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ABSTRACT

Wild animals in captivity are often transferred to other facilities when cleaning or maintenance of
the facilities where they live is carried out. The aim of this study was to assess the behavioural
response of five red brocket males (Mazama rufa) after being moved to a new environment. The
animals are kept in individual stalls, being eventually moved to an unfamiliar stall, previously
occupied by other individuals. The latencies and frequencies of scent-marking and maintenance
behaviours were recorded for eight hours after moving each animal to the new stall. Licking
behaviour was the behaviour most frequently displayed (20 to 62 times), with latencies ranging from
0,02 to 12,17min. It was followed by urinating/defecating with a frequency of 24 to 56 times
(latency 2,13-46 min) and flehmen, with a frequency of 11 to 24 times (latency 0,1-21,08
min). Rubbing was observed in only two deer. The Pearson’s correlation coefficients showed a
positive association between flehmen and licking latencies and urinating/defecating and sleeping
latencies (P<0,05, for both). It also showed that flehmen and urinating/defecating frequencies are
inversely related (P<0,05). The behaviour of M. rufa males after being moved to an unfamiliar stall
were characterized by common exploratory and scent-marking behaviours.

Keywords: animal behavior, captive wild animal, Cervidae, neotropical deer, territory marking.

RESUMO

Os animais silvestres em cativeiro sdo frequentemente transferidos para outras instalages para
limpeza ou manutencéo das instalacdes onde vivem. O objetivo deste estudo foi avaliar a resposta
comportamental de cinco machos de veado-mateiro (Mazama rufa) apds serem transferidos para um
novo ambiente. Os animais s&o mantidos em baias individuais, sendo eventualmente transferidos
para uma baia desconhecida, previamente ocupada por outros individuos. As laténcias e frequéncias
de marcacdo de cheiro e comportamentos de manutencdo foram registrados por oito horas apos a
mudanca de cada animal para a nova baia. O comportamento de lamber foi 0 comportamento mais
frequente (20 a 62 vezes), com laténcias variando de 0,02 a 12,17 min. Seguido de urinar/defecar
com frequéncia de 24 a 56 vezes (laténcia 2,13-46 min) e flehmen, com frequéncia de 11 a 24 vezes
(laténcia 0,1-21,08 min). A friccdo com chifres (rubbing) foi observada em apenas dois veados. Os
coeficientes de correlagdo de Pearson mostraram associacao positiva entre flehmen e laténcias de
lamber e urinar/defecar e dormir (P<0,05, para ambos). Também mostrou que as frequéncias de
flehmen e urinar/defecar estdo inversamente relacionadas (P<0,05). O comportamento dos machos
de M. rufa ap6s serem transferidos para uma baia desconhecida foi caracterizado por
comportamentos exploratorios e de marcagdo de cheiro comuns.

Palavras-chave: comportamento animal, animal silvestre em cativeiro, cervideos, veado
neotropical, marcacgdo de territdrio.

1 INTRODUCTION

The genus Mazama includes small deer species with simple antlers that inhabit Neotropical
forests with dense vegetation (Eisenberg and Redford, 1999). Currently, the genus Mazama
represents nine deer species occurring in Central and South America, with Mazama americana as
the largest species and the most widely distributed throughout the neotropics (Merino and Rossi,
2010). The species, also known as red brocket, is recognized as cryptic species complex, in which
M. rufa (llliger, 1815) was recently validated as a separate species out of the M. americana complex
(Peres et al., 2021).
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Red brockets are very difficult to observe in nature, by its shy and wariness and slow and
quiet walk through the forest (Varela et al., 2010). They are solitary and territorial deer, with some
studies describing wild living in pairs during the mating season (Emmons and Feer, 1997) and
showing a complex social interaction between adult females kept in captivity (MacNamara and
Eldridge, 1987), suggesting that the species is territorial and polygenic, like most cervids (Varela et
al., 2010). Hunting and other human activities directly affect the species, making it difficult to
observe the red brocket individuals in open areas, limiting behavioural study of the species in nature
(Varela et al., 2010). Therefore, captive conditions allow the proximity with the species facilitating
the observation and better understanding of behaviours, such as marking, feeding, and reproduction
(Azevedo, 2008). In addition, management of captive neotropical deer is an important tool for
conservation, allowing to assess relevant behavioural information of the species that are difficult to
access in the wild (Nogueira-Neto et al., 2021).

However, this is not an easy task, since these animals are highly susceptible to stress, which
invariantly results in behavioural changes, characterized by loud snort, raising their tail and fleeing
when threatened, or hitting the ground with their forelegs (Varela et al., 2012; Emmons and Feer,
1997).

In this context, understanding the behaviors related to space use and communication are
essential to improving captivity conditions, as the scent-marking behaviors, which evolved to
express territory occupancy, potential sexual mate and health status to other animals (Black-Décima,
2000; Walther, 1984). Neotropical deer use feces, urine and licking as chemical communication
among individuals (Rivero et al., 2004). Depending on their age, sex, life history and captive
environment, animals may behave differently and this variation could be an adaptative or some way
to communicate their identity (Hertel et al., 2020). As there is a lack of information about scent-
marking in Mazama rufa, we aim to assess the behavioral response of five red brocket males of the
species, raised and managed in similar conditions of captivity, after being transferred to a new
environment. Our hypothesis is that under such conditions, deer males will display a high frequency
of exploratory and scent-marking behaviors. The results described here may provide a benchmark
data on the red brocket behavior, which can offer insights into how to improve the management of

red brocket in captivity.

2 MATERIALS AND METHODS

The study was approved by the Animal Ethics and Welfare Committee (Comité de Etica e
Bem-Estar Animal, CEUA, Protocol number: 005828/19) of the Faculty of Agrarian and Veterinary
Sciences (Faculdade de Ciéncias Agrarias e Veterinarias, FCAV), UNESP, Jaboticabal, SP, Brazil.
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We analyzed five red brocket males born and raised at Deer Research and Conservation
Center, from S&o Paulo State University, in Jaboticabal-SP, Brazil. All males correspond to Mazama
rufa (Illiger, 1815), identified as: male 1 (six years old and having velvet antlers), male 2 (three
years old and having velvet antlers), male 3 (four years old and having hard antlers), male 4 (three
years old and having hard antlers) and male 5 (eight years old and having hard antlers). The deer
were kept indoors, in captivity stalls with 12m2, walls 2 meters high and the floor covered with
straw, without any contact with other animals, leaving these facilities only when need to be handled.
Water was provided ad libitum and 0.5 kg of concentrated feed for horses with 1 kg/animal day of
ramie (Boehmeria nivea) and red mulberry leaves (Morus alba). The animals were driven from their
home stalls to a physically identical but unfamiliar stall. The only difference between the home and
unfamiliar stalls was that the unfamiliar had scents of other individuals of the same species, which
previously occupied the stall.

All behaviours were recorded for eight consecutive hours using video cameras (Intelbras
Multi HD 3000) fixed on the ceiling of the stall. All recordings were analyzed using VLC software
version 3.0.8. We recorded four behavioural categories related to scent-marking (licking,
urinating/defecating, flehmen and rubbing) and two related to maintenance (eating and sleeping, as
indicators of ‘adaption’ to the new environment), as described in Table 1. The latencies and
frequencies of these behavioural categories were recorded during eight hours of observation from
the introduction of each deer in the new stall. We tested the normality of the data and estimated
Pearson’s correlation coefficients to assess the dependency between pairwise behaviours. A cluster
analysis was performed through the Ward criterion, also called Minimum Variance Clustering
Method, which performed a hierarchical grouping, of the separated frequency and latency data to
analyze similarity clustering patterns. In addition, we used the chi-square test to compare the
frequencies of the observed behaviours of the five males. All statistical analyzes were carried out

using the RStudio (2020) software package.
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Table 1. Behavioural categories recorded of five captive red brocket deer males when kept in an unfamiliar environment
(adapted from MacNamara and Eldridge, 1987 and Nogueira-Neto et al. 2021).

Behavioural categories Description

Licking Individuals walked about their enclosures and paused at specific contact
spots to moves the tongue across the surface, usually of fence posts, trees,
corners or edges of wooden doors or metal shelters.

Urinating/defecating Also called elimination postures. The animals assume an inconspicuous
posture, hind legs slightly extended out and backward and the tail up. Then,
the animals excreted urine or fecal pellets.

Flehmen The animal stands straight, extends its neck and lifts its head, opens its
nostrils wide, with a small mouth opening with curling of the upper lip, often
exposing the upper gum. Performed after smelling or licking an object, the
ground, or their own or a conspecific animal’s urine or feces.

Rubbing The front of the head between the eyes and antlers was pressed and moved
vertically up and down against objects. Also, vertical head movements
while pressing the antlers against an object.

Eating The animals mouthed and chewed fallen twigs and branches.

Sleeping/resting Act of lying down upright with legs folded under the body. The dorsoventral
axis of the body is oriented in the vertical plane, and the animal then bears
most of its weight on its hind feet, forefeet and rostrum. In the stretch
position on the other hand the long axis of the body is more or less straight.
The front feet are often tucked under the body, but sometimes may extend
in front of the animal.

3 RESULTS

Just after being moved from the familiar to the unfamiliar stall, the animals performed scent-
marking behaviour. First, they licked the door and walls (latency 0,02-12,17 min) and then, showed
some investigative behaviour as smelling, walking and ear movements. After smelling the door,
floor or walls, all deer showed flehmen response (latency 0,1-21,08 min). Two males performed
rubbing in doors and walls, associated with licking and forehead marking (latency 0,45-26,42 min).
All males urinated/defecated the stall (latency 2,13-46 min), characterized by postures of
elimination and brief and repeated expulsion of urine drops or fecal pellets. After the first
performance of marking and investigative behaviours, all animals started eating in less than one
hour (latency 9-48 min) after entering the new environment. They consumed branches, leaves and
straw from the ground. Besides the short eating latency, all animals continued showing scent-
marking behaviours. Finally, the males slept (latency 275-480,05 min), always in lying posture after

exploring the unfamiliar environment (Table 2).
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Table 2. Absolute frequencies and latencies (min.) of scent-marking and maintenance behaviours of five captive red
brocket deer males kept during eight hours in an unfamiliar environment (SD: standard deviation; IQR: Interquartile

range.
Frequencies
Urinating/defecating Licking Rubbing Flehmen
Male 1 24 20 0 23
Male 2 24 50 0 24
Male 3 56 53 20 11
Male 4 53 62 10 13
Male 5 35 55 0 14
Mean 384 48 6 17
SD 15,4 16,26 8,94 6,04
IQR 30,5 23,5 15 11,5

Latencies (min)

Urinating/defecating Licking Rubbing Flehmen Eating Sleeping

Male 1 2,31 5,24 0 7,12 28 344
Male 2 46 12,17 0 21,08 48 470,05
Male 3 7,33 2,16 0,75 0,25 40 300
Male 4 2,13 0,38 26,42 4,15 24 275
Male 5 32,28 0,03 0 0,1 9 467
Mean 18 3,99 5,43 6,54 29,8 371,21
SD 19,99 5,01 11,73 7,72 15,03 92,21
1QOR 36,92 8,5 13,58 13,92 27,5 181.02

In all observed males the licking behaviour was the more frequent scent-marking performed
20 to 62 times in eight hours. It was followed by urinating/defecating with a frequency of 24 to 56
times. Flehmen was performed with a frequency of 11 to 24 times in the study period. Rubbing was
observed in only two deer with a frequency of 10 to 20 times in each male. We did not measure
eating and sleeping frequencies, for these behaviours, we only analyzed their latencies, as described
above.

The frequencies of licking, flehmen and urinating/defecating were very similar in male 1.
Licking was the most frequent behaviour in males 2 and 5, with lower frequencies of occurrences
of flehmen and urinating/defecating. These three animals did not rub. Males 3 and 4 had a similar
pattern of behavioural frequencies with licking and urinating/defecating as its most common scent-

marking behaviour, followed by a less frequent flehmen and rubbing (Figure 1).
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Figure 1. Individual variation of behavioural frequencies of five captive red brocket deer males kept during eight hours
in an unfamiliar environment.
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When comparing behaviour frequencies, we observed an individual variation of all
behaviour performed. Flehmen was observed in all animals, therefore it was more often shown by
males 1 and 2. Licking frequencies were similar among males 3, 4 and 5, being more frequent in
male 5 and less frequent in male 1 (outlier value). Urinating/defecating frequencies were also high
in males 3, 4 and 5. Only two individuals presented rubbing behaviour, in this case, male 3
performed it more often than male 4 (Figure 1).

Two males (2 and 3) apparently showed pacing stereotypy, walking from one side of the
stall to the other with circles of eight shape. In addition, one deer (male 3) rub-urinate the tarsal
gland, pawing the ground slightly forward-back and ventral-medial direction, in a way that brought
the paws into proximity, urinating the tarsal glands while rubbing the glands with the ground. This
last behaviour was performed by male 3 after the two-last urinating/defecating episodes and before
sleeping.

The Pearson’s correlation showed a negative association between flehmen and
urinating/defecating frequencies (r = -0,916, P<0,05), and a positive correlation between flehmen
and licking latencies (r = 0,954, P<0,05) and urinating/defecating and sleeping latencies (r = 0,929,
P<0,05). The cluster analysis recovered two groups based on similarities patterns of separated
frequency and latency data (Figure 2). In the behavioural frequencies analysis, one group was
formed by males 3 and 4, with low flehmen frequency and higher licking and urinating/defecating
frequencies when compared with the other group, formed by males 1, 2 and 5. In this last group,
male 2 and 5 showed more similar frequencies compared with male 1. In the behavioural latencies
analysis, one group was also formed by male 3 and 4, and within this group, male 1 in a more distant

position, characterizing the individuals with the lower latencies. The other group was constituted by
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males 2 and 5 with higher behavioural latencies. Finally, the chi-square of the observed behavioural
frequencies (licking, flehmen and urinating/defecating) was significant (P<0,05).

Figure 2. Dendrogram of cluster analysis based on the correlation coefficients distance of five red brocket deer males
(1, 2, 3, 4 and 5) according to the frequencies (A) and latencies (B) of licking, flehmen and urinating/defecating
behaviours.
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4 DISCUSSION

Territorial marking is a strategy of animal communication and is shown by most of the deer
species (Bowyer et al., 1987, Black-Décima and Santana, 2011). After being moved to an unfamiliar
stall all deer expressed exploratory behaviour, licking the door and walls, walking and smelling.
These behaviours were shown combined with scent-marking, which also involves licking in
association with rubbing, flehmen and urinating/defecating. Despite this descriptive study
confirmed the hypothesis that the new environment promoted the marking and exploratory response
of the five red brocket, it was observed that these behaviours are performed for a relatively short
time, evidenced in the sleeping latency (less than 275 min). Licking was the most frequent
behaviour just after being introduced in the unfamiliar stall, and it occurs with the shortest latency.
This investigative behaviour is infrequent when animals remain in their home stall or familiar cage,
increasing dramatically when they stay in an unfamiliar cage previously occupied and marked by
conspecifics (MacNamara and Eldridge, 1987).

Urinating/defecating was also observed in all animals, but with a great latency. Thus, after
performing the exploratory behaviour (walking, liking and smelling the stall surfaces) the deer
started showing the elimination posture, expelling few drops of urine and/or fecal pellets. Once that
started the urinating/defecating, they repeated constantly, reaching the second highest average
frequency when compared with other analyzed scent-marking behaviours. This eliminative scent

marking behaviour was similar to that shown by brown brocket deer after detecting feces from other
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individuals in the latrine, by showing exploratory behaviour followed by urination and/or defecation
(Black-Decima and Santana, 2011). After detecting a strange odor (of previous deer), the males
urinated/defecated the stall, renewing marks, to slept with its scent throughout environment,
showing a positive correlation between urinating/defecating and sleeping (P<0,05) and revealing
that latrine served as centers of communication (Black-Decima and Santana, 2011). This behaviour
it is also called counter-marking used in a variety of species to over-marking the urine and feces as
a type of chemical communication that relates aged urine and glands secretions as two important
agents that bucks used to scent-marking their territories (Dixon, 2018).

Flehmen was another behaviour performed by the five deer. Previous studies associated
flehmen with conspecific odors in the stall, because individuals usually performed flehmen in
responses to urine (Allen et al., 2016, MacNamara and Eldridge, 1987; Henderson et al., 1980). In
our study, the variation in the flehmen response was characterized by two performance patterns,
with one group of males with a low flehmen frequency and higher licking and urinating/defecating
frequencies compared to the other group with a high frequency of flehmen and lower licking and
urinating/defecating, as shown in the cluster analysis. The presence of pheromones in the stall
probably influenced the flehmen frequency, as the males invested more time in sensing the animal
marks which previously occupied the stall. In this sense, the more the animal invested in performing
the flehmen, the less often it performed other behaviours and vice-versa.

The positive correlation latencies between licking and flehmen was possibly associated with
the longer the animal takes to sense the pheromones, the longer it will take to respond by leaving its
own scent. The negative correlation of flehmen and urinating/defecating (P<0,05) could be
associated with different adaptive strategies that the animals chose when perceiving the stimulus in
the environment, influencing the more scent-behaviour the animals performed to mark the same
area. These intercorrelated behaviours are also called coping style, where the strategies to handle
stressful situations are correlate with physiological mechanisms, such as stress response and
pheromones levels (Koolhaas, et al., 1999; Cervantes and Delville, 2007).

Rubbing behaviour was object-oriented, scraping the forehead and antlers (in all stages of
growth) against the door and walls, in alternate cycles, following the pattern previously described
(Black-Décima, 2000; MacNamara and Eldridge, 1987). In our study, only two males performed
rubbing, contrasting with the other three that did not rub in eight hours of observation. Specifically,
the two male that rub, one had 20 rubbing cycles in eight hours with a short latency of less than one
minute, compared with the other male that rubs in 10 cycles with a latency of 28 minutes. These
behavioural variability among individuals could be associated with individual experiences or coping

style, as has been discussed in many ungulates studies as an adaptive strategy to feeding, movement
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and social communication (Dall et al., 2004; Hertel et al., 2020). It was also observed in the cluster
analysis of behaviours latencies, the formation of two differenced groups of shorter or longer
latencies, where males 2 and 5 started marking faster than the others, which could probably be
associated with individual variation in temperament or habituation to handling (Hertel et al., 2020).

Another example of individual variation is the rub-urinating the tarsal glands performed by
one male, pawing the ground for marking. This behaviour has been described in adult males of
white-tailed deer associated with scraping activity, that involves smelling and licking the ground,
branch and fences (Kinsell, 2010; Hirth, 1977). Thus, through tarsal glands males communicates
social status, dominance and individual recognition, specifically during nights, since deer
investigate the tarsal odor of other individuals more frequently during nocturnal periods (Muller-
Schwarze, 1971; Sawyer et al., 1993).

In this study, male 1 and male 2, walked from one wall to another, without scent-marking or
eating during pacing. This type of invariant and repetitive behaviour pattern had apparent no goal
or function, being characterized as a stereotypic pacing (Mason, 1991). Pacing is common in captive
wild animals, described it as an animal walking in a distinct, unchanging pattern within its cage,
ranging speed from slow in the exact same pattern (Novak et al. 2016; Poirier and Bateson, 2017).
Other authors reported individual variation in pacing behaviour, when studying individuals Rhesus
monkeys housed in similar environments, with different proportions of animals that paced (Lutz et
al., 2003). Need to walk, boredom, stress and brain damaged are some of the multiple causes
designed for this abnormal behaviour (Poirier and Bateson, 2017). For this reason, a great number
of people and institutions that keeps wild animals in captivity are looking for strategies to reduce
the possible causes of pacing (Vidal et al., 2016; Rose et al., 2017).

The responses of five red brocket males during eight hours after being moved to an
unfamiliar stall were characterized by common investigative and scent-marking behaviour as
smelling, walking, licking, flehmen and urinating/defecating. These marking behaviours, in addition
to approaching the understanding of red brocket behaviours in nature, could be used as a reference

to monitoring adaptation to a new outdoor or indoor environment of the species in captivity.

ACKNOWLEDGMENT
We thank NUPECCE and the ETCO Group for logistical support. This study was funded in part by
the Coordenagéo de Aperfeicoamento de Pessoal de Nivel Superior — Brasil (CAPES) — Finance
Code 001.

Brazilian Journal of Animal and Environmental Research, Curitiba, v.5, n.4, p. 3908-3921, out./dez., 2022



Brazilian Journal of Animal and Environmental Research
ISSN: 2595-573X

3918

DATA AVAILABILITY STATEMENT
The datasets generated during and/or analyzed during the current study are available from the

corresponding author on reasonable request.

COMPETING INTERESTS
The authors declare that the research was conducted in the absence of any commercial or financial

relationships that could be construed as a potential conflict of interest.

Brazilian Journal of Animal and Environmental Research, Curitiba, v.5, n.4, p. 3908-3921, out./dez., 2022



Brazilian Journal of Animal and Environmental Research
ISSN: 2595-573X

3919

REFERENCES

Allen ML, Yovovich V, Wilmers CC (2016) Evaluating the responses of a territorial solitary
carnivore to potential mates and competitors. Sci Rep 6:27257. doi:10.1038/srep27257

Azevedo, A. D. K. (2008). Anélise Comparativa do Periodo de Atividade Entre Duas Populacgdes
de Mazama americana (Veado-Mateiro). Master thesis [Universidade de S&o Paulo].
10.11606/D.91.2009.tde-17032009-082105

Black-Décima P (2000) Home range, social structure, and scent marking behavior in brown brocket
deer (Mazama gouazoubira) in a large enclosure — Mastozoologia Neotropical. J Neotrop Mammal
7:5-14

Black-Decima P, Santana M (2011) Olfactory communication and counter-marking in brown
brocket deer Mazama gouazoubira. Acta Theriol 56:179-187. doi:10.1007/s13364-010-0017-6

Bothma J du P, Le REAN (1994) Scat analysis and aspects of defecation in northern Cape leopards.
Afr J Wildl Res 24:21-25. doi:10.10520/EJC116943

Bowyer RT, Kitchen DW (1987) Significance of Scent-Marking by Roosevelt EIk. J Mammal
68:418-423. doi:10.2307/1381489

Cervantes MC, Delville Y (2007) Individual differences in offensive aggression in golden hamsters:
A model of reactive and impulsive aggression?  Neuroscience  150:511-521.
doi:10.1016/j.neuroscience.2007.09.034

Dall SRX, Houston Al, McNamara JM (2004) The behavioural ecology of personality: consistent
individual differences from an adaptive perspective. Ecol Letters 7:734-739. doi:10.1111/].1461-
0248.2004.00618.x

Dixon D (2018) Kicking up a stink: New light on the cent-marking behaviour of male fallow deer.
The Journal of the British Deer Society 40-44

Eisenberg JF, Redford KH (1989) Mammals of the Neotropics. University of Chicago Press,
Chicago

Emmons L, Feer F (1997) Neotropical rainforest mammals: a field guide, 2nd ed. University of
Chicago Press, Chicago

Henderson J, Altieri R, Miller-Schwarze D (1980) The annual cycle of Flehmen in black-tailed deer
(Odocoileus hemionus columbianus). J Chem Ecol 6:537-547. doi:10.1007/BF00987666

Hertel AG, Niemeld PT, Dingemanse NJ, Mueller T (2020) A guide for studying among-individual
behavioral variation from movement data in the wild. Mov Ecol 8:30. doi:10.1186/s40462-020-
00216-8

Hirth DH (1977) Social Behavior of White-Tailed Deer in Relation to Habitat. Wildl Monogr 3-55.

Kinsell, T. C. (2010). Scraping Behaviour in Male White-tailed Deer as a Potential Means of
Transmitting Chronic Wasting Disease. Dissertations & Theses in Natural Resources 14

Koolhaas JM, Korte SM, De Boer SF, et al (1999) Coping styles in animals: current status in
behavior and stress-physiology. Neurosci Biobehav Rev 23:925-935. doi:10.1016/S0149-
7634(99)00026-3

Brazilian Journal of Animal and Environmental Research, Curitiba, v.5, n.4, p. 3908-3921, out./dez., 2022



Brazilian Journal of Animal and Environmental Research
ISSN: 2595-573X

3920

Lutz C, Well A, Novak M (2003) Stereotypic and self-injurious behavior in rhesus macaques: A
survey and retrospective analysis of environment and early experience. Am J Primatol 60:1-15.
doi:10.1002/ajp.10075

MacNamara M, Eldridge W D (1987) Behaviour and reproduction in captive pudu (Pudu puda) and
red brocket (Mazama americana) a descriptive and comparative analysis. In: Wemmer C M (Ed.),
Biology and Management of the Cervidae. Smithsonian Institute Press pp. 371-387.

Mason GJ (1991) Stereotypies: a critical review. Animal Behaviour 41:1015-1037.
d0i:10.1016/S0003-3472(05)80640-2

Merino M L, Rossi RV (2010) Origin, Systematics, and Morphological Radiation. In: Duarte J M
B and Gonzalez S (Eds) Neotropical Cervidology, Biology and Medicine of Latin American Deer.
Funep/IUCN, Jaboticabal/Gland. pp. 2-11.

Miller-Schwarze D (1971) Pheromones in black-tailed deer (Odocoileus hemionus columbianus).
Animal Behaviour 19:141-152. doi:10.1016/S0003-3472(71)80149-5

Nogueira-Neto V, Sandoval EDP, Costa MJRP, Duarte JMB (2021) Mother and fawn interactions
in captive red brocket deer (Mazama americana) during 72 hours after birth. DSG Newsletter

Novak J, Bailoo JD, Melotti L, Wirbel H (2016) Effect of Cage-Induced Stereotypies on Measures
of Affective State and Recurrent Perseveration in CD-1 and C57BL/6 Mice. PLOS ONE
11:e0153203. doi:10.1371/journal.pone.0153203

Osborn D A, MacConnell M D (2016) The Impact of Predators on Deer in the Southest . The
University of Georgia, Warnell School of Forestry & Nature Resources, outreach publications.
Available at https://www.warnell.uga.edu/sites/default/files/publications/WSFNR-16-
51%20McConnell.pdf (accessed in March 2022).

Peres PHF, Luduvério DJ, Bernegossi AM, et al (2021) Revalidation of Mazama rufa (llliger 1815)
(Artiodactyla: Cervidae) as a Distinct Species out of the Complex Mazama americana (Erxleben
1777). Frontiers in Genetics 12:1-18

Poirier C, Bateson M (2017) Pacing stereotypies in laboratory rhesus macaques: Implications for
animal welfare and the validity of neuroscientific findings. Neurosci Biobehav Rev 83:508-515.
doi:10.1016/j.neubiorev.2017.09.010

Rivero K, Rumiz DI, Taber AB (2004) Estimating brocket deer (Mazama gouazoubira and M.
americana) abundance by dung pellet counts and other indices in seasonal Chiquitano forest habitats
of Santa Cruz, Bolivia. Eur J Wildl Res 50:161-167. doi:10.1007/s10344-004-0064-x

Rose PE, Nash SM, Riley LM (2017) To pace or not to pace? A review of what abnormal repetitive
behavior tells us about zoo animal management. J Vet Behav 20:11-21.
doi:10.1016/j.jveb.2017.02.007

Rossi R V (2000) Taxonomia de Mazama rafinesque, 1817 do Brasil (Artiodactyla, Cervidae) PhD
Thesis. Universidade de S&o Paulo.

RStudio Team (2000) RStudio: Integrated Development for R. PBC. Boston
http://www.rstudio.com/.

Sawyer TG, Miller KV, Marchinton RL (1993) Patterns of Urination and Rub-Urination in Female
White-Tailed Deer. Journal of Mammalogy 74:477-479. doi:10.2307/1382405

Brazilian Journal of Animal and Environmental Research, Curitiba, v.5, n.4, p. 3908-3921, out./dez., 2022



Brazilian Journal of Animal and Environmental Research
ISSN: 2595-573X

3921

Varela D M, Trovati R G, Guzman K R, Rossi R V, Duarte J M B (2010) Red Brocket Deer Mazama
americana (Erxleben 1777). In: Duarte J M B and Gonzélez S (Eds), Neotropical Cervidology
Biology and Medicine of Latin American Deer. pp. 151-159.

Vidal LS, Guilherme FR, Silva VF, et al (2016) The effect of visitor number and spice provisioning
in pacing expression by jaguars evaluated through a case study. Braz J Biol 76:506-510.
d0i:10.1590/1519-6984.22814

Walther FR (1984) Communication and expression in hoofed mammals. Indiana University Press,
Bloomington

Brazilian Journal of Animal and Environmental Research, Curitiba, v.5, n.4, p. 3908-3921, out./dez., 2022



