Effects of livestock on guanaco Lama guanicoe
density, movements and habitat selection in a
forest-grassland mosaic in Tierra del Fuego, Chile

CrAaupio A. MoRAGA, MARTIN C. FUNES, J. CRISTOBAL P1ZARRO

CRrRISTOBAL BRICENO and ANDRES J. NOVARO

Abstract Locally abundant ungulates often come into con-
flict with human activities. After a population collapse that
reached its nadir in the 1970s, the guanaco Lama guanicoe
population in Tierra del Fuego, Chile, recovered and is
now in conflict with sheep ranching and commercial log-
ging. We studied the effects of livestock density and en-
vironmental factors on guanaco abundance and spatial
ecology, using seasonal counts and radio-telemetry in a pri-
vate protected area (Karukinka) and neighbouring ranches
in a forest-grassland mosaic in Tierra del Fuego. Guanaco
density was highest in low-elevation areas with more grass-
land cover and little snow accumulation in winter. In low-
elevation areas, guanaco density decreased with increasing
livestock density. Radio-tracked guanacos exhibited a partial
migration pattern: two individuals migrated seasonally, se-
lecting grasslands and avoiding forests mainly in summer,
whereas six sedentary individuals used habitats according
to their availability. Migratory guanacos spent the summer
in Karukinka and winter on nearby ranches. High sheep
densities and poor range condition on the ranches reduce
key forage resources available to guanacos and may promote
use of forests by guanacos, affecting forest regeneration and
increasing conflict with logging. Current guanaco harvest by
loggers may fail to reduce the impact of guanacos on logged-
forest regeneration if guanaco spatial ecology and sheep
management are not considered. Our results provide insight
into the interactions among guanacos, forests and livestock
ranching, and may be used to reduce conflicts and guide
conservation in the Fuegian ecosystem.
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Introduction

Locally abundant ungulates often have strong effects on
plant communities, sometimes leading to conflict with
human activities (Graham et al., 2010; Rutherford &
Schmitz, 2010). Understanding the processes that are re-
sponsible for increases and declines in ungulate abundance,
and ultimately for their ecosystem effects, is necessary to
guide conservation of ungulates and their habitats (Bolger
et al., 2008; Gordon, 2009; Graham et al., 2010).

The guanaco Lama guanicoe has been the only native
ungulate on Tierra del Fuego Island, at the southern tip of
South America, for the last 8,000 years (Sarno et al., 2001).
Until large-scale colonization by Europeans and their live-
stock began in the late 19th century, guanacos were the
main source of protein for the indigenous people, the
Selk’nam, who followed the guanaco’s seasonal migration
between forested highlands and grassy lowlands (Bridges,
1948). The number of sheep in Chilean Tierra del Fuego
peaked at 1 million in the early 1900s (Martinic, 1992).
The Selk’'nam were driven to extinction through coloniza-
tion of their land and persecution. By the mid 1970s, as a
result of hunting, competition from sheep, and habitat
degradation, the guanaco population had collapsed to
c. 7,000 on the Chilean side of the island (Raedeke, 1979).
Since then, guanaco numbers have recovered to > 60,000
as a result of hunting restrictions and reduced sheep num-
bers (Skewes et al., 1999; CONAMA, 2009).

Their recovery, however, has brought guanacos into con-
flict with another human activity expanding in Tierra del
Fuego: commercial logging of the sub-Antarctic forest.
This is the forest that occurs at the highest latitude in the
southern hemisphere and it is being logged, mostly for tim-
ber export, at an annual rate of c. 2,000 ha, throughout the
Magallanes region (Wildlife Conservation Society, unpubl.
data; Donoso & Lara, 1996; Huber & Markgraf, 2003).
Unlike the rest of their range, where guanacos live in grass-
lands and shrublands (de La Tour, 1954), in Tierra del Fuego
much of the population lives in the transition zone between
forests and grasslands (Raedeke, 1982; CONAMA, 2009).

doi:10.1017/50030605312001238


mailto:cmoraga@ufl.edu
https://doi.org/10.1017/S0030605312001238

Guanaco herbivory affects regeneration growth patterns of
southern beeches, particularly Nothofagus pumilio (Dodds,
1997; Rebertus et al., 1997), limiting timber production
(Martinez-Pastur et al., 1999; Cavieres & Fajardo, 2005).
Guanaco effects on tree growth and regeneration, however,
have not been disentangled from effects of livestock and log-
ging, and it is not clear what effect guanacos have on forest
dynamics at the landscape scale (Martinez-Pastur et al,,
1999; Cavieres & Fajardo, 2005). This is a common de-
ficiency in traditional models of ungulate herbivory inter-
actions (Wisdom et al., 2006). Nevertheless, the Chilean
government recently allowed the main timber company to
begin harvesting guanacos to reduce their density and for
sale of their meat.

Indirect evidence suggests that grasslands are the pre-
ferred habitat of guanacos in Tierra del Fuego but that
they use forest patches because of displacement by sheep
(Raedeke, 1982). At a mainland site where guanacos were
sedentary, sheep were shown to exclude guanacos from
grasslands through resource competition (Baldi et al,
2001, 2004). The effects of sheep ranching on guanaco den-
sity and habitat use and selection have not been studied
quantitatively in the grassland—forest mosaic of Tierra del
Fuego. In addition, some guanacos may still migrate season-
ally between forests and grasslands (Raedeke, 1982), as a
combined effect of the guanaco’s habitat requirements and
competition with domestic ungulates. We thus need to have
a better understanding of seasonal changes in guanaco ecol-
ogy and of any implications of migration for the conser-
vation and management of the species (Berger, 2004;
Bolger et al., 2008; Harris et al., 2009).

Here we assess the effects of sheep density and other en-
vironmental factors on the seasonal abundance of the gua-
naco and describe the species’ movements and habitat
selection in a forest-grassland mosaic in southern Tierra
del Fuego. To do this we combine a landscape-level analysis
of guanaco density patterns and a habitat-level analysis of
guanaco movement patterns in a private protected area
and on adjacent ranches.

Study area

Our study was conducted in southern Tierra del Fuego
Island, Chile, on the eastern edge of the Karukinka private
protected area and adjacent ranches used mostly for sheep
grazing (Fig. 1). Karukinka has had little or no livestock
grazing since 1994, and since 2004 has been managed as a
protected area, with no livestock ranching, by the Wildlife
Conservation Society (Saavedra et al., 2011). Monthly
mean temperatures range between -4°C in winter and
10°C in summer and mean annual precipitation is 500
mm, with frequent snowfall during autumn and winter
(Tuhkanen et al., 1999).
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The area includes steppe—forest ecotone and mountain
forest habitats (Pisano, 1977). Dominant plant communities
include beech forests, matorral shrublands, Sphagnum bogs,
meadow-upland mosaics, and steppe grasslands. Tree spe-
cies include the deciduous lenga Nothofagus pumilio and
firre Nothofagus antarctica and the evergreen coihue de
Magallanes Nothofagus betuloides. Main shrub species are
michay Berberis ilicifolia, calafate Berberis microphylla and
romerillo Chiliotrichum diffusum. Dominant grasses are
Festuca, Poa and Alopecurus (Pisano, 1977).

Methods

At the landscape scale, we studied how environmental fac-
tors and human disturbances, including sheep numbers, af-
fect seasonal changes in guanaco density along an altitudinal
gradient from low-elevation grasslands in the north, pri-
marily on ranches, to high-elevation forests and alpine mea-
dows in the south, mainly within Karukinka (Fig. 1, Table 1).
Densities of guanacos and livestock were estimated using the
line transect method (Buckland et al., 2001) by surveying 14
2—7 km transects seasonally along randomly chosen sections
of all available secondary roads. Transects were surveyed
from the austral spring of 2006 to the spring of 2010 (16 sea-
sons in all). Surveys were conducted during daylight hours,
when guanacos are active, from an open pick-up truck, with
two observers standing in the bed (Baldi et al., 2001).
Travelling speed was 10-30 km h™". Distances between gua-
naco groups and the vehicle were recorded with a laser
rangefinder, and bearing to the transect line with a compass.
Guanaco and livestock densities were estimated using
DISTANCE v. 6.0 (Thomas et al., 2009).

To assess vegetation cover types along transects we
plotted transects on a geographical information system
layer in ArcView v. 3.2 (ESRI, Redlands, USA), intersected
this layer with a vegetation cover map (WCS, 2006) and es-
timated percentage cover of each vegetation type in a 250 m
buffer zone around each transect. Cover types considered
were grasslands (steppe, bushland mosaic, alpine), forests
(deciduous and evergreen) and meadows (peat bogs, mea-
dow-upland mosaics).

Effects of environmental and anthropogenic factors on
guanaco densities were analysed using a generalized linear
model (GLM) with a Poisson distribution and log-link func-
tion (Dobson, 2002). The Wald statistic was calculated to
evaluate the relative effect of each independent variable.
We developed a maximized generalized model for guanaco
density to evaluate the overall effect of each independent
variable. The independent variables considered for the
GLM were year, season, percentage of grassland cover, per-
centage snow cover and depth, and livestock density. All
density values were natural-log transformed. We then con-
ducted a backward removal of variables from the maximized
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Fic. 1 The location of the study area on Tierra del Fuego Island. The survey transects are shown along with the capture area for
guanacos Lama guanicoe that were radio-tracked across open and closed habitats. The rectangle on the bottom inset shows the

location of the main map in Chile.

model using P = 0.05 to assess which variable was more re-
lated to guanaco density. Because high-elevation transects
had almost no livestock we also tested the effect of livestock
on guanaco density by building a model with data from low-
elevation transects, including livestock density, snow depth,
and year as independent variables. Both GLM analyses were
carried out using Statistica v. 7 (StatSoft, Tulsa, USA).

To examine the processes that led to seasonal changes in
guanaco abundance at the landscape scale, we studied gua-
naco movements and habitat selection at a finer spatial scale
using radio-telemetry. Our intensive study area corres-
ponded to the central portion of the altitudinal gradient
along the border between Karukinka and the neighbouring
ranches. Guanaco social structure includes family and bach-
elor groups (Franklin, 1983). We investigated primarily the
movements of family groups, which are usually territorial.
Ten adult guanacos from family groups were captured and
radio-collared with VHF transmitters (Advanced Telemetry
Systems, Isanti, USA) between January 2007 and January
2008, following capture procedures described in Karesh
et al. (1998), and radio-tracked until September 2010. Data
for a guanaco that lost its transmitter 2 months after capture
were excluded from the analysis. We restricted the capture
area (Fig. 1) to maximize the likelihood that guanacos
were using a variety of habitats in Karukinka and the adja-
cent ranches. Telemetry readings were taken during daylight
hours. Until July 2009 we confirmed guanaco locations
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through direct observation whenever possible. After July
2009 we did not confirm locations with direct observations
and therefore excluded these locations from habitat-use
analyses, utilizing them only to assess shifts between
summer and winter ranges (see below). LOAS v. 4.0
(Ecological Software Solutions, Sacramento, USA; Larson,
2001) was used for bearing analyses. To study seasonal
movements we divided the telemetry data into summer
(November-April) and winter (May-October) to account
for key seasonal changes in guanaco social behaviour
(Ortega & Franklin, 1995). To estimate seasonal home-range
size and location for each guanaco we generated minimum
convex polygons (MCPs) using the Animal Movement v. 2.0
extension in ArcView (Hooge & Eichenlaub, 2000). We then
plotted seasonal home-range sizes against number of loca-
tions to estimate the minimum number of locations re-
quired to achieve stable estimates of home-range size. To
quantify seasonal movements we calculated a centroid for
each seasonal home range and measured the distance be-
tween centroids for each guanaco, using radio-telemetry lo-
cations until September 2010, and detected migration when
we observed a complete round-trip shift between seasonal
home ranges that were not used at other times of the year
(Berger, 2004).

For the habitat selection analysis we determined habitat
use by assigning each guanaco location to a vegetation type.
We determined vegetation types available in four types of

© 2014 Fauna & Flora International, Oryx, 49(1), 30-41
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TaBLE 1 Seasonal and annual variation in guanaco Lama guanicoe and sheep densities on the 14 survey transects in Tierra del Fuego (Fig. 1) during 2006-2010 (S, summer; A, autumn;
W, winter; P, spring; years are subscripted), with mean percentage grassland and snow cover and mean snow depth.

Mean guanaco densities + SE km >

Mean sheep densities + SE km™>

Mean snow Mean snow

Mean transect (no. of groups); seasonsycars (no. of groups); seasonsycars Grassland cover + SE depth = SE
altitude = SE (m) Min Max Min Max cover (%) (%) (cm)
175+2 2.3+£0.5 (3); Py 34.845.8 (40); Wy, 0.0; S05.09.10» A08,09.100 Wos.105 319.3+188.3 (21); Pps  82.3 372413 9.6+1.3

Poo,10
169+2 1.0£0.1 (2); Ao 21.8+3.6 (25); Wy, 0.0; S10> A1gs Wigs Prg 187.7£70.8 (11); Agg  55.3 342+0.5 8.1%+1.2
167+2 1.940.3 (4); Ao 36.9+3.7 (36); Ags 8.7+3.5 (6); Poo 221.8+83.7 (13); Ags  67.0 417422 11.8+1.6
163+1 6.8 0.9 (20); W1, 447+ 6.3 (52); Poe 0.05 S07.08.09.10s Aos.09.105 61.6+235 (6); Ay;  86.1 450417 11.8+1.6

W07,08,09,100 P06,07,08,09,10
176+2 4.840.7 (14); Wy, 37.114.9 (55); Pyg 0.05 So7. 08.09.10» A08,09.105 123.2£47 (12); Agy 70.6 521+1.8 164+1.8

Wo7,08,09.100 P06,07,08,09,105
216+2 8.2+1.1 (34); Agg 50.0 £ 9.2 (30); Syo * * 28.1 521+1.3 12.5+0.7
2161 3.310.5(12); Ay, 43.6£10.8 (18); Sy * * 48.7 67.1x1.4 18.2+£0.9
211+1 14403 (1); Py 37.1£6.9 (6); Syo * * 21.0 66.0+1.3 15.0+0.7
23742 15102 (2); Ags 26.116.5 (6); Sy * * 26.5 450404 67108
26142 0.3£0.0 (4); Wy, 46.1+7.2 (59); Poe * * 60.1 571404 25.1+1.9
527%6 0.0; Ags.00 Wo7.00.10 7.3% 1.5 (16); Sps * * 14.7 65.8+0.5 37.5%x2.1
202+2 0.0;5 So6,07 Wo7.09.10 Pos,07 0.810.1 (3); Pyo * * 17.6 62.5+£0.9 40.0£1.9
33849 0.05 So9.10 Ago Wo7.00 32+0.6 (7); Sos * * 39 59.2+14 347423
563+ 10 0.05 Ags.00 Wo7.00.10 5.5+1.1 (12); Ses * * 32 70.8+ 1.4 £25+16

*No sheep ranching during any survey
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ranges: ranges of sedentary guanacos that remained most of
the year in Karukinka, ranges of sedentary guanacos that re-
mained most of the year on the ranches, and winter and
summer ranges of migratory guanacos. We plotted four
MCPs with all locations in these four guanaco range types
and intersected them with the same vegetation map used
for the GLM analysis. Using the y* statistic, we performed a
habitat selection analysis, comparing proportions of locations
recorded and expected according to available vegetation
cover. When selection was significant, we used Bonferroni
confidence intervals to test for differences between use and
availability of each habitat. To represent the magnitude of
the selection we calculated Manly’s standardized selection
index (B;) for each habitat, which is based on subsequently
standardized selection ratios (Manly et al, 2002).
Standardized ratios provide indices of selection that are di-
rectly comparable between seasons. Independence of loca-
tions for analyses of home-range size and habitat selection
was ensured by obtaining telemetry readings every 4 days
(on average), at different times of the day.

Results

Factors affecting guanaco density

Guanaco densities averaged 17.2 km™> in low-elevation
transects with abundant grass cover (mean 73.1% grassland)
and sheep grazing throughout the year, 18.6 km™* in mid-
elevation transects with intermediate grass cover (mean
60.1% grassland) and limited livestock grazing, and 1.5 km™*
in high-elevation transects with dominant forest cover (mean
75.1% forest) and no ranching (Table 1). Guanacos were pres-
ent in high-elevation transects only during spring and sum-
mer. Sheep density in low-elevation transects peaked in
spring (mean 30.7 = SE 12.0 km™*) and autumn (mean 50.5 £
SE16.7 km™?) and was low in summer (12 + SE 5.1 km™>) and
winter (10.7 £ SE 4.1 km™?). Mean annual density of cattle was
low in the first part of the study (0.2 = SE 0.1km™ in 2007 and
o km™? in 2008) and increased to 1.9+ SE 1.0 km™? in 2009
and 8.0 £ SE 4.0 km™* in 2010. Horse density was stable and
averaged 1.2+ SEo0.12 km™” during the study. Cattle and
horses occurred mainly on low-elevation transects.

The model indicated that guanaco densities in the study
area were positively associated with grassland cover and
negatively associated with snow depth during autumn and
winter (Table 2). The analysis that included only transects
at low elevation indicated that guanaco density was nega-
tively associated with livestock density (Table 2). There
was an overall decline in guanaco density in the area during
the study, as indicated by the significant negative effect of
year in the GLM. Between 2007 and 2010 mean annual gua-
naco density across all transects declined by 25.3%. The gua-
naco decline occurred as sheep numbers declined (78%) and
cattle increased.

https://doi.org/10.1017/50030605312001238 Published online by Cambridge University Press

TasLE 2 GLM estimates of guanaco densities in Tierra del Fuego
(Fig. 1) for all transects and for low-elevation transects only (135-
305 m).

Effect Estimate + SE Wald statistic P

All transects

Intercept 0.35+0.11 10.21 0.001396
Grassland cover 0.01£0.00 32.93 0.000000
Snow depth —0.05+0.01 23.71 0.000001
Scale 1.00£0.00

Low-elevation transects only

Intercept 108.25 +45.05 5.77 0.016264
Year —0.05%+0.02 5.66 0.017355
Snow depth —0.02%£0.01 14.63 0.000131
Sheep density —0.03£0.02 5.01 0.025188
Cattle density —0.08 £0.04 3.95 0.046813
Scale 0.49 £0.00

Guanaco seasonal movements and habitat selection

All but one (ID 945) of the radio-tracked guanacos were
members of family groups. Visual confirmation of group
status was obtained on 4-25 occasions per individual
(Table 3). From these groups we detected only two mi-
gratory guanacos. They were both females (843 and 884)
and migrated from Karukinka to sheep ranches in summer
and winter, respectively (Table 3, Figs 1 & 2). These mi-
gratory guanacos spent summers in Karukinka as part of
family groups (Table 3), and winters either entirely or par-
tially on sheep ranches. Guanaco 843 ranged in winter onto
a ranch in neighbouring Argentina with similar land use to
Chilean sheep ranches and returned to the 2007 summer
home range in the summers of 2008-2010 (Fig. 2).
Migratory guanacos expanded their ranges in winter:
mean home-range size was 23 times larger in winter (28.28
+ SE10.76 km? n = 2) than in summer (1.74 = SE 1.32 km?,
n = 2; Table 3). Guanaco 884 died at the end of the 2007 win-
ter, when it was moving towards its previous year’s summer
range (Fig. 2). A necropsy indicated poor nutritional con-
dition (based on marrow fat content) and a widespread sar-
coptic mange infection.

Six other radio-tracked guanacos were considered seden-
tary because they did not make significant shifts between
seasonal ranges: mean distance between the centroids of
their summer and winter ranges was 1.7+SEo.3 km
(Table 3, Fig. 2). Five of the sedentary guanacos were part
of family groups every summer. Male guanaco 945 was
part of a family group when captured but joined a bachelor
group 3 months after capture. Four (three males and one fe-
male) of the five sedentary guanacos in family groups had
75-100% of their home ranges inside Karukinka, whereas
the remaining one (male 1123) had 94% of its range within
a neighbouring ranch (Fig. 2). This particular ranch had a
high density of sheep (61-123 km™?) only during autumn
2007 and no livestock during the remainder of the study.

© 2014 Fauna & Flora International, Oryx, 49(1), 30-41
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TasLE 3 Home range of the 10 radio-tracked guanacos in Tierra del Fuego (Fig. 1) in successive seasons during January 2007-September
2009, with age and gender, type of social group, mean distance between home-range centroids, number of sightings with social group,
period of radio-tracking, size of annual (or summer and winter) home range, and percentage of home range within Karukinka protected

area.
Mean distance+SE No. of Home range, km? (no. of locations)
Age & Type of between centroids, km sightings Tracking % within
Guanaco gender  group (no. of seasons) with group  period Annual  Summer  Winter  Karukinka
1014  Adult  Family 0.58+0.18 (4) 12 Jan. 2008—  2.10 (22) 94
male June 2009
1045 Adult Family 0.57+0.16 (3) 17 Jan. 2008-  2.07 (28) 75.1
male June 2009
1083 Adult Family 1.67£1.12 (5) 8 Jan. 2008- 1.22 (25) 100
male June 2009
1123 Adult  Family 1.31£0.51 (5) 4 Jan. 2008—  6.08 (28) 59
male June 2009
1161 Young Family 2.6611.0 (5) 6 Jan. 2008-  5.67 (29) 99.7
adult June 2009
female
945* Young Bachelor 3.54+0.48 (3) 23 Sep. 2007-  12.23 (24) 100
adult June 2009
male
984 Young Family 11.62+5.34 (4) 10 Jan. 2008-  4.70 (18) 100
adult Oct. 2008
female
843 Adult  Family 8.87+2.36 (8) 25 Jan. 2007— 035 (27) 39.04 (13) 28
female with Oct. 2007
chulengo
(calf)
Nov. 2007- 041 (6) (2)°
Oct. 2008
Nov. 2008- 434 (8) (3)°
June 2009
8842 Young  Family with 650 (2) 25 Jan. 2007 1.86 (20) 17.51 (26) 88.5
adult chulengo Aug. 2007
female (calf)
'Bachelor captured in a family group initially
*Died during study
*Home range not calculated because of small sample size
Annual home range averaged 4.5+ SE 1.3 km® for sedentary ~ indicated that during summer migratory guanacos

guanacos from family groups and was three times larger for
bachelor 945 (Table 3).

Female guanaco 984 behaved as sedentary in the summer
and winter of 2008 but in the spring of 2008 moved perman-
ently c. 16 km to the north-west (Fig. 2). During the summer
and winter of 2009 she also behaved as sedentary in her new
range, which encompassed Karukinka and an adjacent
ranch devoted to logging.

There were significant differences in the proportions of
habitats used by migratory guanacos in summer and winter,
but not by sedentary guanacos (Table 4). The Bonferroni
confidence limits indicated that migratory guanacos
used forests less than expected in summer but did not
significantly select or avoid any particular habitat during
winter (Table 4). Manly’s standardized selection index

© 2014 Fauna & Flora International, Oryx, 49(1), 30-41

https://doi.org/10.1017/50030605312001238 Published online by Cambridge University Press

selected the small grassland area within Karukinka about
five times more often than deciduous forests and four
times more often than meadows. Conversely, during winter,
when much of the grassland habitat in the ranches was oc-
cupied by sheep, migratory guanacos selected meadows
about four times more often than grasslands and forests
(Table 4).

Migratory guanacos occurred in areas of higher livestock
density during winter (mean 46.4 sheep and 2.7 cattle
km™?), whereas the sedentary guanacos (1014, 1045 and
1123) used the ranches with few or no livestock after autumn
2007 towards the east of Karukinka (Fig. 2). Although there
was no significant habitat selection by sedentary guanacos
that lived mostly within Karukinka, in summer they tended
to avoid forests (Table 4).
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FiG. 2 Seasonal home range of migratory guanacos (843, 884 and 984 in (a), (b) and (d), respectively) and (c) annual home range of
sedentary guanacos (984, 1014, 1045, 1083, 1123 and 1161) followed by radio-tracking in Tierra del Fuego, including minimum convex
polygon areas by season (S, summer; W, winter) and year (e.g. Woy). No winter 2008 data were available for guanaco 843. The stars in
(a) show the positions of guanaco 843 in winter 2009, and the star in (d) shows the last position of guanaco 984 in winter 2009.

Discussion
Factors affecting guanaco seasonal density

We observed that a large proportion of the guanaco popu-
lation studied in the forest-grassland mosaic had a prefer-
ence for grasslands, as reported elsewhere where forests are
absent (Puig et al., 2011). Firstly, guanaco density at the land-
scape scale was highest throughout the year where grassland
cover was highest (Tables 1 & 2). Secondly, guanaco density
during summer, when all habitats were available because of
the absence of snow, was lowest at high elevations where the
proportion of grassland cover was lowest (Table 1). These
patterns are consistent with those of other ungulates with
mixed diets that inhabit grassland-forest mosaics, such as
elk Cervus canadensis, white-tailed deer Odocoileus virginia-
nus and mule deer Odocoileus hemionus hemionus, which at
coarse spatial scales prefer open grasslands (Hebblewhite
et al., 2008; Massé & CoOté, 2009; Laundré, 2010).

https://doi.org/10.1017/50030605312001238 Published online by Cambridge University Press

Increases in guanaco density at high elevations during
summer and at mid and low elevations during spring and
autumn are consistent with altitudinal movements of
other mountain-dwelling ungulates that migrate seasonally,
such as black-tailed deer Odocoileus hemionus columbianus,
elk, and red deer Cervus elaphus (Schoen & Kirchhoff, 198s;
Hebblewhite et al., 2008; Pépin et al., 2008). These increases
in guanaco density at high elevations during summer were
mostly associated with movement of family groups and soli-
tary guanacos in Karukinka. This relationship between den-
sity and elevation has also been observed for guanacos in
Torres del Paine National Park during summer (Ortega &
Franklin, 1995; Young & Franklin, 2004).

Snow depth and cover limited the density of guanacos at
high elevations during winter. A similar pattern has been
observed at the landscape scale for other mountain ungu-
lates, including the Alpine chamois Rupicapra rupicapra
and elk (Boldt & Ingold, 2005; Hebblewhite et al., 2008).
Even at low elevations snow cover and depth during winter
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TasLE 4 Habitat selection by migratory and sedentary radio-tracked guanacos in Tierra del Fuego from January 2007 to July 2009 (habitat
preference is shown by the significance of the y* test), with the number of locations used, Manly’s standardized selection index (B;; Manly
et al,, 2002), the available proportion of each vegetation type, and the proportion of vegetation type used (with 95% Bonferroni confidence

interval).

Vegetation type No. of locations B;

Available proportion

Proportion used (95% Bonferroni confidence limits)*

Migratory, summer (y” = 19.643, df =2, P < 0.001)

Grassland/bush/steppe 8 0.65 0.038
Meadow 21 0.22 0.294
Deciduous forest 28 0.13 0.668
Migratory, winter (3* = 15.956, df = 2, P < 0.001)

Grassland/bush/steppe 20 0.17  0.504
Meadow 9 0.66 0.058
Deciduous forest 17 0.17 0.438

Sedentary, in Karukinka in summer (y*> = 2.697, df = 2, P= 0.260)

Grassland/bush/steppe 20 040 0416
Meadow 9 0.38 0.200
Deciduous forest 10 0.22 0.383

Sedentary, in Karukinka in winter (y* = 2.663, df = 2, P= 0.264)

Grassland/bush/steppe 39 0.32 0.416
Meadow 21 0.36 0.200
Deciduous forest 35 0.31 0.383

Sedentary, outside Karukinka (;(2 =3.942648,df = 2,P=0.139)

Grassland/bush/steppe 17 049  0.439
Meadow 7 0.33 0.270
Deciduous forest 4 0.18  0.291

0.140 (0.019-0.262)
0.368 (0.200-0.537)
0.491 (0.316-0.666)

0.435 (0.242-0.628)
0.196 (0.041-0.350)
0.370 (0.182-0.557)

0.513
0.231
0.256

0.411
0.221
0.368

0.607
0.250
0.143

"Vegetation type is used significantly less (value in bold) if the available proportion is larger than the upper limit of the Bonferroni confidence interval of

proportion used (P < 0.05).

affected guanaco habitat use; we often observed guanacos
feeding on sun-facing slopes where they were more likely
to find snow-free patches, as occurs with the Alpine chamois
(Boldt & Ingold, 2005). Ortega & Franklin (1995) suggested
that guanaco migration is related to snow accumulation in
highland areas, which may cause a severe reduction of avail-
able forage in winter and trigger migration. The same re-
lationship between snow accumulation and migration
appears to be common among other migratory mountain
ungulates (Schoen & Kirchhoff, 1990; Boldt & Ingold,
2005; Hebblewhite et al., 2008; White et al., 2010).

The negative relationship between guanaco and sheep
densities at low elevations (Table 2) confirms the effect of
sheep on guanacos (Raedeke, 1982; Baldi et al., 2001). At
the landscape scale wild herbivores that coexist with live-
stock tend to suffer density declines throughout the area
of overlap or concentrate in areas that are free from live-
stock, as in the case of chital Axis axis, gaur Bos gaurus,
and Asian elephant Elephas maximus (Madhusudan,
2004). At the habitat scale, on the other hand, wild herbi-
vores such as elk and mule deer also display strategies that
include temporal avoidance of livestock (Stewart et al.,
2002). Because of the regular patrols by rangers it was un-
likely that guanacos suffered direct persecution by poachers
in Karukinka. Some level of persecution, however, occurred
outside Karukinka, as evidenced by the short flight-
distances observed on the ranches (C.A. Moraga et al.,
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unpubl. data) and killing of guanaco 1045 by poachers in
2010.

The decline of guanacos that we recorded may be a
consequence of overgrazing by sheep as a result of decades
of poor range management. Range condition was already
poor on the ranches around Karukinka in the late 1970s as
a consequence of overgrazing (Lara & Cruz, 1987). Between
2007 and 2009 there was a high density of sheep and they
were moved little among paddocks in the largest ranch
neighbouring Karukinka, leading to high mortality of ewes
and lambs (C.A. Moraga, unpubl. data). In June 2010 the
ranch manager was replaced and most remaining sheep
were removed but range condition was already poor. Poor
range management, with negative demographic effects on
sheep, explains the region-wide decline in range pro-
ductivity and the collapse of the number of sheep in
Patagonia (Aagesen, 2000; Texeira & Paruelo, 2006).

Seasonal movement patterns and habitat selection

Our study confirms the persistence of seasonal migration in
the guanacos of Tierra del Fuego, and also that part of the
population is sedentary, as proposed by Raedeke (1982). This
mixed movement pattern has also been described for moose
Alces alces and elk (Ball et al., 2001; Hebblewhite et al., 2008).

The home-range sizes of the migratory guanacos in
Karukinka were as small as in Torres del Paine National
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Park during summer (Young & Franklin, 2004). Defence of
territories by dominant males from family groups during
the reproductive season, in addition to greater availability
of good-quality forage, may explain the reduced size of sum-
mer ranges (Ortega & Franklin, 1995). Similar to migrants,
sedentary guanacos in our study used larger areas in winter
compared to summer (C.A. Moraga, unpubl. data). The
death by starvation in late winter of migrant 884, however,
suggests that an increase in its home-range size was
not sufficient to compensate for reduced winter forage
where the range was shared with abundant sheep.
Differences in forage quality and quantity between summer
and winter probably contributed to the differences in season-
al home-range sizes of guanacos as they did for roe deer
Capreolus capreolus and white-tailed deer (Mysterud,
1999; Lesage et al., 2000).

The five radio-tracked males in our study were all seden-
tary. Young & Franklin (2004) suggested that males estab-
lish and defend territories for as long as they can, which may
explain the sedentary behaviour of males that we captured
and radio-collared while they held family groups (Sarno
et al., 2003), with the exception of male 945. This guanaco
displayed the typical transition from family to bachelor
group described for juvenile guanacos in Torres del Paine
Park (Young & Franklin, 2004). Females, on the other
hand, are expected to display lower site fidelity than
males after the reproductive season (Jurgensen, 1985).
Accordingly, females 884 and 843 migrated seasonally and
returned to previously occupied ranges the following year
but female 1161 was sedentary throughout the year. Female
984 left the range used during the first year, although this
probably represented expulsion from a family group and
dispersal into a new range (Sarno et al., 2003). Both gua-
nacos that appeared to have been expelled from their orig-
inal family groups were classified as young adults when they
were captured and collared (Table 3).

All the guanacos radio-tracked in our study utilized the
forest but none selected this habitat type over others.
Specifically, reduced utilization of forests in summer by mi-
grants and by sedentary guanacos in Karukinka suggests
that forests were not a high-quality habitat for guanacos
during the reproductive season. Conversely, meadows
appeared to be important habitats for migratory guanacos
during winter, a preference reported for guanacos in areas
of the high Andes and southern Patagonia during summer
(Bank et al., 2003; Puig et al, 2011). Meadows in Tierra
del Fuego are highly productive habitats that are important
for sheep during summer (Cingolani et al., 1998). As
we observed, meadows were not heavily utilized by
sheep in winter, perhaps as a result of the high humidity
and the formation of ponds. The concentration of sheep
in grasslands during winter may have forced guanacos to
use the wetter meadows as a second-best choice after
grasslands.
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Conservation implications

The interaction between guanacos and forests is a conten-
tious issue in Tierra de Fuego (Martinez-Pastur et al,
1999; Skewes et al., 1999; Cavieres & Fajardo, 2005). Our
study provides the first quantitative information on the ef-
fect of sheep ranching on guanaco density and use of forest
habitats, a key factor in the conflict between logging, ranch-
ing, and wildlife in Tierra del Fuego. Based on Raedeke’s
(1979) seasonal counts and our study, migratory guanacos
that move to grassland-dominated lower elevations in au-
tumn and winter may face competition from livestock.
Migratory guanacos had higher mortality from starvation
than sedentary guanacos (Raedeke, 1979), although this
was not confirmed by studying marked individuals.
However, the timing and condition at death of migratory
guanaco 884, as well as the negative effect of sheep on gua-
naco numbers, may support Raedeke’s conclusion. If mi-
gratory guanacos that use predominantly forested areas
such as Karukinka and properties devoted to logging in
summer face high nutritional stress during winter, then ad-
justments in levels and timing of livestock stocking rates in
neighbouring areas may be needed to recover the range and
also maintain seasonal use by guanacos, particularly in win-
ter. Ultimately, high sheep densities and range degradation
on ranches appears to be detrimental to logging interests as
well as to guanacos, as they exacerbate guanaco use of forest
habitats.

The Chilean government has authorized six harvests in
the southern area of Tierra del Fuego since 2004, with a
total of c. 14,700 guanacos harvested. In the last 3 years
the logging company in the area has leased the harvest of
guanaco for sustainable use. Nonetheless, aiming only for
sustainable use may not necessarily favour a reduction of
forest browsing by guanaco. For example, hunting guanacos
during winter in the forest-grassland mosaic may not be
targeting the guanacos that establish range in the logging
areas during the growing season. In addition, hunting of ea-
sier targets in open areas could encourage surviving gua-
nacos to move inside forests, as human harassment can
modify guanaco behaviour and increase their use of mar-
ginal habitats (Donadio & Buskirk, 2006). Hence, current
guanaco management by loggers may increase forest use,
and may have unexpected negative effects on guanacos
and on forests unless it takes into consideration the spatial
ecology and habitat requirements of the guanaco.

The guanaco—forest interaction in Tierra del Fuego has
been studied exclusively at a local, patch-level scale
(Martinez-Pastur et al., 1999; Pulido et al., 2000; Cavieres
& Fajardo, 2005). In particular, the intensive use by gua-
nacos of recently logged forest patches affects the logging in-
dustry because browsing significantly slows tree growth and
reduces seedling density (Martinez-Pastur et al, 1999;
Pulido et al., 2000; Riveros, 2004; Collado et al., 2008).
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Interactions between ungulates and forests that are relevant
for forest dynamics, however, must be assessed and managed
at both local and landscape scales, as suggested for white-
tailed deer in North America (Wisdom et al., 2006;
Tremblay et al., 2007; Rutherford & Schmitz, 2010). Our
data provide insight into the interactions among guanacos,
forests and sheep ranching, and can be used to guide the as-
sessment of the effects of guanacos at the landscape scale and
the management and monitoring of guanaco populations.

The Chilean authorities hope that the sale of guanaco
meat from legal harvests will be viewed as a contribution
to the economy of the Magallanes region. This value may
not be perceived, however, by most of the land owners
that sustain the guanaco population. Tierra del Fuego ran-
chers have shown little interest in sustainably managing
guanacos and complaints from the forestry sector have
not declined since the legal harvest was initiated. Clearly, in-
tegrated management of grasslands, forests and wildlife is
needed and it can only be successful if it is implemented
at the landscape scale. Integrated management in this
case requires combining knowledge of forest dynamics, gua-
naco spatial and trophic requirements, and livestock and
range management, and the interactions among these.
Harvesting guanacos may be a useful tool to promote gua-
naco conservation in parts of Tierra del Fuego but it should
be part of an integrated management strategy and it must
allow maintenance of key ecological processes such as sea-
sonal migration between forests and grasslands. Ultimately,
conservation of Fuegian ecosystems depends on reconciling
the interests of livestock husbandry, guanaco conservation
and the timber industry.
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