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1. Summary

WildTrack (www.wildtrack.org) has developed a Footprint Identification 
Technique (FIT), a new tool for monitoring endangered species based on 
ancient tracking techniques. Using JMP software, digital images of footprints 
are optimised and features extracted using a customised JSL script. Within 
JMP, we have created a model which can compare pairs of trails (made up 
of tracks). The model is based on a database of footprint measurements of 
known individuals which can then be used for unsupervised footprint data in 
the field.  The model building, testing and its application for field use is in 
the process of being automated using a JSL script. FIT represents a new 
approach to wildlife conservation; it is completely non-invasive, cost-effective 
and sustainable. It engages expert skills within local communities, and has 
been widely applied from rhinos in Africa to Polar bear in the Arctic.

2. Introduction

We established WildTrack (www.wildtrack.org) in 2004 to monitor endangered 
and elusive species.  Within this framework, we have developed a technique 
which is able to identify individuals within a species from their footprints, 
thus enabling a census of an endangered population. The technique can also 
be used to differentiate individuals of different but closely related species, 
thus allowing biodiversity measurements. In some cases the technique will 
also differentiate sex and give an indication of age classes of individuals 
within a population.  The footprint identification technique (FIT) as an 
objective tool, is a completely new approach to monitoring elements of 
biodiversity.  

2010 has been designated by the United Nations as the International Year 
of Biodiversity. It is all the animals, plants and microscopic life in the world, 
all the ecosystems in which they live, and all the processes they are a part 
of.  It is our clean water, clean air and clean earth. More than 40% of 
current prescription drugs are made from one or more natural compounds 
from living plants. So, biodiversity is life, and it is all our lives.

As a species, we face an unprecedented crisis in the loss of biodiversity on 
our planet. United Nations Environment Program (UNEP), estimates that 
between 150 and 200 species are currently being lost every day. The 
renowned American evolutionary biologist, E.O, Wilson has estimated that by 
2100, half of all our current species will be lost if we continue as we are 
(Wilson, E.O., 2002). This mass extinction is due, in large part, to 
unsustainable methods of production and consumption.  We estimate that 
there may be as many as 100 million different species on this planet, of 
which only 1.7 million have been identified. 
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In late 2008, on the eve of the global financial crisis, delegates from the 
world conservation community met at the IUCN World Conservation Congress 
in Barcelona, Spain.  At this meeting, 1800 scientists from 130 countries 
presented a Global Mammal Assessment containing shocking data:  25%-36% 
of the world’s mammals alone, are now threatened with extinction.  The 
meeting concluded by releasing this statement:  ‘The costs of biodiversity 
losses are not only greater than those of the current financial crisis, but in 
many cases, the losses are irreparable’. 

Many endangered mammals are the iconic representatives of the last 
wilderness areas they inhabit.  Iconic, or flagship species such as the Bengal 
Tiger and the Polar Bear carry the weight of our focus in our efforts to 
protect their habitats and associated biodiversity.  They have featured in our 
folklore and cultures for millennia.

What is the cause of this mass extinction?  The World Resources Institute 
reports: ‘The world is being impoverished as its most fundamental capital 
stock–its species, habitats, and ecosystems–erodes. Not since the Cretaceous 
era ended some 65 million years ago have losses been so rapid and great’.  
Many factors are responsible for this decline, but predominantly illegal 
hunting of endangered species for products (eg. rhino horn, tiger bones), 
direct habitat destruction by human activity (eg. deforestation, encroachment 
of human settlements), and now the dramatic spectre of climate change, are 
between them responsible for delivering the highest rates of extinction in 
millions of years.  

Because climate change is impacting on endangered species, monitoring their 
status can inform on its progression.  The overall mobility of wildlife makes 
it an effective indicator of climate change.  Evidence presented by the 
International Panel on Climate Change (IPCC) in 2007 indicated that many 
different  taxa from around the world already are changing their range and 
biorhythms.  Monitoring these changes can provide an early indicator of how 
ecosystems might respond to the discernible human impact on climate that 
is contributing to its change. Without management, there is a high likelihood 
that rapid climate change, in conjunction with other pressures, probably will 
cause many species that currently are classified as critically endangered to 
become extinct , and several of those that are labelled endangered or 
vulnerable to become much rarer, and thereby closer to extinction, in the 
21st century.

Monitoring is also essential because of the goods and services provided by 
intact ecosystems. Most of the goods and services provided by wildlife (e.g., 
pollination, natural pest control) derive from their roles within systems. Other 
valuable services are provided by species that contribute to ecosystem 
stability or to ecosystem health and productivity. The recreational value (e.g., 
sport hunting, wildlife viewing) of species is large in market and nonmarket 



terms. Losses of species can lead to changes in the structure and function 
of the affected ecosystems, as well as loss of revenue and aesthetics.

A major UN report, due to be published this summer (2010), on the 
economics of ecosystems and biodiversity, is hoped to encourage 
governments to better fund conservation during the International Year of 
Biodiversity.

So how do we begin to halt this trend, to prevent further loss and assure a 
future on our planet to our most endangered species?  First and foremost 
we need effective legislation to protect key habitats and reverse the decline.  
In order to do this, we need comprehensive and sustainable wildlife 
monitoring technologies, which will provide the necessary framework data, 
accurate and reliable for decision-makers.  

In many cases, accurate data on numbers and distribution have been 
extremely difficult to acquire.  Most of our most endangered species live in 
the last wildernesses, and exist at low density, and are often behaviourally 
elusive.

Many current monitoring techniques are extremely costly, and therefore 
unsustainable.  Older traditional techniques, such as direct observation of 
animals with subjective identification, are very time-consuming and plagued 
with inaccuracies.  Because of their limitations in range and application, 
different techniques may give very different results for the same species.  An 
example of one of the world’s most iconic species, the Bengal Tiger, 
illustrates this point well.  In 2008, India dramatically revised tiger 
populations downwards by 50% (from 3,700 down to 1,400) after changing 
from using a subjective technique which covered a wide area, to a more 
objective technique but one which was only able to sample small areas.   

There has been a move in the last 20 years towards more high-technology 
monitoring approaches, using radio-telemetry (eg. fitting tracking devices to 
the animal) and/or marking (eg. ear-notching, or transponder-fitting).  These 
invasive and costly approaches involve disturbance or direct physical 
handling of the animal.  Evidence of deleterious effects on endangered 
species, ranging from our own research on decreased fertility in the black 
rhino, to reduced body-weight and ranging behaviour, has come to light in 
the last decade, and continues to emerge.

Perhaps the greatest problem with current techniques is their lack of 
sustainability.  Fitting telemetry devices is very expensive.  As an example 
from one of our field associates in Brazi, radio-collaring one tapir costs 
between $3,000 and $8,000 depending on the choice of device, and this 
excludes follow-up monitoring.  As a result, only a small proportion of the 
population can be monitored, and/or for a short time. 



The Footprint Identification Technique (FIT) was developed in an attempt to 
help address some of these problems. 

3. The development of the Footprint Identification Technique (FIT)

The footprint identification technique (FIT) is a tool for monitoring 
endangered species.  It was developed by WildTrack (www.wildtrack.org) with 
the help of bushmen trackers in Southern Africa.  FIT origins are derived 
from one of the most ancient technologies and professions of humanity; the 
art of tracking.

We became interested in the development of a new approach to wildlife 
monitoring when monitoring black rhino in Hwange National Park, Zimbabwe 
in the late 1990’s.  Because of the unprecendented level of rhino poaching 
(for their much valued horns) at that time, radio-telemetry was adopted as 
the standard method for monitoring and ostensibly to protect this highly 
endangered species in Zimbabwe. However, data collected from radio-collared 
animals through an 8 year period began to indicate early on that the 
repeated chemical immobilization necessary for maintaining this technique 
was negatively impacting on female fertility (Alibhai et. al., 2001).  
Furthermore, around 60% of radio-collars failed within 6 months of fitting, 
and had to be replaced – if the host animal could be relocated (Alibhai & 
Jewell, 2001).  As animals gained body condition the collars would tighten, 
and irritate, or seriously lacerate.  It was very expensive, dangerous and 
frustrating work and, as it turned out, counter-productive in terms of female 
fertility.  

At the same time, we were walking through the bush every day with local 
expert trackers, whose years of experience and tradition of tracking (probably 
the oldest profession in the world) enabled them to identify animals by 
looking at their footprints.  We thought that if it was possible to somehow 
capture what was in the mind’s eye of an expert tracker and distil it into 
numbers and figures using modern technology, it would be a great 
advantage in monitoring;  after all, everywhere the rhino went they left 
footprints, which effectively gave a true picture of their daily activity both in 
terms of where they went, and to some extent, what they were doing. 
Around about this time, the first digital cameras came onto the market, the 
processing powers of computers had made another major leap and we 
began using JMP. This combination of factors allowed us to begin the 
process of translating traditional tracking into FIT.

FIT will make a valuable contribution towards the adoption of a sustainable, 
non-invasive, scientifically robust and community-led approach to wildlife 
monitoring.

4. FIT; a summary of the technology.
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From digital images of footprints alone, FIT can classify endangered species, 
with a high degree of accuracy at the individual, species and in some cases 
at age-class or gender levels.

A full report of the technique as used for white rhino in Namibia has been 
published in Endangered Species Research (ESR), and is attached to this 
summary paper.

There are two main stages in the FIT procedure;  firstly  the capture of 
footprints and conversion of a footprint into a geometric profile which serves 
as the data and secondly, analyses to which the data are submitted for the 
purpose of classification.  

Identifying footprints (tracks) is a real challenge, there are four levels of 
complexity.  Firstly each species has a different foot anatomy, and FIT must 
be flexible enough to produce a customised species algorithm; the set of 
variables which determine the characteristics of that species.  Secondly, 
within each species, each individual has its own unique foot characteristics, 
analogous to our fingerprints. Thirdly, each individual has four feet, and it is 
necessary to identify which track results from each foot in order to 
standardise the analytical procedures.   Lastly, each time the individual puts 
a foot on the ground, it leaves a slightly different track.  This is determined 
by many factors, including the gait of the animal, substrate type, moisture 
levels and weather conditions.  In order to account for the variation of 
tracks along the same trail (ie. made by the same animal), it is necessary to 
collect 6-8 different tracks from each trail.  

Digital images of the track made by that foot are collected, at a size of 
1200x1600 or greater.  Images are taken according to a standardised 
protocol (see www.wildtrack.org).  A scale is placed next to the track, a 
direct overhead view is used, and a photo-ID slip or voice-tag is attached to 
the image with details of data, track number, photographer etc.  The 
resulting image and tag are uploaded to a laptop, and optimised in JMP.  

The next step is the selection and positioning of anatomical ‘landmark 
‘points on the track.  Landmark points are selected on the basis of foot 
anatomy to include those points which are clearly definable and repeatable 
across many tracks. After placing these landmark points a set of derived 
landmarks, geometrically constructed from the set of natural landmarks, is 
then defined.  The derived points are positioned by JMP script into which 
their geometrical constructions have been entered.  The full set of points is 
designed to allow all measurements that one anticipates might prove useful 
in discriminating between tracks.  The geometric profile typically contains 
many measurements (more than 100 in application of FIT to the black rhino).  
The measurements consist of lengths, angles and areas (polygons 
approximating to the area). We are in the process of automating this feature 
extraction procedure in JMP 9 using a JSL script.

http://www.wildtrack.org


The first step in the FIT analysis is the reduction of the total number of 
measurements to the set (the FIT algorithm) which provides a good 
discrimination at the level required.  For this purpose, a library of footprints 
from known individuals is required.  Prints are therefore initially collected 
from known wild animals, or from captive individual, for this one-off process 
to develop the species algorithm.  Stepwise variable selection in simple 
discriminant analysis in JMP provides selection of those variables which will 
produce an effective classification.  Once this step is complete, it is then 
possible to use FIT to discriminate for censusing (dealing with unsupervised 
data e.g. when estimating an unknown population) or monitoring (dealing with 
supervised data e.g. following individuals in a known population).  Normally 
the evaluation of the status of endangered species would begin with a 
census and then proceed with frequent monitoring updates.

For censusing we have developed a new model in JMP, the Canonical 
Pairwise Comparison Technique (CPCT).  For each pair of tracks, two groups 
are formed, one from each track, and in addition a third group, the 
Reference Centroid Value (RCV), consisting of all the footprints in the library 
other than those belonging to the two test tracks.  The CPCT computes the 
two canonical variates for these three groups and inspects the corresponding 
plot in canonical space of group means and 95% confidence regions.  If the 
confidence regions of the two test tracks overlap the tracks are from the 
same animal.  If not, from different animals.  Testing the accuracy of FIT for 
censusing the white rhino using three different methods we achieved 
accuracies of between 91 -99%.

For monitoring, the Canonical Elipse Reduction Technique (CERT), also 
developed in JMP, is used in preference to linear discriminant analysis. Here 
each known individual is represented by a set of footprints and a new, 
unknown, track is tested against these to see which it matches.  JMP 
computes the first two canonical variates for these data and produces the 
corresponding 2-dimensional (canonical space) plot of group means and 95% 
confidence ellipses.  All groups whose confidence ellipses do not overlap 
with the unknown track are set aside and the procedure repeated.  If this 
routine ultimately results in a plot of the unknown track overlapping exactly 
one group,  that group’s identity is assigned to the track.  Otherwise the 
track remains unclassified.  Testing the accuracy of FIT for monitoring white 
rhino using two different test methods gave accuracies of between 93% and 
97%.  Species identifications are in the range of 95 – 98% accuracy. This 
method has provided marginally higher accuracy compared with linear 
discriminant analysis.   

Using footprint identification, in some instances we are also able to identify 
species, sex and age classes and this method of individual identification can 
be used as a recognition technique in mark-recapture studies to enable 
estimation of population density. Here it provides an opportunity to sample 
footprints from a study site in which animals are reclusive, nocturnal, or 
otherwise difficult to observe directly. 



5. Where is FIT used?

FIT was initially developed for black rhino monitoring, and WildTrack has 
since adapted it for more species. Some examples of the range of FIT 
implementation follow.  We censused and monitored a population of white 
rhino in Namibia using footprints alone. We also developed a robust 
algorithm for the Bengal tiger from a captive population of tigers at the 
Carolina Tiger Rescue (www.carolinatigerrescue.org) which has, on initial data, 
shown good ability to identify wild tiger.   In South American we have used 
FIT to monitor Baird’s and Lowland tapir.  FIT has been able to identify 
individuals of both species and to identify at the species level where (some 
parts of Colombia) these two species are sympatric.  We are also developing 
a project in Texas to census 19 million acres of Texas for Mountain lion. In 
Southern Africa we are working with a coalition of cheetah conservation 
organisations (based in Namibia) to identify Cheetah which are problem 
animals for local farmers.  We have a project in Nunavut, northern Canada, 
in conjunction with Queen’s University in Ontario and the Nunavut Wildlife 
Management Board,  to develop an Inuit-led Polar bear monitoring project 
which gathers data completely non-invasively and which is cost-effective 
enough to be used frequently, in contrast to the multi-million dollar existing 
darting, capture and marking programs.   In England, we are working with a 
research team from the University of Exeter to monitor the endangered 
European dormouse, collecting their tiny footprints using ink-pads placed 
outside nesting sites, and next to tunnels (favoured by the dormice) lined 
with absorbant white paper.  An independent researcher, Linda Van Bommel 
(unpubl.), has adapted the technique for the African lion.

It is likely that FIT will have wider scientific application, for example in 
forensics,  scientific research, environmental impact assessments etc, and 
other areas where robust and automated object identification is required.
  

6. The benefits of using FIT
 

The key benefits of monitoring endangered species using the footprint 
identification technique are as follows

1. It is up to a whole order of magnitude less expensive than 
existing monitoring technology.  WildTrack estimates that for Polar 
bear monitoring, FIT is up to a whole order of magnitude more cost-
effective than standard mark-recapture operations in the Arctic. The 
Canadian government spends  around two million dollars in monitoring 
just one Polar bear population in Nunavut, using mark-recapture 
techniques where a large sample of bears must be individually tracked 
by helicopter, darted to immobilization, collared or re-identified, 
processed and released.  Because this is so expensive the process 
can only be run every 10-14 years.  We estimate that footprint 
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collection over the same population could be run more frequently, for 
around $300,000 over the same time period.  

 Another example of the cost-effectiveness of this technique comes 
 from tapir  monitoring in Brazil, where we have been working with a 
 field project on monitoring the lowland tapir with the head of the 
 IUCN/SSC tapir specialist group, Dr Pati Medici.  Dr Medici estimates 
 the cost of fitting a standard (non-GPS) collar to a wild tapir is 
 around $4,000 including one month of follow-up monitoring.  A more 
 sophisticated GPS collar, which provides automatic location-fixes, could 
 cost around $10,000 per animal.  At local salary rates, many local 
 trackers could be employed (and their communities supported) for the 
 same time period for the cost of collaring one tapir with a non-GPS 
 collar,  and these trackers could monitor many more than one animal 
 in that period.

2. It employs the expert ecological knowledge of local people 
(trackers) and so engages them in the custodianship of their 
local species – this is central to effective conservation and yet 
so often neglected.  While modern invasive monitoring techniques 
make little use of traditional ecological skills, FIT requires them on a 
daily basis for monitoring.  An example is our Polar bear project in 
Nunavut, where Inuit communities are generally disaffected during 
current mark-recapture monitoring procedures, and where skills handed 
down through generations are being lost.  

3. FIT is sustainable. Sustainability depends in this new global 
economy on cost-effectiveness and utility.  Because local people are 
able to collect images, a constant external presence (often needed for 
other monitoring techniques) is not required.  

4. FIT is non-invasive to the endangered species being 
monitored.  It does not disturb their physiology, ecology or 
behaviour. We believe that successful monitoring techniques need to 
ensure that the normal behavior and ecology of sensitive endangered 
animals is not disturbed.  Immobilization can also bring negative 
welfare issues (Jewell & Alibhai, 2009).  Most current monitoring 
techniques disturb or may actively harm the animals they are designed 
to protect.  For example, our research with black rhino in Zimbabwe 
indicated that routine immobilization of female black rhino for fitting 
radio-collars and ear-notching had a profound negative impact on their 
fertility (Alibhai, et. al. 2001). Other researchers have subsequently 
provided evidence for reduced ranging behavior, reduced cub weight, 
reduced survival, disturbed social behavior, altered sex-ratios etc.  
Invasive monitoring can also be dangerous to human operators, with 
extremely potent drugs being used in unpredictable field conditions.

5. Footprints can provide truly comprehensive data on numbers 
and distribution. In areas with suitable substrate, most places an 



animal goes it will leave footprints.  By collecting these prints during 
the day, it is possible to monitor the full range of the animal’s activity, 
which may have occurred day or night.  In contrast, many visual 
observation or standard radio-collar telemetry data collect details of 
numbers and distribution only during the day, and less frequently 
because observations are expensive or animals difficult to see. 

6. Because footprints are so ubiquitous and easy to image, FIT is 
amenable to citizen-science involvement. This has benefits in terms 
of data-collection, and wildlife conservation empowerment. Now that 
FIT is becoming more accessible WildTrack is preparing delivery of the 
technology though the portals of citizen-science: sourcing footprints 
from the global scientific community into an open-access database of 
footprints; FITbase. This database will provide FIT algorithms for all 
endangered mammals.  From indigenous bush trackers in Africa to 
interested amateur naturalists, to field biologists….all now have internet 
access and can upload field images.  It is likely that this is the first 
example of citizen scientists being able to contribute directly to 
conservation monitoring through social networking.
      

 7.  FIT is a low-carbon technique. It does not require the use of 
 aircraft,requires minimal vehicle use, uses minimal hardware and 
 employs the expertise of local people whose own carbon footprint is a 
 fraction of ours in the developed world.
 
Quotes from scientists using FIT

Florian Weise, research director of Na’an ku se Wildlife conservation centre 
in Namibia:

"My opinion is that the public perception of the cheetah's habitat is strongly 
biased towards the open plains of the Serengeti and Massai Mara 
environments. However, most cheetahs live and are researched in bushed 
environments, especially in Namibia.!As a matter of fact, the cheetah is a 
rather cryptic species in bushy habitat and direct monitoring is very difficult, 
if not impossible. Consequently, we have a strong need for robust indirect 
monitoring techniques to assess population status, movements, habitat use 
and other parameters of cheetah ecology. FIT could provide us with exactly 
that opportunity and I envision it as a solid tool for population monitoring 
at the local, national and regional scale. In most environments where direct 
observations are rare, much of the necessary information is gathered from 
footprints and identification of individuals from these!is therefore crucial. San 
trackers, for example,!have mastered this skill and!technique over ten 
thousands of years and FIT!can build!on and incorporate this precious 
knowledge and give it!a more 'objective' touch.  In addition, FIT could help 
us identify cheetahs involved in livestock predation.!As a result,!"problem 
cheetahs" could be!captured selectively!and be!translocated!to!conservation 
areas to alleviate human-carnivore conflicts on farmlands!and help stop 
the!indiscriminate removal!of cheetahs’



Dr Pati Medici, Chair of the IUCN/SSC Tapir Specialist Group:  

"The development of the Footprint Identification Technique for lowland tapirs 
has been a fantastic step forward in terms of tapir research and monitoring. 
I initially used FIT to estimate lowland tapir density in the Atlantic Forests of 
Morro do Diabo State Park, São Paulo, Brazil, alongside two other methods, 
radio-telemetry monitoring and line-transects, yielding results that we could 
compare. FIT resulted in tapir population densities very similar to the ones 
obtained through radio-telemetry. I am now expanding my tapir research and 
conservation efforts to the Pantanal biome and will continue to use FIT to 
estimate tapir populations in this region. In my view, the main benefits of FIT 
are the fact that it is non-invasive, cost-effective and appropriate for elusive 
species difficult to monitor in other ways such as tapirs. Additionally, FIT has 
benefits over other non-invasive techniques in that the sex and age-class of 
the animal can be ascertained as well as the ID. Last but not least, 
footprints can also be classified at the species level. For example, in some 
areas in Colombia where Baird's and lowland tapir are sympatric we can use 
FIT to differentiate between them. FIT is a wonderful research tool and I have 
no doubt whatsoever that this could be the future for wildlife research’.

7. Technical challenges and future developments of FIT

WildTrack is currently engaged in a program of technical development based 
at JMP in Cary. In the past year, with the help of JMP developers and 
experts in image processing from NC State University and Hewlett-Packard 
Research Laboratories, they have been exploring the automation of footprint 
extraction from background images with new JMP image-processing capacity. 
This process will enable faster data processing and remove the requirement 
for manual input.  Automated image extraction will be particularly useful for 
monitoring species in low-contrast or dark environments, such as snow and 
rainforest.  

A second challenge is the automation of statistical routines into a 
comprehensive and user-friendly model for rapid and user-friendly data 
analysis. This process is well under way in collaboration with JMP developers.

In the longer term, WildTrack aims to facilitate wide access to the footprint 
identification technique, and other complementary non-invasive approaches 
towards effective, sustainable and non-invasive strategies to protect our 
global biodiversity.   

There are developments which will enable this aim:

1. The development of a global endangered species footprint 
database, FITbase, for the extraction of algorithms for each 
species.



2. WildTrack Citizen Science:  the engagement of citizens around the 
world in the WildTrack project, through social networking groups 
such as Facebook, LinkedIn, ResearchGate, YooTube etc.  The aim 
is to bring in images of footprints from around the world, to grow 
the database, to attract expertise across different disciplines to 
further refine the technique, to encourage further field 
participation…..

3. The development of field hardware; the WildTracker.  This will be 
a hand-held device for taking images, processing them using FIT 
software, and outputting identity at the required level (species, 
individual, age-class, sex etc) and transmitting this information to 
the wildlife management decision makers at base.  The 
technology is now available to make this a reality.
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