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1 | INTRODUCTION

Predation imposes strong selective pressures on prey populations,
favoring the evolution of antipredation traits that enhance survival

and reproductive success (Caro, 2005). These traits, however, entail
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Abstract

Objectives: When the production of antipredator behaviors is costly, prey is
expected to stop displaying such behaviors and lose the ability to recognize extir-
pated predators. However, the loss or maintenance of predator recognition abilities
is conditional on the eco-evolutionary context of prey. Here, we examined the
behavioral responses of naive and experienced mantled howler monkeys (Alouatta
palliata) to simulated acoustic cues from natural predators.

Methods: We studied experienced individuals in the Uxpanapa Valley and naive indi-
viduals in Los Tuxtlas (Veracruz, México). Jaguars (Panthera onca) and harpy eagles
(Harpia harpyja), the main predators of howler monkeys, are extant in the Uxpanapa
Valley but have been extirpated in Los Tuxtlas for approximately 70 and 45 years,
respectively. We exposed six naive and six experienced groups to playbacks of
acoustic stimuli from the two predators and a non-predator control species (plain
chachalacas, Ortalis vetula), and recorded the latency, frequency, and duration of anti-
predation behaviors (n = 127 trials).

Results: In contrast with experienced mantled howler monkeys, naive subjects did
not respond to trials from harpy eagles. However, response patterns were generally
similar between naive and experienced individuals when exposed to jaguar stimuli.
Discussion: Our findings suggest that naive mantled howler monkeys do not recog-
nize harpy eagle calls, but they respond to jaguar calls in a manner consistent with
experienced individuals. These results illustrate how different mechanisms for the
recognition of extirpated predators operate within a single species according to evo-

lutionary and ecological experience.
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antipredator behavior, harpy eagles, jaguars, relaxed selection

costs due to various trade-offs that prey face in allocating limited
resources to antipredator defenses or other fitness-enhancing traits:
investment in antipredation defenses may detract resources from
growth, reproduction, immune function, or competitive ability
(Brown, 1988, 1999; Brown & Kotler, 2004; Houston et al., 1993;
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Jolly & Phillips, 2021; Schwanz et al., 2011, 2012). Currently, predator

populations face impacts from human intervention, from disturbance

to management practices (e.g., Berger et al., 2001; McClure
et al., 2018; Ripple et al., 2014), leading to swift alterations in prey's
ecological context. Understanding how prey cope with these changes
is crucial for comprehending the broader ecological implications of
human intervention in predator-prey dynamics.

The ecological (i.e., contemporary) and evolutionary (i.e., historical)
experience of prey with their predators allows predicting how they
respond to cues from extinct predators (Hettena et al., 2014). Whereas
prey would always benefit from recognizing cues from extant preda-
tors, they may either retain or lose that ability following the extirpation
of their predators (Carthey & Blumstein, 2018). Retention is more likely
when prey and predators share a long coevolutionary history (the
“ghosts of predators past” hypothesis: Peckarsky & Penton, 1988) and
when prey still have ecological experience with other predators
(i.e., the “multipredator hypothesis”: Blumstein, 2006; Blumstein
et al.,, 2009; see also Byers, 1997; Coss, 1999), as it is unlikely that anti-
predation traits evolve and persist independently for each predator
type (Coss, 1999; Curio, 1973; Sih et al., 2023). In contrast, the loss of
cue discrimination ability after predator extirpation is expected when
traits allowing for discrimination and antipredator responses are costly
to prey (i.e., the “relaxed selection” hypothesis: Lathi et al., 2009). Even
in the absence of costly antipredation traits, the lack of learning oppor-
tunities should lead to the loss of predator recognition abilities (Berger
et al., 2001). Differences between these scenarios are well illustrated
by macropod responses to predator loss: when isolated from all preda-
tors, individuals do not display antipredator behaviors but, when at
least some predators remain, a suite of behaviors are presented
(Blumstein et al., 2004; Blumstein & Daniel, 2005).

Predation is a strong selective pressure for primates and has
shaped many aspects of their anatomy, physiology, behavior, and
ecology (e.g., Engh et al, 2006; Semple et al, 2002; Shultz &
Dunbar, 2006; Terborgh, 1990; van Schaik, 1983). Most primates live
in tropical forests and other wooded habitats (Galan-Acedo
et al,, 2019), where low visibility and good sound propagation com-
pared with open habitats make acoustic signals an important commu-
nication channel (Waser & Waser, 1977). A few studies suggest that
both innate predispositions and learning seem to be involved in the
ability of primates to recognize acoustic cues from predators they
have no ecological experience with. First, individuals born in captivity,
without predation experience, but who regularly listen to predator
calls display antipredation behaviors when exposed to predator play-
backs (Geoffroy's marmosets, Callithrix geoffroyi: Searcy &
Caine, 2003), suggesting that exposure to cues from predators may be
involved in the expression of innate recognition mechanisms. Second,
individuals without experience with predators (i.e., that have not been
predated nor exposed to predator cues) do not discriminate between
calls from predators and non-predators (captive cotton-top tamarins,
Saguinus oedipus: Friant et al., 2008; wild pig-tailed langurs, Simias con-
color: Yorzinski & Ziegler, 2007), suggesting that learning is critical for
recognition. Whereas the first example supports the multipredator

hypothesis and the possibility that predator recognition is “hardwired”

(Byers, 1997; Coss, 1999), the second aligns with the expected results
of relaxed selection and highlights that the lack of exposure to preda-
tor stimuli (i.e., learning) precludes the expression of antipredation
responses. Although scant, this evidence suggests interspecific varia-
tion in the ability to retain predator cue recognition, as observed in
other animal groups (Hettena et al., 2014), although methodological
differences among studies could also contribute to such variation.

Jaguars (Panthera onca) and harpy eagles (Harpia harpyja) are
major predators of howler monkeys (genus Alouatta: Cristébal-
Azkarate et al., 2015). These arboreal platyrrhine primates are resilient
to habitat disturbance (Arroyo-Rodriguez & Dias, 2010) and persist in
areas where other animals, including their major predators, are extir-
pated (Rangel-Negrin et al., 2014). Therefore, howler monkeys are
good models for exploring the impact of predator loss on prey recog-
nition abilities. Previous research indicates that mantled howler mon-
keys (A. palliata) without contact with harpy eagles for 10-20
generations do not display behavioral responses to playbacks of calls
from this predator, suggesting that they do not recognize predators
with which they have no contact (i.e., ecological experience; Gil-
da-Costa et al., 2003). Compared with similar-sized primates, howler
monkeys have high-energy expenditure (Pontzer et al., 2014) and fol-
low an ecological strategy of energy expenditure minimization
(Milton, 1980; Strier, 1992). Under a relaxed selection scenario, these
energetic constraints could favor the loss of costly behavioral
responses to stimuli without ecological relevance. After 1 year of
exposure to reintroduced harpy eagles, during which these raptors
hunted them, mantled howler monkeys displayed behavioral
responses toward harpy playbacks suggesting recognition of the
acoustic cues produced by these predators (e.g., vigilance: Gil-
da-Costa et al., 2003). These results indicate that evolutionary experi-
ence is insufficient to retain cue discrimination (even for a short
period), but that ecological experience with predators rapidly elicits
adaptive responses in this species.

In this study, we aimed to confirm previous evidence that mantled
howler monkeys do not recognize their predators after living without
them for several generations. We hypothesized that, if antipredator
behavior is subjected to relaxed selection, then, in contrast with expe-
rienced individuals, naive mantled howler monkeys should not dis-
criminate between cues from predators and non-predators.
Accordingly, their responses to simulated predator calls should be

slower, less frequent, and shorter.

2 | METHODS

2.1 | Ethical note

Our research protocols were approved by the Secretaria de Medio
Ambiente y Recursos Naturales (permits SGPA/DGVS/04015/21 and
SPARN/DGVS/00278/22) and complied with the legal requirements
of the Mexican law. The research also adhered to the American Soci-
ety of Primatologists Principles for the Ethical Treatment of Nonhu-

man Primates.
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2.2 | Study sites and subjects
We conducted the study in two different areas of southern Mexico.
The first was the Los Tuxtlas Biosphere Reserve (Veracruz state).
Deforestation in this area began in the mid-1950s and resulted in
severe loss of tropical rainforests and defaunation (Dias & Rangel-
Negrin, 2022). The main predators of mantled howler monkeys have
been extirpated in the area for several decades: the last report of a jag-
uar dates from 1955 (Hall & Dalquest, 1963), and the last recorded
observation of a harpy eagle was in 1978 (Pérez-Higareda, 1979). The
second area was the Uxpanapa Valley, a tract of evergreen tropical for-
est that is part of the Selva Zoque, some 150 km south of Los Tuxtlas.
Deforestation in this area has also been historically high (Hernandez
et al., 2013), although at a lower intensity than in Los Tuxtlas (70%
vs. 83% of deforestation: Galan-Acedo et al., 2021). Jaguars are still
present in Uxpanapa (Soldrzano-Garcia et al, 2017; Vivas-Lindo
et al., 2020) and, although the last formal report of harpy eagle sight-
ings dates from 1994 (Peterson et al., 2003; Vargas et al., 2006), there
are recent accounts of their potential presence in the area (Monroy-
Ojeda, 2022; A. Monroy-Ojeda, personal communication). Therefore,
whereas mantled howler monkeys living at Los Tuxtlas have not had
contact with these predators for approximately 70 (jaguars) and
45 (harpy eagles) years (naive hereafter), those at Uxpanapa Valley are
likely currently exposed to predation from them (experienced hereaf-
ter). Regarding the presence of other howler monkey predators in the
study sites, at Los Tuxtlas pumas (Puma concolor) have also been extir-
pated and ocelots (Leopardus pardalis) are very rare (Coates-Estrada &
Estrada, 1986; Rios-Solis et al., 2021), whereas both species are extant
at Uxpanapa (Cristébal-Azkarate et al., 2014). Black hawk-eagles (Spi-
zaetus tyrannus) are present at both sites (Ortega-AIva rez et al., 2018).
We selected six groups in each area (Table 1) and classified each
subject according to age and sex (Balcells & Vea Bard, 2009). When

more than one group inhabited a forest fragment, we used physical

e WILEY-_| 2

traits (e.g., body size, patches of blond hair in the fingers and tail) to

recognize some individuals and thus reliably identify study groups.

2.3 | Acoustic stimuli

Playback stimuli consisted of sounds produced by a terrestrial preda-
tor model (jaguar growls) and an aerial predator model (harpy eagle
shrieks). Jaguar growls and harpy eagle shrieks are stimuli that elicit
antipredator behaviors in different species of primates (Adams &
Kitchen, 2020; Friant et al., 2008; Gil-da-Costa et al., 2003). As a con-
trol model, we used vocalizations of plain chachalacas (Ortalis vetula),
a bird species that is present in both study areas and is not a predator
of mantled howler monkeys. We retrieved uncompressed audio files
from Animal Sound Archive (Museum fir Naturkunde Berlin) and
Xeno-Canto and edited them on Adobe Audition CC (Version 6, Adobe
Systems, Mountain View, CA, USA) to remove background noise. Edi-
ted audio files (WAV; 705 kbps) consisted of two vocalization bouts,
each lasting approximately 15 s, with a 20-s silence between them
(Adams & Kitchen, 2020). Each audio file included 5 min of silence
before the first vocalization bout to allow us to move away from the
speaker, position close to the group, and determine the location of
subjects before the beginning of the trial. To avoid pseudoreplication,
we prepared six different audio files per stimulus so that each group
was exposed only once to a specific audio. We randomly selected
audio files among all stimuli and presented them to groups without

repetition.

24 | Experimental protocol

We conducted playback experiments from July 2022 to April 2023.

On each experimental day we first located study groups and then

TABLE 1 Mantled howler monkey groups studied in two areas in southern Mexico.

Area/group Males Females Immatures Unknown Group size Location

Los Tuxtlas
Group 1 3 4 2 1 10 18°36'08"N, 95°04'07"0
Group 2 4 6 2 1 13 18°38'40"N, 95°05'30"0
Group 3 4 4 3 2 13 18°38'26"N, 95°05'28"0
Group 4 4 4 2 1 11 18°26/22"N, 95°03'00"0
Group 5 4 3 1 2 10 18°26'42"N, 95°03'05"0
Group 6 6 2 1 2 11 18°37'08"N, 95°04'52"0

Uxpanapa
Group 7 3 6 2 1 12 17°19'20"N, 94°31'49"0
Group 8 8 3 2 2 10 17°19'17"N, 94°33'01"0
Group 9 2 3 S 1 9 17°20'57"N, 94°26'58"0
Group 10 2 4 4 1 11 17°20'29"N, 94°28'02"0
Group 11 3 3 8 1 10 17°20'45"N, 94°27'04"0O
Group 12 2 2 1 1 6 17°20'48"N, 94°27'32"0
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followed them until subjects rested or fed. We began trials when

(i) most adults (>50%) were resting or feeding without moving in the
canopy, (ii) at least two adult individuals could be clearly observed,
and (iii) no vocalizations had been emitted by the focal group or other
neighboring groups during the previous 15 min. We broadcasted
audios with a smartphone (Huawei P60 Pro), a 2-Channel Bridgeable
500 W amplifier (Pioneer, GM-A3702), and a speaker (Bose 151 SE).
The speaker was powered by a sealed rechargeable 12 V/7 battery
(Powersonic PS-1270 F). During the jaguar trials we placed the
speaker on the ground, while for the harpy eagle trials, we raised it
ca. Six meters above ground level using a folding pole stick. We alter-
nated the height of the speaker for control trials because plain cha-
chalacas use both ground and above-ground forest levels.

One observer installed the equipment ca. thirty meters from the
closest subject. This distance varied according to the availability of
vegetation that ensured that the speaker was out of the group's visual
range and that provided proper support for the folding stick when
needed. Another observer stayed with the group to ensure none of
the study subjects approached the area where the equipment was
being prepared.

All tracks were played in a randomized order for each study group
among the three stimuli (i.e. control, harpy, and jaguar tracks). We
played each track once to each study group to avoid pseudoreplica-
tion. We conducted one trial per experimental day in naive groups
but, we did two trials on four experimental days with experienced
groups. In all cases, we decided to run a second trial because on the
first individuals did not display any behavioral response to the control
stimulus. The interval between these consecutive experiments was
approximately 3 h, allowing the subjects to engage in other activities,
such as foraging or traveling, before starting the second trial. On two
occasions, two different naive groups had vocal activity a few seconds
before the playbacks began (one due to a helicopter flying above, and
the other because subjects responded to a calling neighbor) and we
could not stop the playbacks before they were audible. On both cases
we stoped the playbacks, rescheduled the trials, and those specific
tracks were not used again in those groups. We aimed at exposing
each group four times to each treatment (i.e., control, harpy, and jag-
uar) but we could not conduct all trials in the predation-exposed
groups due to difficulties in reaching groups in mountainous areas.
Thus, we conducted 72 trials with the naive subjects (24 trials per
treatment) and 55 with experienced subjects (17 control, 19 harpy,
and 19 jaguar trials). The mean time elapsed between consecutive tri-
als in each group was 8.5 days for naive groups and 8.9 days for expe-

rienced groups.

2.5 | Behavioral data collection

We used focal animal sampling and 30-min continuous recording
(Altmann, 1974) to observe the first adult who displayed the following
behaviors: vigilance, vocalization, approach, and avoidance. We

recorded vigilance as the frequency of head movements associated

with the visual exploration of the environment toward the area where
the speaker was placed. We recorded vocalizations by measuring the
duration of loud calling bouts. A loud calling bout is defined as
the emission of vocalizations, mainly roars and barks, in different com-
binations by one or several individuals that can range from a few sec-
onds to 60 min with short (<1 min) silence pauses (da Cunha
et al., 2015). We measured the duration of approaches, defined as
locomotion toward the speaker, and avoidance, that is locomotion
away from the speaker. We also recorded the time elapsed between
the beginning of the playbacks and the first displayed anti-predator
behavior (i.e., latency). When none of the subjects displayed antipre-
dator behavior, observation sessions were interrupted after 10 min.

2.6 | Dataorganization and analysis
We used mixed models to examine if variation in antipredator behav-
iors (i.e., latency to first behavior, frequency of vigilance, and duration
of all behaviors) was influenced by exposure to predators (Table S1).
Fixed factors in all models were experience, with two levels, naive/
experienced; treatment, with two levels, either control/harpy or con-
trol/jaguar playbacks; and the interaction between these variables.
We added group identity as a random factor to all models to account
for the repeated sampling of groups. We fitted latency and frequency
models with negative binomial distribution error and log-link function
to control for overdispersion in data and duration models with a
Gaussian distribution error. Q-Q plots of observed versus expected
model residuals and Kolmogorov-Smirnov tests indicated normality.
We assessed the effect size of each model with marginal pseudo-
coefficients of determination. Given that we were specifically inter-
ested in variation in antipredator behavior associated with exposure
to treatment depending on experience, the results section is focused
on the description of the interaction term. We used Tukey contrasts
as post hoc tests when the interaction term was significant.
Comparisons of complete models (i.e., including fixed and random
predictors) with a null model with group identity as the sole predictor
using likelihood ratio tests yielded significant results (p < 0.001 for
the six comparisons), indicating that the random factor accounted
for a small proportion of the variance in antipredation behaviors. We
also did not find evidence that factors related to study design (trial
number, time between trials, distance from speaker to subjects) and
demography (group size, number of immatures per group) influenced
the results (Table S2).

3 | RESULTS

Most trials elicited a behavioral response by mantled howler monkeys
(73%, n =127 playback experiments). When a response was
recorded, males (n = 60) were more frequently first responders than
females (n = 33). The behavior that more commonly was first dis-

played was vigilance (69% of playbacks), followed by nonresponses
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TABLE 2 Mixed model results of the effects of experience and
playback treatment on the behavioral responses of mantled howler
monkeys (n = 127 trials).

Model/predictor R% X p
Harpy Eagle
Latency 0.18
Experience 8.5 0.004
Treatment 0.1 0.762
Experience x treatment 04 0.516
Frequency 043
Experience 1.5 0.218
Treatment 10.2 0.001
Experience x treatment 14.9 <0.001
Duration 0.18
Experience 6.1 0.014
Treatment 3.2 0.074
Experience x treatment 6.8 0.009
Jaguar
Latency 0.62
Experience 0.3 0.566
Treatment 124.2 <0.001
Experience x treatment 21.9 <0.001
Frequency 0.82
Experience 1.1 0.284
Treatment 182.6 <0.001
Experience x treatment 21.3 <0.001
Duration 0.61
Experience 2.2 0.137
Treatment 133.8 <0.001
Experience x treatment 23.6 <0.001

#Marginal pseudo-coefficients of determination (i.e., variance explained by
fixed factors).

(26%), and vocalizations (5%). Approach and avoidance (locomotion)
were never observed as a first response. Latency to first behavioral
response did not vary between control and harpy eagle trials in both
naive and experienced subjects, although overall naive subjects
responded quicker (Table 2, Figure 1; Table S3). The frequency and
duration of behaviors increased significantly among experienced sub-
jects following harpy eagle stimuli compared with control trials
whereas no such change occurred among naive subjects. Longer
behavioral responses were recorded for naive than for experienced
subjects, independent of treatment type.

Regarding jaguar stimuli, naive and experienced subjects showed
similar response patterns for the three behavioral measures: quicker,
more frequent, and longer responses in jaguar than in control trials.
Within treatments, there were differences related to experience in
the frequency of behaviors in both control (higher in naive) and jaguar
(higher in experienced) trials, as well as in the duration of behaviors in

control trials (higher in naive).

s WILEY-_| =

4 | DISCUSSION

In this study, we assumed that temporal matching between stimulus
presentation and the behavior of mantled howler monkeys allows for
exploring predation recognition ability in this species. We examined
the behavioral responses of naive and experienced mantled howler
monkeys toward simulated acoustic cues from predators to determine
if predator recognition is subjected to relaxed selection. We found
mixed support for our hypothesis. As predicted, in contrast with expe-
rienced mantled howler monkeys, naive subjects did not recognize
harpy eagle stimuli. However, response patterns were generally simi-
lar between naive and experienced individuals when exposed to jag-
uar stimuli. Therefore, relaxed selection does not universally explain
the ability to recognize cues from extinct predators in this species.
We sampled the first individuals who displayed behavioral responses
to playbacks. As we did not know who they were (we did not identify
study subjects systematically), we could not assess inter and intraindi-
vidual behavioral variation and this could potentially lead to pseudore-
plication issues in our statistical models. Therefore, our results should
be interpreted with caution.

Our results concur with previous evidence that mantled howler
monkeys lose the ability to recognize acoustic cues from extinct harpy
eagles (Gil-da-Costa et al., 2003), and provide support for the relaxed
selection hypothesis on the loss of predator cue discrimination abili-
ties (Lathi et al., 2009). There are no estimations of howler monkey
predation rates by harpy eagles, but platyrrhines are an important
food resource for this raptor (27% of food biomass), second only to
sloths (50% of food biomass: three-toed sloths, Bradypus tridactylus,
and two-toed sloths, Choloepus didactylus: Miranda, 2015). Given that
sloths do not distribute in Mexico, primate predation by harpy eagles
may have been historically high in southern Mexico. In the absence of
such strong selective pressure, the loss of the ability to recognize
harpy eagle cues may be related to genetic or developmental pro-
cesses (Lathi et al., 2009). As it is unlikely that genetic changes favor-
ing the loss of predator cue detection could occur in such a short
period (45 years), lack of learning opportunities for predator cue rec-
ognition (Berger et al., 2001) is a more parsimonious explanation for
naive mantled howler monkey behavior toward harpy eagle stimuli.
Similar results have been observed in other primates (Friant
et al, 2008; Yorzinski & Ziegler, 2007) and mammals (Blumstein
et al., 2002, 2004; Blumstein & Daniel, 2005; Waaleboer et al., 2024).

Contrary to our prediction, naive mantled howler monkeys dis-
played consistent behavioral responses to jaguar trials that were, in
general, similar to those of experienced individuals. It is possible that
jaguar predation represented a stronger selective pressure for mantled
howler monkeys than harpy eagles, or that they shared a longer
period of coevolution, a condition that favors the maintenance of
predator recognition abilities according to the “ghosts of predators
past” hypothesis (Peckarsky & Penton, 1988). A heightened response
toward jaguars could also indicate that predation of howler monkeys
and other platyrrhines by terrestrial predators is more common and
the diversity of predator species is higher than for aerial predators
(e.g., Chinchilla, 1997; Cristébal-Azkarate et al., 2015; Mourthé &
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FIGURE 1 Linear (and generalized) mixed model results on the influence of the interaction between experience in exposure to predators and

treatment (control, harpy eagle, and jaguar calls) on the behavioral responses of mantled howler monkeys to acoustic stimuli: Latency to first
response (left panels); frequency of vigilance (middle panels); and duration of responses (right panels). Dots are the predicted estimate values by
the models and rectangles are their 95% confidence intervals. N = 127 trials.

Barnett, 2014; Peetz et al., 1992). Stronger antipredator responses to
terrestrial than to aerial predators has been observed in several pri-
mates. Rylands' bald-faced saki monkeys (Pithecia rylandsi), for
instance, exhibit longer durations of antipredator behaviors when
exposed to jaguar than to harpy eagle acoustic stimuli (Adams &
Kitchen, 2020), and a greater number of red lemurs (Eulemur fulvus
rufus) display escape behavior when exposed to fossa (Cryptoprocta
ferox) playbacks than to Madagascar harrier-hawks (Polyboroides radia-
tus; Fichtel & Kappeler, 2002). Jaguars are terrestrial but prey on sev-
eral arboreal mammals, and evidence of jaguar predation on howler
monkeys is scarce but compelling: for instance, a jaguar preyed five
howler monkeys from a six-member group over a 7-month period
(Peetz et al., 1992).

Alternatively, it is possible that the contemporary presence of ter-
restrial predators favored the maintenance of antipredation responses
toward jaguar cues (i.e., a multipredator recognition mechanism:
Blumstein, 2006). On the one hand, ocelots are still present in Los
Tuxtlas (A. Coyohua-Fuentes, personal observation) and, although
considerably smaller (body length = 86.3 cm vs. 143 cm: Wilson &
Mittermeier, 2009), have several common traits with jaguars, such as

a spotted coat, stalking hunting strategy, and similar activity patterns

(Herrera et al., 2018; Wilson & Mittermeier, 2009). On the other hand,
dogs (Canis lupus familiaris) are an exotic predator that elicits both
behavioral and physiological responses in howler monkeys (Rangel-
Negrin et al., 2023). This possibility, however, is questioned by the
fact that black hawk-eagles, which have been reported to prey on
howler monkeys (Miranda et al., 2006), are also present in Los Tuxtlas
(Ortega—AIvarez et al., 2018) and could thus function as an aerial pred-
ator template allowing for harpy eagle recognition in the same way
that ocelots and dogs favor responses to extirpated jaguars. Future
playback studies using stimuli from these other putative predators
(there are no reports of howler monkey predation by ocelots, dogs,
and black hawk-eagles in Los Tuxtlas) could provide clarification on
the mechanisms underlying predator cue recognition in this species.
Furthermore, as antipredator detection is conducted through different
sensory channels and antipredator behaviors can also be elicited using
visual models of predators (Hernandez-Tienda et al., 2021; Meno
et al., 2013; Pereira & Macedonia, 1991), we will also explore the role
of sight in the maintenance of antipredator behaviors in mantled
howler monkeys.

In sum, mantled howler monkeys have different behavioral

responses toward simulated acoustic cues from two predator species
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that have been absent from their habitat for a similar period: they do
not recognize harpy eagle calls but respond toward jaguar acoustic
stimuli as experienced individuals do. For mantled howler monkeys
living at Los Tuxtlas, relaxed selection and ghosts of predators past
(or the multipredator hypothesis) seem to explain antipredator behav-
ioral patterns. Therefore, our results illustrate how different mecha-
nisms for the recognition of extinct predators operate within a single

species according to its evolutionary and ecological experience.

AUTHOR CONTRIBUTIONS

Rafael Omar Sanchez Vidal: Conceptualization (equal); data curation
(equal); formal analysis (equal); investigation (equal); methodology
(equal); resources (equal); validation (equal); writing - original draft
(equal). Ariadna Rangel Negrin: Conceptualization (equal); data cura-
tion (equal); formal analysis (equal); funding acquisition (equal); project
administration (equal); resources (equal); supervision (equal);
writing - original draft (equal). Margarita Brisefio Jaramillo: Method-
ology (equal); supervision (equal); validation (equal); writing - original
draft (equal). J. Roberto Sosa Lépez: Methodology (equal); supervision
(equal); validation (equal); writing - original draft (equal). Pedro A. D.
Dias: Conceptualization (equal); data curation (equal); formal analysis
(equal); funding acquisition (equal); methodology (equal); project
administration (equal); resources (equal); supervision (equal); validation
(equal); writing - original draft (equal).

ACKNOWLEDGMENTS

We thank Merissa Petersen, Alejandro Coyohua Fuentes, Joaquin
Landa, and Manolo Zamora for their support during fieldwork; Ing.
J. L. Ponce Puente for allowing the work at La Flor de Catemaco
S.A. de C. V., Gen. J. A. Gonzélez de la Fuente, and various land-
owners at Balzapote and Uxpanapa for granting access to their
properties; and C. Galan Acedo and L. T. Hérnandez Salazar for sup-
port during the preparation of the study. An Editorial Board Mem-
ber of the American Journal of Biological Anthropology,
Dr. Brandon Wheeler, and one anonymous reviewer provided
important constructive comments on previous a version of the man-
uscript. The study was financed by Consejo Nacional de Ciencia y
Tecnologia (CONACyT grant 1148985), Posgrado en Neuroetologia,
Instituto de Neuro-etologia (Universidad Veracruzana), and the Lea-
key Foundation. A. Rangel Negrin and P.A.D. Dias thank Mariana
and Fernando for continued inspiration to understand primate

behavior.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT
Data analyzed in this study are available in the supporting
information file.

ORCID

Pedro A. D. Dias " https://orcid.org/0000-0002-2919-6479

e WILE Y- 7"
REFERENCES

Adams, D. B., & Kitchen, D. M. (2020). Model vs. playback experiments:
The impact of sensory mode on predator-specific escape responses in
saki monkeys. Ethology, 126, 563-575. https://doi.org/10.1111/eth.
13008

Altmann, J. (1974). Observational study of behavior: Sampling methods.
Behaviour, 49, 227-266. https://doi.org/10.1163/156853974x00534

Arroyo-Rodriguez, V., & Dias, P. D. (2010). Effects of habitat fragmenta-
tion and disturbance on howler monkeys: A review. American Journal
of Primatology, 72, 1-16. https://doi.org/10.1002/ajp.20753

Balcells, C. D., & Vea Baro, J. J. (2009). Developmental stages in the
howler monkey, subspecies Alouatta palliata mexicana: A new classifi-
cation using age-sex categories. Neotropical Primates, 16, 1-8. https://
doi.org/10.1896/044.016.0101

Berger, J., Swenson, J. E., & Persson, I.-L. (2001). Recolonizing carnivores
and naive prey: Conservation lessons from Pleistocene extinctions. Sci-
ence, 291, 1036-1039. https://doi.org/10.1126/science.105646

Blumstein, D. T. (2006). The multipredator hypothesis and the evolution-
ary persistence of antipredator behavior. Ethology, 112, 209-217.
https://doi.org/10.1111/j.1439-0310.2006.01209.x

Blumstein, D. T., & Daniel, J. C. (2005). The loss of anti-predator behaviour
following isolation on islands. Proceedings of the Royal Society B, 272,
1663-1668. https://doi.org/10.1098/rspb.2005.3147

Blumstein, D. T., Daniel, J. C., Schnell, M. R,, Ardron, J. G., & Evans, C. S.
(2002). Antipredator behaviour of red-necked pademelons: A factor
contributing to species survival? Animal Conservation, 5, 325-331.
https://doi.org/10.1017/51367943002004080

Blumstein, D. T., Daniel, J. C., & Springett, B. P. (2004). A test of the multi-
predator hypothesis: Rapid loss of antipredator behavior after
130 years of isolation. Ethology, 110, 919-934. https://doi.org/10.
1111/j.1439-0310.2004.01033.x

Blumstein, D. T., Ferando, E., & Stankowich, T. (2009). A test of the multi-
predator hypothesis: Yellow-bellied marmots respond fearfully to the
sight of novel and extinct predators. Animal Behaviour, 78, 873-878.
https://doi.org/10.1016/j.anbehav.2009.07.010

Brown, J. S. (1988). Patch use as an indicator of habitat preference, preda-
tion risk, and competition. Behavioral Ecology and Sociobiology, 22, 37-
47. https://doi.org/10.1007/BF00395696

Brown, J. S. (1999). Vigilance, patch use and habitat selection: Foraging
under predation risk. Evolutionary Ecology Research, 1, 49-71.

Brown, J. S., & Kotler, B. P. (2004). Hazardous duty pay and the foraging
cost of predation. Ecology Letters, 7, 999-1014. https://doi.org/10.
1111/j.1461-0248.2004.00661.x

Byers, J. A. (1997). American pronghorn: Social adaptations and the ghosts of
predators past. University of Chicago Press.

Caro, T. (2005). Antipredator defenses in birds and mammals. University of
Chicago Press.

Carthey, A. J. R., & Blumstein, D. T. (2018). Predicting predator recognition
in a changing world. Trends in Ecology & Evolution, 33, 106-115.
https://doi.org/10.1016/j.tree.2017.10.009

Chinchilla, F. A. (1997). La dieta del jaguar (Panthera onca), el puma (Felis
concolor) y el manigordo (Felis pardalis) (Carnivora: Felidae) en el Par-
que Nacional Corcovado, Costa Rica. Revista de Biologia Tropical, 45,
1223-1229.

Coates-Estrada, R., & Estrada, A. (1986). Manual de identificacion de campo
de los mamiferos de la estacion de biologia “Los Tuxtlas”. Universidad
Nacional Auténoma de México.

Coss, R. G. (1999). Effects of relaxed natural selection on the evolution of
behavior. In S. A. Foster & J. A. Endler (Eds.), Geographic variation in
behavior: Perspectives on evolutionary mechanisms (pp. 180-208).
Oxford University Press. https://doi.org/10.1093/0s0/9780195
082951.003.0013

Cristébal-Azkarate, J., Dunn, J. C., Day, J. M. W., & Amabile-Cuevas, C. F.
(2014). Resistance to antibiotics of clinical relevance in the fecal

85U80|7 SUOWWIOD 3A a1 (el (dde aL Aq peusencb afe sejonte VO ‘@sn Jo sajnJ Joj Akeiq)T8uljuO 3|1 UO (SUOIIPUOD-pUe-SLBIAL0D A8 |IM AleIq Ul UO//:SANY) SUORIPUOD pUe Swie 18U 89S *[5202/T0/2z] Uo ARiqiTaulluo A8|IM eueznioee A pepsieAlun Aq €105z ed B/z00T 0T/10p/w00 A8 |im Areiq Ul |uo//:Sdny WOy pepeojumod ‘€ ‘vZ0Z ‘T69.2692


https://orcid.org/0000-0002-2919-6479
https://orcid.org/0000-0002-2919-6479
https://doi.org/10.1111/eth.13008
https://doi.org/10.1111/eth.13008
https://doi.org/10.1163/156853974x00534
https://doi.org/10.1002/ajp.20753
https://doi.org/10.1896/044.016.0101
https://doi.org/10.1896/044.016.0101
https://doi.org/10.1126/science.105646
https://doi.org/10.1111/j.1439-0310.2006.01209.x
https://doi.org/10.1098/rspb.2005.3147
https://doi.org/10.1017/S1367943002004080
https://doi.org/10.1111/j.1439-0310.2004.01033.x
https://doi.org/10.1111/j.1439-0310.2004.01033.x
https://doi.org/10.1016/j.anbehav.2009.07.010
https://doi.org/10.1007/BF00395696
https://doi.org/10.1111/j.1461-0248.2004.00661.x
https://doi.org/10.1111/j.1461-0248.2004.00661.x
https://doi.org/10.1016/j.tree.2017.10.009
https://doi.org/10.1093/oso/9780195082951.003.0013
https://doi.org/10.1093/oso/9780195082951.003.0013

SANCHEZ-VIDAL €T AL.

s | WL ey

microbiota of Mexican wildlife. PLoS One, 99, e107719. https://doi.
org/10.1371/journal.pone.0107719

Cristobal-Azkarate, J., Urbani, B., & Asensio, N. (2015). Interactions of
howler monkeys with other vertebrates: A review. In M. M. Kowa-
lewski, P. A. Garber, L. Cortés-Ortiz, B. Urbani, & D. Youlatos (Eds.),
Howler monkeys: Behavior, ecology, and conservation (pp. 141-164).
Springer. https://doi.org/10.1007/978-1-4939-1960-4_6

Curio, E. (1973). Towards a methodology of teleonomy. Experientia, 29,
1045-1058. https://doi.org/10.1007/BF01946716

da Cunha, R. G. T,, de Oliveira, D. A. G., Holzmann, I., & Kitchen, D. M.
(2015). Production of loud and quiet calls in howler monkeys. In M. M.
Kowalewski, P. A. Garber, L. Cortes-Ortiz, B. Urbani, & D. Youlatos
(Eds.), Howler monkeys: Adaptive radiation, systematics, and morphology
(pp. 337-368). Springer Press. https://doi.org/10.1007/978-1-4939-
1957-4_13

Dias, P. A. D., & Rangel-Negrin, A. (2022). One step forward, two steps
backward: The frailty of howler monkey conservation in Los Tuxtlas,
Mexico. American Journal of Primatology, 84, e23437. https://doi.org/
10.1002/ajp.23437

Engh, A. L., Beehner, J. C., Bergman, T. J., Whitten, P. L., Hoffmeier, R. R,,
Seyfarth, R. M., & Cheney, D. L. (2006). Behavioural and hormonal
responses to predation in female chacma baboons (Papio hamadryas
ursinus). Proceedings of the Royal Society B, 273, 707-712. https://doi.
org/10.1098/rspb.2005.3378

Fichtel, C., & Kappeler, P. M. (2002). Anti-predator behavior of group-
living Malagasy primates: Mixed evidence for a referential alarm call
system. Behavioral Ecology and Sociobiology, 51, 262-275. https://doi.
org/10.1007/s00265-001-0436-0

Friant, S. C., Campbell, M. W., & Snowdon, C. T. (2008). Captive-born
cotton-top tamarins (Saguinus oedipus) respond similarly to vocaliza-
tions of predators and sympatric nonpredators. American Journal of Pri-
matology, 70, 707-710. https://doi.org/10.1002/ajp.20552

Galan-Acedo, C., Arroyo-Rodriguez, V., Andresen, E., & Arasa-Gisbert, R.
(2019). Ecological traits of the world's primates. Scientific Data, 6, 1-5.
https://doi.org/10.1038/s41597-019-0059-9

Galan-Acedo, C., Arroyo-Rodriguez, V., Andressen, E., & Dias, P. A. D.
(2021). Regional context mediates the response of Mexican primates
to landscape structure in fragmented rainforests. Biological Conserva-
tion, 255, 109006. https://doi.org/10.1016/j.biocon.2021.109006

Gil-da-Costa, R., Palleroni, A., Hauser, M. D., Touchton, J., & Patrick
Kelley, J. (2003). Rapid acquisition of an alarm response by a neotropi-
cal primate to a newly introduced avian predator. Proceedings of the
Royal Society B, 270, 605-610. https://doi.org/10.1098/rspb.2002.
2281

Hall, E. R., & Dalquest, W. W. (1963). The mammals of Veracruz. University
of Kansas Publications, Museum of Natural History, 14, 165-362.

Hernandez, I. U,, Ellis, E. A, & Gallo, C. A. (2013). Aplicacién de tele-
deteccion y sistemas de informacion geografica para el andlisis de
deforestacion y deterioro de selvas tropicales en la regién Uxpanapa,
Veracruz. GeoFocus, 13, 1-24.

Hernandez-Tienda, C., Beltran-Francés, V., Majolo, B., Romero, T,
Maulany, R. I., Ngakan, P. O., & Amici, F. (2021). Reaction to snakes in
wild moor macaques (Macaca maura). International Journal of Primatol-
ogy, 42, 528-532. https://doi.org/10.1007/s10764-021-00230-6

Herrera, H., Chavez, E. J., Alfaro, L. D., Fuller, T. K, Montalvo, V.,
Rodrigues, F., & Carrillo, E. (2018). Time partitioning among jaguar
Panthera onca, puma Puma concolor and ocelot Leopardus pardalis
(Carnivora: Felidae) in Costa Rica's dry and rainforests. Revista de Bio-
logia Tropical, 66, 1559-1568. https://doi.org/10.15517/rbt.v66i4.
32895

Hettena, A. M., Munoz, N., & Blumstein, D. T. (2014). Prey responses to
predator's sounds: A review and empirical study. Ethology, 120, 427-
452. https://doi.org/10.1111/eth.12219

Houston, A. I., Mcnamara, J. M., & Hutchinson, J. M. C. (1993). General
results concerning the trade-off between gaining energy and avoiding

predation. Philosophical Transactions of the Royal Society B, 341, 375-
397. https://doi.org/10.1098/rstb.1993.0123

Jolly, C. J., & Phillips, B. L. (2021). Rapid evolution in predator-free conser-
vation havens and its effects on endangered species recovery.
Conservation Biology, 35, 383-385. https://doi.org/10.1111/cobi.
13521

Lathi, D., Johnson, N. A, Ajie, B. C,, Otto, S. P, Hendry, A. P,
Blumstein, D. T., Coss, R. G., Donohue, K., & Foster, S. A. (2009).
Relaxed selection in the wild: Contexts and consequences. Trends in
Ecology & Evolution, 24, 487-496. https://doi.org/10.1016/j.tree.
2009.03.010

McClure, C. J. W., Westrip, J. R. S., Johnson, J. A, Schulwitz, S. E,,
Virani, M. Z., Davies, R., Symes, A., Wheatley, H., Thorstrom, R.,
Amar, A., Buij, R., Jones, V. R,, Williams, N. P., Buechley, E. R, &
Butchart, S. H. M. (2018). State of the world's raptors: Distributions,
threats, and conservation recommendations. Biological Conservation,
227, 390-402. https://doi.org/10.1016/j.biocon.2018.08.012

Meno, W., Coss, R. G., & Perry, S. (2013). Development of snake-directed
antipredator behavior by wild white-faced capuchin monkeys:
I. Snake-species discrimination. American Journal of Primatology, 75,
281-291. https://doi.org/10.1002/ajp.22106

Milton, K. (1980). The foraging strategy of howler monkeys; a study of pri-
mate economics. Columbia University Press.

Miranda, E. B. P. (2015). Conservation implications of harpy eagle Harpia
harpyja predation patterns. Endangered Species Research, 29, 69-79.
https://doi.org/10.3354/esr00700

Miranda, J. M. D., Bernardi, I. P., Moro-Rios, R. F., & Passos, F. C. (2006).
Antipredator behavior of brown howlers attacked by black hawk-eagle
in southern Brazil. International Journal of Primatology, 27, 1097-1101.
https://doi.org/10.1007/s10764-006-9062-z

Monroy-Ojeda, A. (2022). Andlisis espacial de la distribucion del zopilote rey
(Sarcoramphus papa) e identificacion de dreas potenciales para la
anidacion del dguila harpia (Harpia harpyja) (MSc dissertation). Universi-
dad Veracruzana.

Mourthé, i, & Barnett, A. A. (2014). Crying tapir: The functionality of
errors and accuracy in predator recognition in two Neotropical high-
canopy primates. Folia Primatologica, 85, 379-398. https://doi.org/10.
1159/000371634

Ortega-Alvarez, R., Berrones-Benitez, E., Medina-Mena, 1., Valdez-Cano, L.,
Bautista-Bautista, L., Lopez-Hernandez, M., & Calderén-Parra, R.
(2018). Enhancing our knowledge on the ornate hawk eagle (Spizaetus
ornatus) through community-based monitoring records from tropical
Mexico. Revista Brasileira de Ornitologia, 26(3), 196-201. https://doi.
org/10.1007/BF03544429

Peckarsky, B. L., & Penton, M. A. (1988). Why do Ephemerella nymphs scor-
pion posture: A "ghost of predation past"? Oikos, 53, 185-193.
https://doi.org/10.2307/3566061

Peetz, A., Norconk, M. A,, & Kinzey, W. G. (1992). Predation by jaguar on
howler monkeys (Alouatta seniculus) in Venezuela. American Journal of
Primatology, 28, 223-228. https://doi.org/10.1002/ajp.1350280307

Pereira, M. E., & Macedonia, J. M. (1991). Ringtailed lemur anti-predator
calls denote predator class, not response urgency. Animal Behaviour,
41, 543-544. https://doi.org/10.1016/50003-3472(05)80861-9

Pérez-Higareda, G. (1979). Nota sobre el aguila "arpia" (Harpia harpyija) en
el sureste de Veracruz, México. (Accipitridae: aves). Centzontle. Boletin
de la Sociedad Mexicana de Ornitologia, I, 3.

Peterson, A. T., Navarro-Siglienza, A. G., Hernandez-Banos, B. E.,
Escalona-Segura, G., Rebdn-Gallardo, F., Rodriguez-Ayala, E.,
Figueroa-Esquivel, E. M., & Cabrera-Garcia, L. (2003). The Chimalapas
region, Oaxaca, Mexico: A high-priority region for bird conservation in
Mesoamerica. Bird Conservation International, 13, 227-253. https://
doi.org/10.1017/50959270903003186

Pontzer, H., Raichlen, D. A., Gordon, A. D., Schroepfer-Walker, K. K,
Hare, B. A, O'Neill, M. C, & Muldoon, K. M. (2014). Primate
energy expenditure and life history. Proceedings of the National

85U80|7 SUOWWIOD 3A a1 (el (dde aL Aq peusencb afe sejonte VO ‘@sn Jo sajnJ Joj Akeiq)T8uljuO 3|1 UO (SUOIIPUOD-pUe-SLBIAL0D A8 |IM AleIq Ul UO//:SANY) SUORIPUOD pUe Swie 18U 89S *[5202/T0/2z] Uo ARiqiTaulluo A8|IM eueznioee A pepsieAlun Aq €105z ed B/z00T 0T/10p/w00 A8 |im Areiq Ul |uo//:Sdny WOy pepeojumod ‘€ ‘vZ0Z ‘T69.2692


https://doi.org/10.1371/journal.pone.0107719
https://doi.org/10.1371/journal.pone.0107719
https://doi.org/10.1007/978-1-4939-1960-4_6
https://doi.org/10.1007/BF01946716
https://doi.org/10.1007/978-1-4939-1957-4_13
https://doi.org/10.1007/978-1-4939-1957-4_13
https://doi.org/10.1002/ajp.23437
https://doi.org/10.1002/ajp.23437
https://doi.org/10.1098/rspb.2005.3378
https://doi.org/10.1098/rspb.2005.3378
https://doi.org/10.1007/s00265-001-0436-0
https://doi.org/10.1007/s00265-001-0436-0
https://doi.org/10.1002/ajp.20552
https://doi.org/10.1038/s41597-019-0059-9
https://doi.org/10.1016/j.biocon.2021.109006
https://doi.org/10.1098/rspb.2002.2281
https://doi.org/10.1098/rspb.2002.2281
https://doi.org/10.1007/s10764-021-00230-6
https://doi.org/10.15517/rbt.v66i4.32895
https://doi.org/10.15517/rbt.v66i4.32895
https://doi.org/10.1111/eth.12219
https://doi.org/10.1098/rstb.1993.0123
https://doi.org/10.1111/cobi.13521
https://doi.org/10.1111/cobi.13521
https://doi.org/10.1016/j.tree.2009.03.010
https://doi.org/10.1016/j.tree.2009.03.010
https://doi.org/10.1016/j.biocon.2018.08.012
https://doi.org/10.1002/ajp.22106
https://doi.org/10.3354/esr00700
https://doi.org/10.1007/s10764-006-9062-z
https://doi.org/10.1159/000371634
https://doi.org/10.1159/000371634
https://doi.org/10.1007/BF03544429
https://doi.org/10.1007/BF03544429
https://doi.org/10.2307/3566061
https://doi.org/10.1002/ajp.1350280307
https://doi.org/10.1016/S0003-3472(05)80861-9
https://doi.org/10.1017/S0959270903003186
https://doi.org/10.1017/S0959270903003186

SANCHEZ-VIDAL €T AL.

Academy of Sciences, 111, 1433-1437. https://doi.org/10.1073/pnas.
1316940111

Rangel-Negrin, A., Coyohua-Fuentes, A., Canales-Espinosa, D., &
Dias, P. A. D. (2014). Mammal assemblages in forest fragments and
landscapes occupied by black howler monkeys. Primates, 55, 345-352.
https://doi.org/10.1007/s10329-014-0415-5

Rangel-Negrin, A., Gémez-Espinosa, E. E. Chavira-Ramirez, D. R, &
Dias, P. A. D. (2023). Dog barks influence the physiological stress and
behavior of a wild primate. Science of the Total Environment, 882,
163585. https://doi.org/10.1016/j.scitotenv.2023.163585

Rios-Solis, J. A., Flores-Martinez, J. J., Sanchez-Cordero, V., & Lavariega, M. C.
(2021). Diversity and activity patterns of medium-and large-sized terres-
trial mammals at the Los Tuxtlas biosphere reserve, México. Therya, 12,
237-248. https://doi.org/10.12933/therya-21-1105

Ripple, W. J., Estes, J. A., Beschta, R. L., Wilmers, C. C., Ritchie, E. G,,
Hebblewhite, M., Berger, J., EImhagen, B., Letnic, M., Nelson, M. P.,
Schmitz, O. J., Smith, D. W., Wallach, A. D., & Wirsing, A. J. (2014).
Status and ecological effects of the world's largest carnivores. Science,
343, 1241484. https://doi.org/10.1126/science.1241484

Schwanz, L. E., Brisson, D., Gomes-Solecki, M., & Ostfeld, R. S. (2011).
Linking disease and community ecology through behavioural indica-
tors: Immunochallenge of white-footed mice and its ecological
impacts. Journal of Animal Ecology, 80, 204-214. https://doi.org/10.
1111/j.1365-2656.2010.01745.x

Schwanz, L. E., Previtali, M. A., Gomes-Solecki, M., Brisson, D., &
Ostfeld, R. S. (2012). Immunochallenge reduces risk sensitivity during
foraging in white-footed mice. Animal Behaviour, 83, 155-161.
https://doi.org/10.1016/j.anbehav.2011.10.020

Searcy, Y. M., & Caine, N. G. (2003). Hawk calls elicit alarm and defensive
reactions in captive Geoffroy's marmosets (Callithrix geoffroyi). Folia
Primatologica, 74, 115-125. https://doi.org/10.1159/000070645

Semple, S., Cowlishaw, G., & Bennett, P. M. (2002). Immune system evolu-
tion among anthropoid primates: Parasites, injuries and predators. Pro-
ceedings of the Royal Society B, 269, 1031-1037. https://doi.org/10.
1098/rspb.2001.1950

Shultz, S., & Dunbar, R. I. M. (2006). Chimpanzee and felid diet composi-
tion is influenced by prey brain size. Biology Letters, 2, 505-508.
https://doi.org/10.1098/rsbl.2006.0519

Sih, A., Chung, H. J., Neylan, I, Ortiz-Jimenez, C., Sakai, O. &
Szeligowski, R. (2023). Fear generalization and behavioral responses to
multiple dangers. Trends in Ecology & Evolution, 38, 369-380. https://
doi.org/10.1016/j.tree.2022.11.001

Solérzano-Garcia, B., White-Day, J. M., Gomez-Contreras, M., Cristébal-
Azkarate, J., Osorio-Sarabia, D., & Rodriguez-Luna, E. (2017). Estudio
coprologico de parasitos de jaguar (Panthera onca) y puma (Puma con-
color) en dos tipos de bosque tropical en México. Revista Mexicana de
Biodiversidad, 88, 146-153. https://doi.org/10.1016/j.rmb.2017.
01.011

s WILEY-_| 2"

Strier, K. B. (1992). Atelinae adaptations: Behavioral strategies and ecolog-
ical constraints. American Journal of Physical Anthropology, 88, 515-
524. https://doi.org/10.1002/ajpa.1330880407

Terborgh, J. (1990). Mixed flocks and polyspecific associations: Costs and
benefits of mixed groups to birds and monkeys. American Journal of
Primatology, 21, 87-100. https://doi.org/10.1002/ajp.1350210203

van Schaik, C. P. (1983). Why are diurnal primates living in groups? Behav-
iour, 87, 120-144. https://doi.org/10.1163/156853983X00147

Vargas, J. J.,, Whitacre, D., Mosquera, R., Albuquerque, J., Piana, R,
Thiollay, J. M., Marquez, C., Sanchez, J. E., Lezama-Lépez, M,
Midence, S., Matola, S., Aguilar, S., Rettig, N., & Sanaiotti, T. (2006).
Estado y distribucion actual del aguila arpia (Harpia harpyja) en Centro
y Sur América. Ornitologia Neotropical, 17, 39-55.

Vivas-Lindo, R., Hernandez-Ordéiez, O., Rodriguez-Salazar, M. A,
Reynoso, V. H., & Serna-Lagunes, R. (2020). Recent records of Tapirella
bairdii and Panthera onca in a region highly transformed by human
activities in southern Veracruz, México. Therya, 11, 151-156. https://
doi.org/10.12933/therya-20-768 ISSN 2007-3364.

Waaleboer, J. M., Van der Weyde, L. K., & Moseby, K. E. (2024). Rapid
change in anti-predator behaviour of a threatened marsupial after
thousands of years of isolation from predators. Austral Ecology, 49,
e13484. https://doi.org/10.1111/aec.13484

Waser, P. M., & Waser, M. S. (1977). Experimental studies of primate voca-
lisations: Specializations for long distance propagation. Zeitschrift fiir
Tierpsychologie, 43, 239-263. https://doi.org/10.1111/j.1439-0310.
1977.th00073.x

Wilson, D. E., & Mittermeier, R. A. (2009). Handbook of the mammals of the
world - volume 1 carnivores. Lynx Editions.

Yorzinski, J. L., & Ziegler, T. (2007). Do naive primates recognize the vocal-
izations of felid predators? Ethology, 113, 1219-1227. https://doi.org/
10.1111/j.1439-0310.2007.01435.x

SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Sanchez-Vidal, R. O., Rangel-Negrin,
A., Briseno-Jaramillo, M., Sosa-Lépez, J. R., & Dias, P. A. D.
(2024). Acoustic recognition of predators by mantled howler
monkeys (Alouatta palliata): A playback experiment with naive
and experienced subjects. American Journal of Biological
Anthropology, 185(3), e25013. https://doi.org/10.1002/ajpa.
25013

85U80|7 SUOWWIOD 3A a1 (el (dde aL Aq peusencb afe sejonte VO ‘@sn Jo sajnJ Joj Akeiq)T8uljuO 3|1 UO (SUOIIPUOD-pUe-SLBIAL0D A8 |IM AleIq Ul UO//:SANY) SUORIPUOD pUe Swie 18U 89S *[5202/T0/2z] Uo ARiqiTaulluo A8|IM eueznioee A pepsieAlun Aq €105z ed B/z00T 0T/10p/w00 A8 |im Areiq Ul |uo//:Sdny WOy pepeojumod ‘€ ‘vZ0Z ‘T69.2692


https://doi.org/10.1073/pnas.1316940111
https://doi.org/10.1073/pnas.1316940111
https://doi.org/10.1007/s10329-014-0415-5
https://doi.org/10.1016/j.scitotenv.2023.163585
https://doi.org/10.12933/therya-21-1105
https://doi.org/10.1126/science.1241484
https://doi.org/10.1111/j.1365-2656.2010.01745.x
https://doi.org/10.1111/j.1365-2656.2010.01745.x
https://doi.org/10.1016/j.anbehav.2011.10.020
https://doi.org/10.1159/000070645
https://doi.org/10.1098/rspb.2001.1950
https://doi.org/10.1098/rspb.2001.1950
https://doi.org/10.1098/rsbl.2006.0519
https://doi.org/10.1016/j.tree.2022.11.001
https://doi.org/10.1016/j.tree.2022.11.001
https://doi.org/10.1016/j.rmb.2017.01.011
https://doi.org/10.1016/j.rmb.2017.01.011
https://doi.org/10.1002/ajpa.1330880407
https://doi.org/10.1002/ajp.1350210203
https://doi.org/10.1163/156853983X00147
https://doi.org/10.12933/therya-20-768
https://doi.org/10.12933/therya-20-768
https://doi.org/10.1111/aec.13484
https://doi.org/10.1111/j.1439-0310.1977.tb00073.x
https://doi.org/10.1111/j.1439-0310.1977.tb00073.x
https://doi.org/10.1111/j.1439-0310.2007.01435.x
https://doi.org/10.1111/j.1439-0310.2007.01435.x
https://doi.org/10.1002/ajpa.25013
https://doi.org/10.1002/ajpa.25013

	Acoustic recognition of predators by mantled howler monkeys (Alouatta palliata): A playback experiment with naïve and exper...
	1  INTRODUCTION
	2  METHODS
	2.1  Ethical note
	2.2  Study sites and subjects
	2.3  Acoustic stimuli
	2.4  Experimental protocol
	2.5  Behavioral data collection
	2.6  Data organization and analysis

	3  RESULTS
	4  DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


