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Livestock predation is one of the major causes of conflicts
between humans and pumas (Puma concolor). Using data
from interviews with ranchers and kill-site inspections,
we characterized puma-livestock conflicts in Villarino and
Patagones counties of central Argentinean rangelands.
Depredation was considered the major cause of livestock
losses, and puma attacks were reported in 46.6% and
35.4% of ranches in Villarino and Patagones, respectively.
The majority of ranches underwent losses smaller than
1000 USD. The proportion of livestock lost to predation (0.1-
10.4%) and financial losses (5.3-1560.4 USD) per ranch/year
varied across ranches, and small sheep ranches in Villarino
were affected the most. Depredation was recorded only
at night and preferentially in grassland with shrubs and
cropland habitats. Although nocturnal enclosures appeared
to decrease sheep losses, puma hunting was considered
the most effective form of reducing depredation and was
implemented by most ranchers. Mortality rates were 3.7 and
1.1-1.56 individuals/year x 100km? for sheep and pumas,
respectively. Nocturnal fencing, shepherding and spatial
separation from predators may efficiently reduce sheep
losses. However, the poor association between the intensity of
puma persecution and puma-related livestock losses suggests
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that conflict mitigation in central Argentina is not only about reducing damage but also about n
increasing tolerance.

1. Introduction

Most large carnivores have undergone marked declines in both population size and geographical range
and because of increasing encroachment with human activities, the maintenance of viable populations
across much of their range ultimately depends upon mitigating conflict with humans [1]. Predation on
livestock is viewed as one of the major causes of this conflict and consequently, a major driver of the
depletion of large carnivore populations worldwide [2-4]. Predicting the outcomes of carnivore-human
conflicts for both components of this equation may be challenging, because it requires assessment of
human responses, as well as those of the carnivores [5]. However, this knowledge is critical because
an increasing proportion of carnivore populations lives entirely within productive agricultural and
ranching systems and their survival is almost completely dependent on a sustainable coexistence with
humans [4-7].

Pumas (Puma concolor) are thought to perform a regulatory function in ecosystems by influencing
prey and smaller predator behaviours and population abundances [8,9]. In spite of this important role
in ecosystems and of the fact that this felid is the wild carnivore with the largest distribution in the
Americas, puma ecology in South America is still relatively understudied, especially in areas with intense
human activity, where human-—carnivore coexistence tends to be difficult.

Presently, the puma is the most widespread top predator and one of the most conflictive carnivores
in Argentina [10,11]. Pumas were historically present throughout Argentina. Thanks to its ecological
plasticity, this species is relatively tolerant to a gradient of anthropogenically modified landscapes [12,13].
Nevertheless, in the last two centuries, since the colonization by Europeans, hunting of wild prey and
extensive conversion of natural habitat into ranchland and farmland have increased encroachment with
humans and predation on livestock [14]. In this scenario, pumas were listed as varmints for many years
by a national law in Argentina (Ley Nacional No. 4863). In the second half of the last century, this
feline was extirpated from most of Patagonia and from large portions of the Pampas [15]. More recently,
the advance of the agriculture frontier and illegal hunting have caused a decline in puma population
numbers and distribution in northeastern Argentina [16] and the southern part of Buenos Aires province
[17,18], where currently its hunting is illegal. Livestock depredation by pumas often leads to retaliatory
responses by agro-pastoralists, including opposition to wildlife sanctuaries, resistance to reintroduction
of extirpated predators in protected areas as well as direct puma persecution [13,19-21] whose final
consequence include local population extinction [21,22].

Although social, cultural and behavioural factors influence the decision by people to persecute large
predators [4,23,24], in rural areas where livestock is an important source of income, livestock losses affect
local people’s attitudes towards, and acceptance of large felids (e.g. [23,25-28]). Economic losses caused
by large feline predation of domestic species have been documented worldwide (e.g. [28-34]), including
in the Americas (e.g. [2,27,35-37]). However, the estimates of the effects of puma depredation are often
too rough to enable an understanding of its importance for local economies. Additionally, only a few
studies explored the effects of conflicts associated with livestock predation both for local people and for
the predators suffering retaliations [6,26,36,38].
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1.1. Objectives

The present study aimed to characterize and quantify puma-livestock interactions in a human-
dominated landscape of central Argentina. Our results are intended to provide information fundamental
for the elaboration of effective conflict mitigation and conservation management strategies to
guarantee both puma preservation and the viability of ranching activities globally and in this
region, where puma hunting is illegal. Specifically, we estimated the rate of puma predation on
livestock (‘depredation” henceforward), quantified the losses caused to livestock ranchers, identified
spatial-temporal depredation patterns, and explored how husbandry practices relate to depredation.
Additionally, we estimated puma mortality rates and investigated the effect of depredation on puma
hunting by ranchers. To independently validate some of these estimates, we carried out a comparison
between interview-based, landscape-scale data and information obtained from direct surveys in a
sub-area.
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2. Material and methods
2.1. Study area

We carried out our study in an area of 23630km? located in the southern part of Buenos Aires
Province, central Argentina, and corresponding to Villarino and Patagones counties (figure 1). The
study area belongs to the Argentinean Espinal ecoregion. Located at an average of 700 m.a.s.l,, this
ecoregion is mostly flat. Climate is semiarid and the mean annual temperature is 15.3°C. The annual
precipitation varies from 350 to 500 mm and falls mainly in spring and autumn [39]. The natural
vegetation is characterized by xerophytic deciduous woodlands (dominated by Prosopis caldenia), prairies
intermixed with natural patches of spontaneous scrub vegetation (also called grasslands with shrubs)
and grassland prairies [40]. The Espinal is still inhabited by a diverse vertebrate community, including
several carnivores and a unique array of herbivores [41]. However, this region has experienced a marked
transformation during the last decades due to the intensification of crop cultivation and ranching
activities, which are the primary sources of income [42]. The ongoing logging to create arable fields
led to a habitat loss and fragmentation process that converted the original landscape into a mosaic of
croplands with patches of natural vegetation [42]. Overgrazing has caused widespread degradation of
soil and vegetation [43].

Although the two counties included in our study area have similar sizes, they show several differences
that make their comparison meaningful. Biogeographically, Villarino is characterized by more closed
xerophilous shrubby and spiny vegetation than Patagones where shrubby steppe is the dominant
vegetation. Villarino also has a greater proportion of taller Prosopis caldenia woodlands.

According to the most recent official census (2015, Servicio Nacional de Sanidad y Calidad
Agroalimentaria), the two counties also differed largely in the characteristics of livestock farming in
the study period. Villarino had a greater number of smaller properties (i.e. ranches) than Patagones. On
average, Villarino ranches had a greater quantity of cattle than Patagones, whereas ranches tended to
focus more on sheep in Patagones (electronic supplementary material, appendix A).

2.2. Data collection and analyses

Data collection lasted from 2007 to 2015 and was based on interviews with local inhabitants and direct
inspection of depredation sites. To obtain data on puma-livestock conflict and the perceptions and
attitudes of local people towards the puma, we personally visited a stratified random sample of ranches
and interviewed farmers and ranchers who worked there. Stratification was based on the habitat types
available in the study area (cropland, grassland, grassland with shrubs, and woodland). Semi-structured
interviews were conducted by two or three researchers in each case as face-to-face informal dialogues in
order to create a friendly interaction between interviewers and interviewee and obtain honest answers.
To maximize the honesty of the answers obtained by ranchers, we stated clearly at the beginning of
each interview that we were from a non-governmental organization and that all information provided
would be treated anonymously. At the end of the interview, a standard questionnaire, comprising both
open and closed questions, was completed. To avoid spatial autocorrelation, we selected interview sites
that were at least 4-5km apart ([18]; figure 1). A range of data about the presence of key vertebrate
species, their habitat association and respondents’ perceptions towards them were recorded, but we
focused here on questions regarding depredation by pumas and ranchers responses to it. Because
interviews did not follow a rigid scheme and we wanted the ranchers to feel comfortable, some
of them did not answer to all the questions and, as a consequence, sample sizes may vary across
topics.

To estimate the financial losses caused by puma depredation, we used an average body weight of
each type of livestock and its average annual market value in Argentine Pesos and multiplied this value
by the number of livestock heads lost. Finally, to standardize results we applied the average Argentine
Pesos/USD rate of exchange of the year when the loss was recorded. Additionally, we used a Chi-square
test and the Jacobs index of selection [44] to compare the proportions of cattle and sheep killed by pumas
to those available in each county and test the hypothesis that sheep were preferred over cattle [45,46].

Also, we tested the hypothesis resulting from previous studies on big feline-livestock conflicts
[46-48] that the implementation of livestock husbandry practices, such as nocturnal corralling, would
reduce predation rates. For this analysis, we limited our study to ranches that bred only sheep, because
local ranchers believe that cattle are less vulnerable to puma predation and because they adopt extensive,
free ranging breeding for cattle.
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Figure 1. Maps showing the location of the study area (Villarino and Patagones counties) in Argentina and in the Espinal ecoregion, the
habitat composition of the study area, and the locations of the interview sites. The black line shows the borders of the two counties,
Villarino, in the north and Patagones, in the south.

From 2013 to 2015, during 24 months we surveyed intensively an area of Patagones county (electronic
supplementary material, appendix B) to validate the information obtained by interviews by personally
checking all puma depredation events and puma kills reported by local ranchers. This area covered
513km? and was largely covered by woodlands (49.6%), followed by grassland with shrubs (23.7%),
grassland (19.5%), and cropland (7.2%) and comprised 12 ranches; all of them bred cattle and four also
raised sheep. Sheep totalled 970 heads (1.89 sheep km~2). The exact number of cattle heads was unknown
but was much greater than that of sheep (greater than 2000 heads).

With the data recorded in this sub-area, we also tested the hypothesis that puma depredation was
associated with sites and times of the day in which the risk of encountering humans was low [45,46,49].
Particularly, we predicted that depredation events on livestock would occur (i) in areas far from rancher
houses, (ii) mostly at night-time, and (iii) in proximity of areas with dense vegetation cover (woodlands
and grassland with shrubs). To test these predictions, we calculated the distances from each depredation
site to the nearest house as well as to the closest patches of woodland and grassland with shrubs. The
t-test was subsequently used to compare these distances to those calculated for 15 points randomly
placed inside the corrals where sheep were present. The number of random points was equal to that of the
predation events. To analyse habitat characteristics in relation to depredation sites, we applied a buffer of
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100 m to the plots used by sheep as well as to the depredation sites and then used the proportional habitat
composition of these two groups to calculate the value of the Jacobs index of selection for each habitat
[44]. The values of this index vary from —1 (indicative of total avoidance) to +1 (indicative of complete
preference). Habitat variables were calculated using ArcGIS (ESRI 2010. ArcGIS Desktop: Release 10.
Redlands, CA: Environmental Systems Research Institute). Statistical analyses were performed using R
v. 3.3.3 [50].

3. Results

3.1. Characterization of interviewee and ranches

We completed 111 and 102 interviews in Villarino and Patagones counties, respectively. The average age
of respondents was 49.6 years (s.d. =12.7 years; n =178) and most (85.8%) were males. The sizes of the
properties we surveyed varied greatly in both counties (table 1). In Patagones, most of the ranches kept
herds of both sheep and cattle. Whereas ranches breeding only sheep were rare in Patagones, they were
relatively common in Villarino (table 1).

3.2. Livestock losses

Carnivore predation, climate changes, rustling, and livestock diseases were the causes of livestock loss
most frequently mentioned by ranchers (figure 2). Although variations were detected between the two
counties (Villarino, n =24 interviews; Patagones, n =28), depredation was consistently considered the
most important cause of livestock loss (figure 2).

Livestock losses were more frequent ( x2=73,df=2, p <0.05) in Villarino than Patagones (46.6%,
n=48 and 35.4%, n =235, respectively). In Villarino depredation was greater in mixed ranches than
ranches breeding only sheep or cattle, whereas the highest frequency of puma attacks was reported by
ranchers breeding only sheep in Patagones (table 2).

In both counties, the proportion of cattle and sheep killed by pumas differed from that expected based
on their relative abundances (sheep: x2=518.08, d.f.=1, p <0.05; cattle: x2=249, df.=1, p <0.05).
Predation was greater than expected only for sheep in Villarino, whereas in Patagones predation on
sheep was essentially in accordance with their availability. Cattle depredation was less than expected in
both counties (figure 3).

On average, the numbers and proportions of livestock killed as well as the economic losses attributed
to pumas tended to be greater in Villarino than Patagones (table 3). However, depredation losses varied
considerably among ranches. In Villarino, the ranges of losses were 0.1-51.9% for sheep and 2.1-3.3% for
cattle in relation to living stock. In Patagones, sheep losses ranged from 0.7 to 86.7%, while predation on
cattle was recorded in only one ranch and corresponded to 0.4% of its stock.

If we consider only those ranches where puma depredation occurred, the financial losses averaged
3398.4USD per ranch per year (median=>541.4USD, s.d.=8729.4USD, n=17) for Villarino and
1059.5 USD (median =541.4 USD, s.d. =1587.1 USD, n = 20) in Patagones. Although the economic losses
varied largely across individual ranches, the proportion of animals lost tended to be greater in ranches
with less livestock (table 3 and electronic supplementary material, appendix C). In both counties the
majority of ranches underwent losses smaller than 1000 USD (76.5%, n =13, in Villarino; 75%, n =15, in
Patagones; electronic supplementary material, appendix C).

3.3. Ranchers' attitudes

In Villarino, 67.3% of all the respondents (1 =52) hunted pumas; 47.6% (1 =21) admitted that they had
killed pumas in the previous 5 years and they estimated to have killed at least 57 individuals in total
(11.4 pumas yr‘l). Snares (34.6%; n =9) were the most common hunting techniques used in this county,
but people also frequently used fire arms, occasionally combined with dogs (26.9%; n=7), and live-
baited traps (26.9%; n=7). In Patagones, 82.5% of the respondents (n=>57) reported that they used to
hunt pumas and 29% (n=31) had killed pumas in the previous 5 years. As a result, a minimum of 34
pumas were killed in that period (6.8 pumasyr~1). Fire arms (45.7%; n = 32) and snares (31.4%; n=22)
were the most commonly mentioned techniques to hunt pumas in Patagones.

Retaliation for depredation was not the only reason for hunting pumas. Only 31.9% (1 =47) of the
ranchers who killed pumas had suffered livestock losses due to predation in Patagones compared to
77.8% (n = 36) for Villarino.
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Figure 2. Main causes of livestock loss identified by local ranchers in the counties of Villarino and Patagones, Central Argentina. Bubble
sizes are proportional to the percentage of respondents ranking a given factor as the most important cause, whereas their value on the
vertical axis corresponds to the proportion of respondents listing that factor among the causes of livestock loss.

Table 1. Size and proportions of ranches breeding sheep and cattle in the two counties of central Argentina (Villarino: n =102;
Patagones: n = 99) where puma-—livestock interactions were surveyed.

Villarino Patagones

median property size (size range) 7 km? (0.25-312 km?) 12 km? (0.14-200 km?)
anchesbreading aeandshees Gamoos omi_w
ranchesbreedingonly catte 2% m=2)  263%0=22
ranchesbreedmgonlysheep e

Table 2. Proportion of different types of ranches affected by puma depredation based on ranchers’ reports for the year previous to the
interview in the central Argentina counties of Villarino and Patagones.

Villarino Patagones

mixed ranches (cattle and sheep) 56.6% (n =30) 44.9% (n =31)
ranches breeding only sheep 44.4% (n=12) 50% (n=2)
ranches breeding only cattle 26% (n = 6) 77% (n=2)

3.4. Mitigation measures adopted by ranchers

In Villarino, 57.1% of the ranches with sheep (1 =35) enclosed their sheep at night and 3.8% used guard
animals (dogs and donkeys). Of the ranches sheltering sheep in enclosures during the night (n=20),
80% suffered puma depredation. The ranches using corrals reported the loss of 8.7 + 11.29 sheep ranch !
(median = 5 sheep ranch™1) or 1.64% of the total stock (11 =5870 sheep), whereas those that did not
adopt this practice lost 5.2+ 13.2 sheep on average (median=0sheepranch™!, 3.01% of the total,
n=1562sheep). In Patagones, 53% of ranches with sheep (1n=33) used night enclosures to protect
livestock and no one used guard animals. Of the ranches sheltering sheep in enclosures during the
night, 42.8% (n=14) suffered puma depredation. The ranches that used sheep enclosures endured
the mean loss of 10.5+13.1 livestock heads (median =6 sheep), which corresponded to 1.22% of the
total (n="7880sheep), whereas those without night enclosures lost an average of 22.9 +44.4 sheep
(median = 8 sheep, 6.5% of the total, n =4591 sheep).

In Villarino, the control of carnivore populations was mentioned most frequently (60%) as the most
effective form to alleviate losses, followed by changes in livestock management (26.6%), and economic
compensations (13.3%) (1 interviewees = 14). The reduction of carnivore populations was considered the
most effective measure to reduce depredation (66.6%) also in Patagones (n =20), followed by change of
livestock management (26.6%) and monetary compensation from the government (6.6%).
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Figure 3. Puma selection (Jacobs index of selection) of livestock in Villarino (n = 46 ranches) and Patagones (n = 44). Positive values
indicate that depredation was greater than expected based on livestock availability.

Table 3. Per ranch losses and economic damage caused by puma predation on livestock in two counties of central Argentina.

Villarino Patagones
cattle sheep cattle sheep
number of ranches 14 27 14 30
e . (75 N 226) ................ 0(451:|:1615) ................... 0(01“: 053) ........... 7(15 . :|:306) ...............

lost (mean £+ s.d.)

median economic loss 0 (560 = 1687.3) 0(1560.4 = 6466.4) 0(53419.9) 315.8 (703.8 = 1382.8)
(mean = s.d.,in USD)

3.5. Direct inspection of kill sites

Of the ranches where kills were directly inspected (1 =12), 41.7% suffered depredation by puma in the
intensively surveyed area, but this rate was 75% for the ranches which kept sheep and cattle (n =4) and
16.7% for those with cattle only (1 =8). The same skew towards sheep was observed in the numbers
of depredation events and of animals killed. Of predation events, 73.3% (n =11) were on sheep and the
remaining 26.7% (n=4) were on calves (less than 12 months old). This was the only cattle age class
predated by pumas in this area. If we consider all predated individuals (1 =42), 90.5% were sheep and
the remaining 9.5% calves. Thus, puma killed 3.9% of all sheep present and 3.45 sheep and 1 calf per
event, on average. Depredation rates were 4.09 individualsyr~! per 100km? (21 individuals yr~! and
0.08 individuals km~2). If only sheep are considered, depredation rates were 3.7 sheep yr—! per 100 km?.

The total economic loss caused by puma depredation during the entire period of 24 months was
2466 USD. The loss was equivalent to 1916 USD for the 3 ranches with sheep (or 319.3 USD per ranch per
year) and to 550 USD for the 2 ranches that endured predation on cattle (137.5 USD per ranch per year).
However, if we consider the 12 ranches included in this area, the mean yearly loss was equivalent to
102.8 USD.

The intensity of depredation did not appear to be related to sheep density in this sub-area (figure 4).
Only one of the ranches (ranch B) used to enclose sheep in pens for the night. During the survey period,
this ranch kept a herd of 300 sheep and recorded a single depredation event (figure 4), which occurred
during a night when sheep were not corralled.

Based on the data obtained from our direct inspections of kill sites (n=11), depredation events
occurred most in cropland (36.5%), followed by grassland (25.9%), grassland with shrubs (22.8%) and
woodland (14.9%). In contrast, woodland was the most abundant habitat (45%) in the corrals where
sheep were kept (total area =70.6 km?), followed by grassland (27%), cropland (16.9%), and grassland
with shrubs (11.1%). This suggests that pumas selected cropland and grassland with shrubs and avoided
woodlands when preying upon sheep in this area (figure 5).

The distances from depredation sites to the nearest rancher’s house ranged from 0.73 to 6.69 km
(average =2.89 km) and did not differ from those expected based on randomly selected points (t-test:
t=10.99, p > 0.05). Within this range, 86.7% of depredation events occurred at more than 1km from
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Figure 4. Total sheep density and density of sheep predated by pumas in the four ranches breeding sheep in an area of Patagones county
of central Argentina where all depredation events were recorded and directly inspected. ‘B’ ranch was the only one that applied night
enclosure as mitigation measure against puma depredation.
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Figure5. Puma habitat selection (Jacob index of selection) in the sheep predation sites in an intensively monitored area of the Patagones
county of central Argentina.

the ranchers” houses. The average distance from depredation sites was 0.64 km (range: 0-1.8 km) to the
nearest woodland patch and 0.14 km (range: 0-0.37 km) to the closest patch of grassland with shrubs and
did not differ from random points (t =0.86, p > 0.05 for woodlands; t =0.84, p > 0.05, for grassland with
shrubs).

As predicted, all depredation events occurred during the night-time.

3.6. Puma mortality rates

Based on the answers from interviewed ranchers, we calculated a mortality rate for each county. In
Villarino 1.56 pumas yr~! per 100 km? were killed while this rate was 1.1 pumas yr—!' per 100 km? in
Patagones. Puma mortality rates averaged 1.36 pumas yr~! per 100km? on the basis of the directly
confirmed mortality events (n = 14) in the intensively surveyed area.

4. Discussion

Livestock depredation can inflict high losses to local livelihoods, especially in poor communities
[4,51,52]. However, to our knowledge, this is the first large-scale study that evaluated socio-economic
and ecological aspects of puma-livestock conflicts, simultaneously quantifying large feline predation on
livestock and human killing of pumas in a temperate region of South America across a wide range of
property sizes, livestock herd sizes, and management practices. Thus, our results contribute to fill an
important gap of knowledge about puma-livestock interactions in Latin America [14,53]. We found that
the conflict between pumas and livestock producers in central Argentina is very intense (see also [54])
and that ranchers respond by killing pumas at alarming rates. Irrefutably, pumas caused a relatively large
amount of losses and, regardless of depredation, were perceived by ranchers as a major threat to their
livelihoods. These results are in accordance with the scarce information available on puma-livestock
conflicts in southern South America. Half of the 165 livestock producers interviewed in the Argentinean
province of Santa Cruz reported puma predation on their stock [55]. On four large sheep ranches in
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southern Patagonia, ranchers reported annual sheep losses to pumas as 3-9% of sheep stocks and killed
up to 15 pumas every year on their properties [14]. Similar levels of losses were reported in Chilean
Patagonia, where puma killing was also common [56].

Although puma depredation was widespread in our study area, affecting 35.4-46.6% of ranches in the
two counties, the proportions of animals killed were minimal in cattle (0.06-1%) and 3.3-10.4% in sheep.
Additionally, even when only the ranches affected by depredation were included and if we assume
that the losses were not exaggerated by ranchers (which may not be the case, see [57,58]), the financial
losses endured by the ranchers averaged 2134 USD per ranch and year and were less than 1000 USD
in 75-76.5% of the cases. This amount is likely to represent a very large proportion of a family income
in some developing countries. However, as per capita Gross Domestic Product (GDP) in Argentina was
10332 USD in 2010 [59] and a great majority of the families affected by predation were certainly above the
average level of income for this country, we can conclude that the damage inflicted by puma predation
to regional livestock industry was economically limited.

On the other hand, it is important to consider that some ranchers, typically small sheep farmers
from Villarino county, carried a higher burden of the overall costs of depredation and experienced
levels of depredation so high that they were likely to be economically critical. This is confirmed by the
fact that some interviewees, in particular individual producers that experienced multiple depredations
or excessive killing, abandoned sheep farming because it was no longer profitable. A similar pattern
of sheep breeding abandonment from unacceptably high scales of puma predation was previously
observed elsewhere [37]. Because research on risk perception indicates that people focus on maximal
events rather than the average [60], this uneven distribution of depredation costs among ranchers may
unduly influence their intolerance for predators, with negative effects on carnivore conservation as it
was reported for wolves (Canis lupus; [61-63]).

Although indirect losses (e.g. abortion, weight loss, milk production decrease) potentially linked with
predation [2,35] were not frequently mentioned by interviewees, we did not measure them. We advise
that future studies on this subject should attempt to quantify indirect losses, to avoid underestimating
the effect of puma predation on livestock.

Although puma preference for sheep and goats [4546] is probably a major reason of unequal
distribution of livestock losses among ranchers, we also found a strong county-related variation in this
preference. In addition to the fact that puma predation was much greater than expected in Villarino, we
also found that both the frequency of puma attacks and the impact of depredation tended to be greater in
Villarino than Patagones. Consistently, recent puma hunting was more pervasive and more connected to
depredation levels in Villarino. A similar discrepancy in attitudes towards snow leopards (Panthera uncia)
between two contiguous sites in the Indian Himalaya was attributed to differences in the economic value
of livestock in these two areas [64]. We argue that in our study ranchers in Villarino were less tolerant
basically because they experienced greater levels of depredation.

Several studies have identified landscape variables, such as proportions of forest in proximity of
ranches and distances to forests and water sources, as predictors of conflicts with carnivores [27,45,47,49].
Although most of the predation sites we inspected were in proximity of forest patches and far from
houses, we failed to find any effect of distances from dense vegetation and houses on the intensity of
depredation by puma. However, the frequency of puma attacks was greater than expected in patches
of croplands and grasslands with shrubs. Because grassland with shrubs was the habitat preferred by
pumas in the same study area [18,65], this result is in agreement with the hypothesis that the distribution
of puma habitat would largely explain sheep predation risk [53,66,67]. Although these findings need
confirmation, they also suggest that failure to consider the values expected on the basis of livestock use
of habitat may guide to misleading conclusions on the effect of habitat on predation risk.

4.1. Conflict mitigation

Although the effect of nocturnal enclosures on puma predation appears contradictory [2,37], our data
from interviews and kill site inspections indicate that corralling sheep at night may reduce the extent
of depredation by pumas. This is not surprising given that, as expected for a region where pumas
are heavily hunted [5,45], pumas have nocturnal habits and their depredation concentrated at night-
time in our study area and that freely grazing livestock is particularly vulnerable to hunting [2,7]. The
reduction in losses we found in ranches that used nocturnal enclosures supports the conclusions of
other studies in Latin America [45,46,47,68] that livestock management, specifically nocturnal corralling,
should prove effective to alleviate depredation by puma, especially if corrals are correctly designed and
built. Nevertheless, we found that only few ranchers mentioned the improvement of livestock husbandry
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as a potentially effective tool to reduce losses, while a majority of ranchers claimed that lethal control is
the most adequate measure. Ranchers may not modify their practices to prevent predation on livestock
and prefer to continue hunting predators because they do not have necessary knowledge, resources or
readiness, or because of their negative attitude towards carnivores and conservation [13,45]. Approval
of killing predators is expected to increase when predators live on private properties, as in our study,
and when social norms or beliefs reinforce predator killing as a societal good [24,69,70]. In our study
area, ranchers frequently mentioned depopulation of rural areas as a major cause of increasing conflicts
with carnivores [54]. If this is the case, a more widespread and efficient implementation of husbandry
practices requiring greater labour may be difficult because it would imply substantial economic
investments [71].

Whereas puma killing is illegal in our study area as in the rest of Buenos Aires province, since 1995
a bounty system is in place to mitigate puma depredation in the neighbouring province of Rio Negro
and in two additional Patagonian provinces. These bounties are considerable by Argentinean economic
standards, especially for low-paid ranch workers, and up to 2000 puma bounties have been paid per year
in these three provinces [14]. In spite of this extremely large number of pumas killed, complaints about
puma predation on livestock continue and puma attacks are still considered a major cause of livestock
loss in Patagonia [72]. Although the effect of puma control on the livestock industry has never been
studied, the extent to which carnivore removal reduces predation losses remains equivocal [73]. Several
studies have shown that increasing efforts to control predator populations did not produce reductions
in livestock depredation [19,73]. Although our mortality estimates are crude and should be treated
with caution, they indicate that far more pumas were killed by ranchers in our study area (1.1-1.56
individuals per 100 km?) than those legally removed by the bounty system in the Patagonian provinces
(ca 0.3 individuals per 100 km?; [14]). It is difficult to imagine that a puma population in the rangelands
of central Argentina could sustain such high mortality rates over the long term. Unsuitability of most
habitats to pumas in this territory [18] and rarity of pumas in comparison with other carnivores [54,65]
support this conclusion and suggest careful monitoring of this top predator and its ecological functions
in central Argentina.

5. Conclusion

As most big felines, the puma is a globally iconic but locally problematic species. In the context of conflict,
the long-term conservation of large carnivores can only be achieved if the strategies that are developed
and implemented outweigh the local costs incurred [4]. Thus, the information we provided is relevant
to understanding the dynamics of human—puma conflicts globally and supports the development of
meaningful and applicable management plans for their mitigation locally.

In our study, puma depredation concentrated on sheep and a significant level of losses was endured
by a relatively small number of sheep ranchers, which probably shaped intolerant attitudes towards
pumas. Because puma depredation typically occurred at night, nocturnal corralling of sheep, especially
if enclosures are properly built, guarded by dogs and/or located next to inhabited houses, appears to
be a simple and effective measure to alleviate depredation. Although more data are needed, it is also
possible that livestock losses could be reduced if ranchers avoid keeping sheep in the habitats locally
preferred by pumas. Further improvement may be obtained if other measures, such as guard dogs,
financial compensation or insurance schemes are also adopted, as it is unlikely that a single method
will function for ranches differing largely in their characteristics. However, the process of rural areas
abandonment represents a potential limitation of the implementation of these measures and should be
accounted for in the decision-making process.

Because reduced availability of natural prey may increase large feline depredation [74,75] and wild
prey may serve to buffer livestock from puma predation [76,77], land management that facilitates a
greater abundance of wild prey may also potentially decrease depredation by pumas in the rangelands
of central Argentina.

Notwithstanding, we argue that conflict mitigation in central Argentina is not only a question of
reducing actual damage but also of increasing tolerance [23,78-81]. Thus, in agreement with [82-84],
we conclude that the implementation of awareness programmes targeting local people and aiming to
increase their knowledge about carnivores and their role in ecosystems is important to favour long-
term coexistence of pumas and ranching activities in central Argentina. Finally, we surmise that strong
conflicts between pumas and local people are exacerbated by the lack of response from the government,
which neither compensates losses to ranchers nor offers a forum for their complaints. The success of
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human—puma coexistence strategies will require a range of actions that are both effective and guarantee
the full engagement of local stakeholders in wildlife management decisions acceptable [51].
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