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Abstract

Howler monkeys are a diurnal genus of New World monkey whose diet may impact their activity
patterns. This study investigates this potential relationship by examining the activity patterns of black
howler monkeys in captivity, where food is readily available, and whether this relationship is similar to
existing data from wild populations of howler monkeys. Captive howler monkeys were found to spend
77.2% of their time resting, 7.0% foraging or feeding, and 13.2% traveling or locomoting. When
compared to wild specimens, these findings suggest that captivity and easy access to food are associated
with more time resting and less time feeding or foraging, with its effects on traveling and locomotion
being inconclusive. This research sheds new light on both the impact of the environment on primate
behavior and the welfare of primates in captivity. Future research should focus on investigating the effects
of food accessibility on other primates in captivity to better understand how it influences their behavior
and improve standards of captive primate care.
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Introduction

Black howler monkeys (Alouatta caraya), also known as black-and-gold howler monkeys,
are a diurnal species of New World monkey indigenous to the forests of central South America
in Paraguay, southern Brazil, northern Argentina, and eastern Bolivia (Bicca-Marques, 2020).
Howler monkeys spend most of their time in the trees, using quadrupedal locomotion to move
across the tops of branches (“Black Howler Monkey”, 2018). A prehensile tail is a derived
characteristic in this clade, which it uses like a fifth limb as it climbs and travels through the
trees (“Black Howler Monkey”, 2018). Distinguishing them from all other genera of New World
monkeys, howler monkeys are primarily folivorous, eating mostly leaves in addition to things

like fruits, nuts, and flowers (Chiarello, 1993).

Influencing Factors on Activity
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Howler monkeys are among the least active of the New World monkeys, spending as much
as 70% of their day resting according to a report from the International Union for Conservation
of Nature (Bicca-Marques, 2020). For comparison, spider monkeys, fellow members of the
Atelidae family, spend anywhere from 24% to 63% of their time resting (Wallace, 2001). Wild
capuchins, another New World monkey, spend anywhere from 4% to 25% of their time resting
depending on the population studied (De Oliveira et al., 2014). Brown howler monkeys (A4louatta
guariba) have been found to spend approximately 59% of their time resting (Jung et al., 2015).
Guatemalan black howlers (4louatta pigra) are found to spend on average 66% of their time
resting, although this can be as high as 80% (Pavelka & Knopff, 2004). Black howler monkeys,
the species of interest in this research, were found to spend somewhere between 58% to 66% of
their time resting in the forests of northern Argentina (De Leon, 2019).

Research indicates that howler monkey diet and food quality may influence their behavior. It
is traditionally understood that the inactivity of howlers that distinguish them from other New
World monkeys may be a result of their equally unique folivorous diet of low-quality leaves
(Bicca-Marques, 2020). This assumption has been disputed by researchers who found that
howler monkeys in Belize that transitioned from a primarily florivorous diet to a higher quality
frugivorous diet made no appreciable change in overall behavior (Pavelka & Knopff, 2004).
Research from Argentina, however, found that higher leaf consumption was associated with
increased resting time among howlers, supporting the traditional understanding of the matter (De
Leon, 2019).

Research further suggests that habitat and access to food may impact primate behavioral
patterns. Brown howler monkeys in harsh environments with limited access to food were
observed to spend less time resting and more time traveling and feeding compared to those in
less harsh habitats (Jung et al., 2015). Additionally, capuchins were found to be less active in
captivity, spending less time foraging and feeding than their wild counterparts (Ross & Giller,
1988). Due to their relatively easy access to high-quality food, captive populations of howler
monkeys may serve as an important source of information to better understand the relationship
between food access and activity patterns. Spider monkeys in captivity were found to spend
more time resting, less time foraging or feeding, and about as much time or more locomoting
compared to their wild counterparts (Hargrave, 2019). Though there is research on the activity of

several other primate species in captivity, there is currently a dearth of research on captive
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howler monkey behavior. In this study, direct behavioral observations of captive black howler
monkeys were collected to compare to wild populations using quantitative benchmarks based on
wild howler monkey behavioral data from Jung et al. (2015). This study expects black howler
monkeys in captivity to display behavioral patterns similar to those of their counterparts in less
harsh habitats in the wild. Studying captive primates, especially those that may have received
less attention in the literature, can help us better understand these animals in a variety of different

contexts.

Methods

All observations for this research were conducted at Brevard Public Zoo on two black howler
monkeys housed together, one female named “Maddie” and one male named “Stormy”. Subjects
were physically observed and were not video-recorded for this research. This research used
instantaneous focal sampling, recording behaviors at thirty-second intervals during fifteen-
minute samples for a total of thirty-one recordings per sample (Martin & Bateson, 2007, p. 53).
If the focal subject was out of view for over seven consecutive minutes of instantaneous
observations within a given focal sample, then the data were discarded and focus was shifted to
the other subject if in view. All data were recorded during March of 2021 over a total of six

separate days.

Data collection was distributed at different times of the day to ensure that a wide range of
howler monkey behavior was observed. A total of four (female N = 2, male N = 2) focal samples
were collected each of the six days. There were twelve focal samples (three hours) of recorded
observations for each focal subject, or twenty-four focal samples (six hours) in total for the
howler pair. An ethogram was created which defined how all observed howler monkey behavior
was to be categorized and recorded (Table 1). All observations were taken by a single person,

precluding the possibility of determining inter-observer reliability.

Table 1. Ethogram for recording black howler monkey behavior.

Behavior Description
Foraging/Feeding Eating, chewing, picking at, or possessing food.
Resting Remaining in one place unless some other action is taking place like foraging/feeding,

social interaction, etc. Howler monkeys scratching themselves or moving somewhat
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while remaining in one place are included as rest.

Locomotion/Travel Includes instances when howler monkeys move from one point or location to another

including climbing, knuckle-walking, and similar movement.

Social — Grooming Instances when howler monkeys groom each other. Does not include self-grooming or

self-scratching.

Social — Other All social interactions between howler monkeys besides grooming fall under this

category, including aggression.

Out of View Not visible for observation, including partial visibility where it is impossible to

determine their behavior because of an obfuscated view.

Other All other actions or behaviors.

These data were analyzed to create an activity budget, test the hypothesis, and compare the
results to other studies on howler monkey behavior. Student’s #-tests were used to determine
whether the differences between the results and the benchmarks laid out in the hypothesis were
statistically significant. Specifically, black howler monkeys were expected to spend 60.0% or
more of their time resting, 16.0% or less of their time foraging and feeding, and 15.0% or less of

their time traveling or locomoting (see Jung et al., 2015).

Results

The captive Brevard monkeys showed similar behavioral patterns to wild howler monkeys in
less harsh environments. Captive howler monkeys were expected to spend upwards of 60.0% of
their time resting and were found to spend 77.2 + 5.3% of their time resting (Table 2).
Additionally, the Brevard monkeys spent 13.2 & 3.0% locomoting or traveling and 7.0 & 2.7% of
their time foraging or feeding (Table 2). For both resting as well as foraging and feeding, the
difference between the measured data and their respective benchmarks were both statistically
significant and exceeded the standard error. The difference in time of traveling and locomotion

from its benchmark was not statistically significant nor did it exceed the standard error.

The female and male howler monkeys spent approximately the same amount foraging and

feeding (Table 2). However, the male subject was somewhat more active, spending 18.8% of his
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time locomoting compared to 7.5% for the female, and only spent 69.6% of his time resting

compared to 84.7% for the female.

Table 2. Black howler monkey activity budget (N = 24). Activity budgets at different times
include data collected from both monkeys. Activity budgets of individual monkeys include data
collected at all times. Overall + SE are averages of all collected data plus or minus their
respective standard error values.

Foraging/Feedi
ng Resting Locomotion/Travel Grooming Social — Other Other
% % % % % %
8-10AM 4.0 70.2 23.4 0.0 0.0 2.0
10 AM - 12
PM 0.0 95.2 4.0 0.0 0.0 0.8
12 -2 PM 5.6 83.1 4.0 0.0 0.0 1.6
2-4PM 25.8 53.2 17.7 0.0 0.0 0.0
4-5PM 24 91.1 6.5 0.0 0.0 0.0
Maddie (F) 6.7 84.7 75 0.0 0.0 0.8
Stormy (M) 7.3 69.6 18.8 0.0 0.0 1.3
Overall + SE 7.0+2.7 77.2+53 13.2+3.0 0.0+0 0.0+ 0.0 1.1+04
SD 13 26 15 0 0 2

The activity of howler monkeys waxed and waned through the day. Figure 1 indicates the
howler monkeys were most active between 2:00-4:00 PM, with only about half of their time
spent resting. They were least active between 10:00 AM to 12:00 PM, spending 95.2% of their
time resting (Figure 1). The howler monkeys are fed between 9:00-10:00 AM and 2:00-3:00 PM,
and occasionally fed between 7:00-8:00 AM. Feeding times corresponded to when the howler
monkeys were generally most active, particularly when they were reported foraging and feeding.
Feeding behaviors were also reported outside these times, when they would interact with food
enrichments or would pick up and eat leaves. The Brevard howlers were fed a combination of

leafy greens and fruit.
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Figure 1. Total observed howler monkey daily activity (N = 24; orange = resting; yellow =

locomotion/travel; purple = foraging/feeding).

Discussion

The results support the hypothesis that black howler monkeys in captivity will display
behaviors similar to that of howler monkeys in less harsh habitats in the wild. Howler monkeys
were expected to spend upwards of 60.0% of their time resting and were found to spend 77.2 +
5.3% of their time resting. The Brevard monkeys were recorded to have only spent 7.0 + 2.7% of
their time foraging or feeding, meeting the 16.0% threshold. The difference in times for resting
as well as foraging and feeding from their respective benchmarks in the hypothesis were found to
be statistically significant using #-tests. Howlers were expected to spend less than 15.0% of their
time locomoting or traveling which was observed to be 13.2 & 3.0%. This difference was not

found to be statistically significant using a #-test, making the results inconclusive.

The Brevard black howler monkeys spent higher than the average rate of resting compared
howler monkey populations from the literature referenced in this paper, which generally varied
from 58% to 70% (De Leon, 2019; Bicca-Marques, 2020). This may indicate that food

accessibility, and captivity more broadly, can cause howler monkeys to display more sedentary
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behavior. That being said, the degree of inactivity found among the study group in captivity may
not be wholly uncharacteristic of their wild counterparts, as it is similar to the resting rates found
among some Guatemalan black howlers which can be as high as 80% (Pavelka & Knopff, 2004).
The results of this study are in line with findings from research on Black-handed spider monkeys
in captivity, which found captive spider monkeys spend more time resting, less time foraging or
feeding, and about the same amount of time locomoting compared to their wild counterparts
(Hargrave, 2019). The small group size at Brevard Zoo may explain the apparent lack of social
behavior observed in the study subjects when compared to their wild counterparts (Jung et al.,
2015). Enrichment and feeding schedules likely play an important role in the activity patterns of
the captive howler monkeys, particularly what times of the day they engage in foraging and
feeding. Strategies to increase time spent foraging and socializing could be employed to better

emulate conditions howler monkeys experience in the wild.
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Figure 2. Captive black howler monkey activity budget (N = 24; purple) compared with wild
howler monkeys from Jung et al. (2015). The “valley group” (orange) lived in a valley bottom
where high-quality food was readily accessible while the “hill group” (yellow) resided in a
harsher hillside environment where high-quality food was less accessible. Standard error bars are
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shown and horizontal lines superimposed with a circle indicate the benchmarks from the
hypothesis.

Limitations

This research was limited to only twenty-four focal samples (six hours) of observed behavior.
The focus was on two individuals, making it difficult to generalize the results to the entire
captive population, species, or genus. Inter-observer reliability could not be determined because
there was only one observer. The scope of observation time for the howler monkeys was limited
by the hours that the zoo was open. Differences in methods of data collection between this study
and others on the subject limited the ability to compare results on howler monkey activity. In the
case of research from Jung et al., data were collected using five-minute scans (scan sampling
method) punctuated by fifteen-minute intervals done from as early as 5:15AM to as late as 6:15
PM (2015). This study used instantaneous focal sampling across fifteen-minute intervals done
from as early as 8:00 AM to as late as 5:00 PM. This information should be considered when

making comparisons between this research and pre-existing literature on the subject.

Conclusion

There is a relationship between the accessibility of food and the frequency and patterns of
behavior of black howler monkeys. In captivity, these monkeys were found to spend more time
resting and less time feeding or foraging than their wild counterparts, paralleling how howlers
behave in less harsh habitats in the wild. This paper builds upon previous studies that found that
howler monkeys with relatively easy access to food will spend more time resting and less time
foraging. Future research should be done on the impact of food accessibility on howler monkeys
and other primates in captivity. Such research should consider other factors of captivity that may
impact primate activity including number of group members, climatic conditions, and size of
enclosure. The impact of food accessibility and the broader effects of captivity are concerns
researchers should seek to address not only for howler monkeys or primates, but for all animals

kept in zoos.
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