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Panda
sleuth
on the trail of the six-toed bear
How to find a panda in the forest? These elusive
bears are hard to track, and therefore hard to
monitor. Zoe Jewell and her team have been
developing a new technology that could change
things for the better.

We were in China at the invitation of the China
Conservation and Research Center for the
Giant Panda (CCRCGP), and hot on the trail
of its namesake. The giant panda, Ailuropoda
melanoleuca, translating literally to "black-andwhite cat-foot", is a global icon of the wildlife
conservation movement. It is a natural candidate
for the role, being both instantly recognisable
and extremely rare.
There are only around 1,860 pandas left in the
wild. To make matters worse, the panda is a
slow breeder, with wild females generally raising
only one cub every two years at best, and infant
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mortality is high. Using assisted reproduction
techniques, the Chinese government has led
a very successful effort - there are now an
estimated 520 pandas in captivity. Pictures of
panda nurseries have captivated the world’s
press, and China leases panda ‘ambassador’
couples that are hosted by zoos around the
world.
Success of captive breeding is important, but
conserving pandas in the wild continues to be a
problem. Pandas are shy, elusive, and live in very
dense bamboo forests. They also prefer very high
altitudes in deep mountain valleys and ridges
quite inaccessible to all but the most determined
and hardened trackers. But counting individuals
to obtain population estimates is fundamental
to conservation. Getting reliable data on
numbers and distribution is key to formulating
effective conservation policies. If we don’t know
where pandas live, and how many there are, we
can’t draw lines on the map to protect them.
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T WAS A NEAR-FREEZING FEBRUARY
morning and the still mist in the
supersaturated air chilled us to the bone.
Clinging to a near-vertical mountain slope of
bamboo forest in China’s eastern Himalayas,
we were in the natural habitat of the giant
panda.
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So how do you count pandas if you can’t find
them? Well, we found ourselves on this mountain
slope whilst looking for more subtle signs of
panda presence. Happily, our perilous vertical
ascent was curtailed by an exciting find, a fresh
steaming pile of chopped up bamboo. “Panda
poops,” announced our guide, smiling happily.
The panda is a bamboo specialist, browsing
on all 30 species of bamboo at different times
of year, consuming 40% of it’s body weight in
bamboo each day. Bamboo is quite indigestible,
requiring pandas to eat almost every waking
hour to get enough nutrition. As a result, ‘panda
poo’ is made up entirely of bamboo. And, as
I’m sure a scatologist will tell you, scat is not to
be sniffed at. The Chinese have developed an
interesting method of identifying individual
pandas by measuring the length of bamboo
fragments in their scat. The theory goes like this;
bigger pandas chew off bigger ‘bite size’ chunks
of bamboo, and little ones bite smaller chunks,
and so, by measuring the length of bamboo
fragments that come out at the other end of
the panda, a biologist can identify the individual
that made them, and from there count the
pandas. Problem is, this method is fraught with
inaccuracy.
Other methods have their problems too. Camera
traps have been used to identify secretive
species in the past, but to human eyes, pandas
all look remarkably similar, so these images tend
not to be helpful in distinguishing them. Their
poo can be analysed further, allowing scientists
to identify individual animals based on a DNA
analysis of their droppings, but this is costly and
requires very fresh samples and sophisticated
laboratory equipment.
However, pandas are leaving more in their
wake than just chewed up bamboo.
We
started thinking about the use of footprints
as a completely new approach to monitoring
endangered species while we were working
with black rhino in Zimbabwe in the 1990’s.
Our research had been the first to indicate that
the monitoring strategy being used - requiring
immobilisation and radio-collaring – was
negatively impacting female rhino fertility. The
search was on for a better alternative.
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Paradoxically the answer had been at our
feet the whole time. After several years of
experimenting with different approaches we
finally devised a reliable objective approach to
discriminate between individuals based on the
size and shape of their footprints: the footprint
identification technique (FIT).
Footprints are little microcosms of data about
the animal that made them. FIT can now tell
us which species and which individual made a
footprint. It can also indicate the sex and age
of the individual. Footprints are much more
complex than fingerprints because so many
different factors contribute to their resulting
structure. The most important factor is the

48 - BIOSPHERE

Small panda
scat containing
bamboo.

substrate type, but lighting conditions, wind, temperature,
the animal’s gait and pace, and the impact of other animals
can all change the appearance of a footprint.

bamboo shoots. In part because of this, the foot has a lot
of complexity, which means there’s a lot to measure – 120
different distances, angles and areas.

Requests from researchers around the world working on
other species soon followed on the heels of our black rhino
publications, so when we received an invitation from the
Chinese government to adapt our footprint identification
technique for the giant panda we enthusiastically took up
the challenge. Working with Chinese colleagues Wu Daifu,
Liu Xiaoqiang, and Zhang Yu, we set out on the trail of the
panda.

The first step in developing FIT for a new species is to
collect footprints from known individuals for a reference
database. Fortunately that was no problem at all – we
were right in the hub of the panda captive-breeding
centre of China.Xiaoquiang and Yu took us to visit the
pandas at the captive facility in Ya’an. First, we were taken
to visit some pandas scheduled for re-introduction to the
wild. In order to avoid habituating them to humans we
were asked to approach only in disguise…wearing panda
costumes. The costumes had been very well worn and
had only a very tenuous resemblance to any panda, but
the pandas politely ignored us, and we wondered if they
acknowledged our ridiculous appearance.

It’s not an exaggeration to say that working with the giant
panda is nirvana for a neoichnologist – also known as a
footprint scientist. The panda has a unique anatomical
structure in its front foot – a sixth ‘toe’ . This toe is actually
a wrist or sesamoid bone that has evolved for holding
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Footprinting of younger captive-bred pandas was the most
successful. Our first footprint collection was scheduled
with 18-month-old Jia Jia. She ran over our prepared sand
trail, so enthusiastic was she about catching up with
the bamboo shoot guiding her path. After several rerakings and some choice sprouts she relaxed back
to a normal pace and made some great footprints.
Next up was Yire, a 19-month-old female, who got
the idea fast and was a model student. Last but not
least was Zheng Zheng, a 19-month-old male who
was utterly laid-back. He only made it ¾ of the way
along the walk before rolling over onto his back on
the sand trail clutching his bamboo shoot prize.
After much discussion of each sand trail we showed
our research colleagues how to take footprint images
using a scale on the ground, and recording the details of the
image on a piece of paper, the photo ID slip. Thanks to the
hard work and perseverance of our Chinese counterparts,
within a year we had all the images we needed, from
adults, sub-adults and panda cubs, of both sexes. It was
then time to develop the FIT algorithm to figure out which
features of the panda foot would allow us to distinguish
between individuals.

It’s not an
exaggeration to say
that working with
the giant panda
is nirvana for a
neoichnologist
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We fed the footprint images into our footprint identification
technique, which sits in a software called JMP data
visualisation software from SAS. JMP has allowed us to
classify with a very high degree of accuracy, and is intuitive
to use. We had collected footprints from 30 captive pandas
to train our algorithm and used another 11 pandas for
model validation.
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Bottom
left: Panda
distribution.
Right:
Footprints
made in sand
for analysis.

To cut a long piece of bamboo short, FIT for
the panda works like this. A researcher looking
for pandas goes into the field and collects,
say, 50 trails of footprints. She wants to know
how many pandas made those footprints. It
could be anywhere from 1 panda to 50 pandas.
Each footprint is photographed and fed into
the image feature extraction software in FIT,
where landmark points are placed to mark
anatomical features on the footprint. For the
panda these include the centroids of each toe
including the 6th ‘digit’. After completing some
complex statistical processes, the software then
estimates how many pandas made those prints,
and outputs a dendrogram or ‘tree diagram’
that shows how close each trail of footprints is
to each other. It’s like a family tree for footprints.
The system gives us more than 90% accuracy
in identifying individual pandas. We can also
identify sex and age-class if we have enough
footprints. . In this study we found the accuracy
for sex discrimination was up to 91% using trails.

To help access the most inaccessible parts of
the giant panda range we are also developing
drone capability. A drone can carry a camera to
a high mountain ridge and take images much
faster than a scout. There are several challenges
to overcome but we are confident they are not
insuperable.
Collecting a large volume of image data brings
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We’re working with co-author Dr Binbin Li,
former student and associate professor at
Duke Kunshan University, to use FIT to monitor
giant panda sub-adults that are going to be
released into the wild. The idea is to collect and
characterise their footprints while they are still
in captivity. When the individuals are released
we will then deploy human trackers to collect
prints.
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new challenges in how to process them all. We’re
working with SAS, a software company in Cary,
North Carolina, to engage machine learning to help
filter and process images more quickly, to allow us
to provide real-time feedback to wildlife managers,
and developing ConservationFIT, a citizen-science
project, to bring in more footprint images.
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We believe that the future is looking brighter for
the giant panda. China, well aware that the panda
is also an umbrella species for south-west China’s
incredible biodiversity, is investing heavily in creating
new protected areas for their native bear, including
a 10,476 square mile (27,134 sq km) area that will
connect 67 existing panda reserves on six isolated
mountain ranges. As successful as
captive breeding has been, the real
conservation challenge is to keep
pandas in their natural habitat.
With sufficient natural habitat protected
for their use, and a means of monitoring
their progress that doesn’t disturb
their natural behaviour or physiology,
pandas might be able to continue to
enjoy their bamboo undisturbed for
many more generations. We aim to
take nothing from their habitat but
images of their footprints, and if our
drone technology proves successful, in
the future we will not even leave our
own footprints behind.
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