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ABSTRACT 

Monitoring wild animals using camera traps is a crucial conserva}on tool. Nowadays, the advancement 

of this technology has signiocantly increased the volume of data available for analysis. However, due 

to its complexity, proper training is essen}al for efec}ve use. Various factors can innuence detec}on 

probability, including the camera9s detec}on zone, placement, ambient temperature, animal 

interference, and even vandalism. Despite these challenges, camera traps are emerging as a valuable 

alterna}ve to tradi}onal methods for es}ma}ng popula}on9 stability.

Given that most wildlife species lack natural markings, innova}ve methods have emerged that u}lize 

camera traps without requiring individual iden}oca}on. One such method is the Random Encounter 

Method, which es}mates species diversity, density and abundance within a given territory. Moreover, 

during the sov release phase of reintroduc}on projects, camera traps can play a vital role in assessing 

the success of the release by evalua}ng how animals react and adapt to the new environment.

The diversity of species in an area is crucial for understanding the prey-predator balance, resource 

availability, and overall environmental health, all of which inform the feasibility of introducing a new 

individual. In my case study at Alturas Wildlife Sanctuary in Costa Rica, I deployed seven camera traps 

in a designated area. By analysing the collected data, I calculated species diversity using both the 

Shannon and Simpson indices. This analysis aimed to evaluate whether the territory could support the 

reintroduc}on of a female ocelot currently in the Pre-Release area of the rescue centre where I 

worked.
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INTRODUCTION

The reintroduc}on of animals has become a signiocant topic of discussion, requiring exper}se from 

specialists and facing the challenge of diminishing available habitats. Therefore, camera traps have 

emerged as essen}al tools, not only for wildlife research and monitoring but also during the sov 

release of animals. These devices are crucial in the context of ongoing biodiversity loss. It is not just 

about selec}ng the right model; factors such as proper siýng place, height, and angle rela}ve to the 

ground are also vital for efec}ve monitoring.

Ini}ally, camera traps were used to assess the presence/absence of elusive species, to monitor capture 

site or for behavioural assessment in some specioc situa}ons like the inges}on of rabies9 vaccine in fox 

popula}on (<Conserva}on Biology - 2020 - Gilbert - Abundance es}ma}on of unmarked animals based 

on camera-trap data.pdf,= n.d.). Then, these devices have become widely used in capture-recapture 

method for es}ma}ng animal popula}ons, where individual are captured, marked, and then released. 

However, the physical capture of animals presented some limita}ons (Trolliet et al., 2014). 

Un}l 2018, camera-trap studies primarily focused on assessing the abundance of marked (individually 

dis}nguishable) animals using both natural and ar}ocial markings. As highlighted in Figure 1.1 (Gilbert 

et al., 2020), many wildlife species lack natural markings, and the capture can be challenging. 

Consequently, researchers have begun employing innova}ve methods that do not require the 

individual iden}oca}on. One such approach is the Random Encounter Method (REM), which es}mate 

species density based on efec}ve sampling area covered by an array of camera traps (Gilbert et al., 

2020). 

Es}ma}ng the abundance of unmarked animal popula}ons remains a signiocant challenge and 

represents a key fron}er for camera trapping. As a mater of fact, mul}ple detec}on of an unmarked 

animals at a camera could represent mul}ple mobile individuals or a single rela}vely sedentary one. 

The increasing use of camera traps has revolu}onized biodiversity monitoring especially for those 

animals that are nocturnal, avoid humans and seek cover (Gilbert et al., 2020). These devices have 

been truly signiocant for wildlife management and conserva}on throughout the world documen}ng 

species that now are new to science or occur in areas where they were thought to be locally ex}nct or 

not previously known to exist (Gilbert et al., 2020). Tradi}onal indices for es}ma}ng animal abundance 

are oven }me-consuming and lack precision. In contrast, camera traps ofer a valuable alterna}ve, 

providing more reliable monitoring and es}mates. For instance, prior to reintroducing animals, it is 

essen}al to assess the reintroduc}on area for presence of conspecioc, as well as the species richness, 

and evenness. Species richness is deoned as the total number of species within an ecological sample, 

while evenness indicates the degree to which the rela}ve abundances are similar among species 

(Maurer and McGill,2011). Together, these two key aspects of species abundance distribu}on are 
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essen}al for assessing species diversity, which can be quan}oed using the Shannon index, a widely 

used method. 

Figure 1.1 Number of peer-reviewed publica}ons for which researchers used camera traps to es}mate 

abundance of unmarked animals (light grey) and to es}mate abundance of marked animals (medium 

grey) rela}ve to all other applica}ons of camera traps (black) from 2008 to 2018 (Gilbert et al., 2020).
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CHAPTER 1: THE USE OF CAMERA TRAPS 

1.1 How camera traps work and the heat challenge  

A camera trap9s role is to wait in the oeld the passage of an animal and take pictures or videos of it 

saving the data. They can give indices of presence of animals, make possible the recogni}on of animals 

and how they behave (Apps and McNut, 2018). Camera traps are excellent tools to look at the 

distribu}on of a species, the popula}on dynamic, to iden}fy nest predators, to monitor the 

reintroduc}on of an individual or a group and the occurrence of rare and endangered species. From 

the health point of view, it is very important to monitor how animals9 territories, belonging to the same 

or diferent species, overlap with each other and whether or not there are direct or indirect 

interac}ons between individuals. These interac}ons are par}cularly important from an 

epidemiological point of view for the management and preven}on of the spread of diseases.

Camera traps are composed by a camera that is triggered by an animal detector, a nash or noodlight 

to operate aver dark and a SD card; while the most recent devices have the possibili}es to transmit 

remotely the recordings through Bluetooth, wi-o, GSM etc without the need of a SD card. These 

cameras are more expensive, and they required more energy to work. The automated camera trap as 

it is now known came onto the market at the end of the 1980s (Trolliet et al., 2014).

Depending on the model and weather condi}ons, cameras can be lev in the wild for a long period of 

}me. There are many models, but all of-the-shelf camera traps have similar components and basic 

principle of opera}on. The efec}veness depends on batery-life, data storage capacity and resolu}on. 

The detec}on zone is the zone covered by the camera9s infrared beam in which the movement can be 

detected. The zone varies in width and depth (Trolliet et al., 2014), while the oeld of view is the zone 

covered by the camera lens, and which appears on the pictures. Nowadays, the most common camera 

traps have a wide angle of 110-120 degrees, therefore, individuals using some larger area that the 

camera is assumed to sample may not enter the detec}on zone (Burton et al., 2015).  Indeed, carefully 

planned sampling protocols can help minimize detec}on bias, but analy}cal approaches to contend 

with imperfect detec}on are also needed.

There are two categories in which cameras can ot into: ac}ve infrared (AIR) and passive infrared (PIR). 

The ac}ve infrared sensor (AIR), only ac}vate and capture an image aver an object enters the 

detec}on zone, thus breaking the IR beam for a specioc period (Brown and Gehrt, 2009). The detec}on 

zone is a straight line, which can span up to 150 feet. In addi}on, it can be set at a desired height to 

exclude certain species. IR beam is transmited by the IR (infrared) transmiter, and it is received by an 

IR (infrared) receiver. A disadvantage of these devices is that the system is ac}vated only when the IR 

beam is broken, vegeta}on can be the cause of the ac}va}on resul}ng in recording many images of 

leaves. 
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On the other hand, cameras with passive infrared (PIR) sensors represent a majority of remote camera 

market (Brown and Gehrt, 2009). Figure 1.2. To trigger image capture most of the camera traps use 

passive infrared (PIR) mo}on detector that respond when something with a diferent body 

temperature with respect to the ground moves in the detec}on zone. Of course, some camera traps 

are more sensi}ve than others but generally clouds that pass across the sun are not enough to trigger 

the camera because a higher change in temperature is required (Apps and McNut, 2018). Indeed, the 

detec}on zone for PIR system has sensi}vity adjustments; the user can set sensi}vity high enough to 

detect even small amounts of change (Brown and Gehrt, 2009). Smaller targets are detected less 

because they emit less heat, and more distant targets are even more diïcult to be targeted because 

less of the heat they radiate reaches the detector (Apps and McNut, 2018). Consequently, bigger the 

animal, higher the heat radiated, so these animals are detected at longer ranges than smaller ones. In 

addi}on, there are some species that emit low amount of heat, and this make diïcult for the camera 

to detect them. For this reason, it is possible to set camera traps in a way that they can ac}vate at 

specioc hours of the day or at regular intervals to collect the recordings. Detec}on range is also 

reduced when there is not such diference between target9s temperature and background. When the 

camera itself gets hot enough because of the direct light of the sun, the PIR sensor is blinded, and it 

will not trigger at all un}l it has cooled down. PIR can take few hours, but it will miss images un}l well 

aver dusk. That is why it is important to posi}on camera traps in the shade; hot temperatures are one 

of the major problems when dealing with camera traps because the number of s}ll images captures, 

or the video are reduced; this is even worse when you want to es}mate the animal density.

The manpower to install/remove the camera traps from the oeld is necessary (Abolaïo et al., 2019), 

but, nowadays, there are programs that automate the detec}on of animals like Agou} using the 

ar}ocial intelligence like Ecoassist or AnimalFinder (Tack et al., 2016). 

The passive infrared (PIR) camera uses a technology known as mo}on detec}on: the device is in a state 

of stand-by un}l the passive infrared mo}on detector no}ces a presence. Most of camera trap 

detectors have ove to seven lenses. Each lens element covers a diferent zone of the detector9s oeld 

of view, and the infrared from adjacent zones is focussed onto diferent elements of the PIR sensor as 

the target moves across the detector9s oeld of view its infrared image moves from one element to the 

other with corresponding rises and falls in the temperatures and voltages of the PIR sensor elements. 

The rate of change of the voltage sends an electrical signal that is used to trigger the camera (Apps and 

McNut, 2018). Figure 1.3 Lenses have a ver}cal arrangement, so the detector is more sensi}ve to 

animals that move tangen}ally across its oeld of view because it generate the sharpest changes in 

infrared sensor temperature and voltage, Figure 1.4 (Apps and McNut, 2018).The detec}on is lower 

in the edge of the oeld of view because, although an animal is moving into a detector zone, it is not 
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moving out of one, and maximum sensi}vity depends on the signals from PIR elements rising and 

falling simultaneously as the target moves into one detec}on zone and out of another. In few words, 

the detector will sense the animal when it moves from one zone to another and then it will send a 

signal to the camera to take the picture (Apps and McNut, 2018).  What the camera detects is the 

animal9s surface temperature and not the body temperature. The core temperature is not necessary 

its surface temperature especially for animals that are wet or covered in fur or feathers. 

The }me between when the animal enters in the image oeld of view and when the image is captured 

is the trigger delay (Apps and McNut, 2018). The trigger }me is very rapid, generally around 0.1-0.3 

sec. Especially when the animal is closed to the camera, there could be that the animal has lev the 

oeld of view when the image is taken. Between one photo and the next, it is necessary a recovery }me 

before capturing another one (Apps and McNut, 2018). This limits somehow the number of images 

that can be captured. Recovery }mes are usually longer than trigger }mes, 0.533.4 s for s}ll images 

and 0.735 s for videos (Apps and McNut, 2018). It is possible to set the camera to shot mul}ple images 

aver the orst trigger without the need for the PIR detector to trigger again; this is what is called burst 

shoo}ng (Apps and McNut, 2018). 

Nighýme pictures are very useful especially for nocturnal animals. There are two methods that can be 

used to take night photography: the use of incandescent nash or infrared light. The orst one allows 

colour pictures, which generally are of beter resolu}on. The amount of light captured is higher and 

this is cri}cal for individual animal iden}oca}on with the use of tags or natural marks. However, nash 

can seriously scare the animal (Apps and McNut, 2018). The second method uses infrared light and it 

is more discrete; consequently, it is very popular even if it produces black and white images (Trolliet 

et al., 2014). Infrared image quality is very variable and depends on the models (Apps and McNut, 

2018). However, the best solu}on to avoid scaring animals is the use of camera with a <no-glow= 

infrared nash like Bushnel Trophy Cam Black, Covert Black 60 etc. These cameras shot black and white 

images using LEDs that emit no visible light at all (Trolliet et al., 2014). The resolu}on is expressed in 

Megapixels (Mpx) that indicate by how many pixels the image is composed. If your camera trap allows 

a choice of image resolu}on, set it equal or slightly higher than the pixel count of the image sensor 

(Apps and McNut, 2018). Of course, imagines with a beter resolu}on will consume more rapidly the 

SD card; it is a sort of compromise. 

Generally, the power source of camera traps are bateries; however, in the recent years, cameras 

power directly by sun light are found in the market. In any case, it is possible to select specioc 

}metable, for example during night for nocturnal animals, to save batery.  The choice the camera 

must consider the level of energy consump}on for day and nighýme picture processing (Trolliet et al., 

2014). 
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In any case, probability of detec}on can be afected by many factors, including a camera9s detec}on 

zone, as said before, sensi}vity and specioc placement; habitat characteris}cs for example, leaves 

movement that ac}vate the camera) or atractants at a camera; animal temperatures; }ming and 

dura}on of sampling; animal density and behaviour in the landscape (Burton et al., 2015).

Figure 1.2 Thermogram of the base of a tree and surrounding grass. Moving objects that are warmer 
or cooler than background substrates, will cause the camera to be triggered. (Welbourne et al., 2016)

Figure 1.3 The heat images of alterna}ng, adjacent zones of the passive infrared detector's oeld of view 

(red and green) are focussed onto diferent sensors of the pyroelectric chip (blue lines) by a curved 

Fresnel lens (dashed blue line) in the front of the camera (Apps and McNut, 2018). 
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Figure 1.4 A typical passive infrared detector zone layout of a camera trap; animal A is detected as it 

crosses from one zone to the next, but animal B can move almost to the camera without leaving a zone 

and so will not be detected (Apps and McNut, 2018)

1.2 Camera si}ng, moun}ng and aiming 

When deciding where placing the camera, it is important to choose sites that consider the habits of 

the study animal, the paths, water sources, wallows, scent-marking, carcasses sites etc. This will 

increase the quan}ty and quality of the camera trap data (Apps and McNut, 2018). Consider the 

diferences among species to decide the angle, the height in the tree etc that are highly dependent on 

the animal. Mount and aim cameras to quickly detect the animals aver they walk through the oeld of 

view. This is the general rule but in case in which the Random Encounter Method is applied, camera 

placement is determined a priori by precise geographical coordinates that follow a gridded design 

(Cusack et al., 2015a).  

Cameras are very sensi}ve to the height and angle: few cm can make the diference. If the surface in 

front of the camera is completely nat, the detec}on zone will be completely straight in front, but for 

some animals it is beter to }lt the camera in a way that allow a beter perspec}ve.

To be sure to catch the animal, maintaining sensi}vity and detec}on range, mount the camera just 

below the target animal9s shoulder height (Apps and McNut, 2018). Pay aten}on during rainy season 

because the lens window can get splashed with dirt by heavy rainfall if are posi}on below about 30 cm 

(Apps and McNut, 2018). 

Cameras can be oxed to tree trunks, holes, rocks etc; in case the device is poisoned around a tree, it is 

not }ght immediately to ond the right posi}on, for example above vegeta}on to obtain a clear view. 

It is possible to posi}on some branches to create the angle that take the perspec}ve of the animal of 

interest before oxing it using tape. Important that the tape is not visible from the camera. It could be 

convenient to clean a litle the oeld of view from vegeta}on to reduce false trigger; in any case, not 

remove too much because it would afect the subject9s behaviour. In addi}on, clean the detector and 
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lens window frequently and check every }me you visit that the camera has not shived, especially if 

accurate aiming is important (Apps and McNut, 2018). The slope must be taken into considera}on: 

when camera traps are aimed horizontally, the size of the dead zone between the camera trap and the 

botom of the oeld of view increases with height. If a higher camera is dipped forward to bring the 

nearest edge of the oeld of view back towards the camera, the maximum range is reduced (Apps and 

McNut, 2018). 

Si}ng and aiming camera can be par}cularly challenging to maximise the quan}ty and quality of image. 

To be more sensi}ve, the camera needs to be close to where animal passes, but it also has to be far 

enough away for them not to move right across the oeld of view during the trigger delay (Apps and 

McNut, 2018).    

Abundance es}mate requires reference to space to be meaningful, either by repor}ng the area to 

which an abundance es}mate corresponds or by es}ma}ng popula}on density (<Conserva}on Biology 

- 2020 - Gilbert - Abundance es}ma}on of unmarked animals based on camera-trap data.pdf,= n.d.). 

Animal movement obfuscates a clear deoni}on of the sampling area and, as a result, the area to which 

an abundance es}mate corresponds (Gilbert et al., 2020). Several methods address the challenge of 

space in one of three ways. First, some methods have not any reference to space, so the es}ma}on is 

assigned to an arbitrary area. Second, some methods es}mate abundance within an area explicitly 

deoned in the model by accoun}ng for where and when animals are detected. Third, some other 

methods es}mate density within the collec}ve viewsheds of cameras, which are assumed to be 

representa}ve of the sampling frame. Depending on the method, the viewshed is deoned as either the 

area within which animals can be detected by the detec}on zone of the camera or the total area 

photographed by a camera, the total viewshed (Gilbert et al., 2020). 

1.3 Animal interference

It is well known that camera traps can interfere with the natural behaviour of the animal. For the light 

they emit, their posi}on, the adjustment all around like cleaning some vegeta}on in front of the 

camera to allow a beter viewpoint etc. If animals could see the light from the camera, it is quite species 

specioc. For example, 940nm IR is invisible to humans but African wildcat and elephants behave as 

they can see the light. It is crucial to understand it trying to reduce as much as possible this interference 

(Trolliet et al., 2014).

In addi}on, pay aten}on because there are many animals that can cause problems to the camera like 

elephants, African dogs, hyenas, primates etc (Apps and McNut, 2018).
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1.4 Calibra}on process  

Finding a suitable atachment point to posi}on camera traps is quite challenging, especially in the oeld. 

When a suitable placed has been found, calibra}on process is the following step. To do it, take a 

straight, strong pole around one meter in length and mark it with visible bands. A correct calibra}on 

pole has bands every twenty cm from one end. This is done to highlight the height increment, so that 

one band is equal to 0.2 m, the second band is equal to 0.4 m etc (Rowclife, 2022).

Once the pole has been calibrated, it should be posi}on in front of the camera, star}ng around 1m 

away. It is important to hold the pole perpendicular to the ground surface. Repeat this for further pole 

placements across the oeld of view increasing the distance from the camera arriving to the maximum 

extent (Rowclife, 2022). The calibra}on process should cover all the detec}on zone. 

If the camera posi}on is moved or changed, the calibra}on process should be repeated. The goal of 

this process is to take picture of animals of known size at a range of known distance from the camera 

(Rowclife, 2022). 

Measuring the data collected can be quite challenging; however, calibrated oeld enables the accurate 

assessment of the sizes of diferent species that appear within the detec}on zone.  

Figure 1.3 Calibra}on pole, from: Field protocol for camera trap surveys with camera calibra}on for 

measuring animal posi}ons for unmarked density es}ma}on (Rowclife, 2022).

1.5 Vandalism 

Unfortunately, thevs of camera traps are quite common. This is a serious problem because it implies 

not just the loss of all the data collected, but also onancial consequences (Meek et al., 2016). A study 

was conducted to see if installing camera traps above humans9 eye line, the interference and detec}on 

by vandals was reduced. However, it was shown the importance of placing camera traps at a height 
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commensurate with the height of the animal being studied. With cameras placed at higher height the 

detec}on rate was reduced, but the resul}ng data was signiocantly compromised (Meek et al., 2016). 

Moreover, higher placed camera traps in trees are more prone to false triggers from tree movement, 

causing excessive batery usage and reduced card storage capacity (Meek et al., 2016).

Camera traps, even if they vary in model, share camounaging and security feature designed properly 

to mi}gate detec}on and thev (Meek et al., 2016). In any case, new strategies and methos should be 

applied to address this problem. 

1.6 Privacy laws

Forests and ecosystems are being controlled using camera traps. It is common for cameras set in 

remote areas to uninten}onally olm individuals engaged in a variety of ac}vi}es, ranging from 

innocent wanderings through to more nefarious ac}vi}es such as drug cul}va}on or poaching. In such 

case, researchers may have to cope with ethical dilemmas regarding the use of such images to assist 

law authori}es. Indeed, on one side, images may cons}tute important proofs for inves}ga}on and 

prosecu}on but, on the other side, the privacy of individuals cannot be excluded for considera}on 

(Franchini et al., 2022). Typically, camera traps are currently unable to dis}nguish between humans 

and wild animals, even though new technological innova}ons are on their way.

The German state of Hessen has banned the use of camera traps that had been set in the forest to 

detect lynx on the grounds that the Hessen Forest was a public place. Now these devices will be 

allowed just under specioc research projects and in certain parts of the na}onal park where the entry 

is denied to walkers. 

In Australia there are some policies governing how camera trapping for wildlife research should be 

undertaken. For example, Parks Victoria has developed its Policy on the Use of Surveillance Cameras 

for Wildlife and Compliance Monitoring, which outlines some general prac}ces to minimise the 

detec}on of humans during the wildlife survey. Some organiza}ons in Australia s}pulate that signs 

must be placed in areas where camera traps are being deployed, while others regard it as suïcient to 

posi}on the signs not necessarily close to the device. This warns people of camera traps deployment, 

but not the exact loca}on. As a mater of fact, signalling the presence of camera traps the number of 

devices stolen could increase. This wilful act of pety crime can compromise long- and short-term 

scien}oc inves}ga}on; moreover, images captured can poten}ally be accessed by more than those 

involved in the project posing poten}al poaching risks. 

Talking with the keeper of the rescue centre where I worked, he men}oned that the primary rule me 

that the only rule regarding camera traps is to obtain the landowner9s permission before seýng them 
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up. Generally, permits from relevant authori}es, such as the Ministry of the Environment and Energy, 

are required before  posi}oning of camera traps in protected areas. 

In Italy, it is mandatory to inform the public about the presence of camera traps in public areas. 

However, this requirement does not extend to private proper}es. Addi}onally, in protected natural 

parks, it is necessary to obtain authoriza}on from the managing authority before installing camera 

traps.

Invasion of privacy is a wide interna}onal topic that deserves proper aten}on because it is managed 

diferently among the countries all over the world and a rule valid for all does not exists. (Fleming et 

al., 2014). This underscores the importance of understanding the relevant laws in the country being 

studied.
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CHAPTER 2: APPLICATION OF CAMERA TRAPS FOR REINTRODUCTION 

2.1 Camera traps used for monitoring animals in sov release

When comparing various methodologies for assessing popula}on diversity and abundance, camera 

trapping emerges as the most efec}ve method for accessing diferent areas, surpassing line transect 

and animal track survey. 

When reintroducing animals in their natural habitat or in areas considered appropriate for the species 

because rich in resources and space, camera traps are an essen}al tool. Not just because photographs 

and videos taken can give an idea of the abundance of animals in the area, the species richness and 

evenness, but also because using camera traps it is possible to monitor the animal soon aver the 

release. This is par}cularly true for the sov release in which monitoring how the animal reacts to the 

new environment is the aim of the study. However, the use of camera traps is eïcient if the released 

animal stays around without moving away or if a fair amount of camera traps have been placed to 

cover a wide area. 

Animal conserva}on transloca}on programmes have become an important tool for conserva}onists 

working to recover lost biodiversity (Resende et al., 2021). These programs aim to achieve various 

conserva}on goals, including reintroducing species to areas from which they have disappeared, 

introducing them to new areas outside their indigenous range to prevent ex}nc}on, or bolstering 

current popula}on. Two common release protocols u}lized for the transloca}on of animals are the 

sov- and hard-release method.

Sov release normally includes an acclima}za}on period; pre-release animal training, and post-release 

food supplementa}on (Resende et al., 2021). Whereas, hard-release is the direct release of individuals 

without any previous acclima}za}on, training or supplementa}on (Resende et al., 2021). In any case, 

planning in advance is required to decide the release site, the source of the animals, etc. (Adania et al., 

2017). There are many ques}ons about the uncertainty over the outcome of both the protocols. For 

example, the number of individuals to be released, the }me dedicated to monitor and support released 

animals, etc. That is why is crucial to develop method that improve the decision-making reducing the 

uncertainty. 

In general, wild caught individuals are normally hard released to avoid a prolonged contact with 

humans. this approach helps reduce habitua}on to humans, as well as risks of stress, injuries and 

disease transmissions (Resende et al., 2021).

Sov release can be performed followed by remote camera and radiotelemetry or GPS monitoring. As 

a mater of fact, camera traps strategically posi}oned inside the enclosure allow to monitor the animal 

24h a day checking its ac}vity level. There are several methods to evaluate the success of the animal 

conserva}on transloca}on programmes. The distance travelled by the animals immediately aver the 
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release can be a measure of success or failure depending on the biological characteris}cs of the species 

(Resende et al., 2021). In the orst period aver release, it is expected animal to travel for longer 

distances because they are exploring and learning about the characteris}cs of their new environment 

(Resende et al., 2021). However, if the animal increases its movements, eventually leaving and not 

returning to the release area, this could be interpreted as a failure, because the individuals did not 

establish themselves in the release area (Resende et al., 2021). Another metric is the body condi}on 

score: if body condi}on remains good aver release, this could be a measure of success (Resende et al., 

2021). Of course, if the animal gain weight aver release, it is used as metric of successful evalua}on. 

Survival, reproduc}on, popula}on establishment and other behaviours may be beter metrics, which 

should be used to infer conserva}on success.

By anchoring the species to the release site, it encourages homing behaviour that is one of the main 

purposes of the sov release protocol; as a mater of fact, this method increases site odelity that would 

help for the monitoring of the animal as well and to check if the area is suitable for reintroducing new 

animals. 

Just to make an example, in case of pumas, it is recommended that the release site be isolated and 

that a sov release protocol be followed. Addi}onally, the pumas should be oted with radio-collars and 

monitored regularly aver their release. Implemen}ng environmental educa}on ini}a}ve in the 

surrounding areas is also essen}al to raise local awareness and foster posi}ve aýtudes towards 

predators (Adania et al., 2017).

During long periods of cap}vity, it is common for animals to change their natural behaviour and 

develop some stereotyped behaviours (Adania et al., 2017). When the animal is transferred to the pre-

release enclosure, a change in behaviour can be seen again, since the food is supplied at irregular }mes 

and the contact with humans is minimized (Adania et al., 2017).

Apparently, sov release is more successful than hard-release due to the behavioural management 

received by the animals prior to release. This is par}cularly true for terrestrial, cap}ve-born and small 

animals because acclima}za}on prior to release would be important to reduce stress related 

problems, to increase body condi}on and to improve survival skills (i.e. an}-predator, social, food and 

locomo}on training/learning). Nevertheless, hard-released animals will have beter outcomes than 

sov-release for aqua}c, wild-caught and large animals, because of the shorter }me period of human 

contact (i.e. less stress-related and behavioural problems due to cap}vity and human contact) and 

greater amount of energy stored in its body considering the big size (slower metabolic rate) (Resende 

et al., 2021). 

Ul}mately, the choice of the protocol depends on the costs as well. The expenses must be propor}onal 

to the chance of success and to available funding; sparing money with the risk of high unsuccess is not 
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worthing. Generally, sov-release methods tend to be signiocantly more expensive than hard-release 

methods (Resende et al., 2021).

2.2 Mark density es}ma}on: Capture Recapture Method and Capture Mark Resight                                                                                   

Capture recapture method is a model to es}mate abundance, based on retrapping of recognizable 

individuals by cameras. This provides robust, unbiased density es}mates that are comparable across 

sites. However, this method is used with animals that have individually unique natural marke}ngs or, 

in principle, to those for which a sample can be individually marked prior to camera trapping 

(Rowclife et al., 2008). Natural marks simplify the research; however, few species have natural 

markings suïciently variable to recognize each individual like the stripes in felines or the whiskers in 

lions. It is also true to say that new approaches have been explored to address this issue, such as 

calcula}ng the distance moved between captures, tracking how far an animal travels between each 

}me it is captured, and independently measuring of home range size, which involves an es}ma}on of 

the area in which an animal typically moves and lives (Rowclife et al., 2008). However, these 

methods raise some concerns regarding their reliability (Rowclife et al., 2008).

It is also important to recognize that individuals respond to one another and their physical 

environment and of course move independently of the camera (Rowclife et al., 2008).

The most basic model used is the Lincoln-Petersen model for a closed popula}on of size N (an unknown 

parameter) (Pollock, 2000). Originally developed to es}mate the size of a closed animal popula}on, 

this method involves capturing, tagging and releasing as many animals as possible from a designed 

area at a given }me (Tilling, 2001). So, in the orst sample, all the animals are marked to diferen}ate 

one to another (m); then all animals are released again in nature. At a later }me, the procedure is 

repeated: a sample of animals is captured and this }me the sample is composed by both marked (m) 

and unmarked (n) animals (Pollock, 2000). Based on the propor}on of marked animals captured, an 

es}ma}on of the popula}on can be measure. The formula used:ý� = ÿ1ÿ2þ2
There are three important assump}ons to consider: the orst one is that the popula}on is closed, 

meaning there is no immigra}on, emigra}on or birth resul}ng in no addi}ons and dele}ons. The 

second is that all the animals have an equal likelihood of being captured in each sample. The third 

assump}on to keep in considera}on is that no marks are lost and all marked individuals are accounted 

for by observers (Pollock, 2000). A viola}on of these assump}ons could lead to over or under 

es}ma}on of the true popula}on size (Tilling, 2001). However, capture-recapture studies have a long 

dura}on, rendering the closed models imprac}cal (Pollock, 2000). Another important aspect to 
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consider is behaviour response to capture, especially to the orst. The capture probability on 

subsequent capture occasions changes, oven greatly (White, 1982). If the recapture probability is 

lower compared to the orst capture probability, the animals are exhibi}ng trap avoidance or trap shy. 

On the other hand, if the capture probability increases, animals are showing trap fascina}on or trap 

happy (White, 1982). Consequently, the es}mate of N is based en}rely on the orst-capture 

informa}on.  

Captures probabili}es vary by animal (diferences in species, sex, age), but other types of varia}on in 

capture probability are not considered (social dominance, number and placement of traps in the home 

range, level of ac}vity) (White, 1982). Because all these factors result in capture probabili}es that vary 

among animals, this source of varia}on is deoned as heterogenicity. For example, an ac}ve and socially 

dominant individuals may have high individual capture probability. 

Mark recapture method is not the only one used; another method exists, and it is called Capture Mark 

Resight. Under the photographic mark-recapture framework, researchers non-invasively "capture" 

animals via photograph and iden}fy individuals by their pelt patern or other natural markings. Aver 

orst capture by a camera trap, animals are considered "marked" based on unique natural 

characteris}cs. Encounter histories for marked individuals (i.e., those photographed at least once) are 

constructed for a series of recapture occasions from which detec}on probability and abundance can 

be es}mated. Photographic mark-recapture studies have focused on a variety of felids with unique 

pelage paterns, including }gers (Panthera }gris), ocelots (Leopardus pardalis), jaguars (Panthera 

onca), leopards (Panthera pardus), snow leopards (Uncia uncia), and bobcats (Lynx rufus). Camera data 

are diïcult to use in a mark-recapture framework when animals do not have unique pelage or other 

natural markings, because individuals cannot be iden}oed by photograph alone. However, if 

researchers can physically mark some animals and individually iden}fy the tagged animals with 

photographs, mark-resight models may be appropriate (Alonso et al., 2015).

In mark-resight studies, aver the ini}al marking of individuals, there may be one or several resigh}ng 

occasions in which marked animals are resighted, but unmarked animals remain unmarked and are 

counted as such. This dis}nguishes mark-resight from mark-recapture methods because no new marks 

are introduced during resigh}ng occasions (Eford and Hunter, 2018). Indeed, sigh}ngs of previously 

marked animals can extend a capture3recapture dataset without the added cost of capturing new 

animals for marking. Combined marking and resigh}ng methods are therefore an atrac}ve op}on in 

animal popula}on studies (Eford and Hunter, 2018). Star}ng with an ini}al capture and marking of 

animals, then researchers can conduct some surveys to resight marked individuals without recapturing 

them in order to track movements and behaviours. The combina}on of the two methods can lead to 

more accurate popula}on es}mates and stress reduc}on by reducing the need for handing animals.
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To conclude, cameras can also be a valuable tool for monitoring animal captures. They can be placed 

inside the cages used for physically restraining animals, such as drop-noor cage or culvert cage. 

Promptly iden}fying when an animal is captured is crucial to reduce the }me it spends in cap}vity, 

thereby reducing the risk of injuries and behavioural consequences. That is why GPS-equipped camera 

traps or other systems are crucial to send images in real }me allowing for remote monitoring of the 

cage and making it possible to keep an eye on the situa}on from home or any loca}on. Given that 

capturing an animal can be }me-consuming, this approach enhances eïciency and welfare. 

2.3 Unmarked density es}ma}on: Random Encounter Method (REM)

Reliable assessment of animal popula}ons is a long-standing challenge in wildlife management and 

conserva}on (Rowclife et al., 2008). Camera traps have been established among non-invasive 

methods for support wildlife monitoring programmes (Rowclife et al., 2008). 

Unmarked camera trap density es}ma}on methods represent an important class of models, especially 

useful when iden}fying animals is par}cularly challenging or }me-consuming. In fact, unmarked 

animals make up the majority of species likely to be photographed. 

One of the methods used based on camera traps to es}mate popula}on density (i.e. the number of 

individuals per unit area) without recognize animals is the Random Encounter Model (REM) (Rowclife, 

2022). It describes the rate of contact between moving animals and sta}c camera traps to es}mate 

species density; as a mater of fact, a key assump}on of the model is that cameras are placed randomly 

with respect to animal movement, meaning that they should not be targeted (Cusack et al., 2015). 

The main advantage of this method is that the individual recogni}on is not needed, and therefore, it 

does not involve the capture of the animal to mark it. Furthermore, more than one species can be 

monitored during the same surveys because REM is not based on target species; it means that there is 

no need for the animal to be recorded at more than one camera to be iden}oed.

It is based on modelling the process of random encounters between sta}c camera and moving animals 

for the variables that afect the encounter rate. These variables are the camera detec}on zone, which 

consists of the radius of the efec}ve detec}on zone and the horizontal angle of view; the distance 

travelled daily by the animals and the number of photographs from camera per unit of }me.  This is 

the formula used to es}mate density from camera trap encounter rate (Rowclife, 2022): ÿ = ýÿ 7  ÿÿ 7 ÿ 7 (2 + ÿ)
Y describes the number of encounters, H the total camera survey efort, v represents the average 

distance travelled by an individual during a day, r and » are the radius and the angle of the camera 

traps detec}on zone.



19

Two important aspects about the species to be considered: orstly, the speed of movement of the 

animal; secondly, the es}ma}on of the daily ac}vity level. For this reason, REM9s applica}on was 

limited because it is par}cularly challenging to make a good es}ma}on of what is the day range of an 

animal (it requires telemetry or intensive behavioural observa}ons), especially with large territory 

carnivores. However, in recent years new procedures have been developed and this does not 

represent an obstacle anymore (Rowclife, 2022). This method is a reliable alterna}ve for monitoring 

wildlife popula}ons especially when parameters (day range, detec}on zone, encounter rate) are 

es}mated and the camera trap placements are appropriate.

The model assumes that cameras are placed randomly rela}ve to animal movement, it means that 

cameras should be placed throughout the habitat used by animals rather than targe}ng specioc 

features to atract them (Gilbert et al., 2020). The seýng of cameras is determined a priori by precise 

geographical coordinates to avoid innuences that could increase the capture probability. In fact, a 

computer-generated systema}c grid with oxed spacing between them across a deoned study area is 

provided by the team and web app. 

REM is par}cularly recommended when the density of the animals is expected to change during the 

survey, since it provides an average density across the sampling period rather than a snapshot at a 

single moment. By considering the varying densi}es that may occur due to factors like animal 

movement or hun}ng pressure, REM provides a more comprehensive and reliable es}mate of 

popula}on density. This can help conserva}onists and researchers beter understand how animal 

popula}ons are impacted over }me and make informed management decisions. 

REM has been applied by the scien}oc community and ci}zen science project. Moreover, it has been 

proposed as a reference method for monitoring certain species at European level.

2.4 Shannon and Simpson index 

Conserva}on policymakers may consider quan}ta}ve measures that compare diversity across 

ecological communi}es. To preserve and conserve animals, it is important to characterize the diversity 

within each community. A measure of species diversity should be applicable to any community 

independent of species abundance distribu}on. Two important deoni}ons to focus on when talking 

about animals9 diversity is the species richness and evenness. The orst one is a count of the number of 

species occurring within the community and it is typically denoted by the symbol S. Higher the number 

of species, higher the richness. Species evenness refers to the equitability in the distribu}on of 

individuals among the species. The maximum species evenness would occur if each species in the 

community was equally abundant. Species diversity is deoned by both species richness and evenness 

(Smith and Smith, 2012). On one hand, the simplest quan}ta}ve measure of community structure is 
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the index of species richness, on the other hand species richness does not account for diferences in 

the rela}ve abundance of species within the community. For this reason, ecologists have addressed 

this shortcoming by developing mathema}cal indices of species diversity, which consider both the 

number and rela}ve abundance of species within the community. One of these indices is the Shannon 

Index. 

The Shannon index (H), also known as Shannon-Wiener index or Shannon entropy, is then computed 

as (KonopiEski, 2020):

                                                                ÿ = 2 3(�ÿ)(�ÿ�ÿ)
pi: the propor}on of the total individuals in the community represented by species i. ln is the natural 

logarithm. It quan}oes the uncertainty in predic}ng the species of a randomly chosen individual from 

community. It accounts for both richness and evenness. 

Shannon index9s score goes from 0 to higher values with no theore}cal upper limit. In the absence of 

diversity, where only one species is present inside a community, the value of H is 0. While, when more 

than one species is present the value is higher. Shannon9s H considers the propor}on of each species 

in an ecosystem studied; hence, it gives a beter descrip}on of an ecosystem9s diversity than a plain 

number of species. When the number of species is equal in two loca}ons, the index is capable of 

dis}nguishing between sites dominated by a single or only a few predominant species and those where 

each species has comparable input to the whole biodiversity (KonopiEski, 2020).

It is important to remember that Shannon index is strongly dependent on sample size. Indeed, the 

probability that all the alleles are sampled falls drama}cally when the sample size is small. 

Apart from Shannon index, other indices exist: Simpson9s index measures the probability that two 

individuals randomly selected from a sample will belong to the same species (category). 

The formula for calcula}ng diversity is simply the sum of the square rela}ve abundance (the propor}on 

of a par}cular species in rela}on to the total number of individuals of all species within a community) 

of diferent species:

                     ÿ =  3 �ÿ2
Values range from 0 (inonite diversity) to 1 (no diversity), with lower values sugges}ng greater 

diversity, with more species being present in similar abundances.

This index is oven referred to as the Dominant index because it emphasises the dominance of species 

within a community.  Another formula exists and it can be used:ÿ = 3 ÿÿ(ÿÿ 2 1) / ý(ý 2 1)
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While both formulas serve similar purposes, the orst one is used for inonite popula}on, while the 

second is more suited for deoned popula}ons. 

Moreover, the Simpson index divides in Simpson diversity index and Simpson reciprocal index. They 

provide diferent perspec}ves on community structures even if both are measure of biodiversity. This 

Simpson diversity index is calculated as: 1 2 ÿ
In this case, this value refers to the probability that two individuals randomly selected from a sample 

will not belong to the same species (category). 

The Simpson reciprocal index: 1/ÿ
It provides a value that renects the efec}ve number of species in the community in a more intui}ve 

way, meaning that higher value suggests a community with more species or a more equitable 

distribu}on of individuals among species. As a mater of fact, values range from 1 to inonity, meaning 

that the lowest value for this index is equal to 1 and the highest corresponds to the number of 

species. Having not upper limit, it is poten}ally more informa}ve for comparing diverse community.

Shannon's and Simpson's indices are now regarded as being members of the same family of indices, 

with some diferences. The Shannon index is more sensi}ve to rare species and can renect changes in 

community composi}on more efec}vely. The Simpson index is more sensi}ve to dominant species, 

making it useful in understanding the impact of dominant species on community structure.

Both Shannon's and Simpson's indices have truly stood the test of }me and are s}ll generally regarded 

as the premier measures of ecological diversity (KonopiEski, 2020) helping to deone wildlife 

management and conserva}on ac}ons.
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CHAPTER 3: THE USE OF CAMERA TRAPS FOR REINTRODUCING A FEMALE OCELOT (CASE STUDY)

3.1 Introduc}on 

I spent six weeks in Alturas Wildlife Sanctuary, a wonderful wildlife rescue and rehabilita}on centre in 

Costa Rica. 

In this period, I had the pleasure to develop a personal project about the use of camera traps for the 

release of a female ocelot present in the rescue centre. In Alturas Wildlife Sanctuary, apart from the 

Sanctuay where are hosted the animals that cannot be released anymore in the nature because they 

do not ot the characteris}cs necessary to survive into the wild, there is the Clinic where almost 

everyday animals arrive taken by locals or SINAC (Sistema Nacional de Areas de Conservación, Na}onal 

System of Conserva}on Area); the Nursery, where babies are looked aver with extreme care and the 

Pre-release. This later is a secluded place away from human noise and visibility, accessible only to 

authorized personnel responsible for feeding the animals and maintaining their enclosures. It is 

mandatory to wear a red mantel to prevent imprin}ng on the animal; the choice of red is inten}onal, 

as it is an uncommon colour in nature, making it unlikely that an animal would associate a red ogure 

with food once released into the wild. This helps ensure that they do not connect human presence 

with feeding. 

In the pre-release phase, an adult female ocelot was undergoing rehabilita}on to regain her strength 

for eventual release into the wild. She was discovered alone and injured at the corner of a street when 

she was about ove months old, raising concerns about what might have happened to her mother.

Unfortunately, I was not able to witness her reintroduc}on, but I am glad to have collaborated for its 

release. 

3.2 Ocelot biography 

Ocelots are solitary and nocturnal animals. Their weight is around 5,4- 11,4 kg and their length is from 

65- 97 cm. These animals are polygynous, and the liter size is 1 to 2 altricial kitens. By the age of one-

year kitens are independent considering that they start to learn from their mother how to hunt at a 

few months old. Small and medium size animals like rabbits, birds, rep}les, amphibians are hunted by 

stalking and pouncing by ocelots that can hunt in trees, on the ground or along stream (Magalhães and 

Srbek-Araujo, 2022). 

The spot patern of each ocelot is unique, serving as natural form of iden}oca}on. This dis}nc}ve 

marking allows for individual recogni}on of each animal. 

Their home range depends a lot on the habitat and the sex: sex is an important intrinsic factor afec}ng 

the spa}al ecology of solitary carnivores (Borrajo, 2016). As a mater of fact, female9s home range is 

around 8,36 km², while male9s home range is around 16,1 km². Males have larger home ranges (thus 
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exhibit longer daily movements) than females and being polygynous their territory overlap the 56% 

territory of the primary female. Moreover, in case of dense vegeta}on their home range tends to be 

smaller, on the other hand in case of scarcity of prays, their home range tends to be bigger (Magalhães 

and Srbek-Araujo, 2022). Ac}vity peaks occurred near midnight (Herrera et al., 2018). Flexibility in 

ocelot spa}al paterns permited a dynamic response to prevailing ecological and social environments 

(Tewes, 1986). 

Usually, solitary carnivore species are characterised by the rarity of direct contact between adults of 

the same sex except during the ma}ng period (Borrajo, 2016). 

Both sexes may disperse, even if dispersal is more common in males that move greater distances 

(Borrajo, 2016).  

3.3 Observa}onal applica}ons of camera traps and species diversity calcula}on

In Alturas Wildlife Sanctuary, another Wildlife Intern had ini}ated the project before my arrival. Once 

got there, I chose to con}nue her project, as addi}onal data were needed for a more accurate 

es}ma}on of the species diversity in the area under inves}ga}on. 

We analysed an area of 65 hectares, equivalent to 0,65 km², posi}oning in total 18 camera traps at 

various loca}ons and }mes. The intern who arrived before me posi}oned 11 camera traps, while I 

placed 7. Since she spent a longer }me in Costa Rica, she was able to collect more data. 

The area analysed was twenty minutes far away from the rescue centre and the landowner has a good 

rela}onship with Alturas; as a mater of fact, they have collaborated for some other projects.

With the support of a volunteer coordinator or the keeper of the rescue centre, I placed the camera 

traps in areas where no poachers have previously been found, close to water sources and where 

footprints or animal traces were present in the path. I have marked the coordinates of each camera 

traps using a GPS to iden}fy the precise spot of each device. 

I spent six weeks Costa Rica, but I posi}oned all the cameras two and a half weeks aver my arrival. 

Ini}ally, I needed to organize my project with the centre9s manager, then I encountered some issues 

with the cameras. Since the devices were s}ll in the jungle recording animal videos, many were wet 

from the rain when I orst visited the property to relocate them. This was during the rainy season in 

Costa Rica. As a result, I had to place the cameras in a dry room for several days, which delayed the 

start of my project and impacted the amount of data I could collect during the onal three weeks. 

Fortunately, aver few days, cameras begun func}oning again. In Alturas Wildlife Sanctuary there were 

no other camera traps available because other Wildlife Interns were using them for other projects. 

I used Wosoda trail camera with alkaline bateries. I set up high quality videos of thirty seconds each.
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I posi}oned cameras around trees at a hight of around 40 cm from the ground. Every week I went 

there to change the bateries if necessary and to collect the sim card to analyse the videos recorded. 

It took a while before really understand the correct posi}oning of the cameras, as many ac}va}ons 

were triggered by the movement of leaves rather than by animal ac}vity. In total, I examined more 

than a thousand of videos. In addi}on, some}mes I found that the sim card was completely empty 

because the cameras did not record anything during the week; it could have been due to some 

mechanical problems or an incorrect set up of the camera. Consequently, the data I collected were 

insuïcient for a valid species diversity calcula}on. However, by combining my ondings with the data 

gathered by the intern before me, we achieved a successful outcome. Of course, more data would be 

necessary to accurately determine the wellbeing of them ecological system and whether the area could 

be suitable for the reintroduc}on of the ocelot.

The aim of my project was to assess the species diversity that is given by both the species richness and 

evenness. The species richness is deoned as the number of diferent species in an area, it is an indicator 

of the rela}ve wealth of species in a community (Peet, 2024); this is the oldest concept of diversity 

(Peet, 2024) and the simplest quan}ta}ve measure of community structure. However, species richness 

does not account for diferences in the rela}ve abundance of species within the community. For this 

reason, it is important to calculate both the species richness and the species evenness that measures 

how evenly distributed the species are in a community.

I created a rank abundance curve to illustrate the most representa}ve species within the community. 

This tool is commonly used by ecologists to examine paterns of rela}ve abundance among the species 

involved. In the graph, species are arranged from the most to the least abundant, allowing for the 

visualiza}on of species richness- represented by the number of diferent species on the chart-, and 

species evenness indicated as the slope of the line that ots the data. A steep slope suggests low 

evenness, a shallow slope indicates high evenness as the abundances of diferent species are similar. 

At the end, the total amount of videos of individuals that we have recorded are 448 including: Peccary, 

Agou}, Great Curassow, Deer, Coa}, Ocelot, Tayra, Puma, Coa}, Bat, Great Tinamou, Common 

opossum, Coyote, Striped hog nosed skunk, Tamandua, Agou}, Bird, Helmeted iguana and 

Hummingbird. Table 3.1
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Table 3.1 Pivot Table 

In my Rank abundance diagram, Peccaries, a pig-like ungulate of the family Tayassuide had   while the 

Hummingbird, belonging to the Trochilidae family, had the lower abundance: 218 individuals against 

1. Fig 3.1. 

Figure 3.1 Rank abundance curve

To calculate the species diversity, several indices can be used. I chose to calculate both the Shannon 

index and the Simpson index. The Shannon index is calculated as follows: 

ÿ = 2 3[(ÿÿ) ×  ý�ý(ÿÿ)]
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Pi represents the propor}on of the total individuals in the community belonging to species i.

In the absence of diversity when just one species is present in the en}re area, the value H is 0. It is 

based on the idea that greater diversity corresponds to greater uncertainly in randomly choosing a 

specioc species. Choosing randomly two individuals there is low probability that they belong to the 

same species.

In this case study, I calculated the Shannon index and the value was H= 1,76. Table 3.2

Table 3.2 Shannon Index calcula}on

The Simpson index is calculated as:

ÿ = 3 ÿÿ(ÿÿ 2 1) / ý(ý 2 1)
 Dominance is the converse of diversity. In fact, the basic Simpson index it is oven used as a measure 

of dominance being more sensi}ve to changes in the most common species. D value ranges from 0 to 

1, where 1 represents complete dominance, so just one species present in the community (Smith and 

Smith, 2012). It is important to highlight that even if dominance is typically assumed to mean the 

greatest in number, abundance alone is not a suïcient indicator of dominance. Dominance can be 

deoned based on some combina}ons of characteris}cs that include both the number and the size of 

the animals. 

In this case study, I have calculated the Simpson index: 
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Table 3.3 Simpson index calcula}on 

D= 0,28

Moreover, I measured other Simpson indexes such as the Simpson9s diversity index equal to: 1 2 ÿ
The higher the value, the higher the diversity of species. In this case, D= 0,72. 

Simpson9s reciprocal index is equal to: 1/ÿ
In this case, the lowest value for this index is 1 and the highest value corresponds to the number of 

species. The higher the value, the higher the diversity. D= 3,59. 

In this case study, peccaries introduce a bias for the calcula}on of the species diversity due to their 

signiocantly higher abundance compared to other species in the community. To address this, I tried to 

calculate the species diversity without including peccaries, allowing for a clearer comparison of the 

results. Without Peccaries, the Shannon index is equal to H= 2,08, indica}ng a higher level of species 

diversity. Similarly, the Simpson index, excluding Peccaries, yields D= 0,16. Since the value is closer to 

0 than to 1, it also suggests a higher species diversity in this scenario. In any case, it is essen}al to 

consider the environment as a whole when assessing biodiversity. Therefore, peccaries should be 
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included in the analysis, as their popula}on play a signiocant role in the ecosystem. In addi}on, if 

improper camera trap posi}oning resulted in the oversampling of peccaries, we would need to remove 

them from the analysis. However, this is not the case here, as peccaries genuinely represent the

highest abundance. 

In the video that have been recorded, I saw very closely a Puma (Puma Concolor costaricensis). It had 

already been seen previously, but there is no certainty that it was the same individual. In any case, the 

animal was very thin, much more compared to the ocelot present in the area. The two species of 

animals have a slightly diferent type of diet. A research has found out that pumas overlap with a 

number of medium to large prays including deer, ant eaters, armadillos, brocket deer and peccaries; 

while ocelot overlap mainly with small to medium preys like opossum, armadillos and raccoons 

(Herrera et al., 2018). In addi}on, it is very important to highlight that both these animals have large 

plas}city in their diet, consequently they adapt to declining availability of primary prey by prey 

switching. In any case, when diet overlap, they become compe}tor; this aspect it is not par}cularly 

worrying in the area inves}gated because of the abundance of prays. Moreover, diferent ac}vity 

peaks or spa}otemporal diferences in the ac}vity schedules of predators might contribute to their 

coexistence in this area. Therefore, further inves}ga}ons over a larger area should be conducted to 

assess prey abundance and the presence of other feline individuals.

3.5 Case study conclusion

There are several important considera}ons to take into account. The species diversity of the area 

suggests that many species inhabit the territory, with most of these animals cons}tu}ng a part of 

ocelot9s diet. However, big size animals or poten}al compe}tors, such as Puma Concolor constaricensis 

Figure 3.1 or other Leopards Pardalis, are also present. Considering that the images have captured the 

presence of both species, it is necessary to assess whether the area is suïciently expansive to support 

their coexistence without leading to compe}}on. 

In addi}on, the area inves}gated covers just a small part of an ocelot9s home range; in fact, species 

diversity in a wider area should be calculated to understand the abundance of prey availability placing 

camera traps at diferent height to check the presence of rodents or smaller species that represent 

part of ocelot9s diet.

Calcula}ng the species diversity is crucial for analysing the prey-predator balance, helping to 

determine if there are suïcient resources for the animal being reintroduced. Moreover, when 

selec}ng a release site, it is important to assess the availability of water sources. In this area, several 

suitable spots were iden}oed. 
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In some videos, I observed the presence of poachers in the area. Conversa}ons with the Costa Rican 

keeper of Alturas Wildlife Sanctuary revealed that hun}ng was legal in Costa Rica a few decades ago. 

Conserva}on efort did not gain widespread aten}on un}l later in 20th century (Maguire, n.d.). Due 

to signiocant decline in wildlife and growing concerns for conserva}on, there is now a strong nega}ve 

aýtude towards hun}ng, especially for sport and commercial purposes. Hun}ng and wildlife trade are 

largely prohibited under the amended Wildlife Conserva}on Law (N° 7317) (Maguire, n.d.). However, 

wildlife has long been hunted for subsistence and people con}nue to hunt out of tradi}on, even if they 

do not require bushmeat for subsistence. Researches have shown that commonly hun}ng species such 

as tapirs and peccaries were signiocantly less abundance outside na}onal parks like the Corcovado 

Na}onal Park where they receive beter protec}on from hun}ng (Maguire, n.d.). Poachers are 

interested in hun}ng peccaries to sell their meat to those accustomed to ea}ng it or just for personal 

consump}on. This is why camera traps have frequently recorded the presence of poachers in the area 

I was inves}gated, which is notably rich in peccaries.  

Another aspect to consider before releasing the ocelot is the tracking of other ocelots in the area. 

Addi}onal analyses should be conducted to accurately iden}fy these individuals and avoid 

overes}ma}ng their presence. Notably, the other ocelots observed were in shape, par}cularly when 

comparing to the body condi}on of the puma present in the territory. As a medium-sized carnivore 

with rela}vely small home range sizes, ocelots have lower energy requirements and a broad diet. These 

factors may facilitate their movement across various land uses, making them more adaptable than 

larger carnivores. In fact, compared to puma and jaguars, ocelots have the smaller home range size; 

moreover, considering that female have a smaller home range compared to males, the reintroduc}on 

of the ocelot in the Pre-release area at Alturas Wildlife Sanctuary is par}cularly promising.

Of course, much more analysis over a larger area should be conducted to evaluate the feasibility of 

releasing the animal considering its home range requirements.

Figure 3.1 Puma Concolor costaricensis recorded by the ovh camera trap present in the area 

inves}gated, Dominical Costa Rica.
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CONCLUSION

Camera traps have been u}lized for many years and remain a vital tool in most conserva}on 

projects; innova}ons in technology con}nue to enhance their efec}veness, leading to always beter 

results in wildlife monitoring and research. 
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