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Abstract

Question: Do herbivory and the presence of a dominant grass competitor

interactively affect herbaceous communities and assembly rules in a SWAtlantic

salt marsh?

Location: Upper salt marsh, Mar Chiquita coastal lagoon, Argentina.

Methods: We performed a field factorial experiment over 4 yr to evaluate the

separate and interactive effects of (1) herbivory and (2) competition with the

dominant grass species (i.e. Spartina densiflora) on the salt marsh subordinate

plant community. The factorial design includes dominant grass removal and

herbivory manipulation.

Results: Our results show that herbivory and presence of the dominant com-

petitor interactively affect subordinate plant cover and diversity. Results further

indicate that, in the presence of the dominant competitor, patch-to-patch varia-

tion in subordinate species composition is lower than expected at random, a

result consistent with the expected outcomes of deterministic exclusion

following light competition. Removal of the dominant grass nevertheless led to

patch-to-patch dissimilarity in subordinate species composition, far from the dis-

similarity expected at random, indicating increased importance of deterministic

processes that drive communities to diverge.

Conclusion: Our results show that the conditional effect of herbivory on plant

diversity can be determined by the presence of a single plant species. Dominant

plant species, in addition, may not only affect plant species diversity by

determining the number and identity of subordinate species in a given patch

(i.e. a-diversity) but also by affecting spatial variability through habitat

homogenization.

Introduction

Understanding the ecological processes that determine bio-

logical diversity is one of the major goals of community

ecology (Levine & HilleRisLambers 2009). Early ecological

theory interpreted local species diversity as a consequence

of stochastic and historical accumulation of species

through colonization and extinction dynamics (see

MacArthur 1965; MacArthur & Wilson 1967). Later, with

the rise of population ecology, with a focus on negative

interactions, local diversity started to be perceived either as

a result of competition/niche partitioning processes

(MacArthur 1972; Auerbach & Shmida 1987), as a result

of a top-down control performed by consumers (Hairston

et al. 1960; Paine 1966; McNaughton 1985), or as a

combination of disturbance and competition (Dayton

1971; Platt 1975). After three decades of intense theoreti-

cal and empirical work, there is now increasing acceptance

that diversity of natural communities is determined by a

combination of different stochastic (including coloniza-

tion/extinction dynamics, ecological drift and dispersal

dynamics; see Chase et al. 2009) and deterministic (in-

cluding competition, trophic interactions, physical stress

and facilitation, among others) forces acting and interact-

ing together.

Among the deterministic forces that can affect commu-

nity structure, interspecific competition for a limiting

resource can act as a strong filter, determining which spe-

cies of the regional pool can be present, thus establishing

local communities with limited memberships (Grime
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1973; Kunstler et al. 2012). If species in the regional pool

differ in their competitive ability for different resources,

local communities will be occupied by the subset of species

that are competitively superior in the context of the local

resource conditions (Tilman 1982; Keddy & Shipley 1989).

One of the most clear-cut examples of competitive exclu-

sion occurs in plant productive systems, where above-

ground competition for light is intense. In these systems,

light availability is reduced by fast-growing taller species

that preempt the resource (Grime 1973; Tilman 1982). The

lack of ground-level light usually drives the exclusion of all

but a few subordinate species that, through specific adapta-

tions, are capable of tolerating extremely low resource

levels (Hautier et al. 2009).

Herbivory is also recognized as a deterministic filter that

can affect the structure of plant communities (Olff &

Ritchie 1998). Herbivory effects on plant diversity, how-

ever, can vary from positive (by removing plant biomass

and decreasing light competition, herbivores allow subor-

dinate species to survive) to negative (by consuming palat-

able species, herbivores can generate low diversity patches

dominated by the subset of non-palatable or herbivore-

resistant species). The contrasting effects of herbivores on

different systems are thought to be driven by levels of pro-

ductivity (i.e. competition intensity; Olff & Ritchie 1998;

Proulx & Mazumder 1998; Osem et al. 2002) and size of

herbivores (i.e. small herbivores are usuallymore selective;

Olff & Ritchie 1998; Edwards & Crawley 1999; Bakker

et al. 2006). The effect of herbivory on plant community

assembly is, thus, strongly tied to the levels of plant compe-

tition (Olff & Ritchie 1998; Bakker et al. 2006). Although

the effect of herbivory on plant diversity under different

competition intensities has previously been explored

either in productivity gradients (Bakker et al. 2006) or by

manipulating soil fertility (Borer et al. 2014), experimental

evidence from studies that jointly and directly manipulate

the presence of dominant competitors and herbivores is

scarce. This is especially important in systems where there

is a clear dominant competitor (which practically monopo-

lizes the resources) because competition intensity is set by

this single species.

Competition and herbivory were traditionally seen as

niche-based processes, but their effect on plant diversity

can be mediated by both deterministic (i.e. related to

niche) and neutral processes (Tilman 2004; Adler & Drake

2008; Orrock & Watling 2010). Competitive exclusion, for

instance, can be either deterministic or neutral in terms of

the identity of excluded species (Segre et al. 2014). Deter-

ministic exclusion occurs when the identity of the

excluded species is related to its capacity to tolerate low

resource levels, whereas neutral exclusion occurs when

the identity of the excluded species is random (Segre et al.

2014). For example, as productivity increases, the loss of

short plant species as a group is deterministic, but which of

those species disappears in a given patch can be random

(Alberti et al. 2017). Similarly, consumers can determinis-

tically reduce the number of species by removing non-

tolerant species (Chase et al. 2009; Germain et al. 2013),

but they can also increase the importance of neutral pro-

cesses by relaxing competitive exclusion (Segre et al. 2014;

Alberti et al. 2017). Thus, the interaction between compe-

tition and herbivory can potentially affect plant species

diversity not only as direct deterministic forces but also by

influencing the relative importance of deterministic and

neutral processes in community assembly.

Here we evaluated how herbivory and the presence of a

dominant grass competitor affect herbaceous diversity and

assembly rules in a SW Atlantic salt marsh. Salt marshes

are environments that experience strong abiotic forces

(Ewing 1983; Bertness 1998) and are commonly domi-

nated by a single species. The presence of the dominant

species can, nevertheless, sometimes buffer environmental

conditions and facilitate the survival of other herbaceous

subordinate species (Bertness & Shumway 1993; Hacker &

Bertness 1999; Callaway & Pennings 2000). Plant species

diversity is thus usually a balance between competitive

and facilitative processes with the dominant species

(Bertness & Shumway 1993; Callaway & Pennings 2000).

Although subordinate species usually depend on the pres-

ence of herbivores that generate and maintain patches

with low dominant cover (Bakker et al. 1993; Gough &

Grace 1998; Kuijper & Bakker 2003; Daleo et al. 2014),

they can also be negatively affected by strong herbivore

pressure (Ungar 1998). We hypothesize that the presence

of the dominant plant species negatively affects subordi-

nate cover but positively affects subordinate diversity (as

the dominant halophyte ameliorates environmental stress

– the major deterministic filter – allowing most of the spe-

cies present in the regional species pool to survive). We

also hypothesize that, by decreasing cover of the dominant

species, herbivores positively affect subordinate cover and

diversity (by concomitantly increasing light availability).

Finally, we hypothesize that in the absence of the domi-

nant species, herbivores will become a deterministic filter,

decreasing subordinate cover and diversity.

Methods

Study site

The study was performed in an extensive salt marsh

located at the mouth of the Mar Chiquita coastal lagoon

(Argentina; 37°320 S, 57°190 W). This lagoon is affected by

semi-diurnal microtides (<1 m) and is characterized

by bare mudflats in the low intertidal zone followed by

marshes of the cordgrass Spartina densiflora at intermediate

elevations. An extended plant community, characterized
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by a matrix of S. densiflora inter-mixed with other

halophytes (such as Sarcocornia perennis, Limonium brasi-

liense and the saltgrass Distichlis spicata) as well as herb spe-

cies (such as Cressa truxillensis, Acmella decumbens, Conyza

bonariensis, Apium sellowianum and Picris echioides, among

others) can be found in the upper salt marsh (Alberti et al.

2011; Daleo et al. 2014). We focus on the assemblage of

these herbaceous subordinate species. In this zone, the

dominant herbivores are wild guinea pigs (Cavia aperea),

which exert strong control on plant production, diversity

and successional trajectories (Alberti et al. 2011; Daleo

et al. 2014; Pascual et al. 2017) by consuming not only the

dominant cordgrass S. densiflora but also other subordinate

plant species (Vicari et al. 2002; Alberti et al. 2011; Daleo

et al. 2014).

Experimental set up

We conducted a fully factorial experiment to evaluate the

separate and interactive effect of competition with the

dominant grass species (i.e. S. densiflora) and herbivory on

the subordinate plant community. Our factorial design

includes dominant grass removal (with and without

S. densiflora removal) and herbivory manipulation (with

and without herbivore exclusion). Given the variability

and patchy nature of herbivory pressure, herbivorymanip-

ulation was implemented in a split-plot design (i.e. domi-

nant competitor removal factor was implemented using

0.7 9 1.5-m plots that were then divided into two

0.7 m 9 0.7-m subplots with a 0.1 m buffer between

them). This plot size is consistent with the size of natural

patches observed in the field (Alberti et al. 2011). Each

treatment combination was replicated six times (for a total

of 12 plots and 24 subplots). Dominant competitor removal

was implemented by removing S. densiflora above-ground

biomass and rhizomes using scissors, minimizing the

impact on sediment structure (see Daleo et al. 2014). This

removal was implemented at the beginning of the experi-

ment in Jan 2010, and repeated every 3 mo (when neces-

sary) during the first year. Subsequent maintenance of

treatments consisted in the removal of sporadic seedlings if

present. Herbivore exclusion subplots were surrounded

with a plastic mesh (10 mm opening) fence 0.6-m high

supported by iron stakes. Similar exclosures have been

widely used in this system, and the use of cage controls

revealed that there are no associated cage artifacts (Alberti

et al. 2007, 2010; Daleo et al. 2007, 2009, 2014). The

experiment ran for over 4 yr (from Jan 2010 to Apr 2014).

At the end of the experiment, cover was visually estimated

at each plot to the nearest 1% for each species. Cover was

estimated independently for each species (thus, total

summed cover can exceed 100% for multilayer canopies).

The complete list of plant species found at the end of the

experiment is given in Table 1. To evaluate if the effects of

herbivory and competition on plant diversity are mediated

by light availability (see Borer et al. 2014), photosynthetic

active radiation (PAR) was measured above the vegetation

and at the soil surface in each plot. PAR availability at the

soil surface was estimated as the ratio between PAR at the

soil surface and PAR above the vegetation.

Statistical analyses

The effects of herbivory and competition on subordinate

plant cover and species richness, as well as on PAR avail-

ability, were modelled using LMEMwith the lmer function

from the lme4 package (Bates et al. 2015) in R 3.1.2 (R Core

Team 2014). Herbivory and competition were treated as

fixed factors, whereas plot was treated as random factor to

reflect the split-plot nature of the design. Visual inspection

of residual plots did not reveal any obvious deviations from

homoscedasticity or normality. The final model was

selected using the likelihood ratio test (always consistent

with the AIC criterion) following Zuur et al. (2009). The

effect of herbivory on dominant plant cover was analysed

with a paired t-test.

To discriminate whether the effects of experimental

treatments on subordinate diversity were due to differ-

ences in the underlying assembly mechanisms (i.e. the rel-

ative contribution of neutral and deterministic forces), we

used a null model approach based on the Raup-Crick met-

ric (Raup & Crick 1979). Raup-Crick metric modification,

proposed by Chase et al. (2011), provides a metric that

ranges from �1 to 1, with negative values indicating com-

munities sharing more species than expected at random,

positive values indicating communities sharing fewer spe-

cies than expected at random, and zero values indicating

communities that share exactly the number of species as

expected at random. As this metric becomes less similar to

0 (either positive or negative), the relative importance of

deterministic processes increases (because the community

structure is less likely explained by chance). Values

approaching �1 (more similar than expected at random)

reflect treatments that allow replicates to converge (homo-

geneous environmental filtering), while values approach-

ing 1 (less similar than expected at random) reflect

processes that allow replicates to diverge (heterogeneous

environmental filtering). It is important to note that this

null model approach was not intended to disentangle or

manipulate the neutral and deterministic processes per se

but only to evaluate if the community assembly process is

more deterministic or more neutral. This was done

through exploring whether replicates of a treatment are

more or less similar to expectations from a null model

obtained by randomly sampling species from the regional

pool (Chase et al. 2011).
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A null model was constructed by performing a

probability-based randomization, in which randomly gen-

erated species composition and cover were assembled for

each sampling unit (i.e. subplot) by sampling from the total

species pool (estimated as the list of species observed in all

sampling units) under four constraints: (1) the number of

species of the randomly generated sample equals the num-

ber of species actually observed in the subplot, (2) the

probability of occurrence (i.e. probability of being present

in a subplot) for a given species was proportional to its

observed total occurrence frequency (i.e. the proportion of

subplots where this species was actually observed), (3) the

total abundance of the randomly generated sample equals

the total abundance actually observed in the subplot, and

(4) the abundance probability for each species in the ran-

domly generated sample was proportional to its observed

total abundance. For all possible pairs of subplots, species

composition of each subplot was probabilistically gener-

ated 9999 times. Bray-Curtis dissimilarity index between

subplots was measured for each iteration, and the resulting

metric was the proportion of iterations in which the index

was smaller or equal to the actual observed Bray-Curtis

dissimilarity index between that pair of subplots (Chase

et al. 2011; Stegen et al. 2013). Finally, the metric was

standardized to range from �1 to 1 by subtracting 0.5 and

multiplying by 2 (Chase et al. 2011). Hereafter we call this

metric the RC metric. Given that all pair-wise

combinations of subplots were calculated, the resulting dis-

tance matrix, based on the deviations from the species

compositions expected by chance, can be analysed using

the same set of statistical methods used for many other

pair-wise indices of dissimilarity (see Chase et al. 2011). To

evaluate the effects of herbivory and competition on the

balance between neutral and deterministic processes gov-

erning herbaceous plant community assembly, an analysis

of multivariate homogeneity of group dispersions (Ander-

son et al. 2006), based on the dissimilarity matrices con-

structed with RC metric (using 1999 permutations), was

performed. Significant results indicate that at least one

treatment differs from another in its RC metric (i.e. differs

in the relative importance of deterministic and neutral pro-

cesses in community assembly). We performed this analy-

sis using the betadisper and permutest functions from vegan

package (Oksanen et al. 2015) in R.

Results

Changes in subordinate species cover and richness

After 4 yr of the experiment, the net effect of S. densiflora

on subordinate herbaceous species cover was clearly nega-

tive, suggesting a strong competitive interaction (see

Fig. 1a). Removal of S. densiflora increased subordinate

Table 1. List of herbaceous species observed

in the experiment. Presence was estimated as

the number of subplots (total = 24) where a

given species was present.

Species Name Family % Cover (Mean � SE) Presence

Apium sellowianum Apiaceae 6.75 � 1.28 19

Carduus acanthoides Asteraceae 0.21 � 0.21 1

Carduus nutans Asteraceae 0.21 � 0.21 1

Conyza bonariensis Asteraceae 1.00 � 0.47 10

Gamochaeta americana Asteraceae 1.08 � 0.50 5

Hypochaeris radicata Asteraceae 2.17 � 0.73 11

Pluchea sagittalis Asteraceae 2.71 � 1.04 6

Senecio selloi Asteraceae 1.37 � 0.57 6

Sonchus asper Asteraceae 0.42 � 0.42 1

Atriplex montevidensis Chenopodiaceae 0.83 � 0.83 1

Sarcocornia perennis Chenopodiaceae 6.96 � 2.10 16

Cressa truxillensis Convolvulaceae 2.54 � 1.27 8

Carex vixdentata Cyperaceae 1.67 � 0.53 9

Melilotus officinalis Fabaceae 0.72 � 0.47 4

Blackstonia perfoliata Gentianaceae 0.08 � 0.08 1

Plantago myosurus Plantaginaceae 0.54 � 0.36 3

Limonium brasiliense Plumbaginaceae 0.42 � 0.31 2

Cortaderia selloana Poaceae 2.46 � 1.38 5

Distichlis spicata Poaceae 4.08 � 1.41 12

Imperata brasiliensis Poaceae 0.21 � 0.21 1

Polypogonmonspeliensis Poaceae 6.62 � 3.19 8

Poa lanigera Poaceae 9.17 � 3.84 7

Polygala pulchella Polygalaceae 1.29 � 0.72 4

Samolus valerandi Primulaceae 0.25 � 0.15 3

Unidentified grass Poaceae 0.50 � 0.42 2
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plant species cover by 114% when herbivores were

present, but this increase reached 812% when herbivores

were excluded (Competition 9 Herbivory: v1 = 23.3,

P = 0.0001; Fig. 1a). In plots dominated with S. densiflora,

herbivory exclusion significantly increased S. densiflora

cover from nearly 60% to >90% (paired t-test, t = 2.6,

df = 11, P < 0.05) but decreased subordinate herbaceous

cover from about 30% to about 10% (see Fig. 1a). In con-

trast, when S. densiflora was removed, exclusion of herbi-

vores increased subordinate herbaceous cover from about

65% to almost 100% (C 9 H: v1 = 23.3, P < 0.0001;

Fig. 1a). The same pattern was observed for subordinate

species richness: removal of S. densiflora increased subordi-

nate species richness to a higher degree when herbivores

were absent (232%) than when herbivores were present

(41%; C 9 H: v1 = 21.8, P < 0.0001; Fig. 1b). The effect

of herbivores on subordinate species richness was depen-

dent on the presence of S. densiflora: while herbivory

exclusion decreased subordinate richness by about 50%

when S. densiflorawas present, it increased it by 20%when

S. densiflora was removed (Fig. 1b). As expected, removal

of S. densiflora increased PAR availability at ground level by

around 140% (C: v1 = 14.2, P < 0.0001; Fig. 1c) and her-

bivory exclusion decreased it by about 50% (H: v1 = 20.2,

P < 0.0001; Fig. 1c) but there was no interaction between

factors (C 9 H: v1 = 0.82, P = 0.37; Fig. 1c).

Changes in dissimilarity and the balance between

neutral and deterministic forces

The relative contribution of neutral and deterministic

forces (RC metric) differed among treatments (pseudo-

F3,20 = 5.06, P = 0.0095; Fig. 2). Pair-wise comparisons

showed that there were two different groups determined

by the presence or absence of S. densiflora, without an

apparent effect of herbivory (see Fig. 2). In other words,

independent of the presence of herbivores, removal of the

dominant competitor led to a significant increase in RC

metric from negative to positive values. Thus, we further

conducted separate analyses of multivariate homogeneity

of group dispersions, one for eachmain effect (i.e. competi-

tion and herbivory). The analyses showed that competition

significantly affected RC metric (pseudo-F1,22 = 22.4,

P = 0.0005) but there was no effect of herbivory (pseudo-

F1,22 = 0.12, P = 0.64). Although species compositions

were more similar than expected at random when S. densi-

florawas present (RC = �0.33 � 0.07), theywere less sim-

ilar than expected at random in plots where S. densiflora

was removed (RC = 0.58 � 0.06). To evaluate whether

the net deviation from purely neutral communities was

the same between treatments with and without S. densi-

flora (regardless of the contrasting direction in the devia-

tion), we used the absolute value of RC metric to examine

Fig. 1. Effect of competition with the dominant grass S. densiflora and

herbivory on subordinate plant species cover (a) and richness (b) as well

as on PAR availability (c). Bars are means � SE.

Fig. 2. Mean (�SE) Raup-Crick metric (RC metric) within-treatment. This

metric ranges from �1 to 1 and indicates whether a pair of plots are less

similar (approaching 1), as similar (approaching 0), or more similar

(approaching �1) than a pair of plots randomly assembled by sampling

species from the regional pool. Differences between treatments are

evaluated using the analysis of multivariate homogeneity of group

dispersions, in which non-Euclidean distances between objects and group

centroids are handled by reducing the original distances to principal

coordinates.
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multivariate homogeneity of group dispersions. This

analysis showed that the absolute deviation from neutral

communities did not differ significantly between the two

treatments (pseudo-F1,22 = 2.46, P = 0.16).

Discussion

Our results show that herbivory and competition interac-

tively affected subordinate plant communities; whereas

exclusion of herbivores increased dominance of S. densi-

flora and decreased the cover and richness of subordinate

species, removal of S. densiflora positively affected both

variables. Nonetheless, the subordinate plant community

reached its highest cover and richness when both S. densi-

flora was removed and herbivores were excluded simulta-

neously. Results further indicate that competition with the

dominant grass made patch-to-patch subordinate species

composition more similar than expected at random, a

result consistent with the expected outcomes of determin-

istic exclusion following light competition. The removal of

the dominant grass, however, led to higher divergence

than expected at random in subordinate species composi-

tion. The absolute deviation from neutral communities,

indeed, was similar in the presence or absence of S. densi-

flora, suggesting that the balance between deterministic

and neutral processes is similar in both situations.

Effect of competition and herbivory on subordinate

cover and species richness

Salt marshes are systems characterized by the presence of

strong environmental limiting factors for plant growth,

such as salinity and anoxia (Pennings & Bertness 2001).

Once established, however, stress-tolerant plant species

can facilitate the survival of other less tolerant herbaceous

species by buffering harsh environmental conditions (Call-

away & Pennings 2000). However, dominant species can

also decrease resource availability for subordinate species

(Bertness & Shumway 1993; Hacker & Bertness 1999).

Thus, salt marsh plant diversity is usually a balance

between competitive and facilitative processes (Hacker &

Bertness 1999). Our results show that competition for light

seems to play a larger role than facilitation in our system,

as removal of the dominant grass led to significant

increases in light availability as well as in subordinate plant

cover and richness. Herbivory exclusion, in turn, increased

dominance, decreased light availability and decreased both

subordinate cover and richness. Nevertheless, the effects of

both factors were not additive but interactive: when they

occurred simultaneously, removal of the dominant com-

petitor and exclusion of herbivores drove higher subordi-

nate biomass and richness. These results suggest that: (1)

the net effect of S. densiflora on subordinate plants is

negative (the dominant grass competitively excludes some

subordinate species); (2) herbivores have an indirect posi-

tive effect on subordinate growth by decreasing S. densi-

flora dominance and increasing light availability (see Borer

et al. 2014); and (3) without S. densiflora, herbivores have

a negative effect on subordinate species.

Herbivores can either increase plant species diversity by

decreasing light competition (Olff & Ritchie 1998; Borer

et al. 2014) or decrease it by consumption and eradication

of palatable species (see Olff & Ritchie 1998). As pointed

out earlier, these contrasting effects are thought to be dri-

ven by levels of productivity (i.e. if the intensity of light

competition is high, the net effect of herbivores on plant

diversity is positive; Olff & Ritchie 1998; Osem et al. 2002;

Bakker et al. 2006; Hillebrand et al. 2007) and size of her-

bivores (i.e. small herbivores are more selective than large

herbivores and can differentially affect more palatable spe-

cies; Olff & Ritchie 1998; Edwards & Crawley 1999; Bakker

et al. 2006). Our results show that the outcome of her-

bivory on plant diversity can also be influenced by the

presence of a single dominant plant species: when the

dominant competitor was present, herbivory decreased

(probably light) competition strength, allowing subordi-

nate species to survive, but in the absence of the dominant

competitor, herbivory removed some species from the sys-

tem, decreasing diversity. Thus, the intensity of competi-

tion, determined by fertility gradients or by the presence or

not of a single plant species, may still hold as the main con-

trol of the effect of herbivores on plant diversity.

For a long time, the only important factors in determin-

ing salt marsh community structure were thought to be

abiotic stress and nutrient competition (Pomeroy &

Wiegert 1981; Adam 1993), but herbivory is now also con-

sidered as a force strong enough to influence salt marsh

functioning (Silliman et al. 2005; Jefferies et al. 2006).

Herbivory can play a major role in determining salt marsh

plant diversity by slowing down successional dynamics

and suppressing re-colonization of the dominant marsh

grasses, thus allowing subordinate species to survive in dis-

turbed patches (Bakker et al. 1993; Kuijper & Bakker

2003; Daleo et al. 2014). Here we show that even in undis-

turbed patches herbivores can decrease dominance,

positively affecting plant diversity.

Effects of herbivory and competition on the role of

stochastic and deterministic forces in salt marsh plant

assembly

Communities assemble through a combination of neutral

processes that make environmentally similar communities

diverge, and deterministic processes that make environ-

mentally similar communities converge (Chase et al.

2009). One might think that biological interactions
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associated with the niche concept, such as competition or

predation/herbivory, would act as clear deterministic bio-

logical filters that, by decreasing the number of species that

can exist in a given locality, drive community convergence

(Chase 2007). There is, nevertheless, increasing evidence

that those interactions can drive either convergence or

divergence of environmentally similar communities (see

Chase et al. 2009; Segre et al. 2014). Consumers (i.e.

predators or herbivores), for example, can increase the

importance of deterministic processes (i.e. increasing con-

vergence of prey assemblages) by driving sensitive species

to extinction (stochastic variation in species composition

is less likely to occur in smaller, consumer-filtered species

pools; see Chase et al. 2009; Alberti et al. 2017). But

consumers can also increase the importance of neutral

processes (increasing divergence) by decreasing the domi-

nance of competitively superior species, by decreasing

the number of individuals that can live in a given locality

(Orrock & Fletcher 2005) or even by increasing the prob-

ability of random local extinctions (Ryberg & Chase

2007; Chase et al. 2009). Similarly, competition usually

drives decreases in the number of species in a given local-

ity. But this competitive exclusion can be either deter-

ministic (species not capable of tolerating low resource

levels are excluded) or neutral (the identity of excluded

species is random; Segre et al. 2014). Our results show

that the presence of the dominant plant S. densiflora

decreases the number of subordinate species and leads

species assemblages to converge, a result compatible with

the expected outcomes of deterministic exclusion follow-

ing light competition (see Segre et al. 2014). However,

we also found that RC metric was higher than expected

at random when S. densiflora was removed, indicating an

increased importance of processes that drive community

divergence far from the null model expectation (see

Myers et al. 2015). In this context, in a recent work, Guo

et al. (2014) argued that the higher b-diversity (i.e. dif-

ference in species composition or divergence between

patches) observed in NW Atlantic salt marshes is related

to high heterogeneity of microhabitats that act as strong

deterministic forces. Thus, the decrease in RC metric in

the presence of S. densiflora may not only be related to

deterministic competition but also to decreases in the

importance of habitat heterogeneity as a filter (see also

Myers et al. 2015). Clonal plants, such as S. densiflora,

have a clear advantage in heterogeneous habitats (Hutch-

ings & Bradbury 1986; Wijesinghe & Handel 1994) and

their presence may be capable of buffering environmen-

tal conditions as well as driving light availability to

become the main limiting factor. Hence, the presence of

this dominant plant may negatively affect subordinate

species diversity not only by decreasing the number of

species present in a give patch (i.e. a-diversity) through

competition, but also by decreasing patch-to patch varia-

tion in species composition through habitat homogeniza-

tion.

In summary, the results show that competition and her-

bivory can interact to set plant community composition;

the presence of a single species can change the sign of the

herbivory effect upon subordinate plant communities.

Results also suggest that the presence of dominant plant

species can affect plant species diversity not only by remov-

ing species through competitive exclusion but also by

decreasing environmental heterogeneity.
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