
lable at ScienceDirect

Journal of Arid Environments 75 (2011) 1129e1135
Contents lists avai
Journal of Arid Environments

journal homepage: www.elsevier .com/locate/ jar idenv
Changes in vegetation structure induced by domestic grazing in Patagonia
(Southern Argentina)

A. Cesa a,*, J.M. Paruelo b

aDepartamento de Producción Animal, Facultad de Agronomía, Universidad de Buenos Aires, Av. San Martín 4453 (C1417DSE), Buenos Aires, Argentina
b Laboratorio de Análisis Regional y Teledetección, Departamento de Métodos Cuantitativos y Sistemas de Información, IFEVA (CONICET-FAUBA), Facultad de Agronomía,
Universidad de Buenos Aires and Conicet, Av. San Martín 4453, Argentina
a r t i c l e i n f o

Article history:
Received 22 September 2009
Received in revised form
30 March 2011
Accepted 1 April 2011
Available online 21 June 2011

Keywords:
Grazing
Precipitation gradient
Vegetation structure
Functional types
Patagonia
* Corresponding author. Present address: Estación
INTA Santa Cruz. Chacra 45 A, Río Gallegos, Santa Cru
Tel.: þ54 02966442305x105.

E-mail addresses: acesa@correo.inta.gov.ar, acesa@

0140-1963/$ e see front matter � 2011 Published by
doi:10.1016/j.jaridenv.2011.04.003
a b s t r a c t

We analyzed the structural differences associated with grazing exclusion on vegetation by studying 24
grazedeungrazed paired sites in Patagonia (Argentina). Our objectives were to evaluate the effect of
grazing on plant species composition, plant diversity, the relative abundance of plant functional types,
and the vertical and horizontal structure of the plant community. This study across the shrub-grass
steppes of Patagonia highlights some important characteristics of the vegetation response to a major
disturbance factor we show that shrub encroachment is not a generalized response of the steppe to
grazing. Grazed areas presented lower richness and diversity than exclosures. Physiognomic changes (as
describe by relative abundance of plant functional types) were less important than those observed at the
species level. These results shown that the status of the shrub-grass steppes of the Occidental district of
Patagonia can not be characterized in terms of contrasting physiognomic states as in the case of the grass
steppes of the Subandean district. Forbs and a few mesophytic and xerophytic grasses are the key
elements to identify the condition of the steppe. Monitoring programs should focus on the relative
abundance of these components.

� 2011 Published by Elsevier Ltd.
1. Introduction

Grazing affects the structure and functioning of grasslands,
shrublands and savannas in a complex manner. The actual impact
of herbivory on community structure or ecosystem processes has
been controversial (McNaughton, 1979; Milchunas and Lauenroth,
1993; Oesterheld et al., 1999). Ecosystem changes associated with
grazing varied according to the environmental conditions (water
availability, nutrient pools, thermal environment), the type and
body mass of the herbivore (Hoffman and Cowling, 1990), the
temporal and spatial scale of the grazing event (Olff and Ritchie,
1998) and the relationship with other disturbances (fire or
drought) (Díaz et al., 2007; Oesterheld et al., 1999).

Change in species composition is one of the most studied effects
of grazing on the structure of rangeland areas. Milchunas and
Lauenroth (1993) states that while in arid and nutrient-poor
systems grazing would have neutral or negative effects on species
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diversity, in humid and fertile sites grazing would increase diver-
sity. These changes in diversity will influence community structure
and dynamics (Chambers and MacMahon, 1994) and ecosystem
functioning, particularly C and water dynamics (Aguiar et al., 1996;
Paruelo and Sala, 1995).

Grazingmay have a large impact on plant functional types (PFTs)
abundance (Altesor et al., 2006; Ares et al., 1990; Hadar et al., 1999;
León and Aguiar,1985). Shrub encroachment of grasslands has been
identified as a major grazing-induced change in many areas of the
world (Archer, 1989). However, shrubs can decrease with grazing in
both arid (Cipriotti and Aguiar, 2005) and sub-humid environments
(Altesor et al., 2006). Given the tight connection between PFT
abundance and ecosystem functioning, changes at this level may
have larger consequences than in species composition (Aguiar et al.,
1996; Díaz et al., 2007; Hadar et al., 1999).

In this article we analyzed the effect of grazing by domestic
herbivores on different community structure attributes: floristic
and PFT composition, diversity and vertical and horizontal distri-
bution of plant biomass in the shrub-grass steppes of Patagonia
(Southern Argentina) (Appendix1, “electronic version only”). The
available evidence suggests important changes both in floristic and
PFT composition associated with grazing. Most of this evidence is
derived from the analysis of grazing gradients defined indirectly
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(León and Aguiar, 1985; Perelman et al., 1997), from fence contrasts
(Borelli et al., 1988) or from the distance to water points (Bisigato
and Bertiller, 1997).

Several studies have been based on the results of paired treat-
ments using: grazed areas and herbivore exclosures (Allen et al.,
1995; Angassa and Oba, 2007). However most of these studies
did not cover enough sites or, if so, they were based on meta-
analysis (but see Altesor et al., 2006).

In this study we analyzed the structural differences associated
with grazing exclusion on vegetation by studying 24 gra-
zedeungrazed paired sites located in the arid and semiarid portion
of Patagonia. Our objectives were to evaluate the effect of grazing
on plant species composition, plant diversity, the relative abun-
dance of PFTs, and the vertical and horizontal structure of the plant
community. The effects of grazing on the structure grasslands and
shrublands have generated controversy and debate in the literature
(McNaughton, 1979; Milchunas and Lauenroth, 1993; Oesterheld
et al., 1999). Aside from describing the effects of grazing on the
above mentioned attributes we evaluated predictions of two
general hypotheses (previously proposed) on the effect herbivory
on community structure:

- Grazing by domestic herbivores promotes species coexistence
by reducing competitive exclusion, by increasing colonization
of bare soil patches formation and by reducing litter cover
(Altesor et al., 2006). We predict that grazed areas would have
a higher diversity.

- Selective grazing would reduce grass and forbs cover thereby
increasing resources (mainly water) for shrubs (Sala et al.,
1989). We predict that grazed areas would have a higher
relative abundance of shrubs.
2. Materials and methods

2.1. Study sites and data collection

We selected two areas dominated by grass steppes and shrub-
grass steppes in the Occidental and Subandean Districts of Patago-
nian Province (León et al., 1998) (Appendix1 “electronic version
only”). The first area is located 30 km east of S.C. de Bariloche (North
area, 71�100 e 70�200 W, 41�000 e 41�150 S, 600e1200 masl), in Rio
Negro Province. The second one is located near Rio Mayo in Chubut
Province (South area, 71�000 e 71�350 W, 45�400 e 45�200 S,
500e600masl) The climate of the study sites is cold- temperatewith
precipitation concentrated in winter, between April to September
(Paruelo et al., 1998). Total annual precipitation decrease from the
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Fig. 1. Number of sites that present positives (top) and negative (bottom) differences betwee
dead material. Numbers highlighted indicated significant differences; proportion expected
Andes eastward (Ares et al., 1990; Jobbágy et al., 1995), varying from
200 to 770 mm in the northern site and from 190 to 350 mm in the
southernone. Soils in thenorthernarea corresponded toa complexof
Ustic Paleargids, Udic Argiustolls y Typic Haplargides on the plain
areas and Typic Haplargids y Lithic Haplargids on the hill. Near Rio
Mayo soils had a xeric regimen with full saturation in winter. Taxo-
nomically they corresponded to Typic Cryoborols toward the west
side of the area and Calciorthids on the east.

Vegetation corresponds to a coenocline; in the eastern portion
of both study areas vegetation presents an opened structure with
cover <60% and height <180 cm (León et al., 1998). The main
community is defined by Jarava speciosa (Stipa speciosa), Jarava
humilis (Stipa humilis), Adesmia campestris, Berberis heterophylla y
Poa lanuginosa (Golluscio et al., 1982). Others important species are
Senecio filaginoides, Mulinum spinosum, Poa ligularis, Bromus pictus,
and Hordeum comosum. In the west portion of the both areas
vegetation cover is>50% of soil and the dominant species is Festuca
pallescens. The dominat community of this area is defined by F.
pallescens, Rytidosperma pictum, Lathyrus magellanicus and Festuca
pyrogea (Golluscio et al., 1982).

We collected data from 24 paired sites. Twenty pairs of
ungrazed and grazed sites were located in northern area, between
71�100 W-e 41�000 S and 70�200 We 41�150 S. In this case, ungrazed
areas correspond to exclusions generated by the fences of railroad.
The plots sampled within the fences were located in areas not
disturbed by the railroad construction or operation. Both, the
grazed and ungrazed plots corresponded to the same landscape
unit. The exclosures did not correspond to the original vegetation of
the steppe because the fences were built after domestic herbivores
introduction (at the end of the XIX century). Fences were set after
1939 and since then grazing was occasional and accidental. In the
southern area, three paired sites were located at the Rio Mayo INTA
Experimental Ranch (45�410 S e 70�160 W) using exclosures where
large herbivores have been prevented access for 48, 28 and 15 years
(Sala et al., 1989; Yahdjian et al., 2006). The last site corresponds to
an exclosure located at theMedia Luna Ranch (71�260 We 45�360 S)
constructed in the 80 decade (Bertiller, 1996). The primary criterion
to select the sites was to avoid differences in any other factor other
than grazing; avoiding any sitewith sings of old fires or with abrupt
changes in its slope. In all cases we evaluated the presence of old
sheep dung into the exclosure, and only native herbivores dungs
was found. Historic stoking rates varying from 0.3 to 0.6 sheep/ha
across the paired sites (Cipriotti and Aguiar, 2005; Soriano and Sala,
1983). Actual recommended stocking rates varied from 0.13 to 0.6
(Elissalde et al., 2008). We acknowledge that it may be some
additional factors aside from the absence of grazing on the
observed response. In fact our design (paired comparison across
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Fig. 2. Number of sites that present positives (top) and negative (bottom) differences between ungrazed and grazed site (cover UG e cover G). a) Grasses cover, b) Shrubs cover and
c) Forbs cover. Numbers highlighted indicated significant differences, proportion expected 50% (c2, p < 0.05).
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different sites) tried to minimize these effects. Differences in
grazing intensity, soils, presence of additional herbivores, age of the
exclosures, etc, would contribute to the experimental error.

At each site we randomized the starting point of transect using
fence poles. The 3 transects (30 m) were set <4 m from each side of
the fence, 1 m apart. Measurements were performed in the same
soil type. Wemeasured the basal cover of each item (a plant species
or dead material) according the line intercept method (Canfield,
1941). For grasses and forbs we considered basal cover, for shrubs
wemeasured canopy projection. In addition to those intercepted by
the lines we listed all species within the area defined by the first
and third line surveyed.

2.2. Data analysis

We calculated total cover, deadmaterial cover, green cover (total
covere deadmaterial), PFTcover andmean height as the sum of cm
of each item along the transect. PFT were defined at two levels. At
a coarse level plant species were grouped into grasses, forbs and
shrubs (Soriano and Sala, 1983). The more detailed level is pre-
sented in Appendix 2 “electronic version only”.

Because our study was included sites with total cover varying
from 98% to 26%, attribute averages may not necessarily reflect the
differences between ungrazed and grazed sites. The differences
between grazed (G) and ungrazed (UG) sites were, analyzed using
1
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Fig. 3. Vertical distribution of cover. a) Average height (cm) in each sites (black: ungrazed
differences between UG and G site (height in ungrazed site e height in grazed site) and c) P
significant differences, proportion expected 50% (c2, p < 0.05).
a c2 approximation. We compared the number of sites with abso-
lute positive differences (UG e G) to the number expected by
random (50% of cases) with a 95% of confidence. To show the
magnitude of change we expressed also the differences in relative
terms ((UGeG)/UG). For those attributes with data for less than 10
sites the analysis was performed including Yates correction. To
analyze differences in plant functional type height we used Welch
ANOVA (SAS 8.2� 1999e2001).

Species richness (S0) was calculated from the total number of
species recorded (those intercepted by the lines plus those observed
within the area defined by the first and third line surveyed). To
calculated diversity and evenness were considered only the species
intercepted by the line. Diversity was calculated using Shannon
Index (H0 ¼ �P

pi ln pi, where pi is the cover of each species) and
Evenness as: J0 ¼H0/ln S. Richness, diversity and evenness were also
calculated for grasses, shrubs and forbs. Differences between
ungrazed and grazed areas were analyzed using c2.

The relationship between the relative cover (total cm of each
item/total cm of green cover) of species and PFT in grazed and
ungrazed areas was analyzed for items present in at least seven
sites (25%). We determine the correlation (r) and also compared the
slope and Y-intercepts of the regressionmodel fitted to relationship
between the cover of the entities (species of PFT) in grazed areas
and ungrazed areas. A slope of 1 and a Y-intercept of 0 correspond
to no differences between grazed and ungrazed sites.
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Fig. 4. Number of sites that present positives (top) and negative (bottom) differences between ungrazed and grazed site (value UG e value G). a) Richness (n�), b) Diversity
(Shannon index H0) and c) Evenness (J0). Numbers highlighted indicated significant differences, proportion expected 50% (c2, p < 0,05).
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3. Results

3.1. Change in vertical and horizontal distribution of cover

Grazing regime modified total and green cover (Fig. 1a and b).
Most of the ungrazed plots presented a higher total (17:7; c2¼ 4.16,
p< 0.05) and green (19:5, c2 ¼ 8.16, p< 0.05) cover than the paired
grazed areas. The proportion of dead material was higher in
ungrazed than in grazed plots in 79.2% of the cases (c2 ¼ 8.16,
p < 0.05) (Fig. 1c). The absolute differences observed translate into
broader differences in relative terms. The sites that showed positive
differences had a 22%, 23% and 42% more total cover, green cover
and proportion of dead material in ungrazed than in grazed plots.
Grass, shrub and forbs covers were also modified by the grazing
regime (Fig. 2). Grass cover was higher in grazed than in ungrazed
conditions in most the sites (7:17, c2 ¼ 4.16, p < 0.05). The opposite
patternwas observed for shrubs and forbs (17:7, c2 ¼ 4.16 and 20:4,
c2 ¼ 8.16, p < 0.05). As it was described for total cover and green
cover, relative differences in grass, forbs and shrubs cover were
higher than the absolute ones. Forbs relative cover was 681% higher
in ungrazed than in grazed sites. Similarly, relative differences in
shrub and grass cover resulted 129% higher and 43% lower in
ungrazed sites than in grazed sites.

Grazing regime did not modify the number and size of bare
ground patches: the number of sites with positive difference in
these attribute did not differ from those expected by chance (10:14,
c2 0.66). Ungrazed sites showed in average 82 patches of 43 cm
(ranging from 14 to 149 cm) as a mean size. Grazed sites presented,
91 patches as average and in grazed 46.6 cm (5e227 cm). In
a significant proportion of the ungrazed sites the vegetation was
Table 1
Richness (S0), Diversity (Shannon index H0) and Evenness (J0) by life form (shrubs,
grasses and forbs). Table contains the number of sites with positive and negative
differences (UGeG), c2 value to 50% expected, p value, means and standard
deviations.

Number of site with differences Means

PFTs Attribute þ � c2 p UG G

Shrubs S0 16 6 4.54 0.03 3.5 2.95
H0 13 11 0.16 0.68 0.75 0.68
J0 11 13 0.16 0.68 0.62 0.64

Grasses S0 17 7 4.16 0.041 6.29 5.58
H0 21 3 13.5 0.001 1.23 0.81
J0 20 4 10.6 0.001 0.68 0.52

Forbs S0 21 3 13.5 0.001 5.8 3.5
H0 21 3 13.5 0.001 1.057 0.57
J0 12 12 0 1 0.69 0.59
taller than in grazed sites (Fig. 3, 19:5, c2: 8.16, p < 0.05). In both
situations, vegetation cover was concentrated below 30 cm. Grazed
sites had 84.3% total cover below this height and ungrazed 78%. The
proportion of the total cover concentrated in the first 5 cm of the
profile was higher in grazed plots (21:3, c2: 13.5, p < 0.05; Fig. 3c)
on the other hand cover concentrated on 20e80 cm was higher in
ungrazed sites (17:7, c2: 4.16, p < 0.05).

3.2. Richness, diversity and evenness

Total number of species (S0) was affected by grazing. Over 24
sites, 22 showmore species in ungrazed than in grazed areas (22:2,
c2 16.6 p < 0.05). Differences in one specie was founded in 32% of
the cases and in 22% differences were over 10 species. Diversity (H0)
and evenness (J0) showed a similar pattern, both attributes were
higher in ungrazed sites in 70.8% cases (Fig. 4). Average relative
differences between grazing regimes were 20% for richness and 4%
for evenness, indicating that changes in diversity were mainly due
to differences in the number of species. Grazed and ungrazed sites
differed significantly in shrubs and grasses richness; in grasses
evenness and in diversity of forbs. Differences in forbs diversity
were associated to changes in evenness between grazing systems
(Table 1).

3.3. Functional types and species cover

Relative cover in grazed and ungrazed sites was significantly
correlated for 6 out of 9 PFT (Table 2). In 4 cases, the linear model
fitted has a slope significantly lower than 1 and a negative inter-
cept indicating a lower cover in grazed sites. For the Xerophytic
Grasses, the slope was lower than 1, but the Y-intercept was over
10% of cover in grazed sites. Its shows 20 sites over the 1:1 line,
meaning that the cover in grazed sites was higher than in
ungrazed ones (Table 2). Mesophytic Grasses, Evergreen Forbs and
Short Deciduous Shrubs showed the highest differences in slope
and showed.

At the species level, grazing regime generated different
responses (Table 3). We found a significant correlation between the
relative cover of ungrazed and grazed sites for 10 out of 21 species.
For a group of 11 species relative cover in grazed and ungrazed plots
showed no significant correlation (Ephedra frustillata, Rodophiala
elwessii, Valeriana clarionifolia and Jarava humilis, Acaena pinatifida,
Euphorbia collina, Cerastium arvense, Sisyrinchium junceum, H.
comosum, B. pictus and J. speciosa). Six of these species (Acaena
pinatififa, E. collina, C. arvense, S. junceum, H. comosum, B. pictus),
though, showed higher cover in ungrazed than in grazed sites in



Table 2
Results model comparison. Adjusted model correspond to relationship between
relative cover in UG vs G sites for PFT. Null model correspond to 1:1 line, equal cover
in both sites. Table contains: the number of sites where each FT was present;
correlation value, slope value; Y value; p value for slope comparison, p value for
origin comparison and the number of site below line 1:1. Highlighted numbers show
significant values.

Functional type N Relative cover

r Slope
value

Y
value

Slope
(p value)

Y-intercept
(p value)

N� under
line 1:1

Short deciduous
shrubs

21 0.63 0.64 �7.90 0.038 15

Perennial
mesophytic
grasses

24 0.57 0.61 �0.47 0.040 20

Perennial
xerophytic
grasses

24 0.49 0.52 16.54 0.020 6

Evergreen forbs 14 0.79 0.47 �0.14 0.007 12
Perennial

deciduous forbs
24 0.85 0.24 �0.90 0.001 16

Annual forbs 17 0.82 0.74 �0.44 0.120 0.005 14

Short evergreen
shrubs

24 0.90 0.93 �0.75 0.460 0.22 11

Tall deciduous
shrubs

7 0.87 1.16 �0.20 0.760 0.54 4

Graminoids 7 0.01
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75% of the cases (c2: 6.0, p < 0.05) and one (J. speciosa) shows the
opposite pattern with higher cover in grazed sites (c2: 18.3,
p < 0.05). A second group of species (A. campestris, Festuca
argentina, F. pallescens y Relbunium richardianum) showed a posi-
tive relationship between cover in grazed vs ungrazed site, but
without differences in slope or Y-intercept. Five species (S. filagi-
noides, Rumex acetocella, P. ligularis, P. lanuginosa and M. spinosum),
showing also a significantly relationship between grazed and
ungrazed sites cover, presented a slope significantly lower than 1.
Finally one specie (Acaena splendens) showed a Y-intercept signif-
icantly different than 0, was higher under grazing.
Table 3
Results model comparison. Adjusted model correspond to relation between relative cove
both sites. Table contains: 21 more constant species, PFT; number of sites where it is prese
situation where cover was higher and the number of sites under the 1:1 line.

Species PFT N� Relationship between
relative cover in UG vs G sites

Ephedra frustillata SES 7 No significant
Rodophiala elwessii PDE 8
Valeriana clarionifolia PEF 6
Jarava humilis PMG 14
Acaena pinatifida PDE 14
Euphorbia collina PDE 11
Cerastium arvense PDE 12
Sisyrinchium junceum PDE 13
Hordeum comosum PMG 22
Bromus pictus PMG 23
Jarava speciosa PXG 22

Adesmia campestris TDS 8 Significant
Festuca argentina PXG 13
Festuca pallescens PXG 19
Relbunium richardianum PDE 13
Senecio filaginoides SES 21
Rumex acetosella ANF 14
Poa ligularis PMG 22
Poa lanuginosa PMG 11
Mulinum spinosum SDS 22
Acaena splendens TES 13
4. Discussion and conclusions

Sheep grazing modified vegetation structure in the Patagonian
steppes. Areas where grazing was excluded had higher total cover,
richness, diversity and the vegetation was taller than in grazed
areas. In the two areas studied (north and south) the variables
recorded presented the same pattern of response to grazing. The
results presented did not support, though, our predictions on the
effect of grazing on diversity. Diversity was lower in grazed areas.
As it was observed in different semiarid and sub-humid sites,
grazed areas presented a lower cover of both green and dead tissues
(Bertiller, 1996; Bisigato and Bertiller, 1997; Xie et al., 2007).
However the number and size of bare soil patches did not change
between grazing treatments. Bare soil patches play a critical role in
the recruitment of new individuals in the Patagonian steppe
(Aguiar and Sala, 1997). A lack of change in the distribution of bare
soil patches would result in null effect of grazing on recruitment
and colonization. The vertical distribution of the biomass may also
affect recruitment by modifying roughness and wind profiles and,
consequently, seed dispersal (Aguiar et al., 1996; Rotundo and
Aguiar, 2004). Secondary dispersion is an important factor in the
recruitment dynamics of Patagonian species (Aguiar and Sala,
1997).

We did not find either evidence for our second prediction:
grazed areas would have a higher relative abundance of shrubs. In
the exclosures the relative abundance of shrubs was higher than in
grazed areas. These results contradict the common paradigm of
grazing-induced shrub encroachment in arid and semiarid areas
(Walker et al., 1981; Weber et al., 1998). For Patagonia shrub
encroachment was described for the western grass steppes
(Bertiller and Bisigato, 1998; León and Aguiar, 1985). Perelman et al.
(1997) also described an increase in shrub cover in the grass-shrub
steppes of the Occidental district of Patagonia. However, this
analysis was based on an indirect gradient analysis instead on
a paired comparison of grazed and ungrazed sites. A detailed
analysis of shrub density in grazed and ungrazed areas of the
Occidental district showed that shrub abundance was higher in
areas where large herbivores were excluded (Cipriotti et al., 1999).
r in UG vs G sites for each species. Null model correspond to 1:1 line, equal cover in
nt; significance of correlation UG vs UG relative cover, differences in slope or origin,

Differences
in slope

Differences
in origin

Side where
cover is higher

N� under line
1:1 (c2 p < 0.05)

Ungrazed 9
Ungrazed 8
Ungrazed 10
Ungrazed 11
Ungrazed 14
Ungrazed 17
Grazed 2

No significant

Ungrazed 10
Significant Grazed 8

Ungrazed 8
Ungrazed 14
Ungrazed 7
Ungrazed 14

Significant Grazed 5
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High shrub cover in ungrazed areas was common in sub-humid
grasslands of Uruguayan Campos (Altesor et al., 2006).

The balance between shrubs and grasses motivated a profound
debate (Sala et al., 1997; Soriano and Sala, 1983;Walker et al., 1981).
Fire, grazing and water partitioning has been proposed as the major
controls of the relative abundance of the two PFT (Noy-Meir, 1973;
Paruelo et al., 2000). In the Occidental district of Patagonia fire is
almost absent due to the lack of thunderstorms (Paruelo et al.,
1998). Shrubs concentrate their roots below 40 cm and grasses in
the upper layer (Fernandez and Paruelo, 1988). Grasses by
absorbing water from the upper layers reduce drainage and hence
water availability in the lower layers affecting shrub absorption and
productivity (Sala et al., 1989). The observed increases in xerophytic
grasses cover in grazed areas may result in a reduction in water
availability in the layers where shrubs concentrate their roots,
explaining then the decrease in shrub cover in these areas. In
addition to water dynamics grazing per se may play a role in
determining changes in shrubs abundance. Shrub response to
grazing is not uniform among shrub species. In general deciduous
species (M. spinosum and A. campestris) are more consumed by
sheep than evergreen species. Deciduous shrubs (mainly M. spi-
nosum) decreased in grazed areas while evergreen species (mainly
S. filaginoides) increased. Changes in competition ability mediated
by grazing among shrubs may also contribute to explain the
observed changes in cover between grazed and ungrazed areas.

Forbs presented the greatest differences among grazing
regimes. Though their total cover was always lower than 5%, forbs
accounted for most of the differences in richness, diversity and
evenness between grazed and ungrazed areas. As shown by many
authors for arid and semiarid environments, exclosures presented
higher diversity and richness of forbs (Pastor et al., 1998; Schlichter
et al., 1978). Differences in richness between grazing regimes were
higher than in evenness. The lost of forbs species, with low cover, in
grazed areas would explain this patterns.

Our results showed that grazing-induced subtle changes in the
physiognomy of the steppe. The 13 PFT defined were present in
both grazing conditions. Possibly our definition of PFTs it was not
sensitive enough to detect the effect of grazing. Xerophytic grasses
did not show major changes, however, the response of the species
pertaining to the PFT varied widely. For example F. pallescens
decreased under grazing, while J. speciosa increased. Grouping
species based on attributes related to water use and drought
tolerance (Solbrig et al., 1977), was not able to detect differences in
grazing response (Cingolani et al., 2005; Díaz et al., 2007). Although
many attributes related to drought tolerance (as leaf thickness, leaf
tensile strength, cuticular wax) may represent exaptations to
grazing (Coughenour, 1985) additional factors such as tussock
structure or relative availability of forage items would generate
differences in the response of species pertaining to the same PFT.
The reduction in cover of the species most preferred by sheep
(F. pallescens, P. ligularis, B. pictus, P. lanuginosa and M. spinosum) in
grazed conditions determines a sharp decline in forage quality.
Moreover, such reduction may determine the local extinction of
some species. Aguiar et al. (unpublished) showed the genetic
erosion and the local extinction of P. ligularis under grazing
conditions. However, the impact of grazing on other structural
attributes was relatively low determining small physiognomic
changes. Verón (2008) showed for the Occidental district that the
structural changes associated to grazing has relativelyminor effects
on ecosystem functioning, particularly on water dynamics.

Despite the uncertainties related to stock density, age of exclo-
sures, etc., our experimental design allowed us to detected a clear
signal of the “grazingeno grazing” factor. Thoughwe recognize that
the perception of the impact of grazing may varied depending on
the age of the exclosure or the stocking density, in our analysis the
uncertainty associated to this factor did not mask the effect of
grazing exclusion per se. The analysis of paired grazed and ungrazed
sites across the shrub-grass steppes of Patagonia highlight some
important characteristics of the vegetation response to a major
disturbance factor:

- Shrub encroachment is not a generalized response of the
steppe to grazing. The increase of shrub would be restricted to
the western grass steppes.

- Grazed areas presented lower richness and diversity than
exclosures. Such differences were explained mainly by forb
species.

- Physiognomic changes (as describe by PFT relative abundance)
were less important than those observed at the species level.

These results showed that the status of the shrub-grass steppes
of the Occidental district of Patagonia not can be characterized in
terms of contrasting physiognomic states as in the case of the grass
steppes of the Subandean district. Forbs and a few mesophytic and
xerophytic grasses are the key elements to identify the condition of
the steppe. Monitoring programs should focus on the relative
abundance of these elements. The low impact of grazing on the
major structural features of the steppe may represent an advantage
in terms of management and/or restoration. The target species in
a management or restoration plan are, in general, the more
dynamics component due to the high relative growth (Oyarzabal
et al., 2008) or recruitment rates (Rotundo and Aguiar, 2004).
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