
This book describes an ambitious collaboration between the people 
of the Peruvian Amazon rainforest, jaguar conservationists and an Aus-
tralian research team.  It describes our goal, which was to identify land 
that would be most suitable to extend an existing jaguar conservation 
corridor through Peru, so called high conservation value land.   It tells 
about how we needed to create an evidence base to achieve this goal. 
It describes how we needed to go to the Peruvian Amazon to obtain 
this evidence. How we found a little bit of data and heard many stories 
from local people about their encounters with jaguars. How we used 
new virtual reality technology to “take the Amazon to international ex-
perts” so we could gain more information from them. How we use this 
information to develop mathematical and statistical models of where 
jaguars live, what they eat and what threatens them. And how we can 
use these models to make decisions about how to protect these iconic 
animals for the future.  
A serendipitous meeting at a restaurant in Sydney, Australia, led two 
groups, the Lupunaluz foundation based in Peru and leading research-
ers from Queensland University of Technology in Australia to embark 
on a pioneering effort to conserve jaguars in the Peruvian Amazon. For 
Lupunaluz, the overarching aim is to develop a network of partners 
and an evidence base for linking the Peruvian jaguar population into an 
international jaguar corridor.  In this unique endeavour the team from 
QUT came armed with unusual conservation tools of mathematics, sta-
tistics, machine learning and visualisation to support the Lupunaluz aim.  
For the first time, the stories of the local people and their encounters 
with jaguars were systematically mapped. 
For the first time, immersive environments of the Peruvian jungle us-
ing new virtual reality technology, would allow jaguar experts from 
around the world to remotely visit the jungle. 
For the first time, this information would be used to help develop the 
mathematical and statistical models required for conservation of the 
jaguars in Peru.

This is the story.

MANY EYES
ON THE WILD
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Jaguars hold a central place in the spiritual and ecological life of the Amazon. These majestic and nomadic creatures are the dominant predator in 
the Americas and have traditionally ranged from Mexico to Argentina. However, jaguar population numbers are declining. Some reasons include 
loss of habitat, declining prey base, interaction with humans and climate variability. The once mighty jaguar is now considered near-threatened by 

the International Union for the Conservation of Nature (IUCN) 2013 red list, which means that it could become extinct in the near future.

Some conservation agencies such as Panthera and Lupunaluz are addressing this concern by identifying jaguar corridors. These are tracts of land 
that link together to form safe refuge and pathways for jaguars to live, hunt and move through. Jaguar corridors have been identified in Brazil and 
Columbia. Their eyes are now on Peru. 

However, in order to identify these corridors, the conservation groups need an evidence base. This can be used by local communities, companies and 
government authorities to make decisions and develop planning strategies. Ideally, these strategies will lead to the development of zoning areas of high 
preservation and other zones of sustainable management and development. This will in turn lead to the identification of a jaguar corridor across Peru.

We wanted to help save the jaguar. How could we, as mathematicians and statisticians, help?
We could build the evidence base.

Now 
you
see 
them... 

Soon
you
won’t
...
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Conservation of jaguars is a complex issue. It involves not only the jaguar, but also its environment – the Amazonian 
jungle – and the people who interact with the jaguar and the jungle. 

It’s like a three-legged stool: if one leg is faulty, the whole stool falls over.

For the jaguars: this means obtaining accurate knowledge of jaguar 
numbers, locations, food availability and threats. Where are they, and 
how many, and why?

For their environment: this means learning about the features of the Am-
azon jungle that make it suitable for jaguars to live, hunt and move 
through. What is the effect of deforestation? What was once pristine 

primary rainforest has, in recent decades, been cleared for timber, mining, 
agriculture and other uses, leading to loss of habitat. Selective clearing of 
master trees for wood, medicine, fruit and other riches has led to a de-
crease in prey.

For the people: this means learning how they engage with the jaguar 
and the jungle. What do local people know about jaguars? Is there 
conflict? Is there a balance between conservation and development? 

What can international experts contribute to the evidence base?

The uniqueness of this project lay in 
the fact that there was very little in-
formation available to build this ev-

idence base. It was obvious to the team 
that for the project to be a success, it 
would involve travelling to the jungle to 
learn first-hand where jaguars might live, 
how they interact with their environment 
and with humans, and what threats they 
face.  It was also obvious that this kind of 
information could best be obtained not 
only from international experts but also 
from the experience of the “Custodians 
of the local knowledge” – the commu-
nities who live and work in the Peruvian 
Amazon. 

There was only one way to build our evidence base: we needed to go to the Amazon.

Building the evidence base for 
conserving jaguars   
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Imiria, in central Peru near the town of Pucallpa, is a conservation area around a huge lake. Most of the jungle around the lake has been cleared for many years. Pacaya Samiria, in 
northern Peru near the town of Iquitos, is a conservation area with primary jungle along an Amazonian river. Villages of indigenous people, mostly Shipibo, and some non-indigenous 
communities are scattered throughout both sites. Local people are also employed by the Peruvian Ministry of the Environment as guards along the river in Pacaya Samiria. 

The journey to create an evidence base about Peruvian jaguars involved visiting two parts of the Peruvian Amazon Rainforest:

Imiria and Pacaya Samiria 

Imiria

Pacaya Samiria

So We went   
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It sounds simple doesn’t it?

Go to a place, explain a research project to members of the 
local community and ask them about jaguars; in another lan-
guage. With local people who were not used to surveys or 
maps and who needed to establish an understanding of the 
project and a strong degree of trust. And with government 
officials who needed to give permission to enter the regions.

As with all people, before any progress could be made, we 
had to gain trust and approval. 
The government official in Iquitos was a biologist. After 
hearing what we wanted to do, he saw our project as a 
great opportunity and opened the door of the Ministry to 
us for future collaboration. 

Among the local people, we needed intense diplomacy 
and many meetings with village leaders to carefully explain 
what we hoped to achieve, what we wanted from them, 
and how the outcomes would benefit their community.  

We finally got the green light from everyone. We were away!



How did we learn about jaguars?

The
Models

Virtual
Reality JaguarsInformation
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A key building block of an evidence base for conservation of jaguars in Peru is data about jaguars. Where are they, and how many are there? What 
habitat is suitable for jaguars to live, hunt and move through? What threats need to be considered, and how can these be managed?
Data for the evidence base cannot simply be collected by sending ecologists into every area of a forest to count how many jaguars they see. 

Common methods for estimating jaguar populations and habitat include physically trapping jaguars, photographing them using camera traps set up 
at certain locations, or monitoring them using radio collars. These methods are costly and time consuming, and we only get information about a small 
number of animals. 

The problem is that there is very little data of 

this type about jaguars in Peru.

To our knowledge, there have been no studies that 
have focused directly on jaguars. In Pacaya Samiria, 
the Ministry of the Environment made available their 
records from the guards about their daily animal 
sightings. Infrared cameras have also been set up 
in this region for many years. The Fundo Amazonia, 
headed by Richard Bodma, gave access to over ten 
years of camera trap records. This information is 
very helpful, but it is primarily about other species 
and limited to particular regions.

But we have another important source of information:

the local people  
The stories from the local people who live in the heart of the 
Peruvian Amazon can provide key information about jaguar 
numbers, prey, birth and death rates, natural and human-in-
duced threats, and encounters. These encounters ranged from 
actual sightings, hearing animal calls, evidence of their presence 
through footprints, and attacks on domestic livestock and wild 
prey. 
We asked the people, “tell us your stories about jaguar encoun-
ters.” One of the highlights of the trip was listening to these sto-
ries. Encounters were recorded as “stars on a map” and the loca-
tions were then pinned on Google Earth.  

The problem is that there is very little data of this 

type about jaguars in Peru.

Jaguar experts in Peru and across the world can also 
contribute information. The problem is how to elicit 
this information, given that it is impractical to take most 
experts to the Amazon.

Instead, could we take the Amazon
to the experts?

Information
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There is wealth of information that can be gleaned from international jaguar experts, but not all experts are able to get to where 
the jaguars live.  It is expensive, time consuming and logistically difficult to travel to remote places like the Amazon.

  How then can you enable experts to be “in the jungle” without actually travelling there?  

One option is to use exciting new 
technologies to create a virtual 
world that is a realistic and reliable 

representation of the desired location. Us-
ing specially designed 360 degree and 3D 
cameras, 2D and 3D cameras, we took many 
hours of detailed film from every location 
that they visited.  This film was then careful-
ly stitched together to recreate the jungle 
scenes. By donning a headset or 3D glasses, 
people could be virtually transported to the 
heart of the Peruvian Amazon.

Virtual
Reality
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Why is this new technology so exciting?

By immersing people in the Amazon envi-
ronment, we can obtain more detailed infor-
mation about the jungle and about jaguars. 
We trialed this with the local people in the 
two regions we visited, by immersing them 
in these virtual worlds of the Amazon jungle. 
We asked them what features of the land-
scapes were conducive to jaguars living, 
hunting and moving through the places that 
they saw. Where were the animals likely to 
be, and why? This helped us to identify lo-
cal and regional scale environmental features 
that were important for estimating habitat 
suitability and jaguar abundance.

Virtual
Reality
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Stereo camera:  Dual Hero System with 2x GoPro Hero 3+ installed

360-degree cameras: Freedom 360 Explorer+ with 6x GoPro Hero 4 installed,

    2x Ricoh Theta M, and 2x Kodak SP360

IR camera:   Reconyx XR6 Ultrafire (infra-red, motion sensing trap camera).

Sound:   Zoom H2n Handy Recorder, Olympus VN-733PC

Virtual Reality:  Samsung GearVR, Samsung Galaxy S6,

    Google Cardboard Glasses

USB Hub:   ORICO 10 Port-Hub.

GPS:    Garmin 64ST GPS System

Software:   Kolor Autopano Giga, Kolor Autopano Video, After Effects

Virtual
Reality
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We are now using these VR images to elicit similar information from experts around the world.
Virtual
Reality
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The collected observations, local knowledge and expert information form part of the jaguar conservation evidence base. However, they cover only 
selected parts of the country. 
Moreover, jaguars use different parts of the forest and its surrounds for different purposes: living in the deep forest, hunting in more open forest 

areas, and travelling through open land which may involve human settlements. As a result, humans may see and/or interact with jaguars in a variety of 
ways, and the place where a jaguar is seen is not necessarily the place where that jaguar lives. 

How can we make more general estimates, predictions and inferences for all of Peru? 
That’s our job!
We can do this by feeding the available information into mathematical and statistical models. 

Will they survive? Population dynamics models

In order to understand the population of jaguars in the locations where they 
live, a simulation-based model of the population dynamics was developed. 
This model makes use of data about the populations of jaguars and other 
species such as deer, peccary, primates and turtles, and supporting plant life 
such as aguajale trees and others that bear fruit and seeds which are eaten 
by a variety of these species. The model describes the birth, death and family 
dynamics of jaguars and their cubs and the interaction with the other species, 
either as prey or as competitors for resources. By simulating a variety of sce-
narios, such as different birth, death and breeding rates, e.g. negative pres-
sures such as hunting and logging, and positive pressures such as indigenous 
land co-management, an understanding of the likelihood of a sustainable jag-
uar population in a particular region of Peru can be obtained.

The
Models
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Where are they? Spatial models

A spatial model describes where jaguars are most likely to be, based on 
factors such as access to water, the density of foliage the forest, and ele-
vation above sea level. By considering the relationship between sightings 
of jaguars and the local environment, it is possible to predict the prob-
ability of seeing a jaguar at other locations. The spatial models can also 
investigate the routes that jaguars take as they move around. These maps 
of possible jaguar locations, suitable habitat and jaguar movements can 
be used to identify potential corridors.

The
Models
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What about all the other factors that impact on jaguar survival? 

Bayesian network models

There are many factors that can impact on jaguar survival in the Peruvi-
an Amazon. The choice of suitable land for a corridor includes not only 
availability of habitat and prey, but also human interactions, government 
policies, monitoring and protection, industrial development and so on. 
A Bayesian network model can be used to evaluate the effect of these 
factors and their complex interrelationships. For example, “economic 
development” is assumed to influence aguajale harvest, which in turn 
is assumed to influence prey availability and habitat loss, which togeth-
er influence the probability of jaguar survival. The network can also be 
used to identify most influential factors on jaguar survival, and to assess 
different scenarios (e.g. whether different levels of economic activity af-
fect survival). 

The
Models
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From calculations to corridors: Checklist models

The spatial, population dynamics and Bayesian network models all pro-
vide information about which areas jaguars are likely to live in, whether 
they are likely to survive in those areas, and which factors are the most 
important determinants of their survival. This information can be used to 
create a multi-criteria decision (MCD) checklist to determine which land 
would be suitable for a jaguar corridor. The MCD checklist can be used 
to evaluate whether land is a potential Jaguar Conservation Unit (at least 
50 breeding pairs), a refuge, or a safe connection between two conser-
vation areas. The checklist, combined with the Bayesian network, can 
also identify whether any policy changes (e.g. bringing in local indige-
nous communities to co-manage the land) can make a parcel of land for 
this purpose.

The
Models



How did we learn about jaguars?

The PeopleThe Prey JaguarsThe Jungle
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Quebradas

From the larger Amazonian 
Rivers, small creeks or que-
bradas, snake their way into 
the jungle.  Animals that live 
here include deer, giant river 
otters, turtles, anacondas,
giant anteaters, ancient fish 
and a myriad of birds.  This
combined with the excellent
cover provided by the
surrounding jungle, makes it 
an ideal hunting ground for
jaguars.

Preservation of the Peruvian jaguar is intimately entwined with preservation of the Amazon jungle and all of its inhabitants. Successful management 
of the rainforest depends on evaluating their individual and combined needs and the effects of establishing a system whereby sustainable
conservation is achievable.

The changing landscape of the Amazon presents an impossibly beautiful scenery for the visitor.  From resaca, to quebrada to the restinga, the heart of 
the primary jungle, there is a treasure trove of plants and animals to amaze and delight.

The
ModelsThe Jungle



18

Quebradas
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Quebradas
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Resacas

The swampy ends of small 
creeks are the feeding 
grounds for many of the
jaguar’s favourite prey, like 
capybaras. 

The
ModelsThe Jungle
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Resacas
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Restingas

When the wet season waters 
invade, high areas of land, 
called restingas, become ref-
uge areas for many of the an-
imals of the jungle. 

The
ModelsThe Jungle
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Restingas
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Restingas
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Master trees

The giant trees of the Am-
azon, like the mighty Lapu-
na, help to make it one of 
the most beautiful places on 
earth.  They support all of the 
life in the jungle from the ti-
niest insects, to birds and 
sloths, to anacondas and jag-
uar. Master trees are also an 
important source of tradition-
al medicine used by shamans 
among the local people.

The
ModelsThe Jungle
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Master trees
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Master trees
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Aguajale

The aguajale is a tall palm tree 
that grows in the Peruvian Am-
azon. The aguaje fruit is the 
backbone of the ecosystem 
in these places.  The swamps 
are inundated with water for 
months at a time and many 
animals including pigs, tapirs 
and pacas as well as a variety 
of fish eat the fruits.  

The
ModelsThe Jungle
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Aguajale
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Aguajale
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The jaguar is an apex predator with most of the animals in the 
forest serving as food sources.  It has some preferences, such 
as deer and peccary, but depending on seasonal and geo-

graphic availability it will also eat capybaras, turtles and a variety of 
other animals. Close to human settlement, livestock and domestic 
animals, particularly dogs, become easy meals for a hungry jaguar.

The banks of the Pacaya and Samiria rivers are nesting sites for both 
the small river turtle, the taricaya and the giant land turtle, the chara-
pa.  The charapa are massive creatures, growing up to a metre in 

length and weighing up to 100kg.  They are a favourite food of the jaguar. 
Their jaws are so powerful that they can drag a giant turtle into the jungle 
and remove its flesh without breaking their shell.

Deer

The
ModelsThe Prey
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Pigs

The
ModelsThe Prey
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Capybara

The
ModelsThe Prey
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Anteater

The
ModelsThe Prey



35

Charapa

The
ModelsThe Prey



36

Government and con-
servation organisa-
tions can develop, 

monitor and enforce conser-
vation management strate-
gies. Companies can influ-
ence activities such as mining, 
logging and agriculture, as 
well as hunting of jaguars 
and their prey. Individuals 
can campaign for sustainable 
practices and management 
of the forest, or alternatively 
contribute to unsustainable 
practices through their de-
mand for timber, aguajale 
fruit, jaguar skins and other 
products. And of course, the 
people who live in the Ama-
zon with the jaguars directly 
influence both the jungle and 
the animals.

People play a vital role in the conservation of the jaguar in Peru. “People” include government agencies, conservation organisations, companies, 
and individuals both within and outside the jungle. The

ModelsThe People
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The
ModelsThe People
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The
ModelsThe People
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The
ModelsThe People
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The
ModelsThe People
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The
ModelsThe People
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The
ModelsThe People



43

The jungle also features 
strongly in the Shipi-
bo handicrafts, notably 

the weaving for which the 
women are famous. For ex-
ample, the intricate patterns 
in the woven cloth are often 
based on the patterns in the 
vine and plant used to make 
the traditional hallucinogenic 
drug, ayahuasca, and the vi-
sions that are induced by the 
drug. 

The
ModelsThe People
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The
ModelsThe People
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The
ModelsThe People



46

The
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The
ModelsThe People
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The
ModelsThe People
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The
ModelsThe People
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In Shamanic tradition, the 
jaguar is the ‘keeper of the 
jungle’ and has the pow-

er to heal people with grave 
illnesses as well as protect 
and guide. Indeed, this belief 
is shared by many Amazonian 
cultures, from Shipibo from 
Peru, the Achuar in Brazil. 
We were also told stories 
about other animals. For ex-
ample, ‘the anaconda is the 
landlord of the lake’. We were 
even introduced to a man 
who had survived an anacon-
da attack!

The
ModelsThe People
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The
ModelsThe People
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In Shamanic tradition, the 
jaguar is the ‘keeper of the 
jungle’ and has the pow-

er to heal people with grave 
illnesses as well as protect 
and guide. Indeed, this belief 
is shared by many Amazonian 
cultures, from the Mayans in 
Mexico, the Achuar in Brazil. 
We were also told stories 
about other animals. For ex-
ample, ‘the anaconda is the 
landlord of the lake’. We were 
even introduced to a man 
who had survived an anacon-
da attack!

The
ModelsThe People
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The combination of observed data, local and international knowledge, and mathematical and statistical model
estimates and predictions, provides the foundation for the evidence base required for jaguar conservation in Peru.

We thought that this would be the end of our story. In fact, it turns out to be the beginning. We know a lot more about jaguars, the forest and the people. We have built a 
substantial evidence base to identify a suitable jaguar corridor across Peru.
But there is a lot more learn. That’s why we need to gather more data, and garner the knowledge of others: the local organisations, the local people and international experts. 

We need many eyes on the wild to achieve the conservation goal.

What did we learn from our adventure?
 
Surprisingly, there is much more to saving jaguars than counting them!
The story of the jaguar and the Peruvian Amazon rainforest are inextricably linked.  The things that threaten 
the jaguar equally threaten the forest and those that live in it. 
Conservation of the Peruvian jaguar requires acknowledgement of the intimate and intricate relationships 
between the animals, the jungle and the people. This creates a duality between preserving pristine forest 
while acknowledging the desire for local and industrial development. This desire needs to be translated to a 
sustainable culture of farming, logging, clearing and hunting, and maintaining effective monitoring programs 
for these activities.

Please contact us if you would like to help us to achieve our goals. 

Back to the beginning   
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