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ABSTRACT ARTICLE HISTORY

We examined the evidence supporting the hypothesis that jaguars Received 16 February 2015
(Panthera onca) have morphological and behavioural adaptations Accepted 21 January 2016
to facilitate reptile predation. Jaguars’ head and bite features show KEYWORDS
adaptations to durophagy (consumption of hard-integumented Dangerous prey;

prey) that are very unusual within the genus Panthera. These saurophagy; Tayassuidae;
include: thick canines, well-developed head muscles and a fatal Xenarthra

bite directed to braincase or nape. These characteristics have been

previously considered an adaptation for the consumption of rep-

tilian prey, whose thick integument poses a challenge to preda-

tion. Although causation of any trait as result of natural selection is

hard to demonstrate with ecological evidence, its consequences

can be suggested and predictions made. Here, through a review of

the literature on jaguar predatory habits, we tallied the evidence

for saurophagy against environmental characteristics correlated

with jaguar predation on reptiles. We offer a new explanation for

the presence of those traits, based on the selection patterns, prey

abundances and main predation habits over the geographic range

of the jaguar. We believe that these features allow jaguars to

overcome dangerous and/or armoured prey by dispatching them

rapidly through a bite to the head or nape. Reptile consumption is

restricted to areas of high reptile abundance while dangerous or

armoured prey is consistently preyed upon throughout the

jaguar’s distribution, and selected even when their abundance is

low. This questions the validity of the saurophagy hypothesis. We

believe that these results are relevant to jaguar conservation and

management, because some of the main prey species are severely

threatened over their range, and because threatened reptiles are

also consumed as prey.

Introduction

Cranial morphological characteristics are one of the main constraints on the food
acquisition capacities of a species (Hutchinson 1957; Tseng et al. 2014). In the genus
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Panthera (Felidae), dietary limitations are also of special concern in terms of conservation
management. Loss of prey species to poaching has been listed as one of the main
threats to big cat long-term population viability (Ramakrishnan et al. 1999; Graham et al.
2005). When compared to other large cats, jaguars (Panthera onca) possess a suite of
unusual morphological adaptations (Seymour 1989). These include (1) a head that is very
large relative to the body size; (2) canines with low lateral compression and a cylindrical
shape in horizontal section (in other big cats they are laterally compressed: Valkenburgh
and Ruff 1987; Christiansen and Adolfssen 2005); (3) highly developed masseter and
temporal muscles (Christiansen and Adolfssen 2005); and (4) a body with a general
corpulence (Seymour 1989). Combined, these features give jaguars one of the strongest
bites relative to body size in the entire order Carnivora (Valkenburgh and Ruff 1987;
Wroe et al. 2005). The killing behaviour of jaguars is unique for a large cat: instead of
biting the ventral portion of the prey neck and killing by suffocation, as other panther-
ines do (Schaller 1967, 1972), jaguars target large prey and use a direct bite to the skull
or into the neck vertebrae, to damage the central nervous system and immediately
incapacitate the prey (Schaller and Vasconcelos 1978; Crawshaw and Quigley 2002).
Although other pantherines can also kill with a bite to the neck or head, this is either
rare and/or used only on smaller prey species (Schaller 1967, 1972).

The first to propose a hypothesis to explain this features was Emmons (1987). Noting
that data collected at the Cocha Cashu research station showed important levels of
saurophagy (reptile-eating), and collating additional observation of tortoise predation in
French Guiana, she suggested jaguar characteristic anatomical features and behavioural
characteristics were to allow durophagy (the behaviour of animals that consume hard-
tegument organisms), so providing a way to overcome the defences of armoured
reptiles (Emmons 1987, 1989). Although jaguars are the only large cats that prey
regularly on reptiles (Da Silveira et al. 2010), and these sometimes can dominate their
diet (Ramalho 2006), one cannot rule out the possibility that jaguar preference for
reptiles is a local idiosyncrasy. Most reports of jaguars with reptile-dominated diets
come from floodplains (Emmons 1987; Scognamillo et al. 2003; Ramalho 2006), where
large armoured reptiles like crocodilians and turtles are abundant (Marcellini 1979; Alho
1985; Da Silveira and Thorbjarnarson 1999; Mourao et al. 2000; Scognamillo et al. 2003).
This suggests that reptile consumption by jaguars may be an opportunistic behaviour,
and does not show that it is responsible for the suite of characters mentioned above.

Ecological evidence cannot identify specific agents of natural selection. Nor can it
reveal the functional relationships that result in the morphological and behavioural traits
(Young and Brodie 2004 and comments therein), that ultimately allow jaguars to prey on
armoured reptiles. Emmons’ hypothesis, therefore, is speculative in that it does not allow
any inference as to whether morphological and behavioural traits are a cause or a
consequence of adaptations to predation modes earlier in the evolution of the lineage.
Although it is difficult to show the agents and forms of selection that play a role in the
evolution of any feature (Grant et al. 1976; Endler 1980), it is possible to demonstrate
their consequences (Genovart et al. 2010). Consequently, we proposed to test with
ecological data the consequences of this phenotype on jaguar predation patterns.

Regardless of its origin, this syndrome might reduce the risks involved in preying on
dangerous animals. Biting through the skull or vertebrae is an effective means of swiftly
disabling dangerous or armoured prey (Mukherjee and Heithaus 2013). Such a killing
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technique reduces manipulation time and decreases the risk involved in predation
(Eisenberg and Leyhausen 1972). However, this requires the appropriate apparatus,
since applying force sufficient to break thick bones implies considerable wear and stress
on the canines, with a consequent increase in the risk of tooth breakage (Valkenburgh
and Ruff 1987). The process of predation on some jaguar diet species also seems to carry
a high potential risk of injury. Peccaries (Tayassuidae) are social animals known for
collectively attacking predators (Bissonette 1982; Kiltie and Terborgh 1983). Apart from
jaguars themselves (Soares et al. 2006; Azevedo et al. 2010), they are one of the few
animals known to kill jaguars (Scognamillo et al. 2003). Killing a peccary by suffocation
takes time and would leave the predator vulnerable to attack by the rest of herd. On the
other hand, a braincase bite would kill swiftly or, at least, severely disable the prey
animal. In consequence, even if the herd attacks, the jaguar can retreat, then subse-
quently scavenge the corpse.

Given the frequent scars and fresh wounds that jaguar show on camera-trap photo-
graphs, defensive attacks by peccary against jaguar may not be uncommon (Everton
Miranda, pers. obs.). Other than peccaries, giant anteaters (Mymercophaga tridactyla) can
also pose a serious threat to predators. These animals may reach 43 kg (Koster 2008a),
and have fore claws that can inflict a predator with a fatal wound. Although undocu-
mented in field studies, accounts of large cats and anteaters dying in mutual embrace
are relatively common in South American folklore (Bertassoni 2012). Additional evidence
of the risk offered by predating anteaters is that they are considered a threat to hunting
dogs, which they often kill (Koster 2008b). To administer a throat bite, any predator
would have to position itself ventrally, relative to the prey, making them immediately
vulnerable to the hypertrophied claws and associated powerful musculature. This would
not be the case if the predator bites the back of the head. Armadillos also pose a
challenge to predators that kill with a suffocating bite, since they have short necks, are
fast burrowing and are armed with large claws. Again, a morphology adapted to
durophagy, like that in jaguars, would be appropriate for killing such armoured prey.
Capybaras (Hydrochoerus hydrochaeris), whose primary defence is running to the water,
can also react viciously to predation with bites, and are capable of decapitating ana-
condas (Eunectes murinus; Rivas 2000). All that could be overcome with a bite to central
nervous system. Moreover, all the species mentioned above have low running capabil-
ities, possess poor senses for detecting predators at large distances, and therefore
cannot rely on escaping to avoid predation.

Given these reasons, we hypothesise that the suite of morphological and behavioural
characters shown by jaguars allows them to more effectively kill dangerous and
armoured prey, rather than specifically reptiles, as suggested by Emmons (1987, 1989).
We propose that although possessing these characters allows jaguars to kill reptiles
more easily, they will do so only when reptiles achieve sufficiently high abundances to
become profitable prey. To test these hypotheses we: (1) investigated whether jaguar
preyed upon Tayasuidae and Xenarthra more frequently than over other prey types; (2)
evaluated whether jaguar preyed on reptiles more frequently than other prey species, as
predicted by Emmons’s hypothesis; (3) analysed whether reptile predation is higher on
floodplains, indicating use may be abundance-dependent, and therefore opportunistic;
and, (4) measured diet selectivity for each group when studies provided jaguar prey
abundance data, so verifying whether predation on dangerous and/or armoured prey is
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opportunistic or selective. Finally, (5) we tested whether cougar (Puma concolor) - a
similar-sized species where durophagy features in skull are missing — preyed on danger-
ous/armoured prey to a lesser degree compared to jaguars.

Methods

Using Google Scholar, Web of Science, Scopus and Scielo search engines, we conducted
an extensive search of the literature concerning interactions of jaguars and their prey.
We also consulted other researchers for unpublished data and literature unrevealed by
online searches. In our search, we used the following keywords: ‘jaguar’, ‘Panthera onca’
and ‘onca-pintada’ combined with ‘diet’, ‘feeding habits’, food habits’, ‘habitos alimen-
tarios’ and ‘dieta’. This allowed us to find published and unpublished data in English,
Portuguese and Spanish. From each study, we recorded the study area geographical
coordinates, and the percentage of occurrence of each taxon in the diet. We calculated
the percentage of occurrence using the percentage of total faeces in which a certain
prey category was found, divided by the number of prey occurrences of the whole study
(see Ackerman et al. 1984 for more details about the method).

We grouped data collected from these studies coarsely according to phylogenetic
relationships, assuming members of these taxa possess similar anti-predator strategies.
We used the following groups: Xenarthra, Tayassuidae, Glires (Rodentia and Lagomorpha
orders), Carnivora, cattle (Bos), Cervidae, Reptilia, Aves, Primates and tapirs (Tapirus). We
did not consider domestic animals other than cattle, since there were few records of
such attacks.

Our data were not normally distributed (Komogorov-Smirnov test, p < 0.05). Hence,
in order to test whether xenarthrans and peccaries or reptiles were preyed more
frequently than other groups, we used two Wilcoxon signed-rank tests.

To test whether the proportion of reptiles preyed by jaguars was higher on flood-
plains, where they are more abundant in nature, we performed a third Wilcoxon signed-
rank test. We excluded data from coastal study sites a priori as they are used by turtles as
nesting sites, and we were uncertain whether jaguar behaviour under such conditions of
ephemeral abundance would be comparable to their behaviour at floodplain sites. In
addition, the small sample size (n = 2) precluded using them as unique and separate
category for this analysis, but we summarised all items in Table 1.

Several studies have conducted high-quality dietary analysis based on prey occur-
rence in jaguar scats (e.g. Ramalho 2006; Azevedo and Murray 2007; Foster et al. 2010).
However, most of these lack comparable estimates of prey abundances or cover only
partial prey assemblages. In order to test whether higher frequencies of dangerous and/
or armoured prey in jaguar prey were the result of selection, rather than only availability,
we carried out a Jacobs selection index (Jacobs 1974) on only six scat-based studies that
had data on prey densities obtained using linear transects. Any index ideally satisfies all
the criteria needed to adequately evaluate food selection, but we choose Jacobs
because it is one of the most used and allows more comparisons with the published
literature (Hayward and Kerley 2005; Hayward et al. 2006, 2012).

Finally, we tested whether cougar preyed dangerous/armoured prey at lower
levels compared to jaguars using a Mann-Whitney test over the 10 studies that had
collected data for both species. We did this test using only peccaries and armadillos
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Table 1. Jaguar predation on a variety of taxa shown as frequency of occurrence. Note the effect of
floodplains on reptile predation and the consistent high predation on xenarthrans and peccaries.
Taber et al. (1997) worked in two study areas.

Source Xena Tayassuidae Glires Carnivora Cattle Cervidae Birds Primates Tapir Reptiles Habitat n

1 324 NO 0 NO 2.7 NO 2.7 8.1 NO 54,1  Floodplain 29
2 2.9 171 20 2.9 NO 57 1.4 2.9 0 37.1  Floodplain 25
4 7.7 20.1 4.1 5.1 34.2 7.2 2.6 0.5 0 18.6  Floodplain 160
5 16.7 16.7 4.1 124 8.4 0 4.1 124 83 16.7 Floodplain 25
9 9.6 40.8 21.5 44 7.1 9.6 0 0 0 7.1  Floodplain 42
10 5.1 6 24.5 9.8 12.2 28.5 6.8 0 0 7 Floodplain 149
19 20 9.7 21.3 17.5 17.5 10.9 0.6 13 0 1.3 Floodplain 134
6 24.5 27.4 7.9 22.3 0 2.9 2.9 14 07 10 Forest 101
7 6 21.5 21.1 21.6 83 10.8 1.2 0 0 9.6  Forest 51
8 10 423 9.9 8.9 0 10 10 1.1 0 7.8  Forest 73
1 14.5 16.1 0 17.8 NO 42 3.2 0 NO 6.4  Forest 50
12 6.2 50.1 25 0 0 12.5 0 0 NO 6.2  Forest 16
16 14.9 446 43 19.1 NO 8.5 43 0 0 44  Forest 37
17 67 57 143 2.2 0 6.8 0.5 0 0 34  Forest 228
18 50.7 13.6 5.6 17 3.1 3.1 54 0 0 14  Forest 322
20 21.6 24.8 57 345 NO 6.9 53 1.2 0 0 Forest 206
21 36.7 16 12.2 22.1 NO 8.5 2.8 1.8 0 0 Forest 76
24 NO 74 1.1 1.1 444 25.9 0 NO NO 0 Forest 27
25 20.8 8.3 16.6 25.1 0 12.5 0 NO 16.6 0 Forest 25
26 345 27.6 24.2 6.8 0 6.9 0 0 0 0 Forest 23
27 62.8 37 18.8 74 NO 7.4 0 0 0 0 Forest 18
3 25.4 20.2 5 5 NO 5 5 10.1 0 243  Forest® 22
14 18.1 67.1 3 0 NO 0 3 3 0 5.8  Forest® 18
13 18.3 8.2 36.8 0 0 26.5 4.1 0 0 6.1  Savanna 58
15 18.4 60 5 0 0 0 33 0 8.4 5 Savanna 41
22 9.6 1.9 52.1 1.9 0 28.9 1.9 0 3.7 0 Savanna 40
23 67.7 5 9.9 9.9 24 0 0 0 5 0 Savanna 35
28 30.5 34.8 0 43 0 13 13 0 43 0 Savanna 18

NO: does not occur at the study site.

“Sea turtle nesting beach at the study site.

Sources: 1. Ramalho (2006); 2. Emmons (1987); 3. Chinchilla (1997); 4. Perilli (2010); 5. Nuno (2007); 6. Garla et al. (2001);
7. Azevedo (2008); 8. Crawshaw et al. (2004); 9. Scognamillo et al. (2003); 10. Azevedo and Murray (2007); 11. Nufiez
et al. (2000); 12. Tirelli (2010); 13. Taber et al. (1997); 14. Carrillo et al. (2009); 15. McBride et al. (2010); 16. Aranda and
Sanchez-Cordero (1996); 17. Rabinowitz and Nottingham (1986); 18. Foster et al. (2010); 19. Porfirio (2009); 20.
Hernandez (2008); 21. Novack et al. (2005); 22. Taber et al. (1997); 23. Sollmann et al. (2013); 24. Rosas-Rosas et al.
(2008); 25. Mendoza (2005); 26. Weckel et al. (2006); 27. Oliveira et al. (2010); 28. Silveira (2004).

(of whatever species). Other prey fitting the dangerous/armoured category were repre-
sented in few sites. This precluded meaningful comparisons because sample size would
be small. We performed the test by comparing the percentage of diet composed by
either peccaries or armadillos for each study site.

Results
Review

We considered 36 studies of jaguar diet covering 40 study areas. Of these, 95% (n = 38)
analysed faeces, 20% both carcasses and faeces (n = 8), and 5% carcasses only (n = 2).
The mean number of fecal samples per site was 26 (range: 7-322). The mean number of
carcasses analysed was 74 (range: 5-438); however, as carcass samples were almost
exclusively from floodplains (seven of 10 sites), with few sites to compare with this
group, we discarded such data. As a Spearman test revealed a correlation between
sample size and trophic diversity measured by the Shannon H’ index, we only used the
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28 studies with at least 16 samples. When using only studies with 16 or more samples,
we found no effect of the sample size on the diversity of prey species.

Saurophagy vs dangerous/armoured prey hypothesis

Our analyses showed xenarthrans and peccaries to be the most common prey in the
majority of the studies, while reptiles made a marginal contribution to the prey species
data (Table 1). Comparison between peccary plus xenarthran predation vs all other
groups confirmed this pattern (W = 2082, p < 0.0001, n = 28). Comparison between
reptiles vs all other groups showed no significant difference (W = 3507, p = 0.85, n = 28).

The role of floodplains

Diet studies from floodplains had higher predation on reptiles than those from other
habitat types (W =117, p < 0.001, n = 9). All incidences of crocodilian predation occurred
on floodplains, as did virtually all aquatic turtle predation.

Prey selection

Jacob’s selection index revealed positive selection for xenarthrans and peccaries.
However, capybaras were also a highly selected prey species. Caiman appear among
prey species with the lowest selection when compared to their abundance, along with
several other prey taxa that are highly vigilant and/or use speed as an antipredator
strategy (Figure 1).

Jaguar and cougar diet comparison

Jaguar preyed over armadillos and peccaries in higher levels compared to cougars
(Figure 2). The Mann-Whitney test shows a marginally significant effect on armadillos
(W =49, p = 0.08) and a statistically significant effect on peccaries (W = 96.5, p < 0.05).

Discussion

Although a subject of recent research interest (Da Silveira et al. 2010; Azevedo and
Verdade 2012; Verissimo et al. 2012; Guilder et al. 2015), the factors underlying jaguar
predation on reptiles remain unresolved. Caiman abundance in the Pantanal, although
regionally heterogeneous, is estimated overall at 35 million non-hatchling animals
(Mourdo et al. 2000), representing almost half of all biomass of terrestrial vertebrates
available to jaguars (De Azevedo and Murray 2007). On the floodplains at Mamiraug, the
caiman population can reach up to 115 non-hatchling animals per kilometre of riparian
habitat (Da Silveira and Thorbjarnarson 1999). This level of abundance, and the virtual
absence of other large-sized prey (Do Amaral 2012), drives jaguar to rely on caiman as
their main prey. The Venezuelan Llanos also has a large caiman population and high
densities of freshwater turtles and tortoises. Together the biomass of these reptiles
exceeds all other potential prey combined (Scognamillo et al. 2003). However, even in
these habitats, reptiles were preyed upon at low frequencies compared to their
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Figure 1. Jaguar (Panthera onca) preference for different prey species. Preference was measured
with a Jacob index based on the number of individuals of a given species consumed compared to
abundance data in number of individuals. Data was pooled from reviewed literature on the subject.
Each datum is an average of each study. A value of 0 indicates that jaguars consume this resource
with a frequency proportional to its relative abundance in the environment. A positive value
indicates that it consumes more than expected by chance. A negative value indicates consumption
occurred at a value less than expected by random (avoidance).

overwhelming abundance. In these same areas, peccaries and anteaters dominate the
diet (Table 1).

Except for predation of Chelonoidis (formerly Geochelone) tortoises, heavy predation
on Chelonia by jaguars appears to be restricted to places where mass nesting occurs.
This is true for both freshwater and marine turtles (Chinchilla 1997; Salera Jr 2005).
Additional research on jaguar predation patterns at sea turtle nesting sites is necessary
to reveal the importance of these animals as prey species of coastal-living jaguars, as
currently the small number of studies at sea turtle nesting beaches (n = 2) precludes any



Downloaded by [University of Cambridge] at 00:01 21 June 2016

8 (& E.B.P. MIRANDA ET AL.

g o —
o o _
Y -
o
o -
X
N
7] © -
o
5 ¥ T
o N - ——
£
< e - T T
—_—— ]
—
Q o | N
o] ™
b — -
O
£ 8-
N
(D —
(O]
-C 9 .
@®©
&) o - B— —
(&) ——
(O]
o B = T T
Jaguar Cougar

Figure 2. Percentage of Jaguar (Panthera onca) diet composed by peccaries or armadillos compared
with cougars (Puma concolor). Jaguar prey more extensively over armoured and dangerous prey.
Data were pooled from reviewed literature where faeces of cougars and jaguars were collected at
the same site. Bars represents means while whiskers represent standard errors for each prey group.

additional analysis. As jaguars share sea turtle carcasses and/or increase carcass use
when they are rare, they may be an important seasonal resource (Guilder et al. 2015).
Jaguars may also kill reptiles regularly on floodplains and at turtle nesting beaches.
Such saurophagy is not known for any other big cat. To better understand the drivers
associated with jaguar predation, we suggest that researchers collect information on
prey occurrence in scats, and also quantitative data on prey abundances. To ensure
comparability, these should use linear transects (sensu Buckland et al. 1993). Since avian
(rheas, cracids: Aranda and Sanchez-Cordero 1996; Azevedo and Murray 2007), mamma-
lian and reptilian prey can all be important in jaguar diets, abundance measurements
should include all possible prey species. This task may be easier at turtle nesting sites,
since nesting turtles can be monitored reliably with indirect methods (Troéng and
Rankin 2005; Mogollones et al. 2010). Selective predation on specific turtle sizes should
be verified, since a preference for larger animals has been shown to occur when jaguars
attack caiman (Azevedo and Verdade 2012). If it also occurs in turtles, such selection
could be problematic for turtle conservation, since large females are those with the
greatest reproductive output (Bjorndal and Carr 1989). Such parameters are useful when
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considering management to minimise turtle losses when populations or species are
threatened. One remedial measure that could reduce the impact of predation is the
collection of eggs from turtles killed via plastron removal (Salera Jr 2005). This could
avoid the complete loss of the eggs, especially if subsequently combined with egg
husbandry. Data on abundance of prey species (including nesting turtles) will allow the
formation and implementation of best management practices in areas where jaguar
predatory habits are in conflict with the management of other species of conservation
concern. For example, Arroyo-Arce (2014) suggested that predation on turtles began
with the decline of terrestrial prey. Thus, protecting turtles in this ecosystem may lead to
a reduction in jaguar survival by depriving it of its main food source. Knowing turtle
abundances relative to other jaguar prey would indicate whether turtle management
can be applied without detriment to jaguar survival.

Peccaries have previously been identified as a preferred food source for jaguars
(Aranda, 1994; Mendes Pontes and Chivers 2007; Azevedo and Conforti 2008). Their
large size and high densities in Neotropical ecosystems make them suitable main prey
candidates. Indeed, in some populations, they are known to drive jaguar movements
(Mendes Pontes and Chivers 2007). Jaguar historical distribution in North America is
similar to that of peccaries (Aranda, 1994; Gongora et al. 2011). Additionally, several
morphological traits of peccaries, such as vertebrae fusion and the thick mane of bristly
hair above the nape, suggest selection of these traits as deterrents to predators attack-
ing the braincase or vertebrae. Here, we show that jaguars appear to be strongly
dependent on peccaries, selectively preying on them wherever both species occur.
Peccaries are two of the Neotropical game species most frequently hunted by poachers
(Bodmer 1995). Thus, the level of exploitation is of special concern for peccary conserva-
tion, especially when we consider peccaries are threatened or have disappeared over a
large portion of their original range (Altrichter et al. 2012; Canale et al. 2012). This is so
even inside conservation areas that are important for continued jaguar survival (Salom-
Pérez et al. 2007; Azevedo and Conforti 2008; Paviolo et al. 2008).

While xenarthrans appear to suffer an even stronger selection as prey (Figure 1),
being the smallest-sized species in most jaguar studies usually leads to little documen-
ted predation. In areas such as the Brazilian Cerrado, where giant anteaters are common,
they can constitute up to 70% of jaguar prey (Sollmann et al. 2013). But more studies in
other savannah areas are needed to confirm whether this is a general form of prey
selection. In areas where jaguar body size is smaller, such as Central America, small
xenarthrans (mainly armadillos and lesser anteaters) become the main prey alongside
peccaries (Novack et al. 2005; Foster et al. 2010). In areas such as the Caatinga dry forests
of Brazil, where jaguars are also small (Perez 2008), we hypothesise that they too will
probably be heavily dependent on small xenarthrans as food source, just as occurs in
Central America. As suggested elsewhere (Hayward et al. 2015), these patterns may have
had interesting consequences in the recent past as a great diversity of xenarthrans
disappeared during the Pleistocene extinctions. Several of them, such as Holmesina,
Neosclerocalyptus, Nothrotheriops and Pampatherium, were within the prey size range for
jaguar. The extinct giant jaguar Panthera onca augusta (Schultz et al. 1985) could have
been a predator on these species, and then shrunk into the size of the modern form
after the extinctions. Certainly, similar processes have been documented for other
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carnivores following Pleistocene extinction of their prey base (wolves and coyotes;
Meachen and Samuels 2012).

Other species of large cats also prey on dangerous animals. This can be done by
methods other than quickly dispatching them with a central nervous system bite, as
jaguars do. Lions (Panthera leo), for instance, kill buffalo in groups where some
members restrain it physically while others can kill with a fatal bite directed to the
throat/muzzle; meanwhile, they rapidly retreat if threatened by the nearby herd
members (Schaller 1972). Another way of dealing with dangerous prey is killing
mostly juveniles. With softer constitution than adults, the younger ones can be killed
with a central nervous system bite even if the predator lacks the adequate apparatus
for durophagy. Preferential predation of juvenile prey has been observed in cougars
preying on peccaries (Foster et al. 2010), and amur tigers (Panthera tigris altaica)
preying on boars (Miller et al. 2013).

Cougars’ preference for juveniles further reinforces our hypothesis. This is the
mechanism by which cougars kill the amount of peccaries observed in Figure 1
(Scognamillo et al. 2003; Foster et al. 2010), while jaguars concentrate predation on
adult animals, further corroborating our hypothesis. Regarding the greater consumption
of dangerous/armoured prey by jaguars, one could argue that this difference can be
attributed to the size differences between jaguars and cougars. Cougar would prey on
juveniles as the latter are compatible with cougars’ size. However, cougars can kill prey
much larger than peccaries (Iriarte et al. 1990). And armadillos, by contrast, are inside the
prey size range of cougars but, being armoured, are rarely killed by them in comparison
with the jaguars’ toll on this same prey kind.

Our results indicate that the jaguar predatory apparatus allows effective killing of
dangerous and armoured prey. It permits jaguars to successfully subdue reptiles whose
main antipredator strategy uses morphological adaptations in the form of toughened
skin and thickened skull and vertebral bones. We have also shown that saurophagy is
restricted to areas of high reptile abundance, and believe that the highly strengthened
integuments of caimans and turtles impose formidable obstacles to predation. The
singular predation habits of the jaguar seem to have evolved to overcome a specific
and well-developed suite of defensive adaptations possessed by their prey. This sug-
gests that peccaries are preferred jaguar prey and may be essential for their persistence.
In addition, xenarthrans are frequently selected, and giant anteaters can become an
important prey item in open areas when they are common. Finally, rather than closing
the questions regarding links between morphological adaptations and prey selection in
jaguar, our work offers a new starting point where a multi-disciplinary approach com-
bining ecology, evolution, morphology, palaeontology and natural history can help
understand predation in this iconic species.
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