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Abstract. The Patagonian steppe is formed by tussock grasses and shrubs in a bare-
soil matrix (50% cover), and as in other arid and semiarid systems, vegetation is arranged
in patches. Although there is a good understanding of the probabilities of seedling estab-
lishment of Bromus pictus in relation to location within these patches, these probabilities
account for only a portion of the spatial dynamics of the community. The objective of this
paper was to assess the pattern and dynamics of Bromus pictus seed availability in this
community, which represent the other portion of the recruitment equation. We first evaluated
its seed bank along transects. Plant- or litter-covered areas had 85% of the sampled seeds;
however, they accounted for 55% of the area. Bare-soil areas had seeds only if they were
located close (#10 cm) to a plant or litter microsite. In a second study, we analyzed the
movement of seeds using pitfall traps. Traps located near plants captured seed amounts
similar to those from traps located in bare-ground areas (far from plants). The contrast
between the high number of seeds in transit and the low number of seeds retained by bare-
ground microsites illustrates the importance of lateral secondary movement of seeds. We
used this information on seed distribution and previous data about establishment proba-
bilities to estimate the spatial pattern of recruitment. Microsites that are vegetated or close
to individual plants are expected to recruit the greatest number of individuals. Vegetation
patches play an important role in modifying ecological processes in arid and semiarid
communities. Our results highlight the importance of seed distribution in the formation and
maintenance of these patches.
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INTRODUCTION

Vegetation of arid and semiarid environments is
sparse and has a patchy structure (Charley and West
1975, Fowler 1984, Schlesinger et al. 1990, Aguiar et
al. 1992). Low water availability accounts for the gen-
erally low plant cover, but a mechanistic model of the
origin, maintenance, and dynamics of patches can only
be derived from a thorough understanding of the dis-
tribution in space and time of seeds as well as of safe
sites for seedling establishment (Harper 1977). Many
studies have partially addressed demographic processes
such as seed dispersal, seed movement over the soil,
seed survival, emergence, and seedling survival. How-
ever, few studies link seed dispersal and movement of
seeds over the soil surface with the demographic con-
sequences of the final location of seeds (Schupp 1995,
Schupp and Fuentes 1995). The spatial distribution of
seeds modifies the location of vegetation patches,
which, in turn, influences the community by modulat-
ing the strength of facilitation and competition (Fowler
1988, Franco and Nobel 1988, Aguiar et al. 1992,
Aguiar and Sala 1994). Vegetation patches also con-
strain ecosystem functioning by determining the spatial
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pattern of soil organic matter, soil texture, nutrient cy-
cling, and water dynamics (Charley and West 1975,
Hook et al. 1991, Gutiérrez et al. 1993, Aguiar and
Sala 1994, Lauenroth et al. 1996).

The Patagonian steppe in Argentina is composed
mainly of tussock grasses 0.2 m in height and hemi-
spheric shrubs 0.6 m in height. Tussock grasses and
shrubs are arranged in two kinds of structural patches,
one formed by scattered tussocks interspersed with
bare-soil areas and the other made up of shrubs each
tightly surrounded by a dense ring of grasses (Soriano
et al. 1994). The structure of the vegetation creates
microsites of different suitability for seedling estab-
lishment. In bare-soil areas (exposed microsites), wind
speed is five times higher and evaporative demand two
times higher than near shrubs with a ring of grasses
(protected microsites) (Soriano and Sala 1986). Our
previous studies showed that emergence of grass seed-
lings was equal in the two types of microsites, but
survival was three times higher in exposed than in pro-
tected microsites. This was the consequence of higher
root competition near shrubs with a dense ring of grass-
es, which overshadowed the protection effect (Aguiar
et al. 1992, Aguiar and Sala 1994).

Recruitment of new individuals depends not only on
establishment, but also on availability of seeds, which,
in turn, depends on seed production and dispersal. Seed
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dispersal has two phases (Watkinson 1978, Chambers
and MacMahon 1994): the air transport of seeds until
their landing on the soil surface, and the subsequent
movement of seeds over the soil surface. The relation-
ships among wind velocity and direction, height of the
seed source, and seed characteristics (e.g., biomass,
morphology) determine the landing position of wind-
dispersed seeds (Green 1983). Lateral movement of
seeds is mainly controlled by surface rugosity and seed
shape and size (Matlack 1989, Chambers et al. 1991).
Lateral movement has been recognized as a very sig-
nificant part of dispersal in environments with sparse
vegetation (Nelson and Chew 1977, Watkinson 1978,
Reichman 1984, van Tooren 1988, Chambers et al.
1991).

Some models of community dynamics assume either
no seed limitation or a random or lottery process se-
lecting which species lands first in each patch (Fager-
ström 1988, Coffin and Lauenroth 1990, van Hulst
1992). These models were usually generated for grass-
lands or forests with high plant cover. We suggest that
arid and semiarid communities need a different model
because of the importance of spatial heterogeneity and
the large proportion of bare-soil areas to total cover.
This paper contributes to the empirical basis for de-
veloping such a new model.

Our previous studies demonstrated how the balance
between facilitation and competition determines the
fine spatial distribution of the probabilities of grass
seedling establishment in the Patagonian steppe
(Aguiar et al. 1992, Aguiar and Sala 1994). However,
the spatial distribution of seeds, which is the other part
of the equation of recruitment of new individuals, has
not been examined. The objectives of this study were:
(1) to assess the spatial pattern and dynamics of seed
availability in this community and the major factors
controlling them; and (2) to combine information on
seed patterns with that on seedling establishment to
determine recruitment patterns of new individuals in
different microsites. We evaluated the spatial distri-
bution of seeds and its seasonal dynamics by following
the movements of a cohort of seeds from dispersal until
germination. We used this information in a simple mod-
el to assess recruitment of new individuals in the dif-
ferent microsites of the steppe.

METHODS

Site description and study species

Our work was conducted in a grass–shrub steppe
representative of the Occidental District of Patagonia
(Golluscio et al. 1982). The site was located in the Rı́o
Mayo Experimental Site (458259S, 708209W) in south-
western Chubut, Argentina. Mean precipitation is 168
mm. Daily mean temperature ranges between 148C in
January and 28C in July. Precipitation is concentrated
between May and November (winter and early spring),

and strong dry winds blow (15 km/h annual mean)
mostly from the west.

We used the common tussock grass Bromus pictus
Hook f. (nomenclature follows Cabrera 1971, Nicora
1978) as a phytometer species. Its dispersal unit is com-
posed of lemma, palea, and the caryopse, which is lo-
cated in the bottom third of the spikelet. Seeds of this
species are very easy to identify in the field. They are
oval, 8 mm in length, and have a mean mass of 6.9
mg. Seeds are yellowish after dispersal, but they turn
gray during the subsequent year. They possess no ap-
pendage or feature that might allow animal dispersal.
The low frequency of large rainfall events, along with
coarse soil texture and flat topography, suggest that
runoff is not important in this ecosystem (Paruelo and
Sala 1995) and, therefore, water is probably not an
important agent of dispersal.

Distribution of seeds among microsites

We sampled one cohort of seeds in each of three
months: January, April, and September. We estimated
seed density in different microsites through time. Jan-
uary (summer) sampling coincided with seed dispersal.
By April, ø95% of seeds were dispersed. September
is the month when emergence of new seedlings usually
occurs.

Before the first sampling, we selected six square sites
250 m2 in area inside a 2-ha grazing exclosure. We
randomly selected three sites from the six, and inside
each we randomly marked nine 5 3 0.05 m transects
on a west–east orientation. On each of the three dates,
we sampled three randomly selected transects in each
site (a total of nine per date). Each 5 3 0.05 m transect
was divided into 100 subplots (0.05 3 0.05 m). For
each subplot, we recorded: (1) type of cover, i.e., bare
soil, shrub, grass, litter; (2) number of seeds up to 4
cm depth; and (3) distance to the closest plant or litter
in four directions (north, south, east, and west). When
more than one cover type was present in a subplot, the
dominant defined its type. For example, litter under a
shrub was considered shrub, but litter by itself was
considered litter. It was easy to count the seeds up to
this depth because the soil is sandy.

For the different sampling dates, we analyzed the
percentage of seeds in different microsites and the rel-
ative abundance of the different types of microsites.
We formed a subset of data with the bare-soil microsites
that held seeds. We used this subset to determine the
relationship between seed density in bare-soil micro-
sites and distance to the closest plant or litter.

Seed movement

To study the lateral movement of seeds over the soil
surface, we set pitfall traps with their rim at the soil
surface. Initially, we selected five square sites, 1000
m2 in area, in the same exclosure and then randomly
chose three for seed trapping. In each of the three sites,
we located 50 pitfall traps in total: 10 bare-soil areas
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TABLE 1. Results of the ANOVA for seed availability data.
Site represents the effect of the three areas where we sam-
pled seed density; Date represents the effects of the three
different dates on which we sampled seeds; and Microsite
represents the effects of the four types of cover that we
sampled (bare ground, grass, shrub, and litter). Means are
shown in Fig. 1.

Sources df MS F P

Site 2 51.92 4.36 0.10
Date 2 67.01 5.62 0.07
Error I (Site 3 Date) 4 11.92
Microsite 3 452 17.2 0.002
Error II (Site 3 Microsite) 6 26.26
Date 3 Microsite 6 82 5.17 0.008
Error III (Residual) 12 15.87

($0.6 m in diameter), and four around each of five
adult shrubs and four around each of five tussock grass-
es. Pitfall traps surrounding shrubs and grasses were
located in the four cardinal directions ,5 cm from the
plants. Traps were 50 cm2 in area and 12 cm deep, and
had small holes in the bottom for water drainage. Traps
were positioned during November before dispersal
started. We gathered material collected by the traps in
January, April, September, and December, prior to the
dispersal of a new cohort of seeds.

Data analysis

Data on seed density in the different microsites were
square-root transformed for ANOVA (nontransformed
data are presented in figures). For each sampling date,
we pooled the three transects in each site. We tested
the effect of site and date using the site 3 date inter-
action as the error term. The effect of type of microsite
(bare soil, litter, grass, and shrub) was tested using the
site 3 type of microsite interaction. Finally, the resid-
ual was used to test the interaction among the three
factors (SAS 1985).

Data on seed trapping were assessed with repeated-
measures ANOVA. We averaged the seeds trapped in
the four positions around grasses and shrubs to obtain
a single estimate for each of the five grasses and five
shrubs. We compared these data with the seeds trapped
in bare ground. In our analysis, we considered the dates
as repeated measurements. Site and location (near
grass, near shrub, or bare soil) factors were tested
against the interaction of site and location. We analyzed
differences among traps around shrubs and grasses with
a Friedman rank test (Steel and Torrie 1980).

Calculation of recruitment of new individuals

We defined recruitment as the number of seedlings
that survived an entire year (including a growing sea-
son, a dry season, and a winter). We calculated the
recruitment of new individuals for different microsites
using the following equation:

Ri 5 Seed Availabilityi 3 Emergencei

3 Survivali 3 Sitei,

where Ri is recruitment density in microsite type i
(number of individuals per square meter), Seed Avail-
abilityi is seed density in microsite type i (number of
seeds per square meter of microsite i), Emergencei is
the proportion of seeds that emerge in microsite type
i, Survivali is the proportion of emerged seedlings that
survive in microsite type i, and Sitei is the proportion
of the area covered by microsite type i in the Patagonian
steppe. The microsites taken into consideration were:
grass, shrub, bare ground close to plants (including
litter microsites and the bare-ground microsites #10
cm in radius), and bare ground far from plants (.10
cm in radius). We used information from the present
study to estimate seed density in the different types of
microsites and the relative proportion of the different

microsites. Seed density in bare soil close to plants was
based on a weighted average of the seed density in
litter and seed density close to plants or litter (cf. Figs.
1 and 3). Our previous studies provided information
on emergence and survival probabilities (Aguiar et al.
1982, Aguiar and Sala 1994). Emergence of seedlings
was similar in all types of microsites (0.40), whereas
survival was 0.07 close to vegetation (scattered grass
tussocks or shrubs) and 0.25 in bare-soil patches.

RESULTS

Distribution of seeds among microsites

Seed density was affected by the type of microsite
(P , 0.002; Table 1). This effect was variable with
time, as is indicated by the significant interaction be-
tween date of sampling and microsite (P , 0.008). Seed
density on bare-soil microsites was low on the three
sample dates (Fig. 1). Microsites covered by grass or
litter had higher seed density than bare-soil microsites
on each sample date (P , 0.05). Seed density in shrub-
covered microsites was high and equal to that in grass
and litter microsites in January and April. In Septem-
ber, shrub-covered microsites had lower seed density
than did grass and litter microsites (P , 0.05), and
were equal to bare-soil microsites (Fig. 1).

The different types of microsites differed in their
relative representation. Taking the mean of the three
dates, bare-soil microsites were more common (44%
of total cover) than grass or litter microsites (30% and
23% of total cover, respectively). Shrubs represented
only 3% of total cover. Seeds were not distributed
among microsite types according to their relative abun-
dance (Fig. 2). Bare-soil patches retained only 20% of
total seeds, despite accounting for 44% of total cover,
whereas covered microsites, especially litter and grass,
retained more seeds than their relative cover (grass,
36%; litter, 39%; shrub, 5% of total seeds).

Distribution of seeds in bare-soil sites in April and
September yielded similar results; we present results
from September only (Fig. 3). Only 20% of bare-soil
microsites had seeds, and microsites with seeds had a
plant or litter patch located at a distance of #10 cm.
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FIG. 1. Seed availability of Bromus pictus in different
types of microsites in the Patagonian steppe at different times
during the year (mean 6 1 SE). B, bare soil; S, shrub; G,
grass; L, litter. Dispersal of seeds started 2 wk before the
January measurement (summer). September represents the
month when seedling emergence starts in the field (early
spring). Different letters represent significant differences for
a given date.

FIG. 2. Relationship between the percentage of the total
cover accounted for by each of the four types of microsites
in the steppe and the percentage of the total Bromus pictus
seed population that it held at three sampling dates: J, Jan-
uary; A, April; S, September. The line represents the 1:1
relationship.

FIG. 3. Relative frequency of B. pictus seed density in
bare-ground subplots with different seed densities in Septem-
ber (n 5 382). Graph inset shows the relationship between
seed density in bare-soil areas and distance to the closest
plant or litter for those subplots with seeds (n 5 74). For seed
density ,1600 seeds/m2, circles represent more than one sam-
ple point (see main graph).

Most seeds were immediately adjacent to a plant or
litter.

Seed movement

Microsites did not differ in the number of seeds cap-
tured during any trapping interval (P . 0.05; Table 2,
Fig. 4). Repeated-measures analysis indicated that nei-
ther microsite nor the interaction with date was sig-
nificant (P . 0.05; Table 2). Instead, date was signif-
icant (P , 0.001); seed trapping was maximum be-
tween January and April. We interpreted this as an
indication that movement of seeds occurred mainly
during, and shortly after, dispersal. At the peaks, the
number of ‘‘transient seeds’’ (i.e., secondary dispersal)
was at least eight times greater than during the rest of
the year. The number of seeds captured in traps around
shrubs and grasses did not differ among cardinal di-
rections (Friedman rank test, P . 0.05).

Recruitment of new individuals

Recruitment in the steppe was quite variable with
type of microsite (Table 3 and Fig. 5). The highest
recruitment occurred in grass microsites, where a large
fraction of seeds was concentrated, but survival was
low as a result of relatively high competition. Recruit-
ment in bare-ground microsites close to plants was also
high as a result of high seed density and low survival.
Recruitment in shrub microsites was intermediate, as
a result mainly of their low cover and the correspond-
ingly small number of trapped seeds, as well as low

recruitment. Finally, bare-ground microsites far from
plants recruited no seedlings because they did not retain
seeds.

DISCUSSION

Spatial distribution of Bromus pictus seeds in the
Patagonian steppe was quite heterogeneous. Density of
seeds was six times higher in vegetated- or litter-cov-
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TABLE 2. Results of the repeated-measures ANOVA for seed trapping data. Site represents
the effect of the three areas where we sampled seed density; Date represents the effects of
the three different dates on which we sampled seeds; and Microsite represents the effects of
the three locations of traps (bare ground, near grass, and near shrub). The effects are computed
either as (A) between subjects or (B) within subjects. Adjusted probabilities for analysis (B)
are shown in the last two columns. Means are shown in Fig. 4.

Sources df MS F P

Adjusted Pr . F

G–G† H–F‡

A) Between subjects
Site 2 4.67 0.95 0.46
Microsite 2 22.97 4.69 0.09
Error I (Site 3 Microsite) 4 4.90

B) Within subjects
Date 3 447 81.8 0.002 0.0001 0.0001
Date 3 Microsite 6 4.79 0.9 0.51 0.477 0.492
Date 3 Site 6 3.3 0.6 0.72 0.65 0.68
Error 3 Date 153 85.46

† Greenhouse–Geisser e: 0.64.
‡ Huynh–Feldt e: 0.77.

TABLE 3. Recruitment in the different microsites present in
the Patagonian steppe. Seed availability and proportion of
the area occupied by the different types of microsites are
from current experiments. Emergence and survival prob-
abilities are from Aguiar et al. (1992) and Aguiar and Sala
(1994).

Microsite

Seed
avail-
ability

(no.
seeds/
m2 of
micro-
site)

Emer-
gence
(pro-
por-
tion)

Sur-
vival

(propor-
tion)

Area
(m2/m2

total
area)

Recruit-
ment
(no.

seed-
lings/
total
area)

Grass 770 0.4 0.07 0.3 6.5
Shrub 247 0.4 0.07 0.03 0.21
Bare soil close 633 0.4 0.07 0.33 5.8
Bare soil far 0 0.4 0.25 0.34 0

Note: Recruitmenti 5 Seed Availabilityi 3 Emergencei 3
Survivali 3 Areai.

FIG. 4. Rate of seed trapping (mean 6 1 SE) for four
different dates. Traps were located in the center of bare-
ground areas (B), or beside grass (G) or shrub (S) individuals.
An observation, or datum point, for bare ground was an in-
dividual trap, whereas an observation for grass (or shrub) was
the mean of the four traps surrounding that plant. For each
date, there were no significant differences among trap loca-
tions.

ered microsites than in bare-soil microsites. As a result,
vegetated areas and litter-covered soil retained ø80%
of the seeds produced in 1 yr. Grass- and litter-covered
surfaces retained a higher density of seeds than their
relative importance in cover. Bare soil, instead, retained
a lower relative density of seeds than its relative im-
portance in the steppe (20% of seeds and 44% of the
total surface). Furthermore, bare-soil areas held seeds
only when a plant or litter patch was nearby (#10 cm).
Bare-soil areas close to a plant or litter patch accounted
for only 20% of total bare-soil area.

Seed density in litter- and grass-covered microsites

remained constant through time. Bare-soil areas lost
seeds after dispersal began, whereas shrubs lost seeds
during winter months (after April). Losses from bare-
ground areas may be explained by the action of wind
(Chambers and MacMahon 1994). Because wind ve-
locity is low near and beneath shrubs (Soriano and Sala
1986), losses from shrub microsites seem to be related
to other factors. We hypothesize that seed predation
may be intense around shrubs, explaining this winter
decline. In a shrubland in central Chile, small mammals
used areas under shrubs more frequently than open ar-
eas between shrubs (Simonetti 1989).

Pitfall traps provided strong evidence that lateral
movement of seeds produces the observed seed distri-
bution pattern. Traps located in bare-soil areas captured
as many seeds as traps located near grasses or shrubs,
suggesting that bare-soil patches lacked seeds because
of their inability to retain seeds, not because they do
not receive enough seeds initially. The peak of lateral
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FIG. 5. Percentage of new B. pictus individuals recruited
in different microsites present in a site of the Patagonian
steppe. Microsite types were grass, shrub, bare soil close to
plants or litter patches (#10 cm) (bare soil C), and bare soil
far from plants or litter patches (bare soil F). Recruitment in
microsite i was Ri 5 Seed Availabilityi 3 Emergencei 3 Sur-
vivali 3 Proportion of Site occupied by microsite i.

movement was detected during, and shortly after, seed
dispersal. At some time between April and September,
the transient seed population decreased to a level that
was, on average, 4% of the maximum. This value of
the transient seed population remained constant during
the rest of the year.

Our results illustrate the importance of the second
phase of seed dispersal, the lateral movement of seeds
across the soil surface (cf. Chambers and MacMahon
1994). Current models of wind dispersal of seeds in-
clude as variables the type of dispersal units (mor-
phology, mass), height from which seeds are dispersed,
and wind velocity (Levin and Kertsner 1974, Green
1983, Sharpe and Fields 1982, Geritz et al. 1984, Green
and Johnson 1989a, b, Okubo and Levin 1989). These
models only account for the first phase of dispersal
(sensu Watkinson 1978): the movement from the
mother plant to the soil surface. The main determinant
of the second phase in arid and semiarid regions is the
vegetation structure, which often includes large areas
of bare soil. Seeds are captured by bare-soil areas only
if they are small relative to the size of soil particles
(Chambers et al. 1991), or if the seeds possess a mor-
phology and/or appendages that facilitate anchoring in
soil crevices or irregularities (Peart 1979, 1981). Abi-
otic (wind and water) and biotic factors (animals) can
also determine the lateral movement of seeds (Nelson
and Chew 1977, Watkinson 1978, Reichman 1984, van
Tooren 1988, Matlack 1989, Westoby et al. 1990).

Can we extrapolate results obtained with the phy-
tometer grass Bromus pictus to the other dominant spe-
cies of the Patagonian steppe? The dominant tussock
grasses are Stipa speciosa Trin. et Rupr and Poa lig-

ularis Nees ap. Steud., and the dominant shrubs are
Mulinum spinosum Cav. Pers., Senecio filaginoides
DC., and Adesmia campestris Rendle Scottsb. Seeds of
S. speciosa and M. spinosum are .4 mm, whereas those
of A. campestris and S. filaginoides are ø3 mm (R. J.
Fernández, R. A. Golluscio, and A. Soriano, unpub-
lished data). Poa ligularis seeds, on the contrary, are
,2 mm, but their pilus determines the formation of
large seed aggregations that are easily moved by wind.
Approximately 60% of the soil in the steppe corre-
sponds to the particle size class of ,2 mm (Paruelo et
al. 1988), smaller than seeds of our phytometer species,
B. pictus, and the six dominant species. We conclude,
based upon the current understanding of the control of
lateral movement of seeds and the observed relation-
ship between seed and soil particle sizes (Chambers et
al. 1991), that the present results may be extended to
the other dominant species in the community.

The overlapping of these dispersal patterns with the
availability of safe sites is one way to evaluate the
efficacy of seed dispersal (Green 1983, Schupp 1993)
and, therefore, to answer questions at population and
community levels. The importance of vegetation as a
determinant of safe sites in arid and semiarid environ-
ments has already been recognized (Fowler 1988). Two
opposing interactions between adult plants and seed-
lings can be acting. Adult plants can compete with
seedlings (Fowler 1986, Aguiar et al. 1992, Aguilera
and Lauenroth 1993) or can protect seedlings from her-
bivory, desiccation, and high temperatures (Turner et
al. 1966, Parker 1982, Fuentes et al. 1986, Franco and
Nobel 1988, Aguiar et al. 1992, Aguiar and Sala 1994).
Our results indicate that vegetation can also modify the
pattern of seed distribution, the other component of
seed dispersal efficacy. Adult plants can trap seeds dur-
ing secondary dispersal.

In the case of the Patagonian steppe, bare-soil areas
are more favorable microsites for seedling establish-
ment (higher survival probability) than are microsites
located close to individual plants. This is because be-
lowground competition is more detrimental than the
nurse plant environment is beneficial (Aguiar and Sala
1994). The current study showed, however, that taking
into account the patterns of both seed and safe site
availability, most recruitment takes place in microsites
that have plants or are very close to them. In contrast
to many studies, we found that most recruitment is
expected to occur in less favorable microsites, because
patterns of recruitment are predominantly determined
by seed availability, not by seedling establishment.
Seed dispersal, particularly the second phase, may be
a major cause of vegetation patches commonly de-
scribed in arid and semiarid communities.

Our results predicting that recruitment is maximum
in or near vegetated microsites may have important
implications for the functioning of this ecosystem.
There is increasing evidence of the importance of
patchiness in the functioning of arid and semiarid eco-
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systems (i.e., energy flux, water, and nutrient cycling)
(Noy-Meir 1981, Sala and Aguiar 1996). At the plant
scale, bare ground represents a source of resources that
plants harvest with their root system and concentrate
beneath their canopies (Charley and West 1975, Belsky
et al. 1989, Hook et al. 1991, Gutiérrez et al. 1993,
Burke et al. 1995). This recruitment pattern near ex-
isting vegetation tends to maintain and reinforce the
current spatial heterogeneity, making the mean life-
span of vegetated patches longer than the mean life-
span of individual plants. Long-lived patches accu-
mulate soil organic matter and contribute dispropor-
tionately to the cycling of nutrients. Lauenroth et al.
(1996) analyzed the effect of life-span of two species
of Bouteloua on ecosystem functioning. Because of its
longevity, Bouteloua gracilis (H.B.K.) Lag. created a
pattern of high and low soil organic matter associated
with the location under or between plants. This pattern
did not appear in sites dominated by the shorter lived
species, Bouteloua eriopoda (Torr.) Torr.

In conclusion, we may not understand completely
the role of seed dispersal if we study only primary
dispersal and do not consider secondary dispersal, or
the redistribution of seeds once on the ground. Seed
distribution in the Patagonian steppe is heterogeneous
and is the result of vegetation trapping of seeds that
are secondarily moved by wind. Lateral movement of
seeds results in bare-soil areas not having seeds unless
grass, shrub, or litter are close. Our estimate of re-
cruitment of Bromus pictus in the Patagonian steppe
indicates that seed density is more significant than qual-
ity of microsites for the recruitment of new individuals.
This pattern of recruitment and its impact on ecosystem
functioning could not have been predicted easily based
exclusively on the distribution of safe sites for seedling
establishment.
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