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ARTICLE INFO ABSTRACT
Editor: Rafael Mateo Soria Non-lethal impacts of dogs on primates have seldom been assessed. We used an experimental approach to deter-
mine if mantled howler monkeys (Alouatta palliata) perceive dog barks as an aversive stimulus and thus display
Keywords: physiological and behavioral responses toward simulated barks. For one year (1754 h of observations) we stud-
Al"l"am ied 16 adult males belonging to five groups in Los Tuxtlas (Mexico), and recorded the occurrence of naturally
g‘lllrllCLzJCOrtiCOidS occurring dog barks, their sound pressure level (SPL), and the behavioral responses of howler monkeys to

Howler monkeys barks. We then exposed males to bark playbacks at two SPL treatments, 40 and 80 dB in a total of 50 experiments.

Playbacks We assayed glucocorticoid metabolite concentrations in fecal samples (fGCM) as a marker of the physiological
stress response of males. We also recorded the duration of vigilance, vocalizations, and flight in relation to play-
backs. Naturally occurring barks were frequent and usually elicited behavioral responses by males. f{GCM con-
centrations increased after bark playbacks and with stimuli intensity. Time spent vigilant increased following
playbacks independently of stimuli intensity but both vocalizations and flight were linked to stimuli intensity:
vocalizations were the longest after barks played-back at 80 dB, but males spent more time fleeing in response
to 40 dB bark playbacks. These results provide evidence that dog barks are pervasive in the habitat of mantled
howler monkeys living at Los Tuxtlas and disturb males, both physiologically and behaviorally. Although the po-
tential costs of physiological and behavioral responses could not be determined, there is sufficient evidence to
assume that they do have negative impacts on individuals. Therefore, our study provides avenues for future re-
search on dog-wildlife interactions and valuable information for the design of conservation actions aimed at mit-
igating the impact of dogs on mantled howler monkeys.
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1. Introduction

Following domestication ca. 40,000 years ago (Bergstrom et al., 2020;
Freedman et al., 2014; Perri et al., 2021), dogs (Canis lupus familiaris) dis-
persed widely throughout the globe and the current world population of do-
mestic dogs is probably over 1 billion (Gompper, 2014). They are the most
abundant carnivores, and maintain close association with humans (Miller
etal., 2014; Serpell, 2017), which does not mean that all dogs live equally:
some dogs are permanently under human care and rely on humans for food
and shelter; others roam freely, and may either supplement the diet pro-
vided by humans with resources they find independently or rely exclu-
sively on their own foraging abilities (Hughes and Macdonald, 2013;
Vanak and Gompper, 2009). Whereas the impact of the former in the en-
vironment may be restricted to specific contexts (e.g., walks: Weston
and Stankowich, 2014), dogs that roam freely affect wildlife in a variety
of ways and represent a threat to the persistence of several species
(Doherty et al., 2017; Young et al., 2011).

Dogs affect wildlife through predation, competition, disease transmis-
sion, and hybridization (Doherty et al., 2017; Hughes and Macdonald,
2013). Disturbance caused by dogs is a more subtle type of impact, but it
has nonetheless several effects on wildlife. In this context, disturbance per-
tains to the responses of wildlife to aversive stimuli (Weston and
Stankowich, 2014). It is unlikely that wildlife habituates (i.e., decrease
their responses due to repeated stimulation: Hinde, 1970) to dogs because
(i) individuals that experienced attacks are expected to maintain responses
to dogs through time, as predation is a strong selective pressure (Krebs and
Davies, 1997); (ii) individuals that have not experienced dog attacks may
still recognize them as potential predators through various mechanisms
(Carthey and Blumstein, 2018); and (iii) independently of predation risk,
dogs may be perceived as an aversive stimulus due to their conspicuous
(e.g., barking) and unpredictable behavior (e.g., frequent changes in the di-
rection and speed of movement; Glover et al., 2011; Miller et al., 2001).
Wildlife is thus expected to respond physiologically and/or behaviorally
to dogs, and those responses may entail costs, such as increased energy
expenditure, loss of reproductive opportunities, or increased physiolog-
ical stress (e.g., Gingold et al., 2009; Grasli et al., 2020; Lenth et al.,
2008; Lima, 1998; MacArthur et al., 1982). Understanding the non-
lethal impacts of dogs is therefore important for the conservation and
management of wildlife.

Glucocorticoids (GCs) are the main modulators of physiological stress
responses in vertebrates and are involved in coping with ongoing and fu-
ture challenges (i.e., have reactive and predictive functions; Sapolsky
et al., 2000). During stress, GC actions result in the increase of circulating
glucose, contributing to the depletion of present and, when the effect of a
stressor is prolonged, future energy stores (Sapolsky et al., 2000). There-
fore, GCs are good indicators of the physiological consequences of stress,
and its measurement provides insights into the selective forces acting on an-
imal populations that face energetic and psychosocial challenges. In pri-
mates, there is consistent evidence of GC modulation in response to both
natural (e.g., social rank, predation: Beehner and Bergman, 2017) and an-
thropogenic challenges (e.g., habitat loss, hunting: Kaisin et al., 2021).
There is no information, however, on the influence of dogs in the physiolog-
ical stress response of primates.

Howler monkeys (genus Alouatta) are platyrrhine primates with a wide
distribution in the Americas. Domestic dogs affect howler monkeys living in
disturbed habitat. First, when their habitat does not provide sufficient re-
sources (i.e., food, mates, space), howler monkeys may descend to the
ground to reach new areas. During these movements they may be attacked
by dogs (e.g., Candelero-Rueda and Pozo-Montuy, 2010; Chaves et al.,
2022; Corréa et al., 2018; Lopes et al., 2022; Raiio et al., 2016). Second,
when howler monkeys use power lines to cross roads and open areas be-
tween forest patches they risk being electrocuted. Following electrocution
individuals drop to the ground where they can be attacked by dogs
(Corréa et al., 2018). Dog attacks result in the injury or death of individuals
indicating that, similarly to what happens with vertebrates in general
(Doherty et al., 2017) and other primate species (Anderson, 1986),
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predation is the major impact of dogs on howler monkeys. There are no
studies, however, of non-predation impacts of dogs on howler monkeys,
which is surprising given the pervasive presence of dogs in tropical forests
(e.g., Lessa et al., 2016; Massara et al., 2018). For instance, we do not know
whether howler monkeys perceive dogs as a disturbance when they have
not experienced dog attacks (e.g., in areas where they do not travel on
the ground, and thus the risk of dog attacks is low). Given the consistent ev-
idence that dogs disturb wildlife and that such disturbance imposes several
costs, it is important to understand if howler monkeys display similar phys-
iological and behavioral responses to dogs.

Our aim was to investigate the disturbance responses of the Endangered
Mexican mantled howler monkeys (A. palliata mexicana) to dogs. Specifi-
cally, we followed an experimental approach to examine the hypothesis
that mantled howler monkeys perceive dog barks as an aversive stimulus
and thus display physiological (physiological stress) and behavioral (flight,
vigilance, and vocalizations) responses toward simulated dog barks. We
tested three predictions of this hypothesis. First, if mantled howler monkeys
perceive dogs as an aversive stimulus, they should display both behavioral
and physiological responses to barks, independently of stimuli intensity.
Second, alternatively, mantled howler monkeys may perceive dog barks
as an aversive stimulus, but respond according to bark intensity, such that
behavioral and physiological responses are only elicited by stronger stimuli
(i.e., louder barks). Third, given that previous experience may determine
how individuals react to stimuli, the physiology and behavior of mantled
howler monkeys in response to barks should vary among groups.

2. Materials and methods
2.1. Ethics statement

Our research protocols were approved by the Secretaria de Medio
Ambiente y Recursos Naturales (permit SGPA/DGVS/04015/21) and com-
plied to the legal requirements of the Mexican law. The research adhered to
the American Society of Primatologists Principles for the Ethical Treatment
of Nonhuman Primates.

2.2. Study sites and subjects

We conducted the study in four forest fragments located in the Los
Tuxtlas Biosphere Reserve, Veracruz (Mexico). Over the past 60 years the
area has been highly disturbed by human activities and now consists of a
mosaic of original and secondary forests, agricultural fields, and human set-
tlements (Von Thaden et al., 2020). We focused on five groups of mantled
howler monkeys which we have studied for at least 6 years (mean *+
SD = 16.6 * 6.8 years; Gomez-Espinosa et al., 2022). All groups were ha-
bituated to the presence of researchers, and we identified the study subjects
by the natural markings in their fur and other physical traits, such as scars,
broken fingers, and facial features. We studied the 16 resident adult males
from the five groups (mean + SD number of males per group = 3.2 + 0.4).
We focused on males because the behavior and physiology of female man-
tled howler monkeys vary across reproductive states (e.g., Dias et al., 2017;
Rangel-Negrin et al., 2021).

2.3. Naturally occurring dog barks and howler monkey behavior (non-
experimental)

From January to December 2020 (240 fieldwork days) we visited
each group for a mean (+SD) of 4 (*=2) days per month and a mean
of 7.3 (% 4) consecutive hours (7:00-8:00 to 14:00-15:00, depending
on the time of the year). We used focal animal sampling and 10 min con-
tinuous recordings (Altmann, 1974) to study the following behaviors:
approach (movements < 45° from the direction of a stimulus: Van
Belle and Estrada, 2020), flight (movements = 135° from the direction
of a stimulus: Van Belle and Estrada, 2020), socialize (affiliation,
agonism: Dias and Rangel-Negrin, 2015a), vigilance (visual exploration
of the environment directed beyond the reach of the animal's arm:
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Treves, 2000), vocalize (barks and roars: da Cunha et al., 2015). We ob-
served the study groups for a total of 1754 h (Table 2).

We recorded all instances of dog barking. Specifically, we measured
the sound pressure level (SPL) and the duration of dog barks. We mea-
sured SLP continuously with a sound meter TN-ST106, Tenmars,
Taiwan; measuring range = 30-130 dB; sampling frequency = 20.8pS
(48 kHz); frequency band = 10 Hz-16 kHz) and noted SLP at the
onset of dog barks. We also recorded the behavioral response of the
first male that displayed any of the behaviors described above following
a dog bark. If males did not display any of these behaviors after 10 min,
we recorded the event as a “no-response”.

2.4. Dog bark playbacks

We opportunistically recorded the spontaneous barks of mongrel dogs
that resided in the study area. All dogs were males and had small to medium
size (ca. 45-55 cm of height). We recorded barks at 2 m from each dog
using a Marantz PMD 660 recorder and a Sennheiser MKE-600 microphone.
We used Audacity (Audacity Team, 2021) to isolate barks from background
noise and to prepare audio playbacks. Each audio had a 10 min duration
and consisted of 5 min of silence followed by five to eight bark bouts
of 30 to 45 s with 5 to 10 s silence intervals between them. The initial
silence allowed us to move away from the speaker and position our-
selves closer to the group to sample the behavioral responses of males
to playbacks. To avoid pseudoreplication, we prepared different exem-
plars of each playback, which we randomly used as playback stimuli
in the experiments.

We used a KSR speaker (KSA-6915, 13,000 W PMPO, 250 W RMS) to
broadcast the barks. Prior to the playback experiments, we determined
the distance between the speaker and the study subjects and the speaker
volume that would be required for the bark sounds to reach mantled howler
monkeys at two SPL treatments (40 and 80 dB, which were the minimum
and maximum SPL of naturally occurring dog barks; see Results section).
In a similar environment to those where we would conduct the experi-
ments, we placed the speaker at ground level and recorded SLP at increas-
ing distances (assessed with a measuring tape) from the speaker while
regulating the speaker's volume so that barks sounded natural.

2.5. Experimental protocol

We exposed the five study groups to dog bark playbacks from June to
December 2021. We located groups on the early morning and started the
experiments after the focal group had its first feeding bout of the day and
all adult individuals were resting (i.e., sleep or static without interaction)
for 10 min. The mean # SD starting time of the experiments was 9:47 +
2:32 h. Once the speaker's volume and distance from the group were set,
we began the playback experiments. At the onset of dog barks, we per-
formed a 10 min behavioral sampling that consisted of two parts: (i) we
scanned all group males for the occurrence of the following behaviors: vig-
ilance, vocalizations, and flight. These were the most frequent behav-
ioral responses of males to dog barks during the non-experimental
stage of the study (see Naturally occurring dog barks section of Results);
(ii) when a male displayed any of the target behaviors (i.e., vigilance,
vocalizations, and flight), besides noting his identity, we recorded the
duration of the behavior.

After the end of the playback experiments, we followed groups for the
rest of the day. If before, during, or after the experiments we observed
any of the following, which are stimuli with the potential to affect mantled
howler monkey behavior and physiology, we discarded the experiment and
rescheduled it: aggression (Dias et al., 2017; n = 2 experiments); noise pro-
duced by aerial traffic, human voice (not produced by researchers), and
tools/machinery (e.g., chainsaw, lawnmower: Gémez-Espinosa et al.,
2022; n = 5 experiments); mating (Dias et al., 2022; n = 1 experiment).
Given the aim of this study, we also discarded experiments if dogs were
seen near mantled howler monkeys or if we recorded dog barks before, dur-
ing, or after the experiments (n = 3 experiments). Each group was exposed
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five times to each SLP treatment, 40 and 80 dB, resulting in 10 experiments
per group and a total of 50 experiments.

2.6. Fecal sample collection and hormonal assays

Glucocorticoid hormones are released by the hypothalamo-pituitary-
adrenocortical axis in response to psychological and energetic demands
(Sapolsky et al., 2000). We have previously demonstrated that the fecal
concentrations of glucocorticoid metabolites (fGCM) of mantled howler
monkeys are responsive to social, ecological, and anthropogenic challenges
(e.g., Canadas-Santiago et al., 2020; Dias et al., 2017, 2022; Gémez-
Espinosa et al., 2014). Furthermore, there is a ca. 24-h delay between the
exposure of mantled howler monkeys to an acute challenge (capture, anes-
thesia, and handling) and a peak in f{GCM concentrations (Cafadas-
Santiago et al., 2020). We therefore assessed the physiological responses
of mantled howler monkey males to dog barks by measuring f{GCM.

We collected fecal samples from the forest floor immediately after depo-
sition when we could unambiguously match them to male identity. We de-
posited samples in polyethylene bags labeled with the identity of each
individual and stored them in a cooler with ice packs while in the field
and in a freezer at —20 °C once back at the field station. We collected
216 fecal samples during the non-experimental stage of the study (mean +
SD = 43.2 + 4.8 samples per group, 13.5 * 2.4 samples per male) and 172
samples during the experimental stage (mean + SD = 34.4 + 6.4 samples
per group, 10.8 + 0.8 samples per male; Supporting information Table S1).

We freeze-dried (FreeZone 18, Labconco, Kansas City, MO) all fecal
samples within a maximum of 6 months after collection. We extracted
fGCM from dried samples following a modification of the method by
Wasser et al. (2000). Briefly, we mixed 0.6 g of homogenized, lyophi-
lized, and pulverized feces for 20 h in 4.0-ml analytical-grade methanol.
We centrifuged extracts (460 g for 30 min) and recovered the superna-
tant. After complete evaporation of the solvent in a water bath at
60 °C for 20 h, we reconstituted pellets with 3-ml albumin buffer
which we used for fGCM assays.

We determined fGCM concentrations with a chemiluminescent immu-
noassay using a commercial kit (Cortisol, Immulite, Siemens, Los Angeles,
CA, USA; sensitivity = 5.5 nmol/L; calibration range = 28-1380 nmol/
L) and an automated immunoassay system (Immulite 1000 analyzer, Sie-
mens, Munich, Germany). The antibody in this kit is highly specific to cor-
tisol, showing low (8.6 %) cross-reactivity with corticosterone and we have
previously validated its use to assess fGCM variation in mantled howler
monkeys (Cafiadas-Santiago et al., 2020). Pooled fecal extracts, when
added to the standard curve points, exhibited a similar slope (R* = 0.95,
n = 8, P < 0.001), and serial dilutions of a fecal pool yielded results that
were parallel to the kit's standards (t = 0.9, n = 4, P = 0.402). Intra-
assay variation (coefficient of variation) averaged 12.1 % (n = 4 samples)
and inter-assay variation was 13.7 % (n = 4 samples). We report f{GCM
values as ng/g (dry feces).

2.7. Data organization and analysis

We used descriptive statistics to investigate the patterns of naturally oc-
curring dog barks in terms of occurrence, rates (i.e., frequency per unit of
time), and SPL, and Spearman correlations to assess association among
these measures. We also used descriptive statistics to explore the behavioral
responses of males to naturally occurring dog barks.

We defined baseline conditions for mantled howler monkeys as days in
which we did not see dogs in the vicinity of the study groups and did not
hear dog barks. We used these baseline days as matched controls (MC) to
assess the effects of experimental dog barks on the behavior and fGCM of
males. For the statistical analysis of male behavior, in our baseline dataset
we randomly selected as MC focal animal samples from the first male that
responded to each experimental playback (i.e., 50 focal animal samples in
baseline days matched with observations of the same males in the 50 play-
back experiments). For the statistical analysis of male f{GCM, we selected as
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MC fecal samples that we collected from all males the day after a baseline
day (n = 216 samples).

We used linear mixed models to test our predictions. First, we built a
model in which mean f{GCM concentrations per male per treatment (n =
48) were the response variable, treatment (i.e., MC, 40 dB playbacks,
80 dB playbacks) and group identity (n = 5) were fixed predictors, and
male identity (N = 16) was a random factor to account for the repeated
measuring of males. Second, we ran three models with the same fixed
and random predictors and the duration of vigilance, vocalizations, and
flight per treatment as the response variables in each model. We log trans-
formed fGCM and durations to improve model fit and we checked that the
assumptions of normally distributed and homogeneous residuals were ful-
filled by visually inspecting Q-Q plots and residuals plotted against fitted
values (Supporting information Fig. S1). Model residuals did not deviate
significantly from normality (all Kolmogorov—Smirnov tests P > 0.05).

We compared complete models (i.e., with fixed and random predictors)
with a null model including only the random factor with likelihood ratio
tests to determine whether the random factor accounted for a larger propor-
tion of variation in response variables than the fixed factors (Pinheiro and
Bates, 2000). In all cases we found significant differences (P < 0.001 in
all tests, i.e., fixed factors were more influential in the response variables
than the random factor). We calculated marginal pseudo-coefficients of de-
termination for each model to assess the deviance in response variables ex-
plained by each model (i.e., goodness-of-fit). We performed all statistical
analyses in R (R Core Team, 2022).

3. Results
3.1. Naturally occurring dog barks

We recorded dog barks in almost half of the sampling days and dog
barks occurred at a rate of one bark per 3.7 observation hours (Table 1).
The SPL of dog barks varied between 39 and 79.8 dB, with a mean of
43.2 dB. Variation among groups in the occurrence, rate, and SPL of
barks was notable in some cases (e.g., bark rate in Balzapote was eight
times larger than in La Flor de Catemaco), and these variables were posi-
tively correlated (occurrence & rate: r; = 0.98,n = 5, P = 0.005; occur-
rence & SPL: g = 0.90,n = 5, P = 0.083; rate & SPL: ry = 0.87,n = 5,
P = 0.054).

A majority (75 %, n = 355 barks) of dog barks elicited a behavioral re-
sponse by mantled howler monkey males. The most frequent type of behav-
ior was vigilance (43 % of responses), followed by vocalization (35 %),
flight (20 %), threat (2 %), and socialization (1 %).

3.2. Responses to bark playbacks

The fGCM concentrations of mantled howler monkeys were lower in
days without dog barks (i.e., matched controls, MC) than when they were
exposed to barks played back at 40 dB and 80 dB (%, = 75.5, P < 0.001;
P < 0.01 for all post-hoc pairwise comparisons; Fig. 1a) but were not affect
by group identity (%4 = 3.3, P = 0.509). Males spent more time: (i) vigi-
lant (%, = 27.5, P < 0.001) following dog barks than in MC without barks
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Table 2
The occurrence, rate, and sound pressure level (SPL) of dog barks recorded in the
habitat of five mantled howler monkey groups at Los Tuxtlas (Mexico).

Group Occurrence * Rate © SPL (dB) ¢
Balzapote 49 (33) 0.28 (252) 46.0 (4.7)
Borrego 64 (36) 0.78 (182) 44.9 (1.3)
La Flor G1 44 (68) 0.09 (559) 42.6 (6.7)
La Flor G2 29 (83) 0.09 (536) 42.2(5.1)
Montepio 45 (20) 0.19 (225) 43.6 (1.9)
Total 43 (240) 0.27 (1754) 44.3 (4.1)

? Percentage of days with bark recordings (total number of sampling days indi-
cated in parenthesis).

> Frequency of bark recordings divided by the number of sampling hours (indi-
cated in parenthesis).

¢ Mean SPL of dog barks (SD indicated in parenthesis).

(P < 0.001 for all post-hoc pairwise comparisons; Fig. 1b); (ii) vocalizing
(Xzz = 20.1, P < 0.001) in response to 80 dB barks than to both 40 dB
barks and MC (P < 0.001 for all post-hoc pairwise comparisons; Fig. 1c);
and (iii) fleeing (X22 = 16.7, P < 0.001) after 40 dB barks than after both
80 dB barks and MC (P < 0.001 for all post-hoc pairwise comparisons;
Fig. 1d).

4. Discussion

We described the attributes of naturally occurring dog barks in the hab-
itat of five mantled howler monkey groups and used playback experiments
to assess the influence of barks on the physiological stress and behavior of
males. Dog barks were frequent, recorded in all studied habitats, and
often elicited behavioral responses by males. Males showed physiological
stress responses to dog barks, proxied here via fecal glucocorticoid metabo-
lite concentrations (fGCM), which increased with stimuli intensity. Regard-
ing the behavioral responses to simulated barks, males spent more time
vigilant following barks than when no barks were recorded, independently
of stimuli intensity. In contrast, both vocalization and flight responses were
linked to stimuli intensity, such that vocalizations were longest in response
to simulated barks at 80 dB, but males spent more time fleeing in response
to 40 dB barks. The physiological and behavioral responses of males to dog
barks were not influenced by group identity. These results provide evidence
that dog barks are pervasive in the habitat of mantled howler monkeys liv-
ing at Los Tuxtlas and disturb males.

We recorded dog barks in the habitat of all study groups although their
attributes were variable. It is possible that such variation is linked to the
spatial configuration of study sites. For instance, Borrego is a 64-ha frag-
ment that stands 140 m from a village, and we recorded a dog bark each
1.3 h of observations there, whereas Montepio is 106 ha, 1435 m from
the nearest settlement, and we recorded a bark at that site every 5.3 h. As
the propagation of dog barks (like that of any other sound) decreases
with distance, presence of barriers, ground effects, and air absorption
(Wahlberg and Larsen, 2017), barks produced by dogs that were in settle-
ments closer to the smaller forest fragments had higher SPL and were
thus more likely to be recorded (Balzapote and Borrego). Additionally, as

Table 1
Attributes of the groups and habitats of mantled howler monkeys studied at Los Tuxtlas, Mexico.
Attribute Group
Balzapote Borrego La Flor G1 La Flor G2 Montepio
Location 18°36745”"N 18°38'24”"N 18°26"19”N 18°26’02"N 18°37'10"N
95°04'04"W 95°05"21"W 95°0307"W 95°03'04"W 95°05’02"W
Number of studied males 3 4 3 3 3
Group size 18 39 8 16 32
Number of groups per fragment 1 4 3 3 2
Fragment size (ha) 10 63.8 100 100 106.2
Distance to nearest human settlement (m) 200 140 730 1200 1435
Distance to nearest road (m) 450 0 0 0 0
Main human activities Fishing, cattle grazing, mining  Fishing, cattle grazing Ornamental plant production = Ornamental plant production  Cattle grazing
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Fig. 1. Estimates (black dots) and 95 % confidence intervals (gray rectangles) of mixed effects models on the influence of dog barks on the physiological stress and behavior of
male mantled howler monkeys: a) fecal glucocorticoid metabolites; b) duration of vigilance; ¢) duration of vocalizations; d) duration of flight. Marginal pseudo-coefficients of

determination of each model (i.e., goodness-of-fit) are also shown (%).

dogs that roam through natural landscapes usually arrive from urban areas
(Pérez et al., 2018; Villatoro et al., 2016), the closer a forest fragment is to a
settlement the higher the likelihood that it is visited by dogs. Small sam-
ple size and large variation in sampling effort among groups are how-
ever confounding factors that call for caution in interpreting these
results. For instance, the rate of dog barks decreased with increasing
sampling effort, thus limiting a reliable assessment of the influence of
previous experience (or frequency of exposure) on male behavior. Fu-
ture research based on a landscape-scale approach (Fahrig, 2005) may
be important to understand the patterns of dog presence in the habitat
of mantled howler monkeys and provide valuable information for the
management of both canids and primates.

The hypothalamo-pituitary-adrenocortical axis allows organisms to
cope with unpredictable and/or uncontrollable stimulus through the re-
lease of glucocorticoid hormones (Sapolsky et al., 2000). Variation in the
fGCM concentrations of mantled howler monkey males indicates that
they respond physiologically to dog barks, which converges with evidence
that wildlife does not habituate to the presence of dogs (Weston and
Stankowich, 2014). This is further supported by two lines of evidence:
fGCM concentrations and the behavior of males did not vary among groups
despite dramatic differences in exposure rate (e.g., one bark per 1.3 vs.
11 h) and habitat attributes (e.g., Berger-Tal and Saltz, 2019; Kaisin et al.,
2021), thus rejecting the third prediction; but previous experience and fre-
quency of exposure do predict the behavioral responses of males to other
acoustic stimuli (anthropogenic noise), such that individuals with high
rates of exposure have waned responses (Gémez-Espinosa et al., 2022).
Therefore, the strategies used by mantled howler monkeys to cope

with dog barks differ from those elicited by other challenges. Note
that there are several accounts of interactions between dogs and pri-
mates (e.g., Anderson, 1986; Nautiyal et al., 2023; Ordénez-Gémez
et al., 2016; Pihlstrom et al., 2021; Rimbach et al., 2013; Scheun
et al., 2015; Waters et al., 2017), but this is the first evidence of a phys-
iological response toward dogs in a primate species.

As proposed in the second prediction, mantled howler monkeys in-
creased their f{GCM concentrations with increasing SLP, suggesting that
their physiological responses are associated with risk assessment
(Blanchard and Blanchard, 1988). Specifically, it is possible that males
perceive barks played back at 80 dB as a riskier stimulus and thus show
stronger physiological responses compared to 40 dB barks, because former
are interpreted as a more imminent threat (i.e., shorter distances to dogs)
than the latter. In contrast, we found mixed results for the behavioral re-
sponses of males to varying intensity of dog bark stimuli that support either
the first (vigilance) or the second prediction (vocalization and flight).
Vigilance is a critical component of the behavioral strategies of many organ-
isms, as it allows for monitoring predators and competitors and thus has
high adaptive value (Beauchamp, 2015; Quenette, 1990; Treves, 2000).
Given that it is the first step in the process of predation avoidance (Tyrrell
and Ferndndez-Juricic, 2015), vigilance is a common behavior in the reper-
toire of prey (Treves, 2000), as observed in this study during the non-
experimental stage, when it was the most frequent behavioral response of
males to dog barks, and in studies with other primates (Anderson, 1986).
This explains why the duration of vigilance did not vary between dog
bark experimental treatments. Vocalizations and flight, in turn, are two pos-
sible outcomes of the processes of risk detection and assessment that follow
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vigilance. The allocation of more time to fleeing following 40 dB bark
playbacks but more time to vocalizations after 80 dB barks indicates
that males modulate their behavior according to stimuli attributes,
SPL in this case. Specifically, mantled howler monkeys may try to
evade dogs by fleeing when they perceive them as more distant but vo-
calize when encounters are imminent. In this context, vocalizations fol-
lowing dog barks may be functionally similar to alarm calls produced in
response to natural predators (Camargo and Ferrari, 2007; Gil-da-Costa
et al., 2003; McKinney, 2009).

This pattern of behavioral response to dog barks disagrees with op-
timality theory, according to which prey should not flee until the po-
tential costs of staying in their position (e.g., being attacked) exceed
the costs of escaping (e.g., increased energy expenditure; Ydenberg
and Dill, 1986). Such disagreement may be explained by several fea-
tures of the physiology and behavior of howler monkeys. Howler mon-
keys move cautiously and slowly through the canopy (Bezanson,
2006), and falls from trees are not uncommon, particularly among im-
matures (Glander, 1975; Jones, 1994). If a quick escape increases the
risk of falling from trees and of a consequent attack by dogs, it may
thus be costlier to wait until dogs are closer (i.e., higher SPL) than to
flee as soon as the aversive stimulus is detected. Additionally, the pro-
duction of vocalizations >90 dB accompanied by vigorous behavioral
displays is expected to be energetically costly (Kitchen, 2004;
Whitehead, 1989), especially for mantled howler monkeys, who have
diets that include significant amounts of foods that are hard to digest
and poor in readily available energy (Dias and Rangel-Negrin,
2015b). In this sense, the higher fGCM responses toward barks played
back at 80 dB could reflect psychological stress evoked by an aversive
stimulus and energetic stress associated with the demands of vocaliz-
ing. Parsing psychological and energetic impacts of dogs on mantled
howler monkey physiology may be achieved by future research
through the assessment of additional biomarkers (e.g., thyroid hor-
mone, urinary C-peptide: Dias et al., 2017, 2022).

We could not determine if the physiological and behavioral re-
sponses of males to dog barks are costly. There is, however, abundant
evidence that the recurrent activation of the physiological stress re-
sponse and the displaying of the behaviors that were assessed here
have associated costs. For instance, stress physiology may be critical
for the survival of individuals facing unpredictable challenges, such
that those with chronic activation of the stress response face higher
mortality risk (Romero and Wikelski, 2010). Additionally, given that
time and energy devoted to cope with unpredictable challenges tradeoff
against other critical components of individual budgets, such as repro-
duction, foraging, or socialization (e.g., Greesli et al., 2020; Le Grand
et al., 2019; Tisdale and Fernandez-Juricic, 2009), the behavioral re-
sponses toward dogs impose opportunity costs (e.g., stop foraging to
flee). Therefore, from a conservation and management perspective, it
is prudent to assume that mantled howler monkeys are negatively im-
pacted by dogs and design actions directed at preventing those impacts
(Miller et al., 2014; Parsons et al., 2016; Smith et al., 2019; WHO/
WSPA, 1990; Williams et al., 2009). Such actions are increasingly im-
portant given a recent increase in deforestation in the Los Tuxtlas Bio-
sphere Reserve (Von Thaden et al., 2020). The resulting encroachment
of howler monkeys in forest fragments will probably increase their vul-
nerability to disturbance and attacks by dogs as, for instance, they are
more likely to move through the ground when living in smaller and iso-
lated forest fragments (Arroyo-Rodriguez and Dias, 2010).

In conclusion, dog barks are recurrent in the habitat of mantled
howler monkeys living at Los Tuxtlas and elicit both physiological and
behavioral responses in males, according to bark intensity. Although
the potential costs of these responses could not be determined, there is
sufficient evidence to assume that they do have negative impacts on in-
dividuals. Therefore, our study provides avenues for future research on
dog-wildlife interactions and valuable information for the design of con-
servation actions aimed at mitigating the impact of dogs on mantled
howler monkeys.
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