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Abstract

Questions:Many studies report a decrease of native species richness in commu-

nities after plant invasion by exotic taxa, but the implications of species losses on

community functional structure and ecosystem processes have been less

explored. The questions addressed are: (1) what are the impacts of invasive plant

taxa on the functional structure of the recipient community; and (2) are there

links between such functional structure and ecosystem properties representing

key ecosystem processes?

Location: Costal habitats ofMallorca andMenorca, Balearic Islands, Spain.

Methods: In paired invaded and non-invaded plots, species frequencies and

ecosystem properties related to biogeochemical cycles (soil C and N content, soil

moisture and decomposition rate) were assessed. For every native species we

obtained values of several functional traits (plant height, woodiness, N fixation

and evergreenness). Then we calculated indices of community functional struc-

ture (community-weighted means for each trait; functional diversity: richness,

evenness, divergence and dispersion; and functional redundancy) and com-

pared them between paired invaded and non-invaded plots. The relationship

with ecosystem properties was assessed using GLM.

Results: The spectra of trait distribution changed in the invaded assemblages

towards a higher frequency of woodiness and evergreenness. Invaded commu-

nities showed decreased species richness, and lower functional richness, diver-

gence, dispersion and redundancy. In contrast, ecosystem properties were

scarcely sensitive to invasion. Functional redundancy was negatively related to

soil N of invaded plots and soil moisture in the dry season, which suggests higher

depletion of soil resources when several species share the same combination of

trait values.

Conclusions: Carpobrotus invasion led to a functional homogenization within

communities, which probably reduces their resilience. The functional structure

of the community was more responsive to invasion than the ecosystem proper-

ties. The weak relationship between functional indices and ecosystem properties

suggests that theymay respond to invasion at different rates.

Introduction

Invasive plant species are non-native species which, once

arrived to a new region, are able to establish self-sustained

populations and spread at a fast rate from the introduction

point (Richardson et al. 2000).Many invasive species have

ecological impacts in the area of introduction. The ecologi-

cal impact of invasive species is usually assessed by com-

paring species fitness, community structure or ecosystem

processes between invaded and reference non-invaded

sites (Gaertner et al. 2009; Vil�a et al. 2011; Py�sek et al.

2012; Castro-D�ıez et al. 2014; Kumschick et al. 2015).

One of the most widely used indicators of the ecological

impact is native species richness or diversity, which tends

to decrease in invaded sites (Gaertner et al. 2009; Hejda

et al. 2009; Vil�a et al. 2015). The impact of invasive plant

species has also been evaluated by comparing indicators of

ecosystem processes, mainly nutrient pools and fluxes

1233
Journal of Vegetation Science
Doi: 10.1111/jvs.12429© 2016 International Association for Vegetation Science



(Vil�a et al. 2011; Castro-D�ıez et al. 2014). However, the

link between changes in species diversity and changes in

ecosystem processes is not straightforward (Hooper &

Vitousek 1997; Tilman et al. 1997).

There is a growing consensus that the effects of diversity

on ecosystem processes depend on the functions per-

formed by the different species, rather than on species

number per se (D�ıaz & Cabido 2001; Cadotte et al. 2011;

Hejda & de Bello 2013). This means that the loss of the

same number of species may have different impacts on the

ecosystem processes depending on how relevant and/or

redundant is the function performed by the lost species

(Chapin et al. 1997; Hooper et al. 2005; Oliver et al.

2015). Moreover, the impact of an introduced species to an

ecosystem partly depends on how novel the function of

this new species is in the invaded community (Chapin

et al. 1996; D’Antonio & Corbin 2003; Thuiller et al. 2010;

Castro-D�ıez et al. 2014).

The use of the functional structure of the community as

an indicator of invasion impact may help to bridge the gap

between impacts on species diversity and impacts on

ecosystem processes. The functional structure of the com-

munity is the composition and distribution of functional

groups, i.e. groups of species sharing similar values of traits

(D�ıaz & Cabido 2001; Cadotte et al. 2011; Hejda & de Bello

2013; Finegan et al. 2015). This approach assumes that

ecosystem processes are largely determined by certain

attributes or ‘effect traits’ of the species in the community

(Grime 1998; D�ıaz & Cabido 2001; Lavorel & Garnier

2002). There is a large array of indices to account for differ-

ent aspects of functional structure (Laliberte & Legendre

2010; Casanoves et al. 2011). First, the community-

weighted mean (CWM) of a single trait is the mean value

of that trait across species weighted by their abundance

(Garnier et al. 2004; Violle et al. 2007). CWMs are

expected to determine some properties and processes of

the ecosystems. For instance, CWM of leaf, wood, root or

whole plant traits, have been found to correlate to primary

production, litter decomposition or soil C and N content,

respectively (Garnier et al. 2004; Butterfield & Suding

2013; Finegan et al. 2015). Therefore, changes in CWMs

due to the invasion of non-native plants are expected to

alter ecosystem functioning. Second, the functional diver-

sity of a community (i.e. the variety of trait values in a

community and how they are distributed) has been related

to the efficiency of resource use in plant communities

through the niche complementarity hypothesis (D�ıaz &

Cabido 2001; Filella & Pe~nuelas 2003; Finegan et al.

2015). There are three main multi-trait indices that cap-

ture different aspects of functional diversity (Villeger et al.

2008): functional richness (FRic) is the amount of func-

tional space filled by the community, an analogue of trait

range in multidimensional space; functional evenness

(FEve) is the evenness of abundance distribution in a func-

tional trait space; and functional divergence (FDiv) repre-

sents how abundance is spread throughout the functional

space of the community. In addition, functional dispersion

(FDis) is the mean distance of individual species to the cen-

troid of all species in the multidimensional space defined

by species traits, accounting for their abundances (Lalib-

erte & Legendre 2010). Plant invasions may alter the distri-

bution of traits related to resource use, and therefore

change resource availability in the invaded ecosystem.

Third, functional redundancy (FRedu) of a community is

proportional to the number of species representing the

same function or combination of trait values. Communi-

ties with higher FRedu are considered to be more resilient,

as they have less chance of losing a relevant function upon

the loss of one species (Mouillot et al. 2013; Oliver et al.

2015). Plant invasions may alter FRedu in either direction,

depending on the functional traits of the native species that

are more vulnerable to be displaced, and on whether the

invader’s traits are redundant or not to the traits of the

recipient community.

In spite of the advances to quantify the functional

structure of the community, and the growing evidence of

its relevance to ecosystem processes, little effort has been

made to assess the impacts of non-native plants on the

functional structure of the invaded community (Hejda &

de Bello 2013), and even less to link these impacts with

changes in ecosystem properties (Constan-Nava et al.

2015). We aim to fill these gaps by comparing indices of

functional structure between communities invaded by

Carpobrotus spp. N.E. Br. and non-invaded communities

in the Balearic Islands, Spain. Moreover, several ecosys-

tem properties that can be related to key ecosystem pro-

cesses – specifically nutrient and water cycling – were

assessed to test for their relationship to the functional

structure. Specifically, we address the following ques-

tions: (1) how does invasion by Carpobrotus spp. modify

the CWMs of several selected traits, FRic, FEve, FDiv,

FDis and FRedu; (2) are functional structure indices

related to ecosystem properties; and (3) is this relation

altered by the invasion?

Our hypothesis are: (1) plant invasions modify CWMs,

decrease all indices of functional diversity and functional

redundancy, given that Carpobrotus spp. tend to become

dominant in the community due to prolific mat-forming

clonal growth (Sintes et al. 2007; Roiloa et al. 2010). (2)

CWMs correlate with the ecosystem properties that are

more directly linked to the selected traits. (3) According to

the niche complementary hypothesis, communities with

higher functional diversity take up more soil resources and

thus reduce availability in the soil. (4) Relationships

between functional indices and ecosystem properties are

stronger in non-invaded than in invaded sites because in
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the latter, changes in the community may have not yet

reached equilibriumwith the soil properties.

Methods

Field sampling and ecosystem properties

We used data collected in Mallorca and Menorca, the two

largest Balearic Islands, during spring 2002. Both islands

have been invaded by the South African succulent clonal

chamaephytes Carpobrotus acinaciformis (L.) Bolus and

C. edulis (L.) N.E. Br. These species were introduced as

ornamentals and for erosion prevention and now they and

their hybrids are widely naturalized on coastal rocks, cliffs

and sand dunes (Vil�a et al. 2006; Traveset et al. 2008a,b).

Given that both species are not always distinguished and

share all the functional traits selected in this study (see

below), they were considered as a single invasive taxon,

namely Carpobrotus.

For each island a set of 21 (Mallorca) and 14 (Menorca)

sites were selected across the islands to encompass all

coastal habitat types and soil types where Carpobrotus was

established. Sites were separated by at least 1 km. In each

site, two paired invaded and non-invaded 2 9 2 m plots

was established, giving a total 35 paired plots. Non-invaded

plots were chosen in close vicinity to the invaded ones,

with the aim of having environmental conditions as simi-

lar as possible (Vil�a et al. 2006). In each plot, all species

were recorded and their frequency assessed as the number

of 50 9 50 cm grids where they were present. The average

Carpobrotus frequency in invaded plots was 99.4% and

93.3% inMallorca andMenorca, respectively.

Several ecosystem properties related to nutrient and

water cycles were assessed in each plot, i.e. soil organic C,

soil total N, soil C/N ratio (see details in Vil�a et al. 2006;

Traveset et al. 2008a). In addition, in a randomly chosen

subset of the plots, we estimated soil moisture in the dry

(Jun) and in the wet (Oct) season, and decomposition rate.

Soil moisture was measured using Time-Domain Reflec-

tometry (TDR) sampling at 7 cm soil depth next to the

plots three times per season on non-rainy days. Decompo-

sition was estimated as the loss of weight of three tooth-

picks placed on a 1 mm mesh bag below the litter next to

the sampling plot from Mar to Sept. Toothpicks have been

used as standard material, mimicking the size of plant

stems in the litter, to calculate decomposition capacity of

the soil community.

Plant trait selection and analyses

The values of the functional indices are inherently depen-

dent on the traits used to calculate them. Therefore, trait

selection is a critical step that should adjust to some criteria

(Petchey & Gaston 2006; Villeger et al. 2008): traits must

relate to plant functions relevant to the aim of the study

and should avoid trivial correlations between each other

(Petchey & Gaston 2006; Villeger et al. 2008). In this study

we reviewed the literature for traits relevant to nutrient

andwater cycles. Given the high number of species (189 in

total), which were not covered by most data sets of traits,

we selected four traits available in on-line national or

regional floras (Flora Iberica (www.floraiberica.es), Flora de

Andaluc�ıa Occidental (www.floravascular.com), Flora del

Mediterr�aneo Occidental (herbarivirtual.uib.es), [accessed

July 2014]): plant height, N fixation, woodiness and ever-

greenness. Plant height was an ordinal variable with the

following categories: 1: <0.5 m; 2: 0.5–1.0 m; 3: 1.0–
3.0 m; 4: 3.0–5.0 m; 5: >5.0 m. Tall plants are expected to

invest more in C-rich supporting tissue than short plants,

whichmay have consequences for the C/N of the soil (Cor-

nelissen et al. 1996). Moreover, taller plants tend to send

roots deeper into the soil (Canadell & Zedler 1995) and

have the potential to uplift water from deep to shallow soil

layers (Pe~nuelas & Filella 2003), leading to higher surface

soil moisture during the dry months. N fixation ability

(binomial variable: yes/no) determines the ability of plants

to incorporate atmospheric N into their tissues and then to

the soil (Fustec et al. 2010). Woodiness (binomial variable:

yes/no, depending on whether the stem is partly/totally

lignified or not) was selected as a proxy for the speed of the

nutrient cycles. Lignin, which is an important component

of wood, is a recalcitrant compound which binds with pro-

teins thus affecting the activity of decomposing microor-

ganisms (Gallardo & Merino 1993). Under equal abiotic

conditions, communities dominated by woody plants are

expected to have higher soil C/N and less soil decomposing

activity than communities dominated by non-woody

plants. Finally, evergreenness (binomial variable: photo-

synthetic organs present all year-round or not) was

selected because long-lasting photosynthetic organs should

have a higher proportion of defence and support com-

pounds to the detriment of productive tissues (Herms &

Mattson 1992), leading to slower decomposition (Cornelis-

sen et al. 1999) and to less available N in the soil. More-

over, evergreen canopies would contribute to shading of

the soil, reducing evaporation and preserving soil moisture

during the dry season.

Indices of functional structure

For each island we obtained a species 9 trait matrix and a

species 9 abundance matrix to calculate functional struc-

ture indices. CWMswere assessed for each plot and trait by

multiplying the trait value of each species (0/1 for binomial

traits and 1–4 for plant height) by the species frequency in

the plot and summing this product across all species pre-

sent in the plot. Functional diversity indices (FRic, FEve,
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FDiv, FDis), as well as species richness, were assessed for

each plot on each island. FRic, as the amount of functional

space filled by a community, was calculated as the mini-

mum convex hull in a four-dimentional space (one dimen-

sion per trait) that includes all the species of a plot (Villeger

et al. 2008). FEve accounts for both the regularity of spac-

ing between species along the minimum spanning tree

(i.e. the tree that links all the species contained in the trait

space) and evenness in the distribution of abundance

across species (Villeger et al. 2008). FDiv represents how

abundance is spread through the trait space; it requires first

calculating the centre of gravity among the species forming

the vertices of the convex hull containing all species, and

then summing the abundance-weighted distance of every

species to the centre of gravity (Villeger et al. 2008). FDis is

the abundance-weighted mean distance of individual spe-

cies to the centroid of all species in the trait space (Laliberte

& Legendre 2010). All indices were calculated using the FD

package of R (Laliberte & Legendre 2010; R Foundation for

Statistical Computing, Vienna, AT). Finally, we put for-

ward an index of FRedu based on the proportion between

the number of species with different combinations of trait

values (singular species) and the total number of species. It

was calculated as:

FRedu ¼ 1� Number of singular species

Number of species
ð1Þ

where the number of singular species is the number of

unique combinations of trait values among the species.

This index equals zero when all species have a different

combination of trait values, and increases in magnitude

when the number of species increases faster than the num-

ber of singular species (i.e. when many species show the

same combination of trait values). The relationship

between FRedu and each index of functional diversity was

tested with the Spearman correlation coefficient, as FRedu

did not follow normal distribution.

To disentangle the effects of the invader’s presence and

those of the change in resident species composition, the

above indices were calculated in the invaded plots both

including and excluding Carpobrotus. Each index of func-

tional structure was compared between non-invaded and

invaded plots –with andwithout Carpobrotus – bymeans of

independent paired t-tests or Wilcoxon-tests for non-nor-

mal variables. Mallorca and Menorca paired plots were

analysed separately.

Relationships between functional diversity indices and

ecosystem properties

We performed GLM to assess if there was a relationship

between each ecosystem property (response variable) and

each functional index (explanatory variable), accounting

for the effects of invasion status (invaded and non-

invaded), island (Mallorca and Menorca) and the

interaction term ‘functional index 9 invasion status’ as

fixed factors. The interaction term allowed us to check

whether the relationship varied between invaded and non-

invaded communities. When this interaction was not sig-

nificant, we repeated the analysis excluding it to increase

the degrees of freedom. When necessary, we applied log-

or square-root transformations to the response variables to

increase homocedasticity and normality of model residuals.

All analyses were performed using R v 3.2.1.

Results

Changes in the functional structure of the community

Given the dominance of Carpobrotus in the invaded plots,

its invasion dragged CWM values closer to Carpobrotus trait

values. Carpobrotus height was similar to that of most spe-

cies in the native community, and thus CWM of plant

height did not change with invasion. Carpobrotus is woody

and evergreen, traits that are not common in the native

community. Therefore, CWMs of woodiness and ever-

greenness were higher in the Carpobrotus-invaded plots.

Carpobrotus is not N-fixing, so the invaded plots have a

lower CWM for N fixation (Table 1, Fig. 1). In contrast,

when Carpobrotus was excluded from CWM calculations,

the invaded plots showed lower CWMs for the four traits,

except evergreenness in Menorca (Appendices S1, S2),

suggesting that the invader mostly displaces tall, woody,

N-fixing and evergreen native plants.

Consistently in the two islands, species richness nota-

bly declined in the invaded plots (Table 1). Three out of

the four diversity indices explored (FRic, FDiv and FDis)

also tended to decline in invaded plots, although differ-

ences in Menorca were not significant (FRic) or only

marginally significant (FDiv and FDis). FRedu was lower

in the invaded plots in the two islands (Table 1). These

trends remained when Carpobrotus was excluded from

index calculations (Appendix S1). FRedu significantly

increased with species richness and decreased with FEve,

but was unrelated to FRic, FDiv and FDis (Appendix S3).

Relationships between functional structure and

ecosystem properties

Our analyses revealed little effect of Carpobrotus invasion

on the assessed ecosystem properties, as only soil organic

C showed a slight trend to be higher in invaded sites

(Appendix S4). Menorca plots had less organic C and C/

N than Mallorca plots and also showed a slight trend to

less soil moisture in the dry season (Appendix S4).

Overall, the relationship between functional structure

indices and ecosystem properties was weak, yet some
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relevant patterns emerged: FRic was negatively associ-

ated with soil organic C, but only across invaded plots

(Fig 2a, Appendix S4); FEve was positively related to soil

moisture in the dry season (Fig. 2b); FRedu was posi-

tively related to soil C/N and negatively to total soil N

(only in invaded plots) and to soil moisture in the dry

season (Fig. 2c-e, Appendix S4). Contrary to our expec-

tation of stronger relationship in non-invaded plots, the

invasion status only affected two relationships: FRic-soil

organic C and FRedu-soil total N (Appendix S4), and in

both, the relationship was stronger in the invaded sites

(Fig. 2a,c).

Table 1. Comparision of functional indices. Paired t-test comparison of functional structure indices between paired plots invaded and non-invaded by Car-

pobrotus spp. in Mallorca andMenorca. Carpobrotuswas included to calculate indices of invaded plots.

Indices1 MALLORCA MENORCA

Invaded Non-Invaded P2 Invaded Non-Invaded P2

CWMph 1.26 � 0.07 1.37 � 0.09 n.s. 1.22 � 0.05 1.30 � 0.05 n.s.

CWMwd 0.56 � 0.05 0.30 � 0.04 *** 0.43 � 0.05 0.28 � 0.05 ***

CWMNf 0.06 � 0.02 0.13 � 0.02 ** 0.07 � 0.02 0.11 � 0.03 Ɨ
CWMeg 0.83 � 0.03 0.67 � 0.05 ** 0.73 � 0.06 0.52 � 0.05 **

SpRic 7.76 � 1.23 13.29 � 1.42 *** 11.36 � 1.24 16.57 � 1.01 ***

FRic 3.23 � 0.71 6.29 � 0.61 ** 4.87 � 1.07 5.85 � 1.09 n.s.

FEve 0.44 � 0.04 0.39 � 0.03 n.s. 0.33 � 0.03 0.32 � 0.03 n.s.

FDiv 0.70 � 0.03 0.79 � 0.02 ** 0.72 � 0.03 0.79 � 0.03 Ɨ
FDis 1.39 � 0.11 1.67 � 0.06 * 1.49 � 0.07 1.69 � 0.08 Ɨ
FRedu 0.30 � 0.05 0.45 � 0.04 * 0.46 � 0.06 0.58 � 0.03 *

1CWM- Community-weighted means for plant height (ph), woodiness (wd), N fixation (Nf) and evergreenness (eg), SpRic- species richness, FRic- Functional

richness, FEve- Functional evenness, FDiv- Functional divergence, FDis- Functional dispersion, FRedu- Functional redundancy.
2***P ≤ 0.001; ** 0.01 ≥ P > 0.001; * 0.05 ≥ P > 0.01; Ɨ 0.1 ≥ P > 0.05; n.s. P > 0.1. The comparison of CWMNf in Mallorca was performed with non-

parametric Wicoxon test for paired samples because data did not fulfill normality

Fig. 1. Functional spaces occupied by communities. Dot charts showing the position of Carpobrotus invaded (triangles) and non-invaded (diamonds) plots

in the space defined by the community-weighted means (CWM) of plant height and N fixation (a, c) and by the CWMs of woodiness and evergreenness

(b, d). a, b –Mallorca, c, d –Menorca. CWMs of invaded plots were calculated including Carpobrotus. The grey and lined areas include all invaded and non-

invaded plots, respectively.
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Discussion

Effects of invasion on functional structure

Most of the analysed indices of functional structure were

altered with Carpobrotus invasion. These changes were

related to both the local loss of native species and the intro-

duction of a dominant species, which differs in some trait

values from those prevailing in the non-invaded commu-

nity. The higher frequency of woodiness and evergreen-

ness in the invaded plots was due to the high dominance

of the invader, which is woody and evergreen, as the

native species remaining in the invaded plots showed

lower frequency of both traits than those of the non-

invaded plots. In contrast, the lower frequency of N fixa-

tion in the invaded plots is explained by both the fact that

Carpobrotus cannot fix N and the lower frequency of N fixa-

tion among the native species remaining in the invaded

plots. These changes might slow down nutrient cycles,

because woody and evergreen plants generally produce

less decomposable litter than herbs and deciduous plants

(Gallardo & Merino 1992; Cornelissen et al. 1999; Castro-

D�ıez et al. 2009), and might decrease soil N because of the

lower frequency of N-fixers (Hooper & Vitousek 1998;

Levine et al. 2003). However, our results failed to show

relationships between CWMs and ecosystem properties, as

discussed below.

Plots invaded by Carpobrotus showed a notable reduction

in species, as stated previously (Vil�a et al. 2006). This spe-

cies loss was accompanied by reductions in parameters

describing functional diversity (FRic, FDiv and FDis inMal-

lorca and the latter two in Menorca). While FRic often

depends on the number of species, FDiv and FDis are inde-

pendent of species richness (Villeger et al. 2008; Laliberte

& Legendre 2010). The lower FDiv and FDis values in

invaded plots – either when Carpobrotus was included or

excluded – indicates that species are less dispersed in func-

tional space (FDiv) and are closer to the centroid defined

by all species traits (FDis) than in non-invaded communi-

ties. Carpobrotus invasion reduced the frequency of tall,

woody, N-fixing and evergreen native plants (see

Appendix S1). This means that the native species more

negatively affected were similar to Carpobrotus for woodi-

ness and evergreenness, but different for plant height and

N fixation. This result partly agrees with predictions of two

alternative hypotheses: the biotic resistance hypothesis

states that competition is the main filter for species

Fig. 2. Relationship between functional indices and ecosystem properties. Lines show the adjustment between variables and the coefficient of the

functional index in a linear model with the ecosystem property as dependent variable and the functional property, island and invaded status, as fixed

factors (all coefficients are shown in Appendix S4). Two lines are shown in the same graph when there was a significant interaction between the functional

index and invaded status (black and grey lines for invaded and non-invaded plots, respectively) or between the functional index and the island. Significance:

*** P ≤ 0.001, ** 0.01 ≥ P > 0.001, *0.05 ≥ P > 0.01, ns P > 0.05.
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establishment and predicts higher extinction risk for native

species functionally closer to a successful invader (Fargione

et al. 2003; Tecco et al. 2010). In contrast, the environ-

mental filtering hypothesis states that abiotic stress or dis-

turbance are themain filters for species and predicts higher

extinction risk for native species ecologically more distant

to an invader capable of modifying themicro-environment

(Tecco et al. 2010; Lapiedra et al. 2015). Therefore, our

results suggest that both competition and environmental

filtering equally contribute to structure in the studied

community.

The low functional diversity of the invaded communi-

ties reveals a within-community functional homogeniza-

tion. Biotic homogenization is a frequent outcome of

biological invasions (Olden et al. 2004; Lososov�a et al.

2015), but it has beenmore often explored from a phyloge-

netic than from a functional perspective (Lapiedra et al.

2015; Lososov�a et al. 2015). While the ecological and evo-

lutionary consequences of a phylogenetic homogenization

are not straightforward (Olden et al. 2004), a decrease in

functional diversity has been related to reduced overall

ecosystem resource-use efficiency (Tilman et al. 1997) and

resistance/resilience to environmental change, because of

the decline in the range of species-specific responses

(Olden et al. 2004; Oliver et al. 2015). Accordingly, Dukes

(2002) found lower resistance to species invasions in grass-

lands with low functional diversity. However, this did not

occur when soil fertility was the main driver of species suc-

cess (Harrison et al. 2015).

In both islands, the species loss was accompanied by a

decline of FRedu. Less functionally redundant communi-

ties might be more susceptible to lose relevant functions

through environmental changes, because they have a

smaller pool of species available to compensate for local

extinctions (Olden et al. 2004; Oliver et al. 2015).

Although the concepts of redundancy and diversity are

somehow opposed, we only found a negative correlation

between FRedu and one index of functional diversity, i.e.

evenness. This is not surprising given that an assemblage

with species more evenly distributed through the func-

tional space has fewer chances to have functionally redun-

dant species. Given that FRedu is easy to assess, has clear

ecological implications and was highly sensitive to Carpo-

brotus invasion, we suggest that it can be used to interpret

the functional consequences of invasions.

Relationships between functional structure and

ecosystem properties

The analysed ecosystem properties were less sensitive to

Carpobrotus invasion than the functional properties of the

community, as only soil organic C was higher in the

invaded sites. This effect had been previously reported and

attributed to high litter production by the invader (Vil�a

et al. 2006). Previous studies have also found a strong

impact of invaders on community structure, but an incon-

sistent impact on soil properties and mineralization rates

(Vil�a et al. 2006; Castro-D�ıez et al. 2009). This suggests

that there is a time lag between the change in community

structure and changes in soil properties, most probably

because the soil organic matter accumulated before the

invasion remains for some time controlling soil processes

(Berendse et al. 1989; Castro-D�ıez et al. 2009). Such a

time lag may also contribute to explain the weak associa-

tion found between the functional indices and ecosystem

properties. In fact, several studies have shown that the

relation between changes in plant traits and soil properties

becomes stronger with time (Strayer et al. 2006; Castro-

D�ıez et al. 2009). Unfortunately, we lack information on

invasion times to test this hypothesis. In addition, other

local factors, such as disturbances or micro-environmental

heterogeneity, may contribute to distort the expected rela-

tionships. Finally, the selected traits – mostly binomial –
may be less sensitive to showing links with ecosystem

properties than other related quantitative traits (e.g. speci-

fic leaf mass or leaf N content). In spite of these limitations,

our results still show several associations that might be

used to predict the trajectory of ecosystem properties in the

future.

In invaded plots, FRic was negatively associated with

soil organic C. This may be explained by faster mineral-

ization of organic matter when litter with contrasting

properties is mixed (De Marco et al. 2011). Additionally,

this pattern may simply reflect the above-mentioned

positive association between Carpobrotus and soil organic

C. According to the complementary niche hypothesis,

we expected communities with higher functional diver-

sity to exploit resources more efficiently and thus reduce

soil resource availability. However, FEve was the only

functional diversity index related to soil moisture, and

the correlation was positive instead. Contrary to expec-

tations, more functionally redundant communities were

associated with lower soil N (only across invaded sites)

and lower soil moisture in the dry season. Our results

suggest higher depletion of soil resources by more

intense resource uptake from the same soil layer

when several species share similar combinations of trait

values.

Contrary to our hypothesis, the association between

functional indices and ecosystem properties was not stron-

ger in non-invaded sites. This suggests that non-invaded

ecosystems are not closer to equilibrium between biotic

and abiotic properties than invaded ones. Rather, they

may have experienced other disturbances (e.g. trampling,

browsing) that have broken such an equilibrium in a simi-

lar way to an invasion.
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Conclusions

Our study highlights that the use of functional structure

indices may provide much deeper insights into the impacts

of plant invasions on native communities than classical

analysis of species richness or diversity. Moreover, by using

plant ‘effect traits’ to characterize plant species, changes in

the functional structure of the community may be linked

to changes in the ecosystem processes. The invasion of

coastal rocks, cliffs and sand dunes by Carpobrotus in Mal-

lorca and Menorca changed the spectrum of community

functional traits towards a higher frequency of woody and

evergreen species and a lower frequency of N-fixers. Carpo-

brotus invasion not only reduces species richness of the

recipient communities but also their functional diversity

and redundancy, which can affect their resilience. Con-

trary to our expectations, these changes of functional

structure were scarcely paralleled by changes in ecosystem

properties, probably because the latter responded to the

invasion at a slower rate than the former.
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