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Abstract

The presence of guanaco (Lama guanicoe, Muller 1776, Camelidae) in forests of Nothofagus pumilio (Poepp. et Endl.)
Krasser. (lenga) in Tierra del Fuego has been associated with browsing damage in the regeneration of these forests, but little
quantitative data are available. In developing and implementing forest management plans for N. pumilio forests, the effects of
guanaco browsing are a major source of variation in attaining regeneration and growth goals, however, guanaco is not generally
accounted for in management planning in the region. In this study we examined the browsing damage levels of guanaco and
introduced livestock on N. pumilio regeneration occurring in canopy gaps of forests in Tierra del Fuego, Chile (54°12'S,
68°45'W). Relationships were established between browsing levels and gap characteristics like gap size, gap age and abundance
of regeneration. Results indicated that 88.7% of regeneration growing in gaps experienced some degree of damage by browsing,
and that the degree of damage was higher in smaller gaps, which might depend on the size of guanaco herds. We also found that
the degree of damage was positively related with the abundance of guanacos. However, no relationship was found between gap
size and abundance of guanacos.

Keywords: Nothofagus pumilio; Tree fall gaps; Guanaco; Browsing; Tierra Del Fuego

1. Introduction through the alteration of the regeneration dynamics

(Frelich and Lorimer, 1985; Shimoda et al., 1994,

Browsing by large herbivores can produce impor-
tant floristic and structural changes in forest ecosys-
tems by shifting the dominance of a tree-species
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Ammer, 1996; Heikkild and Harkonen, 1996) and by
influencing plant productivity and species diversity
(Heinen and Sharik, 1990; Mladenoff and Stearns,
1993; Wilkinson and Neilsen, 1995). Even though
most research on the effects of browsing on forests has
been conducted in temperate forests of the northern
hemisphere, significant work has also been initiated in
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forests of the southern hemisphere (Steward and
Burrows, 1989; Wilkinson and Neilsen, 1995;
Bulinski and McArthur, 1999; Relva and Veblen,
1998), and particularly in Nothofagus forests (Rae-
deke, 1980; Bahamonde et al., 1986; Bonino and
Pelliza-Sbriller, 1991; Jane, 1994; Martinez-Pastur et
al., 1999; Pulido et al., 2000).

Among the species of the genus Nothofagus,
Nothofagus pumilio is one of the most prominent
native species for timber production in Chile, and has
been under continuous management in the last
decades (Schmidt and Urzda, 1982; Uriarte and
Grosse, 1991; Arroyo et al., 1996). N. pumilio (Poepp.
et Endl.) Krasser. (lenga) Nothofagaceae (syn.
Fagaceae) (Ramirez et al., 1997) is a widespread
deciduous, monoecious tree species that occurs from
35°35'S (Central Chile) to 55°30’S (Cabo de Hornos,
Tierra del Fuego) (Donoso, 1993; Veblen et al., 1996).
In Tierra del Fuego, it covers an area of near to 33—
50% of the island surface (66,000 km2), and it can be
found from sea level to 700 m elevation (Arroyo et al.,
1996). N. pumilio is a shade intolerant species, thus, its
regeneration inside the forest depends on the dynamics
of forest gap formation (Rebertus and Veblen, 1993;
Rebertus et al., 1997; Veblen et al., 1996; Heinemann
et al., 2000; Fajardo and de Graaf, 2004).

In the Patagonia region, including Tierra del Fuego
Islands, most of the gaps in the N. pumilio forests are
formed by tree falls due to the strong prevailing winds
(Rebertus and Veblen, 1993; Rebertus et al., 1997).
The dynamics of N. pumilio has been studied with
special emphasis on silviculture (e.g. Uriarte and
Grosse, 1991; Bava, 1998; Lopez-Bernal et al., 2003),
and regeneration dynamics (e.g. Rebertus and Veblen,
1993; Cuevas, 2003; Fajardo and de Graaf, 2004).
However, there is a lack of information about the role
of large herbivores on regeneration development of N.
pumilio, and browsing by large herbivores, knowing
that both native — guanaco (Lama guanicoe, Muller) —
and introduced domestic cattle (Bos taurus), have
been reported in Tierra del Fuego Island (Veblen et al.,
1996; Rebertus et al., 1997).

Guanaco is one of the four South American camelid
species. In southern Chile, guanaco constitutes a
generalist herbivore that uses a wide range of forage
types (Raedeke, 1980; Franklin, 1983; Raedeke and
Simonetti, 1988; Puig et al., 1997), with grasses and
forbs composing between 60% and 90% of guanaco’s

diet, particularly in Tierra del Fuego (Raedeke, 1980;
Bonino and Pelliza-Sbriller, 1991). Guanaco is a
steppe species, generally not occurring in dense
forests (Veblen et al., 1992) and, although the forest
was not considered an important source of forage by
Franklin (1983), other studies have reported that
guanaco consumes leaves of trees, especially of
sapling and seedlings of N. pumilio (Raedeke, 1980;
Bonino and Pelliza-Sbriller, 1991; Martinez-Pastur et
al., 1999), and N. antarctica (Bahamonde et al., 1986).
Thus, despite their preference for open habitats
(Ortega and Franklin, 1988; Marchetti et al., 1992;
Puig et al., 1997; Martinez-Pastur et al., 1999),
guanaco does move into the forest (Franklin, 1983),
potentially impacting N. pumilio regeneration (Veblen
et al., 1996; Arroyo et al., 1996; Rebertus et al., 1997).
Veblen et al. (1996) comment that guanaco browsing
can even totally eliminate N. pumilio regeneration. It
has been also reported that livestock browsing creates
serious problems for natural regeneration of N.
pumilio (Bava and Puig, 1992). In this context, to
know the effect that the guanaco browsing could have
on the regeneration of N. pumilio in forest gaps is
especially important on Tierra del Fuego Island, where
guanaco populations have increased in recent years
(Soto, 1994; Franklin et al., 1997) and the forests are
threatened by forest exploitation (Arroyo et al., 1996).
In the Argentinean part of Tierra del Fuego, Martinez-
Pastur et al. (1999) found that the abundance of
guanaco in N. pumilio forests was higher in harvested
stands (shelterwood cut system), but the highest
percentage of damaged plants was found in the old-
growth forest, which was not subjected to harvest.
Since there is a preference of this species for open
habitats and areas with higher availability of resources
(seedlings and saplings), once the guanaco is in the
forest, we can expect a direct relationship between
forest gap size, the abundance of saplings and
seedlings, and the intensity of browsing. The age of
the gaps could also be an important determinant of the
browsing magnitude, since we expect that in older
gaps saplings and seedlings might be exposed to
browsing for a longer time.

Although, it is already known that guanaco and
eventually livestock browse the regeneration of these
forests, quantitative data documenting the varying
degree and severity of this damage on N. pumilio
regeneration has been mostly lacking. In this study we
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explored relationships between browsing damage
levels on regeneration and gap characteristics in N.
pumilio stands of Tierra del Fuego, Chile. Our main
aim was to evaluate the intensity of guanaco browsing
on N. pumilio regeneration, assessing whether or not
the browsing intensity in forest gaps is related to gap
size, gap age and the abundance of N. pumilio seedling
and saplings, as a beginning point for suggestions in
management strategies and development of further
studies.

2. Methods
2.1. Study site

Sampling was conducted between January and
March of 1995 at Estancia Vicuiia in the eastern part of
Chilean Tierra del Fuego Island (Fig. 1). The climate
of this region is characterized by short and cold
summers followed by snow and frost in the winter
(Soto, 1994). Annual precipitation is ca. 450-500 mm
and is evenly distributed over the year. The mean
annual temperature is ca. 2.6 °C; with average
minimum of —4 and maximum of 9.6 in July and

January, respectively (Arroyo et al., 1996). The study
site is located at Estancia area, which is mainly formed
by woodlands where N. pumilio is the dominant tree
species. Since older stands present more gaps than
young ones (Franklin et al., 2002), and this may alter
the amount of regeneration occurring, only old-growth
stands with similar canopy structure were used in the
sampling. Woodlands are dominated by pure N.
pumilio, with different development stages, which
present a low density understory mainly composed of
the shrubs Gaultheria mucronata, Ribes magellani-
cum, Berberis buxifolia and the herb Osmorhiza
chilensis. Species nomenclature follows Marticorena
and Quezada (1985).

2.2. Gap sampling and regeneration

Sampling was restricted to an area without any
history of logging or recent stand-replacing natural
disturbance, which is not hard to find at Estancia
Vicufia (Cuevas, 2003). The forest, in general,
presents a gentle slope of around 5%. We sampled
35 gaps located in a forest area of ca. 100 ha. We
selected gaps non-randomly by covering a full
spectrum of sizes and located in different stands on
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Fig. 1. Location of the study area, Estancia Vicuifia, Tierra del Fuego Island, Chile (54°12'S, 68°45'W), showing in bold circles the forest stands

sampled. Areas in grey corresponded to forest dominated by N. pumilio.
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the whole Estancia area (Fig. 1). Only gaps from tree
deaths were considered; for example, gaps caused by
rock outcrops or swamp vegetation were not included.
All the gaps under study were located in the forest
matrix and at least 100 m from the steppe ecotone
edge. Geographic coordinates at the center of each
selected gap were obtained with a portable GPS
system (Garmin Co.). We measured expanded gap
area, which is defined as the area formed by the
canopy gap plus the adjacent area delimited by the
stem bases of the canopy trees surrounding the canopy
gap (Runkle, 1982). Size of the gap was measured by
taking the distance from the center to four stems of the
surrounding border trees (the extremes of two
perpendicular axes) (Veblen et al., 1989). We assumed
an elliptical gap shape and the center of each gap was
located subjectively (roughly the geometrical center).
Therefore, the formula for the area of a gap is:
A = (wLW)/4, where L is the distance of the longest
axis, and W the distance of the shortest axis.

Gap age was estimated by extracting cores from
each one of the four trees in the edges at 1.4 m height,
approximately, to check for major changes in rates of
radial increment and synchronous releases (Lorimer,
1985). To determine major changes in rates of radial
increment, tree cores were dried and mounted in
grooved wooden boards and sanded with successively
finer grades of sand paper to reveal annual rings
(Schweingruber, 1996). Ring widths were measured to
the nearest 0.1 mm using a binocular microscope.
Finally, gap ages were determined from coincident
dates of release where at least a two and a half fold
change in mean ring width occurred in adjacent groups
of five or more rings (Veblen et al., 1989; Rebertus and
Veblen, 1993).

To assess abundance and height of regeneration
in gaps, we counted all seedlings (less than 10 cm
tall) and little saplings (between 10 and 100 cm tall) of
N. pumilio in a 1 m wide transect, which was staked
out in one of the longest radii (between the center and
one of the border trees). Three individuals were
chosen for height measurements every meter along the
transect.

2.3. Browsing characterization

Pulido et al. (2000) reported that in the understory
of old-growth forest while the cover of grasses and

forbs is similar to the seedlings of N. pumilio (ca.
14%), gaps are completely dominated by the latter.
Indeed, there is a dearth of other shrub species (e.g.
Berberis microphylla), which are the usual food
source of these animals out of the forest (Raedeke,
1980; Franklin, 1983). It is known that guanaco only
browse leaves, leaving branches intact (Arroyo et al.,
1996). The degree of browsing was estimated by a
browse-rating index (BRI), proposed by Veblen et al.
(1989). The BRI was calculated for every sapling
located on the perimeter of the transect in each gap.
This index is based on simple categories, visually
established by percentage of browsing damage in the
foliage of an observed individual. We considered the
following BRI categories: 0=no damage (0%);
1 =low (1-25%); 2 = moderate (26-50%); 3 = high
(51-75%); 4 = very high (76-100%); and 5 = death
due to browsing. For the latest case, we considered a
dead sapling due to browsing when the morphology of
that sapling indicated that browsing was intense and
sustained over time. Saplings under these conditions
lose their apical dominance and only grow in width,
with clear deformations in the position of branches
(Martinez-Pastur et al., 1999). With the values of BRI
we computed the browsing mean index (BMI) for each
gap, which corresponds to the BRI mean for all the
individuals of such a gap.

2.4. Guanaco and livestock abundance

The dung piles of guanaco can be localized at both
the open steppe and in the forest. The forest is often
used as a sleeping place (Franklin, 1983). The sleeping
place is marked (through the dung piles) and defended
by the dominant male of the group (Franklin, 1982).
Based in this relation (dung piles and guanaco
presence), we estimated the relative abundance of
guanaco in each gap by counting dung piles in four
100 m x 4 m lineal transects, located parallel to and
from the longest axis in the gap. The transects were
located in both gaps and beneath canopy forest. Since
not all guanacos produce or make dung piles
(Franklin, 1983), we also counted small groups of
feces on the transects, which are usually deposited by
females and chulengos (baby guanacos). We con-
sidered only dung piles with clear evidence of feces
deposited during recent times, otherwise guanaco
abundance could be overestimated. Recent dung piles
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can be distinguished from abandoned ones because of
the presence of small pioneer herbs recruiting in the
latter (Franklin, 1983). Livestock abundance was
estimated in the same way as for guanacos.

2.5. Spatial autocorrelation analysis: Moran’s 1

Moran’s I index was used to measure the degree
of spatial autocorrelation displayed by a quantitative
variable (gap size), and to test the null hypothesis
that there is no significant spatial autocorrelation
for gap size (Fortin et al., 1989), to say gap size is
spatially distributed at random. In this case, gap

Table 1

size () is attached to the coordinates of the gap center
(x, yin UTM) and each gap is considered to represent
its surrounding portion of space (Upton and
Fingleton, 1985; Skalova et al., 1999). Moran’s I
index ranges from —1 to +1, with zero being the null
hypothesis of no spatial autocorrelation for the
variable (Mast and Veblen, 1999). The statistical
significance and confidence intervals are computed
with respect to distance classes showing significant
positive or negative spatial autocorrelation when the
values of the variable are spatially dependent
(Legendre and Fortin, 1989). Significances of
autocorrelation were tested by Monte Carlo permu-

Variables estimated in 35 gaps of N. pumilio forests in Tierra del Fuego, Chile. MBI is mean browse index (see methods).

Gap Age (years) MBI Gap area N. pumilio Guanaco abundance Livestock
(m?) regeneration (ind./m?) (dung piles/mz) abundance (dung pi]es/mz)
1 57 2.26 626.7 19.0 0.02 0.00
2 26 1.57 1130.9 5.5 0.03 0.00
3 30 2.84 201.5 13.2 0.01 0.00
4 62 3.76 159 16.8 0.02 0.00
5 25 1.68 794.8 3.7 0.02 0.00
6 3.17 157.8 224 0.05 0.06
7 19 2.78 11145 134 0.05 0.02
8 22 3.10 141.4 56.0 0.08 0.04
9 36 2.73 315.7 24.5 0.03 0.07
10 2.59 146.9 524 0.06 0.04
11 45 0.88 184.3 10.9 0.04 0.03
12 35 421 125.7 22.0 0.07 0.01
13 68 2.57 646.8 333 0.07 0.02
14 36 2.50 1339 78.9 0.07 0.03
15 37 1.33 1500.3 335 0.07 0.03
16 2.13 586.9 134 0.13 0.00
17 35 3.01 731.99 34.0 0.03 0.00
18 60 4.62 323.1 5.4 0.01 0.00
19 62 4.19 684.8 9.9 0.06 0.01
20 65 3.68 520.7 19.6 0.06 0.01
21 45 3.33 659.7 19.4 0.06 0.00
22 29 5.06 150.8 6.1 0.09 0.01
23 100 3.42 204.2 32.8 0.08 0.00
24 80 4.09 161.6 52 0.07 0.00
25 40 2.02 440.7 4.2 0.00 0.00
26 2.01 379.3 6.4 0.01 0.00
27 17 2.67 387.2 10.4 0.01 0.00
28 44 2.62 464.96 8.7 0.03 0.00
29 38 2.49 453.96 21.1 0.04 0.00
30 1.95 517.8 4.6 0.03 0.00
31 44 2.63 397.9 17.1 0.03 0.00
32 27 2.70 1036.7 14.1 0.02 0.00
33 70 3.19 765.8 10.4 0.05 0.00
34 39 4.67 306.4 272 0.17 0.00
35 30 4.86 707.6 5.9 0.15 0.01
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tations (1000) for the gap size data. More detailed
descriptions of the ways of computing and testing this
index can be found in Cliff and Ord (1981). Moran’s /
was calculated using the spatial module in S-PLUS
(S-PLUS, 2002).

2.6. Data analysis

The relationship between BMI (dependent vari-
able) and the rest of independent variables, gap size
and age, density of regeneration, the presence of
livestock and guanacos, and the distance to the
forest edge was carried out through multivariate
comparisons (Sokal and Rohlf, 1995; Husheer et al.,
2003), using general linear models in SYSTAT (SPSS,
2000). The data were normalized by a logarithmic
transformation before statistical analysis. In addition,
the variables for this model were checked for
orthogonality (no-colinearity among the variables
considered).

3. Results
3.1. Gap and regeneration characteristics

The density of seedlings and saplings was not
significantly related to gap size or gap age (P > 0.05;

0.20

F,33=0.935). The regeneration abundance showed
a high variation, with a range of densities from 2.7
to 78.8 individuals m 2 (27,000-780,000 individuals
ha™', Table 1). The range of gap sizes in the study
area was between 127 and 1500 m>. We found no spatial
autocorrelation for gap size (P > 0.05, Fig. 2). More
than 50% of the gaps were < 400 m?, representing more
than 50% of the size range (Fig. 3a). Gaps were age
estimated to range from 17 to 100 years old, where more
than 50% were younger than 40 years, 40% were
between 40 and 70 years, and only 10% were older than
80 years (Fig. 3b). For analysis purposes, we determined
that there was no relationship between gap size and gap
age (P > 0.05; Fy33=1.579); the general model was
orthogonal between them.

3.2. Guanacos and livestock abundance and gap
regeneration

The density of dung piles was neither significantly
related to gap size (P >0.05; F;33=0.87
for guanacos, and P > 0.05; F 33 = 3.84 for livestock)
nor to gap age (P > 0.05; F,33=0.665 for guana-
cos, and P > 0.05; F;33=1.524 for livestock). The
relative abundance of guanaco’s dung piles ranged
from 0.01 to 0.17 dung pilesm~> (100-1700 du-
ng pilesha™'), and from 0 to 0.07 dung piles m >
(0=700 dung piles ha™") for livestock.
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Fig. 2. Moran’s I index for gap size as a function of lag-distance between gap centers in Estancia Vicuiia, Tierra del Fuego, Chile. Broken line

indicates the expectation of Moran’s I under no spatial association.
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Fig. 3. Size (a) and age (b) distribution of N. pumilio forest gaps in the area of Estancia Vicuia, Tierra del Fuego, Chile.

We did not find any significant correlation between
density of dung piles and regeneration (seedling and
sapling) density in the gaps (P > 0.05; F; 33 = 2.14 for
guanacos, and P > 0.05; F; 33 =1.44 for livestock).
When all gaps were considered, only 495 saplings, out
of 4148 were unbrowsed. Therefore, we found that
88.7% of the saplings experienced some degree of
damage by browsing. The browsing mean index
(BMI) ranged from 0.8 to 4.7. We also found that BMI
was not correlated with the distance to the forest edge
(P > 0.05; Fy30=2.78). Finally, the multiple regres-
sion model indicated that gap size (negatively related;

Fig. 4) and guanaco’s dung pile density (positively
related; Fig. 5) were the only variables significantly
related to BMI (Table 2). The partial regression
coefficients from this analysis showed that the density
of guanaco’s dung piles is the most important variable
in accounting for browsing damage (Table 2).

4. Discussion

For our study area we found that gap size was
negatively related with browsing intensity, which
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Fig. 4. Scatter plot of gap size versus BMI in 34 gaps found in a N. pumilio forest in Estancia Vicuia, Tierra del Fuego, Chile.

suggests that regeneration was most affected by
herbivores in smaller gaps of N. pumilio forests. This
is in agreement with Rebertus et al. (1997) who also
found a negative relationship between guanaco
browsing and the blowdown area in N. pumilio
forests. However, they found that browsing only
affected saplings located in the periphery of these
blowdown areas, while in forest gaps we observed
damage in seedling and sapling throughout the gap.

The negative relationship between gap size and
browsing intensity might mean that guanacos pre-

0.18

ferentially feed in smaller gaps. However, it is
important to note that guanaco density was not
correlated with gap size, which contrasts with what
Martinez-Pastur et al. (1999) reported; the larger the
harvested area (in comparison with un-harvested
forest) the larger the abundance of guanaco. Although
we did not account for guanaco’s herd size, we believe
this variable can certainly have an effect on the degree
of damage for a determined gap size, explaining the
negative relationship between gap size and browsing
intensity. Guanacos usually live in small herds, and

y =-.0004 +.0172x
0.16
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Fig. 5. Scatter plot of dung pile density vs. BMI in 35 gaps found in a N. pumilio forest in Estancia Vicuiia, Tierra del Fuego, Chile.
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Table 2

Multiple regression results between large herbivores browse intensity (MBI) and structural variables of forest-gaps in N. pumilio forest en Tierra

del Fuego, Chile

Source of variation S.S. d.f. M.S. F-ratio P
Regression 16.787 5 3.358 5.15 0.002"
Residual 15.635 24 0.651
Variable B-Coefficient Partial regression coefficient P
Gap age 0.004 0.1249 0.599
Gap area —0.538 —0.466 0.013"
Abundance of
N. pumilio regeneration —0.018 —-0.320 0.103
Guanacos 16.161 0.6292 0.001"
Livestock —11.815 —0.249 0.209

R =0.72; adjusted R* = 0.62; F(5,24) = 5.16; P < 0.0024, SEE = 0.8071; "P < 0.05, “"P < 0.01.

when a herd is in a smaller gap, they are certainly
going to be at higher density than in a larger gap,
causing larger impacts on the regeneration.

Gap size was not related to seedling and sapling
density, which is in accordance with another study,
conducted in N. pumilio forests in Coyhaique (Patago-
nia) and Central-Chile (Fajardo and de Graaf, 2004).

Contrary to our initial expectation, guanacos are
not confined to gaps closer to the forest edge only, but
also explore and browse in gaps distributed throughout
the forest matrix. Guanacos neither showed any
particular preference for gap size, and since gap size
was not spatially correlated, we might conclude that
guanacos fully explore the forest no matter the size of
the gap is or how distant the gap is from the edge.
Nonetheless, additional studies would be necessary to
elucidate if, in a landscape context, size and shape of
forest stands may have a role on this spatial browsing
pattern.

The relationship between the browsing effects by
large mammals and the development of young cohorts,
particularly in these Nothofagus forests, is considered
important for both forestry and successful manage-
ment (Gill, 1992). We found that the abundance of
guanaco is the most important variable in explaining
the variability of browsing intensity. This result is in
accordance with other studies, which have found that
the abundance of herbivores is the key factor to
explain browsing intensity in temperate forests (e.g.,
Bergquist and Orlander, 1998; Bulinski and McArthur,
2003; Weisberg and Bugmann, 2003).

Although we found that 88.7% of the seedlings and
saplings experienced browsing, this does not eliminate
the regeneration, but we believe that rather affects in
an irreversible way its shape and growth rate, which
certainly has important management consequences.
We did not measure reduction in growth rates,
however other studies have documented that guanaco
browsing significantly diminishes the growth rate of
N. pumilio regeneration (Dodds, 1997; Martinez-
Pastur et al.,, 1999; Pulido et al., 2000). Hence,
browsing of guanaco becomes a limiting factor on
initial growth of N. pumilio seedlings and saplings, but
we cannot anticipate what the effects of such a
browsing would be on the long-term for those
seedlings/saplings, and, particularly, on the dynamics
gap replacement.

In developing and implementing forest manage-
ment plans for N. pumilio forests, the effects of
guanaco and introduced livestock browsing are a
major source of uncertainty in attaining regeneration
and growth goals, however this factor has not been
taken into account so far in management planning in
the region (Martinez-Pastur et al., 1999). According to
our results, it is likely that the most important variable
to consider in management programs is the abundance
of guanaco within the forest, particularly in gaps.
Nevertheless, guanaco prefers open areas like humid
steppe, alpine vegetation and the forest-steppe and
forest-peatland ecotones (Raedeke, 1982; Franklin,
1982, 1983; Soto, 1994), where they feed mainly on
grasses and shrubs. Tree species browsing only
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constitute between 15 and 20% of its diet, although the
importance of these species may increase in winter
(Raedeke, 1980; Ortega and Franklin, 1988; Bonino
and Pelliza-Sbriller, 1991). These studies also
reported that guanaco would make use of the forest
as a feeding place due to a competitive displacement
steppe-to-forest, by introduced livestock mainly
involving sheep. They also suggested and predicted
that if livestock (sheep) is removed from the steppe,
then guanaco could come back and make use of its
natural habitat. Raedeke (1982) and Puig et al. (1997)
confirmed this prediction and reported that when
introduced sheep was excluded from the steppe a
successful guanaco re-colonization occurred. None-
theless, forest may be still used either as a refuge and
sleeping area, or also as a passing corridor, especially
for those migratory populations coming down from
alpine to lowland areas (Raedeke, 1978). These
displacements also depend on the sheep movements
during the different seasons of the year. During
summer, when the interaction with sheep is higher,
guanacos utilize the forest and the alpine vegetation at
higher elevations to feed, coming down to the steppe
during winter (Raedeke, 1978).

Even though, the presence of introduced large
herbivores has been considered as one of the main
factors involved in the successful establishment of
regeneration in temperate forests of the southern
Hemisphere (Relva and Veblen, 1998; Husheer et al.,
2003), in our study the abundance of domestic cattle
was not significantly related with browsing intensity. It
is thought that domestic cattle browse in the forest
occasionally, mostly when some individuals are
strayed. While leaves of N. pumilio regeneration are
part of guanaco’s diet, domestic cattle mostly browse
grasses and regeneration leaves only constitute a low
proportion of its diet (Arroyo et al., 1996).

Although we found a relation between abundance
of guanacos and browsing intensity, we did not find
any significant relation between the abundance of
guanacos and the regeneration density, which is in
contrast to other studies (e.g., Heikkild and Harkonen,
1996). Hence, browsing of regeneration of N. pumilio
by guanaco seems to be an opportunistic event, not
influenced by the density of regeneration. Finally,
although we are aware of the correlative nature of our
study, and that dung pile is not the best surrogate of
guanacos abundance, we have found that smaller gap

regeneration is more vulnerable to guanaco browsing.
This result calls for a note of caution for forest
regeneration because small gaps are more frequent
than larger ones. According to the information
available we can anticipate that only by decreasing
the amount of livestock in the Patagonic prairies, the
harmful effect of guanaco in the N. pumilio
regeneration may be avoided.
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