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Abstract

The activity patterns present a temporal partition of species cohabiting the same area in order
to avoid competition. Moreover, it optimizes capture efforts and provides information on the natural
history of species. Nevertheless, anthropic impacts compromise this activity by changing the patterns.
Since there is a lack of studies in the last decades, this work demonstrates and discusses the pattern of
activity of medium and large mammals in an ecological park in the south of the state of Minas Gerais,
Brazil. Photographic trapping registered two species classified as cathemeral, four as nocturnal and
two as diurnal. The predominant habit was nocturnal, which is the result of adaptive behaviors related
to predation and human actions. The results of this study show the biological importance of the region
and the need for new systematized studies focusing on the medium and large local mammal fauna,
aiming to contribute to a more comprehensive knowledge of the local biodiversity.
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Introduction

In Brazil, the state of Minas Gerais has a biodiversity favored by geocomponents, such as
watersheds, relief forms and soils that allows a variety of phytophysiognomies (DRUMMOND et al.,
2005). The Cerrado and Atlantic Forest domains, which present high mastofauna richness, with
approximately 250 known species, are considered being two hotspots in critical state of conservation
(MYERS, 2000). In these regions, a total of 40 species are threatened with extinction, especially
medium and large animals; the threaten is mainly due to deforestation (DRUMMOND et al., 2005;
LIMA; PASCIANI, 2014).

Medium and large mammals weights over one kilogram (FONSECA; ROBINSON, 1990). The
majority of the studies related to this group focuses on descriptions of alpha diversity (e.g. MACHADO
et al., 2016; MACHADO et al., 2017, among others). Nevertheless, up to date, there are no studies
related to activity patterns.

The activity patterns is part of one of the ecological niche dimensions of a species, the temporal
dimension (SCHOENER, 1974). Temporal partition of the species that cohabit the same area is a
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strategy to avoid competition, especially for species presenting similar habits (SCHOENER, 1974;
KRONFELD-SCHOR; DAYAN, 2003). Therefore, animals are rarely active every night and day, as
they alter their patterns between activity and rest (PEREIRA et al., 2016). When active, species can
forage, seek sexual partners and defend their territory. As for the resting state, the animals prepare
themselves for a new active period (HALLE; STENSETH, 2000).

Determining the activity period can optimize capture efforts, which is relevant information for the
knowledge of the natural history of a given region (NASCIMENTO et al., 2004). However, anthropic
impacts compromise the activity (GOMEZ et al., 2005; ALFONSO-REYES, 2013), since they alter
their rhythmic patterns according to environmental modifications (GRIFFITHS; VAN-SCHAIK, 1993;
GOMEZ et al., 2005; ALFONSO-REYES, 2013).

Studies that seek to understand the activity patterns and sharing time of mamals have not
been the focus in recent decades (KRONFELD-SCHOR; DAYAN, 2003). Therefore, this paper aimed
to determine the activity patterns of medium and large mammals, and also to contribute to the
knowledge of species composition at an ecological park. It is hypothesized that, since the study area
is preserved, the species can modify their activity patterns when compared with other published
studies.

Material and methods

Study area

The present study was conducted at Quedas do Rio Bonito Ecological Park (PEQRB), located
in Lavras city, Minas Gerais State, Brazil (coordinates 21°19'45" S, 44°59'00" W, 1,235 m of
altitude). The park, which has an area of 235 hectares, is a private property open to the public.
It extends over a region of mountains covered by a fluvial tropical forest, near Serra do Carrapato,
which represents a disjunction of Serra do Espinhaco. The property is maintained by the Abraham
Kasinski Foundation, and constitutes the largest green area of Lavras. In the park, there is a mosaic
of phytophysiognomies due to the history of forest fires and the removal of wood over the years
(OLIVEIRA-FILHO; FLUMINHAN-FILHO, 1999).

The region is located between the Cerrado and the Atlantic Forest biomes, and it presents
the following phytophysiognomies: Semideciduous Alluvial, Semideciduous Seasonal Forest in high
montain, Cerrado, Candeia, Rupestrian Fields and high mountain fields (SANTOS et al., 2016). Vilas
Boas stream is responsible for the local drainage and its source is within the borders of the reserve.
This water course is approximately 17 km long and flows into Capivari river, on the border between
the municipalities of Lavras and Itumirim. According to the classification of Képpen, the climate is
Cwa, with average annual rainfall of 1,460 mm. The annual average temperature is 20.4 °C, ranging
from 17 °C to 23 °C (SANTOS et al., 2016).

Data collection

The survey of the medium and large mammal fauna of the PEQRB was carried out during ten
months, from March to December 2016, covering dry and rainy periods. Photographic traps were
distributed in eight forest habitat points in duplicates. Each photographic trap was in shooting mode
for 24 hours/day, with duration of 10 seconds and intervals of 30 seconds between recordings. In
each area where a camera was installed, visits took place at every 10 days, when data were collected
from memory cards and stored separately per visit and per camera. The cameras had a horizontal
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angle of approximately 90° and a vertical angle of 30°. For image quality, the cameras were installed
at a height of 5-10 cm from the ground, in shaded areas. Photographs were captured in the presence
of movement or body heat.

The sample effort was calculated by means of the number of photographic traps times the
number of hours of operation (SRBEK-ARAUJO; CHIARELLO, 2005). Photographic records were
considered independent when the interval between photographs of the same photographic-trap for
the same species was one hour or more (SRBEK-ARAUJO; CHIARELLO, 2013). Therefore, during the
entire study period, a sampling effort of 14,400 hours and a total effort of 57,600 hours were used
for each area. Native species were identified according to Paglia et al. (2012) and exotic species were
identified according to Gentry et al. (2004).

Conservation statuses followed the International Union for Conservation Nature (IUCN, 2015)
for endangered species at a global level, Brazil (2014) for threatened species at the national level, and
the State Environmental Policy Council (COPAM) (2010) for threatened in the state of Minas Gerais.

Data analysis

The cameras were set to record the day, hour and minute of each image. Thus, it was possible
to obtain the number of records per species as well as their activity schedules.

The activity pattern of the registered species was elaborated from frequency histograms,
considering 24 hours. Rose diagrams were used for species whose number of records was sufficient
to obtain the Watson’s U2 test. The rose diagrams representing the period of activity of each species
were created according to Kovach (2011). The Watson’s U2 test assumes a null hypothesis that
the data distribute evenly around the circular mean. The analysis were performed using Oriana 4.0
software (KOVACH, 2011).

The criterion recommended by Gomez et al. (2005) was used to characterize the recorded
species in relation to their activity period, as follows:

* Upto 70 % of records in the daytime period: daytime species.

e With 30 to 70 % of nocturnal records: cathemeral species (active during the day and

during the night).

e Upto 70 % of nocturnal records: nocturnal species.

Results

Thirteen species of medium and large mammals were recorded: 12 native species and one
exotic species, belonging to seven orders and ten families (TABLE 1). Two species are classified
into threat categories (vulnerable) by the Brazilian Ministry of Environment (2014): Chrysocyon
brachyurus (Illiger, 1815) and Herpailurus yagouaroundi (Geoffroy, 1803).
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Table 1. List of species, common names and conservation category according to the Brazilian Ministry of
Environment, COPAM and IUCN at Quedas do Rio Bonito Ecological Park, state of Minas Gerais, Brazil.

Taxon Common name COPAM MMA IUCN
DIDELPHIMORPHA DIDELPHIDAE

Didelphis  aurita (Wied-Neuwied, Big-eared opossum - - -
1826)

CINGULATA DASYPODIDAE
Euphractus  sexcintus  (Linnaeus, Six-banded - - -

1758) armadillo

Dasypus sp. - - -
ARTIODACTYLA TAYASSUIDAE

Pecari tajacu (Linnaeus, 1758) Collared peccary Vulnerable - -

PRIMATES CALLITRICHIDAE
Callithrix penicillata (E. Geoffroy, Black-tufted - - -

1812) marmoset
CARNIVORA
CANIDAE
Canis lupus familiaris Linnaeus, Domestic dog - - -
1758
Chrysocyon brachyurus (llliger, 1815) Maned wolf Vulnerable Vulnerable Almost
endangered

FELIDAE
Leopardus pardalis (Linnaeus, 1758) Ocelot Vulnerable - -
Herpailurus yagouaroundi (Geoffroy, Jaguarundi Vulnerable - -
1803)
MUSTELIDAE
Eira barbara (Linnaeus, 1758) Tayra - - -
PROCYONIDAE
Nasua nasua (Linnaeus, 1766) South American - - -

coati

LAGOMORPHA LEPORIDAE

Sylvilagus  brasiliensis  (Linnaeus, Tapeti - - -
1758)

RODENTIA
CUNICULIDAE

Cuniculus paca (Linnaeus, 1766) Lowland paca - - -

* COPAM = State Environmental Policy Council; IUCN = International Union for Conservation Nature; MMA = Brazilian Ministry of
Environment.

Source: Elaborated by the authors (2019).

Although this study recorded 13 species (FIGURE 1), it was possible to analyze the activity
pattern of only eight species: Canis lupus familiaris Linnaeus, 1758 (448), Cuniculus paca (Linnaeus,
1766) (67), Chrysocyon brachyurus (llliger, 1815) (13), Didelphis aurita (Wied-Neuwied, 1826)
(81), Eira barbara (Linnaeus, 1758) (128), Leopardus pardalis (Linnaeus, 1758) (10), Nasua
nasua (Linnaeus, 1766) (128) and Sylvilagus brasiliensis (Linnaeus, 1758) (24) (FIGURE 2). The
classification of the activity period and uniformity in the distribution of the records (Watson's test)
were performed according to the classification of the phases of the day. Canis lupus familiaris and L.
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pardalis are classified as cathemeral species, while C. paca, C. brachyurus, D. aurita and S. brasiliensis
are classified as nocturnal. Only E. barbara and N. nasua are classified as diurnal (TABLE 2).

Figure 1. Activity patterns of six species at Quedas do Rio Bonito Ecological Park, state of Minas Gerais, Brazil.
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Table 2. Total number of records per species, distribution of records between periods of the day, classification
of activity period and distribution uniformity (Watson’s test) for medium and large mammals at Quedas do Rio
Bonito Ecological Park, state of Minas Gerais, Brazil

Number of Records
Taxon Total Diurnal Classification Vector R
Nocturnal

p value
(Watson'’s test )

Canis lupus familiaris Linnaeus, 1758 448 289 159 Cathemeral 0.248 < 0.005 *

Cuniculus paca (Linnaeus, 1766) 67 10 57 Nocturnal 0.698 < 0.005 *
Chrysocyon brachyurus (llliger, 1815) 13 3 10 Nocturnal 0.393 > 0.5
Didelphis —aurita  (Wied-Neuwied, g, 47 gg Nocturnal 0.726 < 0.005 *
1826)

Eira barbara (Linnaeus, 1758) 128 114 14 Diurnal 0.637 < 0.005 *
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Number of Records

Taxon Total Diurnal Classification Vector R p va'/ ue
(Watson’s test )
Nocturnal
Leopardus pardalis (Linnaeus, 1758) 10 03 07 Cathemeral 0.109 > 0.5
Nasua nasua (Linnaeus, 1766) 128 121 07 Diurnal 0.633 < 0.005 *
Sylvilagus  brasiliensis  (Linnaeus, o 01 23 Nocturnal 0.637 < 0.005 *

1758)

* p values with high statistical significance, indicating a non-uniform distribution in the activity period.

Source: Elaborated by the authors (2019).

Figure 2. Activity patterns of seven species at Quedas do Rio Bonito Ecological Park, state of Minas Gerais, Brazil.
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The rose diagrams represent the activity period of the species, in which every circular range
presents areas proportional to the frequency of records. The arrows indicate the time the species
presented greater activity (FIGURES 3; 4).

Figure 3. Rose diagram for the activity period of four species at Quedas do Rio Bonito Ecological Park, state of
Minas Gerais, Brazil.
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Figure 4. Rose diagram for the activity period of four species at Quedas do Rio Bonito Ecological Park, state of
Minas Gerais, Brazil.
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Discussion

The activity patterns of medium and large mammals of the present work corroborated other
studies for N. nasua, E. barbara, C. paca, C. brachyurus and S. brasiliensis (CIOCHETI, 2007;
MICHALSKI; NORRIS, 2011; LIRA-TORRES; BRIONES-SALAS, 2012; LUNA, 2014; ROCHA, 2015;
PINHEIRO, 2015; SANTIAGO, 2015; PEREIRA et al., 2016; NODARI, 2016). Cuniculus paca was
classified as nocturnal, differing from the results observed by Luna (2014). Their predominantly
nocturnal behavior (MICHALSKI; NORRIS, 2011; BRAVO; SONTIN, 2012; MORENO; IRINEO, 2013)
is associated with behavioral plasticity, since they fit different levels of local impact (MICHALSKI,
NORRIS, 2011; LUNA, 2014; BLAKE et al., 2013). L. pardalis, which is classified as cathemeral in
the present study, differed from the other studies in which it was classified as nocturnal (MAFFEI et
al., 2005; GOMEZ et al., 2005; DI BITETT! et al., 2006; TOBLER et al., 2009; DI BITETTI et al.,
2010; BLAKE et al., 2012; CORTES-MARCIAL; BRIONES-SALAS, 2014).
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Body size directly influences the pattern of species activity. The smaller mammals tend to be
nocturnal, as an antipredatory strategy, whereas the larger mammals tend to be cathemeral since they
have greater energetic requirements (SCHAIK; GRIFFITHS, 1996; GOMEZ et al., 2005; OLIVEIRA-
SANTOS et al., 2013; NODARI 2016). The results suggest that assertion is true, since cathemeral
species were the largest species (L. pardalis and C. familiaris). On the other hand, nocturnal species
presented a smaller size (S. brasiliensis, D. aurita and C. paca), with the exception of C. brachyurus,
which has a large size, but with nocturnal habits.

Felines are the animals that suffer the most negative effects of human activities (LUNA, 2014).
Leopardus pardalis has its activity pattern altered and confined to some period of the day. Previous
studies have shown similar results (SCOGNAMILLO et al., 2003; DI BITETTI et al., 2010). They use
the day because they need a high energy demand, so they present a pattern of cathemeral activity
without anthropic disturbances (MAFFEI et al., 2004; GOMEZ et al., 2005; NOSS et al., 2009;
HARMSEN et al., 2009, 2011). In anthropic areas, these animals show a change in the activity
pattern to avoid periods of greater human activity (DI BITETTI et al., 2008). This shows the study
area has aspects of preserved area and the pattern described here is the result of an evolutionary
pressure: interspecific competition (GOMEZ et al., 2005; NODARI, 2016).

Other carnivores tend to have a period of activity strongly related to the activity period of
their prey (VAUGHAN, 1986). Chrysocyon brachyurus are notorious predators of small mammals
(NASCIMENTO et al., 2004) and, because of this fact, they have nocturnal habit. In this study, it
was observed the presence of fruits, invertebrates and small vertebrates (NASCIMENTO et al., 2004;
PINHEIRO, 2015).

Holistically, predatory and prey animals present temporal segregation. Predators tend to have
longer activity periods during the day, while prey are basically nocturnal. However, there is a small
overlap in twilight periods, which may favor interspecific interactions such as predation. The condition
of the environment favors the occurrence of this heterogeneous community (SANTOS et al., 2016)
and agonistic interactions, favoring environmental equilibrium (as predicted by PAINE, 1966, when
considering the bottom-up and top-down effects in complex trophic networks).

Conclusion

It is concluded the predominant habit of the species was nocturnal, which is the result of
adaptive behaviors due to the pressure of predation and human actions. It is reiterated the high
biological importance of the study area and the need to conduct new studies with a focus on the
medium and large size mastofauna, aiming to contribute to a more comprehensive knowledge. In
addition, a larger sampling effort might facilitate new records, even for species with few or no records.
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Periodos de atividades de mamiferos no Parque Ecologico
Quedas do Rio Bonito, Lavras, Minas Gerais, Brasil

Resumo

O periodo de atividade apresenta uma particao temporal das espécies que coabitam uma
mesma area para evitar a competicdo, além disso, otimiza os esforcos de captura e aumenta o
conhecimento da histéria natural das espécies. Os impactos antropicos comprometem essa
atividade, pois alteram seus padroes; mesmo assim, estudos desse tema nao estiveram no foco de
pesquisas nas Ultimas décadas. Portanto, este trabalho demonstra e discute o padrao de atividade
de mamiferos de médio e grande porte em uma reserva ecoldgica no sul de Minas Gerais. Por meio
de armadilhamento fotogréafico, duas espécies foram classificadas como espécies catemerais, quatro
como noturnas e outras duas como diurnas. O habito predominante foi o noturno, que é resultado de
comportamentos adaptativos a presséo de predacao e acoes humanas. Reitera-se que os resultados
evidenciam a importancia bioldgica da regiao e a necessidade de novos estudos sistematizados com
foco na mastofauna local de médio e grande porte, objetivando contribuir para um conhecimento
mais abrangente da biodiversidade local.

Palavras-chave: Padrao de atividade. Comportamento. Atividade funcional.
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