a unique set of regeneration requirements,
and this will influence community regeneration dynamics
(Grubb 1977). The heterogeneous environment provided by
gaps with differing characteristics means that a gap created
by one species is not necessarily filled by the same species.
Thus, even internal processes can cause community com-
position to change through time. Equilibrium concepts have
been replaced by a nonequilibrium view of communities
that focuses on community processes and changes over time
rather than on any single climax community state (although
this is still possible). This view necessitates a long-term out-
look on vegetation dynamics. What appears to be a static
community may be changing in ways that we are not ca-
pable of seeing.

As a community develops, it is said to follow a trajectory
through time. A trajectory is a series of community states.
There is no end state as communities are continually chang-
ing. As a community progresses along its trajectory, a series
of changing constraints and processes control its pathway.
Therefore, forces responsible for the persistence of a present
community (maintenance factors) might not have been
those controlling the origin and development of a com-
munity (causal factors). A glimpse of what is acting on the
current state might not tell much about controls in the pre-
vious or future states. Because they happen during the
course of assembly, causal factors are often not visible in the
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FIGURE 1. Examples of how different community configurations may be
produced from one species pool. All nine species have equal access to the
communities. (a) Assembly trajectories are deterministic when a species pool
consistently produces the same community. These deterministic trajectories
are relatively immune to historical influences such as invasion sequence.
This is the classical view of succession. (b) Different communities may be
produced from one species pool when trajectories diverge. These indeter-
minate trajectories are more sensitive to historical influences such as inva-
sion sequence and changes in the assembly environment. (c) Divergent
trajectories may converge to produce one community type. Species shown
are producers (open symbols), herbivores (speckled symbols), and carnivores
(black symbols), and communities are represented as food webs. Adapted
from Drake (1990b). (For simplicity, decomposers are not included, but
could be shown as an additional tropic level with arrows circling down to
the producers.)

extant community, even though they were crucial in deter-
mining the present community structure (Petraitis and La-
tham 1999). For example, Abrams et al. (1985) suggested
that the multiple successional pathways observed after clear
cutting or burning of natural jack pine stands resulted be-
cause the timing of the perturbation influenced seed com-
position, competition, predation, temperature, and drought.
Although these factors were not important (or visible) in the
subsequent community, they were central in determining
the original trajectory direction. Most community ecology
studies focus on processes acting to maintain the community
rather than those that function during the community’s his-
tory (Luh and Pimm 1993). Maintenance factors are of in-
terest in their own right; however, they do not necessarily
give insight to the overall assembly process. For example, a
grassland may be maintained by herbivory, but the species
composition may have been originally determined by com-
petition or by the effects of early invaders. Although difficult
to study, a few studies have detected differences between
causal and maintenance factors (Abrams et al. 1985; Cole
1983; Robinson and Dickerson Jr. 1987; Sale 1984; Suth-
erland 1974).

The importance of distinguishing between causal and
maintenance factors is most evident when trying to build or
reconstruct communities. If a specific community structure
is desired, for example, in a reclamation project, adding all
the constituent species together might not rebuild the de-
sired community because a community is more than the
sum of its pieces. This phenomenon is termed the ‘‘Hump-
ty-Dumpty effect’’ (Kelly 1994; Pimm 1991). In trying to
construct a community, we do not know the appropriate
order of species invasions, the environmental conditions, or
whether other now-extinct species may be required during
the assembly process. It might not be possible to reconstruct
a community without going through the entire construction
process. Doren et al. (1991), for example, showed that on
abandoned agricultural land, it was not possible to return
to a previous community type after the Brazilian peppertree
(Schinus terebinthifolius Raddi) (a South American woody
weed) had become established, even when it was controlled
for 7 yr with annual fires. Likewise, Marrs and Lowday
(1992) were not able to successfully restore a heathland by
controlling the invasive bracken fern [Pteridium aquilinum
(L.) Kuhn]. After 10 yr, some natural heathland species had
invaded, but the desired community was not able to main-
tain itself. Once community structure is changed, it might
not be possible to return to the original community by sim-
ply removing the unwanted species because community
function may have been altered. Building a community
from scratch is infinitely more complex than simply adding
all the desired species together because we do not know the
important steps involved during the assembly process.

As a community develops over time from its species pool,
it is said to follow a trajectory. A deterministic trajectory
will repeatedly produce one community type from the same
species pool (Figures 1a and 2a). Here, only one trajectory
is possible because the assembly process is constrained. This
is the classical view of succession. Alternatively, trajectories
can diverge and produce several community states when the
assembly process is partially constrained (Figures 1b and
2b). Here, there are a specific number of trajectories, and
assembly is limited to these options. Over time, divergent

trajectories may converge to produce identical community
states (Figure 1c). Indeterminent (unpredictable) trajectories
occur when assembly processes are random. Here, future
community states will not be predictable because their tra-
jectories are not constrained (Figure 2c). In some cases, as-
sembly may appear random, when in reality the system is
chaotic (Hastings et al. 1993).

The distinction between deterministic and indeterminis-
tic trajectories can be quite subtle because a trajectory may
appear to be one, when in fact it is the other. Inouye and
Tilman (1988, 1995), for example, found that old-field
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FIGURE 2. Examples of the divergence and convergence of community tra-
jectories over time. (a) Only one trajectory is possible from the species pool.
(b) Multiple stable states arise out of the same species pool. (c) Trajectories
are random or chaotic and will continue to converge and diverge over time.
(d) One trajectory is reached, but the two communities are cycling out of
sync. Adapted from Samuels and Drake (1997).

communities converged after 4 yr of nitrogen addition, but
that after 11 yr, communities had diverged. Over time, tra-
jectories may repeatedly diverge and converge (Figures 2c
and 2d), and this may or may not be predictable (Rodriguez
1994; Samuels and Drake 1997). A further difficulty in de-
tecting deterministic and indeterministic trajectories is that
communities can converge to a state of predictable cycling.
A community that cycles predictably will appear indeter-
ministic if viewed over too short a time period. In addition,
two communities following the same trajectory will appear
indeterministic if the cycling of the trajectory is temporally
offset (Figure 2d).

The invasion or extinction of a species may or may not
alter the path of the community’s trajectory. If the com-
munity is resilient to that change, it will recover and follow
the same trajectory. If the community is not resilient to that
change, it will not recover and will follow another trajectory.
The invasion of a new species will have no effect on the
trajectory if it is simply added to the community, or if it
directly replaces one species. Alternatively, a new species will
change the path of the trajectory if it alters primary pro-
ductivity, species interactions, disturbance regimes, or water
or nutrient cycles (Walker and Smith 1997; Woods 1997).
The extinction of a species will have no effect if the function
of that species is taken over by another. Alternatively, com-
munity function will be drastically changed if a keystone
species is removed (Paine 1969; Power et al. 1996).

Communities are dynamic entities that follow trajectories
through time. Along these trajectories, communities are un-
der constant assembly as species are added or lost, as the
abiotic environment changes, or as species interactions are
altered. What determines the path of the trajectory, and are
there any general principles that will help us understand, or
better yet, predict how a community will change? Assembly

theory may provide a framework from which these issues
can be addressed.

Community Assembly Theory

Introduction to Assembly

Communities are complex because they are dynamic
structures, and because they function and respond at many
scales (Allen and Hoekstra 1990, 1991; Hoekstra et al.
1991; Menge and Olsen 1990). Understanding community
structure and dynamics is difficult because there are so many
interacting factors. A reductionist would argue that if each
component is understood separately, then it is possible to
scale-up to an understanding of the community as a whole.
A holistic community approach, however, focuses on the
community as an entire entity and adds the details only
where they are necessary. Community assembly theory is a
framework that allows us to differentiate informative from
uninformative details. It is a way to look at what controls
community structure without getting lost in unnecessary de-
tails. At the same time, it allows us to incorporate the ap-
propriate details as our understanding of the community
improves.

Assembly theory is a developing field of theoretical ecol-
ogy (Weiher and Keddy 1999b). While the ideas of com-
munity assembly date back to Clements in the 1920s (Booth
and Larson 1999), the term ‘‘assembly rule’’ was first intro-
duced by Diamond (1975) to explain the patterns of bird
assemblages observed on New Guinea islands. The basic pre-
mise is that all biological communities are assembled over
time and that membership in the community is limited by
filters or constraints acting on the species pool. There are
differences in the way community assembly is viewed, and
there have been heated debates between proponents (com-
pare chapters in Weiher and Keddy 1999c). Some (Dia-
mond 1975; Wilson and Watkins 1994; Wilson and Whit-
taker 1995) argue that assembly theory should focus on con-
straints on biotic interactions, whereas others (Drake 1990b;
Keddy 1989; Roughgarden 1989) include both biotic and
abiotic constraints (Booth and Larson 1999). We take the
view that both abiotic and biotic factors influence the as-
sembly of communities and should be included in the dis-
cussion. Belyea and Lancaster (1999) concluded that there
are three principal determinants of community assembly: (1)
dispersal constraints, (2) environmental constraints, and (3)
internal dynamics. Dispersal and environmental constraints
determine the boundary conditions within which internal
dynamics operate. This classification provides a clear struc-
ture and vocabulary to examine how communities are as-
sembled and what constraints and processes determine the
outcome. Others (Dı́az et al. 1998, 1999a; Keddy 1992b;
Woodward and Diament 1991) have suggested that filtering
is produced by climatic conditions, disturbance regime, and
biotic interactions. Although the groupings are similar, the
terminology differs.

To begin with, we must first review the concept of the
species pools. Belyea and Lancaster (1999) provide a sche-
matic illustration of the relationships among various types
of species pools (based on the terminology of Kelt et al.
1995) and how they fit into the assembly process. We be-
lieve it helpful to present this here (Figure 3). Rather than
there being one general pool of species available to colonize



6 • Weed Science 50, January–February 2002

FIGURE 3. The relationships among four types of species pools, and the
processes that determine membership of each pool. The habitat species pool
is determined by environmental constraints on the total species pool. The
geographical species pool is determined by dispersal constraints on the total
species pool. The intersection of the habitat and geographical species pools
is the ecological species pool. The community is the subset of species in
the ecological species pool that results from ecological interactions. Ter-
minology for species pools follows Kelt et al. (1995). Adapted from Belyea
and Lancaster (1999).

FIGURE 4. The effect of sequence and the rate of invasion on community
structure. In all cases the same species are introduced into the community
and only the order or rate of invasion is changed. In sequence (a) all species
become part of the community as they are introduced. In sequence (b) no
tropic structure develops and as a result, the final community is composed
entirely of primary producers. In sequence (c) the square herbivore acts as
a chaperone species for the square carnivore. The square herbivore’s early
presence allows the square carnivore to become established and persist in
the community even after the square herbivore has been out-competed by
the circle herbivore. In sequence (d) a stable, invasion-resistant community
is formed after the first four species have established, and later invasions
are excluded. Sequence (e) is the same as sequence (d); however, the rate
of introductions is faster so a competitive hierarchy does not develop and
a different community structure results.

a site, there are multiple types of species pools that super-
impose to determine what species are actually present in a
community at any one time. The geographic species pool
contains all species that are able to arrive at a site, and thus
is determined by dispersal constraints. The habitat species
pool contains species that are able to persist under the abi-
otic conditions, and thus are determined by environmental
constraints. The environmental species pool is the overlap-
ping portion of these. Internal dynamics (species interac-
tions such as competition, predation) will determine which
species will become part of the community. A species must
be contained in all species pools to remain in the commu-
nity. However, each pool changes over time, and thus the
community is a moving target. When removed from one
pool, for whatever reason, the species will become extinct
from the community. There are different sets of filters or
constraints acting on each species pool. Dispersal constraints
determine the geographic species pool, environmental con-
straints determine the habitat species pool, and internal dy-
namics act on the ecological species pool to determine which
species are part of the community.

Dispersal Constraints

Dispersal constraints determine what species arrive at a
site. Whereas it is sometimes assumed that there is an un-
limited and continuous supply of species invading, this is
not typically the case (Belyea and Lancaster 1999). Even if
the species arriving at a site are kept constant, different com-
munities might result simply by altering the sequence, fre-
quency, and rate of species introductions into the commu-
nity. The effect of the invasion sequence is the most under-
stood of these (Figure 4). Numerous microcosm (Drake
1991; Drake et al. 1993; Robinson and Dickerson Jr. 1987)
and natural ecosystem (Abrams et al. 1985; Cole 1983;
McCune and Allen 1985) studies have demonstrated that
the order of arrival can influence the ultimate community

composition (but see Grover and Lawton 1994; Sommer
1991). Drake (1991) introduced species (including bacteria,
algae, protozoa, and invertebrate and herbivore predators)
into freshwater microcosms in varied sequence. Successful
primary producers tended to be those introduced first,
whereas success of the consumer species was much more
variable between treatments because some communities were
more resistant to invasion. Similarly, Cole (1983) found that
two species of ants never co-occurred on small mangrove
(Rhizophora) islands because whichever was first was able to
outcompete the other. Other species of ants were able to
colonize these islands, but their success was dependent upon
the initial invader.

Early invaders, however, are not always more successful.
If they were, newly introduced weeds would have no chance
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FIGURE 5. A conceptual model of the trait-based approach to community
assembly. A pool of species (each possessing a specific set of traits) is avail-
able to invade. To be successful, a species must pass through a series of
filters that remove species lacking particular traits. Communities that con-
tain a subset of species that conform to the filters are more likely to occur.
Adapted from Weiher and Keddy (1999a).

against the already established weeds. Early invaders are sub-
ject to extinction caused by later invaders (Clements 1916).
Although an early species might have a significant role in
the assembly process, its presence may be ephemeral. These
‘chaperone species’ (Kelly 1994) occupy the biological space,
temporarily preventing another species from invading, caus-
ing an extant species to become extinct or facilitating the
invasion of a third species (Figure 4c). The presence of chap-
erone species might significantly alter the community tra-
jectory and lead to cascading effects on community struc-
ture. These indirect effects have also been demonstrated in
natural systems (reviewed in Strauss 1991) and may contin-
ue even after the chaperone species has become extinct.

In addition to sequence effects, the rate (how quickly
invasions are repeated) and frequency (number of times a
species’ invasion is repeated) of invasions can also determine
trajectory direction. These effects, however, are less studied
than sequence effects. In most microcosm studies, species
are typically introduced singly and at regular intervals. In
nature, this is not the case. In general, increasing the rate
or frequency of species introductions will increase the num-
ber of species able to persist in the community, and it will
also decrease the likelihood of reaching a single trajectory
because different species will be favored over time (Hraber
and Milne 1997; Lockwood 1997; Lockwood et al. 1997;
but see Roberts and Tregonning 1981; Tregonning and Rob-
erts 1979). Thus, the same invasion sequence under slow
and fast invasion rate will result in different species com-
position (Figures 4d and 4e). Both rate and frequency effects
appear to act by minimizing the influence that past histor-
ical events have had on composition (Lockwood et al.
1997). Communities with low invasion rates will be more
persistent because high invasion rates disrupt the assembly
process, and the community never reaches an invasion-re-
sistant state.

We have a good understanding of seed dispersal from
many weed studies. We understand the controls on repro-
duction for many common weeds, we can often predict their
seed shadows, and we understand the mechanism by which
seeds are dispersed anthropogenically. Therefore, character-
izing the geographic species pool can often be done at least
on a broad scale. For many agricultural situations, it should
be possible to come up with a list of the geographic species
pool, although unexpected invasions are possible. We have
less understanding of the effects of dispersal timing and fre-
quency on the invasion and success of weeds.

Environmental Constraints
It is generally thought that the environment is just a

coarse filter, which removes unsuitable species; however,
there can be subtle, persistent effects of the environment on
the community structure (Chesson 1986; Strange and Foin
1999). Communities will not always conform strictly to the
set of environmental constraints operating (Weiher and
Keddy 1999a) because the filters are not perfect (Figure 5)
and because species are genotypically or phenotypically var-
iable. Weeds may be more likely to pass through filters be-
cause they tend to be more plastic than nonweedy plants.
Species that more easily pass through the environmental fil-
ter are more likely to occur in the habitat species pool.

Community composition does not always conform to our
expectations because we often consider only average condi-

tions rather than environmental extremes. Occasional or rare
events might have a greater effect on long-term community
structure than average environmental conditions. In fact, the
greatest changes in community composition may occur dur-
ing occasional stressful periods or during environmental
fluctuations because assembly dynamics during this time
may be more influential in determining species composition.
During average conditions, more species will survive, where-
as during extreme conditions some species may become ex-
tinct. The timing of extreme events is important. In some
fish communities, for example, the timing of floods and
drought determines subsequent community composition,
and multiple stable states are possible from the same species
pool when the environment fluctuates (Strange and Foin
1999). Changes in the environment influence community
structure because they change the types of filters present.
Thus, the success of an invader can be dependent on envi-
ronmental perturbations and extremes as well as on average
environmental conditions. Environmental variation will
continually alter a community’s susceptibility to invasion,
and species that would not normally invade, may be able to
on occasion.

A community’s susceptibility to environmental effects will
change along its trajectory. One community state along a
trajectory might be resistant to environmental perturbations,
and therefore the path of the trajectory may not be easily
changed. A different state along the same trajectory might
not be resistant to perturbations, and therefore the trajectory
will be easily pushed into another pathway at this point. In
practical terms, this means that some points along a trajec-
tory will be more amenable to manipulation than others.
The ability to recognize which perturbations are more likely
to change the assembly dynamics and when the assembly
trajectory is more susceptible to such perturbations has weed
management implications. If a particular community type
is undesirable, then control measures will be more effective
when the trajectory is susceptible to disturbance. For ex-
ample, weed control measures carried out early in a trajec-
tory of a forest or fruit tree plantation may be more effective
than controls carried out later.
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Internal Dynamics

If a group of species is able to disperse into a community
(geographic species pool), and the environmental conditions
are suitable (habitat species pool), then why are not all of
these species present in the community? Internal dynamics
act on the ecological species pool (overlap of the geographic
and habitat species pools) to determine the community
structure. Not all species will pass through the filters deter-
mined by internal dynamics, and so the ecological species
pool is further reduced to form the community. Under-
standing the internal dynamics of a community is, perhaps,
the most difficult aspect of understanding community as-
sembly. There is ample research on the role of individual
processes, such as competition (Grace and Tilman 1990;
Keddy 1989; Zimdahl 1980), predation (Crawley 1983;
Olff et al. 1999), and more recently mutualism (Withgott
2000), but there is hardly enough evidence to describe how
these interact to determine the composition. Furthermore,
coming to any general principles on the outcome of internal
dynamics is difficult because they are contingent on dispersal
and environmental constraints as well as on events (such as
invasions) that occur during the assembly process. As a re-
sult, most conclusions about species interactions are species-
and situation-dependent.

A series of controls acting at many scales determine which
species persist in a community. We can look at them sepa-
rately as independent controls, as we have done above, but
it is more realistic to look at them as interacting controls.
Environmental and dispersal constraints usually set the scene
for internal dynamics (Weiher and Keddy 1995); for ex-
ample, invasion sequence (dispersal constraint) can deter-
mine which species has the competitive advantage (internal
dynamics). Alternatively, changes in the biotic structure
might alter the action of dispersal or environmental con-
straints. Whereas we can predict the outcome of some in-
teractions, others will not be predictable, either because they
are too complex or because they are simply not understood.
We cannot predict the outcome of every possible species
interaction under every set of dispersal and environmental
constraints. In the following sections, we discuss one way in
which the complexity of interactions can be simplified.

The Trait-based Approach to Community
Assembly

Many researchers have suggested using plant traits, rather
than species, as the unit to examine constraints on com-
munity assembly (Keddy 1992b; McIntyre et al. 1999a;
Weiher et al. 1999); this was also recognized by the NSF
(Thompson et al. 2000). Dispersal and environmental filters
and internal dynamics remove species that lack specific
traits. Thus, plant traits, rather than species, are filtered. For
example, annual spring tillage will remove early-germinating
annuals. The use of traits is more likely to lead to general
principles that can be applied to other situations because the
results are not species specific. Thus, it simplifies the ap-
proach of community assembly.

Keddy (1992b) and Weiher and Keddy (1999a) have de-
scribed the process of filtering in terms of trait–environment
relationships. These are consistent associations found be-
tween plant traits and environmental conditions. Only spe-
cies possessing the suite of traits suited to that environment

will enter the assembly process. The trait–environment ap-
proach can be extended to include the associations between
traits and dispersal, and species interactions. The process of
species filtering occurs through a series of filters that remove
species that do not possess the required trait complex (Figure
5). Keddy (1992b) compares the assembly process to natural
selection. However, rather than acting on individual geno-
types (as selection does during evolution), assembly selection
acts against specific traits. Species possessing disadvantageous
traits will be filtered from the community. A species does
not have to excel in passing through any one filter; it merely
has to pass through all the filters (Booth and Larson 1999).
The ability to pass through one filter may have no effect on
the plant’s ability to pass through all the other filters. For
example, a supercompetitive species will not become part of
the community if it is not able to germinate there first.

Of course the difficulty in using this approach is deter-
mining what traits are biologically meaningful and should
be measured. Dı́az et al. (1999a) suggested that both vege-
tative (size, longevity) and reproductive (seed production,
dispersal mode) traits should be included: the former influ-
ences the acquisition and storage of resources, and the latter
influences recolonization after disturbance and migration
ability. Short-term physiological traits (growth rate), mor-
phogenic traits (reproduction and dispersion in space), and
trophic relationships (herbivores, root symbionts) are also
important. One trait might influence several types of con-
straints, for example, seed size affects dispersal distance, ger-
mination, and seedling competitive ability. Recently, several
authors (Dı́az et al. 1999b; Gitay et al. 1999; Lavorel et al.
1997; McIntyre et al. 1999b; Weiher et al. 1999) provided
trait lists. These lists are designed for natural communities;
a different set of traits may be important to agricultural
ecosystems. We present a composite list of traits that could
be used as a starting point for a trait-based analysis (Table
1). Of these, traits would be selected to accommodate re-
search goals and the regional flora, and the levels of cate-
gorization could also be modified accordingly.

One way to further simplify the trait-based approach is
to group species with a similar set of traits into functional
groups (guilds, syndromes, or functional types). Functional
groups contain species with a similar set of traits, and are
therefore filtered from a regional species pool in a similar
fashion. Therefore, they have similar ecological functions in
the community. To a certain extent, we have already been
dividing plants into functional groups when we talk about
trees, shrubs, herbs, annuals, and perennials. Each of these
groups has a series of traits associated with it, and we expect
to find certain functional groups under different sets of con-
ditions (or filters). We know that agricultural weeds will be
annual or perennial herbs because tillage filters out woody
species. Selecting more specific functional groups will lead
to more specific predictions.

A number of attempts have been made to characterize
species based on their functional groups. Box (1981) divided
the world flora into 90 plant functional groups based on
eight bioclimatic indices (mean temperature of the warmest
or coldest month, mean total precipitation for the year or
the warmest or the coldest month, etc). This is too general
for our purposes and deals solely with environmental con-
straints. Nobel and Slatyer (1980) identified functional
groups based on three sets of traits (vital attributes): (1)
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TABLE 1. List of traits that could be used as a starting point for a trait-based approach to community assembly and possible ways to
quantify them. Some or all of the traits could be selected to record, and of these only some traits would be ecologically important. Based
on list in Dı́az et al. (1999b). (Dı́az Barrads et al. (1999), Kleyer (1999), and McIntyre et al. (1999a, 1999b).

Classification of trait

Vegetative traits
Size , 10 cm; 11–20 cm; 21–50 cm; 51–100 cm; . 100 cm
Height–width ratio (h:w) . 1; (h:w) 5 1; (h:w) , 1
Specific leaf area Aphyllous; , 1 cm2; 1.1–2 cm2; 2.1–3 cm2; 3.1–5 cm2; . 5 cm2

Life cycle Summer annual; winter annual; biennial; perennial monocarpic;
perennial polycrpic

Life span , 1 yr; 2–5 yr; 5–10 yr; 11–20 yr; . 20 yr
General form Prostate; rosette; erect; tussock; vine; shrub
Leaf form Aphyllous; evergreen; deciduous
Leaf angle , 908; . 908
Leaf size Aphyllous; , 1 cm2; 2–5 cm2; 6–10 cm2; 10–25 cm2; 25–50 cm2;

. 50 cm2

Leaf shape (length–width) (l:w) . 1; (1:w) 5 l; (l:w) , 1
Photosynthetic metabolism CAM; C3; C4
Potential relative growth rate Low; medium; high
Drought avoidance None; succulent stem, taproot or other storage organ
Palatability Unpalatable; low or just at juvenile stage; moderate; high
Leaf texture Smooth; hairy; spines
Root morphology Taproot; mostly horizontal; mostly vertical
Maximum rooting depth , 10 cm; 10–25 cm; 25–50 cm; 50–100 cm; . 100 cm
Extent of clonal expansion None; some (dm); high degree (m)
Resprouting ability None; moderate (daughter plants remain attached to parent plant

for some period of time); high (daughter plants rapidly become
independent)

Mycorrhizal associations None; ectomycorrhizal; vesicular-arbuscular
Storage organs None; tubers, bulbs, rhizomes present
Reproductive traits
Seed size (maximum length) , 1 mm; 1–2 mm; 3–5 mm; 6–10 mm; . 10 mm
Seed shape (variance of seed length, width, and depth) , 0.15; 0.15–, 1; 1–5; . 5
Seed number (per plant) , 100; 100–999; 1,000–5,000; . 5,000
Weight of dispersal unit (fruit or seed) , 0.2 mg; 0.3–0.5 mg; 0.6–1 mg; 1–2 mg; . 2 mg
Seed dispersal No mechanism; wind; by highly mobile animals (birds, bats); by

low-mobility animals (ants, rodents)
Fruit type Dry indehiscent; dry dehiscent; fleshy
Season of germination Plastic; early spring; late spring; summer; fall
Age of first reproduction , 3 mo; 3 mo–1 yr; 1–3 yr; . 3 yr
Peak period of flower and fruit production None; fall to early spring; spring; late spring to late summer; late

summer to fall
Pollination mode Wind; specialized animals; unspecialized animals
Position of dormant buds (physiognomic types) Thero-; geo-; hemi-; crypto-; chamaephyte
Agricultural specific traits
Herbicide tolerance
Weed size relative to crop Smaller; same; larger

arrival and persistence following disturbance, (2) ability to
establish and grow after disturbance, and (3) the time to
reach important life stages. They found 15 functional
groups (attribute groups) that were evident in two forest
communities and were able to predict changes following var-
ious disturbances. The authors concluded that the scheme
‘‘could also be applied to man-modified communities, and
to such phenomena as weed invasion or suppression,’’ al-
though we know of no such attempt. The creation of func-
tional groups can be done either by selecting important
traits based on ecological knowledge and experience (Box
1981, pp. 11–20; Grime 1979; Raunkiaer 1934) or by cre-
ating data sets of species traits and applying clustering tech-
niques which detect correlations among traits across species
(Kleyer 1999; Parsons 1976; Westoby and Leishman 1997).

In a recent volume, Smith et al. (1997) present a variety of
approaches to identify functional groups.

Whereas a trait-based approach appears to create a huge
list of traits to consider, it is still simpler than quantifying
each species individually. The use of traits and functional
groups may simplify the modeling process. Models based on
traits or functional groups will be more widely applicable
than species-based models because their subprograms will be
based on traits or functional rather than specific species.

Application of Assembly Theory to Weeds

We have discussed assembly theory and have given some
examples from the basic and applied ecology literature to
illustrate these points. Most research on assembly has been
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directed at natural communities, and we were often at a loss
for weed or applied examples. We have not differentiated
sharply between natural and managed agricultural systems
because they both follow the same ecological principles;
however, they do differ in several ways. First, in agricultural
systems, there is a desired structure and function, and our
measurements are usually based on crop yield. In natural
systems, we are simply studying the way it is, without a
specific structural or functional goal, and measurements are
based on community richness, diversity, or other commu-
nity variables. The second difference is that agricultural sys-
tems are highly controlled. The dominant species (crop) is
predetermined, and the types and frequencies of disturbance
(e.g., tillage, herbicide application) and nutrient inputs are
controlled. To a certain extent, we can predict some weed
community dynamics based on management practices. For
example, perennial weeds tend to increase under no-till.
This generality uses basic life history divisions (annual vs.
perennial) as a trait, and the tillage system as a filter. Thus,
with the data we already have, general community assembly
principles can be constructed. Although this is simple and
somewhat self-evident, if layered with other filters, the pre-
dictive value will increase.

We have looked at assembly as a fairly abstract process
controlled by the interaction of external constraints and in-
ternal dynamics. What use then is it to questions posed by
weed ecologists? How do we apply assembly theory to prac-
tical questions of weed management? First, an assembly per-
spective refers to a way of thinking about weed communi-
ties. It is not a scientific protocol or method, and there is
no one experiment we can set up to test assembly. Rather,
the assembly perspective can be applied to weed questions.
Here we present several examples where community ecology
approaches have been used to look at weed questions and
suggest where they fit into assembly theory.

Example 1
In a series of papers, Derksen et al. (1993, 1994, 1995)

looked at the effect of tillage system, fallow, and herbicides
on weed community composition. They found that the
three tillage systems (no-till, minimum-till, and convention-
al-till) had different weed communities associated with
them, but the species associations varied among years and
sites. The practice of alternating fallow and crop did not
reduce weed communities as expected, rather it tended to
increase the variability between locations and years, and thus
acted to diffuse any filtering effect from the previous year’s
treatment. Differences in community structure among the
three tillage systems disappeared following the application
of broad-spectrum postemergence herbicides. Therefore,
whereas tillage filtered community composition, herbicides
were an additional filter that directed composition back to
the original pretillage state. Whereas these experiments were
not placed in an assembly context, they show how filters
can be identified and ranked. If each of the filters (tillage,
fallow, and herbicide) had been examined independently as
three separate studies, it would have been impossible to rank
the filters in order of importance or to detect interactions.
In addition, the multivariate approach of community anal-
ysis may bring out patterns not evident when each weed
species is analyzed separately.

The type of research done by Derkson and others on the

Canadian prairies is applicable to only certain weed–crop
communities. To make it applicable to a broader range of
circumstances, the species could be characterized by traits,
and the data reanalyzed to see what traits these filters act on
(for methodology, see Dı́az and Cabido 1997; Dı́az et al.
1992). The results would relate traits with filters and be
applicable to other cropping systems. Dı́az and Cabido
(1997) and Dı́az et al. (1999b) used this unique approach
to characterize vegetation by land-use history along a cli-
matic gradient in Argentina. Along the climatic (altitudinal)
gradient, vegetation separated into three general zones, each
with a series of traits. The vegetation of these zones was
further characterized based on different land-use regimes
(logging, grazing, years since abandonment). This work has
integrated many types of filters, and from it we can draw
conclusions about when certain types of filters are more like-
ly to exert a strong influence. If we could do this with weed
communities, it would help us to narrow the range of forces
acting to determine community composition and allow us
to limit our search to factors likely to be important.

Example 2

Doucet et al. (1999) looked at the effect of two types of
filters (crop rotation and weed management) on the assem-
bly of weed communities, but rather than look at species
responses, they measured community variables (weed den-
sity, evenness, and diversity). They found that weed man-
agement (herbicide, interrow cultivation, weedy) was the
most important filter (controlling weed density and diversity
but not evenness) and that crop rotation had little effect in
their system. This type of research fits into the assembly
paradigm because it examines how community level vari-
ables (e.g., richness, diversity) are influenced by environ-
mental filters. The NSF (Thompson et al. 2000) has sug-
gested that there may be critical thresholds associated with
richness or functional group composition and that this may
be an important area of ecological research relating to com-
munity assembly.

Example 3
Kleyer (1999) sampled vegetation from 129 sites in the

agricultural landscape of Germany. Sites included fields,
mown and abandoned grassland, roadsides, and wet and dry
meadows. He also assessed disturbance and resource supply
for each site. Disturbance included tillage, herbicide use,
trampling, and cutting, and was classified by frequency,
depth below or above soil, and percent of area disturbed.
Resource supply was a combination of soil moisture, avail-
able phosphorus, and nitrogen supply. Plants were charac-
terized by a number of traits including seed bank longevity,
dispersal, lateral and vertical expansion, and regeneration.
Using a cluster analysis, he identified 30 functional groups
and then looked at their placement along disturbance and
resource supply gradients.

From this study, the author was able to draw conclusions
about what groups of correlated traits were more likely to
occur under specific combinations of disturbance and re-
source supply regimes. Furthermore, he was able to look at
how the response planes of 17 functional groups overlapped
to predict which of the individual traits might be more likely
to occur in specific disturbance resource combinations. For
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example, functional groups with extensive lateral extension
tended to occur at low disturbance intensity in all levels of
resource supply. Also, as disturbance intensity and resource
supply increased, so did the presence of functional groups
with early reproduction. This study differs from those above
because it separated species into functional groups a priori
and then tested to see how these predetermined functional
groups responded to environmental constraints. A similar
approach could be used, focusing on agricultural fields with
different management systems.

Conclusions

The current approach to weed management is to look at
weeds as a series of individual problems and to study the
biology of each species in an attempt to identify weak links
in their life cycle. Control measures target each species by
attacking its weak links. This approach is only useful in
dealing with a specific weed problem at a specific site and
under specific conditions, but it does little to broaden our
understanding of why weeds occur where they do or how
they interact in communities. In fact, this population-based
approach may lead to instability in weed management be-
cause once one species is removed, another will appear. This
leads to a ‘‘teeter–totter effect’’: as soon as one weed problem
is solved, another will inevitably come up. A community-
based approach aimed at understanding and balancing the
weed community may lead to fewer oscillations. Instead of
considering weeds as a series of separate problems, a com-
munity-based approach provides a framework to attack weed
community problems. We should consider weed problems
as parts of assembled communities, and weed control should
focus on changing the external forces and internal processes
governing each community.

There is a wide body of knowledge on the biology and
physiology of individual weeds, crops, their interactions, and
on the effect of herbicides, tillage, soil type, etc., and yet we
have been unable (or unwilling) to develop ecological theory
that is appropriate for weed science. Weed management is
still directed at site-by-site interactions without many pre-
dictive capabilities. We suggest that assembly theory may be
a basis for the development of a new approach to weed
science. In agricultural systems, filters can be climate, soil
type, topography, tillage, herbicides, or predation, and they
may influence any weed species at any stage in its life cycle.
It would be impossible to determine the effect of each filter
on every life stage of every weed species; however, a com-
munity approach will show which of the filters (if any) has
the strongest effect on community structure. This commu-
nity-based approach starts with general community structure
and incorporates detail where necessary: a population-based
approach starts with the details and scales up in an attempt
to explain community dynamics. At first glance, it appears
that we are losing knowledge by selectively ignoring data,
but what this approach offers is the ability to select the
useful bits of detail and ignore the irrelevant. Instead of
compounding the details of each weed population, a com-
munity-based approach distills our understanding of weeds
by identifying the essential components.

Community assembly theory is a developing area of com-
munity ecology that attempts to explain and predict com-
munity composition. Because it is new, the assembly vocab-

ulary and methodology are still being developed, and there
are often conflicts over how the research should be done.
This should not deter its use by weed scientists. Rather, it
is a perfect time to enter the discussion. The NSF has al-
ready recognized the importance of an assembly perspective
to ecological restoration, bioremediation, species invasions
and extinctions, and biological control. It is a small step to
include weed management in this group. In fact, managed
systems—especially agricultural systems—are perfect testing
grounds because they are simple and tightly controlled by
relatively understood processes (compared with natural sys-
tems). Weed scientists are looking for ways to integrate
agronomy, weed science, and ecology. Assembly theory
might be one answer.
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