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Abstract We analysed the morpho-functional

response of grassland species to a grazing intensity

gradient (1–3.5 sheep ha-1) in the Mediterranean-type

climate region of Chile. A total of nine morpho-

functional traits (with a total of 24 attributes) were

determined for 79 herbaceous plant species. Valuation

of the traits enabled calculation of the reproductive,

vegetative and defensive potentials for each species.

A classification analysis for species x potentials

identified five groups of plant functional strategies,

and we analysed their responses along a grazing

intensity gradient both for native and non-native

species. The defensive potential of the species was

negatively correlated with reproductive but was not

significant in relation to vegetative potential. Grazing

intensification favoured the presence of species with

high defensive potential, to the detriment of those with

high reproductive potential. This process affected both

native and non-native species, but was more intense in

the former presenting higher defensive potential. The

functional group with a higher defensive strategy

showed an increase in relative frequency with grazing

intensity. However, self-defence alone is insufficient.

This group also presents a certain reproductive

potential that ensures the persistence of its annual or

biennial species. The functional group combining high

reproductive and vegetative potentials is the one that

exhibits the biggest decrease in relative frequency due

to intensified grazing. This group, however, is domi-

nant in all the stocking treatments. All the functional

groups identified include both native and non-native

species, although the former dominate in those with

greater defensive potential.Nomenclature: Marticorena and Quezada (1985).

J. M. De Miguel (&) � M. A. Casado � B. Acosta

Departamento de Ecologı́a, Facultad de Biologı́a,

Universidad Complutense, 28040 Madrid, Spain

e-mail: demiguel@bio.ucm.es

A. Del Pozo

Facultad de Ciencias Agrarias, Universidad de Talca,

Casilla, 747 Talca, Chile

C. Ovalle

CRI-Quilamapu, INIA, Casilla, 426 Chillán, Chile

P. Moreno-Casasola � A. C. Travieso-Bello

Instituto de Ecologı́a A.C.,

Xalapa, 91000 Veracruz, Mexico

M. Barrera

LISEA, Universidad Nacional de La Plata,

1900 La Plata, Argentina

N. Ricardo

Instituto de Ecologı́a y Sistemática, Boyeros,
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Introduction

Classification of plant species by means of their

morphological and functional traits (hereafter MFTs)

has a long history in ecology and plant geography

(Westoby and Leishman 1997). Several criteria have

been used in order to cluster species, from simple

syndromes based on few synthetic MFTs (Raunkiaer

1934; Ellenberg and Mueller-Dombois 1967; Hobbie

et al. 1993) to more complex syndromes incorporat-

ing morphological and physiological traits such as

plant architecture, leaf types, seed dispersal and

chemical or physical defences (Hallé et al. 1978;

Reich 1993; Noble and Gitay 1996; Dı́az et al. 2004;

Bernhardt-Römermann et al. 2008). Plant morpho-

functional traits have been related to environmental

factors or gradients such as climate (Box 1996; Smith

et al. 1997; Dı́az et al. 1999; De Bello et al. 2005;

Adler et al. 2005), ecological succession (Noble and

Slatyer 1980; Gómez Sal et al. 1986; Garnier et al.

2004), fire (Pausas 1999; Westoby 1999; Keith et al.

2007), disturbance intensity (Lavorel et al. 1997;

McIntyre et al. 1999) or grazing (Cingolani et al.

2005; De Bello et al. 2006; Dı́az et al. 2007; Rusch

et al. 2009; Hoshino et al. 2009).

In grazing literature, many studies have identified

trade-offs between plant MFTs linked to the repro-

ductive, vegetative and defensive (hereafter RVD)

capacities of the species, such as the well-known

dilemma: ‘‘to grow or defend’’ (Herms and Mattson

1992). Other studies have highlighted the contrast

between those species that avoid grazing with escape

or defensive structures, and the grazing-tolerant

species, with properties associated with vegetative

and reproductive strategies (Rosenthal and Kotanen

1994; Anderson and Briske 1995; Adler et al. 2001;

Vesk and Westoby 2001; Tobler et al. 2003; Evju

et al. 2009). It has also been proposed that tolerance

and avoidance strategies can represent alternative

evolutionary responses, which may not necessarily be

exclusive (Van der Meijden et al. 1988).

In many studies, the relationships between RVD

potentials of plants emerge from a large number of

MFTs which are analysed independently. The

existence of possible trade-offs between these three

potentials is identified a posteriori by observing the

response patterns of the resulting groups of species in

relation to the environmental factor or gradient

considered (Gómez Sal et al. 1986; Lavorel et al.

1997; Landsberg et al. 1999; Dı́az et al. 2001; Vesk

et al. 2004). In other cases, traits are grouped into

previously defined strategies, in which the RVD

potentials are more or less implicit, for example, the

r-K continuum proposed by MacArthur and Wilson

(1967), the Competitor-Stress tolerator-Ruderal strat-

egies of Grime (1979, 2001) or Westoby’s Leaf-

Height-Seed scheme (1998). The latter approach has a

higher predictive value and permits new hypotheses to

be put forward.

The a priori assignment of MFTs to RVD poten-

tials is particularly interesting in grazing communi-

ties, where a species can only persist if the plant has

sufficient reproductive capacity (i.e. to produce

enough seeds is essential in annual plants), has a

higher regrowth capacity against consumption or is

able to avoid grazing through various adaptive

mechanisms (i.e. chemical or physical defences,

refuge, architecture). This approach might reflect

trade-offs among RVD potentials when the response

of communities to major environmental gradients is

analysed (Westoby 1999; Garnier et al. 2004).

In this article, we analysed the morpho-functional

responses of Mediterranean grassland communities to

a grazing gradient in central Chile. We characterised

the responses using a small number of MFTs and

associating each one with at least one of the three plant

potentials: reproductive, vegetative or defensive. Con-

sideration of these three potentials, as opposed to the

two habitually taken into account in grazing studies

(vegetative vs. defensive), is relevant in Mediterranean

grasslands where most of the species are annual. The

persistence of these species depends on their capacity

to contribute to the seed bank before they are eaten by

herbivores (Casado et al. 1985; Peco et al. 1998).

The persistence of a species can be expressed as a

function of its reproductive potential (i.e. biomass

allocation to reproduction), vegetative potential (i.e.

the capacity of a species for regrowth after biomass

consumption by herbivores) and defensive potentials

(i.e. the capacity of a species to avoid being consumed).

The first two potentials provide information on the

species’ capacity for tolerance to herbivory, and the

last one, on their capacity for escape and defence
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(Rosenthal and Kotanen 1994). In the case of defensive

potential, we selected the traits associated with the

effect of herbivore (medium or large) consumption,

discarding other effects derived from grazing, such as

trampling or nutrient mobilisation.

Calculation of the RVD potentials of native and

non-native species is particularly pertinent in our

study. Central Chile’s Mediterranean zone has one of

the world’s highest percentages of non-native plants,

which mostly came from the Mediterranean basin

(Groves and Di Castri 1991; Arroyo et al. 2000;

Figueroa et al. 2004). Many non-native species are

associated with an agrosilvopastoral system of great

socioeconomic and naturalistic importance, known as

the Espinal (Ovalle et al. 1990). In the pastures of

these systems, both types of species coexist, making

up highly diverse communities subjected to contin-

uous human exploitation over the last few centuries

(Ovalle et al. 2006). Del Pozo et al. (2006) observed a

relative increase in the richness of the native species

with grazing intensification in the same pastures

involved in our study. One may ask whether the

groups of native and non-native species with different

evolutionary histories of herbivory respond with

different morpho-functional strategies to selective

pressure by livestock (Milchunas et al. 1988; Dı́az

et al. 2007).

The objectives of the current research were: (1) to

develop a functional classification of herbaceous

species of grassland communities according to their

reproductive, vegetative and defensive potentials;

(2) to examine the response of these potentials and

plant functional groups along a grazing intensity

gradient in a stocking rate experiment with sheep and

(3) to analyse the responses of RVD potentials of native

and non-native species of the Mediterranean-type

climate region of Chile to a grazing intensity gradient.

Materials and methods

Study area

The study was conducted in the subhumid area of the

Mediterranean-type climate region of Chile. The

current vegetation comprises an anthropogenic savan-

nah known as Espinal, dominated by the spiny,

stump-sprouting legume tree, Acacia caven (Mol.)

Mol., which occupies about 2 million ha in Chile

(Gulmon 1977; Armesto and Pickett 1985; Ovalle

et al. 1990).

The experimental site was located at El Boldo farm

belonging to the Experimental Centre Cauquenes-

Institute of Agricultural Research (35�580S, 72�170W;

140 m.a.s.l.), in Central Chile. The long-term average

minimum temperature of the coldest month (July) was

4.8�C and the average maximum temperature of the

warmest month (January) was 29�C. Mean annual

rainfall was 695 mm. The soil was loam-clay derived

from granite rock with a pH of 6.1. The vegetation of

the study area was a typical Espinal with relatively

homogeneous herbaceous and woody strata in terms of

composition, productivity and structure (Ovalle et al.

1990). Before the experiment, the selected site had

been used exclusively for grazing with an average of

one sheep per ha. Seven grazing intensities (1, 1.5, 2,

2.5, 3, 3.5 and 4 sheep ha-1 year-1) were established

in an area of 32 ha. In order to obtain the desired

stocking rates, the area was fenced off into seven

rectangular plots with sizes ranging from 10 ha for the

lowest rate to 2.5 ha for the highest, and in each plot 10

sheep (2 animals of 2, 3, 4, 5 and 6 years old) were

placed for continued grazing throughout the year (see

Del Pozo et al. 2006 for more details of the experi-

mental design). The 4 sheep ha-1 year-1 treatment

required supplementary food for the animals and was

therefore not considered in this study. Thus, 3.5 shee-

p ha-1 year-1 represented the maximum stocking rate

this grassland can support.

Vegetation sampling

For vegetation studies, each plot (treatment) was

sampled in five sampling units (4 m-long lines)

randomly distributed within the plot (Ovalle et al.

1981). A point-quadrat survey of the vegetation (Daget

and Poissonet 1971) was conducted in each sampling

unit in spring (October and November). The presence/

absence of all vascular plant species was recorded with

a 50-cm tall pin placed every 4 cm along a 4-m long

line. Thus, all the stocking rate treatments were

sampled with the same number of points: 500. These

measurements were made 3, 4, 6 and 8 years after the

start of the experiment in the same sampling unit

location. Del Pozo et al. (2006) reported a rapid

response of the vegetation to the stocking rate treat-

ments, but changes in vegetation were not significant

3 years after establishment of the experiment. Four
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years were taken into account as replicates of each

stoking rate. Joint consideration of the 4 years enabled

us to remove any possible meteorological influences,

which are common in pastures dominated by annual

plants, and to highlight the variation associated with

the stocking rate treatments. Data on the presence/

absence of species from six grazing intensities were

considered in the analysis of RVD potentials.

Morpho-functional traits and RVD potentials

Nine MFTs with 2–3 attributes each (a total of 24

attributes) were determined for each species of the

grassland community in order to characterise their

RVD potentials (Table 1). We obtained the attributes

from herbarium specimens and published literature,

taking as a reference adult plant individuals at the

phenological stage of flowering. We determined spe-

cific leaf area (SLA) by measuring the area of 10 fully

expanded leaves from five different plants of each

species; plants were collected in the same area in

September and October 2008. A matrix of the

presence/absence for 79 species and 24 attributes was

developed. Each reproductive, vegetative or defensive

potential was characterised by means of three MFTs.

Association of these traits with RVD potentials was

based on published literature (Table 1). We attempted

to choose the most independent traits possible. In the

selection thereof, we considered only the biological

role played by each trait and not possible redundancies

between traits deriving from analysis of specific sets of

species.

For each species and RVD potential, a value of

?1, ?0.5 or 0 was assigned to each attribute

depending upon whether it was appraised as a high,

intermediate or low positive effect, respectively.

Although this valuation might be somewhat sub-

jective, it is appropriate in our study, which does not

attempt to quantify the adaptive effectiveness of each

MFT, but rather to identify changes in the RVD

potential derived from intensified grazing.

Thus, the RVD potential was calculated for each

species. The value of potentials was expressed as

percentages over the possible maximum (?3), which

was reached when all attributes of the three traits

related to that potential were assigned a value of ?1.

A species’ strategy is described by its position in the

three-dimensional RVD space, where the coordinate

on each axis integrates the additive effect of the three

MFTs associated with a specific potential (i.e. a plant

will have greater potential for regrowth if, apart from

having a high SLA, it also possesses subterranean

storage organs).

We tested differences in the value of the potentials

among groups of species—all, native and non-

native—with ANOVA and a post hoc LSD test

(Sokal and Rohlf 1969). Relationships between the

values of the three potentials of the species and

between each of these potentials and the gradient of

grazing intensity were analysed using Pearson’s

correlation.

Clusters of morpho-functional strategies

The 79 species were classified considering the values

of their RVD potentials. A cluster analysis with

Euclidian distance and Ward’s algorithm was used.

The groups obtained were characterised by the mean

value of each RVD potential. We made comparisons

among the mean values of the potential RVD of the

groups of species using ANOVA and a test of

multiple comparisons of means (Sokal and Rohlf

1969). The association between morpho-functional

attributes and groups of species was detected through

contingency tables and tested by v2.

Results

The mean potential RVD values for all species and

for natives and non-natives considered independently

are shown in Table 2. We found a significant

difference in the mean defensive potential between

native and non-native species, which was higher in

the former. No significant differences were observed

in vegetative or reproductive potentials.

The reproductive potential of all species was

negatively correlated (r = -0.284; P = 0.011) with

the defensive potential. There were no significant

relationships between vegetative and the other two

potentials (r = 0.197, P = 0.082 and r = -0.057,

P = 0.617 for the reproductive and defensive poten-

tials, respectively).

The defensive potential of the species present in

each type of stocking rate treatment increased

significantly with an increase in grazing intensity

(Fig. 1). This tendency was observed both for the

whole set of species (r = 0.976, P = 0.001) and for
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the native and non-native species analysed separately,

although the tendency was more intense in the former

(r = 0.932, P = 0.007) than in the latter ones (r =

0.853, P = 0.031). To the contrary, reproductive

potential decreased significantly with grazing inten-

sity for all species (r = -0.819, P = 0.046) but not

when native (r = -0.525, P = 0.285) and non-

native species (r = -0.447, P = 0.375) were con-

sidered separately. The vegetative potential of species

did not change significantly with stocking rate in

any of the groups of species considered (r =

0.305, P = 0.557; r = 0.488, P = 0.326; r =

-0.132, P = 0.803 for all, native and non-native

species, respectively).

Table 1 MFTs and attributes used in the characterisation of the grassland species

MFTs R V D Source

Seed production (number of seeds/individual/year)

1. Low (\60) 0 Landsberg et al. 1999; Jakobsson and Eriksson 2000; Pywell et al.

2002; Walker et al. 2004; Pakeman et al. 20092. Medium (60–150) 0.5

3. High ([150) 1

Seed size

4. Small (\1.1 mm) 0 Leishman and Westoby 1994; Eriksson and Eriksson 1997; Jakobsson

and Eriksson 2000; Leishman 2001; Moles and Westoby 2004;

Osem et al. 2006; Aboling et al. 2008
5. Medium (1.1–3 mm) 0.5

6. Large ([3 mm) 1

Reproductive effort (reproductive/vegetative biomass ratio)

7. Low (\1/10) 0 Chapin et al. 1990; Crowley and McLetchie 2002; Obeso 2002

8. Medium (1/10–1/4) 0.5

9. High ([1/4) 1

SLA (cm2/g)

10. Small (150) 0 Dı́az et al. 2001; Lavorel and Garnier 2002; Pérez-Harguindeguy et al.

2003; Wright et al. 2004; Vesk et al. 2004; Cingolani et al. 2007;

Pontes et al. 2007
11. Medium (150–250) 0.5

12. Large ([250) 1

Life cycle

13. Annual or biennial 0 Higgins et al. 2000; Kahmen et al. 2002; Dalaka and Sgardelis 2006

14. Perennial 1

Belowground organs

15. With bulb, tuber or rhizome 1 Craine et al. 2001; Kahmen et al. 2002; Dalaka and Sgardelis 2006

16. Without bulb, tuber or rhizome 0

Plant height

17. Low (\10 cm) 1 Sternberg et al. 2000; Dı́az et al. 2001; McIntyre and Lavorel 2001;

Vesk et al. 2004; Osem et al. 2004; De Bello et al. 2005; Dı́az et al.

2007; Quetier et al. 2007b; Golodets et al. 2009; Evju et al. 2009
18. Medium (10–20 cm) 0.5

19. Tall ([20 cm) 0

Spatial occupation

20. Prostrate 1 Lavorel et al. 1997; Olff and Ritchie 1998; Landsberg et al. 1999;

Sternberg et al. 2000; Kahmen et al. 2002; Osem et al. 2004; Del

Pozo et al. 2006; Dı́az et al. 2007
21. Non-prostrate 0

Palatability*

22. High 0 Illius et al. 1995; Sternberg et al. 2000; Dı́az et al. 2001; Pérez-

Harguindeguy et al. 2003; Del Pozo et al. 2006;

Quetier et al. 2007a, b
23. Medium 0.5

24. Low 1

For the attributes included in each MFT the high (1), intermediate (0.5) or low (0) valuation for reproductive (R), vegetative (V) and

defensive (D) potential is shown. Selection of MFTs and valuation of attributes were performed according to Cornelissen et al. (2003)

and other selected references

* Trait estimated according to the expertise of the researchers
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Classification of the 79 species according to their

reproductive, vegetative and defensive potentials

enabled us to differentiate five groups, or plant

functional types, for a similarity [60% (Fig. 2). In

order to simplify the description of each functional

group, we used acronyms based on the highest mean

potentials (positive difference in relation to the

general mean of all the species) and significantly

different from those of the remaining groups

(Table 3). According to this criterion, one group of

species showed a strategy based mainly on repro-

ductive potential (group R) and one based mainly on

a defensive potential (group d), with values for the

other potentials well below average. The other three

groups exhibited high values in two potentials (group

Rv, reproductive and vegetative; group Dr, defensive

and reproductive; group Vd vegetative and defen-

sive). The presence of native species was not

significantly associated on considering the five

groups of functional types separately (v2 = 7.1,

P = 0.129). However, native species were dominant

in the three groups in which the strategy presents an

important defensive component (groups d, Dr and

Vd; Table 4), whereas the non-native species dom-

inated in the groups with strategies based mainly on

reproductive potential (groups Rv and R; v2 = 6.691,

P = 0.013). Only 12 species were considered to be

abundant (with relative abundance [8% in at least

one stocking rate treatment) in this experiment, 83%

of which were included in the two groups with a

fundamentally reproductive component (58% belong-

ing to group Rv). Six species showed a significant

increase (Spearman correlation) in abundance with

intensification of stocking rate. Of these, four belong

to group Dr (Juncus bufonius, Microseris pygmaea,

Navarretia involucrata and Soliva sessilis), one to

group d (Eringium rostratum) and one to group Vd

(Sisyrinchium graminifolium).

The morpho-functional attributes associated posi-

tively with each of the five functional groups were

analysed with the use of contingency tables

(Table 5). The species of group Rv tended to be tall,

non-prostrate plants, without subterranean storage

organs, with large seeds and with proportionately

high values for seed production, SLA and palatabil-

ity. The group R species were, in general, medium-

height or tall annual or biennial plants, with a low

SLA and medium or high palatability and seed

production. Group d included mostly annual or

biennial species, low or medium height, no subterra-

nean storage organs and a low production rate of

generally small seeds. Group Dr contained small,

prostrate annual or biannual plants, with low

Table 2 Mean percentage for reproductive, vegetative and

defensive potential considering all the species together

(n = 79) and native (n = 40) and non-native ones (n = 39)

separately

All

species

Native Non-native t Test P

Potential Mean Mean Mean

Reproductive 47.47 44.17 a 50.85 a -1.30 0.198

Vegetative 27.85 28.33 a 27.35 a 0.17 0.863

Defensive 37.55 44.18 a 30.77 b 2.93 0.004

Letters show significant differences (t test, P \ 0.05) between

the mean value of native and non-native species for each

potential
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Fig. 1 Mean values of reproductive (filled circle), vegetative

(filled square) and defensive (filled triangle) potentials for the

species present in each stocking rate for: a all species (n = 79);

b native species (n = 40) and c non-native species (n = 39).

Vertical bars represent standard deviation of all species

calculated for the 4 years considered. Solid and dashed lines

show, respectively, significant (P \ 0.05) and non-significant

correlation with stocking rate
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palatability, medium-sized seeds and a high or

medium reproductive effort. Finally, the species of

group Vd were perennial and prostrate plants, with

subterranean storage organs, an intermediate SLA

value and a low reproductive effort.

The percentage of species belonging to each of the

five functional groups of plants was calculated over

the total richness of each stocking rate treatment

(Fig. 3). With an increase in stocking, we observed

greater evenness in the values of the percentages of

the groups. Groups Rv and R, with high reproductive

potentials, were dominant in all the stocking rate

treatments. Group Dr presented an increase in relative

frequency with stocking rate (r = 0.901, P = 0.014),

whereas group Rv exhibited a decrease in frequency

(r = -0.846, P = 0.033). The other three groups

showed non-significant variation with stocking rate.

Discussion

RVD mean potential of species

This study integrates knowledge of MFTs to explain

the persistence of species under increasing graz-

ing pressure as a function of their reproductive,

vegetative and defensive potentials. The results show

differences in the morpho-functional capacity of

the species of the Mediterranean pastures studied,

according to their region of origin. The values of the

vegetative and reproductive potentials are very sim-

ilar in native and non-native species, whereas the

defensive potential is significantly greater in the

native ones. Some of the attributes associated with

native species of Chile’s Mediterranean region, such

as small plant size or low palatability (Del Pozo et al.

2006), support these results.

Two non-exclusive hypotheses can be developed

in relation to the conditions in which both groups of

species evolved. One has more evolutionary impli-

cations: the relative importance of defence during the

evolution process was greater in the Chilean than in

Table 3 Mean value and standard deviation (SD) for 4 years of evaluation for reproductive, vegetative and defensive potential of

the five groups of species obtained by cluster analysis (Fig. 2)

Group Reproductive potential Vegetative potential Defensive potential

Mean (SD) MD Mean (SD) MD Mean (SD) MD

Rv 62.32 (3.5) a 14.85 33.33 (1.4) b 5.48 23.19 (2.7) c -14.36

R 61.46 (2.5) a 13.99 5.21 (1.9) d -22.64 23.95 (2.1) c -13.60

d 24.17 (3.5) b -23.3 16.67 (3.4) c -11.18 45.00 (2.7) b 7.45

Dr 55.00 (3.5) a 7.53 20.00 (3.3) c -7.85 70.00 (5.9) a 32.45

Vd 30.00 (7.3) b -17.47 81.67 (2.9) a 53.82 45.00 (7.0) b 7.45

F 22.71 91.15 23.95

P \0.001 \0.001 \0.001

MD is the difference between the mean value of the group and the mean values for all the species (see Table 2). Differences between

groups for each potential (ANOVA and its probability) are shown. Different lower-case letters indicate significant differences among

groups (LSD test, P \ 0.05). Values higher than the mean value for all species are highlighted in bold and were used to simplify the

description of the strategy (and the acronym) of the groups. The strategies are synthesised as reproductive and vegetative (Rv),

reproductive (R), defensive (d), defensive and reproductive (Dr) and vegetative and defensive (Vd)
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Fig. 2 Dendrogram of cluster analysis indicating five groups

or plant functional types: reproductive-vegetative (Rv), repro-

ductive (R), defensive (d), defensive-reproductive (Dr) and

vegetative-defensive (Vd). To simplify, the cluster only shows

the subdivisions up to 95% of the remaining information (52

groups)
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the European grassland flora (where most of the non-

native species originated). The longer adaptation

history of the European plants to environments with a

high frequency of biomass extraction (ploughing, fire

and grazing) might be favouring species with greater

reproductive or vegetative potentials than defensive

ones (Di Castri and Mooney 1973; Aronson et al.

1998; Figueroa et al. 2004). The other hypothesis has

more ecological implications and is linked to the life

history of the plants (Milchunas et al. 1988; Olff and

Ritchie 1998; Dı́az et al. 2001; Adler et al. 2004).

During the introduction of European agriculture in

the Mediterranean-climate region of Chile, a selec-

tion process took place on the original pool of native

species, which might have favoured those with a

good defensive capacity. Corroboration of this pro-

cess in the Chilean Espinal calls for further study in

the future.

Among the species studied, the vast majority have

high values in one or two potentials, but rarely in all

three. Results show the existence of trade-offs among

the RVD potentials analysed. The existence of

attributes favouring reproduction has detrimental

effects on defence (negative correlation between

these two potentials), highlighting the fact that

resources are rarely allocated towards reproduction

when the selective effect of grazing promotes defen-

sive mechanisms. To the contrary, we detected no

Table 4 List of species included in the five plant functional groups differentiated according to cluster analysis (Fig. 2)

Group Rv Group R Group d Group Dr Group Vd

Native species: 39.1% Native species: 31.1% Native species: 65.0% Native species: 60.0% Native species: 70.0%

Agrostis sp. Aira caryophillea* Anthemis cotula Centaurea melitensis Chaetantera chilensis§

Avena barbata* Bartschia latifolia Apium leptophyllum§ Filago gallica Dichondra repens

Briza maxima* Bellardia trixago Cardamine chilensis§ Hypochoeris glabra* Dioscorea humifusa§

Briza minor* Bromus mollis Carduus pycnocephalus Juncus bufonius§ Fortunatia biflora§

Hedypnois cretica Deschampsia
berteroana§

Centaurium
canchanlahuen§

Microcala
quadrangularis§

Juncus imbricatus§

Hordeum murinum* Erodium bothrys Cerastium vulgatum Microseris pygmaea§ Mentha pulegium

Hosackia subpinnata§ Erodium cicutarium Chaetantera ciliata§ Navarretia involucrata§ Oxalis perdicaria§

Lasthenia obtusifolia*§ Erodium malacoides Crassula peduncularis§ Pectocarya linearis§ Rumex acetosella

Leontodon leysseri* Erodium moschatum Cynosorus echinatus Soliva sessilis§ Sisyrinchium
graminifolium§

Lolium multiflorum* Hordeum
berteroanum*§

Dianthus prolifer Veronica peregrina Stenandrium dulce§

Margyricarpus pinnatus§ Hypochoeris
affthrincoides§

Eringium rostratum§

Medicago polymorpha Malva nicaeensis Fumaria media

Piptochaetium
montevidensis§

Plagiobotrys fulvus§ Gamochaeta sp.§

Plantago lanceolata Spergula arvensis Micropsis nana§

Silene gallica Trisetum spicatum§ Plantago firma§

Stachys sideritidoides§ Vulpia megalura* Plantago hispidula§

Stipa laevissima§ Ranunculus bonariensis§

Stipa manicata§ Sherardia arvensis

Stipa neesiana§ Trifolium depauperatum§

Stipa speciosa§ Trisetobromus hirtus*§

Trifolium filiforme

Trifolium glomeratum

Trifolium subterraneum

* Species with relative abundance [8% in at least one of the stocking rate treatments
§ Native species
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relationship between vegetative and reproductive or

defensive potentials. Taking into account all the

species and MFTs considered in this study, the

dilemma ‘‘to reproduce or defend’’ instead of ‘‘to

grow or defend’’ (Herms and Mattson 1992) is what

best defines the morpho-functional capacities of

species in the Mediterranean grassland studied,

dominated by annual plants. Trade-offs between

growth and defence might exist in certain species

but do not appear to be very frequent in the

communities studied. In our case, good vegetative

potential might form part of different morpho-func-

tional strategies, in combination with good reproduc-

tive and defensive potentials (Table 3).

Responses of RVD potentials to stocking rate

The data collected in this study came from an

experimental design with no replicate plots, which

disallows statistical inferences about the effect of

grazing intensification. However, the fact that a wide

gradient of stocking rates was studied allows percep-

tion of some general patterns.

The aim of analysing the responses of the RVD

potentials against a grazing intensity gradient is

principally to observe the variation trends of each

potential along the gradient. Considering all the

species together, only the defensive potential of the

species clearly increases with stocking rate. This

tendency is clearer in native than in non-native

species. The low height of the plants and their low

palatability are avoidance traits that tend to respond

favourably to grazing (Dı́az et al. 2007) and in the

pasture studied these traits are associated with native

species (Del Pozo et al. 2006). At present, reproduc-

tive potential is higher at lower stocking rates (close

to those traditionally used in the area), which

Table 5 Morpho-functional attributes associated (v2;

P B 0.05) positively with each of the five functional groups

identified by cluster analysis (Fig. 1)

Attribute P %Sp.

Group Rv

High SLA 0.005 52.2

High palatability 0.008 34.8

Tall height 0.021 47.8

High seed production 0.031 43.5

Without subterranean storage organs 0.025 100

Large seed size 0.046 43.5

Non-prostrate plant 0.050 100

Group R

Small SLA 0.006 68.8

Annual/biennial plant 0.005 100

Low or medium height 0.004 100

High or medium palatability 0.050 93.7

High or medium seed production 0.050 82

Group d

Low seed production \0.001 75

Small seed size 0.001 70

Annual/biennial plant 0.012 95

Without subterranean storage organs 0.044 100

Low or medium height 0.024 90

Group Dr

Low height \0.001 90

Low palatability 0.001 70

Medium seed size 0.016 70

Annual/biennial plant 0.044 100

Prostrate plant 0.050 40

High or medium reproductive effort 0.014 100

Group Vd

With subterranean storage organs \0.001 100

Perennial \0.001 100

Prostrate plant 0.007 40

Medium SLA 0.012 70

Low reproductive effort 0.050 60

The percentage of species of each group for each attribute is

shown
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Fig. 3 Percentage of species belonging to each of the five

plant functional groups for each stocking rate treatment:

reproductive-vegetative (filled circle: Rv), reproductive (open
circle: R), defensive (open square: d), defensive-reproductive

(filled square: Dr) and vegetative-defensive (open triangle:

Vd). Vertical bars represent standard deviation calculated for

the 4 years considered. Solid and dashed lines show, respec-

tively, significant (P \ 0.05) and non-significant correlation

with stocking rate
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decrease at higher grazing intensities, whereas veg-

etative potential shows small changes. Grazing-

tolerant species with higher growing capacity (high

production and turnover rates) appear to be favoured

in many grassland communities (McNaugthon 1984;

Briske 1996; Del-Val and Crawley 2005; Westoby

et al. 2002; Tahmasebi Kohyani et al. 2009),

including grasslands of the Mediterranean Basin

under traditional grazing systems (Casado et al.

1985). Herein, most of the species are annual plants

and, in order to survive to the next generation, they

depend very much on their capacity to produce seeds

before they are consumed by herbivores. In our study,

growth and particularly reproduction appear to be

quite inefficient with regard to supporting high

grazing intensities. In situations of high pressure,

growth or reproduction appears to be insufficient with

regard to compensating for the rapid loss of individ-

uals, while avoiding being eaten may represent the

best option (Noy-Meir et al. 1989; Anderson and

Briske 1995; Buckland and Grime 2000). Although

many species with high regrowth or reproduction

potential seem to be able to survive under high

stocking rates, it is the defensive potential that

increases most with intensification of stocking rate.

Classification of species according to their RVD

potentials allows functional groups of plants to be

differentiated and their variation along the gradient of

stocking rates to be analysed. These functional

groups show different patterns of responses against

grazing intensity and can provide information on the

selection processes in grassland communities.

Of the two groups of species with the highest

reproductive potential, one shows a significant

decrease in percentage with intensified grazing, group

Rv, and the other is hardly affected, group R (Fig. 3).

In both groups, most of the species were introduced

into Chile and are very frequent in traditional grazing

systems in Mediterranean Basin grasslands (Rivas

Martı́nez 1977). This suggests that the reproductive

potential of these species has been selected through

centuries of traditional grazing intensity in their

centre of origin. Promotion of reproductive strategy

seems to suffice in order for plants to persist but not

to increase their contribution to the community in

high grazing intensity environments (up to 3.5 sheep

ha-1). This is especially evident when the plant’s

strategy depends upon the maintenance of morpho-

functional structures associated with two different

potentials (reproductive and vegetative), as occurs in

group Rv.

The other three groups of species share a high

defensive potential, sometimes together with high

values for reproductive (group Dr) or vegetative

(group Vd) potentials. Of all these combinations, only

the strategy combining high defensive and reproduc-

tive potentials (group Dr) shows an increase in

percentage of species with grazing intensification.

Some authors have highlighted the importance of

avoidance strategies as a response to grazing in

Mediterranean grasslands, particularly escape strate-

gies (Noy-Meir et al. 1989; Osem et al. 2004, De

Bello et al. 2005; Peco et al. 2005). This idea is in

consonance with the morpho-functional attributes

associated with the group of species most favoured by

intensification, comprising low height, prostrate and

unpalatable plants (Table 5). In our study, however,

the most specialised defensive strategy (group d)

shows no clear tendency in relation to the grazing

gradient. The result indicates that defence is insuffi-

cient with regard to persistence under intense selec-

tive grazing pressure. It is also necessary to possess

sufficient reproductive capacity to enable replace-

ment of the population of these species, which mostly

comprise annual or biennial plants. Active defence

structures might be less favourable for dealing with

very high stocking rates than avoidance structures

like those of group Dr. Nonetheless, in ecosystems

different from the one we study, avoidance attri-

butes—short stature—and good regrowth capacity

have also been identified as the principal mechanisms

underlying a positive response to greater sheep

grazing pressure (Evju et al. 2009). Despite the fact

that the reproductive potential of all the species is

negatively correlated with the defensive potential, a

peculiar combination of values for these potentials

proves to be the best strategy for dealing with intense

grazing in a specific group of species (group Dr).

Native species tend to be distributed differently

among the five functional groups, although no

significant relationships have been found with any

of these. Significant differences, however, are found

on comparing the set of functional groups whose

strategy is based on high defensive potentials (groups

d, Dr, Vd) with the set of functional groups with

higher reproductive potentials (groups R and Rv).

Whereas the presence of native species is positively

associated with defensive potential, the non-native
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species are associated with reproductive potential.

Intensified grazing generally favours the presence of

species whose morpho-functional strategies are based

upon good defensive potentials, unlike the species

whose strategy is based on good reproductive poten-

tials, and the net effect might therefore favour the

representation of native species at high stocking rates

(Del Pozo et al. 2006).
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