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Abstract

Sampling allows assessing the impact of human activities on mammal communities. It is also possible to assess the 
accuracy of different sampling methods, especially when the sampling effort is similar. The present study aimed at 
comparing two mammalian surveys carried out over a three-year interval, in terms of sampling effort, capture success, 
abundance of domestic dogs, impact of human activities, and relative biomass using camera traps, in the Serra do Japi 
Biological Reserve and surroundings, located in Jundiaí, state of São Paulo, southeastern Brazil. The total richness 
recorded was 13 species, one domestic and 12 wild mammals. Sampling effort in both surveys was similar, but capture 
success and number of captures differed. The abundance of wild mammals and dogs did also differ between surveys. 
There was a highly significant correlation between abundance of wild mammals and capture effort for the survey 
performed in 2006/2007, but not for the survey performed in 2009/2010. The difference between samples may be 
related to human disturbance, since the number of domestic mammals photographed was higher in the second survey, 
three years after the first survey. Despite being a reserve, the area is still under pressure from urbanization, biological 
invasion, environmental degradation, and hunting, which may reduce the abundance of wild mammals.
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Comparação entre duas amostragens de mamíferos feitas com armadilhas fotográficas no 
sudeste do Brasil, com foco na abundância de mamíferos silvestres e cães domésticos

Resumo

Uma das formas de avaliar o impacto das atividades humanas nas comunidades de mamíferos e ter maior conhecimento 
e acurácia sobre o método utilizado é realizar amostragens, proporcionando a comparação do método, principalmente 
quando o esforço amostral é semelhante. O presente estudo visou a comparar dois levantamentos de mamíferos 
realizados na mesma área com três anos de intervalo, quanto aos seguintes aspectos: esforço amostral, sucesso de 
captura, abundância de cães domésticos, presença de atividades humanas e biomassa relativa das espécies. A riqueza total 
obtida nos dois períodos de amostragem foi de 13 espécies, sendo 12 espécies selvagens e uma de animal doméstico. 
O esforço de amostragem para as duas pesquisas foi semelhante, porém o sucesso de captura foi diferente, quando 
comparados entre si. A abundância de mamíferos selvagens e cães também mostrou diferenças entre os dois períodos. 
A correlação entre a abundância de mamíferos selvagens e o esforço de captura provou ser altamente significativa 
para a amostragem realizada em 2006/2007, mas não foi significativa para a realizada em 2009/2010. A diferença 
entre as amostras pode estar ligada à perturbação humana nesse ambiente, já que o número de animais domésticos 
fotografados foi maior após três anos de amostragem. Apesar de ser uma área de conservação, também está sujeita a 
pressões, como especulação imobiliária, invasões, destruição e caça, o que pode estar diminuindo a abundância das 
espécies selvagens listadas neste trabalho.

Palavras-chave: levantamento, diversidade, animais domésticos, métodos, unidades de conservação.
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1. Introduction

Several species of wild mammals are seen as game 
or pets, and so they are hunted in their natural habitats 
(Mendes, 2004). Fragmentation, road construction, trails, 
and proximity to urban areas can facilitate the access of 
hunters. Only 2% of the Atlantic Forest is under legal 
protection (Myers et al., 2000). The main goal of the extant 
reserves is to protect biodiversity. Nevertheless, hunting 
and illegal extraction of natural resources still occur in 
these areas (Olmos et al., 2002). Legal protection against 
deforestation does not preclude introduction of exotic 
species, which has caused severe impacts on native species 
(Elton, 1972; Tabarelli et al., 2005).

Natural ecosystems have undergone all kinds of 
impact caused by feral and exotic species, such as dogs, 
cats, horses, pigs, and many other vertebrates (Galetti 
and Sazima, 2006). Pets can also affect the native fauna 
in several ways, including increase in predation (Kruuk 
and Snell, 1981; Barnett and Rudd, 1983; Lepczyk et al., 
2004; Kays and Dewan, 2004) and disease transmission 
(Anderson et al., 2006; Hammer et al., 2004). Galetti and 
Sazima (2006) stated that the high impact of feral dogs on 
some mammals is probably the major cause of extinction in 
their study area (Santa Genebra Forest, southeastern Brazil). 
This effect was observed for species such as Cuniculis 
paca (Linnaeus, 1766), Mazama guazoubira, (G. Fischer, 
1814), and Dasyprocta azarae Lichtenstein, 1823.

Mammal sampling serves many purposes: diversity 
estimation, comparison of sites, as a basis to refine species 
distribution maps, and evaluation of the impact of human 
activities on ecological communities (Tobler et al., 2008). 
The use of non-invasive and standardized methods, such 
as camera traps, can provide data on presence, abundance 
and movements of exotic mammals and their relationship 
with human activities. Despite the excellent results 
obtained with camera traps in inventories and analysis of 
richness and abundance of non-volant mammals (Voss 
and Emmons, 1996; Trolle, 2003; Lyra-Jorge et al., 
2008; Tobler et al., 2008; Silva and Passamani, 2009), 
studies comparing sampling efficiency between devices, 
especially in the same site, are still scarce. O’Brien (2008) 
stated that the next challenge for researchers will be the 
elaboration of projects about the potential use of camera 
traps in biodiversity monitoring. Some authors state that a 
standardised method allows simple comparisons between 
sampling sites and inventories (Silver et al., 2004; Karanth 
and Nichols, 1998; Kelly et al., 2008; O’Brien, 2008; 
Tobler et al., 2008).

The present study aimed at comparing two mammalian 
surveys carried out with camera traps in the same area 
in similar periods of the year with a three year interval, 
comparing sampling effort, capture success, abundance 
of domestic dogs, impact of human activities, and relative 
biomass.

2. Material and Methods

The present study was carried out in Serra do Japi 
Biological Reserve (hereafter Serra do Japi) and surroundings. 

Serra do Japi is located in the municipality of Jundiaí, 
state of São Paulo, southeastern Brazil (23° 12’-23° 21’ 
S and 46° 30’-47° 05’ W), in the Atlantic Plateau, and 
comprises an area of 2,071.2 ha (Ponçano et al., 1981) 
(Figure 1). Although Serra do Japi is one of the last large 
areas of continuous forest in the state of São Paulo, which 
covers ca. 350 km2, only 20.7 km2 of the state is under full 
protection. Because Serra do Japi is located near three 
major urban and industrial centres (São Paulo, Jundiaí 
and Campinas), it undergoes intense anthropic pressure 
and may be totally devastated if not effectively protected 
(Morellato and Leitão-Filho, 1992).

Serra do Japi has a mountain landscape, with altitudes 
ranging between 700 and 1,300 m a.s.l. (Santoro and 
Machado-Junior, 1992). Two climate types occur in the 
area: humid temperate with warm summer (Cfa) and humid 
temperate with mild summer (Cfb) (Setzer, 1966) and a hot 
and rainy season and a dry and cold season (Pinto, 1992). 
The average annual temperature varies from 15.7 °C to 
19.2 °C, depending on the altitude. According to Veloso 
and Góes-Filho (1992) and Brasil (1992), the vegetation of 
this region is classified as semi-deciduous seasonal forest. 
There is a predominance of mesophilic semi-deciduous 
forests and altitudinal mesophilic semi-deciduous forests, 
with sparse rocky plateaus (Leitão-Filho, 1992). In the areas 
with altitudes exceeding 1,040 m a.s.l., the vegetation is 
classified as altitudinal mesophilic semi-deciduous forests 
(Caselli and Setz, 2011).

Two surveys were conducted in this reserve: (i) 
from July 2006 to February 2007, using seven camera 
traps placed in seven sampling sites on trails that were 
already established in Serra do Japi; (ii) from July2009 
to February 2010, using the same seven camera traps plus 
three new ones, arranged in ten sampling sites on trails 
in the same area.

The camera traps (Trapa Camera®) are activated by 
movement through a passive infrared beam, shooting a 
35 mm analog camera (Canon® model BF35). Sampling 
sites were 1 km away from each other, and camera traps 
were set up at 0.4 m above the ground and perpendicular 
to the trails. The cameras were programmed to remain 
turned on 24 h a day and to have a minimum interval of 
60 s between shots. Camera traps remained in the field 
six days a week and were removed to avoid damage on 
Saturdays, when there are more visits in the area.

Aiming at improving data independence, photos of the 
same species in the same site within an interval shorter 
than 60 min were discarded, because some species (mainly 
the white-lipped peccary and the collared peccary) can 
remain for a long time in front of a camera (Tobler et al., 
2008). The classification of mammalian species into small, 
medium, and large was based on average body mass data 
obtained from Nowak (1999).

Sampling efficiency was compared using species 
accumulation curves (Esbérard and Bergallo, 2008). Sampling 
effort (expressed as camera.h) was based and modified 
Srbek-Araujo and Chiarello (2005), whereas frequency of 
occurrence (number of captures of a species/total number 
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of captures, expressed as percentage) followed Prado et al. 
(2008), and relative proportion followed Tobler et al. (2008). 
The Mann Whitney test was used to test for differences 
in capture success (number of records/sampling effort, 
expressed as percentage), sampling effort (total number 
of hours when all camera traps in the site remained on), 
and number of captures (number of valid and independent 
records) between surveys. The chi-square test was used to 

test differences in the abundance of species and impacts 
between surveys, being that images of visitors, cyclists, 
motorcyclists and cars were grouped as all resulted in 
human impacts. The Spearman correlation was used to test 
for a relationship between average body mass and number 
of records of a species. Logarithmised abundance values 
were used to classify species by decreasing abundance. The 
relationship between relative proportions of each species 

Figure 1. Location of Serra do Japi. The white line shows the boundaries of Serra do Japi Biological Reserve. White 
triangles represent the sites sampled in the first survey and white circles represent the sites sampled in the second survey.
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in each survey was tested with a Spearman correlation. We 
also calculated a linear regression between capture effort 
and species abundance. All statistical tests were made in 
Past® 2.01 and Statistica® 8.0.

3. Results

The total richness recorded was 13 species: one domestic 
and 12 wild mammals of 13 genera, nine families, and 
six orders (Table 1). Didelphis aurita (Wied-Neuwied, 
1826), N. nasua (Linnaeus, 1766), E. barbara (Linnaeus, 
1758), and C. paca (Linnaeus, 1766) were exclusive to 
the first survey, whereas C. thous (Linnaeus, 1766) was 
the only exclusive species in the second survey. D. aurita, 
D. novemcinctus Linnaeus, 1758, Mazama gouazoubira 
(g. Fischer, 1814), C. paca, S. brasiliensis (Linnaeus, 
1758), and L. europaeus (Pallas, 1778) were also recorded 
and are considered as game species (Araújo et al., 2008; 
Travassos, 2011). The most abundant species in the first 
survey were S. brasiliensis (34.56% of the species) and 
D. aurita (19.75%), and in the second survey were the 
species Canis lupus familiaris Linnaeus, 1758 (48.71%) 
and L. pardalis (Linnaeus, 1758) (17.94%) (Figure 2).

The species accumulation curves did not stabilise in 
any of the surveys, but they seemed to be representative 
of local richness (Figure 4). The total sampling effort was 
15,108 camera.h; 8,448 in the first survey and 6,660 in the 

second survey. Out of 1,944 photos taken during the two 
surveys, 636 photos were obtained in the first and 1,308 
in the second survey. Capture success was 1% in the first 
survey and 0.63% in the second. Sampling effort was 
similar (U = 21; p < 0.18) in the two surveys, but capture 
success (U = 2; p < 0.01) and number of captures (U = 12; 

Table 1. Species, frequency of occurrence, and local vernacular names of mammals photographed in Serra do Japi in the first 
and second surveys (2006/2007 and 2009/2010, respectively).

ORDER
Family

Species
Abundance  

(frequency of occurrence) Local Vernacular 
Name

2006/2007 2009/2010
DIDELPHIMORPHIA

Family Didelphidae Didelphis aurita Wied-Neuwied, 1826 17 (20) - gambá-de-orelha-
preta

CINGULATA
Family Dasypodidae Dasypus novemcinctus Linnaeus, 1758 1 (1.17) 2 (4.76) tatu-galinha

CARNIVORA
Family Canidae Canis lupus familiaris Linnaeus, 1758 - 19 (45.23) cachorro-doméstico

Cerdocyon thous (Linnaeus, 1766) - 2 (4.76) cachorro do mato

Family Felidae Leopardus pardalis (Linnaeus, 1758) 10 (11.76) 8 (19.04) jaguatirica

Puma concolor (Linnaeus, 1771) 1 (1.17) 1 (2.38) onça-parda

Family Procyonidae Procyon cancrivorus (G.[Baron] Cuvier, 
1798)

4 (4.70) 1 (2.38) mão pelada, 

Nasua nasua (Linnaeus, 1766) 3 (3.52) - quati

Family Mustelidae Eira barbara (Linnaeus, 1758) 1 (1.17) - irara, papa-mel

ARTIODACTYLA
Family Cervidae Mazama gouazoubira (G. Fischer, 1814) 3 (3.52) 2 (4.76) veado-catingueiro

RODENTIA
Family Cuniculidae Cuniculus paca (Linnaeus, 1766) 11 (12.94) - paca

LAGOMORPHA
Family Leporidae Sylvilagus brasiliensis (Linnaeus, 1758) 30 (35.29) 6 (14.28) tapiti

Lepus europaeus (Pallas, 1778) 4 (4.70) 1 (2.38) lebre européia

Figure 2. Abundance ranks of species.
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p < 0.2) differed. The abundance of wild mammals did 
also differ between surveys (x2 = 113.5; p < 0.01). In the 
first survey 85 independent photos were taken, whereas 
only 42 were taken in the second survey. The abundance of 
domestic dogs differed between surveys, without records 
in the first survey and records of at least 19 dogs in the 
second survey.

The number of null shots differed between the first and 
second surveys (x2 = 5.28; p < 0.02); with 456 null shots 
in the first and 1,139 in the second. The number of images 
of visitors, cyclists, motorcyclists, and cars did not differ 
between the first and second surveys (x2 = 0.80; p < 0.37).

The correlation between the average body mass of each 
species and the number of captures was not significant 
(r = –0,44; p = 0.13). The linear regression between the 
abundance of wild mammals and capture effort was highly 
significant in the first survey (abundance = 0.013 *Sampling 
effort - 4,25; r = 0,92; r2 = 0.85; p < 0.03) but not in the 
second (r = -0,18; p < 0.60) (Figure 3). The correlation 
between relative proportion of species (capture success 
for each species) in the two surveys was not significant 
(r = –0,20; p = 0.49).

4. Discussion

The richness and abundance observed in the present 
study are similar to those reported in other studies, and the 
sampling effort can be considered as satisfactory according 
to Tobler et al. (2008). These authors reported that with 
a total effort of 90,720 h, they obtained a total richness 
of 40 species, with 1,163 images of wild animals and a 
capture success of 1.23% in the first survey and 1.30% 
in the second. They estimated that between 9,600 and 
12,000 h of camera trapping would be necessary to record 
most of the common species. Srbek-Araújo and Chiarello 

(2005) photographed 21 species with 44,376 h of camera 
trapping in the Atlantic Forest. Alves and Andriolo (2005) 
recorded 10 species with 5,304 h of camera trapping in the 
Atlantic Forest, which represented a 58.01% success rate 
for custom made equipment and 46.05% for commercial 
equipment. Trolle and Kery (2003) recorded 23 species of 
large and medium mammals with only 12,096 h of camera 
trapping in the Brazilian Pantanal, and Silveira et al. (2003) 
recorded 23 species with 24,840 h of camera trapping in 
the Cerrado.

Other studies reported that body mass can affect 
recording by camera traps (Silveira et al., 2003; Kelly and 
Holub, 2008; Lyra-Jorge et al., 2008; Tobler et al., 2008), 
but this relationship was not observed in the present study. 
Results do not take into account that cameras are very 
sensitive to humidity, so their efficiency decreases with 
time, gradually lowering their capacity to sample especially 
small species (Cutler and Swann, 1999; Srbek-Araújo and 
Chiarello, 2007). There was a relationship between capture 
effort and species abundance in the first survey that was 
not observed in the second survey; this can be probably 
explained by the limitation of camera traps when used over 
a long time, though no difference was observed between 
camera traps between surveys. The number of null shots 
was significantly higher in the second survey; this difference 
could be related to the composition of vegetation and 
small animals or fallen trees in the sampling site (Trolle 
and Kery, 2003; Sberk-Araujo and Chiarello, 2005) or by 
wearing of the camera. In contrast, there was a decrease 
in the number of small mammals (Figure 2), although no 
variation in species composition was observed. These 
results do not corroborate the findings of Kelly (2008) 
using the raw data of Tobler et al. (2008).

Domestic dogs were not observed in the first survey, 
but 19 individuals were recorded in the second survey, 
in which they were the second most abundant species 
(48.71%). Most records of domestic dogs were made inside 
Serra do Japi, contrary to findings by Odell and Knight 
(2001), Lacerda et al. (2009), Srbek-Araujo and Chiarello 
(2008), and Torres and Prado (2010), who observed higher 
frequencies in the edges of their study areas. These authors 
reported that high abundance of domestic dogs can be 
considered as an edge effect in fragmented areas. Srbek-
Araujo and Chiarello (2008) recorded 25 domestic dogs 
in Santa Lúcia Ecological Station, state of Espírito Santo, 
Brazil, with 51,408 h of camera trapping. Torres and Prado 
(2010) observed low density of domestic dogs compared 
to wildlife, in a study carried out in a fragmented area of 
Atlantic Forest in São Paulo, corroborating the results of 
the present study.

The presence of dogs may explain the lack of correlation 
between sampling effort and abundance of wild mammals. 
Galetti and Sazima (2006) found 46 carcasses of 12 different 
species killed by dogs in a study in the Santa Genebra 
Forest, after 44 months of sampling. Dogs can prey upon 
other mammals, mainly C. paca, M. gouazoubira, and 
D. azarae. Several authors showed that the presence of 

Figure 3. Relationship between abundance of wild 
mammals and sampling effort in each survey in Serra do 
Japi. Dots represent sampling sites.
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dogs in forests can lead to the decline of native species, 
causing a negative environmental impact (Horowitz, 
1992; Lacerda et al., 2009; Oliveira and Cavalcanti, 
2002; Butler et al., 2004; Anderson et al., 2006; Galetti 
and Sazima, 2006; Srbek-Araújo and Chiarello, 2008).

Torres and Prado (2010) concluded that by increasing 
the awareness of residents in the surroundings of a forest 

is crucial to reduce the impacts of domestic dogs. In the 
present study the difference between surveys may be 
related to human disturbance in the study area, since the 
number of domestic animals recorded was higher three 
years after the first survey. The growth of nearby cities 
may have resulted in larger influx of visitors to the reserve 
and increase in the number of surrounding constructions.

Figure 4. Total species accumulation curve for the survey with camera traps in Serra do Japi (a), species accumulation curve 
for the first survey (b), and species accumulation curve for the second survey (c).

a

b

c
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