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Abstract

Since its introduction, the ecosystem engineering concept has primarily emphasized
the positive role of engineering organisms in creating habitats for other species.
However, evidence is growing that habitat modification by engineers can also act as
a negative form of interspecies interaction. In this paper we discuss recent research
suggesting that transformation of the environment by ecosystem engineers can be an
important cause of species exclusion. Two cases are considered; one-way negative
interactions, where modification of the environment by a single species results in
exclusion of other species, and two-way negative interactions, where two species
interact by modifying the same environmental variable. We conclude that one-way
interactions can be a mechanism underlying biological invasions and two-way inter-
actions can create environmental heterogeneity through patchiness.    



Negative species interactions

One-way and two-way negative interactions by ecosystem engineering

Since the introduction of the ecosystem engineering concept by Jones et al. (1994),
the tendency has been to consider ecosystem engineering as a constructive force that
maintains and creates habitats (Wright et al. 2004). As a consequence, research until
now has mainly focused on positive effects of habitat modification/ecosystem engi-
neering on other species (Wright et al. 2002, Bruno et al. 2003, Gilad et al. 2004).
Nevertheless, construction of new habitat will inevitably lead to destruction of old
habitat, posing negative effects on the inhabitants of the original habitat, possibly
even resulting in  exclusion (Rhoads and Young 1970, Peterson 1980, Bertness 1999,
Crooks 2002, Cuddington and Hastings 2004). Exclusion of other species might have
beneficial effects on the ecosystem engineer by reduction of interspecific competi-
tion. In this respect, the concept of ecosystem engineering relates to the concept of
positive-feedback switches in communities, which was introduced in the early
1990s (Wilson and Agnew 1992). Positive feedback switches occur if vegetation
modifies the environment making it more suitable for itself and/or less suitable for
other species (Wilson and Agnew 1992). Here we aim to examine the consequences
of negative species interactions through habitat modification on community struc-
ture, by linking the concepts of ecosystem engineering and positive feedback switch-
es (Box 1). 
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Box 1
The link between ecosystem engineering and positive-feedback switches

The concepts of positive-feedback switches and ecosystem engineering were
introduced in the ecological literature in the first half of the 1990s (Wilson and
Agnew 1992, Jones et al. 1994). Wilson and Agnew (1992) defined positive feed-
back switches as “a process in which a community modifies the environment,
making it more suitable for that community” (Wilson and Agnew 1992).
Ecosystem engineering was described by Jones et al. (1992) as “directly or indi-
rectly modulating the availability of resources (other than themselves) to other
species, by causing physical state changes in biotic or abiotic materials”. The
papers introducing both concepts have frequently been cited, although the
trend in number of citations suggests that the ecosystem engineering concept is
currently more embedded in ecological theory (Figure B1.1). A possible expla-
nation for this trend is that the paper of Wilson and Agnew (1992) has mainly
focused on positive feedback switches in plants, while Jones et al. (1994) intro-
duce examples of animals as well. However, the concept of positive-feedback
switches also applies to (slow-moving or sessile) animals (van de Koppel et al.
2005, van Wesenbeeck et al. 2007b). Nevertheless, ecosystem engineering may
appear to be a more generally applicable mechanism, as all organisms for which
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In this review, we discuss the importance and implications of ecosystem engineer-
ing as a cause of negative interactions between species. We distinguish between one-
way and two-way negative species interactions. We speak of one-way negative inter-
actions if habitat modification by an ecosystem engineer negatively affects other
species that do not have a profound modifying effect on their habitat (Fig. 4.1A).
Two-way negative interactions refer to the situation in which two ecosystem engi-
neers modify the same environmental variable but in opposite directions, thereby
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positive feedbacks have been described are ecosystem engineers, but not all
ecosystem engineers induce positive feedback switches. In any case, both mech-
anisms are clearly linked. 

The paper of Wilson and Agnew (1992) is more specific than the paper of
Jones et al. (1994) in defining in defining possible consequences. For example,
positive feedback switches are subdivided in four different type of switches; the
one-sided switch, the reaction switch, the symmetric switch, and the two-factor
switch (Wilson and Agnew 1992). The most common type is the one-sided
switch. Here a community changes the environment in patches where it occurs.
Boundaries with the surroundings are unstable because nothing limits the com-
munity from further invading unmodified space. The other three switches can
lead to a stable mosaic situation, where in an initially homogenous environ-
ment, two different communities occur in different patches separated by sharp
boundaries (Wilson and Agnew 1992). 
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Figure B1.1. Number of citations of the papers introducing the concepts of ecosystem engi-
neering (Jones et al. 1994) and positive-feedback switches (Wilson and Agnew 1992).
Categories display, papers that refer to Wilson and Agnew (1992) only, papers that refer to
Jones et al 1994 (or Jones et al. 1997) only, and  papers that refer to both these papers. 
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inhibiting each other’s growth (Fig. 4.1B). One-way negative interactions are highly
asymmetrical, as most ecosystem engineering effects (Jones et al. 1997), and have
been proposed as a driving mechanism of exotic invasions (Crooks 2002,
Cuddington and Hastings 2004). Two-way negative interactions by habitat modifica-
tion might prevent one ecosystem engineer from taking-over, as effects are more
symmetrical. Thus, two-way interactions might result in a patchy distribution of the
different engineer species that create a heterogeneous landscape on landscape scales. 

Negative interactions by one-way ecosystem engineering
provoking exotic invasions

Most examples of negative interactions by ecosystem engineering in the literature
deal with one-way effects, in which a single species modifies an environmental vari-
able in patches where it is present, resulting in reduced growth or fitness of other
species. This type of interaction is very similar to the one-sided switch of Wilson
and Agnew (1992), where a single community modifies an environmental variable in
the patches it occupies. Well-documented mechanisms of one-way interactions
include for example the deposition of toxic litter by trees, inhibiting seedling emer-
gence (Facelli and Kerrigan 1996, Facelli et al. 1999, Dzwonko and Gawronski 2002),
and changing of fire-regimes by grasses, excluding native shrubs (Brooks et al. 2004).
Other examples come from species that change chemical properties of a system,
causing allelopathy, where organisms change their surroundings by releasing a
chemical substance, and thereby inhibit the growth of other species (Naveh 1967,
Webb et al. 1967, Janzen 1969). 
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Figure 4.1. Conceptual diagrams of possible relationships between species and their abiotic envi-
ronment. A) One-way effects; one species acts as an ecosystem engineer modifying the habitat,
which in turn negatively affects the other species. B) Two-way effects; both species exhibit posi-
tive feedbacks with the environment but in opposite directions. 
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Many mechanisms of habitat modification have been demonstrated with non-
native invaders. Possibly native species also affect other species negatively by trans-
forming the environment, but negative effects become particularly conspicuous once
an exotic species invades a community, thereby eliminating native species. Some
recent literature stresses that invasive engineers ease their spread by indirectly
affecting native species through habitat modification (Crooks 2002, Levine et al.
2003, Cuddington and Hastings 2004). Complementary to this work, it has been sug-
gested that species exhibiting a positive feedback loop with the changed environmen-
tal property can be extremely fierce invaders (Wilson and Agnew 1992, Levine et al.
2003, Cuddington and Hastings 2004, Strayer et al. 2006). So, the invasive species
transforms the environment and this has a positive effect on the invasive species
itself, either directly by exhibiting a positive effect on the fitness of the invader, or
indirectly, by reducing competition with natives, because native species cannot tol-
erate the change in environmental variables. This might result in domination of the
exotic invader (Keane and Crawley 2002). Here below, we present some examples of
exotic invaders for which it has been shown that the modified a-biotic variable has a
negative effect on native species, resulting in a positive effect on the invader. 

An early study on impacts of invaders on their new habitat considered habitat
modification by the common iceplant (Mesembryanthemum crystallinum), native to
the Namibian desert in South-Africa, but invasive to the US and Australia (Vivrette
and Muller 1977, Bohnert and Cushman 2000). Presence of the common iceplant
increases soil salinity, because of salt leakage from its senescent tissue (Kloot 1983).
The common iceplant is able to withstand high levels of soil salinity, because under
such conditions it can switch to Crassulacean Acid Metabolism (CAM). CAM allows
the plant to keep the stomata closed during the day, which enables a much more effi-
cient use of water (Bohnert and Cushman 2000). High salinity levels are tolerated by
the iceplant itself, but will exclude native species that lack the possibility to switch
to CAM (Vivrette and Muller 1977, Bohnert and Cushman 2000). Similar mecha-
nisms are used by other plant species as well and often enables them to invade and
dominate in large areas, as long as salt levels are sufficiently high (Wilson and
Agnew 1992). 

A more homogeneous species composition has been described to result from alter-
ation of fire-regimes, induced by alien grasses, with detrimental effects on the native
community (D'Antonio and Vitousek 1992, Brooks et al. 2004). The alien grass often
changes fuel properties, for example by producing large amounts of dead biomass,
thereby inducing changes in fire intensity, size or frequency (D'Antonio and
Vitousek 1992, Brooks et al. 2004). The grass life-form allows rapid re-growth after
the fire, whereas other species, especially tree species, are less resistant to fire and
recover more slowly (D'Antonio and Vitousek 1992). In this respect the grass consti-
tutes a positive feedback with the changed fire regime and, similar to the example of
the iceplant, the invasive grass takes over the community, being the only species that
can withstand the new stressful conditions. Many other invasive species might
initiate one-way negative interactions by altering different ecosystem properties. For
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example many stands of invasive tree species lack an understorey community due to
lowering of water tables (Zavaleta 2000) and excretion of toxic substances by dead
leaves (Souto et al. 1994). However, the ecology of these species has not been put in
this perspective so far. 

These examples illustrate that one-way interactions by the engineer are highly
asymmetrical as predicted by Jones et al. (1997). Because of the resulting positive
feedback loop, there is no direct limit to expansion of the invader (Wilson and
Agnew 1992), explaining why exotic species that are strong ecosystem engineers can
become the dominant species in a community, resulting in loss of native species.
Concluding, alteration of ecosystem properties is a successful mechanism promoting
invasions and this might result in a more homogeneous landscape, where the inva-
sive species is dominant. 

Negative interactions by two-way ecosystem engineering
inducing patchiness

Ecosystem engineering might be a rather unbalanced process in the case of one-way
negative interactions exerted by invasive species. In case of two species transforming
the same environmental variable in the opposite direction, engineering actions
might create a mosaic of different patches, preventing habitat take-over of a single
species. Such a balanced interaction is similar to the so-called ‘symmetric switch’ as
introduced by Wilson and Agnew (1992). They defined a symmetric switch as “com-
munity X changes an environmental factor in its patches, and community Y simulta-
neously changes the same factor but in the opposite direction”. This is what we
defined as two-way negative interactions by ecosystem engineering and from now
on we will on refer to it as ‘two-way interactions’. 

Although Wilson and Agnew (1992) propose two-way interactions to exist, they do
not give a conclusive example illustrating the idea. Recently, two papers emerged that
show clear cases of two-way interactions mediated by the environment (Eppinga et
al. 2007, van Wesenbeeck et al. 2007a). In both these papers, a species or functional
group of species changes an environmental property to its own benefit, while anoth-
er species or functional group of species changes the same property in the exact
opposite direction possibly to its own benefit as well. Thus, both species change an
environmental variable in a direction that is favorable for itself, but unfavorable for
the other species, resulting in exclusion of the other species from occupied patches. 

An example of a two-way interaction comes from the interface of salt marsh-
es and intertidal flats, where English cordgrass and lugworms transform sediment
properties in opposite directions (Figure 4.2A). The English cordgrass Spartina angli-
ca locally decreases current velocities, resulting in an increase in silt input, sedi-
ment compactness, bulk density and elevation, which is positive for plant growth as
submergence time is decreased and nutrients input is increased (Ranwell 1964,
Castellanos et al. 1994, Cahoon et al. 1996). The lugworm Arenicola marina has an
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exact opposite effect on sediment composition, as it stimulates output of silt from
the system by bioturbation of sediment (Krüger 1959, Cadée 1976, Levinton 1995,
Riisgard and Banta 1998, Goni-Urriza et al. 1999, Reise 2002), which is positive for
the lugworm itself as high silt contents restrict the capacity of the lugworm to pump
water through the sediment (Meysman et al. 2005). However, silt output is expected
to have an adverse effect on Spartina establishment and growth. On this interface
between salt marshes and intertidal flats species co-occur on a landscape scale of
hundreds of meters, but on local scales of several meters they occur spatially sepa-
rated in patches that they create themselves by transforming the environment (van
Wesenbeeck et al. 2007a). Thus, on local scales both species exclude each other by
transforming environmental conditions, resulting in a patchy landscape on land-
scape scales.

A similar example originates from bog systems (Figure 4.2B). Sphagnum and vas-
cular plants modify several environmental factors in opposite directions, stimulating
their own growth, but repressing growth of the other functional group (Eppinga et al.
2007). Sphagnum promotes a higher water table (van Breemen 1995) and lowers
nutrient availability for vascular plants (Malmer et al. 1994, Malmer et al. 2003),
whereas vascular plants induce lower water tables (Ingram 1983, Marschner 1995,
Frankl and Schmeidl 2000) and higher nutrient levels (Rietkerk et al. 2004b, Wetzel
et al. 2005), which they prefer. These two-way effects amplify slight initial differ-
ences in landscape variation, into the formation of sharply bounded patches of vas-
cular plant-dominated hummocks and Sphagnum-dominated hollows (Belyea and
Clymo 2001, Rietkerk et al. 2004b, Eppinga et al. 2007). Although these different
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A B

Figure 4.2. Patchy ecosystems with two ecosystem engineers that modify the environment in
opposite directions. A. Salt-marsh pioneer zones where Spartina and Arenicola modify silt con-
tent and stability of the sediment (photograph by: B.K. van Wesenbeeck), B. Peatlands in
Argentina with separated patches of Spaghnum imbricatum and Carex magellanicum (photo-
graph by: E. Adema).
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micro-environments alternate on a spatial scale of meters, they can differ substan-
tially in environmental conditions (Bragazza et al. 1998, Gunnarsson and Rydin
1998, Malmer et al. 2003). 

These examples illustrate that patchiness is not necessarily the result of underly-
ing abiotic heterogeneity, but it could be the result of two-way negative interactions
between species or functional groups of species that modify an initially relatively
homogeneous habitat in opposite directions. Concluding, two-way negative interac-
tions may alter habitat conditions in opposite ways, inducing a symmetric switch
that creates a mosaic of contrasting communities (Wilson and Agnew 1992). Such
mosaics have been linked with alternative stable states (Wilson and Agnew 1992),
but in theory a one-sided positive feedback can also induce alternative stable states
(Scheffer and Carpenter 2003). For diversity, patchiness means a more heterogeneous
habitat, which could possible lead to an increase in diversity on ecosystem-scales. 

Future challenges and Conclusions

The utility of the ecosystem engineering concept depends on knowing when habitat
modification needs to be explicitly considered, as a potential underlying cause for
observed patterns (Hastings et al. 2007). Evidence is growing that negative species
interactions through habitat modification can act as an important structuring force
in a large variety of ecosystems. The various examples discussed in this paper partic-
ularly show that negative interactions by habitat modification may induce positive
feedbacks that have a large structuring effect in ecosystems, also by affecting com-
munity interactions. More specific, one-way negative interactions may act as a possi-
ble mechanism facilitating species invasions, resulting in more homogeneous
species assemblages. Also, two-way negative interactions may structure ecosystems
by triggering spatial heterogeneity through patchiness. To identify such causal rela-
tionships and evaluate implications of ecosystem engineering into more detail, there
is a need for combined field experiments and mathematical modeling. 

Until now, incorporation of habitat modification in mathematical modeling has
been surprisingly limited (Hastings et al. 2007). Further progress in this area could
stimulate the development of theory on the importance of habitat modification as
compared to biotic interactions and resource competition (see box 2). Furthermore,
our examples illustrate the need for a multispecies approach in evaluating effects of
ecosystem engineering, as opposed to estimating effects of single species upon their
environment. A multispecies approach will also reveal interactive effects that may
arise. These different avenues of research could increase our understanding of the
role of habitat modification in determining community structure, specifically with
respect to exotic invasions and ecosystem patchiness. Such better understanding
may be particularly helpful to increase the success of restoration efforts to eradicate
exotic invaders (Byers et al. 2006, Hastings et al. 2007), and to predict the response
of patchy ecosystems to future global change (Rietkerk et al. 2004a).
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Box 2
Extending models of community organization with negative interactions

by habitat modification

Generally, it is assumed that physical stresses and relieve from these physical
stresses (facilitation) structure communities in stressful environments (Menge
and Sutherland 1976, 1987, Bertness and Callaway 1994). Under less stressful
conditions competition and predation are considered important structuring
forces (Menge and Sutherland 1976, 1987) (Figure B2.1). Recently, ecosystem
engineering is incorporated into these models of community organization (Crain
and Bertness 2006). Where would negative interactions between species via the
environment fit in these models? 

Positive feedback switches and ecosystem engineering are typically linked
with communities under stressful conditions, where it is of main importance to
ameliorate a-biotic conditions (Jones et al. 1994). Hence, negative interactions
by ecosystem engineering might in particular apply to communities in stressful
habitats, where other negative interactions, such as competition for resources,
are thought to be trivial. This would actually simplify models of community
structure along stress gradients with the generalization that under stressful con-
ditions species interactions, negative or positive, are mediated by the environ-
ment (Figure B2.1). Consequently, direct interactions between species, such as
predation and associational defenses, would be the main determinant of com-
munity structure under more benign conditions (Crain and Bertness 2006). 
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Figure B2.1. A simplification of community assembly models. Direct species interactions,
such as predation or associational defenses, might play a dominant structuring role in com-
munities, with low stress (dark gray). With high stress conditions indirect species interac-
tions, mediated by the environment, such as facilitation or negative effects of ecosystem
engineering, might be the dominating force structuring a community (black). Competition
may still be the dominant process with intermediate stress levels, coinciding with the tradi-
tional Menge-Sutherland model (1976, 1978, light gray).  
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