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ABSTRACT. Daily activity patterns are important elements of species behavior that reflect how they interact with their environment and with other 
related species. To investigate these patterns is crucial to understand how environmental or community changes may affect this behavior in each particular 
species. Within the Felidae family, research becomes fundamental to assess how small wild cats respond to local conditions and pressures, once there 
is a large gap in studies addressing such issues. Leopardus guttulus (Hensel, 1872) is an endangered species classified as Vulnerable (VU) at a regional 
and global level, being threatened mainly by the loss and fragmentation of its habitats. The aim of this study is to document the daily activity patterns 
of L. guttulus at the Lami Biological Reserve, and the influence of seasonality and temperature on those patterns. We also aimed to quantify how many 
individuals were using the Biological Reserve during the study period and evaluate their permanence in the area. We obtained 25 independent records 
for L. guttulus, which was the only cat species recorded at the site during the study period. In general, the species presented a cathemeral habit, being 
active throughout the 24 hours of the day, but with a more crepuscular/nocturnal activity in the spring and summer. The relationship between the species’ 
activity and temperature showed that more than 70% of the records were obtained in a narrow range of 10-17°C. We identified at least two individuals 
that remained at the site from four to six months of the year, with a higher detection frequency between August and November. Our results showed some 
interesting trends for the temporal activity of L. guttulus, suggesting flexibility related to seasonality, and the importance of the biological reserve to the 
preservation of this cat species in the southern limit of its distribution.

KEYWORDS. Camera trap, circadian activity, Neotropical felids, southern tiger cat, protected area.

RESUMO. Padrões de atividade diária e ocorrência de Leopardus guttulus (Carnivora, Felidae) na Reserva Biológica do Lami, sul do Brasil. Os 
padrões de atividade diária são elementos importantes do comportamento das espécies que refletem como elas interagem com seu ambiente e com outras 
espécies relacionadas. Investigar esses padrões é crucial para entender como as mudanças ambientais ou na comunidade podem afetar esse comportamento 
em cada espécie em particular. Dentro da família Felidae, os felinos silvestres de menor porte sofrem com uma grande lacuna de estudos nesse sentido, 
e pesquisas se tornam fundamentais para avaliar como eles respondem às condições e pressões locais. Leopardus guttulus (Hensel, 1872) é uma espécie 
ameaçada de extinção classificada como Vulnerável (VU) em nível regional e mundial, sendo ameaçada principalmente pela perda e fragmentação de 
seus habitats. O objetivo deste estudo é documentar o padrão de atividade diária de L. guttulus na Reserva Biológica do Lami e verificar a influência da 
sazonalidade e da temperatura nestes padrões. Nós também tentamos identificar o número de indivíduos usando a reserva biológica durante o período 
monitorado e avaliar o tempo de permanência destes na área. Obtivemos 25 registros independentes para L. guttulus, sendo a única espécie de felídeo 
silvestre registrada no local durante o período amostrado. No geral a espécie apresentou um hábito catemeral com atividade ao longo das 24 horas do 
dia, mas com uma maior atividade crepuscular/noturna nas estações da primavera e verão. A relação entre a atividade da espécie e a temperatura mostrou 
que mais de 70% dos registros foram obtidos em uma estreita faixa de temperatura de 10-17°C. Nós identificamos pelo menos dois indivíduos que 
permaneceram no local durante quatro a seis meses no ano, com maior frequência de detecção nos meses entre agosto e novembro. Nossos resultados 
demonstram algumas tendências interessantes sobre a atividade temporal de L. guttulus, sugerindo uma flexibilidade sazonal, e demonstram também a 
importância da reserva biológica para a preservação desta espécie no limite sul de sua distribuição.

PALAVRAS-CHAVE. Armadilhagem fotográfica, atividade circadiana, felídeos neotropicais, gato-do-mato-pequeno-do-sul, áreas protegidas.

The investigation of species activity patterns gives us 
a better understanding of how the environment is exploited by 
each species and how the activity can be affected by different 
environmental or community changes (Kerr, 1997). Among 
the mammals of the Carnivora order it is known that the 

activity pattern may be influenced by climatic factors such as 
temperature and seasonality (Podolski et al., 2013; Torretta 
et al., 2016; Zhao et al., 2020), availability and activity of 
the main prey species (Foster et al., 2013), anthropogenic 
interference (Kolowski & Alonso, 2010; Nix et al., 2018) 
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and interaction with other carnivorous species to avoid 
intraguild competition and predation (Romero-Muñoz et 
al., 2010; Oliveira-Santos et al., 2012; Foster et al., 2013).

Within the Felidae family, the temporal activity 
patterns of large species have been widely studied (e.g., 
Harmsen et al., 2009, 2011; Foster et al., 2013; Balme et 
al., 2019; Rafiq et al., 2020). Some of these studies have 
demonstrated the existence of different patterns among large 
felids with species-specific alterations in response to different 
factors, such as human presence (Gaynor et al., 2018), 
seasonality (Podolski et al., 2013), and the presence of prey 
and/or competitors in the environment (Foster et al., 2013). 
In contrast, such temporal activity patterns are not available 
for many species of smaller cats (<10 kg) due to the lack 
of studies (Macdonald & Loveridge, 2010). Therefore, 
researches become important to identify the patterns observed 
in these species and to evaluate how they respond to local 
conditions and pressures.

Leopardus guttulus (Hensel, 1872), the southern 
tiger cat, was recently recognized as a distinct taxon from 
Leopardus tigrinus (Schreber, 1775), the northern tiger cat 
[or L. emiliae (Thomas, 1914) according to Nascimento & 
Feijó, 2017] based on molecular (Trigo et al., 2013a) and 
morphological evidences (Nascimento & Feijó, 2017). 
The two species present basically disjunct geographical 
distributions, once Leopardus guttulus is restricted to the 
South, Southeast and Central-West regions of Brazil, as 
well as Paraguay and northeastern Argentina, whereas the 
occurrence of L. tigrinus probably extends from central and 
northeastern Brazil in South America to Central America 
(Trigo et al., 2013a; Oliveira et al., 2016). At the State 
of Rio Grande do Sul (Brazil), L. guttulus is limited to the 
northern portion, with the transition zone between the Atlantic 
Forest and the Pampa biomes constituting the southern limit 
of its distribution (Eizirik et al., 2006). This is considered 
an endangered species, being classified as Vulnerable (VU) 
at Rio Grande do Sul (Estado do Rio Grande do Sul, 
2014), Brazil (Ministério do Meio Ambiente, 2018) and 
globally (Oliveira et al., 2016). It is associated mainly 
with the forested environments of the Atlantic Forest, being 
threatened mostly by the loss and fragmentation of its habitats 
caused by the expansion of human activities (e.g., agriculture, 
livestock, urban sprawl, etc.). It also suffers from illegal 
hunting, conflicts with humans, competition and/or predation 
by domestic carnivores (dogs and cats), and even road killings 
(Oliveira et al., 2016). 

In recent years, some studies including the evaluation 
of this speciesʼ daily activity patterns have been conducted 
in other Brazilian’s states, such as Tortato & Oliveira 
(2005) and Oliveira-Santos et al. (2012) in Santa Catarina, 
Massara et al. (2016) in Minas Gerais, Nagy-Reis et al. 
(2019) in São Paulo; and also in other countries, such as Di 
Bitetti et al. (2010) and Cruz et al. (2018) in Argentina. 
Overall, these studies have indicated that the species presents 
a more nocturnal activity in locations with higher human 
access, and a more cathemeral pattern when it co-occurs with 

other cats such as ocelots, margays or pumas. Nevertheless, 
in areas bordering the species’ distribution, such as the State 
of Rio Grande do Sul, there is still no information available 
regarding its behavior. Therefore, the main objective of 
this study is to document and to evaluate the daily activity 
patterns and occurrence of L. guttulus at the Biological 
Reserve Lami José Lutzenberger, inserted in the southern 
limit of the species’ distribution. We evaluated these patterns 
over a period of approximately one year of monitoring. 
Considering the available data on literature for this species, 
we expected a more cathemeral activity in the study area, 
since protected areas should show a lower disturbance due 
to human presence, and because we expected to document 
the presence of other wild cat species, such as Leopardus 
wiedii (margay) (Trigo et al., 2013b). Because we monitored 
the area through a long period, we also tried to verify the 
influence of seasonality and temperature on the activity of 
this species, since other studies have shown that these climatic 
conditions could also trigger some changes on the activity 
of some mammal species (Torretta et al., 2016; Leonard 
et al., 2020). Finally, we evaluated the distribution of the 
occurrence records during the monitored period and tried to 
identify how many individuals used the study area, and how 
long they stayed within the limits of the Biological Reserve.

MATERIALS AND METHODS

Study area. The Biological Reserve Lami José 
Lutzenberger (BRLJL) is located at the State of Rio Grande 
do Sul (RS), southern Brazil. It is inserted in a rural matrix 
within the city of Porto Alegre (30°14’08”S, 51°05’42”W), 
and is close to several urban centers (Fig. 1). With an area 
of 204.04 hectares, this is a small but important protected 
area located at the margins of the Guaíba Lake (Printes, 
2002). BRLJL is inserted in the transition zone of the two 
biomes present in RS, the Atlantic Forest and the Pampa. 
The area is covered mainly by wetlands and Restinga forest 
formations, being the latter recognized as a rare and seriously 
threatened ecosystem at RS (Printes, 2002). In this region, 
mean temperatures ranges from 26°C in January (summer) 
to 15°C in June (winter), and the mean precipitation varies 
from 95 millimeters in the driest months (November-May) 
to 130 millimeters in the rainiest months (June-October) 
(INMET, 2018).

Camera trapping. BRLJL was monitored with 
camera trapping from July 2018 to June 2019. We subdivided 
the area into 1 x 1 km grid squares and selected four of them 
to monitor through camera traps, considering the small size of 
the protected area, the available number of cameras (n=4) and 
the conditions of access to certain areas (Fig. 1). At each of 
these squares we installed one camera (Bushnell TrophyCam), 
representing our sampling station, and maintained a minimum 
distance of 1 km between adjacent sampling stations. This 
distance was defined based on the diameter of the minimum 
home range (<1 km2) described for a female of the species 
(Oliveira et al., 2010), and was also used in similar studies 
conducted by our research group (e.g., Horn et al., 2020). 
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Cameras were revised every 30 days to check 
equipment operation and to change batteries and memory 
cards. On these monthly reviews, some cameras were moved 
to new points inside the same sampling square but always 
maintaining the 1 km distance between the cameras of 
adjacent stations. Camera traps were fixed to trees about 30 
cm from the ground, in trails or near places where evidences 
of wild mammals were found (e.g., footprints, feces and 
wildlife trails). Cameras were programmed for photo capture 
(night recording with infrared function) and were active 24 
hours a day without the use of baits. The records obtained 
have information on temperature, date and time of capture. 
All felid records were separated and identified. Only records 
obtained with at least one hour from each other, at the same 
sampling station, were included in the analysis and were 
depicted as independent records. This was carried out in order 
to reduce the chance of capturing consecutive records of the 
same individual and thus maintain temporal independence 

between records, avoiding autocorrelation (Foster et al., 
2013; Porfirio et al., 2016; Horn et al., 2020). Records 
obtained in a shorter interval in the same sampling station 
were only considered if we could identify that it is related 
to a different individual, according to its pelage patterns. 

Species identification was based on the general 
pelage patterns and other specific characteristics. For the 
area comprising the Biological Reserve, besides Leopardus 
guttulus, at least two others species of wild cats are expected 
to occur: Leopardus wiedii (margay) and Herpailurus 
yagouaroundi (jaguarundi) (Trigo et al., 2013b). The second 
species is easy to recognize since it presents uniform pelage 
coloration. On the other hand, L. guttulus and L. wiedii are 
similar in body size and both present a spotted pelage pattern. 
Distinction between them is based mainly on differences 
of the spotted pattern, tail length, and eyes and paw shapes 
as described in Oliveira & Cassaro (2005). As we used 
only one camera trap per site, individual identification was 

Fig. 1. Location of the study area in South America and the State of Rio Grande do Sul (left panel), with the indication of the geographic range of 
Leopardus guttulus (Hensel, 1872) (grey area) in Brazil, Paraguay and Argentina (above), and the Biological Reserve Lami José Lutzenberger – BRLJL 
in the municipality of Porto Alegre, Rio Grande do Sul, Brazil (below). On the right panel, a detailed map of the study area showing the limits of the 
BRLJL (black line), the vegetation types occurring in the area, the grid squares of 1 x 1 km (grey lines) designed to delimitate the zones where sampling 
stations (camera stations) were installed (black triangles).
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performed based on their unique spot patterns using only 
the records obtained for the same side of the animalʼs flank 
(left or right, the one with the largest number of records).

Data analyses. To investigate the daily activity pattern 
of L. guttulus at the BRLJL, we first used the circular statistic, 
with the Rayleigh Uniformity Test in ‟circularˮ package 
version 0.3-5 (Agostinelli & Lund, 2017) in the R software 
(R Core Team 2020) to test the data for a uniform or non-
uniform distribution of the records throughout the 24 hours 
of the day (Mardia & Jupp, 2000). A significant value for 
the Rayleigh’s Test indicates a non-uniform distribution (with 
records concentrated in a specific period of the day), while 
a non-significant value indicates that there is not enough 
evidence to reject the null hypothesis of uniformity, and the 
activity may be occurring during the 24 hours of the day 
with no specific peak of activity in a cathemeral pattern. 
We performed this analysis for the entire sample, as well 
as for the data subdivided into two subgroups related to the 
different seasons of the year: autumn/winter (20th March 
– 21st September) and spring/summer (22nd September – 
19th March), in order to verify if the species modifies its 
predominant activity according to climatic characteristics. 
In this same analysis we also evaluated the angular mean 
(µ) and length of the mean vector (r) as an indicative of 
the level of concentration of the data. The length of the 
mean vector can vary from zero to one, with low values 
indicating a greater dispersion of the data around the mean 
and high values representing a greater concentration of 
the data close to the angular mean. Significant differences 
between observed activity patterns in each pair of seasons 
(autumn/winter and spring/summer) was assessed with the 
Watson’s Two-Sample Test of Homogeneity (U2) with the 
same package in R software.

We also estimated the similarity of the daily activity 
of the species between the seasons through the overlap 
coefficient (Dhat1, for samples <50) and calculated the 
confidence intervals (CI) through 1000 bootstraps with the 
“overlap” package version 0.3.3 (Ridout & Linkie, 2009) 
in the R software (R Core Team, 2020). Values of Dhat1 
close to 1 indicate high activity overlap and values near zero 
indicate low overlap. To classify the activity’s overlap as low, 
moderate or high, we used the same criterion of Monterroso 
et al. (2014), with Dhat1 values < 0.5 considered as low, 
0.5 <Dhat1< 0.75 as moderate and Dhat1> 0.75 as high 
activity overlap.

Finally, we classified the activity of L. guttulus in 
three categories: diurnal (≥ 60% of the records obtained 
between 1 hour after sunrise and 1 hour before sunset), 
nocturnal (≥ 60% of records obtained 1 hour after sunset 
and 1 hour before sunrise) or crepuscular (at least 50% of 
records obtained in the interval of 1 hour after and before 
sunrise and sunset) (Massara et al., 2018; Dias et al., 2019). 
Times of sunrise and sunset were obtained from https://
sunrise-sunset.org/ for all days of the monitored period. We 
used these data to calculate the mean value of sunrise and 
sunset for the general data, as well as for the seasonal periods 
considered. Differences between seasons were assessed by 

chi-square test (χ2). Finally, we evaluated the relationship 
of species activity to changes in temperature (°C) in the 
environment, assessing the temperature registered in each 
independent record.

To investigate the patterns of L. guttulus occurrence 
in BRLJL, first we estimated the species’ detection rate by 
the number of records per 100 trap-days. Then, we evaluated 
the distribution of the occurrence records over the months 
of the year in order to verify a trend or not for a higher 
detection rate on certain periods. This analysis was also 
conducted with “circular” package (Agostinelli & Lund, 
2017) in the R software, using the Rao’s Spacing Test to 
test the data for a uniform or non-uniform distribution. We 
also performed individual identification of the registered 
cats using their unique spot patterns, aiming to verify the 
number of individuals using the area during the monitored 
period and the time that each individual spent in the area. 

RESULTS

We obtained 25 independent records for L. guttulus, 
and this was the only cat species recorded at the BRLJL 
throughout the sampled period. Due to the occurrence of 
equipment failures (e.g., battery discharge, system failure, 
stops on camera registering, etc.), the total sampling effort 
obtained was of 660 trap-days considering the number of 
days that each camera was active. The detection rate was 
3.78 records per 100 trap-days. 

Regarding the activity patterns of L. guttulus, when all 
records were analyzed together, no predominant activity was 
identified in any specific period of the day (Rayleigh’s Test 
= 0.29, p= 0.12) and a cathemeral habit was identified for 
the species, with a mean activity at 00:52 h (Fig. 2, Tab. I). 
Nevertheless, when considering the subdivision of the records 
in different seasons, autumn/winter and spring/summer, we 
identified differences between them. A cathemeral pattern 
(Rayleigh’s Test = 0.0735, p= 0.9503) was identified in 
autumn/winter (n=10) with a mean activity at 05:00 h, but 
at spring/summer (n=15), the activity was significantly 
concentrated in a specific period of the day (Rayleigh’s 
Test = 0.4647, p= 0.0364), with a mean activity at 00:31 h 
(Fig. 2, Tab. I). As for the length of the mean vector, we had a 
much lower value for autumn/winter than for spring/summer, 
indicating a greater dispersion of records throughout the 24 
hours of the day in the first pair of seasons and a greater 
concentration of records around the mean in the second one 
(Tab. I). In spite of this, the Watson’s Two-Sample Test of 
Homogeneity (U2) did not identify a significant difference 
between these two patterns (U2 = 0.0923, p > 0.10).

Evaluating the temporal coefficient of overlap 
between the seasons we had an estimated value of Dhat1 = 
0.56 (0.36 - 0.83 CI), which is considered a moderate level 
of overlap. We could observe that the main differences 
between the two activity patterns were related to a higher 
intensity of activity during the day in autumn/winter and 
higher nocturnal activity in spring/summer (Fig. 3). If we look 

https://sunrise-sunset.org/
https://sunrise-sunset.org/


Diagramação e XML SciELO Publishing Schema: www.editoraletra1.com.br

Daily activity patterns and occurrence of Leopardus guttulus... Linck et al.

5Iheringia, Série Zoologia, 111: e2021006

at the percentage of records of the three categories of daily 
activity considered here, the species could be classified as 
predominantly nocturnal only in spring/summer where 60% 
(n=9) of records occurred during the night-time (Tab. II). In 
autumn/winter 40% (n=4) of records were nocturnal, while 
other 40% (n=4) occurred during the day. In contrast, only 
13% (n=2) of the records in spring/summer were obtained 

in the diurnal period. In addition, the relationship of the 
species activity with the temperature showed that 72% (n=18) 
of the records were concentrated between 10°C and 17°C 
(Supplementary Material 1). Nevertheless, the chi-square 
test did not detect significant differences in the distribution 
of the records among the three categories and seasons (χ2 = 
2.3504, gl= 2, p= 0.3088).

Fig. 2. Circular graphs showing the daily activity of Leopardus guttulus (Hensel, 1872) at the BRLJL, Rio Grande do Sul, Brazil, based on all records 
obtained for the species (n=25, all seasons), on records obtained during spring/summer (n=15), and on records from autumn/winter (n=10). The arrow 
on each circular graphs indicates the direction of the angular mean.

Tab. I. Results from the circular analyses performed to investigate the daily activity of Leopardus guttulus (Hensel, 1872) at the Biological Reserve of 
Lami considering all records (all seasons), and also the two pairs of seasons (spring/summer and autumn/winter) separately.

n Length of the mean vector (r) Angular mean (µ) Rayleigh’s Test

All seasons 25 0.291 00:52 0.291

Spring/Summer 15 0.464 00:31 0.464*

Autumn/Winter 10 0.073 05:00 0.073

*p < 0.05

Fig. 3. Temporal overlap of Leopardus guttulus (Hensel, 1872) activity during the different seasons: autumn/winter and spring/summer; the gray area 
represents the overlap between the activity observed in the two periods of the year and the vertical lines represent sunrise and sunset in each period 
(autumn/winter: 06h 45min sunrise and 18h 05min sunset; spring/summer: 06h 08min sunrise and 19h 33min sunset).
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Regarding the occurrence patterns, the circular statistic 
showed a non-uniform distribution of the records throughout 
the monitored year (Raoʼs Spacing Test of Uniformity = 
235.384, p< 0.001), with a clear trend towards a greater 
detection rate between August and November (Fig. 4).We 
were able to confidently identify at least two individuals 
based on 60% of the records, including those obtained for the 
left flanks (the one with the higher number of records) with 
good quality photos for individual identification. Between 
the records individually identified, eight were from a female 
registered during the period of July 2018 to January 2019, 
and seven were attributed to a male registered seven times 
between August and November 2018 (Supplementary 
Material 2).

DISCUSSION

The one-year monitoring at the Lami Biological 
Reserve allowed us to identify an interesting pattern on the 
daily activity patterns of L. guttulus. According to our data, 
the species can adjust its behavior during the year probably 
to deal with higher temperatures in the warmer seasons. In 
addition, we identified at least two individuals using the 
area, with a higher number of records being detected in a 
specific period of the monitored period.

Flexibility in temporal activity of L. guttulus was 
already documented and was mainly attributed to human 
disturbance and presence of competitors (e.g., Oliveira-
Santos et al., 2012; Massara et al., 2016; Cruz et al., 2018). 
In relation to human disturbance, in a study conducted in the 
Atlantic Forest of Argentina, Cruz et al. (2018) detected 
a more nocturnal activity for this species in locations with 
higher human access compared to more isolated sites, 
suggesting that these cats might be temporarily avoiding 
encounters with humans or dogs. Considering this, the 
conduction of the present study in a protected area made us 
expect a more cathemeral pattern of activity for this species 
since we expected a lower rate of human disturbance inside 
this area. This pattern was observed in the general analysis 
and in the colder seasons (autumn/winter), but not in the 
warmer seasons (spring/summer). In fact, despite being a 
protected area, the Lami Biological Reserve is a small reserve 
located near urban centers, which receives visitors throughout 
the year (M. C. Bastos, pers. observ.). In addition, during 
the monitored period we could observe a large number of 
dogs using the area or its boundaries. Therefore, we cannot 
exclude the possibility that human disturbance may have 
an important influence on the activity of L. guttulus also 
in this area, since we did not evaluate different intensity 
of human activity or dog’s presence inside the Biological 
Reserve in different periods of the year. Only conducting 
specific analyses to assess these patterns one would be able 
to indicate more reliably if these factors have any influence 
on the activity patterns of L. guttulus also in this region.

In relation to the presence of other wild cats as 
competitors, some studies showed a cathemeral pattern 
for L. guttulus when in co-occurrence with other cats, as 
ocelots and margays (Di Bitteti et al., 2010; Oliveira-
Santos et al., 2012; Massara et al., 2016; Nagy-Reis et al., 
2019), indicating that the species could develop this pattern 
of activity as a potential adjustment to reduce intraguild 
competition and avoid direct contact (e.g., competition for 
food, shelter, territory or agonistic meetings) with these cats 
through temporal segregation. While margays and ocelots 
seem to be more nocturnal species in several areas of their 
distribution (Di Bitetti et al., 2010; Oliveira-Santos et al., 
2012; Massara et al., 2016; Cruz et al., 2018; Horn et al., 
2020), L. guttulus was observed as a nocturnal species only 
when it occurred with no other cats (Oliveira-Santos et al., 
2012). In our study area, L. guttulus was the only wild cat 
recorded throughout the monitored period, but the nocturnal 
activity was not the general pattern observed. Similarly, 

Fig. 4. Circular graph showing the distribution of Leopardus guttulus (Hensel, 
1872) records in BRLJL, Rio Grande do Sul, Brazil, throughout the 12 
months sampled. The black lines represent the concentration of records.

Tab. II. Percentage of records of Leopardus guttulus (Hensel, 1872) in each 
of the three categories of daily activity considering the general pattern (all 
records), and the patterns observed for each pair of seasons.

Activity categories Records (%)

All records

Diurnal 6 (24%)

Nocturnal 13 (52%)

Crepuscular 6 (24%)

Autumn/Winter

Diurnal 4 (40%)

Nocturnal 4 (40%)

Crepuscular 2 (20%)

Spring/Summer

Diurnal 2 (13.3%)

Nocturnal 9 (60%)

Crepuscular 4 (26.7%)
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Tortato & Oliveira (2005) also found a more cathemeral 
activity for this species in an area of Restinga vegetation 
formations at the state of Santa Catarina, where no other 
cat species was recorded. Nevertheless, even if we not have 
registered another species of felid during a year of monitoring 
at the BRLJL area, we cannot exclude the possibility of the 
occurrence of other potential species such as the margay, 
which even in low abundance or density could have some 
effect on the activity patterns of L. guttulus.

At the BRLJL, L. guttulus maintained a predominantly 
nocturnal and crepuscular habit only during spring/summer, 
changing its period of activity to a cathemeral pattern with 
the arrival of autumn/winter. Nevertheless, the comparison 
between the two seasons was not statistically significant 
probably due to the amount of data obtained. Monitoring 
the area for a longer period (for example, two years or 
more) would probably generate a larger amount of data that 
could make statistical analyses more robust. Observing the 
graph showing the extent of niche overlap between the two 
evaluated periods, it is worth mentioning that the hours of 
the day, especially in the afternoon, seem to fall into disuse 
in the warmer seasons. It appears that L. guttulus can change 
its behavior in order to avoid diurnal activity during warmer 
periods, maintaining its foraging habits in periods when 
temperatures become milder. 

Temperatures seem to be an important climatic 
variable to the occurrence of L. guttulus. According to Sartor 
et al. (2021) this is one of the most important variables 
identified in suitability models for this species throughout 
its distribution, where areas with mean annual temperatures 
between 18-21°C show the highest occurrence probability 
for the species. Above these temperatures, the occurrence 
probability of L. guttulus decays dramatically (Sartor et 
al., 2021). In this study, temporal activity was predominant 
in lower temperatures, with more than 70% of records 
concentrated between 10°C and 17°C, also contributing to the 
recognition of the importance of temperature in the occurrence 
and activity of the species. The effects of seasonality and/
or temperature were also reported for other cat species. 
Leonard et al. (2020) in a study at Southern Texas, observed 
that ocelots show a reduction of its daytime activity during 
the warmer days of the year and that bobcats (Lynx rufus) 
show a predominant crepuscular pattern during the winter 
and a nocturnal pattern in the spring. In the Eurasian linx 
(Lynx lynx), Podolski et al. (2013) also document a decrease 
in the species’ activity by 30 minutes for every 10°C of 
temperature increase.

The two activity patterns observed for L. guttulus 
throughout the year may also be a result of the adjustment 
of the predator activity in function of its prey. On warmer 
periods of the day, it is probable that there is also a reduction 
on the intensity of prey activity (Marinho et al., 2018). 
Likewise, in colder seasons it is also expected a reduction 
of prey availability and so, in this period, a cathemeral habit 
would increase the likelihood of encountering a greater 
range of possible preys (Carrillo et al., 2009; Hernández-
Saintmartín et al., 2013). At the Caatinga biome, the northern 

tiger cat presents predominantly crepuscular and nocturnal 
habits that may be associated to water stress and temperature 
conditions of the daytime and the main activity period of 
the preys rather than regulation by intraguild predation or 
competition (Penido et al., 2017; Marinho et al., 2018). 
These conditions may be similar at the BRLJL, where the 
establishment of a more nocturnal activity can maximize 
prey capture and reduce water and thermal stress during the 
hottest period of the year. In periods of milder temperatures, 
the species may become more active throughout the day, 
also following a possible increase on the activity of its prey. 

Regarding the occurrence of the species inside the 
studied area, we obtained a relatively high detection rate 
when compared to studies conducted in other areas of this 
cat’s distribution, as in Kasper et al. (2007), Di Bitetti et al. 
(2010) and Cruz et al. (2018) with recording rates lower than 
1 per 100 camera-traps. This may be related to the apparent 
absence of other felid species in the study area, since the 
studies mentioned above documented the co-occurrence of 
L. guttulus with other cat species such as margays, ocelots, 
pumas or jaguars. Besides, the only study we have known 
to report L. guttulus as the only species in the study area, 
also documented a similar high detection rate (Tortato 
& Oliveira 2005). In fact, higher relative abundance of 
L. guttulus was observed in areas with no sympatric cats 
(Oliveira-Santos et al., 2012), or where ocelots are less 
abundant (Oliveira et al., 2010).

The detection of L. guttulus inside the Biological 
Reserve was not uniformly distributed during the study 
period; there was a significant increase in the species’ 
detection in August, September, October and November 
2018. At least two individuals were identified, a male and 
a female; the female remained longer in the area than the 
male, and was detected from July 2018 until at least January 
2019. The male was recorded only in four consecutive months 
(August to November 2018), a period that may be related 
to the reproductive season. Despite the scarce knowledge 
of the reproductive periods of small cats in the wild, some 
observations made in captivity indicate that this species 
tends to reproduce seasonally in the warmer months of the 
year (Moreira et al., 2001; Morais et al., 2002; Andrews 
et al., 2019). The absence of detection of the two individuals 
identified throughout the study period may be due to home 
ranges extending beyond the reserve limits, or because these 
individuals were transient in the area. In fact, BRLJL is a 
small protected area with only 204 hectares, and despite the 
few existing data on L. guttulus home range, including very 
variable data (0.9 to 25 km2), the available mean value (10.9 ± 
9.6 km2) easily exceeds the size of the BRLJL (Oliveira 
et al., 2010). 

In conclusion, our study was able to gather information 
about the ecology of the species that is of great importance, 
since L. guttulus suffers from a lack of information about 
its ecological aspects, particularly in the boundaries of its 
distribution. Our results on the daily activity of this species, 
along with the existent data on the literature, indicate that 
it is a very flexible behavioral characteristic of this felid, 
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which is able to adjust its activity periods according to the 
local environmental conditions and the characteristics of the 
community of which they are part. In addition, our results 
reported the occurrence of this threatened cat in an important 
protected area of the State of Rio Grande do Sul. Although 
conservation units play an important role in protecting 
biodiversity and threatened species, most Brazilian ones 
have a huge knowledge gap about their biodiversity and 
more studies should be carried out in their areas (Oliveira 
et al., 2017). Regarding the BRLJL, the most recent data on 
mammal diversity in this protected area (Witt, 2013) did not 
document the presence of L. guttulus. Despite being a small 
protected area, not enough to maintain viable populations 
of this species alone, BRLJL is located in a very urbanized 
matrix that still maintains important natural remnants from the 
Pampa and the Atlantic Forest biomes, which can still support 
populations of endangered species such as small wild felids. 
The presence of this protected area in this environmental 
matrix is a guarantee of preservation of the characteristic 
environments of this region, functioning as an important 
shelter for several species of native fauna occurring in this 
area.
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