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AsstrACT—Retaliatory killing of large carnivores due to livestock predation is one of the major threats for
the conservation of many declining populations of predators. According to empirical observations, there is a
higher incidence of livestock predation when native prey abundance is low. In this study, we applied a
treatment consisting of augmentation of prey abundance by translocation of peccaries (Pecari tajacu) and
placement of four feed stations for white-tailed deer (Odocoileus virginianus) on a cattle ranch in Sonora,
Mexico, with verified calf predation by puma (Puma concolor) and jaguar (Panthera onca). We quantified and
compared consumed prey over two periods—phase I (8 months before the augmentation of prey) and phase
II (8 months after the augmentation of prey)—through investigation of kill sites from Global Positioning
System—collared jaguar and puma, prey identification from analyzed scat using molecular DNA techniques,
and opportunistic discoveries of recently killed animal remains by either predator. We calculated the relative
abundance of species (17 mammals [one species with two distinct age classes] and 1 bird species) through
camera traps and for the most relevant prey species for this study (deer, calf, and peccary), we also estimated
prey use by the predator, based on their availability during each period (prey preference). In the prey
composition analyses of scat, we observed a significant reduction in the consumption of bovids and a
significant increase in the consumption of peccaries during phase II. In the analyses of prey use, during phase
I, predators consumed peccaries and calves at a higher proportion in relation to their availability. During
phase II, consumption of calves declined from being preferred, to being consumed at the same proportion as
their availability. Application of these results can contribute to the decrease of livestock predation and
therefore conservation of pumas and jaguars.

ResuMEN—La matanza de grandes carnivoros por venganza debido a la depredacion del ganado, es una de
las principales amenazas para la conservacion de muchas poblaciones de depredadores que estan en declive.
Segtin observaciones empiricas, existe una mayor incidencia de depredaciéon del ganado cuando la
abundancia de presas nativas es baja. En este estudio, aplicamos un tratamiento que consistié en aumentar la
abundancia de presas mediante la translocacion de pecaries (Pecari tajacu) y la colocacion de cuatro estaciones
de alimentacion para venados cola blanca (Odocoileus virginianus) en un rancho ganadero en Sonora, México,
con depredacion verificada de becerros por puma (Puma concolor) y jaguar (Panthera onca). Cuantificamos y
comparamos las presas consumidas durante dos periodos—fase I (ocho meses antes del aumento de presas) y
fase II (ocho meses después del aumento de presas)—a través de la investigacion de sitios de caza del Global
Positioning System—jaguar y puma con collares, identificaciéon de presas a partir de heces colectadas y su
analisis utilizando técnicas de ADN molecular, y hallazgos oportunistas de animales recientemente cazados por
cualquiera de los depredadores. Calculamos la abundancia relativa de especies (17 mamiferos [una especie
con dos clases de edades diferentes] y una especie de ave) a través de camaras trampa y para las especies de
mayor relevancia para este estudio (venado, becerro y pecari), también estimamos su uso por parte del
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depredador basado en su disponibilidad durante cada periodo (preferencia de presa). En el anilisis de
composicion de presas a partir de heces, observamos una reduccion significativa en el consumo de bovidos, y
un aumento significativo en el consumo de pecaries, durante la fase II. En los analisis del uso de presas
durante la fase I, los depredadores consumieron pecaries y becerros en una proporciéon mas alta en relaciéon
con su disponibilidad. Durante la fase II, el consumo de becerros disminuy6 hasta que se consumieron en la
misma proporcion que su disponibilidad. La aplicaciéon de estos resultados puede contribuir a la disminucién
de la depredacion del ganado y, por lo tanto, a la conservacion de pumas y jaguares.

Most livestock producers are in conflict with predators
(Treves and Karanth, 2003; Woodroffe et al., 2005;
Khorozyan et al., 2015) because of perceived or real losses
of their livestock to predation. Although predator removal
has been ineffective in the long term (Berger, 2006; Lennox
et al., 2018), and despite the fact that most of the carnivore
populations are declining globally (Ripple et al., 2014),
many livestock producers and government policies try to
reduce predation of livestock by predator lethal control
(e.g., Wildlife Services, https://www.aphis.usda.gov/aphis/
ourfocus/wildlifedamage/operational-activities/
sa_livestock/ct_protecting_livestock_predators). Removal of
predators can accelerate the decline of their population
when mortality is additive (Creel and Rotella, 2010);
therefore, many researchers have highlighted the impor-
tance of studying and applying different alternatives to
predator removal (Scasta et al., 2017; Lennox et al., 2018;
Treves et al., 2019).

In Mexico, pumas (Puma concolor) and jaguars (Panthera
onca) are unlawfully killed mostly as a result of livestock—
predator conflicts (Rosas-Rosas et al., 2008). Jaguars are at
risk of extinction in Mexico (NOM-059-SEMARNAT-2010,
http://www.dof.gob.mx/normasOficiales/ 4254/
semarnat/semarnat.htm), and because there is poor
enforcement of the environmental laws (pers. observ.)
their protection from retaliatory killing relies mostly on
science-based solutions to decrease predation on livestock.

Two main causes have been identified that are related
to higher livestock predation rates: low availability of
native prey (Amador-Alcala et al., 2013; Burgas et al,,
2014; Soofi et al., 2019) and poor cattle management
practices (Polisar et al., 2003; Hoogesteijn and Hooges-
teijn, 2005). Several authors have suggested that when a
primary or preferred prey decreases, an apex predator
may switch to one or more abundant alternative species
(Murdoch, 1969; Novaro and Walker, 2005; Bissett et al.,
2012). In many cases, livestock become the alternative
species (Cascelli de Azevedo, 2008; Khorozyan et al.,
2015). Therefore, prey availability and prey preference
both play an integral role in predation behaviors by
carnivores (Ghoddousi et al., 2016).

Although there have been studies, previously cited,
that have inferred that livestock predation is higher
because of low natural prey availability, there is no study
to date, to our knowledge, that has manipulated the
availability of certain prey species and measured livestock
predation during that time period. In a review study from
35 diet articles on pumas and 25 diet articles on jaguars,
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peccaries (Pecari) were identified as a main prey item for
jaguars and deer (Odocoileus) for pumas (Cassaigne,
2016). Therefore, the objective of this study was to test
the hypothesis that an increase in deer and peccary
densities would reduce predation of calves on a ranch
with known livestock predation by puma and jaguar.

MATERIALS AND METHODS— Study Area—The study area was
approximately 70 km? on one cattle ranch in the municipality of
Divisaderos, Sonora. It was located in the Sierra Madre
Occidental, in northeastern Sonora, approximately 250 km south
of the United States—Mexico border. Elevation ranged from 500
to 1,500 m, and the average annual precipitation was 455 mm
(Instituto Nacional de Estadistica y Geografia, 2018; https://www.
inegi.org.mx/app/cuadroentidad/AnuarioGeografico/Son/
2018). Vegetation in the study area consisted of a mix of Sinaloan
thornscrub, Sinaloan tropical deciduous forest, and Madrean
evergreen woodland (Brown and Lowe, 1982).

Livestock operations in the area consisted of year-round cow—
calf production without synchronized breeding. The owner of
the ranch reported having predation on his cattle throughout
the year. Cattle were documented previously as prey for both
pumas and jaguars in the study area (Rosas-Rosas et al., 2008;
Cassaigne et al., 2016). Other prey species included white-tailed
deer (O. virginianus), collared peccary (P. tajacu), white-nosed
coati (Nasua narica), opossum (Didelphis virginiana), three
species of lagomorphs (Lepus californicus, L. alleni, Sylvilagus
floridanus), and three species of skunks (Mephitis mephitis, M.
macroura, Conepatus leuconotus), as determined from our camera
traps.

We divided the study into two equallength periods—one to
determine the composition and relative consumption of prey
species in the diet of jaguars and pumas on the ranch,
denominated phase I (from 15 October 2012 to 14 June
2013), followed by a period of prey density increase, denomi-
nated phase II (from 15 June 2013 to 15 February 2014). For
each period, we analyzed the relative abundance of species,
predator diet from molecular analyses of scat, predator diet
from Kkill sites of Global Positioning System—collared puma and
jaguar, and from incidental kill sites of uncollared predators. We
also compared the frequency of predation and prey preferences
between both periods.

Captures—Between October 2012 and November 2013, we
captured two jaguars (one male and one female) and three
pumas (one male and two females). We used modified Aldrich
foot snares (Logan and Sweanor, 2001) approximately 1 m in
length staked to the ground with in-line double swivels and a
heavy-duty spring. We monitored active snare sites every 4 h
using very high frequency trap-site transmitters and a very high
frequency receiver (Telonics® Inc., Mesa, Arizona). We immo-
bilized study animals with either a combination of ketamine (5
mg/kg) and medetomidine (0.08 mg/kg) or a mix of
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butorphanol (0.4 mg/kg) combined with medetomidine (0.08
mg/kg) and azaperone (0.15 mg/kg), as described in Cassaigne
etal. (2016). We fitted captured animals with uplinking Iridium
satellite GPS collars (Advanced Telemetry Systems, Isanti,
Minnesota) programmed to download locations six times during
each 24-h period (1200, 1800, 2100, 0100, 0400, and 0600 h).

Relative Abundance of Prey—We used 20 camera-trap sites to
estimate relative abundance of prey species. We defined the size
of the area sampled by the number of cameras available. We
stratified cameras across the major vegetation types on animal
trails and secondary roads. Minimum distance between cameras
was 0.32 km and maximum distance was 12.58 km (mean = 4.97
km). We collected photos at least every 6 weeks, relabeled with
date and time, sorted by species, and analyzed to establish
frequency of occurrence and abundances. We considered any
two-camera site stations independent from each other because
of the distance or different stratification placement. We assumed
independent pictures of a species at a site after each 60-min
period and used the maximum number of individuals photo-
graphed in subsequent sequential pictures. We also calculated a
relative abundance index (O’Brien et al., 2003; Monroy-Vilchis
et al,, 2011).

Molecular Analyses of Scats—We opportunistically collected scat
samples potentially deposited by puma and jaguar from
throughout the study area. We extracted predator DNA by
obtaining sloughed epithelial cells from the surface of the scat,
and extracted prey DNA from bones and hair found in the scat.
We performed DNA extraction, polymerase chain reaction
amplification, mitochondrial DNA sequencing, and species
identification for the scat depositor and prey species, as
described in Cassaigne et al. (2016). We compared DNA
sequences with publicly deposited gene sequences, and with
sequences from the Culver lab of species known to occur in the
study area. We based species identification on basic local
alignment search tool searches (Altschul et al., 1990) across
the National Center for Biotechnology Information ‘nonredun-
dant’ GenBank database using an e-value cut-off of 1 x 10" and
a sequence identity of >95%. Ultimately, we identified the ‘top
hit’ from each search as that of the predator or prey species in
question.

Prey Composition in Scat—We expressed results of the prey
composition analyses in percentage of occurrence, which is the
percentage of scats in which a prey item was found. Proportion-
ately more collectible scats are produced when a predator
consumes smaller prey (Ackerman et al., 1984), so we used the
correction factor developed by Ackerman et al. (1984): Y= 1.98
+ 0.035X, where Yis the mass of prey consumed per scat and Xis
prey body mass. This regression was used to convert prey
occurrence to an estimate of the relative biomass and relative
number of prey consumed.

Kill Sites—For each period, we identified potential kill sites as
two or more consecutive GPS locations <200 m apart occurring
between 1800 and 0600 h to avoid day-bedding activity
(Anderson and Lindzey, 2003). We investigated potential kill
sites within a 2-week period after the predator had departed. At
sites where animal remains were found, we searched for
evidence of a large felid responsible for the kill, such as bite
marks by large canines, drag marks, signs of struggle such as
broken branches, turned over rocks, and blood stains. When
such evidence was found, we classified the site as a kill site. If the
animal remains were fed upon, but no evidence associated with
the act of killing was observed, we classified the site as a
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scavenging site. We included scavenging sites with Kkill sites in
our analyses because they attract predators, and pumas and
jaguars are not killing domestic livestock during periods of
scavenging. However, we excluded them from the kill sites for
the analyses of use of prey in relation to its availability because
the relative abundance of the carcasses cannot be calculated. We
excluded from the analyses potential kill sites with no prey item
located. We also added to the total number of kill sites any
incidental discovery of animals killed by uncollared pumas or
jaguars in the study area. At these kill sites, we identified
predator species as a puma if there was evisceration and caching
of the carcass, or jaguar if there were canine bites to the skull or
cervicals, no evisceration, and noncaching of the carcass
(Childs, 1998). We considered cattle of <1 year of age to be
calves.

Use of Prey in Relation to its Availability (Prey Preference)—We
calculated use of prey with the Jacob’s Index (Jacobs, 1974)
using the information from total relative abundances and kill
sites but excluding scavenged prey. We calculated this index only
for the main prey items that were important for our study, which
were deer, peccary, and calf.

Results obtained ranged from a +1 (maximum preference)
to —1 (maximum avoidance). Maximum preference stands for
consumption higher than estimated considering the relative
abundance and therefore the availability of the prey in the
environment. Maximum avoidance stands for consumption less
than expected, considering the availability of the prey in the
environment. Numbers close to zero indicate resource use in
proportion to availability. This index has been used on many
other studies to establish prey preference by predators (Hayward
et al., 2006, 2012; Nowak et al., 2011; Lyngdoh et al., 2014).

Increasing Peccaries as Prey—Between 12 and 15 June 2013, we
released three herds of peccaries, for a total of 36 peccaries (18
females, 11 males and 7 piglets), near the center of the study
site. Peccaries were obtained from the wild and were considered
to be human-conflict animals that would otherwise have been
euthanized. We obtained these animals from the Southwest
Wildlife Conservation Center in Scottsdale, Arizona, and from
the Arizona Game and Fish Department, State of Arizona. We
vaccinated peccaries with a live vaccine against canine distemper
virus (Purevax® Ferret Distemper). We translocated all animals
to Mexico under federal authorization (SEMARNAT No. 30751)
and maintained them in the study area in three enclosures (1
herd/enclosure) for 8 months prior to release. We released
peccaries as herd units with a total of 13 very high frequency
collars divided between the three herds and one additional
satellite collar per herd.

Increasing Deer as Prey—To increase the density of deer, we
placed four battery-operated wildlife feeders inside the study
area on June 2013. We built a three-wire fence around each
feeder to act as a 4-m” cattle exclosure. We conducted the
treatment during the white-tailed deer fawning season as a
natural way to increase deer density.

Statistical Methods—We tested continuous variables for nor-
mality (Shapiro-Wilk), resulting in a parametric distribution
(SPSS version 16.0; IBM Corp., Armonk, New York). These
variables were reported as mean £ SD. Categorical variables are
described in absolute and relative frequencies. We compared
the results from relative abundances and kill sites between the
two study periods using a Student’s paired ¢ test (SPSS version
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Table 1—Relative abundance and relative abundance index of species detected through camera traps during the study periods

(phase I and phase II).

Relative abundance (%)

Relative abundance index

Species Phase I Phase 11 Phase 1 Phase 11
Domestic cow or bull (Bos taurus) 40.4 32.4 23.2 15.7
Deer (Odocoileus virginianus) 18.3 26.1 10.5 12.6
Calf (Bos taurus) 6.7 6.3 3.8 3.0
Grey fox (Urocyon cinereoargenteus) 6.3 11.2 3.6 5.4
Squirrel (Sciuridae) 4.8 1.0 2.8 0.5
Puma (Puma concolor) 4.5 4.2 2.6 2.0
Bobcat (Lynx rufus) 3.6 3.6 2.1 1.8
Hare (Lepus) 3.6 0.6 2.1 0.3
Cottontail rabbit (Sylvilagus flovidanus) 2.2 1.6 1.2 0.8
Ring-tailed cat (Bassariscus astutus) 2.2 1.0 1.2 0.5
Coati (Nasua narica) 2.1 2.9 1.2 1.4
Ocelot (Leopardus pardalis) 2.1 0.7 1.2 0.3
Wild turkey (Meleagris gallopavo) 1.6 1.3 0.9 0.6
Jaguar (Panthera onca) 1.0 0.6 0.6 0.3
Coyote (Canis latrans) 0.3 3.2 0.2 1.6
Skunk (Mephitidae) 0.2 1.4 0.1 0.7
Raccoon (Procyon lotor) 0.1 0.3 0.1 0.1
Opossum (Didelphis virginiana) 0.1 0.3 0.1 0.1
Peccary (Pecari tajacu) 0.1 1.3 0.1 0.6

16.0) and results from scat analyses (absolute numbers) from
puma and jaguars in each period using Fisher’s exact test.

REsuLTS— Peccary Release—We measured activity area of
the released peccaries for 3 months after their release and
determined to be 7.63 km?. After that period, the majority
of the radiocollars were destroyed by the peccaries,
including all three satellite collars. The area used by the
collared peccary herds was larger than what has been
reported by Ellisor and Harwell (1969) and Taylor and
Synatzske (2008), which varied between 2.21 and 3.64
km?2, respectively, in southern Texas (oak [Quercus]
woodland) and similar to what Naranjo (2002) reported
for collared peccary (7.3 km?®) in Chiapas (tropical
rainforest), and within the range reported by Bigler
(1974) in Arizona, between 2.66 and 8.08 km? (Sonoran
desert scrub).

Relative Abundance—There was an increase in the
relative abundance for deer and peccary during phase II
(Table 1). Deer relative abundance index increase was
significant (P < 0.05, ¢ = 2.21; mean = 17.06; standard
error of the mean [SEM] = 5.8). However, despite the
increase observed in the relative abundance of peccary
(Table 1), it was not significantly different (P > 0.05, ¢ =
1.51; mean = 0.04; SEM = 0.04). This could have been
related to the low detection during both periods
compared with the detection of other species. The
change observed in calf relative abundance index, was
also not significant (P> 0.05, ¢ = 0.25; mean = 6.48; SEM
=1.79).

Captures and Kill Sites—One female puma was killed
and eaten by a male puma 5 days after capture. A collar
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from another female puma stopped functioning 8 days
after being deployed, documenting data from only one
kill site for that individual.

We analyzed all kill sites from jaguars and pumas as a
whole because of the small number of individuals with
functioning collars. Peccary predation frequencies
showed a significant increase (714%) from phase I to
phase II (Table 2; P < 0.05, ¢t = 2.62; mean = 0.11; SEM
= 0.11). Predation frequency on deer increased 22%
but was not considered significant (P > 0.05, ¢ =1.25;
mean = 0.44; SEM = 0.24). Calf predation frequency
decreased by 65% but was also not found to be
significant (P > 0.05, ¢ = 0.80; mean = 0.44; SEM =
0.24).

Scat Analyses—Percentages of occurrence of prey in
scat, estimated relative biomass, and relative number of
individuals consumed during phases I and II are shown in
Table 3. Percentage of occurrence of bovids in scat
decreased by 656% from phase I to phase II and through
Fisher’s test we found no association between both phases
(P > 0.05), meaning we had a significant difference.
Percentage of occurrence of deer in scat increased 10%;
however, it was found to be similar (P < 0.05) between
both phases. For peccaries, we used 1% instead of the
observed 0% of frequency of occurrence from phase I in
order to quantify the difference. Using this percentage,
we detected an increase of 1,150%, and through Fisher’s
exact test we found no association between phase I and
phase II (P > 0.05), indicating significant difference. We
also found a significant inverse association between the
increase in consumption of peccaries and the decrease in
consumption of bovid between both phases I and II.
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Table 2—Number of kills by puma and jaguar combined, and percentage of occurrence during phase I and phase II studies.

No. killed by predators

Occurrence (%)

Species Phase 1 Phase 11 Phase 1 Phase 11

Deer (Odocoileus virginianus) 5 9 26.3 32.1
Calf (Bos taurus) 4 2 21.1 7.1
Puma (Puma concolor) 1 0 5.3 0.0
Lagomorphs (Lepus or Sylvilagus floridanus) 1 0 5.3 0.0
Coati (Nasua narica) 2 0 10.5 0.0
Coyote (Canis latrans) 1 0 5.3 0.0
Opossum (Didelphis virginiana) 2 0 10.5 0.0
Peccary (Pecari tajacu) 1 12 5.3 429
Fish 0 1 0.0 3.6
Dog (Canis familiaris) 0 1 0.0 3.6
Grey fox (Urocyon cinereoargenteus) 0 1 0.0 3.6
Skunk (Mephitidae) 0 1 0.0 3.6
Scavenge 2 1 10.5 3.6

Total 19 28 100.0 100.0

Using Fisher’s exact test when considering the biomass
and the relative number of individuals consumed
(obtained using Akerman’s equation), the significance
of the results observed remained the same.

Use of Prey (Prey Preference)—During phase II, Jacob’s
index showed a decrease in the preference for calves until
they were being consumed at the same proportion

relative to their availability, meaning no preference for
calves (from 0.53 to 0.07; Table 4). Preference for deer
was similar, decreasing from slightly selected in phase I to
being consumed at the same proportion in relation to
their availability in phase II (from 0.13 to —0.04; Table 4).
Preference for peccaries remained at a high level. When
peccaries became more available in phase II, predators

Table 3—Percentage of occurrence, estimations of consumed biomass, and number of individuals consumed by predators (puma
and jaguar) in the study area, calculated from content in collected scat. Species were identified by DNA.*

Percentage of Correction Relative Relative no. of individuals
Species occurrence (A) Weight (kg) (X) factor (Y) biomass (%) (B) consumed (%) (C)

O. virginianus

Phase 1 74.13 38.0 3.31 73.1 38.00

Phase 11 79.17 0.0 0.00 79.7 72.64
Bos taurus

Phase I 12.06 100.0 5.48 19.7 3.90

Phase 11 4.16 0.0 0.00 6.9 2.40
Gopherus agassizii

Phase I 6.89 5.0 2.15 4.4 17.5

Phase 11 0.00 0.0 0.00 0.0 0.0
Sylvilagus floridanus

Pretreatment 3.44 1.5 1.50% 1.5 20.2

Phase 11 0.00 0.0 0.00 0.0 0.0
Mephitis mephitis

Phase I 1.72 2.0 2.05 1.0 10.4

Phase 11 0.00 0.0 0.00 0.0 0.0
Otospermophilus variegatus

Phase I 1.72 0.5 0.50" 0.3 10.1

Phase 11 0.00 0.0 0.00 0.0 0.0
Pecari tajacu

Phase 1 0.0 0.0 0.00 0.00 0.00

Phase 11 12.5 20.0 2.68 10.19 17.64
Ovis aries

Phase I 0.00 0.0 0.00 0.00 0.00

Phase 11 4.16 15.0 2.50 3.17 7.32

Ty =1.980 + 0.085X. B= (A x ¥)/Z(A x Y) x 100. C= (B/X)/Z(B/X) x 100.

I . .
” No correction is made.
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Table 4—Use of prey, considering availability, by predators
(puma and jaguar) in the study area based on Jacob’s index.

Predation Relative Jacob’s

Species frequency abundance Index
Odocoileus virginianus

Phase I 0.29 0.183 0.13

Phase II 0.33 0.261 —0.04
Calf (Bos taurus)

Phase I 0.23 0.067 0.53

Phase II 0.07 0.063 0.07
Pecari tajacu

Phase I 0.058 0.001 0.97

Phase II 0.44 0.013 0.93

preferred peccaries over calves 13 times more when
measured by the Jacob’s Index (Table 4).

Discussion—After the augmentation of peccary num-
bers, and a localized density increase of deer through
artificial feeding (mostly during the fawning period), we
observed a decrease in consumption of cattle by puma
and jaguar, offset by an increase in consumption of deer
and peccary. In number of kill sites alone, we observed a
50% reduction in calf predation. Although this reduction
was not statistically significant, likely because of the small
sample size, it did mean a decreased economic loss for the
rancher and promoted more tolerance for predators on
his ranch. It is important to mention that a male puma, a
female jaguar, and a male jaguar with satellite collars were
the same individuals for the entire two study periods. The
changes observed in their diets and preferences were
immediate responses to native prey augmentation. The
same three collared felids actually remained on the study
area for longer periods during phase II (during phase I,
presence of collared animals inside the study area was 98
days, versus 149 days during phase II); and, supporting
our hypothesis, they did not kill more calves. They instead
killed 50% fewer calves while killing and consuming more
deer and peccary. The scat analyses supported this result
in which reduction of calf consumption was statistically
significant. Additional supporting evidence of the impact
of prey augmentation on predator diet was observed
when the biomass consumed during phase II by pumas
and jaguar was found to be approximately 16% more for
deer and peccaries together, while at the same time,
approximately 13% less for livestock. The positive impact
of prey augmentation in reducing livestock predations by
apex predators is thus very evident, when biomass is
considered.

Our results demonstrate that in this study area, and for
these predator and prey species, predation rates for cattle
decrease when densities of deer or peccaries are
increased. A high level of selection for peccaries above
their availability on the landscape was documented for
both study periods, which suggests that they are a
preferred prey item for large felid predators. Our study
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was limited by funds and study time deadlines, leaving us
with few Kkill sites and scat samples from which to be able
to infer larger implications for the total population of
jaguars and pumas. We were unable to establish the prey
preference for either of the species, puma or jaguar, as a
result of the small sample size; however, combining the
data as a whole for both predators allowed us to better
inform the rancher of the fact that when availability of
native prey is increased, losses from cattle predation are
reduced and the inverse is probable when native prey
populations are low. We encourage other researchers to
design similar studies, for longer time periods, with
appropriate control experiments, and in larger study
areas.

The growth of human populations in the world not
only reduces habitat for wildlife species but also exerts a
greater demand for animal protein consumption (World
Health Organization, https://www.who.int/nutrition/
topics/3_foodconsumption/en/index4.html). In order
to conserve jaguars and pumas in the face of increasing
livestock production in areas of Mexico, it is necessary to
promote their coexistence in balance with their natural
prey. In complex predator—prey relationships, predators
depend not only on the abundance of a single prey
species (bottom-up regulation) but on several species at
the same time, while the number of prey depends not
only on the number of predators (top-down regulation)
but also on the overall abundance of food (Bowyer et al.,
2005). The strategy of eliminating predators to favor the
abundance of certain hunted or domesticated species,
such as cattle, deer, or wild sheep, is costly and ineffective
(Littauer et al., 1986; Berger, 2006; Peebles et al., 2013).
Maintaining adequate populations of native prey in
combination with other management strategies of the
species to be favored, such as livestock, promotes good
conservation not only for the species of interest but for all
the species that comprise the ecosystems (Woodroffe et
al., 2005; Vijayan, 2012).

In Mexico, according to the National Statistics and
Geography Institute of Mexico (INEGI, 2017; https://www.
inegi.org.mx/temas/ganaderia/default. html#Tabulados),
livestock management is not highly technified or complex
and production of weaned calves is estimated to be
between 35 to 50% on ejidos and communal lands, and
40 to 75% on the remaining private lands (Ibarra-Flores et
al.,, 2011). The production of calves at weaning in the
United States is an average of 88% (United States
Department of Agriculture, 2015). To a large extent, this
level of production is related to a system of synchronization
of births, vaccination programs, and adequate feeding.
This is important when considering that in Mexico, cattle
ranchers may attribute their low calf-production rates to
predation, while they are actually losing approximately
40% of their income because of poor livestock manage-
ment practices. Based on these statistics from cattle
ranching in Mexico, and our results that adequate prey
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availability can lead to reduction in calf predation, we
believe the following management actions can promote
the co-existence of livestock production with predators in
Mexico:

1. Timing the births of the calves through synchronized
breeding to coincide with the time of birth of the
offspring of deer and peccaries; thus, the abundance
of vulnerable preferred native prey will be higher.

2. Conduct activities that promote the restoration of
natural prey in areas where jaguars are extant, with a
focus on restoring populations of peccaries and deer,
and if possible, other native prey, through habitat
enhancements, conservation and/or translocation
efforts. Community outreach is an additional impor-
tant component of co-existence, and development of
awareness programs for the general public and
ranchers, on the topic of ecological relationship
between availability of natural prey species and
predation of livestock by predators could also be
valuable.
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