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Abstract

Between July 2014 and April 2015, we conducted weekly inventories of the circadian activity patterns of mammals in Passo
Novo locality, municipality of Alegrete, southern Brazil. The vegetation is comprised by a grassy-woody steppe (grassland).
We used two camera traps alternately located on one of four 1 km transects, each separated by 1 km. We classified the
activity pattern of species by the percentage of photographic records taken in each daily period. We identify Cuniculus
paca individuals by differences in the patterns of flank spots. We then estimate the density 1) considering the area of
riparian forest present in the sampling area, and 2) through capture/recapture analysis. Cuniculus paca, Conepatus chinga
and Hydrochoerus hydrochaeris were nocturnal, Cerdocyon thous had a crepuscular/nocturnal pattern, while Mazama
gouazoubira was cathemeral. The patterns of circadian activity observed for medium and large mammals in this Pampa
region (southern grasslands) may reflect not only evolutionary, biological and ecological affects, but also human impacts
not assessed in this study. We identified ten individuals of C. paca through skin spot patterns during the study period, which
were recorded in different transects and months. The minimum population density of C. paca was 3.5 individuals per km?
(resident animals only) and the total density estimates varied from 7.1 to 11.8 individuals per km?, when considering all
individuals recorded or the result of the capture/recapture analysis, respectively.

Keywords: abundance, circadian activity, camera trap, terrestrial mammals, south grasslands.

Padrao de atividade de mamiferos de médio e grande porte e estimativa da
densidade de Cuniculus paca (Rodentia: Cuniculidae) no Pampa brasileiro

Resumo

De julho de 2014 a abril de 2015, realizamos levantamentos semanais para estudar padrdes de atividade circadiana
da mastofauna na localidade de Passo Novo, Alegrete, sul do Brasil. A vegetagdo ¢ compreendida por savana estépica
(campo). Utilizamos duas armadilhas fotograficas distribuidas alternadamente ao longo de quatro transectos, com
extensdo de 1 km e distantes cerca de 1 km entre si. Nos classificamos o padrao de atividade das espécies através da
percentagem de fotos registradas em cada periodo diario. Nos identificamos individuos de Cuniculus paca através dos
diferentes padrdes de manchas nos flancos dos animais. Nos entdo estimamos a densidade 1) considerando a area de
floresta riparia presente na area amostrada, e 2) através da analise de captura/recaptura. As espécies Cuniculus paca,
Conepatus chinga e Hydrochoerus hydrochaeris foram classificadas como noturnas, Cerdocyon thous apresentou um
padrdo crepuscular/noturno, enquanto Mazama gouazoubira foi classificada como catemeral. O padréo de atividade
circadiana observado para os mamiferos de médio e grande porte nessa regido do Pampa (campos sulinos) pode
refletir ndo s6 aspectos evolutivos, biologicos e ecoldgicos, mas também impactos humanos nio avaliados nesse
estudo. Através do padrdo de manchas da pelagem de C. paca nés identificamos dez individuos durante o periodo
de estudo, que foram registrados em diferentes transectos e meses. A densidade populacional minima de C. paca foi
de 3,5 ind/km? (apenas individuos residentes) e a densidade total variou de 7,1 a 11,8 ind/km?, quando consideramos
todos os individuos registrados ou com base em analises de captura e recaptura, respectivamente.

Palavras-chave: abundancia, atividade circadiana, armadilha fotografica, mamiferos terrestres, campos sulinos.
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1. Introduction

The activity pattern of a species is an important aspect
of'its ecology, reflecting physiological characteristics and
ecological interactions (Tobler et al., 2009; Norris et al.,
2010; Blake et al., 2012). The activity rthythm of most
species is regulated by endogenous biogeochemical processes
that are mostly stimulated by cyclical environmental
variations, such as the daily photoperiod (Dibner et al.,
2010). In general, species regulate their activity according
to the daily light-dark cycle and may specialize in a
particular period. This allows their classification as diurnal
or nocturnal, crepuscular or even cathemeral (Mistlberger
and Antle, 2011).

The circadian rhythms of mammals may also be affected
by factors other than light, including food availability and
social stimulus, competition, predation and maternal behavior
(Mistlberger and Skene, 2004). Human disturbances, such
as habitat fragmentation, tourism and hunting, can also
be important factors in determining mammalian activity
pattern (Kitchen et al., 2000; Martin and Reéale, 2008;
Norris et al., 2010). Consequently, variations in activity
pattern among populations may represent strategies adopted
by individuals to deal with locally limiting factors, such as
ecological interactions, environmental cues and different
intensities of threat.

Brazil has one of the highest mammal diversities in the
world, with more than 700 species known (Paglia et al.,
2012). According to Costa et al. (2005), 13% of the
66 threatened species in Brazil occur in the Pampa Biome.
This region is dominated by grasslands and has been used
for many generations for raising livestock. Currently, the
main impacts include the expansion of soybean cultivation
and silviculture based on Pinus spp. and Eucalyptus spp.
(Hasenack and Cordeiro, 2006). Despite this wide array
of threats, mammal surveys in the Brazilian Pampas are
limited (Kasper et al., 2012a, b; Pinto and Duarte, 2013;
Espinosa et al., 2016), especially regarding mammalian
ecology and activity patterns.

The recent discovery of Cuniculus paca (Linnaeus, 1766)
in the Pampas (Leuchtenberger et al., 2016) underscores
how poorly known is the mammalian assemblage of this
biome. Although the species is widespread in Central and
South America, it is threatened by hunting and habitat loss
in some regions (Gudynas, 1989; Beck-King et al., 1999;
Wright et al., 2000; Emmons, 2016). Cuniculus paca is
one of the World’s largest rodents, measuring about 70 cm
long and weighting up to 10 kg (Silva, 2014). The species
has a compact and sturdy body, a naked and short tail.
Dorsal pelage ranges from red brown to dark chocolate
with white spots on the flanks (Pérez, 1992). Variations in
the patterns of which can be used to identify individuals
(Foster and Harmsen, 2011). Studies of C. paca activity
patterns are limited (Michalski and Norris, 2011), and no
standardized methodology exists to provide accurate census
information; consequently population density estimates
range from 3.5 to 93 ind/km? (Emmons, 1987; Eisenberg
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and Redford, 1999; Aquino et al., 2009; Santos-Moreno
and Perez-Irineo, 2013; Patton, 2015).

Given the lack of information about activity patterns
of mammals in the Brazilian Pampa, especially C. paca,
and the importance of this knowledge for conservation
management, the objectives of this study were to analyze
the circadian activity pattern of medium- and large-sized
mammals in a typical Pampa region in the southern Brazil,
and to infer information about C. paca population density.

2. Material and Methods
2.1. Study areas

The study was conducted at the Passo Novo region in the
municipality of Alegrete, Rio Grande do Sul State, southern
Brazil (Figure 1). The study area (29°41°49”S, 55°32°117°0)
is located in the Pampa Biome, according to IBGE (2004).
The Pampa domain extends about 176,500 km? within the
Brazilian territory, and comprises 63% of the land surface
of Rio Grande do Sul State (IBGE, 2004). The climate is
temperate wet with warm summers (Cfa, Koppen, 1948), and
the landscape is comprised of extensive grasslands plains
with some undulations and hills of silicified sandstone.

Vegetation of the study site is classified as grassy-woody
steppe (native grassland), modified by constant cattle
pasture pressure. Forested areas are limited to riparian
vegetation composed of Seasonally Deciduous Alluvial
vegetation (IBGE, 2012). The survey was conducted along
the riparian forest of the Lajeado Grande Stream.

2.2. Data collection

A survey of medium and large mammals was
conducted from July 2014 to April 2015 using two camera
traps (Bushnell® Trophy Cam tm, model: 119436c¢).
We established four consecutive transects of 1 km
length and 1 km distant from each other. Each transect
was sampled for a week per month, during 10 months,
with cameras positioned 200 to 400 meters from each
other. So, each transect was sampled 10 times with two
cameras. This arrangement resulted in a sample effort of
534 trap nights. Camera traps were configured to take
three sequential records when activated, with a minimum
interval between events of 30 seconds. The camera traps
remained active along 24 hours a day, and we did not use
bait during sampling.

2.3. Data analysis

Activity patterns of surveyed species were analyzed using
images of the same species taken at intervals of > 1h from
each transect. To establish activity patterns, we analyzed
the temporal patterns of records using Oriana 4.0 software
(Kovach, 2011). Analysis was restricted to species with
more than 10 independent photographic records.

We classified each photographic record as diurnal,
nocturnal or crepuscular according with the time of local
sunrise and sunset, using Moonrise 3.5 software (Sidell, 2002).
We adapted the system proposed by Gémez et al. (2005)
and classified the activity pattern of each species based
on the percentage of independent records in each period:
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Figure 1. Map of the study area, showing the location of camera trap stations along four transects (T1 - T4) to survey
medium- and large-sized mammals in a Pampa region, southern Brazil. The white areas on the map represent native grassland.

diurnal (>70% of records occurring during the day),
nocturnal (>70% of records during the night), crepuscular
(from 50 to 60% of records during crepuscular periods),
crepuscular/nocturnal (from 60 to 70% of records during
the night and crepuscular periods), crepuscular/diurnal
(from 60 to 70% of records during the day and crepuscular
periods) or cathemeral, when records were randomly
distributed along the daily cycle. Following Goémez et al.
(2005), crepuscular records were those occurring within
1h before or after sunrise or sunset.

To estimate the abundance of C. paca all non-sequential
photographs at intervals >15min were analysed.
Individuals were identified by the differences in the
patterns of flank spots, which are individually unique.
Such methods are commonly used for studying species
with variable natural coat markings, including large cats
(e.g. tiger, Panthera tigris (Linnaeus, 1758), Karanth,
1995; Karanth and Nichols, 1998; jaguar, Panthera onca
(Linnaeus, 1758), Silver et al., 2004; Soisalo and Cavalcanti,
2006; Paviolo et al., 2008) and smaller species (e.g. ocelot
Leopardus pardalis (Linnaeus, 1758), Bitetti et al., 2009;
Kasper et al., 2015, and Geoffroy’s cat, Leopardus geoffroyi
(D’Orbigny & Gervais, 1844; Cuellar et al., 2006).
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Consequently, it was possible to count the number
of individuals and also to record where and when they
were located. We just used photographs of the right flank
of the animals, since this was the most recorded side and
each survey station had just a single camera. Images that
did not permit accurate spot pattern identification were
discarded. Estimates therefore represent the minimum
number of individual C. paca present at the study site
during the sampling period.

For density estimation, we considered two premises:
1) C. paca is restricted to riparian forest (although individuals
may use peripheral environments when moving between
riparian sites); and; 2) the probability that individuals
resident at the study site will not be detected during the
sample period is low.

Considering that sampling units (transects) were
separated by 1,000 m, we assumed a buffer zone of 500 m
around each camera trap. In doing so, we assume that
those individuals that use a linear home range smaller or
equivalent to 500 m will be recorded at least once by one
camera. The linear extension of riparian forest sampled
was 4,220 m, considering the linear distance between
the transect 1 and the transect 4. We added a buffer
zone of 500 m (that represents a half distance between
consecutive transects) before the transect 1 and after the
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transect 4 to obtain an effective sampled area, resulting
in a total linear extension of 5,220 m. According with
our first premise, we measured the area of riparian forest
present in the sampling area, using Google Earth (Google
Llc., 2013) and the extension Earth Point KML Shapes,
which resulted in an area of 0.85 km?. We then estimated
the minimum density of C. paca, using the number of
individuals identified over the sampling period and the
total extent of riparian forest cover within the study
site. The camera trap images also allowed us to estimate
movements for individuals recorded on more than one
transect. Since the number of individuals recorded varied
during each month, we also measured a monthly population
density. However, although the camera stations were not
equidistantly distributed spatial and temporal conclusion
should be considered with caution.

Considering the population to be closed (Otis et al.,
1978), we used capture/recapture analysis to estimate
abundance during two periods of three consecutive months.
However, due to the low rates of captures and recaptures,
the deployed metric has low resolution power and our
estimates should be considered carefully. We estimated
population abundance using the Lincoln Petersen model, as
modified by Schnabel for multiple occasions (Krebs, 1999).

3. Results

3.1. Activity pattern

We obtained 129 photographic records of 10 mammal
species of seven orders, of which the Carnivora was the
most represented (Table 1). The most frequently recorded

species were: Cuniculus paca (n = 52), Hydrochoerus
hydrochaeris (Linnaeus, 1766) (n=23), Cerdocyon thous
(Linnaeus, 1766) (n= 17), Mazama gouazoubira (G. Fischer
[von Waldheim], 1814) (n = 10) and Conepatus chinga
(Molina, 1782) (n =10, Table 1).

Cuniculus paca, C. chinga and H. hydrochaeris were
classified as nocturnal. C. thous as crepuscular/nocturnal,
and M. gouazoubira as cathemeral (Table 1).

The highest number of records for Cuniculus paca
occurred between 01h0Omin and 05hOOmin (N=47:
90.4%), with just five records from the crepuscular period
(Figure 2A, Table 1). H. hydrochaeris had a bimodal
activity pattern, with most images between 19h00min and
22h00min and 04h00min to 06h00min, plus two records
at 10h00min (Figure 2B). Cerdcyon thous was recorded
between 00h0Omin and 08h00min, with some scattered
records at 18h00min and at 20h00min (Figure 2C), while
M. gouazoubira was active throughout the circadian cycle,
though with a larger number of records at 10h00min
(Figure 2D). Conepatus chinga was recorded between
21h00min and 08h00min (Figure 2E).

3.2. Density estimates

For density estimates of C. paca we analysed
67 photographic records, of which 34 (51%) permitted
accurate identification of 10 individuals. Most individuals
recorded (N = 9) occurred on just one transect (Table 2),
though one was recorded on two transects within a linear
distance of 1,140 m. Of the ten individuals recorded,
seven were registered during just 1 to 2 months and were

Table 1. Classification of the circadian activity pattern of medium and large wild mammals surveyed with camera traps at
Passo Novo, Alegrete municipality, southern Brazil. Nomenclature and taxonomic arrangement follow Paglia et al. (2012).

(N = number of independent photographic records).

Taxon Percentage of Records (%) ..
(Order and Species) Diurnal Cgrepuscular Nocturnal N Activity Pattern
Didelphimorphia
Didelphis albiventris (Lund, 1840) 25.0 75.0 4
Pilosa
Tamandua tetradactyla (Linnaeus, 1758) 100 1
Cingulata
Dasypus novemcinctus (Linnaeus, 1758) 11.1 88.9 9
Artiodactyla
Mazama gouazoubira 50.0 10.0 40.0 10 Cathemeral
(G. Fischer [von Waldheim], 1814)
Carnivora
Cerdocyon thous (Linnaeus, 1766) 353 64.07 17 Crepuscular/nocturnal
Conepatus chinga (Molina, 1782) 10.0 10.0 80.0 10 Nocturnal
Procyon cancrivorus (G.[Baron] Cuvier, 1798) 100 2
Lagomorpha
Lepus europaeus (Pallas, 1778) 100 1
Rodentia
Hydrochoerus hydrochaeris (Linnaeus, 1766) 43 17.4 73.9 23 Nocturnal
Cuniculus paca (Linnaeus, 1766) 9.6 90.4 52 Nocturnal
Total 129
700 Braz. J. Biol., 2018, vol. 78, no. 4, pp. 697-705
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Figure 2. Circular distribution of records of medium and large mammals in a region of the southern Brazilian Pampa:
A) Cuniculus paca (n = 52); B) Hydrochoerus hydrochaeris (n = 23); C) Cerdocyon thous (n = 17); D) Mazama gouazoubira
(n=10); E) Conepatus chinga (n = 10). The black bars represent the number of independent photographic records (n) per hour.

Table 2. Records of ten individuals (ID) of Cuniculus paca by camera trap surveys from July 2014 to April 2015 in a
riparian forest at the Passo Novo, Alegrete municipality, southern Brazil. Roman numerals represent those transects in which
individuals were recorded and the number of records are given in parenthesis.

D 2014 2015
Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun

1 1I(02) 11 (02)

2 II(01) T1I(01)

3 11 (09)

4 1I(01)

5 11 (01)

6 IV (03) II(02) IV (02) v (01)
7 IV (01) IV (01)

8 11 (05)

9 1T (01)

10 1(01)
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considered transients. Three individuals were recorded
during 4, 6 and 8§ months and where considered to be
residents (Table 2). Therefore, if only resident individuals
are considered, the minimum density of this population
during the monitoring period was 3.5 individuals per km?.
For the two sampling periods (2014 and 2015), and including
transient individuals, the estimated density varied from
7.1 to 8.2 ind/km?. Using only the number of individuals
recorded monthly at the study site, the minimal average
density was 2.4 ind/km? (SD = 1.67).

We calculated population abundance for two three-month
periods (July-September 2014 and January-March
2015). During each period we recorded five individuals.
Capture/recapture analysis produced a population estimate
of 8 and 10 individuals for each period, respectively.
These estimates allowed us to calculate respective densities
0f 9.4 and 11.8 individuals per km?.

4. Discussion

In the present study, most species were recorded more
frequently at night. Cuniculus paca was the most frequent
recorded species. The nocturnal pattern observed for C. paca
in the study area is in line with that reported by other studies
(Donadio et al., 2001; Gémez et al., 2005; Michalski and
Norris, 2011; Blake et al., 2012; Kasper et al., 2012b;
Huck et al., 2013), although Pérez (1992) had suggested
a crepuscular habit for the species. At Passo Novo, most
activity was recorded between 01h0Omin and 05h00min,
with just five crepuscular records. This variation in activity
may be related to regional differences.

Hydrochoerus hydrochaeris had a nocturnal activity
pattern, with 17% of the records occurring during the
crepuscular period. Data from other studies have found
activity patterns that ranged from nocturnal (Rinaldi, 2014) to
cathemeral (Rinaldi, 2014; Foster et al., 2013; Gomez et al.,
2005). Rodrigues (2013) observed a relationship between
capybaras activity pattern and thermal conditions. In the
Pantanal, the species presented peaks of activity during the
day and in the early evening, probably to avoid predation
risk by the nocturnal Panthera onca and Puma concolor
(Linnaeus, 1771) (Foster et al., 2013).

Cerdocyon thous showed a crepuscular/nocturnal
activity pattern, with a higher concentration of records
at night. The species is described as nocturnal by many
authors (Courtenay and Maffei, 2004; Vieira and Port,
2007; Bitetti et al., 2009; Tortato and Althoff, 2009;
Faria-Corréa et al., 2009), but it is also known to forage
during the day (Brady, 1979; Nascimento et al., 2004),
since its activity seems to be correlated with the activity of
prey. In areas with sympatry with Lycalopex gymnocercus
(G. Fischer, 1814), both species may segregate their
activity patterns to avoid encounters (Vieira and Port, 2007,
Bitetti et al., 2009). Although L. gymnocercus was not
recorded in the present study, its occurrence was expected
as it is known for the region (Kasper et al., 2012a).

Mazama gouazoubira had a cathemeral activity pattern.
This has also been observed by Gomez et al. (2005) in
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the Amazon. The cathemeral pattern is expected for such
herbivorous mammals, as the strategy guarantees energetic
requirements based on a low quality diet (Donati et al.,
2007). However, M. gouazoubira has been recorded being
primarily diurnal in the Pantanal (Chiaravalloti et al.,
2010), Amazonian Peru (Tobler et al., 2009) and Ecuador
(Blake et al., 2012). At these sites this may represent
a strategy to avoid resources competition with other
cervids, such as Mazama americana (Erxleben, 1777)
(Tobler et al., 2009).

The nocturnal pattern of C. chinga reported in this study
was also observed by a telemetry study of the species in the
Brazilian Pampa region (Kasper et al., 2012b). The same
authors reported an activity focus between 20h00min and
03h00min, with activities beginning after sunset and ending
near sunrise. The few records observed at the beginning of
the day in our study may represent individuals returning
to their dens, where they may remain throughout the day
(Kasper et al., 2012b).

Considering that the circadian cycle of animals is
regulated by periodic signals, such as the daily light-dark
cycle and that the Pampa represents the southern limit of the
distribution of many species, such as jaguar, tapir, margay,
crab eating fox and agouti (Redford and Eisemberg, 1992),
the longer nocturnal period in this region (at least during
the austral winter) may affect species activity patterns.
However, other factors, such as food availability and
social interactions, can also affect the biological clock of
some species (Mistlberger and Skene, 2004; Mistlberger
and Antle, 2011). The study area is known to be under
high hunting pressure (Peters et al., 2011), which may
also affect the activity patterns of the sampled species
(Kitchen et al., 2000; Vieira and Port, 2007; Martin and
Reale, 2008; Norris et al., 2010). Consequently, the activity
pattern observed for some medium and large mammals in
the Pampa region may be related not just to evolutionary,
biological and ecological aspects (Bitetti et al., 2009;
Tobler et al., 2009; Chiaravalloti et al., 2010; Foster et al.,
2013), but also to human impacts not measured here.

Cuniculus paca is considered an important game animal
throughout its range (Emmons, 2016), and hunting can
affect the density of local populations (Valsecchi et al.,
2014). Methods for density estimation for this species
have not been standardized, generating densities estimates
varying from 3.5 individuals/km? in Peru (Emmons, 1987)
to 93 individuals/km? (Beck-King et al., 1999) in Costa
Rica. Several studies report C. paca in high abundance, such
as Santos-Moreno and Perez-Irineo (2013) and Eisenberg
and Thorington (1973) but it seems unrealistic compared
to our study area. A possible explanation, suggested by
Beck-King et al. (1999), linked high C. paca abundance
to high fruit availability. Our study site is located in a
temperate zone, at the limit of species distribution, were
fruits are scare comparing to tropical forests. In the
present study we estimated a minimal density of C. paca
of 3.5 ind/km?. Since we used only resident individuals,
this is a conservative estimate, although we assumed we
have recorded all transient individuals during the survey.
When recalculated using all individual recorded, density
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estimations varied from 7.1 to 8.2 individuals per km?.
Based on capture/recapture analysis, local C. paca population
size could range from 9.4 to 11.8 individuals depending
on the time period. However, these estimations should be
considered with caution, because capture and recapture
rates are statistically limited. Aquino et al. (2009) showed
that human hunting pressure is an important variable in
determining agouti abundance. Considering that hunting
commonly occurs in the Pampas’ region (Peters et al.,
2011), and agouti is considered an important game species
(Aquino et al., 2009; Valsecchi et al., 2014; Emmons,
2016), the low density of this species recorded at the
study site may indicate a response to long-term intensive
hunting pressure, but more studies are needed to evaluate
the impact of hunting on the maintenance of this species
and other wildlife populations in the Pampa.

Most individuals were recorded in a single transect,
which could be a response of habitat preference, since this
site was located in the most extensive block of riparian
vegetation at the study area. However, we should also consider
that the transects were not sampling simultaneously and
the virtual preference of a transect may also be an effect
of the temporarily availability of food, since the species
is primarily frugivorous (Perez, 1992). The species is
also known to have a strong preference for forested areas
(Pérez, 1992; Bonvicino et al., 2008), and in the Pampa
region, especially at the study site, forests are restricted to
riparian areas. Consequently, such areas may be the major
habitats for Pampas-dwelling C. paca (Leuchtenberger et al.,
2016). Under such circumstances, C. paca density could be
calculated in linear proportion to length of adjacent water
course. In the current instance, this would represent one
individual for every 1,600 m of water body.

The Pampa region is the least protected Brazilian Biome
and one of the poorest known biologically (Roesch et al.,
2009). Although the study area represents a small portion of
the Pampa Biome, this site has a representative assemblage
of the medium and large mammals expected for the region.
Considering the intensity and range of economic activities
threatening the biological integrity of this Biome, an
increase in efforts to develop scientific studies is urgently
required as is the adoption of effective conservation plans
to protect this ecosystem.
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