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Abstract. We analysed the relationship between seed traits
(weight, shape and dispersal structures) and the abundance
and habitat segregation of Mediterranean grassland species.
To take into account possible correlations with other plant
traits, the study also includes 5 vegetative traits (growth form,
plant longevity, clonality, onset of flowering and plant size) of
commonly accepted functional importance. Data were re-
corded for 85 species from dehesa grasslands in central Spain.
Species abundance was measured in upper (dry and less pro-
ductive, high stress) and lower (moist and more productive,
low stress) slope zones in the same area. Habitat segregation
was estimated using an index based on the relative frequencies
of species in upper and lower slope zones. Multiple regression
models were fitted using species, as well as phylogenetically
independent contrasts, as data points. Annual small-seeded
species without specialised dispersal structures are over-rep-
resented in dehesa grasslands. Abundance was negatively re-
lated to seed weight in upper slope zones. None of the recorded
plant traits were related to abundance in the lower slope zones.
Habitat segregation was mainly related to seed weight, but also
to some vegetative traits. Annual, early flowering and small-
seeded species were relatively more abundant in the upper than
the lower slope zones. This pattern is independent of phylogeny.
Our results suggest that in dry Mediterranean grasslands, abun-
dance of many species is determined by dispersal (production of
numerous small seeds) rather than by competitive ability.

Keywords: Plant community; Seed shape; Seed size; Vegeta-
tive trait.

Abbreviations: CSA = Cross species analysis; PIA = Phylo-
genetically independent analysis; PIC = Phylogenetically in-
dependent contrast.

Nomenclature: Castroviejo (1986-1999), except taxa yet to
be covered which follow Tutin et al. (1964-1980).

Introduction

Seed traits have generally been studied in order to
understand plant strategies (Harper et al. 1970; Primack
1987; Mazer 1989). More recently, they have also been
used in the interpretation of plant abundance and distri-
bution patterns at local (Rees 1995), regional (Eriksson
& Jakobsson 1998; Thompson et al. 1999) and macro-
scales (Edwards & Westoby 1996; Lord et al. 1997;
Thompson et al. 1999).

According to the literature, large seed size improves
recruitment success and competitive ability (Leishman
& Westoby 1994; Haig 1996; Turnbull et al. 1999). On
the other hand, development of large seeds reduces the
number of seeds produced. Species with large seeds will
have a lower dispersal and colonisation ability solely on
the basis of low seed numbers (Harper et al. 1970; Haig
1996; Jakobsson & Eriksson 2000). A model linking
seed size with colonization ability has been proposed
based on the trade-off between seed size and seed pro-
duction (Eriksson & Jakobsson 1998). The model pre-
dicts that species with intermediate seed sizes will be
more abundant. The model has been supported with a
so-called phylogenetically independent analysis in Swed-
ish semi-natural grasslands (Eriksson & Jakobsson 1998).
Other studies have shown that local species abundance
can be related to seed (or diaspore) weight, either posi-
tively (Rabinowitz 1978) or negatively (Rees 1995;
Thompson et al. 1999). Furthermore, the importance of
seed weight in predicting abundance seems to depend
on scale and does not appear to be a good indicator at
macro-scales (Eriksson et al. 1995; Edwards & Westoby
1996; Thompson et al. 1999).

There is also evidence that different habitats may
favour different seed sizes. In general, large seeds are
better represented in productive or shady habitats, while
less productive environments and disturbed areas are rich
in species with smaller seeds and higher seed outputs
(Mazer 1989; Ferndndez Alés et al. 1993; Lord et al.
1997). Biotic interactions may also favour certain seed
weights. Predation risk and the type of seed predators


mailto:begonna.peco@uam.es

160 Azcérate, F.M. et al.

modulate seed size in several ways (Davidson et al.
1984), while the presence of herbivores capable of
endozoochory seed dispersal favours small-seeded spe-
cies (Malo & Sudrez 1995). In addition, models based
on the ‘game theory” have linked optimum seed size and
output to the type of seeds produced by potential com-
petitors (Geritz 1995; Rees & Westoby 1997; Haig
1996).

In contrast to size, the relationship between other
seed traits and abundance and their suitability to differ-
entenvironmental conditions have been less thoroughly
investigated. The presence and type of certain disper-
sal structures (fleshy fruits, elaiosomes, hooks, spines,
awns, wings, hairs, pappus, etc.) are obviously related
to dispersal strategies (Westoby et al. 1990; Hughes et
al. 1994), but can have other ecological implications.
Spherical seeds without appendages are more likely to
penetrate the soil and tend to be located deeper than
seeds with hygroscopic or twisted structures (Peart
1984; Bekker et al. 1998). The vertical distribution of
seeds in the soil is also closely related to seed longev-
ity, with small, appendage-free seeds forming more
persistent banks (Thompson et al. 1993; Bekker et al.
1998; Funes et al. 1999). Nevertheless, exceptions
have been found in Australian and New Zealand floras
(Leishman & Westoby 1998; Moles et al. 2000). Some
studies link the possession of dispersal structures to
certain environmental conditions. Arid systems, for
example, have a high proportion of unassisted diaspores
(Ellner & Shmida 1981) possibly because, under ex-
treme conditions, the area around the mother plant is a
relatively favourable microhabitat (Pugnaire et al.
1996).

In Mediterranean grasslands, few studies have fo-
cused on linking plant traits with ecological features.
Most have dealt with vegetative traits and relationships
with grazing (Noy-Meir et al. 1989; Fernandez Alés et
al. 1993; Sternberg et al. 2000), mechanical disturbance
(Lavorel et al. 1999) and summer drought (Espigares &
Peco 1995). Seed traits have rarely been considered
(Fernandez Alés et al. 1993; Lavorel et al. 1999), al-
though these environments are primarily composed of
annual species and are heavily dependent on seed traits
for regeneration (Peco 1989). Because Mediterranean
grasslands have a relatively low production and open
structure, we expect a positive selection of small-seeded
species here. Moreover, large inter-annual rainfall fluc-
tuations in mediterranean climates may favour species
with a persistent seed bank, which is possibly related to
the production of small seeds (Thompson et al. 1993;
Bekker et al. 1998). Other factors, such as intense graz-
ing, may also promote the selection of small seeds
(Thompson et al. 1996; Westoby 1998), perhaps adapted
to dispersal by herbivorous mammals.

In these grasslands, topography-related spatial het-
erogeneity defines a stress gradient between nutrient-
poor dry zones and areas on more fertile and moist soils,
where there is a greater proportion of perennials and a
higher similarity to mesic grasslands (Casado et al.
1985; Puerto et al. 1990). This gradient may be expected
to produce a differential distribution of diaspore types
so that small-seeded species will be more abundant
towards the drier and less productive upper slope zones.

Our study searched for support for these hypotheses.
In particular, we addressed 2 questions: 1. Are seed
traits good predictors of species abundance in Mediter-
ranean grasslands? 2. Can these traits help predict species
habitat segregation between upper and lower slope zones?

Methods

Study area and field survey

The field work was conducted on the southern pedi-
ment of the Guadarrama Mountains in a 20 km X20 km
area 15 km north of Madrid (40°38' N, 3° 70' E). The
altitude ranges between 700 and 900 m a.s.l. and the
climate is typically mediterranean, with a drought pe-
riod in summer, mean annual temperature of ca. 13 °C
and 450 - 500 mm mean annual rainfall. The area has a
predominance of shallow soils on siliceous substrata.
The vegetation consists of open woodlands (Quercus ilex
ssp. ballota and Juniperus oxycedrus) and dry grasslands
dominated by annual species such as Xolantha guttata,
Vulpia muralis, V. myuros and Trifolium glomeratum and
the perennial Poa bulbosa. Other perennials such as
Agrostis castellana and Festuca rothmaleri are abundant
in depressions, where water and nutrient availability is
higher. The vegetation is a result of centuries of mixed
farm husbandry which is maintained to the present day.

Species abundance was estimated on 3 slopes (< 5%)
where we distinguished an upper and a lower slope zone
which differed in water and nutrient availability and soil
texture (Table 1). In each zone we established a 10 m X
10m plot and noted the frequency of each species in 10
quadrats (20 cm X 20 c¢m) randomly distributed in each
plot. For each species and slope an index of habitat segre-
gation was calculated, using the difference between the
number of presences in the upper and lower slope zones
divided by 10, the index ranged between + 1 and —1.
Finally, mean species abundance in the upper and lower
slope zones and mean habitat segregation index for the 3
slopes were calculated.
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Table 1. Mean values (£s.d.) of soil parameters from upper and lower slope zones in the study area (A. M. Sdnchez et al. in prep.).

Slopezone Organic matter (%) N total (%) Clay (%) Available water (%) p
Upper 2.550310.31 0.17200.02 8.77311.78 13.35301.49 5.05300.22
Lower 3.9403010.65 0.262010.04 20.123(13.22 22.13303.04 5.123000.18

Seed and vegetative plant traits

Fresh seeds were collected between 1996 and 1999
for the 85 species recorded in the quadrats. The defini-
tion of ‘seed’ used throughout this paper is taken from
Bekker et al. (1998), i.e. seeds or fruits in their simplest
form. The ‘seed’ coincides with the diaspore (sensu
Jurado et al. 1991) for a large number of species, given
their lack of dispersal structures.

Seeds were air-dried and weighed individually when-
ever possible, or otherwise in small groups (n max = 10).
For the majority of species 30 weights were obtained.
The 3 main seed dimensions were measured semi-auto-
matic analysis equipment (Leica Q500 Iw). Between 20
and 30 propagules were measured from each species.
Seed shape was defined as the variance of the 3 main
dimensions (first divided by length), following Thomp-
son et al. (1993). Totally spherical seeds would have a
shape value = 0, with this value increasing with elonga-
tion. For each species, we considered the mean of all
individual values as an estimate of the seed shape.
Species were also classified according to the presence of
dispersal structures in the diaspore. The seeds were also
classified as being (1) unassisted, (2) wind-dispersed or
(3) with adhesive structures (App. 1; see JVS Electronic
Archive; www.opuluspress.se).

Seed traits may be associated with vegetative traits
(Primack 1987; Thompson & Rabinowitz 1989; Leish-

man et al. 1995), and the variability of the latter may be

also related to the environmental conditions. To account
for this potentially confounding effect, our study also
included 5 vegetative traits (plant size, growth form,
clonality, longevity and onset of flowering) whose im-
portance in Mediterranean grasslands has been proven
in other studies (Montalvo et al. 1991; Ferndndez Alés
et al. 1993; Sternberg et al. 2000). Information on veg-
etative traits was taken from the literature (Valdés et al.
1987; Castroviejo 1986-1999; Gonzélez Berndldez 1997)
and is shown in Table 2. We also collected data on
maximum stem length, considering this to be indicative
of plant size under non-limiting conditions, plant weight
might have been a more exact indicator but this informa-
tion was not available for most plants.

Phylogenetically independent contrasts

Individual species in a species-by-attributes data set
cannot be considered as independent data points
(Felsenstein 1985; Harvey et al. 1995; Harvey 1996;
Martins & Hansen 1996). We therefore used a phylo-
genetically independent analysis (PIA) as the most ap-
propriate means of evaluating statistical hypotheses, as
in other similar comparative studies (Edwards & Westoby
1996; Eriksson & Jakobsson 1998; Thompson et al.
1999). At the same time, we performed a cross-species
analysis (CSA) the value of which is merely descriptive
and ascertains whether the PIA patterns detected could
be observed in the plant communities.

The PIA was based on phylogenetically independent
contrasts (PICs), which were obtained following
Felsenstein (1985). Because phylogeny data were not
available, we used current taxonomy (Bremer 1987,
Bremer et al. 1992; Jansen et al. 1990; Hufford 1992;
Kim et al. 1992; Davis & Soreng 1993; Kubtzki et al.
1993; Muiioz 1995; Takhtajan 1996) to infer phylogeny
as suggested by Martins & Hansen (1996). The maximum
number of available PICs was limited to 58 as a conse-
quence of dealing with non-dichotomous phylogeny
(for details of species or nodes used for contrasts, see
App. 2; see JVS Electronic Archive; www.opulus
press.se). Finally, given that the character state for inter-

Table 2. Frequencies found for each category of the 5 nominal
variables, n=85 species.

Variable Categories Frequency (%)
Dispersal structures ~ Unassisted 73
Adhesive 14.1
Wind-dispersed 12.9
Longevity Annual 71.8
Biennial 3.5
Perennial 247
Clonality Clonal 20
Non-clonal 80
Growth form Bulbs 35
Graminoids 223
Rosette 15.9
Straight stem 38.8
Prostrate stem 20
Onset of flowering  Early spring 29.4
Spring 40
Late spring 28.2

Autumn 23
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nal nodes cannot be estimated using categorical vari-
ables, only the 25 contrasts at the species level were
used when these types of variables were involved.

Statistical analysis

Cross-species analysis

The effect of vegetative and seed attributes on species
abundance and habitat segregation was analysed by
fitting multiple regression models. To achieve normal-
ity of residuals, seed weight and maximum stem length
variables were log-transformed and species abundance
arcsin transformed. All the categorical variables were
coded into dummy variables for the CSA. To select the
relevant independent variables, we followed a back-
ward elimination procedure (P to remove = 0.05), which
is more appropriate than the forward selection proce-
dure when dealing with dummy variables (Zar 1996).

Phylogenetically independent analysis

Multiple regression models were also fitted for the
PICs. Initially, we included both quantitative and cate-
gorical variables in the models, and thus excluded pairs
involving internal nodes leading to a sample size of n =
25. The original dummy variables were transformed into
3-level factors (- 1, 0, +1), indicating the existence and
direction of divergences. The need for a minimum number
of observations for each level reduced the sample size to
19 pairs. However, in cases where all categorical vari-
ables were rejected by the backward elimination proce-
dure, the models were re-estimated for the quantitative
variables using all available pairs (rn = 58). All analyses
were performed with STATISTICA (Anon. 1998).

Results

Seed weight varied by 3 orders of magnitude (Table
3): the species with the lightest seeds was Sagina apetala
(8.88 x 1073 mg) and the heaviest seeds were produced
by Trifolium subterraneum (6.22 mg). Merendera
pyrenaica had the most spherical seeds (0.0104) and
Vulpia myuros had the most elongated seeds (0.277).
The community was essentially composed of annual
species with spring flowering and variable growth forms
(with a slight predominance of the erect type) and
diaspores generally lacking dispersal structures (Table
2). The most represented families were Fabaceae,
Asteraceae, Poaceae and Caryophyllaceae (each ca.
15%).

The most abundant species in the lower slope zones
was the perennial Agrostis castellana, which appeared
in more than 93% of the sampled quadrats (Table 3).
Other species with high abundance were Trifolium
dubium, Juncus bufonius, Carex divisa and Trifolium
cernuum (App. 1). In the upper slope zones, the annual
Xolantha guttata was the most abundant species (83%),
followed by Moenchia erecta and Logfia minima. With
respect to habitat segregation, the tussock-forming grass
Festuca rothmaleri was the most clearly linked to
more mesic zones while Xolantha guttata was con-
nected to dry zones. The majority of the species (58)
had positive habitat segregation values, while only 25
had negative values and hence a greater relative abun-
dance in the lower slope zones. This is reflected in the
fact that both the mean and the median of this variable
were positive. However, while all 85 species were
present in the lower slope zone, 13 species were com-

Table 3. Distribution type, mean, median and range of the quantitative variables considered in the study, n = 85 species. D (K-S):

Kolmogorov-Smirnov D,
species abundance in upper and lower slope zones.

statistic for the specified distribution type. None of the commonly used distribution types fitted to

Range
Variable Distribution D (K-S) P Mean Median Lower limit Upper limit
Abundance in - - - 15.2 6.6 33 93.3
lower zones (%) various spp. Agrostis
castellana
Abundance in - - - 22,6 13.3 0 833
upper zones (%) various spp. Xolantha
guttata
Habitat Normal 0.1041 Ns 0.107 0.033 -0.567 0.767
segregation Festuca Xolantha
rothmaleri guttata
Seed weight Log-normal 0.0609 Ns 0.471 0.191 8.88 x 1073 6.223
(mg) Sagina Trifolium
apetala subterraneum
Seed shape Normal 0.0761 Ns 0.122 0.119 0.0104 0.277
Merendera Vulpia
pyrenaica myuros
Maximum stem Log-normal 0.1909 Ns 44.81 40 3 200
length (cm) Scleranthus Convolvulus

delortii arvensis
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pletely absent from the upper slope zone.

No significant predictors were found for abundance
in the lower slope zones. In the case of the upper slope
zones, only one predictor (seed weight) was included in
both the CSA and PIA models. Abundance was nega-
tively related to seed weight, a pattern that may be
regarded as independent of phylogeny (Table 4). The
hypothesised non-linear relationship between abundance
and seed weight (Eriksson & Jakobsson 1998) was
tested by including species seed size deviation from
median seed size in the community (after the log trans-
formation) in the models (CSA and PIA). This new
variable did not predict abundance in any of the slope
zones.

According to the model constructed using inde-
pendent pairs (Table 5b), habitat segregation depends
on 3 traits: seed weight, onset of flowering and plant
longevity. Species with small seeds, early flowering
and annual life cycle were associated with upper slope
zones. The model accounted for nearly 80% of the
variance. Using the individual species as data points
(Table Sa), 3 variables were included: seed weight,
clonality and onset of flowering. The model reveals
that species with small seeds, early flowering and
absence of clonality are better represented in upper
slope zones. Overall, the model accounts for almost
40% of the variance.

Table 4. Models of abundance in upper slope zones estimated
from the cross-species analysis (a) and the phylogenetically
independent analysis (b). The table shows the proportion of
variance accounted for by the models (r2), the F-value associ-
ated with the ANOVA and its P-level. Partial correlation coef-
ficients, estimated slope values (B), standard errors of B and
corresponding P-levels are shown for the retained variables.

a. Cross species analysis

Arcsin (abundance in upper slope zones)
r2=0.074, F(1,83) = 6.63, P =0.012

Partial corr. B s.e.of B P
Intercept -0.1842 0.166 0.271
Ln seed weight (mg)  —0.272 -0.049 0.019 0.012

b. Phylogenetically independent analysis

Abundance in upper slope zones
r?=0.147, F(1,56) = 6.63, P = 0.0029

Partial corr. B s.e.of B P

Intercept —-0.004 0.0146 0.770
Seed weight (mg) -0.38 —-0.339 0.109  0.0029

Discussion

Our results show that small-seeded species lacking
specialised dispersal mechanisms predominate in Medi-
terranean grassland vegetation. The median seed weight
(0.19 mg) was close to the findings of Ferndndez Alés et
al. (1993) for Mediterranean grasslands in southern
Iberia (0.25 mg, n = 42) and was much lower than the
results of Eriksson & Jakobsson (1998) in Swedish
mesic grasslands (0.44 mg; n = 81). The proportion of
unassisted diaspores (73%) was similar to findings in
other communities that have aroused interest due to the
lack of dispersal structures, as in Israeli deserts (75% of
the species; Ellner & Schmida 1981).

Seed weight was the only trait retained when species
abundance in the upper slope zones was modelled. No
vegetative traits were linked to species abundance. The
coincidence between the species-based model and that
estimated from PICs indicates that the relationship is
independent of phylogeny, underscoring the functional
importance of this trait.

Although the wide range of seed weights shows that
different strategies are viable in the same community,
the models indicate that in the upper slope zones, small
seeds are advantageous. Similar results were found by
Rees (1995) in British sand dune communities and by

Table 5. Models of habitat segregation estimated from the
cross-species analysis (a) and the phylogenetically independent
analysis (b). The table shows the proportion of variance
accounted for by the models (r2), the F-value associated with
the ANOVA and its P level. Partial correlation coefficients,
the estimated slope values (B), standard errors of B and
corresponding P levels are shown for the retained variables.

a. Cross species analysis

Habitat segregation r2=0.396, F(4,80) = 12.78, P <0.0001

Partial corr. B s.e.of B P
Intercept -0.182 0.134 0.179
Ln seed weight (mg)  -0.371 -0.017 0.005 <0.001
Clonality -0.328 —-0.157 0.051 0.0029
Onset of flowering -0.249 -0.109 0.048 0.0254

(spring)
Onset of flowering -0.503 -0.268 0.052 <0.001
(late)

b. Phylogenetically independent analysis
Habitat segregation r2=0.781, F(3,15) = 17.817, P <0.001

Partial corr. B s.e.of B P
Intercept 0.036 0.015 0.04
Seed weight (mg) -0.610 -0.399 0.081 <0.001
Longevity -0.389 -0.090 0.028 0.006
(perennial)
Onset of flowering -0.543 -0.129 0.029 <0.001

(late)




164 Azcdrate, F.M. et al.

Thompson et al. (1999) in the herbaceous flora of Cen-
tral England. Comparisons are impeded, however, by
the lack of a phylogenetically independent analysis in
the former and the diversity of habitats covered in the
latter. Rabinowitz (1978) found a positive relationship
between seed size and abundance in North American
prairie grasses, but this study only included 7 species in
the community, without consideration of phylogeny.
One of the most comparable studies, carried out by
Eriksson & Jakobsson (1998) in perennial-dominant
mesic grasslands, found that greater abundance was
associated with intermediate seed sizes, a relationship
that could not be confirmed in our study. Bruun (2001)
found no relationship either between abundance and
seed mass for perennial-dominant grasslands. Small
seeds may thus only be an advantage in certain xeric
Mediterranean grasslands.

Small seeds imply reduced competitive ability, but
also certain benefits related to a greater number of
recruitment opportunities. While this analysis did not
yield data on seed production, several observations
(Primack 1987; Ferndndez Alés et al. 1993; Jakobsson
& Eriksson 2000) and theoretical models (Smith &
Fretwell 1974; Geritz 1995; Haig 1996) suggest that
species with the smallest seeds should be those that also
produce the largest numbers of seeds. The upper slope
zones are dominated by annuals, which regenerate every
year after the autumn rains when the ground is almost
bare as a result of the death of most individuals before
the summer. Competition in the early establishment
stages is therefore very weak in this type of system
(Peco & Espigares 1994).

In addition, small seeds are more capable of pen-
etrating the soil (Grime 1979; Bekker et al. 1998) and
tend to survive longer in the seed bank (Thompson et al.
1993), which can be particularly advantageous in the
unpredictable rainfall patterns of the Mediterranean sys-
tems (Espigares & Peco 1993, 1995). Also, the unfa-
vourable dry season coincides with the period of great-
est activity by granivore ants (Messor spp.), implying a
risk of seed loss by predation (Azcdrate et al. unpubl.).
Small seed size reduces this hazard, not only because
they are not the ideal prey size (Hulme 1994) but also
due to their greater burial capacity. Finally, small seeds
are better adapted to endozoochory than large ones,
which are more likely to be chewed and destroyed by
herbivores (Janzen 1984).

Neither of the other 2 diaspore traits analysed (pres-
ence of dispersal structures and seed shape) had any
relationship with species abundance. Endozoochory is
considered to be an important dispersal mechanism in
Mediterranean grasslands (Malo & Sudrez 1995). This
may explain the lack of appendages for wind dispersal
and exozoochory, which involve added energy cost and

provide no advantage to this type of dispersal. There is
also evidence that small seeds can be dispersed
epizoochorously without the need for specialised ap-
pendages (Fischer et al. 1996).

The production of small seeds cannot be claimed to
be advantageous in all types of Mediterranean grassland.
In the lower slope zones, which characteristically have less
water and nutrient stress, there is no relationship between
species abundance and the analysed plant traits, including
seed weight. In this type of grassland, with possibly inter-
mediate characteristics between typical Mediterranean pas-
tures and mesic grasslands, species abundance depends on
unknown factors other than seed weight.

Most species had a positive habitat segregation in-
dex, indicating a higher relative abundance in the upper
slope zones. However, while all 85 species appeared at
least once in the more moist zones, 13 were not recorded
in the dry zones. If we assume low levels of competition
in the dry zones and that the short distance between the
moist areas is not a serious impediment to dispersal, the
absence of these species in the dry zone can only be
explained in terms of abiotic limitations. On the other
hand, the existence of records for the whole set of
species in the moist zones suggests that there are no
abiotic impediments to their establishment, although
many species have a very low level of representation.
The rarity of these species may be a consequence of the
higher levels of competition in this type of habitat.

In this context, the habitat segregation models can
help to explain which designs make Mediterranean grass-
land species better prepared to survive under either
stressed or competitive environments. Two vegetative
traits (onset of flowering and longevity) are retained by
the PIA model in a way that is consistent with results
reported in other papers (Casado et al. 1985; Noy-Meir
et al. 1989; Montalvo et al. 1991; Ferndndez Alés et al.
1993). Late flowering makes better use of the longer
duration of the favourable period in the productive
lower zones but not in the upper zones, where the
summer drought dries the soil 1 or 2 months earlier. A
perennial strategy may be more competitive in moist
areas, but a disadvantage through the summer months in
drier habitats, which is indicated by the fact that 10 of
the 13 species absent from the upper slope zones are
perennials. The longevity variable is replaced by clonality
in the CSA model, which is not surprising considering
the redundancy between the 2 features (almost all species
with clonality are perennials).

In summary, seed traits, especially weight, should be
regarded as key features in understanding Mediterranean
grassland communities. In these systems, seed weight is
a better predictor of species abundance and habitat
segregation than some vegetative traits of recognized
functional importance. Small seeded species are better
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represented in heavily stressed habitats, where they
predominate over large-seeded species. In such sys-
tems, dispersal ability (production of small, numerous
seeds) is selected for rather than competitive ability.
This may be related to certain distinctive environmental
features of these communities such as the need for
complete regeneration every autumn under conditions
in which there is no competition with established indi-
viduals and competition amongst seedlings is very weak.
The fact that Mediterranean grasslands are semi-natural
systems under long-term human management suggests
that the predominance of small-seeded species should
not only be interpreted as a consequence of species
adaptation, ecological selection is also a potential cause.
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App. 1. Mean values of plant attributes measured in each species: seed weight and shape, habitat segregation and abundance in
high stress (upper zone) and low stress (lower zones) patches. Information collected from literature and used in this study is also
listed: maximum stem length, growth form, longevity, clonality and onset of flowering.

Species Seed Seed Dispersal Maximum Growth Longevity  Clonality Onset Habitat Abundance  Abundance
weight (mg) shape structures stem length  form of segregation (high stress)  (low stress)
(cm) flowering
Agrostis castellana 0.264 0.185 Unassisted 130 Graminoid Perennial yes-  Late spring -0.267 0.633 0.933
Agrostis pourretti 0.190 0.160 Adhesive 65 Graminoid Annual no Late spring -0.033 0.000 0.067
Aira caryophyllea 0.160 0.209 Adhesive 45 Graminoid Annual no Late spring 0.133 0.133 0.033
Alopecurus arundinaceus 0.428 0.123 Adhesive 95 Graminoid Biennial yes Spring -0.100 0.000 0.133
Andryala integrifolia 0.185 0.130  Wind-dispersal 100 Rosette Biennial no Late spring 0.133 0.133 0.033
Anthemis arvensis 0.722 0.081 Unassisted 40  Straightstem Annual no Spring 0.567 0.600 0.067
Anthoxanthum aristatum 0.225 0.150 Adhesive 70 Graminoid Annual no Spring 0.367 0.367 0.033
Aphanes microcarpa 0.131 0.111 Unassisted 12 Straightstem Annual no Early spring 0.567 0.600 0.067
Astragalus pelecinus 1.093 0.120 Adhesive 50 Prostrate Annual no Early spring 0.133 0.133 0.033
Bellis perennis 0.285 0.115 Unassisted 50 Rosette Perennial yes Early spring -0.100 0.000 0.133
Bromus hordeaceus 0.614 0.260 Adhesive 70 Graminoid Annual no Spring 0.033 0.033 0.033
Capsella bursa-pastoris 0.071 0.128 Unassisted 40  Straightstem Annual no Early spring 0.033 0.033 0.033
Carex divisa 0.355 0.072 Unassisted 40 Graminoid Perennial yes Spring -0.200 0.400 0.633
Carlina corymbosa 0.285 0.177  Wind-dispersal 60  Straightstem Perennial no Late spring 0.033 0.033 0.033
Cerastium glomeratum . 0.062 0.092 Unassisted 40  Straightstem Annual no Early spring 0.367 0.367 0.033
Cerastium ramosissimum 0.048 0.177 Unassisted 28  Straightstem Annual no Spring 0.067 0.067 0.033
Cerastium semidecandrum 0.039 0.090 Unassisted 25  Straightstem Annual no Early spring 0.400 0.400 0.033
Chamaemelum nobile 0.160 0.151 Unassisted 40  Straightstem Perennial yes Spring -0.033 0.000 0.067
Convolvulus arvensis 0.353 0.186 Unassisted 200 Prostrate Perennial yes Late spring -0.033 0.000 0.067
Crassulatillaea 0.011 0.113 Unassisted 8  Straightstem Annual no Early spring 0.500 0.500 0.033
Crepis capillaris 0.182 0.189  Wind-dispersal 60 Rosette Annual no Spring 0.300 0.533 0.267
Cynodon dactylon 0.097 0.130 Unassisted 40 Prostrate Perennial yes Late spring 0.000 0.167 0.200
Dipcadi serotinum 1.553 0.150 Unassisted 40 Bulb Perennial yes Early spring 0.133 0.267 0.167
Erodium ciconium 2292 0.166 Unassisted 80 Prostrate Annual no Early spring 0.033 0.033 0.033
Erodium cicutarium 1.445 0.202 Unassisted 50 Prostrate Annual no Early spring 0.300 0.300 0.033
Eryngium campestre 0.655 0.111 Unassisted 60  Straight stem Perennial no Late spring 0.000 0.033 0.067
Euphorbia exigua 0.148 0.031 Unassisted 35  Straightstem Annual no Spring -0.133 0.033 0.200
Festuca ampla 0.910 0.158 Unassisted 100 Graminoid Perennial yes Spring 0.033 0.033 0.033
Festuca rothmaleri 0.879 0.258 Adhesive 50 Graminoid Perennial yes Late spring -0.567 0.000 0.600
Filago lutescens 0.016 0.168 Unassisted 50  Straightstem Annual no Spring 0.467 0.533 0.100
Galium parisiense 0.158 0.036 Adhesive 40  Straightstem Annual no Late spring -0.100 0.267 0.400
Herniaria hirsuta 0.048 0.013 Unassisted 20 Prostrate Annual no Late spring 0.367 0.367 0.033
Hypochoeris glabra 0.778 0222 Wind-dispersal 40 Rosette Annual no Early spring 0.433 0.500 0.100
Hypochoeris radicata 0.655 0.267 Wind-dispersal 90 Rosette Perennial no Late spring -0.167 0.000 0.200
Juncus acutiflorus 0.036 0.037 Unassisted 80 Graminoid Perennial yes Late spring -0.067 0.000 0.100
Juncus bufonius 0.029 0.038 Unassisted 40 Graminoid Annual no Late spring -0.167 0.467 0.667
Juncus capitatus 0.021 0.050 Unassisted 14 Graminoid Annual no Late spring 0.033 0.033 0.033
Leontodon taraxacoides 0.244 0.240  Wind-dispersal 30 Rosette Annual no Spring 0.400 0.600 0.233
ssp. longirrostris
Leontodon tuberosus 0.509 0.237  Wind-dispersal 40 Rosette Perennial yes Early spring -0.033 0.000 0.067
Lepidium heterophyllum 1.380 0.069 Unassisted 45  Straightstem Annual no Spring 0.033 0.033 0.033
Logfia gallica : 0.023 0.115 Unassisted 33 Straightstem Annual no Late spring 0.133 0.167 0.067
Logfia minima 0.021 0.118 Unassisted 16  Straightstem Annual no Early spring 0.600 0.633 0.067
Merendera pyrenaica 2.040 0.010 Unassisted 10 Bulb Perennial yes Autumn -0.133 0.000 0.167
Mibora minima 0.097 0.123 Unassisted 12 Graminoid Annual no Early spring 0.033 0.033 0.033
Moenchia erecta 0.041 0.017 Unassisted 10 Straight stem Annual no Early spring 0.633 0.767 0.167
Molineriella laevis 0.029 0.226 Adhesive 35 Graminoid Annual no Spring 0.333 0.333 0.033
Mpyosotis discolor - 0.202 0.036 Unassisted 40  Straightstem Annual no Spring - - -
0.076 0.039 Unassisted 15  Straightstem Annual no Spring - - -
0.113 0.090 Unassisted 10 Straight stem Annual no Spring - - -
Mpyosotis ssp. 0.044 0.037 Unassisted 22 Straight stem Annual no Spring 0.033 0.033 0.033
Ornithopus compressus 2.469 0.162 Adhesive 47 Prostrate Annual no Spring 0.067 0.067 0.033
Parentucellia latifolia 0.018 0.055 Unassisted 18  Straight stem Annual no Spring 0.067 0.067 0.033
Plantago bellardii 1.125 0.072 Unassisted 8 Rosette Annual no Spring 0.033 0.033 0.033
Plantago coronopus 0.160 0.095 Unassisted 56 Rosette Perennial yes Spring 0.200 0.233 0.067
Plantago lagopus 0.394 0.180 Unassisted 37 Rosette Annual no Spring 0.167 0.167 0.033
Plantago lanceolata 0.810 0.156 Unassisted 50 Rosette Perennial yes Spring -0.067 0.000 0.100
Poa annua 0.153 0.148 Unassisted 50 Graminoid Annual no Early spring -0.133 0.133 0.300
Poa bulbosa 0.081 0.201 Unassisted 50 Graminoid Perennial yes Early spring 0.400 0.667 0.300
Polycarpon tetraphyllum 0.030 0.121 Unassisted 30  Straight stem Annual no Late spring 0.100 0.100 0.033
Pulicaria vulgaris 0.037 0.191  Wind-dispersal 50  Straight stem Annual no Late spring -0.067 0.000 0.100
Ranunculus paludosus 0.207 0.026 Unassisted 30 Bulb Perennial yes Spring -0.033 0.100 0.167
Rumex acetosella ssp. angiocarpus 0.364 0.029 Unassisted 62 Rosette Perennial no Late spring 0.233 0.533 0.333
Sagina apetala 0.009 0.131 Unassisted 10 Straight stem Annual no Spring 0.267 0.467 0.233
Scirpus setaceus 0.052 0.023 Unassisted 15 Graminoid Perennial no Late spring ~0.133 0.000 0.167
Scleranthus delortii 0.279 0.023 Unassisted 3 Straight stem Annual no Early spring 0.033 0.033 0.033
Senecio jacobaea 0.192 0.138  Wind-dispersal 80  Straight stem Biennial no Autumn -0.233 0.067 0.333
Sherardia arvensis 1.557 0.060 Unassisted 40  Straight stem Annual no Spring 0.033 0.033 0.033
Silene gallica 0.270 0.061 Unassisted 60  Straight stem Annual no Late spring 0.033 0.033 0.033
Spergula arvensis 0.162 0.021 Unassisted 70  Straight stem Annual no Early spring 0.200 0.200 0.033
Spergula pentandra 0.136 0.240  Wind-dispersal 40  Straight stem Annual no Early spring 0.200 0.200 0.033
Spergularia purpurea 0.021 0.067 Unassisted 25  Straight stem Annual no Spring 0.300 0.300 0.033
Teesdalia coronopifolia 0.22] 0.089 Unassisted 15 Straight stem Annual no Early spring 0.133 0.133 0.033
Tolpis barbata . 0.095 0.190  Wind-dispersal 60 Rosette Annual no Late spring 0.200 0.200 0.033
Trifolium arvense 0.293 0.023 Unassisted 35 Prostrate Annual no Spring 0.067 0.067 0.033
Trifolium campestre 0.246 0.113 Unassisted 50 Prostrate Annual no Late spring 0.267 0.267 0.033
Trifolium cernuum 0.244 0.100 Unassisted 35 Prostrate Annual no Late spring -0.267 0.333 0.633
Trifolium dubium 0.384 0.100 Unassisted 45 Prostrate Annual no Spring 0.033 0.767 0.767
Trifolium glomeratum 0.453 0.090 Unassisted 45 Prostrate Annual no Spring 0.133 0.633 0.533

App. 1. Internet supplement to: Azcéarate, F.M.; Sénchez, A.M.; Arqueros, L. & Peco, B. 2002. Abundance and habitat
segregation in Mediterranean grassland species: the importance of seed weight. J. Veg. Sci. 13: 159-166.



