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Abstract 

In the present camera-trap based inventory, we investigated and evaluated the occurrence 
and species composition of large- and medium-sized terrestrial mammals in the proposed 
conservation area in the surroundings of the lower Río Tapiche / Río Blanco in the Peruvian 
Amazon. This thesis presents the first camera-trap based inventory focusing on large- and 
medium-sized terrestrial mammals in the departement of Requena. Therefore, passive 
sensor powered camera traps were used to sample the heterogeneous study area on 90 
different trap locations during the rainy and the dry season from April to December 2014. We 
evaluated the efficiency of the deployed camera traps collected data by the use of descriptive 
statistics and species accumulation curves, to assess the completeness of the inventory. 
Furthermore were species composition, capture events and rates of rainy and dry season 
evaluated and both seasons compared with each other. Besides that, activity patterns of 
captured species between rainy and dry season were reviewed and the results checked with 
similar studies conducted in the Amazon Basin. Additionally was the present inventory with 
other studies concentrating on terrestrial mammal species composition in Lowland Tropical 
Rainforest of South America compared to allow an assumption about the status of 
mammalian biodiversity in the study area of Requena, Peru.  

The camera trapping effort of 2614 camera trap days yielded a total of 108.558 photographs, 
of which 3987 were used in the analysis via Camera Base. In total 28 species of mammals 
were recorded, including 3 xenarthrans, 11 carnivore, 4 ungulate, 5 caviomorph rodent and 2 
primate species. Additionally, 15 avifaunal and 3 arboreal species were recorded which were 
excluded from analysis. Capture frequencies for the five most frequently captured species 
were highly correlated between the two seasons. Additionally, were the results of our study in 
close concordance with the mammal species composition of studies used for comparison. In 
this study, we show that the use of camera traps for inventorial purposes is a reliable tool to 
assess species composition in the Neotropics. The methodology used, proved to be 
effective, and can be incorporated for future wildlife monitoring and management planning in 
the study area, as well as for similar research questions.  

The inventory was conducted to support ongoing conservation efforts of the German NGO 
“Chances for Nature e.V.” and the German Primate Center (DPZ), who initiated and funded 
the present study. 
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1. Introduction 

1.1 General Introduction 
The Lowland Tropical Rainforest of Peru represents an exceptional biodiversity hotspot, 
harboring a number of very diverse habitat types with distinct types of speciation, including 
many endemic species communities, which are often limited to a particular and distinct 
distribution area (Trolle 2003). This extreme richness in species variation in the Neotropics is 
based on the unique patterns of biogeography (Kricher 1997). Many mammalian species 
occurring in the Peruvian Amazon Basin, are considered to be global and national 
conservation priorities, including the Red Uakari (Cacajao calvus), Giant River Otter 
(Pteronura brasiliensis), Jaguar (Panthera onca) Lowland Tapir (Tapirus terrestris)) and 
White-lipped Peccary (Tayassu pecari). New species are also consistently being discovered, 
such as the new tapir species Tapirus kabomani described by Cozzuol et al. (2013). Little is 
known about species composition of large- and medium-sized terrestrial mammals in the 
present study area in the district of Requena, in Loreto, Peru, which represents part of a 
planned conservation buffer zone, in the largely undisturbed primary tropical lowland 
rainforest, initiated and planned by the german NGO “Chances for Nature e.V.”. 

1.2 Chances for Nature 
Since 2013 Chances for Nature has run a field station at Río Tapiche located in the study 
area, which opens the unique forest for scientists and students, as well as allowing different 
forms of “scientific tourism”. The presence of scientists and the implementation of diverse 
research projects contribute directly to the conservation of the area and build an additional 
source of income for the local people and their own organisation “Los Iwatzu”. It assists the 
inhabitants of the local community of Buen Jesus de Paz, in sustaining their livelihoods, 
allows them to invest in activities and equipment, and aids in capacity building and meeting 
the necessary expenses for administration. Chances for Nature e.V. works on a voluntary 
basis. Therefore funding flows exclusively into the implementation of their conservation 
projects such as the inventory on large- and medium-sized terrestrial mammals presented in 
this thesis. 

1.3 Wildlife sustaining livelihoods of local communities  
The local communities in the study area live mostly as hunter and gatherers. Their main food 
source is represented by the protein-rich resources of the river bodies: fish. Mammals like 
the Lowland Paca (Cuniculus paca), Black agouti (Dasyprocta fuliginosa), and Lowland Tapir 
(Tapirus terrestris), as well as the Spectacled Caiman (Caiman crocodilus) are also hunted, 
to add to a mainly animal-protein rich diet. Despite this pattern of hunting in the premises of 
the native community Buen Jesus de Paz (BJDP), other surrounding communities rely often 
on poaching (e.g. the adjoining community of Esperanza) and illegal timber extraction to 
sustain their livelihoods (pers. obs.; pers. comm. B. Navarro Garcia). This might lead to an 
increased hunting pressure and general impact on the fragile ecosystem with a reduced 
abundance of herbivores, which can affect patterns of seed dispersal and seed predation 
(Wright et al. 2010). Additionally, during the dry season, local communities clear patches of 
primary rainforest, to establish small agricultural lots (<1 ha, so-called chacras) to grow 
yucca, platano, and other vegetables (peppers, cucumber, tomatoes) to add to the otherwise 
homogenous food table (pers. obs.).  
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The mentioned situation is an additional reason for implication of permanent wildlife 
monitoring supported by the assessment of a camera-trap based mammal inventory in the 
study area. 

1.4 Mammal inventories 
Mammal inventories in the Neotropics are of exceptional importance in order to assess and 
improve our understanding of the geographical distribution of species on both large and 
small-scale level. Furthermore they are fundamental for supporting measures of wildlife 
censuses and management and are an essential tool to plan, execute and support 
conservation programs in general (Rovero et al. 2010). The success of the completeness of 
a mammal inventory can be determined by Species Accumulation Curves (SAC), which 
saturate when all species of interest in a designated study area are detected (Tobler et al. 
2008; Colwell 2009). There is a consencus, that the current practice of applying several 
methods for compiling inventories is recommended, because the application of a single 
method may be not able, to account for all different terrestrial taxa within a study area (Melo 
et al. 2012). For instance, the conducting of line-transect censuses along trails might not be 
able to detect species such as rare and elusive carnivores (Pardini et al. 2004; Pitett & 
Bennett 2014). 

1.5 Camera trapping 
For more than twenty years camera trapping presents a popular method to determine the 
presence of a species in a certain study area (Rovero et al. 2010; Pitett & Bennett 2014). 
They have been shown to be particularly useful for determining species richness in 
challenging rainforest ecosystems (Tobler et al. 2008; Srbek-Araujo & Chiarello 2005). Many 
terrestrial carnivores possess characteristics like large area requirements, low densities and 
an elusive, solitary behaviour that makes them difficult to study (Eisenberg & Redford 1999; 
Emmons & Feer 1990). Due to their low density and secretive nature “traditional tracking”- 
methods such as scat collection, track plots/plates, line transects or direct observation and 
point counts (Sunarto et al. 2013) can provide standardized detection success, but are in 
general unreliable and costly methods to implement across large landscapes lacking 
infrastructure, like the Amazon (Long et al. 2008; O´Connell et al. 2011). On the other hand, 
camera trap stations can be easy deployed on a cost efficient base, due to simple materials 
and low complexity. This non-invasive survey method opened possibilities for researchers to 
study terrestrial wildlife across large and remote areas, without much effort in space and time 
(Long et al. 2008). This is a main advantage when compared to the tracking-techniques, 
described above and other more elaborate research methods. 

Due to the above mentioned advantages camera traps have been used in remote parts of 
the world, to photograph and identify animals now for many years (O´Connell et al. 2011; 
Karanth et al. 2004 in Thompson 2004). Especially in the Neotropics, which harbour a large 
amount of our planet´s terrestrial biodiversity, including many endangered and threatened 
animals, camera trapping represent a valuable monitoring tool for studying wildlife. 
Neotropical mammals occur naturally at low densities, because of traits such as body size, 
specialized diets, and distribution patterns. Camera trapping is often the only chance to 
prove the presence or existence of species, which are cryptic and exhibit a secretive and 
nocturnal behaviour in a defined study area (Eisenberg and Redford 1999).  
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Camera traps provide physical evidence in the form of a photograph and allow an accurate 
species determination, as well as information concerning time of activity. This information 
can be used to assess species composition in the particular area, allowing researchers also 
to understand how species interact and use their resources (Rovero et al. 2014; Pitett & 
Bennett 2014). 

Hence, the use of camera trapping for mammal surveys in the Neotropics has been found to 
be one of the most effective methods for studying and inventorying elusive and 
nocturnal/crepuscular species, that are rarely found by other survey techniques (Tobler et al. 
2008; Srbek-Araujo & Garcia 2005; Trolle 2003). Thus, today, it represents a very important 
wildlife monitoring- and inventory-tool for assessing and estimating terrestrial mammalian 
species composition and diversity at a chosen study site in the Neotropics.  

Camera trapping for the assessment of inventories can serve multiple purposes: it can 
provide reliable records of species presence (Tobler et al. 2008) in a certain study area, to 
show species diversity at a specific site, allow the comparison of species composition, 
occurrence and abundance at different sites (Rovero et al. 2010; Melo et al. 2012), or at 
different times of seasons in the year (Tobler et al. 2008) and study activity patterns of 
captured species (Gómez et al. 2005). They assist furthermore in refinement of distribution 
maps for individual species and can be used to assess anthropogenic or environmental 
impacts on mammalian communities (Tobler et al. 2008; Gomez et al. 2005). Additionally, 
camera-trapping is an efficient method to support long-term monitoring (O`Brien et al. 2003, 
Ahumada et al. 2011).   

For large- and medium-sized terrestrial mammals, camera trapping offers, an efficient and 
ideal study tool to capture them in a non-invasive way, while working independently of a 
direct observer (Rovero et al. 2010). Camera traps are capable of collecting efficient data 
once they have been set up - at least as long as batteries and memory space allows - in a 
relative cost effective manner. They provide a bigger and more accurate picture of 
mammalian diversity in a given area, than aforementioned traditional tracking-techniques, 
that often fail to record rare and elusive species (Voss & Emmons 1996). Furthermore it is 
possible to sample large areas for extended periods of time with relatively low personnel 
demands (Acrenaz et al. 2012). Consequently, previous camera trap studies in the Amazon 
were able to detect 57% to 86 % of reported species for a designated study area using 
survey effort of 1035 to 3400 camera trap days (Rovero et al. 2010; Tobler et al. 2008).  

Because of the mentioned characteristics, camera-trapping is being increasingly used,  
replacing or complementing other methodological approaches in the scientific study of 
elusive tropical mammals and becoming more and more the “state-of-the-art” tool to do so 
(Thompson 2004).  

It can be consequently used to answer a number of important questions related to the 
species composition in our study area and to allow the assessment of a mammal inventory in 
order to coordinate and plan efficient monitoring and wildlife management measures. This 
study is important in order to support the ongoing efforts of Chances for Nature e.V. to obtain 
a conservation concession for the surroundings of the native community Buen Jesus de Paz, 
an area that is prone to diverse threats (see 3.1 Study area).  
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1.5.1 Basic functionality of a camera trapping device 
A camera trap consists of an automated device, that is either triggered when an animal is 
passing through (active sensor devices - which respond to an animal that is intercepting an 
electronic beam) or triggered by body heat and movement of the particular animal passing 
(passive sensor devices) (Rovero et al. 2010; O´Connell et al. 2011). Once triggered, the 
previously positioned camera takes a picture. Usually several traps are positioned, 
depending on the study design considerations and the planned outcome of a study. The 
sampling process consists of deploying a number of camera traps in a particular study area, 
in a manner that best fits the aim of the study (TEAM Network 2011; Rovero et al. 2014). 

Therefore, the sampling process consists of placing a number of camera units according to a 
designated methodology, in order to allow an effective capture of species, which occupy the 
respective study area (Jansen et al. 2014). This enables the compilation of an inventory in a 
most efficient manner, by providing results, in the form of photographs and capture 
information (as time, date, moon phase of capture event) of the targeted group of mammals. 
For that matter provides a photo capture physical evidence of the presence of a species that 
is not subject to observer bias (Rovero et al. 2014). 

It is additionally possible to vary between a set of various functions and settings of the 
device: e.g. the interval between consecutive pictures (latency time) and setting specific time 
events to avoid or target e.g. nocturnal, crepuscular or diurnal species. Additionally, the 
number of pictures per triggering taken can be adjusted. An important factor is the trigger 
speed: the time it takes from the moment the sensor detects an object until the camera takes 
a photograph. This is especially important for inventories, because there may be very few 
chances to record rare or elusive species (Rovero et al. 2010). The trigger speed is often 
very slow in cheaper cameras (extending one to two seconds), while higher-priced models, 
have very high trigger speed (currently up to 1/10 of a second according to Rovero et al. 
2010).  

Another critical setting is the sensor sensitivity, which controls the triggering of the camera 
trap itself. It shouldn´t be set too low or too high, because in the former case the camera fails 
to trigger, while an individual passes through, while in the latter case, the camera trap could 
produce thousands of pictures, caused by a moving twig. In general, in hot climates a high 
sensor sensitivity is recommended, when smaller species (e.g. caviomorph rodents) should 
also be efficiently captured (Rovero et al. 2010).  

Usually the cameras are periodically checked by the researcher, to ensure that the devices 
are functioning properly, batteries are not empty, memory cards are working, and replenish 
these items if necessary (Thompson 2004).  

1.5.2 Camera trap types 
Current camera trap devices are available with white flash and with infrared (LED) flash, 
which tend to be less invasive than white flash camera devices, but make an identification 
more difficult, due to reduced detail (pers. comm; O´Connell et al. 2011; Rovero et al. 2014). 
Cameras with infrared flash also usually have a more extended battery life than models with 
white flash. In the end is the choice of camera model, sensor and flash type of individual and 
financial concern and should be well adjusted to address research question, climatic and 
general conditions of the study area. 
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1.5.3 Data management 
Of great importance, while conducting an inventory is proper data management, therefore it 
is essential to take care, that each picture that is taken, gets an individual and unique 
identification number. Most cameras have nowadays data saved in exif.-Format (which 
includes an automatic saving of time, date, moon phase and temperature, as well as 
individual name, and GPS coordinates, once a camera is properly set), when triggered by an 
individual (see App. 2.29). Furthermore is it possible to read the exif-data with Access-based 
programs like Camera Base (Tobler 2007) and transfer them without much effort into 
statistical programs like R (R Development Core Team 2015) for further data analysis. 
Additionally, each camera trap should be uniquely numbered or coded with a permanent 
marker on the housing for individual identification (TEAM Network 2011). 

1.5.4 Environmental and social factors affecting camera surveys 
In addition to the aforementioned characteristics of the cryptic ecology of many amazonian 
mammals, several environmental and social factors have to be considered, when 
coordinating and executing a camera trap survey under neotropical conditions. The prevalent 
temperatures (Loreto, Peru annual mean temperatures between 21˚ - 34˚ C (Marengo 
1998)), the combination of heavy rainfalls and high humidity (mean annual precipitation 2845 
mm; air humidity between 98 % in the rainy season and 51 % in the dry season according to 
weatherspark.com), normally restrict the work to certain parts of a defined study area or 
times of the season (Botelho et al. 2012; Jansen et al. 2014). Under humid conditions 
cameras that operate with a passive sensor work more reliably, than the more sensitive 
active detection units (Kawanishi 2002 in Thompson 2004). Another point of concern can be 
the damaging of camera devices by animals, but more often the presence of humans poses 
a larger threat to the cameras: The provision of protective steel shell cases, or other locking 
devices and camouflaging the device with organic matter can assist in preventing damage or 
loss (Karanth and Nichols 2002). 

Mammal inventories in tropical forests are often logistically difficult to execute, due to dense 
vegetation, complex structure, seasonal flooding, very limited accessibility restricted to boats, 
a general absence of any road or maintained walking trails and elusive life histories of 
inhabiting species. Thereby is photographic sampling in the Neotropics usually conducted 
over a wide array of heterogenous kinds of difficult terrain. Therefore, due to very limited 
accessibility and almost non-existent infrastructure, apart from sporadic human settlements 
in the Neotropics the deployment of traps is usually executed moving by foot or by canoe, 
often assisted by peque-peque (type of outboard motor which is very useful in river bodies 
enriched with copious organic material). The use of peque-peques represents an important 
tool in the vast, often flooded rainforest of the Amazon for researchers to overcome far 
distances, when executing the predetermined survey design and to ensure an efficient 
coverage of feasible camera trap locations. In this process local expertise (e.g. field guides 
and villagers) is critical to assist with choosing sites most suitable for camera-trapping, which 
provide consequently valuable results concerning species composition (Rovero et al. 2010). 
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1.6 Planning considerations & Logistical constraints 

Every camera-trap based survey requires equipment, which matches the study objectives, 
local conditions and available resources of the study area in order to collect efficient data and 
results (Sunarto et al. 2013) (see 3. Material & Methods). The study questions need to be 
well defined, in order to allow a successful camera-trap inventory and provide results, that 
other aforementioned survey techniques could not have provided (see 1.5) (Acrenaz et al. 
2012). Therefore a careful study of the sampling design that is intended to be used is 
essential. Furthermore the locations for the installation of the camera traps should cover a 
broad range of different habitats in the study area (Tomas & Miranda 2003). Detailed 
knowledge of distribution, abundance, density and dynamics of target species and taxa 
should be studied beforehand, in order to address long-term viability and complete a 
successful study design (Pitett & Bennett 2014).  

1.7 Completeness of inventories 

Despite years of research throughout the Neotropics, complete inventories in the past were 
scarce and the knowledge on the distribution of especially rare and elusive species were still 
lacking accuracy (Voss & Emmons 1996). Mammal populations were also monitored by 
various other aforementioned techniques including line-transects, but this technique proved 
only entirely reliable for addressing arboreal mammals, resulting in a high data deficiency for 
terrestrial mammals (Pittet & Bennett 2014). The focus on large and medium-sized mammals 
in previous studies and in the present study is obvious, for the essential role they play in 
forest ecosystems, as they are responsible for e.g. prey population control (as e.g. Apex 
predator), seed dispersal and predation (Botelho et al. 2012). 
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1.8 Surveys on terrestrial mammal species composition in the Amazon 

Surveys concentrating on terrestrial large- and medium-sized rainforest mammals were 
conducted in southeastern lowland rainforest of Madre dos Dios (Tobler et al. 2008) and in 
the Pacaya Samiria National Reserve (Pittet & Bennett 2014) of Peru, which serve as 
primary sources for a comparison in species diversity. Additional surveys were conducted 
with various rapid inventories in adjacent areas of the study location by the Field Museum of 
Chicago (Vriesendorp et al. 2004, 2005; Pitman et al. 2003). Furthermore, the efforts of 
conducting inventories with camera traps in similar habitat type of lowland rainforest in 
Eastern Ecuador (Blake et al. 2012) and in disturbed habitat of Bolivia (Gómez et al. 2005) 
will additionally function in the presented thesis as sources for comparison with our study 
results (see 5. Discussion). 

Other mammal inventories conducted in lowland rainforest of Peru with different study 
approaches and focus include Hutterer et al. 1995 (live trapping, observation, point counts); 
Woodman et al. 1995 (removal trapping), Boddicker et al. 2002 (transects, direct 
observation, live trapping), Mena & Medellin 2010 (traplines) and Hice & Velazco 2013 (live 
trapping - Victor, Sherman, Tomahawk and pitfall traps). These inventories concentrated 
more on medium- and small-sized mammals (rodentia) and are mentioned to add to an 
comprehensive overview of completed inventories in Peru. 

However, apart from the above mentioned Rapid Inventories in the adjacent Matsés Reserve 
(Vriesendorp et al. 2004) and the Sierra Del Divisor (Vriesendorp et al. 2005) and the 
recently conducted Rapid Inventory of the Rio Tapiche/Blanco (Vriesendorp et al. – in 
preparation), information on species composition of large- and medium-sized mammals in 
the present study area is lacking. As a result is little known about mammalian species 
composition, occurrence and distribution in the surroundings of BJDP. For that reason the 
present camera trap-based survey was conducted from April to December 2014 in 3 steps 
(Rainy Season April - July; Dry Season Step 1 September-October; Dry Season Step 2 
October-November). The results are presented in this thesis, and are planned to be 
presented in a scientific publication, as well. The assessment of a camera trap-based 
terrestrial mammal inventory will allow us, to collect precise information about the terrestrial 
species composition in the study area, support planning and execution of the aforementioned 
conservation concession and assists in ensuring efficient wildlife management and 
conservation efforts in the near future. 
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2. Objectives of the present study 
The overall objective of the present study is to record the presence of large- and medium-
sized terrestrial mammals in the proposed conservation area in the surroundings of the lower 
Río Tapiche / Río Blanco in the Peruvian Amazon by implementing a camera-trap based 
study design. 

The results will be furthermore integrated in a management plan of the conservation program 
of Los Iwatzu & Chances for Natures e.V. and therefore support their conservation efforts 
particularly to establish a long-term wildlife monitoring and wildlife management. 

Specific objectives are:  

- to obtain a complete inventory of all species of large- and medium-sized mammals    
(> 1kg), which can be detected during the rainy and dry season 

 

- to assess species accumulation curves for rainy and dry season 

 

- to assess activity patterns (diurnal/nocturnal/crepuscular) of captured/recorded 
species 

 

- to assess the alimentation types in general and the ratio of carnivores against other  
alimentation types of captured species 
 

- to assess the predator/prey-ratio of captured species 

- to compare the results of the present study with previous studies in the Amazon Basin 
(Toblert et al. 2008; Vriesendorp. et al. 2004, 2005; Gómez et al. 2005; Blake et al.  
2012 and Pitett & Benett 2014). Here we assume a similar composition of large-  
and medium-sized terrestrial mammal species and comparable capture frequency rates. 

 

The results of this thesis shall additionally function as an important key for the assessment 
and evaluation of distribution patterns of large- and medium-sized mammals in the study 
area in the future. Additionally, the percentage of all possible species actually found in the 
study area during our survey in the rainy season and dry season of 2014, can be used as an 
indicator for the health of the ecosystem (Rovero et al. 2010). 

2.1 Working hypothesis 
The working hypotheses to be tested in the present thesis are the following: 

1. We assume a similar composition of large- and medium-sized terrestrial mammalian 
species as in Tobler et al. (2008). Additionally comparisons with survey results of 
Vriesendorp et al. (2004, 2005), Gómez et al. (2005), Blake et al. (2012) and Pitett & 
Bennett (2014) are drawn. 
 

2. We expect comparable capture frequency rates to the study of Tobler et al. (2008). 
 

3. We hypothesize a higher species diversity and individual abundance during the rainy 
season, while habitat connectivity is limited due to extensive flooded forest areas, and 
feeding opportunities are more abundant (according to Kricher 1997). 
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3. Material & Methods 

3.1 Study area 
The camera trap-based mammalian inventory was carried out in the province of Requena in 
the Loreto Region of Peru. The study area (-5.34094°N; -73.86795°E) is located 
approximately 190 km southeast of Iquitos, in primary lowland tropical rainforest (altitudinal 
level between 99m up to 154m above sea level according to GPS-based camera trap 
locations), mainly focusing on locations at the Quebrada Torno, Río Tapiche, and parts of the 
Río Blanco area. Two thirds of the proposed study area lies in the adjacent surroundings of 
the native Cocama community of Buen Jesus de Paz (300 km² to the east and west of Río 
Tapiche) and one third is connected in the west to the large and preserved Matsés reserve 
(Area Natural Protegida Reserva Nacional Matsés – 4570 km² located with a minor part on 
Peruvian and the major part on Brazilian territory). The study area is characterized by 
periodically flooded forests (during the rainy season), has no roads and hardly any 
maintained trails or paths and is only accessible by boat (Matauschek et al. 2011). 

The climate of the study area represents typical neotropical conditions, with annual rainfall 
ranges between 2,500 mm and 3,000 mm, a marked dry season from July to November and 
a rainy season during the months of December to June. The average mean temperature is 
26° degrees (with a minimum temperature of 21° degrees up to an average maximum 
temperature of 31° degrees). The average humidity level is 84 %, with heavy rain falls all 
year round (Marengo 1998; weatherspark.com).  

The surrounding forest is underlain by a great variety of different soil types, from nutrient 
poor white-sand soils to fertile floodplains (Vriesendorp et al. 2004). A couple of major 
vegetation types can be distinguished in the study area: riverine floodplain forest (igapò, 
vàrzea), terra firme forests, black water broad leaf forest, white sand forest (varillal), terrace 
forest, and black water palm forest (swamp forests) (Matauschek et al. 2011; Honorio et al. 
2008; Tobler et al. 2008). The cameras were mostly placed in dry fragments of floodplain 
forest and parts of terra firme forests (during rainy season). The flood plain forest was largely 
inundated during the deployment of the camera traps in the rainy season (pers. obs.).  

The Tapiche and the Blanco River form the boundary of the planned concession area, which 
stretches to the east up to the border of the Matsés Reserve which itself represents a buffer 
zone to the reserve (Fig.1 & Fig. 2; Servicio Nacional de Áreas Naturales et al. 2014). 
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Fig 1. Overview of the project area and the planned conservation concession zone (orange); location 
of camera trap-based inventory conducted between April-December 2014 (red circle)                 
(provided by Chances for Nature e.V.) 

The present study was conducted in the northern part of the potential concession area in the 
surroundings of Buen Jesus de Paz (Fig. 1, blue dot), as well as in western parts of the 
Matsés reserve (Fig. 1, lower part red circle).     

 

Fig 2. Official maps of the location of the Matsés Reserve in Loreto (A, B) and the core area of the  
present mammal inventory (C). Orange = buffer zone, fawn = Matsés Reserve                    
(Servicio Nacional de Áreas Naturales et al. 2014). 
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3.2 Time schedule 
The inventory for large- and medium-sized mammals in the study area was executed in two 
phases: 

1. The first phase was implemented from 14 April to 10 July 2014, during and at the end 
of the rainy season (January - June). 

2. The second phase was carried out in two separate steps, from 21 August to 23 
September 2014 and between 13 October to 13 December 2014, during and at the 
end of dry season (July - December).  

The survey was initially planned, to be executed on a rectangular trapping grid of  8 x 14 km, 
with cameras placed 2 km distance apart from each other (see Fig. 3), to avoid entanglement 
by immediate capture/recapture of the same individual in adjacent camera trap locations 
(Tobler et al. 2008; TEAM Network 2011). However due to the situation in the rainy season, 
with ongoing heavy rainfalls and large areas of the study area inundated, a regular placing 
was not possible (pers. obs.). Instead, methods were altered to suit the given location and 
conditions. Thereby Tobler et al. (2008) mention, that particularly for species inventories the 
spacing of camera traps has no significant influence on the results. Therefore the grid was 
used instead to define the study area and as an orientation for deployment of the camera 
traps. 

 

Fig. 3 Planned Rectangular Trapping Grid (prov.by Marcel Quinten for Chances for Nature e.V.)  

Therefore we used an opportunistic camera trap-placement scheme, and tried to comply to 
at least 1 km distance between the particular camera trap locations, allowing a non-
consecutive grid over the originally planned study area (see Fig. 4 Camera trap locations).  
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3.3 Criteria for camera trap placement 
The cameras in both phases (rainy- and dry season) were placed opportunistically at 
locations, which seemed promising in generating photographic images of terrestrial wildlife in 
the study area. This included areas where indirect cues and evidence of animal activity were 
evident (Tobler et al. 2008; Long et al. 2008; Rovero et al. 2010; Jansen et al. 2014), 
precisely where game trails, visual sightings of scats and kills, or tracks and signs of wildlife 
were detected and visible. Cameras were also placed facing microhabitats of interest such 
as fructifying trees as potential feeding sites, water holes, at streams, burrows/dens, and at 
golpas (mineral licks where mostly avifauna, but also mammals equalize their micronutrient 
balance according to Kricher 1997).  

After the detection of the above mentioned aspects and structures and deployment of 
camera traps at these sites, additional cameras were set along natural game trails and man-
made bushwack trails, to allow the capture of prominent species like Panthera onca, which 
are frequently using these infrastructures (Kricher 1997; Tobler et al. 2008, Rovero et al. 
2010).  

Cameras were also placed at riverine gallery forests (dry season step 1), which are 
frequently used at the beginning and during the dry season, according to Kricher (1997). 
Additionally cameras were opportunistically placed within dense forest, to allow an increased 
probability of catching species, that rarely use trails, which are secretive/elusive, or are 
habitat specialists (Melo et al. 2012).  

The setting of the camera traps at different scales was done with the purpose of avoiding 
likely sample bias that could result from trapping efforts, which are performed at only either 
trails or concentrating on certain habitat structures, and are therefore more likely to capture 
only those species, that preferentially use those respective structures, and miss out on 
capturing other species (Harmsen et al. 2010). Natural paths, trails and habitat structures are 
used, although not well understood (Harmsen et al. 2010), by various neotropical species to 
move and distribute between habitats within a rainforest, and thus the positioning of camera 
traps at these sites should provide important results in terms of showing an accurate as 
possible assessment of local species composition of large- and medium-sized terrestrial 
mammals in the study area. 

The cameras were set at an average height of 50 cm above the ground, to allow the 
recording of smaller mammals, as well (Kelly 2008; Jansen et al. 2014). The cameras were 
attached to trees, which had at least 15 cm BHD (Srbek-Araujo & Chiarello 2005), to allow a 
tight fit, and prevent dislocation, when individual animals were examining the particular 
camera trap unit at close distance.  

The vascular plant vegetation at the camera trap location was cut, to get a clear view at knee 
level of ca. 12 m in the direction of the camera and to avoid vegetation from triggering the 
cameras. Camera traps preferably were faced towards north or south, to have photographs 
without influence of backlight and to avoid ghost pictures, caused by false trigger by direct 
sunlight at sunrise and sunset (Jansen et al. 2014; Si et al. 2014). In order to avoid 
entanglement by woody vegetation (e.g. reflection of infrared flash), mainly locations with 
little or no woody vegetation in front of the camera were chosen. We did not use bait or lure 
substances, to ensure that we only observed natural movements and occurences of 
individual species (Si et al. 2014). 
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3.4 Camera Type & Settings 
We used 20 Bushnell Trophy HD (Bushnell Outdoor Products, Cody, Overland Park, KS, US) 
passive infrared sensor (PIR) cameras in the rainy season, with their outer connection plug-
ins sealed (acc. pers. comm. Mark Bowler) with extra silicone to prevent the intrusion of 
moisture. Additionally, small silica bags were placed in some cameras (due to limited 
availability), to avoid malfunction caused by moisture entering the cameras in the damp 
climate of the Neotropics (pers. comm Mark Bowler; Rovero et al. 2010; O´Connell et al 
2011, Sunarto et al. 2013). The cameras had a latency period (delay between motion 
detection and shutter triggering) of 0.6 seconds and were able to capture pictures of animals 
with a minimal delay of 5 seconds between frames (Rovero et al. 2014).  

The delay between pictures was set to one minute, the sensor sensitivity level to high, and 
the night vision shutter to medium to avoid overexposure, as this was the result in some 
initial runs at the first camera trap locations in the study area during rainy season. Cameras 
were operating 24h a day and were checked in a time frame of 7 up to 21 days (changing 
control patterns between rainy and dry season), to change/check SD cards, battery status 
and proper working conditions of the particular camera trap device. 

In the dry season five Maginon WKS1 5MP cameras (supra Foto-Elektronik-Vertriebs-GmbH, 
Kaiserslautern, Germany) were additionally used, which represent a low-budget camera trap 
available in German supermarkets, which were proportionally more often malfunctioning (four 
of six malfunctioning cameras during the dry season), as well as providing a very limited 
photo quality (pers. obs.).   

 

Camera Settings 

Set     
Mode 

Image 
Size 

Image    
Format 

Set 
Mode 

Interval 
Sensor 
Level 

Night 
Vision     
Shutter 

Time 
Stamp Set Date 

Coordinate      
Input 

Camera  8 MP Widescreen 1 Minute High Medium On 
Ind. 
Date Off 

 

Table 1. Settings of Bushnell Trophy HD & Maginon camera trap devices, these settings were used as 
standard for all cameras, to follow a homogenous camera trap setting 
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3.5 Distribution of Camera trap locations 

3.5.1 Rainy season 

In the rainy season cameras were set after aforementioned criterias (see 3.3) at thirty-six 
locations from 14th of April to 7th of July 2014. Thirteen cameras were placed between 35 and 
38 consecutive days (437 camera trap days total – mean Ø 36,42 camera trap days (CTD´s)) 
in the surroundings of Buen Jesus de Paz, along the Quebrada Torno, and another 7 camera 
traps in western part of the Reserva Matsés between 45 and 48 days (328 camera trap days 
total - mean Ø 46,86 CTD´s).  After this initial run, the cameras were retrieved from the field, 
data was collected and partially pre-evaluated on-site. Afterwards camera trap devices on 
sixteen additional locations along the Río Tapiche and Río Blanco area were placed (477 
camera trap days – mean Ø 31,8 CTD´s), accounting for a total deployment of 36 cameras 
on different trapping locations during rainy season. All camera trap locations between rainy 
and dry season were marked using a Global Positioning System (GPS) (Garmin Oregon 
300). 

Large parts of the study area, were inaccessible due to heavy rainfalls and largely inundated, 
as was also experienced and cited by Botelho et al. (2012) and Tobler et al. (2008) during 
their study in similar habitat in southern Peru during the rainy season. In total 84 km² of the 
study area (112 km²) was covered by deployed camera trap devices during the rainy season.  

 

 

 

 

 

 

 

 
 

Fig. 4 Locations of camera traps in rainy season (red dots – left image) and dry season 1 (red dots - 
middle image) and dry season 2 (purple dots - right image) (without excluded cameras) 

3.5.2 Dry season 

In the dry season cameras were placed in two steps at 54 locations: 41 locations during the 
first step from 20th of August to 23rd of September 2014, with a placement period between 7 
to 33 days (604 camera trap days total - mean Ø 18,17 CTD´s); and on 13 locations during  
the second step from 13th of October to 13th of December 2014, with a consecutive 
placement time of 57 to 61 days (768 camera trapping days total - mean Ø 58,07 CTD´s). 
Approximately 54 km² of the proposed study area (112 km²) were covered during the dry 
season.  
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3.6 Data analysis 

3.6.1 Introduction to Camera Base 

All collected images were scanned and entered into Camera Base 1.6.1 (Tobler 2007), an 
MS Access based database designed for managing camera trap survey data. Camera trap 
surveys produce thousands of pictures for each survey, consequently it can be a very 
tedious task to manage all those photos and the corresponding information. Camera Base is 
a tool, which was developed by Mathias Tobler, from the San Diego Zoo Institute for 
Conservation Research, in order to help researchers to manage the complete data from 
multiple surveys and provide tools for different types of data analysis: Specific to this thesis, 
the types of analysis supposed by Camera Base include activity patterns 
(diurnal/nocturnal/crepuscular activity patterns) and species composition. For every 
photograph taken, the camera trap device saves the camera trap location, date and time of 
individual capture event, moon phase and temperature as metadata in exif-Format. 
Afterwards, it is possible to readout the collected information and generate datasets for each 
individual captured species and capture event in Camera Base and save them for further 
data analysis. 

 

Fig. 5 User interface Camera Base (© www.atrium-biodiversity.org) 
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3.6.2 Data analysis 
Species identification              
The species were identified with the assistance of literature by Eisenberg & Redford (1999), 
Emmons & Feer (1990), and Mittermeier et al. (2013), as well as in workshops with the 
consideration of local knowledge of inhabitants of Buen Jesus de Paz (during pre-
evaluation). Additional assistance during species identification was provided by Mr. Manolo 
Martin Branas of the IIAP (Dasypodidae), Prof. Dr. Sam Zeveloff (Procyonidae) and Dr. Dirk 
Meyer and Dr. Christian Matauschek (Callitrichidae & Cebidae) of Chances for Nature e.V. 
For improvement of picture quality IrfanView 4.40 (Skiljan 2014) was used, supporting 
adjustment of brightness and color schemes. 

Species Exclusion                
To concentrate and evaluate the effectiveness of our camera trap based terrestrial mammal 
inventory, a subset of all photographs including only large- and medium-sized terrestrial 
mammals (weight  > 1kg) were used, therefore excluding captured arboreal species, small 
rodents and collected data concerning ground-dwelling avifauna (see Appendix 2.13 - 2.28 
for a complete summary of capture events). But unlike Tobler et al. (2008) we did not 
exclude semi-terrestrial/aquatic species to add to a comprehensive picture of large- and 
medium-sized mammal species composition in our study area, and included them in our 
analysis as well.   

Independent events               
The data were filtered to exclude images of the same species at the same station within a 
period of one hour (O´Brien et al. 2003; Tobler et al. 2008), in order to reduce entanglement, 
and ensure that capture events were independent, because some species (e.g. caviomorph 
rodents) would spend a long period of time in front of the camera, altering the results of e.g. 
capture frequency and capture rates, if not considered. 

Calculation Camera Trap Days (CTD´s), Capture rates & frequency 

The total collection effort was calculated by multiplying the number of cameras used by the 
number of days that those were operating in the field, obtaining the result in number of 
camera trap days (CTD´s). We calculated the capture frequency of a given species as the 
number of photos/1000 camera days.  
 
Species accumulation curves  
The success of the completeness of our species inventory was determined by Species 
Accumulation Curves (SAC), which saturate when all species of interest in the study area are 
detected (Tobler et al. 2008). The SAC represents the relationship of the number of species 
and the sampling effort (number of camera days), which depend on the duration of sampling 
time, which gets consequently determined by the size and structure (homo-/heterogeneity) of 
the area sampled (Colwell 2009). With increasing trapping effort the species accumulation 
curve should approach an asymptote, which allows a judgement of sampling adequacy of our 
camera-trap based inventory and level off, when the sampling effort (camera trap days) is 
large enough, showing the inventorying of targeted mammalian taxa is sufficient (Ugland et 
al. 2003).  

We use the estimated total species diversity for this habitat type of Lowland Tropical 
Rainforest (28 large- and medium sized species acc. to Leite Pittman in Tobler et al. (2008)) 
as a marker for a complete survey on large- and medium-sized terrestrial mammal species 
composition in our study area.  
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It is based on the assumption, that both studies were executed in similar habitat of lowland 
tropical rainforest, with similar forest communities, and we can therefore assess trapping 
efforts on the species-trapping effort relationship to a certain probability of total species in the 
area via species accumulation curves (SAC).  

The rarefied species accumulation curves for this survey were plotted with Accucurve 1.0 
(Drozd & Novotny 2010) using MS Excel. 
 
Activity Patterns            
Data from both surveys (rainy and dry season) were pooled for analysis, and as in Gómez et 
al. (2005) we only included the species with a sample size of 15 photo captures or more to 
model changes in diurnal/nocturnal activity patterns between rainy and dry season.  

All operations for analysis were executed, by using Microsoft Excel™, R 3.2.1 (Core 
Development Team 2014) and Camera Base 1.6.1 (Tobler 2007).  
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4. Results 

4.1 Capture frequencies and species list 
In total, camera traps were deployed at 90 locations in the study area: two cameras had to 
be excluded during the rainy season and six during the first step of dry season, leaving a 
total of 82 camera traps in the field to capture images of species composition of large- and 
medium sized mammals.  

During the 2014 rainy season survey (April - July), totalling 1235 camera trapping days (see 
Table 2 & 3), 611 captures were recorded, which resulted in 479 independent datasets 
(latency time/filter of one hour to ensure independent events – see 3.6.2) of 22 different 
species of large- and medium-sized terrestrial mammals. In the subsequent dry season of 
2014 consisting of two survey steps (August-September and October-December) and 
totalling 1372 camera trapping days, 718 captures were recorded, which resulted in 488 
independent datasets (August – September: 196 independent datasets collected in 604 
CTD´s; October – December: 292 datasets collected in 768 CTD´s) of 21 species of large- 
and medium-sized terrestrial mammals.  

Three species were excluded from analysis of the inventory because they were arboreal or 
small mammals (< 1 kg): varied White-Fronted Capuchin (Cebus albifrons unicolor), 

Moustached Tamarin (Saguinus mystax mystax) and the Northern Amazonian Red Squirrel 
(Sciurinus igniventris). A total of 28 large- and medium-sized mammals have been reported 
for the habitat type of lowland tropical rainforest (Leite Pitman, unpubl. data, according to 
Tobler et al. 2008). Including both rainy and dry seasons (2614 camera trap days), there was 
a total amount of 967 datasets of large- and medium-sized mammals of 25 different 
terrestrial and semi-terrestrial species collected (see Table 2. number of captures and 
capture frequency).  

The camera traps successfully registered all species of large mammals (> 40 kg), with an 
overall completeness of the surveys of 79 % (rainy season) and 75 % (dry season) for large- 
and medium-sized mammals (Tobler et al. 2008). The most commonly photographed species 
were D. fuliginosa (n = 233), C. paca (n = 206), D. marsupialis (n = 117), D. novemcinctus   
(n = 75) and T. terrestris (n = 72).  

The most commonly photographed felid species were L. pardalis (n = 24) and L. wiedii        
(n = 15), while the other cat species known to occur in the Neotropics were only captured in 
marginal numbers (e.g. the apex predator P. onca n = 5 and P. concolor n = 5), except P. 

yagouaroundi, which was entirely absent in the inventory. Overall, felid species captured 
between the rainy and dry season were represented by rather low capture rates (except the 
above mentioned L. pardalis & wiedii) between one (L. tigrinus) to five photographs (P. 

concolor & P. onca). 

Additionally, avifauna and reptile species were in our study recorded, but excluded from 
analysis, for a summary of all capture events in rainy and dry season see Appendix 2.13 – 
2.28. 
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Graph 1 Capture frequency of our survey compared to Tobler et al. (2008) 

The species, which were only very rarely captured (n <= 2) in our study during the rainy 
season were: A. microtis, C. unicinctus, L. tigrinus, L. longicaudis, M. pratti and P. concolor. 
In the dry season the species that were only rarely captured were: A. microtis, L. longicaudis, 

P. onca and P. cancrivorus. Some of these species were recorded in only one of the seasons 
(except A. microtis, L. longicaudis & P. onca) and had very low overall capture rates (see 
Table 2. Number of captures and capture frequency). 

 

Graph 2 Capture rates/No. of photos in comparison of Rainy and Dry Season  
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Table 2. Number of captures and capture frequency (number of photos/1000 trap nights) for all species observed during rainy 
and dry season at Buen Jesus de Paz Study Area, Loreto, Peru 

  Species   Common Name  RS       DS 1  DS 2 Habitat 

Didelphimorphia                                                                                                                                                                     

Didelphidae  Didelphis marsupialis Common oppossum 27 (21.9)      12 (19,9) 78 (101.6)     T                          
Pilosa                                                                                                                                                                             

Myrmecophagidae Myrmecophaga tetradactyla Giant Anteater    3 (2.4)            -  -                    T
  Tamandua tetradactyla Colllared anteater    5 (4.1)            -  5 (6.5)          T, Ar      
Cingulata                                                                                                                                                                                    

Dasypodidae Cabassous unicinctus South. naked-tailed armadillo   2 (1.6)            -  -                    T 
  Dasypus kappleri  Great-long-nosed armadillo     -            -  -                    T 
  Dasypus novemcinctus Nine-banded armadillo 46 (37.3)        9 (14.9) 20 (26.0)       T 
  Dasypus spp.  Long-nosed armadillo 25 (20.2)        9 (14.9) 37 (48.2)       T 
  Priodontes maximus Giant armadillo      -            -  -                    T           
Carnivora                                                                                                                                                                              

Canidae  Atelocynus microtis  Short-eared dog    2 (1.6)       1 (1.7) -                    T
  Speothos venaticus  Bush dog       -            -  -                    T        
Procyonidae Procyon cancrivorus Crab-eating raccoon     -            -  1 (1.3)           T
  Nasua nasua  Coati   10 (8.1)         3 (5.0) 13 (16.9)       T 
Mustelidae Eira barbara  Tayra   12 (9.7)         2 (3.3) 38 (49.5)       T
  Lontra longicaudis  Neotropical Otter    2 (1.6)             -    2 (2.6)       Aq, T
  Mustela african  Amazon weasel      -             -  -                   T, Ar
  Pteronura brasiliensis Giant otter      -           3 (5.0) -                   Aq 
Felidae  Puma yagouarundi  Jaguarundi      -             -  -                    T
  Leopardus pardalis  Ocelot   13 (10.5)         1 (1.7) 10 (13.0)       T
  Leopardus wiedii  Margay   10 (8.1)           4 (6.6)   1 (1.3)        T, Ar
  Leopardus tigrinus  Oncilla     1 (0.8)              -  -                    T
  Panthera onca  Jaguar     4 (3.2)              -    1 (1.3)         T
  Puma concolor  Puma     1 (0.8)           3 (5.0)   1 (1.3)         T                   
Perissodactyla                                                                                                                                                                     

Tapiridae  Tapirus terrestris  Lowland tapir  27 (21.9)        26 (43.1) 19 (24.7)       T       
Artiodactyla                                                                                                                                                                          

Cervidae  Mazama americana  Red brocket deer    4 (3.2)               -  24 (31.3)       T
  Mazama nemorivaga Brown brocket deer    7 (5.7)               -  -                    T 
Tayssuidae Tayassu pecari  White-lipped peccary     -               -  -       T
  Pecari tajacu  Collared peccary  15 (12.2)        20 (33.1)   2 (2.6)          T             
Rodentia                                                                                                                                                                      

Dasyproctidae Dasyprocta fuligonosa Black agouti                147 (119)        30 (49.7) 56 (72.9)        T
  Myoprocta pratti  Green acouchy     2 (1.6)                - -                     T             
Sciuridae  Sciurus igniventris  North. Amazon Red Squirrel      6 (4.9)                - -                     Ta            
Caviidae  Hydrochoerus hydrochaeris Capybara       -        23 (38.1) -                     T         
Dinomyidae Dinomys branickii  Pacarana       -                - -                     T         
Cuniculidae Cuniculus paca  Paca                 133 (107.7)     52 (86.1) 22 (28.7)        T     
Erethizontidae   Coendu prehensilis  Cuandu / Brazil. Porcupine         -            5 (8.3) -                   T, Ar 

Echimyidae Proechimys sp.  Spiny rat       -                 - -                     T      
Lagomorpha                                                                                                                                                                        

Leporidae Sylvilagus brasiliensis Brazilian rabbit      -                 - -                     T 

Primates                                                                                                                                                                                

Cebidae  Cebus unicolor  White-Fronted Capuchin    1 (0.8)          1 (1.7)  1 (1.3)            Ara                

Saguinus  Saguinus mystax mystax Moustached tamarin   1 (0.8)                 - -                      Ara                         

Aves                                                                                                                                                                                           

  Tinamidae spec  Tinamou.   22 (17.8)          6   (9.9) 17 (22.1)            a

  Mit tuberosa  Razor-billed curassow 10 (8.1)          9 (14.9)   4 (5.2)              a

  Penelope jacquacu  Spix´s guan    6 (4.9)          3 (5.0)   5 (6.5)              a  

Terrestrial mammals      21  16     15 

All mammals       24  17     16 

T, terrestrial; Ar, arboreal; Aq, aquatic. 

a Species not included in the analysis.
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Table 3. Sampling effort (No. stations, No. camera trap days, average number of days of effective camera use, total number of photos and number of photos for 
main vertebrate classes in the study area of Buen Jesus de Paz in Northeastern Peru, as determined from the camera traps  

     Buen Jesus de Paz   Buen Jesus de Paz 

     Rainy Season    Dry Season  Step 1   Step 2   (Total) 

No. of stations (incl. excluded cameras) 34 (36)       35 (41)   13   48 (54) 

Total effort (camera trap days)  1242       604   768   1372 

Mean no. of ctd´s   37       18   58   38 

No. photos (Independent Events) 611 (479)      303 (196)  415 (292)  718 (488)  

No. mammal species    21 (24*)      15 (16*)  14 (15*)  20 (21*)  

No. bird species (No. Captures)² 4 (41)       13 (41)   6 (47)   15 (88)  

No. reptile species (No. Captures)² -       4 (9)   1 (2)   4 (11) 

Not identified on species level  7 (91)       6 (57)   5 (74)   7 (131)          
(No. Captures)² 

 

*including arboreal and semi-terrestrial mammal species (excluded from analysis) 

²excluded from analysis 
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4.2 Species accumulation curves 
The curves all have similar shapes, none of the curves level entirely off and in case of dry 
season step 1, the curve is being far away from reaching an amplitude. Additional, the fairly 
short deployment of camera traps in the field (Ø 18,17 ctd´s), indicated by the short trend of 
the curve for Dry season step 1, where 30 days are recommended, to allow the capture of 
rare and secretive species (Tobler et al. 2008; TEAM Network 2011) show lacking sampling 
effort. The species accumulation curve for the rainy season is closer to reach a amplitude at 
approx. 25 species. 

 
Graph. 3 Comparison of seasons - Species Accumulation Curves 

The SAC for the rainy season show a more complete trend, than the two surveys conducted 
in the dry season, where the curves of the dry season are still rising (see Graph 3 
respectively Graph 4 in  App. 2), without approaching an amplitude. During the rainy season, 
the cameras were placed in the field for at least 30 days, allowing for increased capture of 
diverse mammalian taxa, including rare and secretive species.  

The Species Accumulation Curve for Dry season step 1 (see Graph 3, respectively Graph 5 
in the Appendix) shows a lower sampling effort in duration of camera trap placement, 
indicated by the short length and the shallow trend of the curve. Camera traps were after an 
average of 18 camera trap days dismounted and placed at other locations. 

The curve for Dry season step 2, is a little more shallow (see Graph 3 and Graph 6 in the 
Appendix), and in this case the trapping effort was enhanced, by placing cameras for an 
average of 58 camera trap days on each site, and therefore three times as long as in Dry 
Season Step 1. Still, it becomes obvious that the placement on 13 locations only, influenced 
the species accumulation curve, reaching the captured species richness of 14 species not 
until 750 camera trap days, the actual time the cameras were placed in the field during this 
step. 

Overall, the proportion of detected species (15+) increased rapidly when the trapping efforts 
exceeded 300 (rainy season) up to 750 (Dry season step 2) camera trap days. 
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4.3 Activity Patterns – Comparison Rainy & Dry Season  
Data from both surveys (rainy and dry season) were pooled for analysis, and as in Gómez et 
al. (2005) we only included the 11 species with a sample size of 15 captures (Gómez et al. 
(2005) used 20 captures respectively) or more to have sufficient data to model changes in 
diurnal/nocturnal behavioural patterns between rainy and dry season. H. hydrochaeris (n = 
23) was excluded, because it was only captured in dry season, which disables the species 
for a comparison of activity patterns between rainy and dry season. 

 

Time of Activity of species captured in the study 

Species 
Time of Activity Rainy 
Season (Mean Value)  

Time of Activity Dry 
Season (Mean Value)  

Herbivores     
C. paca 02:05:52 AM 02:10:18 AM 
D. fuliginosa 11:40:37 AM 12:09:51 PM 
D. novemcinctus 01:30:54 AM 12:14:04 AM 
D. marsupialis 02:44:04 AM 01:15:07 AM 
N. nasua 12:50:23 PM 11:27:50 AM 
T. terrestris 03:47:04 AM 12:56:10 AM 
P. tajacu 11:04:23 AM 11:26:15 AM 
M. americana 10:13:33 AM 12:30:42 PM 
      
Carnivores     
L. wiedii 10:04:39 PM 11:00:40 PM 
L. pardalis 01:33:52 PM 01:03:19 PM 
E. barbara 12:03:09 PM 12:15:19 PM 

 

      Table 4. Mean value - Time of activity of species (with capture events exceeding n=15) 

Table 5 shows, that none of the 11 species, which exceeded a capture rate of n = 15, had a 
significant difference in their activity patterns between rainy and dry season. Diverging in 
time of activity only between five minutes (C. paca) to two hours and seven minutes (M. 

americana).  
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          Photographic Events (N) 

Species     n  Nocturnal  Diurnal  Crepuscular  Classification 

Atelocynus microtis    3         1           2   - 
Cabassous unicinctus    2                2   - 
Coendu prehensilis    5       5        Nocturnal 
Cuniculus paca     206     197              9   Nocturnal 
Dasyprocta fuliginosa    233       164         69   Mostly diurnal 
Dasypus novemcinctus    75      69              6   Mostly nocturnal 
Didelphis marsupialis    117       107        1           9   Mostly nocturnal 
Eira barbara     52       1       45           6   Mostly diurnal /Cathemeral 
Hydrochoerus hydrochaeris   23      16        1           6   Cathemeral 
Leopardus pardalis    24      10        8           7   Mostly nocturnal / Cathemeral 
Leopardus tigrinus    1       1        - 
Leopardus wiedii    15      12              3   Mostly nocturnal 
Lontra longicaudis    3           2           1   - 
Mazama americana    28      12         7           8   Cathemeral 
Mazama nemorivaga    7           6           1   Diurnal 
Myoprocta pratti    2           2     - 
Myrmecophaga  tridactyla   4           3           1   - 
Nasua nasua     26        1        20           5   Diurnal 
Panthera onca     5        1         3           1   Cathemeral 
Pecari tajacu     37          36           1   Diurnal 
Procyon cancrivorus    1        1        - 
Pteronura brasiliensis    3           3     - 
Puma concolor     4        3              1   - 
Tamandua tetradactyla    10        4         4           2   Cathemeral 
Tapirus terrestris    71       51         4          16   Mostly nocturnal 
Table 5. Activity periods of catured species in our survey on mammalian species composition         

              (- = data deficient to allow explicit classification) 
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4.4 Alimentation Types  
The following graphs illustrate the distribution of alimentation types in our study, divided into, 
carnivores, herbivores, omnivores and insectivores. This analysis allows a simple illustration 
of the ratio between carnivores, which fulfill an important task as predators, in pest and 
disease control, by removal of old, sick and injured individuals and other occurring 
alimentation types (herbivores, insectivores, omnivores) in our study area, which function as 
prey and play an important role in seed dispersal and seed predation (Botelho et al. 2012; 
Wright et al. 2010).  

 

 

Graph 4. Distribution of alimentation types in comparison of rainy and dry season 

 
Graph 5. Overall composition of alimentation types in our study 
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5.5 Predator-Prey Ratio   
The ratio of predator species (carnivores) to prey species (herbivores / omnivores / 
insectivores) in the rainy season is 9:13 species, respectively 8:13 species during the dry 
season.  

 

Graph 6. Predator-Prey Ratio in comparison of rainy and dry season 
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5. Discussion 
Hypothesis testing               
On the assumption of a similar geographical distribution (the Amazon Basin) and habitat type 
(lowland tropical rainforest), we hypothesized that a similar species composition would occur 
in our study area as is described in Tobler et al. (2008). As part of their study on large- and 
medium-sized mammal species composition in Madre dos Dios, Southern Peru, Tobler et al. 
(2008) presented detailed guidelines for the assessment of species inventories. 
Consequently, we adopted parts of their guidelines and methodological framework for the 
purpose of the present inventory of large- and medium-sized mammal species composition in 
Requena, Peru (see 3. Material & Methods), aiming to collecting similar quantities of 
captures and camera trap days, in order to allow a comparison of capture events and rates in 
order to support the ongoing conservation efforts as aforementioned of Los Iwatzu & 
Chances for Nature e.V.  

We were able to collect records of 21 of the 24 species, which Tobler et al. (2008) captured, 
during their survey. This is a consensus of 88 % of captured large- and medium-sized 
terrestrial mammals between our study and Tobler et al. (2008). P. maximus, P. 

yagouarundi, and T. pecari captured by Tobler et al. (2008), were in our study entirely 
absent, which could be based on the following aspects: according to the IUCN (2015) is P. 

maximus naturally rare, where it occurs and its population trend is generally decreasing, 
explaining also the marginal capture events by Tobler et al. (2008), whose study collected 
roughly 1000 camera trap days more and a complete absence in our study. P. yagouarundi 
is a uncommon and at low densities occurring species (indicated by just two captures by 
Tobler et al. (2008)), and according to de Oliveira et al. (2010), influenced and negatively 
impacted by the occurrence of the larger sized L. pardalis (Ocelot-effect), which was also 
captured in our study. The distribution of T. pecari is according to the IUCN (2015), due to 
ongoing population reduction (caused by habitat loss, illegal hunting and epidemics) 
estimated to be close to 30% in the past three generations, largely decreasing. While Tobler 
et al. (2008) encountered them in bigger numbers in their study area further south in Madre 
dos Dios, we couldn´t obtain a single capture event, which could be also explained by their 
habitat preferences for wide-ranging, large and undisturbed areas (Keuroghlian et al. 2004), 
while in our study area events of disturbances in the form of illegal selective logging and 
poaching might occur at irregular intervals (pers. obs.; acc. to pers. comm. B. N. Garcia).  

Still, the assumption of a similar species composition between our study and Tobler et al. 
(2008) is supported by the collected data and the amount of captured species, and therefore 
it is possible to accept the first hypothesis. Consequently we were able to record the 
occurrence of a similar species composition of large- and medium-sized terrestrial mammals 
in a similar geographical location of the Neotropics, in the district of Requena, region Loreto, 
Peru and in a similar habitat type of Lowland Tropical Rainforest as Tobler et al. (2008) and 
Vriesendorp et al. (2004, 2005). 
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Our second hypothesis was that we expected similar capture rates between our inventory 
and the results collected by Tobler et al. (2008). For the most common species in our study, 
we were able to achieve similar capture numbers and rates as Tobler et al. (2008) (see 4. 
Results, Graph 1 & 2). Additionally, capture frequencies between rainy and dry seasons were 
highly correlated between our inventory and Tobler et al. (2008) for 42 % (11 out of 25) of the 
individual species records, indicating that these frequencies are species specific. Species 
with smaller territories, such as C. paca and D. fuliginosa especially had proportionally higher 
capture rates. This result stands in close concordance with the capture rates in Tobler et al. 
(2008). From the gathered results and differences in species captures between the seasons, 
it becomes clear that capture probability of a given species is highly dependent on the 
methodology used for collecting the data. Similarly there may be a number of species in our 
study area that have a very low probability of being captured with camera trapping and are 
consequently entirely absent from the collected data. There is little possibility of knowing if 
these species, which are absent from our dataset would distort the apparent homogenous 
distribution of species between rainy and dry season. Apart from this issue we can prove the 
scond hypothesis as true, given that for the most common species as C. paca, D. 

marsupialis, D. novemcinctus, M. americana, P. tajacu and T. terrestris, we found a similar 
number of capture events and capture rates as Tobler et al. (2008).   

The third hypothesis to be tested in this thesis was if a higher species composition can be 
recorded in the rainy season, while large areas were inundated, and habitat connectivity was 
more limited than in the dry season. In the rainy season there were 21 different terrestrial 
mammalian species and in the dry season 20 species recorded (16 species during Dry 
season step 1; 15 species during Dry season step 2; see Results 4.1 table 2), due to the 
marginal differences in species composition, the hypothesis cannot be entirely proven. 
Additionally, while the literature recommended 30 camera trapping days per trap location 
(TEAM Network 2011, Tobler et al. 2008, Rovero et al. 2010), the present study took a 
different methodological approach with inconsistent trapping grids, following entirely different 
opportunistic placement schemes and camera trap placement duration times between the 
seasons, that reached from 7 to 64 camera trap days, this made a comparison between rainy 
and dry season difficult and prone to bias.  

The only statement which can clearly be made is that capture events concerning species 
composition between the seasons promoted different results, capturing C. unicinctus, L. 

tigrinus, and M. pratti only during the rainy season and C. prehensilis, H. hydrochaeris, P. 

brasiliensis and Procyon cancrivorus only during the dry season. Also, in two cases camera 
traps were placed directly in primary habitat (H. hydrochaeris), or in front of a den (P. 

brasiliensis) to capture the respective species, in order to have a complete an inventory as 
possible.  
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Species Diversity in comparison between Rainy and Dry Season 

In the 1242 camera trap days during the rainy season, 479 independent records of 21 
species of large- and medium-sized terrestrial mammals were captured. While in the dry 
season, during the two survey steps between September and December, totalling 1372 
camera trap days, 488 independent records of 20 large- and medium-sized terrestrial 
mammals were captured (15 species in Dry season step 1; 14 species in Dry season step 2). 
As a result, 84 % of the species captured in dry season, were also recorded during rainy 
season. A difference in species composition between the two seasons was evident, as in the 
rainy season only C. unicinctus, L. tigrinus, M. nemirovaga, M. pratti and M. tetradactyla  
were captured, whereas in dry season only P. cancrivorus, P. brasiliensis, H. hydrochaeris 

and C. prehensilis were captured. It must be considered that the difference in captured 
species composition of some species is due to their adapting of habitat and territory use 
between rainy and dry season, and that they might only be present in a certain seasons 
(Kricher 1997). 

An additional table of camera trap locations with highest captured species diversity (more 
than 5 different captured species) in rainy and dry season is given in the Appendix 2 - Table. 
17.  

 

Species accumulation curves  

We expected the species accumulation curve for each survey in rainy and dry season to 
approach an asymptote, which gives us a judgement of sampling adequacy of targeted large- 
and medium-sized mammal species composition in our study area.  

The species accumulation curves (SAC) for the rainy season with a curve nearly reaching an 
asymptote (with 21 captured species) shows that the inventory on species composition in this 
phase was more complete, than the two survey conducted in the dry season, which had 
curves that were still rising (see Graph 3 respectively Appendix 2.4 & 2.5). The 
heterogeneous camera placement and the additional camera trapping effort (number of 
camera trap days) might have added to an increased capture of different species in the rainy 
season. Additionally, as recommended by TEAM Network (2011), the cameras were placed 
in the field for at least 30 days (mean Ø 36,42 CTD´s) during rainy season, allowing for 
increased capture of diverse mammalian taxa including potentially rare and/or secretive 
species. The practice of expending additional effort in camera trap placement time in the 
rainy season is supported by the results of a more comprehensive picture of mammalian 
species composition in the rainy season, including the capture of potentially rare or cryptic 
species like C. unicinctus, L. tigrinus, M. pratti, M. tetradactyla in our study area. Thus 15 and 
14 species were captured in Dry season step 1 and 2 respectively adding to a combined 
capture of 20 different species in the dry season, compared to 21 in the rainy season.  
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The Species Accumulation Curve for Dry season step 1 (see Graph 3, and App. 2.4) shows a 
sampling effort lacking in duration of camera trap placement (with 15 captured species), 
indicated by the fairly short trend of the species accumulation curve. The cameras were 
dismounted after an average placement time of 18 camera trap days and placed at other 
locations. Additionally, many of the locations were suboptimal in capturing individuals (26 of 
34 camera trap locations collected less than 10 capture events). Many of the chosen sites 
lacked adequate signs of faunal activity (13 of 34 deployed camera traps without a single 
recorded capture event) and some camera traps were deployed pointing in the wrong 
direction (facing direct sunlight), which resulted in thousands of ghost pictures (pers. obs.; 
Rovero et al. 2010). Furthermore, the camera placement was very homogenously around the 
premises of BJDP placed, which might add to the result of inconsistent capture events during 
dry season step 1. 

The curve for Dry season step 2 was a little more shallow (see Graph 3 and App. 2.5), 
indicating the low sample effort of only 13 camera trap locations. The trapping effort during 
this phase was enhanced by placing cameras for an average of 58 camera trap days on 
each site, and therefore three times as long as in Dry season step 1. However, this effect 
might be mitigated somewhat by the fact that just 13 locations were monitored, capturing just 
14 species during Dry season step 2. This is in contrast with Dry season step 1, although 
lumped, cameras were placed at 41 locations.  

In summary, our species accumulation curves (SAC) for the rainy season with the capture of 
21 species in 1235 CTD´s, showed a curve reaching almost an amplitude, with just a slight 
increase at the end, indicating that an additional trapping effort would be needed to complete 
the inventory (28 large- and medium-sized species according to Tobler et al. 2008). The 
species accumulation curve for the Dry season step 1 especially showed, that 18 CTD´s is 
an insufficient amount of camera trap days, indicated by the short curve and the still rising 
trend (gathering just 604 CTD´s, and 303 captures/196 independent events in total).  

The species accumulation curves indicated that it takes 400-500 camera days to obtain a 
record of the most common species in the study area. Precisely, the proportion of detected 
species increased rapidly when the trapping efforts exceeded approx. 300 (rainy season) to 
500 (Dry season step 1) up to approx. 700 (Dry season step 2) camera trap days, which is 
similar to the results of Tobler et al. (2008). The more elusive species determine, how much 
time is needed to complete an inventory, these are often the species, which are most 
interesting because they often determine, which efforts are undertaken for habitat protection 
and which planning tools are used for further conservation issues (Thompson 2004).  

Especially, the plotted species accumulation curves illustrated, that the camera placement 
time of 30 days as recommended by TEAM Network (2011) and Rovero et al. (2010) for 
each camera trap location is required to achieve a sufficient amount of species captures. 
This also allows for the capture of rare or cryptic species, adding to a more comprehensive 
inventory on large- and medium-sized terrestrial mammals in a designated study area. 

  



31 
 

Activity Patterns 

For the analysis of activity patterns we used Gómez et al. (2005) and Blake et al. (2012) for 
the purpose of comparison, which collected data on activity patterns of Amazonian mammals 
via camera trapping in their respective studies. We followed their approach, and in our 
analysis of differences in activity patterns between the seasons, we only analysed the activity 
patterns of the species which exceeded 15 captures (Blake et al. 2012 respective 10 
captures; Gómez et al. 2005 20 captures) during the rainy and dry seasons. Furthermore we 
analysed activity patterns, when the respective species were active (classification in 
nocturnal, diurnal, crepuscular) and compared them with the mentioned works, as well.  

When analysing the time of activity by calculating mean values for the 11 species in our 
study, that exceeded a capture rate of n = 15 none of the species had a significant difference 
in time of activity between rainy and dry season, diverging in time of activity by only between 
five minutes (C. paca) to two hours and seven minutes (M. americana) (see 4.3 Table 4). In 
comparison to Gómez et al. (2005) this result can be neglected because the capture events 
for many of the species in our inventory were very marginal and could not provide a reliable 
statement concerning time of activity. Only in the case of D. fuliginosa (n = 233), C. paca (n = 
206), D. marsupialis (n = 117), D. novemcinctus (n = 75) and T. terrestris (n = 71) which each 
provided higher capture events and rates, is a more profound statement based on the 
collected data possible and arguable. Overall, the activity periods of our capture events had 
a 77 % agreement with Gómez et al. (2005) for the activity periods (see 4. Results Table 5) 
of the species we tested and which capture events exceeded 15 captures.  

Our results showed only slight differences for two species: L. pardalis which was rather 
cathemeral (mostly nocturnal) in our study, and E. barbara, which tended to be rather diurnal 
(cathemeral) in comparison to Gómez et al. 2005 (in columns). When compared with Blake 
et al. (2012), the similarities were even more evident, showing identical activity periods for 
100 % of the captured species (we excluded 9 of the 20 species investigated by Blake et al. 
2012 in our analysis, due to too few capture events in our study which disqualified them for 
modelling activity patterns). Consequently, the gathered results allow for the careful 
assumption that activity periods for the captured and analysed species do not differ greatly 
on a geographical scale, showing identical activity patterns in study areas of Eastern Peru 
(our study), Eastern Ecuador (Blake et al. 2012) and Bolivia (Gómez et al. 2005).   
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Graph 7 shows exemplary data on activity patterns analysed by Camera Base (Tobler 2007), 
how sympatric species like C. paca and D. fuliginosa, share the same habitat niche, and 
follow different activity patterns during night (C. paca) and day (D. fuliginosa) (Maher & 
Burger 2011). 

 

 

 

 

 

 

 

 

 

 

 

Graph 7. Example of Activity Patterns in comparison of Rainy (left images) and Dry season (right 
images) of sympatric species C. paca and D. fuliginosa (abridged from data analysed with Camera 
Base 1.6.1 (Tobler 2007)) 
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Alimentation Types  

The graphs illustrate the distribution of alimentation types and the predator/prey-ratio of 
captured species in our inventory in comparison to other inventories.  

In Graph 8 and 9 you can see, that the distribution of different alimentation types is almost in 
complete concordance with the result of Tobler et al. (2008).  

 

Graph 8. Distribution of alimentation types of captured species in our study in comparison to Tobler et 
al. (2008) 

 

Graph 9. Overall composition of alimentation types in our study in comparison to Tobler et al. (2008) 

 

  



34 
 

Predator/Prey-Ratio 

Furthermore is it possible to compare the predator/prey-ratio of our inventory with the results 
of other inventories in the neotropical habitat type of lowland tropical rainforest. Due to 
lacking scientific publications concerning alimentation types of neotropical mammals a 
discussion is difficult and the corresponding graphs in this chapter should simply function as 
comparison of the alimentation types between our study and Tobler et al. (2008), 
respectively other mentioned studies. 

The ratio of predator species to prey species in this study is 8:17 species, while Tobler et al. 
(2008) captured seven carnivorous predator species and 17 potential prey species 
(herbivores/omnivores/insectivores), belonging to the group of herbivores, omnivores and 
insectivores (Graph 10).  

 

Graph 10. Predator-Prey Ratio in our study compared with Tobler et al. (2008) 

The additional plotting of predator-prey ratios were undertaken, to allow a simple illustrated 
comparison of the results of our study with results of studies and inventories with regard to 
predator/prey-ratio in similar habitat of Lowland Tropical Rainforest . 

 

Graph 11. Predator-Prey Ratio in our study in comparison to other inventories conducted in   
Neotropical Lowland Rainforest 



35 
 

Graph 11 indicate, that the number of captured large- and medium-sized terrestrial mammals 
representing predator and prey are to a great extent in concordance with results of studies 
and inventories on species composition in similar habitat of Lowland Tropical Rainforest in 
other parts of the Amazon Basin (Tobler et al. 2008, Madre dos Dios, Peru; Gómez et al. 
2005, Madidi Natural Area of Intergrated Mgmt. & Ntl. Park, Bolivia; Blake et al. 2012, 
Tiputini, Ecuador). 

  

Comparison with different inventories in Lowland Tropical Rainforest of the Amazon Basin 

A comparison to other surveys that also used camera-trapping as methodological approach, 
shall illustrate and substantiate the results of this study, and allow the drawing of a parallel 
between the results of different study areas of the same habitat type in the Amazon Basin 
see Table 6 below). 

Thus, as aforementioned, it was possible to achieve nearly identical species composition of 
large- and medium sized mammals in our inventory as in Tobler et al. (2008). The only 
divergence in comparison to Tobler et al. (2008), was displayed by C. unicinctus, L. 

longicaudis, P. brasiliensis and H. hydrochaeris, which were not captured in Madre dos Dios, 
Peru. While in our study no D. kappleri, P. yagouaroundi, T. pecari and S. brasiliensis were 

encountered. The D. punctata captured in Tobler et al. (2008) was replaced by D. fuliginosa 

in our study. This resulted from the fact that the general distribution area of D. punctata lies 
primarily in southern Peru and Brazil, while D. fuliginosa is largely distributed in the northern 
and central part of Peru, Brazil and Southern Columbia respectively (IUCN 2015).  

It was furthermore possible to show similar results as Vriesendorp et al. (2004) who 
conducted a “Rapid Inventory” in the adjacent Reserva Matsés, which captured 28 large- and 
medium-sized terrestrial mammals compared with the capture of 25 different species in our 
survey. Additional comparison will be provided with the rapid inventory of Vriesendorp et al. 
(2005) in the Sierra del Divisor, where 21 large- and medium-sized mammals were captured 
and Pitman et al. (2003) in the Yavari Region, who could obtain proof of the exceptional 
number of 31 different species of large- and medium-sized terrestrial mammals. The 
methodologies of the Rapid Inventories followed a different approach of direct observation, 
point counts and seaching for indirect cues. This approach can obviously be more prone to 
bias than methods with hard physical evidence, like a photograph of a captured species, 
which leaves no room for subjective interpretation (Rovero et al. 2014). 

Additionally, we compared and discussed the results of our inventory conducted in primary 
lowland tropical rainforest in Peru with a previously disturbed and just recently protected, 
selective logging production forest in Bolivia researched by Gómez et al. (2005). The latter 
research was able, to capture 15 different species in their camera trap study, which 
concentrated primarily on activity periods of the captured large- and medium-sized terrestrial 
mammalian species. The limited amount of captured species might illustrate how a 
disturbance, like timber extraction can affect the numbers and composition of species in a 
potentially fragmented neotropical forest ecosystem. Furthermore, it supports the importance 
of an official protection status, in order to promote and support a complex species 
composition in such a fragile environment as the Amazon Basin.  
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Table 6. Sampling effort (No. stations, No. camera trap days, average number of days of effective camera use, total number of photos and number of photos for 
main vertebrate classes in the study area of Buen Jesus de Paz in Northeastern Peru in comparison to other mammal inventories in Lowland Tropical 

Rainforest of Peru and adjacent countries in the Amazon 

  

Buen Jesus 
de Paz (our 

study) 

Tobler et al. 
(2008) 

Blake et al.  
(2012) 

Pittet & Bennett 
(2014) 

Gomez et 
al. (2005) 

Vriesendorp 
et al. (2004) 

Vriesendorp 
et al. (2005) 

Pitman et al. 
(2003) 

No. stations (incl. excluded cams)  82 (90) 39 (40) 18 142 - - - - 
Total effort (camera trap days) 2614 3680 13400 1927 3161 - - - 
Mean no. of ctd´s 37 - - 2 - 24 25 - 30 - - - 
No. Photos in total 1329 - 7889 7858 - - - - 
No. Mammal Species (Captures) 24 (27*) (967) 24 (27*) (1322) 23 (7889) 17 (23*) (1931) 15 (1327) 28 (43*) 21 (38*) 31 (48*) 
No. Bird Species (No. Captures)² 13 (129) 4 (295) 15 (888) 3 - 416 365 440 
No. Reptile Species (No. 
Captures)² 4 (11) - - - - 35 109 43 

Not identified on species level² 8 (222) - - - - - - - 
 

          *including captured semi-terrestrial and arboreal species 

          ²excluded from analysis 

          - no information available
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Another comparison is with Pitett and Benett (2014) who conducted a survey on mammalian 
species composition in Pacaya Samiria Reserve, which is located approximately 100 km to 
the west of our study area. After 1927 camera trap days, which underrun our trapping effort 
by roughly 700 days, they collected the records of 17 large- and medium sized terrestrial and 
semi-terrestrial species.  

Finally, the author wishes to draw a comparison between the present study and the studies 
on terrestrial mammal species composition by Blake et al. (2012) and Pitett and Benett 
(2014). Blake et al. (2012) provided the biggest camera trapping effort, amounting to 13400 
camera trap days and resulting in the detection of 23 large- and medium-sized species in the 
lowland rainforest of Bolivia. This outcome might work as an illustrative example that even if 
a study area is intensively monitored, it does not necessarily account to an increased amount 
of rare species detections. An additional factor was that in their study just 18 locations were 
monitored, while we deployed cameras at 82 locations. If we compare the species 
composition of all the cited surveys with our inventory we have an overall compliance rate of 
55 % of identical species captures. 

The comparison with results of similar studies illustrates how different approaches for a 
camera-trap based survey on mammalian species composition can be executed while 
maintaining similar results in species detection and species composition in different study 
areas in the Amazon Basin. In particular, the successful number of capture events and 
consequently captured species indicate the value of camera trapping for inventorial 
purposes. Apart from Tobler et al. (2008), the results of Pitett & Benett (2014) work as a 
good comparison for our study, with a medium trapping effort of 2614 CTD´s and just under 
2000 CTD´s for our study and Pitett & Benett (2014) respectively, both successfully capturing 
a majority of occurring large- and medium-sized terrestrial mammals in each study´s defined 
study area. 

The comparisons between our camera trap-based survey on large- and medium-sized 
terrestrial mammal species composition and the other above mentioned surveys underpins 
the fact that there is no standard detection period, while studying neotropical wildlife via 
camera trapping. It is rather the character and status of the particular study area, such as 
wether the area is comprised of primary or secondary forest, heterogeneous or homogenous 
forest community patterns, the study area is disturbed or undisturbed, there is human 
infrastructure present or deserted wilderness and wether the study area is fragmented or 
contiguous. It is these factors that most influence an efficiently planned and executed camera 
trap study design, determine the successful detection and capture of inhabiting wildlife 
species and which profoundly influence the desired outcome of a mammalian inventory in the 
Neotropics.  
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Study Design 

Our survey was designed to produce a reliable inventory of all large- and medium-sized 
terrestrial mammals that occupy the study area. For the purpose of our species inventory, 
and in accordance with Tobler et al. (2008), we used a more flexible study design concerning 
intervals of camera trap locations and placement time in order to reduce time costs and 
increase efficiency. This approach was followed during the rainy season when we 
experienced weather conditions with heavy rainfalls and inundation of large areas of the 
study area (112 km²), which necessitated a change from a planned rectangular trapping grid 
to an opportunistic camera trap placement (pers. obs.). This measure was taken in 
concordance with Tobler et al. (2008), who indicated that camera spacing and total survey 
area have little influence on the number of species, which are recorded, and instead it is 
survey effort (number of camera trap days) which is the main factor determining the number 
of recorded species. 

When comparing the results of our survey (25 large- and medium-sized terrestrial mammals 
in 2614 camera trap days) with the results of Tobler et al. (2008) (24 large- and medium-
sized terrestrial mammals in 3780 camera trapping days) we can clearly see, that adopting 
an opportunistic camera trap setting on a scale smaller than the entire study area, had little 
impact on the survey results. These results were in close concordance with Tobler et al. 
(2008) in regard to the number of captured species and capture rates for the most common 
species. Consequently our inventory collected almost identical numbers of large- and 
medium-sized terrestrial species during the survey, which leads us to support the 
aforementioned statement of Tobler et al. (2008), that inventories can be conducted on a 
smaller scale (as originally planned) with high camera density to achieve the required 
camera trap days and capture efficient results. We tried to cover as much of the study area 
(112 km²) as possible, so roughly 84 km² were covered were in the rainy season and 54 km² 
in the dry season which resulted in relatively minor differences in species composition 
between the two surveys (see paragraph above), which underpins the findings of Tobler et 
al. (2008).  

The biggest concern in our survey was inconsistency concerning the placement and 
placement time of camera traps especially during the dry season. Many literary sources like 
TEAM Network (2011), Tobler et al. (2008), and Rovero et al. (2010) recommend a 
heterogenous coverage of all different habitat types of a study area, in order to capture and 
display a maximum amount of present species. However, the camera traps placed during 
Dry season step 1 in the northern part of the study area were especially lumped together 
(see 3.5 Fig. 4 – middle image), covering only 44 km². In Dry season step 2 (see 3.5 Fig. 4 
right image) were cameras at only 13 different locations deployed, which covered together 
approx. 52 km² (altogether approx. 54 km² during the entire dry season). Due to prevailing 
weather conditions in the dry season, with minor rainfalls and large areas of the study area 
dry and accessible, another placing scheme must be possible, but was not executed. 
Additionally, camera trap days ranged from average 18 (Dry season step 1), to 34 (rainy 
season) up to 64 days (Dry season step 2), which might be subject to bias in species 
detection, while still being able to detect a majority of species. Consequently rare species as 
C. unicinctus, M. nemorivaga, M. tetradactyla and L. tigrinus were absent in the collected 
data during dry season. Overall the trapping effort lacked consistency, especially in dry 
season step 1, where the general trapping effort was low (604 camera trap days) and 
camera trap placement was not executed in a optimal way to allow an increased number of 
capture events (303 captures/196 independent events).  
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Consequently, in order to gather sufficient captures, our results support our recommendation 
that the length of time cameras are operating in the field should exceed 30 days. This 
assumption is also supported by the outcome of the plotted species accumulation curves, 
discussed above. 

Apart from the inconsistency in camera trap placement time and the inadequate placement 
scheme during the dry season, the study design used was capable of collecting adequate 
results, which allow a careful assessment of prevailing large- and medium-sized terrestrial 
mammal species composition in the study area. 
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6. Conclusion 
This was the first camera-trap based inventory, to assess species composition of large-and 
medium-sized terrestrial mammals in the study area of Buen Jesus de Paz (BJDP). Camera-
trapping can function efficiently as basic measure of assessing species diversity for the 
mentioned group of animals. The proposed and executed methodology was pragmatic and 
designed to be implemented in further monitoring purposes, such as the planned research 
projects of Chances for Nature e.V., which is dedicated to work and initiate measures of 
environmental protection in this fragile biodiversity hotspot. Consequently, the inventory was 
conducted to assist in the attainment of a conservation concession in order to establish a 
buffer zone in the designated surroundings of BJDP in the near future, which is threatened 
by severe pressure.  

The results of our camera-trap based survey on species composition of large-and medium-
sized terrestrial mammals demonstrate the effectiveness of collecting successful data on 
species composition, by providing records for 25 semi-/terrestrial and 3 arboreal mammalian 
species collected in the study area. The camera traps in our study successfully registered 89 
% of the species known for the habitat of lowland tropical rainforest in Peru according to 
Leite Pitman in Tobler et al. (2008).  

Still, some of the species captured by inventories conducted in adjacent parts of Peru as in 
Vriesendorp et al. (2004) could not be captured by our inventory. This may have been 
because there are some species not present in the study area, or the study design failed to 
address some of the rare, elusive and/or habitat specialists like S. vernaticus, H. 

yagouaroundi, and D. branickii, whose populations are decreasing and whose conservation 
status is near threatened to vulnerable according to the IUCN (2015). 

Our results and the plotted species accumulation curves (SAC) show that it takes at least 
trapping effort of approx. 300 camera trap days (in the Rainy season) up to approx. 700 
camera trap days (during Dry season step 2) to register common occurring species like C. 

paca, D. fuliginosa, D. novemcinctus and T. terrestris, which seem to roam large districts of 
our study area in higher densities. Another aspect that is reflected in the increased capture 
rates of these species and plays a significant role for their increased detection, is that 
species like C. paca and D. fuliginosa inhabit a small steady territory, which they frequently 
use (Eisenberg & Redford 1999). This consequently results in higher capture rates of these 
species, if a camera is placed in their immanent territory (Maher & Burger 2011). Other 
species tend to be rare or have a low detection rate (capture rate), according to their life 
history, highlighted during our study by species like A. microtis, C. unicinctus, L. tigrinus, M. 

pratti, M. tetradactyla, and P. cancrivorus, which were captured only on rare occasions (1-3 
captures). This minor capture success rate could be explained by the fact that some of these 
species (e.g. M. pratti) are small and hard to detect by camera trap devices in general (see 
1.5 camera trapping).  

Furthermore, the occurrence of these species in relatively low numbers (our capture rates of 
respective species are in concordance wit Tobler et al. (2008), Gómez et al. (2005) and 
Blake et al. (2012)), or their inhabitation of extended territories (e.g. Panthera onca 112,5 
km² in de Azevedo & Murray 2007), make increased capture events and rates difficult. With 
our gathered results in this study we agree with the opinion of Tobler et al. (2008), that even 
when monitored for a longer time period as presented in this study (2614 ctd´s), there are 
several species, whose presence is so scarce that they are only captured on one 
photograph, indicating the difficulty of detecting rare and cryptic living species. 
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This factor is of special importance for studies which concentrate on the assessment of 
species diversity or community composition. Therefore is it essential to take into account that 
a higher survey effort in the Neotropics is needed in order to also register rare and cryptic 
species efficiently. However, lacking a photograph of a species does not mean that the 
species is not present in a designated study area (Tobler et al. 2008). Our study, executed in 
relative undisturbed primary rainforest with a medium trapping effort of 2614 camera trap 
days was despite the aforementioned criticism, able to capture a high percentage of naturally 
occurring terrestrial mammals. From the results we could obtain, it is clear that camera traps 
are able to generate sufficient detections for robust statistical inferences for the monitoring of 
terrestrial mammals in the study area, and in the challenging climates of the Neotropics. 

This allows after comparison and considerations of other surveys in the Amazon Basin (see 
5. Discussion - Comparisons with different inventories), the careful statement, that 
biogeographical structures in our study area seem largely intact, as we encountering a 
majority of species that are known for this habitat type. A more adapted sampling design and 
continuity concerning camera placement and placement time in our study would have 
brought out some differences, concerning species detection, between the sampled seasons, 
as well as in the entire survey outcome. However, it was still possible to help form a bigger 
picture of terrestrial species composition in the premises and surroundings of the native 
community of Buen Jesus de Paz, Requena, Peru with the results of our study, where 
previously no census on mammalian species composition was conducted.  

The collected data will consequently be useful for observing trends (if ongoing monitoring 
measures are taken) in the long term and can act as an index for species which have, for 
instance, a low tolerance to habitat, and/or climate changes (Sunarto et al. 2013). The 
successfully collected data is highly valuable to plan further management actions in the study 
area and to support the previously mentioned conservation concession properly. 
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7. Criticism, Outlook & Management Implications 
The camera-trap based survey on large- and medium-sized terrestrial species composition 
generated valuable data, which were presented with the results in this thesis. Despite these 
positive results, there is still plenty of room for criticism and improvement in order to allow a 
more advanced, efficient and successful study design, which meets every criteria in order to 
provide results, with reduced bias and improved data quality. 

For inventories planned to be conducted in the future, the sampling design used must be 
simple, clear, easily organized and repeatable, and should allow the collection of adequate 
data for long-term monitoring of the major designated species inhabiting the defined study 
area. As in Pitett and Benett (2014) and Gomper et al. (2006), an approach utilizing different 
methodological techniques (in their case camera trapping and line transects) may be the best 
way to sample an accurate measure of mammalian diversity in the Neotropics and also allow 
the capture of apparently rare species. A standardized deployment concerning camera trap 
locations and placement time over the entire study period is thereby essential to obtain and 
enhance an unbiased study result.  

Additionally, it requires the engagement of one or two skilled and trained field workers in 
order to efficiently cover a study area, as rough and hard to pass as the Neotropis with 
camera traps. Therefore, a fundamental knowledge of the “art of camera trapping” is 
essential: the general characteristics, advantages and disadvantages, how to set a camera 
efficiently, and the selection of feasible camera trap sites. Furthermore, to cover all different 
habitat types of a study area, in order to detect species, that might be limited or in higher 
abundance in a certain habitat or even solely restricted to a certain habitat type, a “feel” for a 
location, where efficient collection of data can be expected is often needed. 

The personnel responsible for a camera-trap based inventory should follow a detailed 
guideline which is planned in detail prior to a camera-trap study and forms a solid fundament 
for producing efficient results in the form of successful capture events displaying a most 
complete species composition in a designated study area. The collection and processing of 
the data is another quintessential factor which should be not underestimated and therefore 
managed in a most profound way to avoid any kind of bias. The collection of information on 
habitat parameters and data concerning forest communities of camera trap is an additional 
asset, to allow more profound and efficient statistical modeling and statements concerning 
habitat preferences of respective species which are captured during a survey. Different 
mentioned criteria in our present study were difficult to meet, due to a tight financial budget 
and reflected by the material used in this study (e.g. camera trap devices). 

In the present study infrared camera trap devices (Bushnell™ Trophy HD) were used, which 
represent a low-end camera trap device according to Rovero et al. (2014), displayed by 
many cases of insufficient picture quality in nighttime and crepuscular conditions of active 
neotropical mammals. As far as possible, the author would recommend for future camera-
trap based inventories the use of more costly white flash camera devices (e.g. Reconyx 
Cuddeback, Green Bay, WI, U.S.), to meet criteria for improved quality of photographic 
images and allow faster trigger speed to capture wildlife in demanding tropical conditions 
(Rovero et al. 2014).  
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Otherwise, the possibilities for individual identification, while analysing the data and the 
quality for further use, such as promotional material are very limited. Furthermore the author 
recommends that future inventories adjust the settings to three photos per trigger, as well, to 
allow a sufficient amount of pictures to be taken, to efficiently identify quickly bypassing 
species especially when using passive sensor infrared camera traps.  

The study area, located in Loreto, Peru is threatened by forest fragmentation caused by 
illegal selective logging activities, poaching and planned energy exploration (Finer et al. 
2008). Large areas surrounding the study area and the planned conservation buffer zone, 
are designated as Permanent Production Forest (Bosque de Producción Permanente or 
BPPs, Law 27308, published in 2000) and thus slated for future commercial logging, as well 
as oil or gas concessions (Contrato de Exploracion Lote 95, 137 – PERUPETRO; see figure 
1 in detail), which present serious threats to unique biodiversity and the livelihoods of local 
native communities in Loreto, Peru (Vriesendorp et al. – in preparation). In order to allow an 
effective protection status, the concessions for energy exploration have to be redrawn and 
reconsidered in respect to the Río Tapiche / Río Blanco region which must be set aside for 
long term conservation (Vriesendorp et al. – in preparation). The assessment of our 
inventory, which was able to detect 25 of 28 species, which are reported for this habitat type 
of Lowland Tropical Rainforest by Tobler et al. (2008), clearly indicate the exceptional value 
of this part of the Amazon as biodiversity hotspot. This emphasizes the necessity and 
urgency for profound protection measures in the near future. 

Ultimately, the present survey design is not only useful in the premises of the study area of 
BJDP, but can also be applied to similar habitats of the Neotropics. It can also be replicated 
in other remote areas with similar research questions and challenges, as well as in similar 
situations, that include challenging field conditions and limited infrastructural access, which 
make the use of camera traps a necessity in order to gather results concerning the 
assessment of species composition, that would be otherwise stay in the dark.  

 



xiii 
 

List of references 

Books: 

Acrenaz, M.; Hearn, A.J.; Ross, J.; Sollmann, R. & Wilting, A. (2012). Handbook for 
wildlife monitoring using camera-traps. BBEC II Secretariat. Sabah Malysia  

Colwell, R.K. (2009) Biodiversity: Concepts, Patterns, and Measurement. The Princeton 
Guide to Ecology (Book). 2009 

Eisenberg, J. F., Redford K.H. (1999). Mammals of the Neotropics Vol. 3: The Central 
Neotropics: Ecuador, Peru, Bolivia, Brazil. University of Chicago Press, Chicago, Illinois 

Emmons, L. H.; Feer F. (1990). Neotropical Rainforest Mammals: A Field Guide. 2nd edn.  
University of Chicago Press, Chicago, Illinois 

Kricher, J.C. (1997): A Neotropical Companion – An introduction to the animals, plants and 
ecosystems of the New World Tropics. Princeton University Press  

Long, R.A.; MacKay, P.; Ray, J.; Zielinski, W. (2008). Noninvasive Survey Methods for 
Carnivores. Island Press, 2nd Edition 

Mittermeier, R. A.; Rylands, A. B.; Wilson, D. E. (eds.) (2013). Handbook of the Mammals 
of the World: 3. Primates. Lynx Ediciones, Barcelona, Spain, 953 pp. 

O´Connell, A.F.; Nichols, J.D. ; Ullas Karanth, K. (2011) Camera Traps in Animal Ecology: 
Methods and Analyses. Springer Publishing 2011 

Pittet, M.; Bennett, P. (2014). Examining the state of biodiversity using camera traps in the 
Pacaya Samiria National Reserve, Peru. In Fleming, P.; Meek, P.; Banks, P.; Claridge, A.; 
Sanderson, J.;  Swann, D. - Camera Trapping: Wildlife Management and Research. 
Australasian Widllife Management Society and the Royal Zoological Society of NSW 2014. 
Csiro Publishing Australia 2014 

Rovero F., Tobler, M. & Sanderson, J. (2010): Camera trapping for inventorying terrestrial 
vertrebrates. In Jutta Eymann, Christoph Häuser, Juan Carlos Monje, Yves Samyn & Didier 
van den Spiegel (eds.), Manual on Field Recording Techniques and Protocols for All Taxa 
Biodiversity Inventories. Belgium Focal Point to the GTI, Brussels, Belgium. Pp. 29 

Thompson, W.L. (2004). Sampling Rare or Elusive Species - Concepts, Designs and 
Techniques for Estimating Population Parameters. Island Press 

  



xiv 
 

Publications: 

Ahumada, J.A.; Silva, C.E.F.; Gajapersad, K.; Hallam, C.; Hurtado, J.; Martin, E.; 

McWilliam, A.; Mugerwa, B.; O´Brien, T.; Rovero, F.; Sheil, D.; Spironello, W.R.; 

Winarni, N. & Andelman, S.J. (2011). Community structure and diversity of tropical forest 
mammals: Data from a global camera trap network. Philosophical Transactions of the Royal 
Society B: Biological Sciences, 366: 2703 - 2711 

Blake, J. G., Mosquera, D., Loiselle, B.A., Swing, K., Guerra, J. (2012). Temporal activity 
patterns of Terrestrial Mammals in Lowland Rainforest of Eastern Ecuador. Ecotropica 18: 
137-146, 2012. Society for Tropical Ecology  

Boddicker, M.; Rodriguez, J.J.; Amanzo, J. (2002). Indices for Assessment and Monitoring 
of Large Mammals within an adaptive Management Framework. Environmental Monitoring 
and Assessment 76: 105-123, 2002 Kluwer Academic Publishers 

Botelho, A.L.M., Calouro, A.M., Borges, L.H.M & Chaves, W.A. (2012): Large and 
medium-sized mammals of the Humaitá Forest Reserve, southwestern Amazonia, state of 
Acre, Brazil. Check List 8 (6): 1190-1195, 2012 

Cozzuol, M.A.; Clozato, C.L.; Holanda, E.C.; Rodrigues, H.G.; Nienow, S.; de Thoisy, B.; 

Redondo, R. A. F.; Santos, F.R. (2013). A new species of tapir from the Amazon. Journal of 
Mammalogy, 94 (6): 1331 – 1345. 

De Azevedo, F.C.C.; Murray, D.L. (2007). Spatial organization and food habits of jaguars 
(Panthera onca) in a floodplain forest. Biological Conservation Volume 137, Pages 391-402 

De Oliveira, T.G.; Tortato, M.A.; Silveira, L.; Kasper, C.B.; Mazim, F.D., Lucherini, M.; 

Jácomo,. A.T.; Soares, J.B.G.; Marques, R.V.; Sunquist, M. (2010). Ocelot ecology and its 
effect on the small-felid guild in the lowland Neotropics. Biology and conservation of wild 
felids (MacDonald, DW & Loveridge, AJ, eds.) Oxford University Press, Oxford, United 
Kingdom (2010): 559 - 580 

Finer, M.; Jenkins, C.N.; Pimm, S.L.; Keane; B.; Ross, C. (2008). Oil and Gas projects in 
the Western Amazon: Threats to Wilderness, Biodiversity and Indigenous Peoples. PLoS 
ONE 3 (8): e2932. doi: 101371/journal.pone.0002932  

Gómez, H; Wallace, R.B; Ayala, G.; Tejada, R. (2005). Dry season activity periods of some 
Amazonian mammals. Studies on Neotropical Fauna and Environment, August 2005; 40 (2): 
91-95. Taylor & Francis Press  

Gompper, M.E.; Kays, R.W; Ray, J.C.; Lapoint, S.D.; Bogan, D.A., Cryan, J.R. (2006). A 
comparison of noninvasive techniques to survey carnivore communities in Norteastern North 
America. Wildlife Society Bulletin 34 (4) 

Harmsen, B.J.; Foster, R.J.; Silver, S.; Ostro, L. & Doncaster, C.P. (2010). Differential 
use of forest trails by forest mammals and the implications for camera trap studies, a case 
study from Belize. Biotropica 42 (1): 126 – 133 

Hice, C.L; Velazco, P.M. (2013). Relative Effectiveness of Several Bait and Trap Types for 
Assessing Terrestrial Small Mammal Communities in Neotropical Rainforest. Museum of 
Texas Tech University, Lubbock, TX 79409-3191 



xv 
 

Honorio, E.N.; Pennington, R.T., Freitas, A., L.; Nebel, G.; Baker, T.R. (2008).  Analysis 
of the floristic composition of the forests of Jenaro Herrera, Loreto, Peru Rev. peru biol. 15 
(1): 53-60 
 
Hutterer, R.; Verhaagh, M.; Diller, J.; Podloucky, R. (1995). An inventory of mammals 
observed at Panguana Biological Station, Amazonian Peru. Ecotropica 1: 3-20. The German 
Society for Tropical Ecology.  
 
Jansen, P.A.; Forrester, T.D.; McShea, W.J. (2014). Protocol for camera-trap surveys of 
mammals at CTFS-ForestGEO sites. Smithsonian Tropical Research Institute. Center for 
tropical Forest Science. 2014. 

Karanth, K.U.; Nichols, J.D. (2002). Monitoring tigers and their prey: a manual for 
researchers, managers and conservationists in tropical Asia. Centre for Wildlife Studies, 
Bangalore, India: yv, 193 pp. 

Kelly, M. J. (2008): Design, evaluate, refine: Camera trap studies for elusive species. Animal 
conservation, 11: 182 – 184 

Keuroghlian, A.; Eaton, D.P.; Longland, W.S. (2004). Area use by white-lipped and 
collared peccaries (Tayassu pecari and Tayassu tajacu) in a tropical forest fragment. 
Biological Conservation Vol. 120, Issue 3, Decemeber 2004, Pages 411 - 425 

Maher, C.R., Burger, J.R. (2011). Intraspecific variation in space use, group size, and 
mating systems of caviomorph rodents. Journal of Mammalogy, 92(1): 54-64, 2011 

Marengo, J. A. (1998). Climatología de la zona de Iquitos. Pages 35-37 in R. Kalliola and F. 
Paitán (eds.), Geoecología y Desarrollo Amazónico. Annales Universitatis Turkuensis Series 
A II 114. Turku, Finland: Turun Yliopisto. 
 
Matauschek, C.; Meyer, D.; Lledo-Ferrer, Y.; Roos, C. (2011): A survey to the Lower Río 
Tapiche / Río Blanco Departamento Loreto, Peru – Final Report & Perspectives December, 
2011. Conservation International 
 
Melo, G. L.; Sponchiado, J.; Cáceres, N. C. (2012). Use of camera-traps in natural trails 
and shelters for the mammalian survey in the Atlantic Forests. Iheringia, Série Zoologia, 
Porto Allegre, 102 (1): 88-94, 2012 

Mena, J. L.; Medellin, R.A. (2010). Small mammal assemblages in a disturbed tropical 
landscape at Pozuzo, Peru. Mammalian Biology 75 (2010) 83 - 91 

O´Brien, T.G.; Bailie, J.; Krueger, L. & Cuke, M. (2003). The wildlife picture index: 
monitoring top trophic levels. Anim. Conserv. 13, 335 – 343 

Pardini, R.; de Souza, S.M.; Braga-Neto, R.; Metzger, J.P. (2004). The role of forest 
structure, fragment size and corridors in maintaining small mammal abundance and diversity 
in an Atlantic forest landscape. Biological Conservation 124 (2005) 253 - 266 

Pitman, N., C. Vriesendorp, D. Moskovits (eds.). (2003). Perú: Yavarí. Rapid Biological 
Inventories Report 11. Chicago, IL: The Field Museum.  



xvi 
 

Rovero, F.; Zimmermann, F.; Berzi, D.; Meek, P. (2014). „Which camera trap type and how 
many do I need? “ - A review of camera features and study designs for a range of wildlife 
research applications. Hystrix, the Italian Journal of Mammalogy Volume 24 (2): 148 – 156, 
2014 

Servicio Nacional de Áreas Naturales; Protegidas por el Estado; Reserva Nacional  

Matsés (2014): Desarrollo de capacidades y fortalecimiento institucional del grupo organizado  
Iwatzú para el manejo sostenible de recursos naturales en la quebrada Torno y río Tapiche”. 
 
Si, X.; Kays, R.; Ding, P. (2014). How long is enough to detect terrestrial animals ? 
Estimating the minimum trapping effort on camera traps. PeerJ 2:e 374; DOI 
10.7717/peerj.374 

Srbek-Araujo, A. C., Garcia A.C. (2005): Is camera-trapping an efficient method for 
surveying mammals in neotropical forests? A case study in south-eastern Brazil. J. Trop. 
Ecol. 21, 1-5. 

Sunarto, Sollmann, R.; Mohamed, A. & Kelly, M. J. (2013). Camera Trapping for the Study 
and Conservation of Tropical Carnivores. The Raffles Bulletin of Zoology 2013 Supplement 
No. 28: 21 - 42  

TEAM Network. (2011): Terrestrial Vertebrate Protocol Implementation Manual, V. 3.1. 
Tropical Ecology, Assessment and Monitoring Network. Center for Applied Biodiversity 
Science, Conservation International, Arlington, VA, USA. 

Tobler M.W., Carrillo-Percastegui, S.E., Powell, G. (2009). Habitat use, acivity patterns 
and use of mineral licks by five species of ungulates in south-eastern Peru. Journal of 
Tropical Ecology, 25 (3): 261 – 270 

Tobler, M.W., Carrillo-Percastegui, S.E., Leite-Pitman, R., Mares, R., & Powell, G. 

(2008): An evaluation of camera traps for inventorying large and medium sized terrestrial 
forest mammals. Anim. Conservation. 11, 169-178 

Tomas, W. M.; Miranda, G.H.B.; 2003. Uso de armadilhas fotográficas em levantamentos 
populacionais. Pp. 243-265. Em: Cullen Jr., L., Rudran, R., Valladares-Pádua, C. Métodos 
de estudos em Biologia da Conservação e Manejo da Vida Silvestre. Curitiba. Editora UFPR. 
667 p. (also as English Version available) 

Trolle, M. (2003). Mammal survey in the southeastern Pantanal, Brazil. Biodiversity and 
Conservation 12: 823 – 836. Kluwer Academic Publishers 

Ugland, K.I.; Gray, J.S.; Ellingsen, K.E. (2003). The species-accumulation curve and 
estimation of species richness. Journal of Animal Ecology 72, 888-897 (2003). 

Voss, R.S & Emmons, L.H. (1996). Mammalian diversity in neotropical lowland forests: a 
preliminary assessment. Bull. Am. Mus. Nat. Hist. 230, 1 – 115  

Vriesendorp, C., Schulenberg, T.S., Alverson, Pitman, N.R. (eds.) (2004). Perú Matses. 
Rapid Biological Inventories Report 16 2002 , 2007,2008 11,12,16,17 



xvii 
 

Vriesendorp,C., Schulenberg, T. S., ALverson, W.S., Moskivitz, D.K.,Mososo, J.R. eds. 

(2005). Peru: Sierra del Divisor. Rapid Biological Inventorie Report 17. Chicago, Illinois: The 
Field Museum, Chicago.  

Vriesendorp et al. (in preparation). Rapid Inventory 27: Tapiche-Blanco (not yet published, 
information online available under: https://www.facebook.com/Rapid-Inventory-27-Tapiche-
Blanco-923913510970426/timeline/ assessed between 01.06.15 – 15.06.15 

Woodman, N.; Slade, N.A.; Timm, R. M. (1995). Mammalian community structure in 
lowland tropical Peru, as determined by removal trapping. Zoological Journal of the Linnean 
Society (1995), 113: 1-20. The Linnean Society of London 

Wright, S.J.; Zeballos, H.; Domínguez, I.; Gallardo, M.M.; Moreno, M.C., Ibánez, R. 

(2000): Poachers alter mammal abundance, seed dispersal, and seed predation in a 
Neotropical Forest. Conservation Biology, 14: 227 – 239. Doi: 10.1046/j.1523-
1739.2000.98333.x  

 

Internet: 

IUCN (2015). The IUCN Red List of Threatened Species. Version 2015-3. < >. Downloaded 
on 9 September 2015. 

weatherspark.com - (accessed between 01.07.15 and 15.07.2015) – Data on weather and 
precipitation in Loreto, Peru 

 

Programme 

Drozd P. & Novotny V. (2010): AccuCurve. Version 1. Available from: 
http//prf.osu.cz/kbe/dokumenty/sw/AccuCurve/AccuCurve.xls. 

Tobler, M. (2007): Camera Base 1.6.1. The Botanical Research Institute of Texas. Atrium 
Biodiversity Information System. Free download under: http://www.atrium-
biodiversity.org/tools/camerabase/ 

Skiljan, I. (2014). IrfanView 4.40. (Graphic Viewer). Wiener Neustadt. Austria 

 

 

 

 

 

 

 

 

https://www.facebook.com/Rapid-Inventory-27-Tapiche-Blanco-923913510970426/timeline/
https://www.facebook.com/Rapid-Inventory-27-Tapiche-Blanco-923913510970426/timeline/


xviii 
 

Appendix I: Pictures of Species captured during the survey  

Didelphimorphia  

App. 1.1 Didelphis marsupialis (Captured in RS & DS)  

 

 

 

 

 

 

 

Pilosa 

App. 1.2 Myrmecophaga tetradactyla (Only captured in RS)  App. 1.3 Tamandua tetradactyla (Captured in RS & DS) 
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Cingulata 

App. 1.4 Cabassous unicinctus (Only captured in RS)   App. 1.5 Dasypus novemcinctus (Captured in RS & DS) 
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Carnivora 

Canidae         Procyonidae 

App. 1.6 Atelocynus microtis (Captured in RS & DS - Rare)     App. 1.7 Procyon cancrivorus (Only captured once in DS – Rare) 

      

        

Mustelidae 

App. 1.8 Nasua nasua (Captured in RS & DS - Occasional)   App. 1.9 Eira barbara (Captured in RS & DS) 
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Mustelidae (Continuation) 

App. 1.10 Lontra longicaudis (Captured in RS & DS – Rare)  App. 1.11 Pteronura brasiliensis (Only captured in DS 1 – Habitat Cam) 

  

Felidae 

App. 1.12 Leopardus pardalis (Captured in RS & DS - Occasional) App. 1.13 Leopardus wiedii (Captured in RS & DS – Occasional) 

   



xxii 
 

App. 1.14 Leopardus tigrinus (Captured only in RS – Rare)  App. 1.15 Panthera onca ( Captured in RS & DS – Rare) 

          

           

 

 

 

 

 

 

Perissodactyla 

App. 1.16 Puma concolor (Captured in RS & DS - Rare)   App. 1.17 Tapirus terrestris (Captured in RS & DS – Often) 
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Artiodactyla 

App. 1.18 Mazama americana (Captured during RS & DS – Occasional) App. 1.19 Mazama nemorivaga (Captured only during RS – Occasional) 

 

App. 1.20 Pecari tajacu (Captured during RS & DS - Often)  App. 1.21. Coendu prehensilis (Captured only in DS – Rare) 
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Rodentia 

App. 1.22 Dasyprocta fuliginosa (Captured in RS & DS – Often)   App. 1.23 Myoprocta pratti (Captured only in RS – Rare) 

      

App. 1.24 Cuniculus paca (Captured in RS & DS - Often) App. 1.25 Hydrochoerus hydrochaeris (Captured only in DS 1 - 
Habitat Cam) 
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Small and arboreal mammals captured during study (excluded from analysis) 
App. 1.26 Sciurus igniventris (Captured only in RS - Occasional)   App. 1.27 Cebus unicolor (Captured in RS & DS - Rare) 

       

App. 1.28 Saguinus mystax mystax (Captured only in RS – Rare) 

  Note: 

  All images shown in this appendix are abridged from the data collected in the study  

The ratings rare, occasional, often don´t represent the status after IUCN (2015) 
nomenclature, and work just as an indicator how often the respective species was     
captured during the present survey on mammalian species composition in the study area. 

Rare:             1 - 5   captures during entire study 

Occasional:            6 - 25 captures during entire study 

Often:           26+ captures during entire study 
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Photographic Example of a Capture in our study  

App. 1.29 P. onca captured at camera trap location Cam 16 Phase 1 Réserva Matses (during Rainy season) (taken with Bushnell™ Trophy HD 8 MP) 

 

 

Individual Camera Identification  Temperature     Moon Phase (here new moon)     Date and Time of Capture 
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Appendix II: Tables & Graphs 

Capture Rates 

 

         App. 2.1 Capture rates of Rainy Season compared to Dry Season 
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Capture Frequency  

 

           App. 2.2 Capture Frequency of Species in Rainy and Dry Season compared to Tobler et al. (2008) 
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Species accumulation curves 

 

App. 2.3 SAC Rainy Season (April – July 2014)               App. 2.4 Dry Season step 1 (August – September 2014)

 

App. 2.5 Dry Season Phase 2 (October – December 2014) 
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Predator-Prey Ratio 

 

App. 2.6 Predator-Prey Ratio between seasons and in comparison to Tobler et al. (2008) 

 

App. 2.7 Predator-Prey Ratio in our study in comparison to other inventories in Neotropical Lowland Forest 



xxxi 
 

Additional Statistics concerning the survey 

  

App. 2.8 Camera trap days in total for each of the 3 steps of the study App. 2.9 In total collected images of the entire study (altogether 108558 images) 

    

App. 2.10 No. of images that captured wildlife (3 images per trigger)  App. 2.11 Percentage of the particular seasons images containing captured individuals 



xxxii 
 

  

App. 2.12 Percentage of images containing large- and  medium-sized terrestrial mammal species 
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Species composition complete study (April – December 2014) 

Species composition of entire study (Separated for Genera) 

Total (Rainy Season and Dry Season 1 & 2)         
Mammals (28 Species)         
Species Common Name Capture / Photos Frequency Number of Stations 

Atelocynus microtis Short-eared dog 3 - 2 
Cabassous unicinctus Southern naked-tailed armadillo 2 - 2 
Coendu prehensilis Cuandu 5 - 2 
Cuniculus paca Lowland Paca 206 - 44 
Dasyprocta fuliginosa Black Agouti 233 - 42 
Dasypus novemcinctus Nine-banded long-nosed armadillo 75 - 22 
Didelphis marsupialis Common Opossum 117 - 30 
Eira barbara Tayra 52 - 23 
Hydrochoerus hydrochaeris Capybara 23 - 4 
Leopardus pardalis Ocelot 24 - 14 
Leopardus tigrinus Oncilla  1 - 1 
Leopardus wiedii Margay 15 - 13 
Lontra longicaudis Neotropical Otter 3 - 3 
Mazama americana Red brocket deer 28 - 5 
Mazama nemorivaga Brown brocket deer 7 - 5 
Myoprocta pratti Green acouchi 2 - 1 
Myrmecophaga tridactyla Giant Anteater 4 - 4 
Nasua nasua Coati 26 - 17 
Panthera onca Jaguar 5 - 5 
Pecari tajacu Collared peccary 37 - 15 
Procyon cancrivorus Crab-eating raccoon 1 - 1 
Pteronura brasiliensis Giant Otter 3 - 2 
Puma concolor Puma 5 - 4 
Tamandua tetradactyla Collared anteater / Tamandua 10 - 8 
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Continuation Mammals 
Species Common Name Capture / Photos Frequency Number of Stations 

Tapirus terrestris Lowland Tapir 72 - 29 
Sciurinus igniventris * Northern Amazonian Red Squirrel 6 - 4 
Cebus unicolor* White-fronted Capuchin  3 - 3 
Saguinus mystax mystax*  Moustached Tamarin 1 - 1 
App. 2.13 Mammals (Complete Study) 

Avifauna (11 Species)*         
Species Common Name Capture / Photos Frequency Number of Stations 

Anihima cornuta Horned Screamer 7 - 1 
Ardea cocoi Cocoi Heron 6 - 3 
Casmerodius albus Great Egret 1 - 1 
Cochlearius cochlearius Boat-billed Heron 2 - 1 
Columbidae spec. Doves 41 - 14 
Coragyps astratus Black Vulture 1 - 1 
Mitu tuberosa Razor-billed curassow 23 - 12 
Neomorphus pucheranii Red-billed ground cuckoo 4 - 4 
Penelope jaquacu Spix´s guan 14 - 9 
Pitangus sulphuratus Great kiskadee 2 - 1 
Psophia leucoptera Pale-winged trumpeter 1 - 1 
Threskiornithidae spec. Ibis 3 - 2 
Tigrisoma fasciatum Streifenreiher 3 - 3 
Tinamidae spec.  Tinamou 45 - 22 
App. 2.14 Avifauna (Complete Study) 

 

 

*excluded from analysis  
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     Reptiles (4 Species)*         

Species Common Name Capture / Photos Frequency Number of Stations 

Caiman crocodilus Spectacled Caiman 1  - 1 
Chelonoidis denticulata Yellow-footed tortoise 1  - 1 
Iguana iguana Green Iguana 5  - 4 
Lacertilia spec. Lizard 4  - 4 
App. 2.15 Avifauna & Reptiles (Complete Study) 

Unidentifiable (on Level of Genus attributable, 
but quality of pictures offer to little detail for 
species identification)*         

Species Common Name Capture / Photos Frequency Number of Stations 

Aves spec. Birds 31  - 11 

Dasypus spec.  Armadillos 71  - 25 

Didelphis spec.  Opossum 1  - 1 

Mazama spec.  Red or grey brocket deer 10  - 7 

Muridae/Heteromyidae/Echmyidae spec. Mice/Rats/Tree Rats 81  - 24 

Pecari spec. Peccaries 1  - 1 
App. 2.16 Unidentifiable species (only on genus level) (Complete Study) 

 

 

*excluded from analysis
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Species composition divided into Rainy Season, Dry Season Step 1 and 2 (incl. Capture Events, Rates, No. of Stations) 

Rainy Season 

Species composition Rainy Season 

Mammals         
Species (24 Species) Common Name Capture / Photos Frequency Number of Stations 

Atelocynus microtis Short-eared dog 2 1,6 1 
Cabassous Unicinctus Southern naked-tailed armadillo 2 1,6 2 
Cuniculus Paca Lowland Paca 133 107,7 26 
Dasyprocta fuliginosa Black Agouti 147 119,0 22 
Dasypus novemcinctus Nine-banded long-nosed armadillo 46 37,3 9 
Didelphis marsupialis Common Opossum 27 21,9 12 
Eira barbara Tayra 12 9,7 11 
Leopardus pardalis Ocelot 13 10,5 7 
Leopardus tigrinus Oncilla 1 0,8 1 
Leopardus wiedii Margay  10 8,1 8 
Lontra longicaudis Neotropical Otter 1 0,8 1 
Mazama americana Red brocket deer 4 3,2 2 
Mazama nemorivaga Brown brocket deer 7 5,7 5 
Myoprocta pratti Green acouchi 2 1,6 1 
Myrmecophaga tridactyla Giant Anteater 3 2,4 3 
Nasua nasua Coati 10 8,1 8 
Panthera onca Jaguar 4 3,2 4 
Pecari tajacu Collared peccary 15 12,2 7 
Puma concolor Puma 1 0,8 1 
Tapirus terrestris Lowland Tapir 27 21,9 15 
Tamandua tetradactyla Collared Anteater / Tamandua 5 4,1 4 
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Continuation Mammals 
Species Common Name Capture / Photos Frequency Number of Stations 

Sciurinus igniventris * Northern Amazon Squirrel 6 4,9 4 
Cebus unicolor* White-fronted Capuchin 1 0,8 1 
Saguinus mystax mystax*  Moustached Tamarin 1 0,8 1 
 
App. 2.17 Mammals (Rainy Season)  

  
   

 

 
 
 
 

   Avifauna         
Species (4 Species)* Common Name Capture / Photos Frequency Number of Stations 

Mitu tuberosa Razor-billed curassow 10 8,1 7 
Neomorphus pucheranii Red-billed ground cuckoo 3 2,4 3 
Penelope jaquacu Spix´s Guan 6 4,9 4 
Tinamidae spec.  Tinamou 22 17,8 13 
          
Unidentifiable (on Level of Genus 
attributable, but quality of pictures offer to 
little detail for species identification)*         
Species Common Name Capture / Photos Frequency Anzahl der Stationen 

Aves spec. Birds 15 12,2 10 
Dasypus spec.  Armadillos 25 20,2 15 
Mazama spec.  Red or grey brocket deer 2 1,6 2 
Muridae/Heteromyidae/Echmyidae spec.  Mice/Rats/Tree Rats 46 37,3 12 
Pecari spec. Peccaries 1 0,8 1 

App 2.18 Avifauna & Unidentifiable Species (Rainy Season) 

 

*excluded from analysis  
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Dry Season Step 1&2 Combined 

Species composition Dry Season Step 1 & 2 Combined 

          

Dry Season Step 1 (August - December 2014)         
Mammals         
Species (21 Species) Common Name Capture / Photos Frequency Number of Stations 

Atelocynus microtis Short-eared dog 1 - 1 
Coendu prehensilis Cuandu 5 - 2 
Cuniculus paca Lowland Paca 74 - 18 
Dasyprocta fuliginosa Black Agouti 86 - 20 
Dasypus novemcinctus Nine-banded long-nosed armadillo 29 - 13 
Didelphis marsupialis Common Opossum 90 - 18 
Eira barbara Tayra 40 - 12 
Hydrochoerus hydrochaeris Capybara 23 - 4 
Leopardus pardalis Ocelot 11 - 7 
Leopardus wiedii Margay  5 - 5 
Lontra longicaudis Neotropical Otter 2 - 2 
Mazama americana Red brocket deer 24 - 3 
Nasua nasua Coati 16 - 9 
Panthera onca Jaguar 1 - 1 
Pecari tajacu Collared Peccary 22 - 8 
Procyon cancrivorus Crab-eating raccoon 1 - 1 
Pteronura brasiliensis Neotropical Otter 3 - 2 
Puma concolor Puma 4 - 3 
Tamandua tetradactyla Collared anteater / Tamandua 5 - 4 
Tapirus terrestris Lowland Tapir 45 - 14 
Cebus unicolor* White-fronted Capuchin 2 - 2 
App. 2.19 Mammals (Dry Season) 
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Avifauna*         
Species (14 Species) Common Name Capture / Photos Frequency Number of Stations 

Anihima cornuta Horned Screamer 7 - 1 
Ardea cocoi Cocoi Heron 6 - 3 
Casmerodius albus Great Egret 1 - 1 
Cochlearius cochlearius Boat-billed Heron 1 - 1 
Columbidae spec. Doves 18 - 6 
Coragyps astratus Black Vulture 1 - 1 
Mitu tuberosa Razor-billed curassow 13 - 5 
Neomorphus pucheranii Red-billed ground cuckoo 1 - 1 
Penelope jaquacu Spix´s guan 8 - 5 
Pitangus sulphuratus Great kiskadee 2 - 1 
Psophia leucoptera Pale-winged trumpeter 1 - 1 
Threskiornithidae spec. Ibis 3 - 2 
Tigrisoma fasciatum Tiger heron 2 - 2 
Tinamidae spec.  Tinamou 23 - 9 
          
Reptiles*         
Species (3 Species) Common Name Capture / Photos Frequency Number of Stations 

Caiman crocodilus Spectacled Caiman 1 - 1 
Chelonoidis denticulata Yellow-footed tortoise 1 - 1 
Iguana iguana Green Iguana 5 - 4 
Lacertilia spec. Lizard 4 - 4 
App. 2.20 Avifauna & Reptiles (Dry Season) 
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Unidentifiable (on Level of Genus 
attributable, but quality of pictures offer to 
little detail for exact species identification)

*         
Species Common Name Capture / Photos Frequency Number of Stations 

Aves spec. Birds 39 - 9 
Cebus spec. Capucin monkeys 2 - 2 
Dasypus spec.  Armadillos 46 - 10 
Didelphis spec.  Opossum 1 - 1 
Mazama spec.  Red or grey brocket deer 8 - 5 
Muridae/Heteromyidae/Echmyidae spec. Mice/Rats/Tree Rats 35 - 12 
App. 2.21 Unidentifiable Species (Dry Season) 

*excluded from analysis 
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Species composition Dry Season Step 1 & 2 Separate Evaluation 

Dry Season Step 1 

Species composition Dry Season Step 1  

          

Dry Season Step 1 (August - September 2014)         
Mammals         
Species (17 Species) Common Name Capture / Photos Frequency Number of Stations 

Atelocynus microtis Short-eared dog 1 1,7 1 
Coendu  prehensilis Cuandu 5 8,3 2 
Cuniculus Paca Lowland Paca 52 86,1 11 
Dasyprocta fuliginosa Black Agouti 30 49,7 10 
Dasypus novemcinctus Nine-banded long-nosed armadillo 9 14,9 6 
Didelphis marsupialis Common Opossum 12 19,9 8 
Eira barbara Tayra 2 3,3 2 
Hydrochoerus hydrochaeris Capybara 23 38,1 4 
Leopardus pardalis Ocelot 1 1,7 1 
Leopardus wiedii Margay 4 6,6 4 
Nasua nasua Coati 3 5,0 3 
Pecari tajacu Collared peccary 20 33,1 6 
Procyon cancrivorus Crab-eating raccoon 1 0,8 1 
Pteronura brasiliensis Neotropical Otter 3 5,0 2 
Puma concolor Puma  4 5,0 2 
Tapirus terrestris Lowland Tapir 26 43,1 7 
Cebus unicolor* White-fronted Capuchin 1  1,7 1 
App. 2.22 Mammals (Dry Season Step 1) 
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Avifauna*         
Species (12 Species) Common Name Capture / Photos Frequency Number of Stations 

Anihima cornuta Horned Screamer 7 11,6 1 
Ardea cocoi Cocoi Heron 6 9,9 3 
Casmerodius albus Great Egret 1 1,7 1 
Cochlearius cochlearius Boat-billed Heron 1 3,3 1 
Coragyps astratus Doves 1 1,7 1 
Mitu tuberosa Razor-billed curassow 9 14,9 3 
Neomorphus pucheranii Red-billed ground cuckoo 1 1,7 1 
Penelope jaquacu Spix´s guan 3 5,0 2 
Pitangus sulphuratus Great kiskadee 2 3,3 1 
Threskiornithidae spec. Ibis 1 1,7 1 
Tigrisoma fasciatum Tiger Heron 2 3,3 2 
Tinamidae spec.  Tinamou 6 9,9 4 
          
Reptiles*         
Species (4 Species) Common Name Capture / Photos Frequency Number of Stations 

Caiman crocodilus Spectacled Caiman 1 1,7 1 
Chelonoidis denticulata Yellow-footed tortoise 1 1,7 1 
Iguana iguana Green Iguana 5 8,3 4 
Lacertilia spec. Lizard 2 3,3 2 
          
App. 2.23 Avifauna & Reptiles (Dry Season Step 1) 
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Unidentifiable (on Level of Genus attributable, 
but quality of pictures offer to little detail)*         
Species Common Name Capture / Photos Frequency Number of Stations 

Aves spec. Birds 30 49,7 6 
Dasypus spec.  Armadillos 9 14,9 3 
Didelphis spec.  Opossum 1 1,7 1 
Mazama spec.  Red or grey brocket deer 4 6,6 3 
Muridae/Heteromyidae/Echmyidae spec. Mice/Rats/Tree Rats 12 19,9 5 
App. 2.24 Unidentifable Species (Dry Season Step 1) 

*excluded from analysis 
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Dry Season Step 2 

 

Dry Season Step 2 (October - December 2014)         
Mammals         
Species (15 Species) Common Name Capture / Photos Frequency Number of Stations 

Cuniculus paca Lowland Paca 22  28.7 18 
Dasyprocta fuliginosa Black Agouti 56  72.9 20 

Dasypus novemcinctus 
Nine-banded long-nosed 
armadillo 20  26.0 13 

Didelphis marsupialis Common Opossum 78  101.6 18 
Eira barbara Tayra 38  49.5 12 
Leopardus pardalis Ocelot 10  13.0 7 
Leopardus wiedii Margay 1  1.3 5 
Lontra longicaudis Neotropical Otter 2  2.6 2 
Mazama americana Red brocket deer 24  31.3 3 
Nasua nasua Coati 13  16.9 9 
Panthera onca Jaguar 1  1.3 1 
Pecari tajacu Collared peccary 2  2.6 8 
Puma concolor Puma  1  1.3 3 
Tamandua tetradactyla Collared anteater / Tamandua 5  6.5 4 
Tapirus terrestris Lowland Paca 19  24.7 14 
Cebus unicolor* White-fronted Capuchin 1  1.3 1 
App. 2.25 Mammals (Dry Season Step 2) 
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Avifauna*         
Species (6 Species) Common Name Capture / Photos Frequency Number of Stations 

Columbidae spec. Doves 18  23.4 6 
Mitu tuberosa Razor-billed curassow 13  5.2 2 
Penelope jaquacu Spix´s guan 8  6.5 3 
Psophia leucoptera Pale-winged trumpeter 1  1.3 1 
Threskiornithidae spec. Ibis 3  2.6 1 
Tinamidae spec.  Tinamou 23  22.1 5 
          
Reptiles         
Species (1 Species) Common Name Capture / Photos Frequency Number of Stations 

Lacertilia spec. Lizard 2 2.6 2 
App. 2.26 Avifauna & Reptiles (Dry Season Step 2) 

 

Unidentifiable (on Level of Genus attributable, 
but quality of pictures offer to little detail)*         
Species Common Name Capture / Photos Frequency Number of Stations 

Aves spec. Birds 9  11.7 3 
Dasypus spec.  Armadillos 37  48.2 7 
Mazama spec.  Red or grey brocket deer 4  5.2 2 
Muridae/Heteromyidae/Echmyidae spec. Mice/Rats/Tree Rats 23  30.0 7 
App. 2.27 Unidentifiable Species (Dry Season Step 2) 

*excluded from analysis 
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App. 2.28 Sampling effort (No. stations, No. Trap nights, average number of days of effective camera use), total number of photos and number of photos (and 
percentage) for main vertebrate classes in the study area of Buen Jesus de Paz in Northeastern Peru, as determined from camera traps (after Negroes et al. 
2011) 

     Buen Jesus de Paz    Buen Jesus de Paz 

     Rainy Season     Dry Season  Step 1   Step 2 

No. of stations    34         41   13 

Total effort (camera trap days)  1242         604   768 

Mean no. of ctd´s   37         18   58 

No. photos    611         303   415 

No. Mammal Species (No. Captures) 26* (479)        17* (196)  16* (292)   

No. Bird Species (No. Captures) 4 (41)         13 (41)   6 (47) 

No. Reptile Species (No. Captures) -         4 (9)   1 (2) 

Not identified on species level  7 (91)         6 (57)   5 (74)            
(No. Captures)  
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App. 2.29 Overview of camera trap locations with highest species diversity >= 5 

Camera trap locations with highest species diversity (>= 5 species) 

Rainy Season         

Camera Trap Name Latitude (N) Longitude (E) Number of Species Kind of Species 

Cam 1 Phase 1 -5.52265 -73.8345 6 

T. tetradactyla, P. tajacu, L. 
pardalis, E. barbara, D. 
novemcinctus, D. fuliginosa,  

Cam 5 Phase 1  -5.53700 -73.83414 5 

S. igniventris*, E. barbara, D. 
novemcinctus, D. fuliginosa, 
C. paca 

Cam 8 Phase 1 -5.55720 -73.82051 6 

C. paca, D. fuliginosa, E. 
barbara, N. nasua, P. onca, T. 
terrestris 

Cam 12 Phase 1 -5.56951 -73.81066 10 

A. microtis, C. unicinctus, C. 
paca, D. fuliginosa, D. 
novemcinctus, E. barbara, L. 
wiedii, M. nemorivaga, M. 
pratti, T. terrestris 

Cam 16 Phase 1 RM -5.63013 -73.84260 8 

D. fuliginosa, D. 
novemcinctus, L. wiedii, M. 
nemorivaga, P. onca, P. 
tajacu, Sciurinae spec. *, T. 
terrestris 

Cam 3 Phase 2 -5.52516 -73.84913 7 

C. paca, D. fuliginosa, D. 
novemcinctus,D. marsupialis, 
N. nasua, S. igniventris*, T. 
terrestris 

Cam 4 Phase 2 -5.53666 -73.86154 7 

D. fuliginosa, D. marsupialis, 
L. wiedii, M. americana, P. 
onca, Sciurinae spec.*, T. 
terrestris 
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Continuation  
Rainy Season 
Camera Trap Name Latitude (N) Longitude (E) Number of Species Kind of Species 

Cam 5 Phase 2  -5.52509 -73.85739 6 

D. marsupialis, E. barbara, L. 
wiedii, N. nasua, S. 
igniventris*, T. tetradactyla 

Cam 9 Phase 2 -5.59067 -73.85503 5 

Dasypus spec., D. 
marsupialis, E. barbara, M. 
tetradactyla, T. tetradactyla 

Cam 10 Phase 2 -5.60306 -73.85126 6 

C. unicinctus, M. nemorivaga, 
M. tetradactyla, N. nasua, S. 
igniventris*, T. terrestris 

Cam 14 Phase 2 -5.55949 -73.86580 6 

C. paca, D. fuliginosa, D. 
novemcinctus,D. marsupialis, 
L. wiedii, S. igniventris* 

 

Dry Season Step 1         

Camera Trap Name Latitude (N) Longitude (E) Number of Species Kind of Species 

Cam 1 -5.54175 -73.84172 5 

D. fuliginosa, D. 
novemcinctus,  D. 
marsupialis, P. tajacu, 
Sciurinae spec.* 

Cam 7 -5.54657 -73.83314 5 

A. microtis, C. paca, D. 
fuliginosa, D. novemcinctus, 
L. wiedii 
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Dry Season Step 2         

Camera Trap Name Latitude Longitude Number of Species Kind of Species 

BCAM 1 -5.52692 -73.86431 10 

C. paca, D. novemcinctus, D. 
marsupialis, E. barbara, M. 
americana, Mazama spec., N. 
nasua, P. onca, T. 
tetradactyla, T. terrestris 

BCAM 9 -5.52506 -73.85750 5 

D. marsupialis, L. pardalis, L. 
longicaudis, M. americana, 
Sciurinae spec.* 

BCAM 3 -5.56761 -73.85781 5 

C. paca, D. marsupialis, E. 
barbara, N. nasua, T. 
terrestris 

BCAM 17 -5.60203 -73.85569 7 

D. fuliginosa, D. marsupialis, 
E. barbara, L. wiedii, Mazama 
spec., N. nasua, Sciurinae 
spec.* 

BCAM 21 -5.55956 -73.86581 7 

C. paca, D. novemcinctus, E. 
barbara, N. nasua, P. tajacu, 
Sciurinae spec.*, T. 
tetradactyla 

 

*excluded from analysis 
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Glossar 
Camera trap days: No. of camera traps placed in the field multiplied with camera 

placement time 

Capture events: every single captured record of wildlife (Mammals, birds, reptiles) in 
this study 

Capture frequency: number of capture events divided by 1000 camera days 

Capture rate: indicates how high the chance is to capture/encounter the respective 
species; rare species tend to have low capture rates, common species 
higher capture rates;  

Cathemeral: Applied to an activity pattern in which an animal is neither pre-
scriptively nocturnal, nor diurnal, nor crepuscular, but irregularly active 
at any time of night or day, according to prevailing circumstances. 

Crepuscular:  include those species that are active at dawn, dusk, or both 

Diurnal:  include those species that are active mainly during the day 

Nocturnal: include those species that are mainly active at night and sleep during 
the day 

Sampling effort: another term for the number of accumulated camera trap days of an 
inventory 

SAC: the so-called Species Accumulation Curve, a graph, that records the 
cumulative number of species recorded in a particular environment as 
a function of the cumulative effort expended searching for them 

Species richness: the number of different species represented in an ecological 
community, landscape or region 
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