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Abstract. We examined the effect of environmental patchiness on the spatial segregation of the sexes
in the dioecious anemophilus grass Poa ligularis. Because the species is sensitive to grazing, a better
understanding of environmental factors that control its spatial distribution and abundance could improve
conservation efforts. We hypothesized that (i) males and females are spatially segregated in the microen-
vironments created by plant patches as the result of sexual specialization in habitat and/or resources use,
(ii) sexual specialization is related to different tolerance to competition and reproductive costs of males
and females, and (iii) changes in patch structure affect the microenvironment and the intensity of spatial
segregation of the sexes. We analyzed the spatial distribution of sexes at three sites with different plant
and micro-environmental patchiness and performed a controlled competition experiment with different
substitution of males and females. Our results showed that large plant patches created larger sheltered
soil fertility islands than small patches. As patch size and their area of influence increased, the density
and the spatial segregation of the sexes of P. ligularis also increased, resulting in biased habitat-specific
sex ratios. In accordance with their higher reproductive costs, females were more frequent in sheltered
(low air evaporative demand) and nitrogen-rich areas inside patch perimeters than males. Females were
also better able to tolerate inter-sexual competition than males. In contrast, males tolerated low nitrogen
concentration in soil and low sheltering, probably gaining advantage in pollen dispersal. Inter- and intra-
sexual competition, however, affected the reproductive output of both sexes. From the point of view of
conservation, environmental patchiness is important to the status of P. ligularis populations. The reduction
of patch size limits the available microsites, biases the sex ratio towards males inside patches, increases
inter- and intra-sexual competition, and it might be expected to decrease overall seed and pollen production
and consequently potential recruitment.
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Introduction

Dioecy is common in water- and nutrient-limited environments and is probably a
major key for the success of some plant species in patchy habitats (Freeman et al.
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1980). Discontinuities in plant canopies of arid ecosystems induce microenviron-
ments with varying conditions of fertility and shelter from wind (Klemmedson and
Barth 1975; Rostagno and del Valle 1988; Garner and Steinberg 1989; Rostagno et al.
1991; Aguiar et al. 1992; Aguiar and Sala 1994; Vinton and Burke 1995). These
contrasting microhabitats would increase the opportunities to successfully sustain
spatially separated sex functions (Freeman et al. 1976; Lloyd and Bawa 1984; Free-
man et al. 1993). Spatial segregation of the sexes might optimize the use of resources
in space and time, increasing the fitness of males and females in comparison with
cosexuals (Freeman et al. 1976, 1984; Lloyd 1982; Lovett Doust and Lovett Doust
1988; Pannell and Barrett 1998; Charlesworth 1999).

The avoidance of inbreeding or selective advantage of sexual specialization have
been indicated as possible reasons for the evolutionary success of dioecy in plants.
The former has probably been a major force in the evolution of dioecy in animal-
pollinated plants, while sexual specialization probably underlies the prevalence of
separated sexes in plants with abiotic pollination (Freeman et al. 1997). Sex-
related division of labor may eventually be associated with morphological (Midgley
and Bond 1989) and functional differences (Dawson and Bliss 1989; Dawson and
Ehleringer 1993) resulting in habitat segregation between sexes (Harper 1977; Lloyd
and Webb 1977; Cox 1981; Lovett Doust et al. 1987; Lloyd and Bawa 1984; Gehring
and Linhart 1993). Slatkin (1980, 1984) suggested that competition for limiting re-
sources would be the main cause underlying the evolution of sexual dimorphism in
resource use and habitat occupancy, but competition alone would not necessary lead
to a consistent pattern of male dominance in resource-poor habitats as observed in
most situations (Geber 1999). Other researchers centered their attention on disruptive
selection led by higher reproductive costs of females as compared to males (Free-
man et al. 1976; Cox 1981; Bierzchudek and Eckard 1988; Dawson and Bliss 1989;
Dawson and Ehleringer 1993; Freeman et al. 1997; Geber 1999).

Poa ligularis Nees. ap. Steudel is a widespread wind-pollinated dioecious bunch-
grass (Correa 1978) in arid ecosystems of Patagonia and the Patagonian-Monte and is
one of the most preferred species by herbivores (Boelcke 1957; Correa 1978). Long-
term observations in a wide range of field and greenhouse environmental conditions
did not indicate sex lability in this species (Bertiller et al. 2000; Bertiller unpub-
lished). Poa ligularis colonizes many ecosystems with patchy vegetation, where soil
nitrogen and microclimate variations are strongly related to discontinuities of the
plant canopy (Aguiar et al. 1992; Aguiar and Sala 1994; Soriano et al. 1994; Maz-
zarino et al. 1996; Bisigato and Bertiller 1997; Mazzarino et al. 1998). The species
abundance and cover has been reduced in areas with moderate to high grazing impacts
(Soriano 1959; Soriano et al. 1995), where also the structure of the shrub canopy has
been disturbed by grazing (Bisigato and Bertiller 1997; Bertiller and Bisigato 1998).
Previous evidences of partial SSS in P. ligularis in relation to the occurrence of plant
patches (Bertiller et al. 2000), led us to analyze the role of environmental patchiness
on SSS and the likely consequences for reproductive assurance in P. ligularis. This



71

knowledge would contribute to the information set required for developing active
policies aimed to the conservation of this species.

We hypothesized that (i) males and females of P. ligularis are spatially segregat-
ed in the range of microenvironments created by plant patches as a result of sexual
specialization in habitat and/or resources use, (ii) sexual specialization is related to
different tolerance to competition and reproductive costs of males and females, and
(iii) changes in plant patch structure affect the microenvironment and the intensity of
SSS. Based on probable higher resource costs of reproduction of females and better
opportunities for pollen dispersal of males, we predicted that SSS occurs along gra-
dients of water/N-fertility and air evaporative demand. This would result in females
occupying N/water-rich and sheltered areas inside plant patches while males would
be frequent in exposed and non-fertile areas outside plant patches. We also predicted
that large patches would create larger sheltered areas and induce higher SSS than
small patches.

Materials and methods

Study area

We selected three study sites of about 2 ha each in northeastern Patagonia at places
where grazing by large herbivores had been excluded for at least 5 years (Estancia San
Luis: ESL, 42◦39′ S, 65◦23′ W, 115 m a.s.l; Laguna Blanca: LB, 42◦48′ S, 65◦08′ W,
120 m a.s.l; and Bahía Cracker: BC, 42◦59′ S, 64◦34′ W, 90 m a.s.l). Mean annual
precipitation ranges from 160 mm in the western site (ESL) to 200 mm in the eastern
site (BC) (Barros and Rivero 1982). In ESL and LB, soils are a complex of Typic
Petrocalcids-Typic Haplocalcids (Del Valle 1998; Soil Survey Staff 1998). In the
upper soil, the clay content ranges from 4–6% beneath vegetation patches to 7–8% in
the bare soil (Mazzarino et al. 1996). The vegetation is characteristic of the southern
portion of the Monte Phytogeographic Province (Soriano 1950; León et al. 1998).
The plant canopy is dominated by tall shrubs (Larrea divaricata Cav., Chuquiraga
hystrix Don., Lycium chilense Miers ex Bert, Schinus johnstonii Barkley), medium
shrubs (Chuquiraga avellanedae Lorentz, Atriplex lampa Gill. ex Moq), and dwarf
shrubs (Nassauvia fuegiana (Speg.) Cabrera, Acantholippia seriphioides (A. Gray)
Mold., Junellia seriphioides (Gillies and Hook) Mold.). Shrubs cover more than 25%
of the soil in a patchy pattern. The grass stratum is dominated by Stipa tenuis Phi-
lippi, P. ligularis and Stipa speciosa Trinius et Ruprecht. In LB, the total cover is ca.
40–60% and Chuquiraga avellanedae is the dominant medium shrub species while
in ESL the cover is about 30–35% and Atriplex lampa dominates among medium
shrubs (Bertiller et al. 1991; Mazzarino et al. 1996; Bisigato and Bertiller 1997).
In BC, soils are Xeric Haplargids with some Xeric Calciargids and Typic Torri-
orthents (Del Valle 1998; Soil Survey Staff 1998). The vegetation is characteristic
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of the Patagonian Phytogeographic Province with some components of the Monte
Phytogeographic Province (Soriano 1950; Soriano 1956; León et al. 1998). The dom-
inant species are medium shrubs (Ch. avellanedae) and small shrubs (N. fuegiana)
which cover about 30–40% of the soil, in a patchy pattern. The grass stratum is
dominated by S. tenuis, P. ligularis, Piptochaetium napostaense (Spegazzini) Hackel
ap. Stuckert and S. speciosa (Beeskow et al. 1995).

Sampling plant patches and micro-environmental characteristics

a. Vegetation
We evaluated the spatial distribution of perennial vegetation patches and the distribu-
tion of P. ligularis with respect to them along linear transects (four 40 m, six 50 m,
and eight 50 m in LB, BC, and ESL, respectively) during the flowering season of
P. ligularis (October–November). The number of transects at each site was varied
in proportion to the local density of P. ligularis plants intercepted by transects. This
was done in order to obtain similar total numbers of plants sampled at each site. For
the purpose of this study, we define a ‘patch’ as a group of perennial plant species,
including at least one shrub life form, such that the projection of its canopy over the
soil was separated from neighbor patches by at least 15 cm of bare ground. In each
transect, the number, maximum height and length intercepted by each patch were
measured and the internal cover of each patch was visually estimated. The plants of
P. ligularis on each transect were categorized according to their position with respect
to patches (center, edge, and outside). The position ‘center’ corresponded to those
plants located at distances to patch center smaller than half of the radius (r) and
‘edge’ to those ranging from 1/2r to r .

b. Soil nitrogen
In order to evaluate different aspects of the spatial distribution of nitrogen in soil, we
obtained two series of samples at each study site. One was aimed at identifying dif-
ferences in soil nitrogen concentration among positions with respect to plant patches
(center, edge, outside) at BC, LB, and ESL. Five vegetation patches of about 50–
70 cm radius (in LB and ESL) and 30–40 cm radius in BC were selected in March–
April 1998. Soil samples were taken with a metallic corer (depth: 10 cm, diameter:
5 cm) at the center, at the edge (N, S, E, W), and outside patches (N, S, E, W, at
30–50 cm from patch border). A second series of samples was used to evaluate dif-
ferences in soil nitrogen concentration under males or females of P. ligularis plants
growing inside (center + edge) or outside patches. In October 1998, twenty cylindrical
soil cores (depth: 10 cm, diameter: 10 cm) beneath plants of each sex of P. ligularis
growing inside and outside patches were taken at each site. The soil obtained in all
cases was air-dried and sieved (0.5 mm mesh) and total nitrogen concentration (mg
N per g soil) was determined by the Kjeldahl technique (Bremner and Mulvaney
1982).
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c. Microclimate
The evaporative demand was measured at 10 cm aboveground during day-light hours
(9–17 h) with calibrated Piche evaporimeters (Stoutjesdijk and Barkman 1992) at 30–
90 days intervals, from March 1997 to February 1999. Measurements were made at
the edge (N, S, E, W), and outside (N, S, E, W, at 30–50 cm from patch border) of
one vegetation patch (radius: 50–70 cm in LB and ESL, radius: 30–40 cm in BC) at
each site. The soil water content (g of water per 100 g of soil dried at 105 ◦C) was
determined at three vegetation patches at each site by extracting soil cores (depth:
30 cm, diameter: 5 cm) at the same positions where the evaporative demand was
measured.

In order to highlight contrasts between the micrometeorological conditions pre-
vailing at the patch edge and outside patches, irrespective of seasonal variation, we
computed the average relative evaporative demand and the average relative soil water
content, at dates i from average (N, S, E, W) absolute values as:

λre,i = λae,i/(1/2(λae,i + λao,i))

λro,i = λao,i/(1/2(λae,i + λao,i))

θre,i = θae,i/(1/2(θae,i + θao,i))

θro,i = θao,i/(1/2(θae,i + θao,i))

where λr–λa refer to the relative and absolute air evaporative demand and θr–θa

to the relative and absolute soil water content at edge (e) or outside (o) positions,
respectively.

Plant competition experiment

In October 1996, 44 plants (22 females and 22 males) were obtained from Laguna
Blanca site, transplanted to pots with 2 kg soil and maintained in the greenhouse until
September 1997. At this time, three individual tillers with two expanded green leaves
were separated from plants and pooled into groups by sex. Individual tillers in differ-
ent sex combinations and densities were placed in rectangular prismatic boxes (21 ×
9×2 cm) filled with 360 g of air-dried soil. The soil was obtained from the upper layer
(0–10 cm) underneath vegetation patches at Laguna Blanca site. Six competition treat-
ments with seven replicates were established as follows: 2 males (MM), 2 females
(FF), 4 males (MMMM), 4 females (FFFF), 1 male + 1 female (MF), and 2 males + 2
females (MMFF). Each box was provided with an irrigation porcelain capsule
connected to a water reservoir to allow a nearly constant and homogeneous soil wa-
ter content (10% dry weight basis). The boxes were maintained during approximate-
ly 14 months in a ventilated greenhouse where temperature was similar to that in the
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field. At the flowering time in October 1998, the plants of each box were removed,
washed and the above- and below-ground biomass was dried at 45 ◦C and weighed.

Statistical analysis

We used SPSS package (Norusis 1993) to perform all statistic tests. Prior to statistical
analysis, we tested all variables for normality and homogeneity of variances (Sokal
and Rohlf 1981). We used a one way and three way Anova to determine the signifi-
cance of differences in patch characteristics among sites and nitrogen concentration
in soil among and within sites, respectively. Differences in relative air evaporative
demand (λr) and in the non-normally distributed relative soil water content (θr) be-
tween positions with respect to patches at each site were tested by one way Ano-
va and the non-parametric Mann–Whitney’s test, respectively. We used a two-way
Anova to analyze differences in plant density between sexes and sites. To analyze
the spatial distribution of the sexes within and among sites, we used χ2-tests. In
the plant competition experiment, we used a three-way Anova to evaluate the sig-
nificance of differences in plant performance between sexes and among treatments.
Stepwise regression analysis was used to analyze the relationship between patch and
environmental variables, total plant densities (independent variables) and the relative
frequency of males and females (dependent variables).

Results

Plant patches and micro-environmental characteristics

The vegetation in ESL and BC consisted of a significantly higher number of patches
per unit transect length than in LB. The radius and height of the patches did not
differ significantly between LB and ESL, but were higher than in BC. The internal
patch cover was significantly higher in LB and BC than in ESL (Table 1). The range
of soil nitrogen depended both on patch size (radius and height) and patch cover
(ESL > LB > BC). In large patches in LB and ESL, the highest soil nitrogen concen-
tration was found beneath patch centers while in small patches of BC there was no
significant spatial pattern of soil nitrogen variability. The lowest soil nitrogen concen-
tration was found outside patches in ESL (Tables 2a,b). Relative evaporative demand
increased towards outside the patches at all sites (Table 3). The relative soil water
content differed among sites in accordance with their patch structure. In LB, where
patches were large and dense, the soil at the edge of the patches was significantly drier
than the soil outside them. In BC, (small patches with high internal cover), the soil
water content was comparatively higher at the edge than outside the patches. In ESL
no differences in relative soil water content were found between inside and outside
the patches (Table 3).
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Table 1. Characterization of the vegetation structure at Laguna Blanca, Estancia San Luis, and
Bahı́a Cracker sites.

Site
No. of patches
per 10 m transect

Mean patch
radius (cm)

Mean height of
patches (cm)

Mean internal
patch cover (%)

Laguna Blanca 3.4a 49.9a 120.6a 66.1a

Estancia San Luis 5.7b 43.8a 112.0a 54.1b

Bahı́a Cracker 5.7b 34.2b 49.8b 75.2a

Different lower case letters indicate significant (P ≤ 0.05) differences between sites (One way
ANOVA test, Norusis 1993).

Table 2a. Nitrogen concentration of soil at different sites and positions with respect to patches: center,
edge, and outside.

Site
Mean nitrogen concentra-
tion at the center (mg · g−1)

Mean nitrogen concentra-
tion at the edge (mg · g−1)

Mean nitrogen concentra-
tion outside (mg · g−1)

Laguna Blanca 0.906a 0.621b 0.582b

Estancia San Luis 0.844a 0.553b 0.471c

Bahı́a Cracker 0.772a 0.787a 0.765a

Different lowercase letters indicate significant (P ≤ 0.05) differences in N concentration of soil among
different positions with respect to patches and sites (Tukey’s test for multiple comparisons, Norusis 1993).

Table 2b. Two-way analysis of variance of nitrogen concen-
tration of soil by site and position with respect to patches.

Source of variation Sum of squares d.f. F

Main effects 1.77 4 40.95**
Site 1.11 2 51.18**
Position 0.66 2 30.72**
Two-way-interactions
Site × Position 0.32 4 7.50**

Significance: **P ≤ 0.01.

Table 3. Mean (n = 18) relative evaporative demand (λr)
and soil water content (θr) inside patches (edge) and outside
patches in LB, ESL, and BC.

λr θr

Site Edge Outside Edge Outside

Laguna Blanca 0.90a 1.10b 0.98a 1.02b

Estancia San Luis 0.86a 1.14b 1.00a 1.00a

Bahı́a Cracker 0.90a 1.10b 1.09a 0.91b

Different lowercase letters indicate significant (P ≤ 0.05)
differences between different positions with respect to
patches (edge, outside) at each site (One way ANOVA test
and Mann–Whitney’s test, respectively, Norusis 1993).
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Poa ligularis density and sexual spatial segregation (SSS)

The total density and the density of males and females of P. ligularis were signifi-
cantly higher in LB than in the other two sites (Tables 4a,b). Females and males were
found at the same density in BC and ESL, while in LB the density of females was
greater than that of males. The relative position of sexes of P. ligularis with respect
to the patch (center, edge or outside) was significantly different within and among
sites (Figure 1). At LB, plants were more uniformly distributed inside and outside
the patches than at the other two sites where almost all the plants were concentrat-
ed inside patches. At LB, significant differences (χ2 = 14.74, P < 0.01) in the
spatial distribution of the sexes were observed. The frequency of males increased
towards outside patches. Females were more abundant at the edge of the patches.
Female-biased sex ratios occurred inside patches (center and edge) and male-biased
sex ratios occurred outside patches. At ESL and BC, males were significantly more
frequent at the edge and females at the center of the patches (χ2 = 10.81, P <

0.01, χ2 = 8.35, P < 0.05). In both sites, female-biased sex ratios occurred in the
center and male-biased ratios at the edge of the patches. Outside patches, male-biased
sex ratios were observed in ESL while in BC males and females occurred in equal
proportions.

Table 4a. Mean density (total, male and female) of P. ligularis plants in
the study sites.

Site
Total plants per
10 m transect

Males per
10 m transect

Females per
10 m transect

Laguna Blanca 10.9A 4.5b 6.4a

Estancia San Luis 3.8B 1.9c 1.9c

Bahı́a Cracker 5.1B 2.5c 2.6c

Different uppercase letters indicate significant (P ≤ 0.05) differences in
the total number of plants between sites (One way Anova). Lowercase
letters indicate significant (P ≤ 0.05) differences in the density of plants
between sites and sexes (Tukey’s test for multiple comparisons).

Table 4b. Two-way analysis of variance of density of P. lig-
ularis plants by sex and sites.

Source of variation Sum of squares d.f. F

Main effects 73.21 3 30.54**
Sex 1.80 1 2.25NS
Site 71.41 2 44.63**
Two-way-interactions
Sex × Site 5.73 2 3.58*

Significance: **P ≤ 0.01, *P ≤ 0.05, NS: Not significantly
different.
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Table 5a. Nitrogen concentration (mg · g−1) in the soil be-
neath plants of Poa ligularis growing inside or outside patches.

Inside Outside

Males Females Males Females
Laguna Blanca 0.65cd 0.66cd 0.45a 0.49a

Estancia San Luis 0.56c 0.67d 0.43a 0.51b

Bahı́a Cracker 0.90e 0.83e 0.67d 0.76d

Significant (P ≤ 0.05) differences between sexes and position
with respect to patches (inside or outside) are indicated with
different lowercase letters (Tukey’s test for multiple compari-
sons, Norusis 1993).

Table 5b. Three-way analysis of variance of nitrogen
concentration in soil by sex, position, and site.

Source of variation Sum of squares d.f. F

Main effects 2.39 4 38.34**
Sex 0.06 1 3.96*
Position 0.77 1 49.55**
Site 1.55 2 49.93**

Significance: **P ≤ 0.01, *P ≤ 0.05. All two and three
way interactions are not significantly different.

N-concentration in microsites occupied by each sex

Females of P. ligularis occupied N-richer microsites (inside or outside patches) than
males. These differences, however, were more marked in ESL, the N-poorest site
(Tables 5a,b).

Inter- and intra-sexual competition

Plant density was the main factor affecting the total biomass of both sexes of P. ligu-
laris (Figure 2, Table 6a). Males and females growing in unisexual or bisexual groups
at high densities (MMMM, MMFF, FFFF) had the lowest aerial and root biomass. At
low densities, males growing in pure sex groups (MM) had significantly higher total
biomass than those growing in bisexual mixtures. In this latter, total biomass did
not differ from that at high densities. Females, however, were better able to tolerate
inter-sex competition since the total biomass did not differ between plants growing in
unisexual and bisexual groups at low or high densities. Plants of both sexes growing
in pure groups (MM, MMMM, FF, or FFFF) allocated more biomass to panicles than
those growing in mixtures, independently from the plant density. In all treatments,
panicle biomass was higher in females than in males and in both sexes was affected
by inter-sex competition (Figure 2, Table 6b).
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Figure 2. Results of a controlled competition experiment with different substitution of male and female
plants of P. ligularis growing under homogeneous and constant water supply (10%). Different lowercase
letters indicate significant (P ≤ 0.05) differences in total biomass.

Table 6. Three-way analysis of variance of (a) total biomass, (b) pan-
icle biomass by sex (male or female), diversity (1 sex or 2 sexes per
pot), and density (2 plants or 4 plants per pot).

Source of variation Sum of squares d.f. F

(a)
Main effects 17.36 3 3.86*
Sex 1.53 1 1.02NS
Diversity 0.37 1 0.25NS
Density 15.46 1 10.32**

(b)
Main effects 0.106 3 7.24**
Sex 0.064 1 13.27**
Diversity 0.041 1 8.42*
Density 0.001 1 0.03NS

Significance: **P ≤ 0.01, *P ≤ 0.05, NS: Not significantly differ-
ent. All two and three way interactions are not significantly different.

Relative sex frequency, plant and environmental variables

Relative evaporative demand was the single most important environmental variable ex-
plaining female frequencies in stepwise regression including plant and environmental
variables (Table 7a). The increase in the relative frequency of females was related to
the decrease of the relative evaporative demand, which explained 46% of the total
variance. The increase in the relative frequency of males was significantly related to
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Table 7. Stepwise regression between the relative frequency of each sex (dependent variable) at the dif-
ferent sites and microsites and independent variables: patch (height, radius, cover), microenvironment
(relative evaporative demand, relative soil moisture, and nitrogen concentration in the soil), and total
density of P. ligularis.

Variables entered R R2
Sum of
squares F

Regression
coefficients t

a. Dependent variable: relative frequency of females
1. Evaporative demand (constant) 0.68 0.46 0.43 43.58** −0.79 (0.12) −6.60**

0.94 (0.12) 8.05**

b. Dependent variable: relative frequency of males
1. Evaporative demand 0.47 0.22 0.24 14.31** −0.99 (0.17) −5.77**
2. Soil nitrogen 0.60 0.34 0.40 14.17** −0.60 (0.15) −3.99**
3. Patch cover (constant) 0.64 0.42 0.46 11.41** 0.004 (0.002) 2.03*

1.27(0.21) 6.02**

Significance: **P ≤ 0.01, *P ≤ 0.05.

the decrease of the evaporative demand, the decrease of N concentration in soil and
the increase of patch cover (22, 12, and 8% of the total variance, respectively).

Discussion

The sexes of P. ligularis were spatially segregated in the microenvironments created
by plant patches. The SSS varied according to the characteristics of environmental
patchiness (Figure 1). As in other arid ecosystems (Klemmedson and Barth 1975;
Charley and West 1977; Garner and Steinberg 1989; Soriano et al. 1994; Callaway
1995; Vinton and Burke 1995; Breshears et al. 1998), vegetation patches at our study
sites were associated with fertility and shelter islands (Tables 1, 2, and 3). Our results
showed that as the patch size and their area of influence increased, the intensity of SSS
and the density of P. ligularis also increased (BC ≤ ESL < LB, Figure 1, Table 4).
These patterns are consistent with an increase of fertile and sheltered microsites in-
side patches (center + edge) or immediately nearby outside, resulting in enhanced
opportunities for establishment. In LB, where patches were large and dense, the total
number of P. ligularis was higher and the SSS more intense than in ESL and BC.
Females were concentrated in sheltered (low evaporative demand) and N-rich areas
inside plant patches while the frequency of males increased with distance from the
center of patches. These results are in agreement with other studies (Freeman et al.
1976; Harper 1977; Lloyd and Webb 1977; Cox 1981; Lovett Doust et al. 1987; Lloyd
and Bawa 1984; Gehring and Linhart 1993; Dawson and Geber 1999; Ågren et al.
1999) showing a consistent pattern of female-biased sex ratios in favorable habitats
and male-biased ratios in stressful habitats.

Sex specialization and SSS are important adaptive plant traits, which may in turn
increase reproductive efficiency (Freeman et al. 1976; Lloyd 1982) or permit access to
resources that each sex may require for successful growth and reproduction (Dawson



81

and Ehleringer 1993). Biased sex ratios of P. ligularis in specific habitats and mi-
crohabitats may be analyzed in the framework of the current models of the evolution
of sexual dimorphism (Geber 1999). According to these, competition for limiting
resources between sexes would lead to sexual dimorphism in resource and habitat
use in such a way that females would use portions of the resource spectrum differ-
ent from those used by males (Slatkin 1980, 1984). This mechanism is likely to be
operative in P. ligularis as shown by the higher competitive ability of females over
males (Figure 2). However, as previously argued by Geber (1999) and also found
in our study, competition alone would not necessarily lead to a consistent pattern of
male dominance in resource-poor habitats. SSS has also been related to the effect
of disruptive selection acting on male-female populations with different reproductive
costs (Freeman et al. 1976; Lovett Doust et al. 1987; Lyons et al. 1994; Bierzychudek
and Eckard 1988; Geber 1999). Our data are consistent with a mechanism of SSS
based on sex-specific disruptive selection, which does not depend on interactions
with the other sex. In this context, the preferential distribution of females at fertile
and sheltered microsites, where the evaporative demand is low (Tables 2, 3 and 7),
may result from their higher reproductive costs as compared to males (Figure 2). On
the contrary, males with lower reproductive costs than females may eventually be
at a reproductive advantage in N-poor and exposed microsites because of enhanced
pollen dispersal (Freeman et al. 1976; Geber 1999). Even at a micro-scale, we also
found spatial sex segregation inside and outside patches (Tables 5a,b). Sex-related
phenological traits of P. ligularis give further support to a mechanism of SSS based on
sex-specific disruptive selection. Males flower earlier during the growing season than
females and stop their vegetative and reproductive growth when pollen is dispersed
(Bertiller et al. 1991). In northern Patagonia, the annual precipitation is concentrated
in autumn-winter and pollen dispersion occurs in spring when water and inorganic-
N are still available in the soil profile explored by grasses (Mazzarino et al. 1998).
Thus, male reproduction occurs at a time when resources are not strongly limiting,
even at exposed areas far from a patch. Females complete reproductive growth about
30–60 days later than males during the growing season. For females growing in ex-
posed areas, reproductive growth would occur under limiting conditions during the
driest part of the year, long after pollen production had ceased (Bertiller et al. 1991;
Coronato and Bertiller 1997; Mazzarino et al. 1998; Bertiller, unpublished). Accord-
ingly, we interpret that SSS and sexual specialization in P. ligularis have resulted
from differential fitness of each sex derived from their reproductive costs as well as
the outcome of competition for limiting resources and better opportunities for pollen
dispersal of males.

From the point of view of conservation, environmental patchiness is an important
indicator of the status of P. ligularis populations, related to the SSS and the repro-
ductive success of this species. The reduction of the patch size and/or internal cover
modifies the proportion of favorable microsites for each sex. This in turn leads to
the decrease of SSS, to the reduction of plant density, and to a bias in the sex ratio
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towards males inside patches. As previously reported for dioecious species (Free-
man et al. 1976, 1984; Lovett Doust and Lovett Doust 1988; Pannell and Barrett
1998), decreased SSS would affect the reproductive assurance of P. ligularis through
the increase of inter-sexual competition for limiting resources, the reduction of pol-
len dispersal, and the decrease of overall seed production (Figure 2, Table 6b). The
assessment of biological consequences of intra- and inter-sexual interactions under
scenarios of different environmental patchiness, a subject scarcely explored in most
ecosystems (Ågren et al. 1999) is the theme of ongoing research at our sites and will
contribute to the information set required for P. ligularis conservation in Patagonia.
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