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1. INTRODUCTION 

 

1.1 Human-wildlife conflict 

The concept of wildlife includes animals and plants that are not domesticated by humans 

although feral and domesticated animals are sometimes involved in the human-wildlife 

conflict studies (Nyhus, 2016). Cover et al. (2001), define this conflict as “actions by 

humans or wildlife that have an adverse effect on the other” (Nyhus, 2016). These 

interactions are shown up in different contexts like hunting, land use, recreation, 

subsistence and transportation among others (Morzillo et al., 2014). 

Since the beginning of our times, there has been competition with wildlife for different 

resources and also for space (Nyhus, 2016). From our perspective, such interactions range 

across a continuum from positive to negative (Riley et al. 2002), so there’s a need for 

assessment for potential human-wildlife conflict (Morzillo et al., 2014). In many cases 

this conflict with wildlife is based on conflicts between different groups of people 

(Madden & McQuinn, 2014). However, it is usually the wildlife that is most affected 

(Distefano, s. f.) establishing ourselves as the main ecological strength on the Earth 

(Nyhus, 2016). Human-wildlife conflict represents an increasingly difficult obstacle for 

conservation of many species of wildlife around the world (Sutherland et al., 2020). So, 

in most cases, long-term conservation success requires conservationists’ capacity and 

strategies to address these more elusive social conflicts (Madden, 2014). 

Anthropological activities are changing wildlife ecosystems by intruding in them 

(Distefano, s. f.). This leads to a forced displacement of species facilitating human- 

wildlife contact (Nyhus, 2016). This approaching facilitates animal trafficking (Trayford 

& Farmer, 2013). 

1.2 Illegal trade of neotropical primates 

Wildlife illegal trade is one of the main threats affecting primates worldwide (Nijman 

et al., 2011). However, the situation in the Neotropical region is especially important due 

to the great diversity of primates living there, which is declining too quickly (Maldonado 

& Waters, 2017). 

All Amazon countries participate in the Convention on International Trade in Endangered 

Species of Wild Fauna and Flora (CITES, 2021). However, corruption and lack of legal 
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enforcement at the borders make primate trafficking still possible (Maldonado & Waters, 

2017). Furthermore, the lack of economic alternatives for many indigenous communities 

makes them resort to this illegal trafficking to survive (Maldonado & Waters, 2017). It is 

known that unregulated or illegal harvesting is a serious conservation concern for many 

species (Nyhus 2016). 

It is a fact that people in the Neotropics have been hunting monkeys for thousands of 

years for different purposes (i.e. Capuchin and spider monkeys are used as a traditional 

medicine in Bolivia) (Maldonado & Waters, 2017). However, the increasing demand for 

bushmeat, alongside biomedical research and tourism with Neotropical primates turns 

this type of hunting into a business (Maldonado & Waters, 2017).  

 

1.3 The role of wildlife rehabilitation centers 

Occasionally, some of the primates that are victims of this human-wildlife conflict are 

rescued and end up in a rehabilitation center. The rehabilitation process is used with 

primate species that due to different human causes (i.e. habitat destruction, illegal trade 

or bush meat) have been injured, orphaned or kept as pets (Guy et al., 2014) 

The task of these places is to provide health care, the possibility of socializing with 

conspecifics and some of them may have the chance of reintroduction into their natural 

habitat (Kowalewski & Raño, 2017). Rehabilitation is motivated by both animal welfare 

and conservation. However, it has not yet been evaluated as a real conservation strategy 

(Guy et al., 2014) 

Generally, animals arrive with serious behavioural issues that must be solved before their 

potential reintroduction (Mitman et al., s. f.). The socialization of the individuals is an 

important part of the rehabilitation of these animals (Trayford & Farmer, 2013). 

The process of release and post-release adaptation can be very stressful for individuals 

that have been in captivity (Cruz et al., s. f.). A semi-freedom management allow 

individuals develop specie-specific behaviors that might make more likely their 

reintroduction and survival (Trayford & Farmer, 2013). Although species conservation 

involves a bigger effort on the rehabilitation process of the animals than housing big 

number of animals (Trayford & Farmer, 2013), some studies have found that primate 
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populations persisted for at least five years after reintroduction in groups, alongside other 

interventions, making these actions worth it (Sutherland et al., 2020) 

So far, GPS has been used to track wild or  reintroduced primates. In their review of GPS 

device placement primates, Dore et al. (2020) mention a study conducted by Fiore et al. 

(2013) in Hawaii with Ateles belzebuth and Ateles hybridus (Dore et al., 2020) . Campbell 

et al. (1994) carried out a study with Ateles geoffroyi and Cebus capucinus in Costa Rica 

(Campbell, 2008). Sánchez-Giraldo et al. (2018) monitored two Saguinus leucopus adults 

in Colombia. The only study found with reintroduced neotropical primates was carried 

out in by Cruz et al. (2014) with Ateles chamek in Costa Rica (Cruz et al., s. f.). 

Biological studies measuring GPS data can provide a better understand of wildlife 

nutrition, behaviour, social interactions and, use of space (Clutton-Brock & Harvey, 

2009; Di Bitetti, 2001). 

The Organization for Natives and the Conservation of the Amazon (ONCA hereafter), is 

a wildlife rehabilitation center that hosts primates coming from illegal trade. As these 

animals have been displaced from their original habitat, we talk about ex situ 

conservation. However, ONCA is located in the Bolivian Amazon, providing a in situ 

habitat that could potentially be inhabited by neotropical primates (Kowalewski & Raño, 

2017). This environment allows them on the one hand to explore their surroundings, 

developing good trophic behaviour and predator avoidance, and on the other hand the 

possibility of socialising with other individuals. 

In this study, we propose the use of GPS devices as a pre-release tool to evaluate the 

rehabilitation process in order to assess incoming releasing procedures. The fact of using 

these devices in the rehabilitation process makes the animals habituated to them. Thus, 

when release happens, individuals will be able to show specie-specific behaviours 

allowing us to monitor and evaluate success of the release process. The use of the devices 

was tested in order to evaluate behavioural reactions due to individual adaptation to 

changes in management. We also expose how to transform the data obtained as well as 

its analysis using Q-Gis and RStudio.  

As mentioned before, the rehabilitation of illegal traded individuals is a difficult and 

consuming task without reintroduction success guarantee (Mitman et al., s. f.) . We 
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consider that the use of a telemetry tool can help the follow-up as well as to individual 

control in undergoing rehabilitation procedures. 

2. OBJECTIVES 

General 

This study aims to describe the potential uses of GPS devices as a rehabilitation tool in 

an in-situ primate rescue centre.  

Specific 

i. Determine changes on individual use of the space in front of management 

changes. 

 

3. MATERIAL AND METHODS 

 

3.1 Study site  

This study is carried out in ONCA (Organization for the Natives and the Conservation of 

the Amazon), a Bolivian wildlife rescue center. This place comprises fifty hectares of the 

Amazon forest. It is located on the bank of the Beni river between the departments of 

Beni and La Paz.  

 

Currently, there are three species of rescued neotropical primates living here: capuchin 

monkeys (Cebus apella), spider monkeys (Ateles monkeys), and squirrel monkeys 

(Saimiri bolivensis).  

Image 1. Obtained from www.google.es/maps/ - Coordinates (-14,46798,-67,53126) 

http://www.google.es/maps/
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• Management program in ONCA  

First step is interception and transportation of the animal to the center, which is done in 

collaboration with authorities. After reception, primates go through a period of quarantine 

where the veterinary team checks the general health status. This period is important to 

ensure the absence of any new agent for the monkeys already living there, nor any 

potentially zoonotic agent.  

Third step is socialization, which is probably the most difficult as most of the primates 

would have never been in contact with co-specifics, so it is important (if possible) begin 

as early as possible to stimulate the development of social behaviour and contribute to 

avoid human attachment (Guy et al., 2014). This is done by moving the animal to a cage 

where they come into contact with other individuals, first indirectly and then directly. 

After this, they can be managed using runner systems. This system consists of a long rope 

(Min.: ten meters) attached between two trees. A small rope hanging from the belt (in 

Capuchin monkeys) or a collar (in Spider monkeys) is attached to a longer one  which 

has a carabiner in the distal end. The carabiner allows a 3D movement along all the rope 

extension (Image 2). Many of these individuals have already been collared or belted, 

providing an easier habituation to the device. Being in this type of management allows 

individuals to star learning species-typical behaviours at both trophic and social levels. 

Due to individual differences, is important to highlight that each animal is managed 

following different criteria. In the case of infants, first they go through a rearing period 

where they receive constant human care.  

Once it is verified that the individuals are correctly adapted to the provided environment, 

the change of management to a semi-freedom regime can begin. This is a pre-release 

period where we have to ensure that the individuals have acquired all specie-specific 

behaviors that make them suitable to be released. During the whole rehabilitation process, 

biological-veterinary evaluations are carried out.  
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3.2. Study subjects 

The study subjects are four capuchin monkeys (Cebus apella) and five spider monkeys 

(Ateles chamek) (Table 1). They all came here in infant age and they had worn a collar or 

a belt at some point in their lives.  These animals were taken from their natural ecosystem 

due to animal trade reasons.  

 

All the spider monkeys (Ateles chamek) and Lola (Cebus apella) wore the GPS device 

prior to the change of management from the runner system to a semi-freedom regime 

(without ropes and just spending the night in a cage). The management change in the 

spider monkeys was done in the following order: Mateo, Mika, and Emmy, Houdini, and 

Maria. Once they had the GPS collars/belts on, they moved around ONCA’s area and 

came back to sleep in the cage.  

 

NAME 

 

SPECIES 

 

SEX 

 

WEIGHT 

(KG) 

 

RUNNER 

BEFORE 

 

AGE 

 

DATE 

ON 

 

DATE 

OFF 

 

DEVICE 

% 

 

SEDATION/ 

ANAESTHASIA 

 Celia C. apella F 1,6 No 1,5 21/6/21 26/6/21 7,5 None 

Thanos C. apella M 1,7 No 1,5 21/6/21 25/6/21 7 None 

Noah C. apella M 2,3 No 4 23/6/21 27/6/21 5,2 None 

Lola C. apella F 1,88 Yes 5 13/5/21 21/6/21 6,4 None 

Mateo A. chamek M 5,7 Yes 6 20/5/21 31/5/21 2,1 None 

Houdini A. chamek F 6,7 Yes 8 1/7/21 14/7/21 1,8 None 

Mika A. chamek F 6,3 Yes 6 3/6/21 22/6/21 1,9 Diazepam oral 

Emmy A. chamek F 7.7 Yes 6,5 3/6/21 21/6/21 1,6 None 

Maria A. chamek F 8 Yes 8 8/7/21 15/7/21 1,5 Diazepam oral 

Ketamina+Xilacina 

intramuscular 

 

Table 1.  The table shows the name, species, sex, weight, and approximate age of the individuals. It also  specifies 

whether they were before in the runner system or not the time they wore it, and the percentage of weight that the 

device supposes for them. Finally, it is mentioned whether or not anaesthesia was required for its placement. 

 

Image 2.  Capuchin monkey in the runner system 
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Lola is a capuchin monkey that had been in runner system for two years and was not part 

of the group, so her case required more time, over a month, making progressively 

management changes.  

The other three capuchin monkeys (Celia, Lego, and Noah) are integrated into the group 

in semi-freedom and we have observed that they move with them. 

 

3.3.  Telemetry device description and usage 

The telemetry equipment used for this study was made by the Mexican company Telenax 

(https://telenax.com/). The whole equip consists of a GPS device, a Tablet, two different 

types of antenna, and a VHF receptor with its antenna.  

 

• GPS belt/collar 

The GPS device model is TGB 325/311. It consists of a GPS (red rectangle), a plastic 

belt, and a replaceable battery. Once placed on a monkey, it is attached using a metal 

shrew method.  

The collar is 2.2 cm in width. This measurement 

follows the recommendation of the study conducted by 

Trayford et al. (2012) which says it should be between 

2 and 4 cm. They also have a  naturalized colour that 

does not expose them too much for predators but at the 

same time makes it easy to find it when released from 

the animal. Resistance to water and humidity is another 

important feature due to the tropical environmental 

conditions.  

The device weights 120 grams. Two articles written on the use of GPS devices in primates 

were taken into account for the weight of the individuals. Trayford & Farmer (2012) 

recommended that the maximum weight of the devices should not exceed 5% of the 

weight of the subjects. Sánchez-Giraldo & Daza (2019) recommended not to exceed 6% 

of the weight (Sánchez-Giraldo & Daza, 2019). Keeping in mind both studies it was 

decided that this was the optimal  devices weight concerning the durability of the battery. 

Image 3. GPS Device 

https://telenax.com/
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This device is a little heavier because it has replaceable batteries that will allow us to use 

it for a longer period of time, thus amortizing its cost. 

The animal’s weight percentage of our devices ranges from 1.5% to 7.5%. When choosing 

the collars, we based our decision on the weight recommendations made by Sikes et al. 

(2016) which recommends 5% (Sikes & the Animal Care and Use Committee of the 

American Society of Mammalogists, 2016) and in the study with devices from the same 

company which recommends 6-6,5% (Sánchez-Giraldo & Daza, 2019). When placing the 

devices, we were aware that they were carrying more weight than recommended, but we 

did it taking into account that they were going to carry it for a short time and that they are 

monitored daily. 

It is known that wearing telemetry devices makes the animal to apply extra effort of 

energy, which can favour unfavourable scenarios (Gutema, 2015). However, most GPS 

and VHF telemetry projects carried out with primates show healthy animals displaying 

their natural behaviour (Dore et al., 2020). Despite that the individuals in this center are 

used to wear collars or belts, it is important to maintain a period of observation in order 

to ensure that the collar does not prevent them from expressing their natural behaviour 

(Trayford & Farmer, 2012).  

As recommended by Gutema et al. (2015) a health check of the animals (including 

biometry and body condition) was done before placing the collars. Experts in different 

countries have written guidelines about working with telemetry devices in different 

species (Dore et al., 2020). The main advice is that all projects including telemetry need 

to include a veterinary  team during all procedures (Gutema, 2015). 

To keep the effect of wearing these devices as low as possible their tightness around the 

hips or the neck, the weight, and shape of the device regarding the individuals' size, and 

the handling method must be taken into account (Gutema, 2015).  

 

• Tablet 

The tablet (Lenovo Tab E10) has been adapted to connect an antenna. We used two 

different types of antenna to communicate effectively through Bluetooth connection with 

the GPS device. The omnidirectional antenna is used when the device is less than 5m 
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away. If we want to communicate at a greater distance, we use the Yagi antenna (we have 

verified that it reaches up to 60 m). 

 

 

The tablet comes with a Telenax application installed (GPS Telenax Interaction) (See 

Image 6). With this app, it is possible to design the itineraries depending on the 

preferences of each individual, allowing to create, edit, view, and upload a tracking 

itinerary. Each itinerary has the name of an individual and a password. Angle, heading, 

activity level, and temperature sensors are available can be activated if required. The 

hours of maximum and minimum activity are also selected, as well as the best time of 

best connection to Bluetooth. It has the possibility of activating a drop-off system if the 

collars have it. The last step is to determine for how long the itinerary is to be activated 

and which days the data will be downloaded via Bluetooth. It is important to take into 

account the battery life. It is also possible to make a previous evaluation of the battery 

consumption taking into account the average ambient temperature, the average time it 

takes the GPS to fix a place, and the VHF search range. 

The fact of having an application that can be customized made us choose Telenax among 

other telemetry companies 

 

• VHF Receptor and Directional Antenna 

These devices are used to locate the individuals via VHF (Very High Frequency), Are 

frequently used to locate the GPS belts when  in case of falling off the animals. On one 

side we have the receptor (Image 7). The model (R-600A) covers any frequency between 

Image 6. Telenax application Image 5. Yagi antenna Image 4. Omnidirectional  antenna  
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216.000 and 222.000 MHz having no gaps in between these two values. The receiver can 

record the frequency in MHz and kHz, is powered by a normal 9-volt alkaline battery 

power and is provided with a big, full-range speaker to get better audio. It has a directional 

antenna (Image 8) and specialized filters to eliminate interference sources.  

 

Each transmitter emits a signal at a certain frequency that is received by the receiver. The 

collar’s frequency is the following: Once the signal is found, is possible to find the 

direction with the Yagi antenna. By modifying the volume, the tune, and the RF gain it is 

possible to locate the individual based on the beeps heard. In Image 9 we can see how the 

complete VHF equipment looks like 

• GPS belts test and graphic analysis  

To check the GPS device worked properly, three ONCA volunteers were asked to wear 

them on their wrists for 24 hours. By doing this, we ensured the recording of the data was 

correct before placing them on the monkeys. 

To check if the three GPS devices record the data similarly, a graphical check on Q-Gis 

was done. First of all, the collars were placed at the same point to record the coordinates. 

At that same point, a coordinate was recorded with another device (a mobile phone). On 

the one hand, we want to check that the collars take the coordinates with similar accuracy. 

On the other hand, that they do it similarly as a different device. Taking five decimals 

coordinates (1,1m precision), we ensure that the points recorded are going to be into the 

maximum precision that a GPS of this type can get: 11,1 m (Lipan & Groza, 2010). If the 

precision of the devices is bigger than this 11,1 m then, the error would be significant and 

it would be possible to say that the GPS belts do not work properly.  

Image 8. VHF Antenna 
Image 7. VHF Receptor Image 9.  Complete VHF equipment 
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The first step is to upload the data recorded with the devices from the same point. Then, 

in “Mean coordinates”  we obtain the mean of each device. After, these means are put 

together in the same layer. To merge the means in the same layer we go to "Merge vector 

lagers". We then merge these means with this mobile device and proceed to perform the 

"Distance matrix". This gives us the distance between the points (Mobile point: check the 

mobile point is in UTM too for later steps). 

 

3.4.  GPS data recording  

GPS data is downloaded via Bluetooth to the tablet. This is connected to one or two 

antennas depending on how far away the individual is. In the Telenax application, it is 

possible to determine the date and time we want to download the data. This must be done 

at the moment the itinerary is created. Once the data is downloaded, it is necessary to 

modify it so it can be analysed in Q-Gis. All the data processing, as well as the 

explanations of our use of Q-Gis and R-Studio to analysed it, is explained below. 

 

3.5. GPS devices uses 

The use of GPS devices is part of the pre-release process of primates living at ONCA. In 

the current study, we explain two different uses for primate rehabilitation that we have 

carried in this center. 

 

• Semi-freedom individuals space use 

When carrying out the study, there was a group of twenty-five capuchin monkeys in a 

semi-freedom regime that were fed once a day, always in the same place, to continuously 

monitor their health status. These individuals can move all along ONCA, but so far, it 

was unknown where they were moving. These individuals are at the ending stages of their 

rehabilitation process (they can feed themselves and have social behaviour abilities). 

Three individuals have been chosen from this group to estimate the space use of this 

group. Because the GPS belt caused chafing, we had to remove them prematurely, and 

therefore the data were not sufficient to make a statistical calculation. On one hand, we 

have Noah, a young integrated individual. On the other hand, we have Celia and Thanos, 
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two juveniles who are just starting to spend the nights with the group. In the map below 

(Image 10) we can see how they have used the space. This is a demonstration of the 

potential uses these GPS belts could have for tracking the semi-freedom capuchins. 

 

The study of the free capuchin monkeys' space use is mainly focused on their diet. 

Knowing the places, they frequent more it is possible to determine in which plants they 

feed on, which is important when looking for a place where they can be released.  

With the reduced number of individuals that wore the GPS belt during a short period, 

there is not enough data to determine the home range of the whole group. For that reason, 

this study aims to provide a useful guide that explains how to work with this data.  

We used the Minimum Convex Polygon (MCP) method to determine the potential home 

range, using QGIS and RStudio programs. This method describes the area included into 

the smallest convex polygon that encloses all points in the data set. Despite being 

considered the simplest method and its inability to generate density distributions it is the 

most used one (Getz & Wilmers, 2004).   

 

 

 

Image 10.  Graphical representation of the semi freedom capuchins’ movement 
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• Management regime change 

One of the purposes of wearing the GPS devices is to know where the individuals are 

when they are no longer on a rope. 

In this case, we have two examples to explain this potential use. The first one is Lola, a 

female capuchin monkey that has been in the runner system for two years. This individual 

was a pet and did not know how to socialize with conspecifics , to the point of being 

scared of most of the semi-freedom monkeys. Thanks to the GPS belt it was possible to 

track Lola until we found that she felt comfortable when the rest of the group was nearby. 

It was at that point that the GPS device was removed. Thanks to the VHF system, it has 

been possible to proceed successfully with the change of management.  

The other example is the five spider monkey individuals. This group is intended to be 

placed in semi-freedom like the capuchin monkey group. Thanks to the use of the collars 

we can ensure that they stay within the ONCA area and also see which individuals are 

moving together. 

 

3.6      GPS data processing and analysis (Step-by-step user's guide) 

Open raw data file with Excel 

The raw data downloaded from the GPS devices is CSV (Comma Separated Values) type. 

Q-Gis can read this kind of file so we leave it this way. In the following images, it is 

possible to appreciate the variables that can be recorded: Date, Time, Altitude, Latitude, 

Longitude, Speed, Number of satellites connected, HDOP (Horizontal Dilution Of 

Precision), Activity level, Magnetic position (Mag X, Mag Y, and Mag Z), Acceleration 

(Acc X, Acc Y, and Acc Z), Temperature, GPS Battery and Notifications. 
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Variables selection and data processing 

In this study, only the following variables were considered: Date, Time, Altitude, 

Latitude, Longitude, and Activity Level. 

“N/A” (non-available data) means that the device was not ready to record data. 

“Unsuccessful GPS attempts” means it was not possible to receive a GPS signal. These 

values must be deleted because they do not provide data.  

 

 

 

 

Coordinates processing 

The coordinates appear in the raw data in decimal degrees and they need them to be 

transformed in a UTM mode, in order to be read by Q-GIS. Our coordinates give us five 

decimals, which is providing 1,11 meters precision. 

 

Figure 1. Variables recorded by the GPS device 

Figure 2. Variables considered for this study 
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The coordinates conversion was done with a converter created by Ark Geek . Before 

putting them in the converter it is necessary to change them to negative factors (See Figure 

3). 

 

 

 

 

 

Once the coordinates are in UTM mode, Q-Gis can read them so we can start to interpret 

graphically the data (See Figure 5). It is important to note that the Latitude value 

corresponds to the East value, both being the x-axis and that the Longitude value 

corresponds to the North value, both being the y-axis. 

 

 

 

Q-GIS use 

In this section, we explain the Q-Gis functions that we consider useful for a study of this 

type. Once the data have been processed, it is possible to graphically visualize the 

Figure 3. Coordinates ready to be transform 

Figure 4. Coordinates converter 

used 

Figure 5. Data ready for Q-Gis 
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movement patterns of the individuals. Having modified the data of each individual, it can 

all be put into the same Excel spreadsheet for their analysis.  

In the following paragraphs, we will explain step by step the Q-Gis functions that we 

consider important for this sort of study. 

The first step is to load the data file. To do this, we click on "Delimited text layer". Make 

sure that the X and Y fields match those of our data file. It is also important that the 

Geometry Coordinate Reference System is the right one. 

 

 

 

The following image shows a graphical representation of the individuals’ movement. On 

the map, it is possible the different areas of the center (spiders area and capuchin area) 

and check how far individuals move away from them.  

Image 1. Insert CSV file on Q-Gis 
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To make the map appear in this way we go to the "Web" section and in "Google" we 

select "Google satellite". 

 

The next step is to determine which area has been used by each individual. To do this we 

go to the "Processing toolbox" and look for the function "Extract by attribute". Once there, 

we select the attribute “Name” and write the name of the individual in the value section.  

 

Image 2. Graphical representation of all individuals - Capuchin area (circle) and spider area (square) 

Image 3. Satellite map setting up 
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In this case, we write the name “emmy” as an example. The name must be written in the 

same way it appears on the Excel file so Q-Gis can recognize it  (careful with capital 

letters or spaces).   

 

At first, the new layer appears as "Extracted(attribute)". We can rename it by right-

clicking on it and selecting "Rename Layer" (see Image 6). It is also possible to save the 

layer if we click on the icon that appears in the red rectangle. We have to select the format 

“ESRI Shapefile” and write the file name. Last, we select “OK”. 

Image  4. How to separate the individuals by name 

Image 5. Area in which Emmy has moved in green 
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This separation by individuals can be done with all monkeys. However, to simplify, we 

continue with Emmy as an example to explain what we did. To make the visualization 

easier, we can uncheck the "All individuals data" box to work better with Emmy data. 

 

The next step is to sort the Emmy data by date to see where each day moved. To do this, 

right-click on Emmy and go to "Properties" (See Image 7). Once there, in " Symbology" 

we select "Categorize" (See Image 8). In value we select Date and then we click on 

“Classify”. All days on which data was recorded for this individual will be displayed. The 

last step is to click “OK” 

Image 6. Area in which Emmy has moved in green 



Master´s Thesis 

 
21 

 

 

 

 

 

 

 

Image 7. 

 

Image 8. 

 

Image 9 
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In the following image, we can see that the days are represented by different colors. 

 

 

The next step is the creation of pathways that allow us to see more clearly the movement 

patterns of these individuals. To do this we go to "Processing Toolbox" and look for the 

function "Points to path". In the window that comes up we select  "emmy" as "Input point 

layer"; "Name" as "Order field" and "Date" as a “Group field” (See Image 11). Finally, 

we press “Run”. 

 

 

Image 10 

 

Image 11. Pathways creation 
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In Image 12, it is possible to appreciate the paths that each individual has followed each 

day. The points from the same date, are joined together to form these paths. However, 

they all have the same color because we have not yet categorized them by date.  

 

 

As it was done before, right-click on "Paths" and go to "Properties". In symbology, we select 

"Categorized" and in the "Value" section we place "Date". Finally, click on "Clasiffy" to display 

the different dates with their respective colors. The last step is to press “OK”. 

 

Image 12 

Image 13 
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To know which color corresponds to each date we can place labels. To do this we go to 

the "Labels" section, also within "Properties" and therein "Single Labels" we select the 

Value "Date" (see image 14). 

 

In the following image, we can see the paths categorized by color according to their date 

and the corresponding label to facilitate their identification. 

 

 

 

 

Image 14 

Image 15 
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It is also possible to categorize the paths concerning time. It is just the same we did with 

categorized by date put putting “Time” in the Group field. In this way, we can see how 

was Emmy moving depending on the day moment. 

 

 

 

 

Image 16. 

Image 17. 

Image 18. 
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For the future study of the home range of capuchin monkeys, we propose the use of the 

MCP as a method of home range calculation. It has been tested in both R-Studio and Q-

GIS. In the case of R-Studio, it is not necessary to eliminate the "outsiders" because the 

Adehabitat packages do it themselves.  

 

MCP in Q-Gis 

First, we need a file that is in "GeoPackage" format. To do this we right-click on our CSV 

type layer and in "export" we select "save feature as". The following window appears: 

 

Save, click OK and we have a file in GeoPackage format. 

Before calculating the MCP it is important to check that we do not have any point that 

the GPS has taken wrong. For example, if it is 100 km from the center or on the island. 

To delete these points, we do the following. Only GeoPackage files can be edited, CSV 

files cannot. Select the GeoPackage type layer, and we see that in the upper left corner 

"Toggle editing" is activated. 

Image 20. 
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In "Vertex Tool (All layers) we can select the points we want to delete. 

Finally, to calculate the MCP we go to the "Processing Toolbox" and look for "Minimum 

Bounding Geometry" (Image 22). 

 

 

It is important to put the GeoPackage layer in the “Input layer”. Then, we select “Convex 

Hull” in “Geometry Type”. 

To calculate this, we go to "Field calculator" and search for $Perimeter or $Area. We 

have to make sure that the “Update existing field” is marked for the calculation to work 

properly. To see the area and perimeter we go to “Attribute Table”. 

 

Image 21. 

Image 22. 
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To calculate the area and the perimeter we go to "Field calculator" and search for $Area 

(Image 24). We have to make sure that the “Update existing field” is checked for the 

calculation to work properly. To see the area and perimeter we go to “Attribute Table”. 

 

Image 23. 

Image 24. 
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All information about Q-Gis use was obtained from this website: 

https://docs.qgis.org/2.18/en/docs/user_manual/  and several video tutorials. 

 

MPC in R-Studio 

 

In the "File" tab select "Import data set" and from there choose "From text (reader)". The 

file to be uploaded must be a CSV file and the variable time must appear as a time factor. 

The rest can be left as it appears by default (see Image 19). A window with these values: 

Image 25. 

Image 19. 

https://docs.qgis.org/2.18/en/docs/user_manual/
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(%H:%M) appears and we add the seconds to it so that it becomes like this: 

(%H:%M:%S). The date format must be in m/d/y mode for R-Studio to recognize it. It 

should be noted that this type of format depends on the regional date and time settings 

specified for the operating system. 

The packages used were as follows: AdehabitatHR, AdehabitatLT, and AdehabitatMA. 

In this case it is not necessary to remove the erroneous points because this is done by the 

packages themselves. 

 

The commands used were: 

> View(Datos_Tano) To view the data I have loaded 

> class(Datos_Tano) To see what kind of data I have, in this case, “data frame”           

> coordinates(Datos_Tano)<-c("Longitude","Latitude")  To create a new category   

that includes these two 

> class(Datos_Tano) To check the type of data has changed, in this case to "SpatialPoin

tsDataFrame" 

 

> mcp(Datos_Tano,95) To calculate the MCP 

> mono<-mcp(Datos_Tano,95) to assign a name to the MCP    

> plot(botana) To draw the polygon 
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All information about R-Studio use was obtained from this website: 

https://www.rstudio.com/products/rstudio/ and several video tutorials. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Image 20. 

https://www.rstudio.com/products/rstudio/
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4. RESULTS AND DISCUSSION 

With the data obtained, we have been able to meet the objectives and create a user guide. 

The use of the GPS devices allowed us to describe their potential uses as a rehabilitation 

tool in an in-situ primates rescue center. It has also allowed us to monitor a management 

change and to determine where individuals move in semi-freedom. 

When carrying out the sampling, we had different limitations. In the case of the semi-

freedom capuchin monkeys, the belt had to be removed prematurely because it caused 

small skin wounds. In Table 1, we can see that the percentage of weight is somewhat 

higher than recommended in the two articles mentioned in the GPS device description. 

Taking into account that these are individuals were daily-checked and was possible to 

control them, we decided to place the belts due to the skin injuries caused by the device 

application. On the third day of observation, they were removed due to slight chafing to 

prevent further chafing. However, thanks to the data obtained we have been able to 

determine vaguely the home range of the group of capuchins in semi-freedom.  

In the spiders’ case, the individuals have had to be in the runner system for more hours 

per day than planned, so it is not possible to check how the change of management has 

been. In the case of Lola, we had problems updating the itinerary and only took data 

during the first week and a half, where she spent practically all day on the rope. She wore 

it for two more weeks but only with VHF technology.  

 

Individuals Days with GPS Perimeter (m) Area (m2) 

Mika  18 743.662 35365.595 

Maria 7 1002.889 53938.681 

Mateo 11 1098.783 75748.667 

Houdini 12 1039.047 60052.551 

Emmy 17 685.145 33676.665 

Thanos 3 771.917 35998.230 

Celia 4 1636.998 152508.981 

Noah 3 1584.997 142677.833 

Lola 18 933.431 57745.129 

 

Table 2. Individuals results. In this table we see how many days for how many days GPS data were taken from the individuals as 

well as the perimeter and area that were calculated from these data. 
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We have interpreted the results based on our prior knowledge of the individuals. In Table 

2 we see the perimeter and area obtained thanks to the Q-GIS georeferencing program. 

Celia, Thanos, and Noah have been carrying the GPS devices for about a week, but this 

time was not enough for Celia and Noah: their range is larger than that of the spider 

monkeys. It makes sense because these animals are already in a state of semi-freedom. 

We see that Thanos does not move so much, we corroborate that he usually stays around 

the capuchin area and during the night he spent the night in a cage. 

In the case of the spider monkeys, the individual with the largest area is Mateo, a juvenile 

male, he was the first to be released and covered most of the area. The individuals with 

the smallest area were Mika and Emmy who tend to stay around their area. 

In the case of Lola, we note that her range is smaller than that of the semi-freed capuchins. 

Firstly, because the data were taken when she was on a rope for quite some time and 

secondly because she does not move with the capuchin group. 

There comes a point in the type of management where individuals are no longer fed. 

Thanks to the use of these GPS devices, it will be possible to carry out a study of the most 

frequented areas and determine if there is enough food in both the wet and dry seasons. 

It is necessary to check if the local ecosystem from ONCA can provide enough food to 

feed the entire group of free capuchins.  

Advantages when carrying a telemetry device during the change of management: this is 

the case of Lola and the spider monkeys. In both cases the presence of VHF was essential. 

Having this system allowed us to locate the individuals at all times. In the case of Lola, it 

was even more important because due to the lack of integration in the group was afraid 

of the other females. It was necessary to use the VHF on three occasions to find her. The 

GPS collar was not removed until we observed that when the group of capuchins 

(specially the other females) was coming Lola  stayed within the area. Nowadays, she is 

no longer in the runner system and only spends the night inside the cage. In this case, the 

presence of GPS has not been so essential. 

Having telemetry devices with both GPS and VHF technology has allowed us to use them 

in two different phases of the rehabilitation process. 
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5. CONCLUSION AND FUTURE RESEARCH NEEDS 

The main conclusion we reached with this study is that GPS devices can be a useful tool 

in in-situ primates rescue center like ONCA. Thanks to the VHF system we have been 

able to work on the management change in several individuals. Having this technology, 

allowed us to determine where the individuals were at any time once the management has 

been changed. We have also been able to see where the group of free capuchins move 

(nothing was known before). 

A more complete study needs to be done. Due to the given circumstances, we have not 

been able to determine the capuchin monkeys’ home range or to assess how the whole 

process of management change in spider monkeys went.  

Finally, it is worth mentioning that the creation of a user guide with the processes we 

have carried out may help researchers who want to carry out a similar study. Here we left 

a list with future lines of research that can be complemented by the use of GPS devices: 

1. Checking the wildlife around using camera traps  

Finding out the animals that share space with the semi-freedom capuchin monkeys such 

as wild pigs or tapir would be very interesting. Checking if they eat the same fruits or 

they drink from the same water spots. Also, if the capuchins can displace other species 

that also use this area. 

2. Deeper analysis of their diet: insects and small mammals 

Checking out not only the plants they feed on but also the rest of their diet. It is well 

known that capuchins have a very diverse omnivorous diet so studying just which plants 

they eat is not enough. It is important to determine from where do they get the protein. 

3. Space use varies according to the seasonal changing  

The availability of food changes from one season to another. There are mainly two 

seasons in this part of Bolivia: wet and dry. In the wet season, there is a bigger amount of 

fruit and its variability is bigger. When this happens, the monkeys do not have to move 

that much to get the food. On contrary, in the dry season the number of fruit decreases, 

and the monkeys are forced to move to further areas.  

  



Master´s Thesis 

 
35 

 

REFERENCES 
 

Campbell, C. J. (Ed.). (2008). Spider monkeys: Behavior, ecology and evolution of the genus Ateles. 

Cambridge University Press. 

Clutton-Brock, T. H., & Harvey, P. H. (2009). Primate ecology and social organization. Journal of 

Zoology, 183(1), 1-39. https://doi.org/10.1111/j.1469-7998.1977.tb04171.x 

Cruz, R. B. S., Infante, W. E., Becerra, C. C., Fort, F. R., Timson, S., Munday, R., & Kilby, R. (s. f.). 

MONITOREADOS MEDIANTE RADIO TELEMETRIA EN EL SURESTE DE LA AMAZONIA 

PERUANA. 30. 

Di Bitetti, M. S. (2001). Home-range use by the tufted capuchin monkey (Cebus apella nigritus) in a 

subtropical rainforest of Argentina. Journal of Zoology, 253(1), 33-45. 

https://doi.org/10.1017/S0952836901000048 

Distefano, E. (s. f.). Human-Wildlife Conflict worldwide: Collection of case studies, analysis of 

management strategies and good practices. 34. 

Dore, K. M., Hansen, M. F., Klegarth, A. R., Fichtel, C., Koch, F., Springer, A., Kappeler, P., Parga, J. 

A., Humle, T., Colin, C., Raballand, E., Huang, Z.-P., Qi, X.-G., Di Fiore, A., Link, A., Stevenson, P. R., 

Stark, D. J., Tan, N., Gallagher, C. A., … Fuentes, A. (2020). Review of GPS collar deployments and 

performance on nonhuman primates. Primates, 61(3), 373-387. https://doi.org/10.1007/s10329-020-

00793-7 

Getz, W. M., & Wilmers, C. C. (2004). A Local Nearest-Neighbor Convex-Hull Construction of Home 

Ranges and Utilization Distributions. Ecography, 27(4), 489-505. 

Gutema, T. M. (2015). Wildlife Radio Telemetry: Use, Effect and Ethical Consideration with Emphasis 

on Birds and Mammals. International Journal of Sciences, 24(2), 8. 

Guy, A. J., Curnoe, D., & Banks, P. B. (2014). Welfare based primate rehabilitation as a potential 

conservation strategy: Does it measure up? Primates, 55(1), 139-147. https://doi.org/10.1007/s10329-

013-0386-y 

Kowalewski, M. M., & Raño, M. (2017). Sanctuaries-Mesoamerica/South America. En M. Bezanson, K. 

C. MacKinnon, E. Riley, C. J. Campbell, K. A. I. A. Nekaris, A. Estrada, A. F. Di Fiore, S. Ross, L. E. 

Jones-Engel, B. Thierry, R. W. Sussman, C. Sanz, J. Loudon, S. Elton, & A. Fuentes (Eds.), The 

International Encyclopedia of Primatology (pp. 1-3). John Wiley & Sons, Inc. 

https://doi.org/10.1002/9781119179313.wbprim0151 

Lipan, F., & Groza, A. (2010). Mining traffic patterns from public transportation GPS data. Proceedings 

of the 2010 IEEE 6th International Conference on Intelligent Computer Communication and Processing, 

5606450. https://doi.org/10.1109/ICCP.2010.5606450 

Madden, F., & McQuinn, B. (2014). Conservation’s blind spot: The case for conflict transformation in 

wildlife conservation. Biological Conservation, 178, 97-106. 

https://doi.org/10.1016/j.biocon.2014.07.015 

Maldonado, A. M., & Waters, S. (2017). Primate Trade (Neotropics). En M. Bezanson, K. C. 

MacKinnon, E. Riley, C. J. Campbell, K. A. I. A. Nekaris, A. Estrada, A. F. Di Fiore, S. Ross, L. E. 

Jones-Engel, B. Thierry, R. W. Sussman, C. Sanz, J. Loudon, S. Elton, & A. Fuentes (Eds.), The 

International Encyclopedia of Primatology (pp. 1-7). John Wiley & Sons, Inc. 

https://doi.org/10.1002/9781119179313.wbprim0393 

Mitman, S., Rosenbaum, M., Bello, R., Knapp, C., Nutter, F., & Mendoza, P. (s. f.). Challenges to IUCN 

Guideline Implementation in the Rehabilitation and Release of Trafficked Primates in Peru. 17. 



Master´s Thesis 

 
36 

 

Morzillo, A. T., de Beurs, K. M., & Martin-Mikle, C. J. (2014). A conceptual framework to evaluate 

human-wildlife interactions within coupled human and natural systems. Ecology and Society, 19(3), 

art44. https://doi.org/10.5751/ES-06883-190344 

Nijman, V., Nekaris, K., Donati, G., Bruford, M., & Fa, J. (2011). Primate conservation: Measuring and 

mitigating trade in primates. Endangered Species Research, 13(2), 159-161. 

https://doi.org/10.3354/esr00336 

Nyhus, P. J. (2016). Human–Wildlife Conflict and Coexistence. Annual Review of Environment and 

Resources, 41(1), 143-171. https://doi.org/10.1146/annurev-environ-110615-085634 

Sánchez-Giraldo, C., & Daza, J. M. (2019). Getting better temporal and spatial ecology data for 

threatened species: Using lightweight GPS devices for small primate monitoring in the northern Andes of 

Colombia. Primates, 60(1), 93-102. https://doi.org/10.1007/s10329-018-0696-1 

Sikes, R. S. & the Animal Care and Use Committee of the American Society of Mammalogists. (2016). 

Guidelines of the American Society of Mammalogists for the use of wild mammals in research and 

education: Journal of Mammalogy, 97(3), 663-688. https://doi.org/10.1093/jmammal/gyw078 

Sutherland, W. J., Dicks, L. V., Petrovan, S. O., & Smith, R. K. (Eds.). (2020). What Works in 

Conservation 2020. Open Book Publishers. https://doi.org/10.11647/obp.0191 

Trayford, H. R., & Farmer, K. H. (2012). An assessment of the use of telemetry for primate 

reintroductions. Journal for Nature Conservation, 20(6), 311-325. 

https://doi.org/10.1016/j.jnc.2012.07.004 

Trayford, H. R., & Farmer, K. H. (2013). Putting the Spotlight on Internally Displaced Animals (IDAs): 

A Survey of Primate Sanctuaries in Africa, Asia, and the Americas: A Survey of Primate Sanctuaries. 

American Journal of Primatology, 75(2), 116-134. https://doi.org/10.1002/ajp.22090 

 

  



Master´s Thesis 

 
37 

 

ACKNOWLEDGEMENTS 
 

To Andrés Jimenez for welcoming us at ONCA and for his infinite patience in helping 

me with all the computer stuff. 

To Carles Conejero for his constant support during this work even being on the other side 

of the ocean. 

To Irene Sánchez, primatologist friend, for her knowledge, constant support and 

companion of adventures in the Amazon. 


