The Pangolin Universal Notching System: a
scale-marking methodology for pangolins
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Abstract Despite thousands of individuals entering the illegal
wildlife trade each year, assessments of pangolin populations
are largely non-existent, even in areas with high exploitation
and limited personnel and field equipment. Although pango-
lins have unique keratin-based scales, there is no universal
scale-marking method for individuals despite some pangolin
conservation programmes utilizing marking for reference
and cataloguing. Each programme currently establishes
and manages its own system, resulting in inconsistencies
and limiting data sharing. To facilitate pangolin monitoring
and research, we developed a standardized method for
assigning individual identification numbers, which we call
the Pangolin Universal Notching System. This system is
neither resource nor training intensive, which could facilitate
its adoption and implementation globally. Its application
could help to address knowledge gaps in pangolin ageing,
reproduction, survivorship, migration and local trafficking
patterns, and could be used in combination with other
tagging techniques for research on pangolin biology.
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Introduction

onventional and accessible marking systems for ani-

mals, such as dyeing bird feathers (Bendell & Fowle,
1950; Paullin & Kridler, 1988), painting mammal skin and
fur (Pienaar, 1970; Walker et al., 2012), ear notching ungu-
lates (Blair, 1941) or removing tissue, scale or scute pieces in
amphibians and reptiles (Cagle, 1939; Turner, 1960; Jennings
et al., 1991; Ferner, 2007) have been widely used to identify
individuals of many species over variable lengths of time.
These notching or marking systems date back to the early
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2oth century when Cagle (1939) described a simple scute-
notching system for hard-shelled turtles whereby scutes
were assigned a number and then notched with a file or scis-
sors. Permanently identifying individuals in longitudinal
studies in a way that does not disrupt their natural beha-
viours has proven to be instrumental for the study
of growth and ageing, reproduction, survivorship and
migration patterns (Cagle, 1939; Plummer & Ferner, 2012).
Although these systems have been adapted to a variety of
species and projects (Ernst et al., 1974; Holland, 1994; Bury
et al,, 2012; Plummer & Ferner, 2012; Nagle et al.,, 2017;
Certified Pedigreed Swine, 2023), there is no such system
for pangolins, and gaps remain in our knowledge of pan-
golin biology and ecology that a universal notching system
would help alleviate (Willcox et al, 2019; Heighton &
Gaubert, 2021).

There are eight extant species of pangolin, four of which
are native to Africa (Temminck’s pangolin Smutsia tem-
minckii, giant ground pangolin Smutsia gigantea, black-
bellied pangolin Phataginus tetradactyla and white-bellied
pangolin Phataginus tricuspis) and four are native to Asia
(Chinese pangolin Manis pentadactyla, Indian pangolin
Manis crassicaudata, Philippine pangolin Manis culionensis
and Sunda pangolin Manis javanica; Challender et al., 2019;
Gaubert et al., 2020; IUCN, 2024). All eight species of
pangolin have decreasing populations (IUCN, 2024) and
are listed on Appendix I of CITES, the highest level
of legal protection from the threats of international trade
(Challender & O’Criodain, 2020).

Pangolins, their name derived from the Malay peng-
goling meaning ‘ones that roll up’ (Kingdon & Largen,
1997), have distinct morphology and behaviour. They
have been referred to as walking pinecones, scaly anteaters
and even perambulating artichokes because of their long
tongues, absence of teeth, unique armour formed by
keratin scales and used for protection, and diet consisting
mostly of ants and termites (Wang et al., 2016). They live
primarily in burrows, are known to dig, climb, walk and
swim throughout their native habitats and, when
threatened, curl into a defensive ball, allowing their scales
to serve as their primary source of protection (Kingdon &
Largen, 1997; Vickaryous & Hall, 2006). Pangolins vary
widely in size, with the smallest species, the white-bellied
pangolin, weighing 1-3 kg and measuring 100 cm long
(Jansen et al., 2020), and the largest species, the giant
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pangolin, weighing > 30 kg and measuring 140-180 cm
(Hoffman et al., 2020).

Few pangolin populations have been quantitatively as-
sessed. This limits our ability to understand the impacts of
natural and anthropogenic pressures, particularly in areas
where there is high exploitation and/or field personnel and
equipment are limited, as is the case for most pangolin species
in most range countries. Although the majority of pangolin
trade involves scales, live animals are sometimes intercepted
(Shepherd et al., 2017; Challender et al., 2020; Bashyal et al.,
2021) and need rehabilitation prior to release. Furthermore,
although feasible (Gaubert et al., 2016; Zhang et al., 2020;
Ewart et al., 2021; Tinsman et al., 2023), there is limited access
to the genetic methods required to recover information about
individuals (live, carcasses or scales) seized from the trade.
Effective methods of monitoring and tracking pangolins
are essential to understand the extent of population declines
and potential recovery following intervention.

Efforts are currently underway to address these matters.
One approach involves attaching battery-powered tracking
devices such as VHEF, satellite and GPS tags. Although all
such devices have been utilized, VHF tags are most com-
monly used because of their relatively low cost, long battery
life, light weight and capability to provide precise location
data through triangulation (Willcox et al., 2019; Morin
et al,, 2020). However, signals from such devices can fluctu-
ate in adverse weather conditions, and relocating individuals
can be labour-intensive, often necessitating the use of
ground vehicles, aircraft or drones to attain proximity to
the signal or overcome geographical obstacles (Saunders
et al,, 2022). Additionally, there is a risk that tagged indivi-
duals could stray beyond the study area or venture on to pri-
vate property that practitioners do not have authorization
to enter. Moreover, as many pangolin species inhabit under-
ground burrows, signal ranges can be significantly restricted
during daylight hours when tracking is safest for technicians
(Pages, 1975). Given these limitations, supplementing track-
ing devices with a sustainable low- or no-technology-based
identification system would benefit long-term pangolin
monitoring.

One non-invasive method of identifying and tracking
live individuals, currently used for a range of animal species
(e.g. ungulates: Blair, 1941; amphibians and reptiles: Ferner,
2007; marine mammals: Walker et al., 2012) is notching or
marking. This entails using a tool such as a drill, punch or
file to remove a portion of tissue, scale or scute to permanent-
ly render the individual identifiable. Notching systems are
valuable when used in tandem with advanced technologies,
such as telemetry, as they persist after these technologies
fail, are lost or damaged, run out of battery or reach their
functional endpoint (Silvy et al., 2012; Ruden et al., 2024).

At present, there is no universal scale-marking method
available for pangolins (Willcox et al., 2019; Morin et al.,
2020). Although pangolin scales vary in size across species,

Pangolin Universal Notching System

they all exhibit similar structural and mechanical properties
(Wang et al., 2016) allowing them to withstand the force and
pressures of drilling. Some of the pangolin-tracking pro-
grammes we surveyed (see Methods, below) already use a
method of scale notching for four species of pangolin:
Sunda, black-bellied, white-bellied and Temminck’s pango-
lins (Ruden et al., 2024). However, each programme has cre-
ated and manages its own notching system, potentially
impeding data sharing. Here we overcome this problem by
proposing a universal marking code.

We created the Pangolin Universal Notching System to
address the lack of a uniform protocol and to streamline ef-
forts already underway within the pangolin conservation
community. This proposal combines elements of existing
systems in a way that accommodates the unique morph-
ology and behaviours of pangolins, and is designed to facili-
tate the identification of large numbers of individuals and
integration via a central data repository. The system could
be used by trained researchers, non-technical staff and law
enforcement officials.

Methods

During January-September 2023, we conducted a literature
review and survey of practitioners to assess tracking meth-
ods currently utilized across the pangolin research commu-
nity (Ruden et al, 2024). Despite no mention in the
literature, eight of 15 respondents to our survey (53%) de-
scribed marking or notching pangolin scales for identifica-
tion using their own ad hoc secondary marking systems,
with seven of those programmes acquiring pangolins from
wildlife trafficking and trade. Four of these systems involve
drilling a series of holes in the scales, and two other systems
drill scales to attach numbered cattle ear tags. One system
used a tattoo drill and another used paints (Table 1).

Further discussions with practitioners led us to create a
pangolin-specific notching code that could be used for long-
term marking of individuals and would complement other
tracking techniques. During these discussions we considered
factors such as interspecific variation in body size, interspecific
and anatomical diversity in scale morphology, ecology, life his-
tories and prior experience with altering scales. This allowed us
to select the most suitable scales on which to place markings,
to ensure that they are visible without disrupting normal pan-
golin behaviour. Because pangolins engage in burrowing,
swimming, tree climbing, and hiding in dense brush areas,
we selected an area along the back of the pangolin. This also
proved to be an ideal location as juveniles attach themselves to
the base of their mother’s tail, not obstructing the view of any
markings. Following meetings with respondents we also
consulted the creator of the North American code for hard-
shelled turtles (Nagle et al., 2017) to discuss developing a
similar code for pangolins and to gain additional insights
regarding best practice.
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TasLE 1 Ad hoc pangolin marking methods by species and origin (recovered from trade vs wild caught for research purposes). We iden-
tified eight pangolin conservation programmes using ad hoc marking as a supplementary tracking technique for four pangolin species.

Several programmes are working across multiple species.

Number of

Species Ad hoc method programmes  Pangolin origins

Sunda pangolin Manis javanica Cattle ear tags attached to scales 1 Trafficking/trade

TemmincK’s pangolin Smutsia temminckii Hole drilling 3 Trafficking/trade & wild caught
Cattle ear tags attached to scales 1

White-bellied pangolin Phataginus tricuspis Hole drilling 1 Trafficking/trade & wild caught
Tattoo drilling 1
Scale painting 1

Black-bellied pangolin Phataginus tetradactyla ~ Hole drilling 1 Wild caught

Results

We created the Pangolin Universal Notching System
by adapting and combining existing hard-shell turtle
(Nagle et al, 2017) and ungulate (Blair, 1941) marking
methodologies. The system uses a numerical-based code to
communicate individual identification and/or sex through a
series of notches involving scales on or adjacent to the dorsal
midline (Fig. 1a). We selected a numerical-based code to
accommodate the growing catalogue of pangolin individuals
and provide the ability to rapidly assess sex. We determined
that drilling a centrally located area, proportional to
scale size, would minimize the likelihood of scale breakage.

The codes are assigned and read whilst viewing the pan-
golin from its dorsal side, with the head facing away from
and the tail towards the observer (Fig. 1a). The first scale
immediately left of the midline scale row at the pectoral
girdle (shoulder) and the first scale immediately right of
the midline scale row at the pectoral girdle are always
labelled 1 and 100, respectively. The pectoral girdles and
the scapula (shoulder blade) can be palpated beneath the
scales to identify the starting location. This location can
also be identified by locating the change in scale morpho-
logy that delineates the smaller, thinner head and neck
scales from the thicker, wider trunk scales (Challender
et al,, 2019). Once the starting point is identified, the first
eight scales on each side of the midline row are numbered.
Moving towards the tail from the starting location on the left
side, scales are numbered 1, 2, 4, 7, 10, 20, 40 and 70. Moving
towards the tail from the starting location on the right side
scales are numbered 100, 200, 400, 700, 1,000, 2,000, 4,000
and 7,000. Scale numbers are marked cumulatively to attain
the number required. The midline scale row is used to indi-
cate the sex of the individual. For males, the first scale in the
midline, between scales numbered 1 and 100, is marked. For
females, the fifth scale, between scales numbered 10 and
1,000, is marked. For example, to assign a male pangolin
the unique identification code 7,238, the 7,000, 200, 20, 10,
7 and 1 scales are marked, and the first scale along the
midline to indicate a male (Fig. 1b). This system allows for
a total of 15,554 uniquely marked individuals.

Once an individual pangolin code has been assigned,
the relevant scales should be cleaned of debris and marked
with a wax pencil or marker. A hard barrier should be
gently placed between that scale and any underlying scales
or soft tissue for protection. Using a standard drill and a
bit no greater than one third of the total width of the
narrowest part of the scale, one hole is drilled per scale.
Marks should be placed centrally in the exposed portion
of the scale and drilled straight through the scale, leaving
a circular hole. We recommend covering the pangolin’s
eyes with a cloth or small towel to minimize stress.
Should the pangolin curl into a defensive position, mark-
ing should be completed whilst curled rather than forcing
the animal to straighten. This might also allow for greater
separation of and access to targeted scales. If the scale
intended for marking is obscured by the tail whilst in
the defensive position, the tail should be gently moved
out of the way, if possible, or marking should be finished
at a later time.

Pangolin-tracking practitioners are already notching
pangolins of all sizes and scale thicknesses, including the
two smallest species. The Pangolin Universal Notching
System is designed to ensure this notching is standardized
and applied to the region of the body with the largest scales.
We are therefore confident that the code can be used effec-
tively for all species without extensive pre-testing.

Discussion

Establishing a universal scale-marking system for pangolins
will be helpful to facilitate the consistent gathering and shar-
ing of conservation data globally. As there are substantial
knowledge gaps regarding pangolin populations, imple-
menting a uniform scale-marking system will help leverage
current and future efforts for optimized data integration.
Opverall, our proposed system seeks to establish a standar-
dized, accessible and broadly applicable notching protocol
that could be implemented globally with minimal resources
and training, using techniques that are already familiar to
the pangolin-tracking community.
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(a) Code

Given that notching is already successfully used by prac-
titioners on several pangolin species, including the smallest,
the Pangolin Universal Notching System is adaptable to
all eight pangolin species regardless of total scale number
or scale morphology. The system is intended for use on
individuals in good health and body condition that are not
obviously pregnant, lactating or young enough to be nursing.
This ensures that individuals are large enough for notching,
scales are of adequate thickness and any stress would not
lead to interference in the mother—pup relationship.
The numerical coding system allows up to 15,554 individuals
to be notched and for these data to be available for longi-
tudinal studies, an important feature given the potentially
high volume of pangolins that could be encountered in the
long term through wildlife trade recovery, rehabilitation
and in situ research.

Because of high scale count variability between pangolin
species (Cota-Larson, 2017; Ullmann et al., 2019), it is import-
ant to indicate a specific anatomical landmark for the starting
point to ensure uniformity in notching execution. All species
have at least eight scales in the first lateral row, and by using
the first eight scales on each side, researchers can easily

(b) Male no. 7238
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Fig. 1 The Pangolin Universal
Notching System applied to a
Temminck’s pangolin Smutsia
temminckii. (a) Dorsal view,
with the anterior (head) at the
top of the image with the
pangolin facing away from the
observer. The first scale
immediately left of the midline
scale row at the pectoral girdle
(shoulder) and the first scale
immediately right of the
midline scale row at the
pectoral girdle are always 1 and
100, respectively. Marking the
first midline row scale between
the 1 and 100 scales indicates a
male and marking the fifth
midline row scale indicates a
female. (b) Male individual
number 7,238: the 7,000, 200,
20, 10, 7 and 1 scales and the
first scale in the midline,
indicating male, are marked.

remember a simple rule that all numbers <100 are on the
left and all numbers > 100 are on the right. The area posterior
to the pelvic girdle (hips) was avoided, to eliminate confusion
with drill holes made during traditional transmitter
placement (Pages, 1975; Lim T-Lon, 2008; Carnivore and
Pangolin Conservation Program, 2014; Pietersen et al., 2014;
Schoppe, 2015; Sun et al., 2019).

In addition to being highly accessible to practitioners
with limited resources or with training constraints, a signifi-
cant advantage of the Pangolin Universal Notching System
is the simplicity of the code, making it easy to adapt to in-
dividual programme needs and goals. Programmes could
assign subsets of their codes to different geographical re-
gions or specific projects, to provide additional detail
about where the individual was originally encountered.
Notch adornments could also be used to increase visibility
to researchers in the field or in camera-trap images. These
adornments could include beaded wires or reflective paints
(similar to those used in iguanids; Rodda et al., 1988),
cattle ear tags, coloured bird leg bands (Silvy et al., 2012)
or any other materials that could be used as visual cues.
It is important to note, however, that ear tags and bands
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used in other species have been associated with short-
term rubbing and discomfort and are known to rip or fall
out (Johnston & Edwards, 1996; Griesser et al., 2012).
Although the impact of adorning a notched scale should
be limited in pangolins because soft tissue is not involved,
there could still be unanticipated negative effects.
Therefore, given that pangolins are most often found in
dense foliage and burrows, any adornment techniques
should be evaluated by each programme to ensure animal
safety is not compromised through increased predation,
poaching or entanglement risks.

The Pangolin Universal Notching System is not intended
to be a panacea that is appropriate for every circumstance,
and there are limitations to its execution. Firstly, the animal
must be sufficiently healthy to be handled for long enough
to be marked, either in the wild or in a post-rehabilitation
setting. Although the time needed to drill the holes is less
than that needed to attach a telemetry tag or tracking
device, animal health and potential stress still need to be
taken into consideration. Secondly, if an animal were to
lose or damage a marked scale over the course of its lifetime,
only a partial code would be identified when recaptured.
Therefore, unlike with the code used for hard-shelled turtles
(Nagle et al., 2017) or with tattooing of certain mammals,
notching in pangolins could be subject to some uncertainty
because of scale wear. Thirdly, if an individual marked with
a customized code is discovered by another programme or
intercepted during trafficking, programme-specific adapta-
tions of the code (such as using region- or project-specific
codes) may not be immediately interpretable or obvious.
However, in such circumstances, the pangolin could still
be identified and traced if those who have recovered it are
trained in interpreting the code. Fourthly, the Pangolin
Universal Notching System is most effective when the pan-
golin is in hand whilst reading the code. Although the
marked code could be read from a short distance or possibly
from a camera-trap image, this notching system does not fa-
cilitate visibility across long distances. It could also be chal-
lenging to read if the pangolin is viewed unilaterally, if a pup
is attached, or if mud or debris has filled the holes.
Notwithstanding these limitations, the Pangolin Universal
Notching System is a notable advancement for marking
pangolins for conservation and research and has the poten-
tial to improve our understanding and protection of these
threatened species. Its inherent simplicity and adaptability
provide a non-intrusive method for the identification and
tracking of pangolin individuals.

Code management and organization could be completed
at the project, regional, national or international level. We
recommend that pangolin practitioners work with the
IUCN Species Survival Commission Pangolin Specialist
Group to identify an organization or organizations to de-
velop, house and manage a centralized database system to
facilitate data-sharing for the proposed system. Given the

distribution of pangolins across multiple countries, their
status as the most trafficked mammal (Aisher, 2016) and
the fact that a live trafficked animal could be intercepted
and rehabilitated far from where it was originally marked
(Wright & Jimerson, 2020), the ability to share data in
this way will be instrumental for conservation. The centra-
lized database could be modelled on existing species tag
data-sharing systems such as the Sea Turtle Tag Inventory
(ACCSTR, 2023) and the TagFinder programme
(Seaturtle.org, 2023), the thoroughbred horse Interactive
Registration Tattoo Lookup and Tattoo Research pro-
grammes (The Jockey Club, 2023), the Monarch Tagging
programme (Monarch Watch, 2023) and the Bird Banding
Laboratory (USGS, 2023).

The Pangolin Universal Notching System is a standar-
dized, accessible and customizable system for marking pan-
golin species. It is neither resource nor training intensive,
which will facilitate its accessibility and implementation
globally. Implementation could aid in addressing know-
ledge gaps in pangolin ageing, reproduction, survivorship,
migration and local trafficking patterns through longi-
tudinal study data, especially when paired with other track-
ing methods and technologies.

Author contributions Preliminary literature review: JMM, JYB,
LML, RMR, DR, AW; survey design and completion: JMM, JYB,
LML, RMR, DR, AW; code design: J]MM, JYB, RMR; technical
expertise: JMM, JYB, EC, LH, RMR; writing: JMM, JYB, LML,
RMR; editing: all authors.

Acknowledgements We thank the Tikki Hywood Foundation, The
Rufford Foundation, White Oak Conservation, Laura Gruber and the
Emerging Wildlife Conservation Leaders programme, National
Geographic, Paul Thompson and Save Pangolins, Matthew Shirley
and the IUCN Species Survival Commission Pangolin Specialist
Group, Renee Bumpus, Colby Bishop, Sarah Crumb, Roy Nagle,
Lauren McLane Gross, Kelly Ely Kolak and Annelise Mihopulos.
This research project would not have been possible without their
support, time and expertise. Funding for this work was provided by
The Rufford Foundation.

Conflicts of interest None.

Ethical standards This research needed no special permissions and
abided by the Oryx guidelines on ethical standards.

Data availability Data that support this study are available from the
corresponding author, JMM, upon reasonable request.

References

ACCSTR (2023) Sea Turtle Tag Inventory. Archie Carr Sea Turtle
Research Center, Gainesville, USA. accstr.ufl.edu/resources/tag-
inventory [accessed 2 November 2023].

AISHER, A. (2016) Scarcity, alterity and value: decline of the pangolin, the
world’s most trafficked mammal. Conservation and Society, 14, 317.

Oryx, 2025, 59(1), 54-60 © The Author(s), 2024. Published by Cambridge University Press on behalf of Fauna & Flora International ~ doi:10.1017/50030605324000656

https://doi.org/10.1017/50030605324000656 Published online by Cambridge University Press


https://accstr.ufl.edu/resources/tag-inventory
https://accstr.ufl.edu/resources/tag-inventory
https://doi.org/10.1017/S0030605324000656

BasHYAL, A, SHRESTHA, N., DHAKAL, A, KHANAL, S.N. &
SHRESTHA, S. (2021) Illegal trade in pangolins in Nepal: extent and
network. Global Ecology and Conservation, 32, €01940.

BENDELL, J.E.S. & FowLE, C.D. (1950) Some methods for trapping and
marking ruffed grouse. Journal of Wildlife Management, 14, 480.
Brair, W.F. (1941) Techniques for the study of mammal populations.

Journal of Mammalogy, 22, 148.

Bury, R, WELsH, H., GERMANO, D. & AsHTON, D. (eds) (2012)
Western Pond Turtle: Biology, Sampling Techniques, Inventory and
Monitoring, Conservation, and Management: Northwest Fauna No.
7. The Society for Northwestern Vertebrate Biology, Olympia, USA.

CAGLE, F.R. (1939) A system of marking turtles for future
identification. Copeia, 1939, 170.

CARNIVORE AND PANGOLIN CONSERVATION PROGRAM (2014)
Developing Release Protocols for Trade-Confiscated Sunda Pangolins
(Manis javanica) through a Monitored Release in Cat Tien National
Park, Vietnam. Cuc Phuong National Park, Ninh Binh, Vietnam.

CERTIFIED PEDIGREED SWINE (2023) Ear notching. Certified
Pedigreed Swine, Peoria, USA. cpsswine.com/member-tools/ear-
notching [accessed June 2024].

CHALLENDER, D.W.S. & O’CRr10DAIN, C. (2020) Addressing trade
threats to pangolins in the Convention on International Trade in
Endangered Species of Wild Fauna and Flora (CITES). In Pangolins:
Science, Society and Conservation (eds D.W.S. Challender, H.C. Nash
& C. Waterman), pp. 305-320. Academic Press, Cambridge,
Massachusetts, USA.

CHALLENDER, D.W.S,, NasH, H.C. & WATERMAN, C. (2019)
Pangolins: Science, Society and Conservation. Academic Press,
Cambridge, Massachusetts, USA.

Cota-LARsoN, R. (2017) Pangolin Species Identification Guide: A
Rapid Assessment Tool for Field and Desk. USAID Wildlife Asia,
Bangkok, Thailand. usaidrdw.org/resources/pangolin-species-
identification-guide [accessed June 2024].

ERrNsT, C., HERSHEY, M. & BARBOUR, R. (1974) A new coding system
for hard shelled turtles. Transactions of the Kentucky Academy of
Science, 35, 27-28.

Ewart, KM, LigHTSON, A.L, Sitam, ET,, Rovie-Ryan, J.,
NGUYEN, S.G., MorGAN, K1 et al. (2021) DNA analyses of large
pangolin scale seizures: species identification validation and case
studies. Forensic Science International: Animals and Environments,
1, 100014.

FERNER, J.W. (2007) A Review of Marking and Individual Recognition
Techniques for Amphibians and Reptiles. Society for the Study of
Amphibians and Reptiles, Salt Lake City, USA.

GAUBERT, P., WiBLE, J.R., HEIGHTON, S.P. & GAUDIN, T.J. (2020)
Phylogeny and systematics. In Pangolins: Science, Society and
Conservation (eds D.W.S. Challender, H.C. Nash & C. Waterman),
PP 25-39. Academic Press, Cambridge, Massachusetts, USA.

GAUBERT, P, Njiokou, F., NGua, G., AFIADEMANYO, K., DUFOUR, S.,
MALEKANT, J. et al. (2016) Phylogeography of the heavily poached
African common pangolin (Pholidota, Manis tricuspis) reveals six
cryptic lineages as traceable signatures of Pleistocene diversification.
Molecular Ecology, 25, 5975-5993.

GRIESSER, M., SCHNEIDER, N.A., CoLLIs, M.-A., OVERS, A., GUPPY,
M., Guppy, S. et al. (2012) Causes of ring-related leg injuries in
birds - evidence and recommendations from four field studies.
PLOS One, 7, €51891.

HEIGHTON, S.P. & GAUBERT, P. (2021) A timely systematic review on
pangolin research, commercialization, and popularization to
identify knowledge gaps and produce conservation guidelines.
Biological Conservation, 256, 109042.

Horrman, M., N1xoN, S., ALEMPIJEVIC, D., AYEBARE, S., BRUCE, T.,
DavenporT, T.R.B. et al. (2020) Giant pangolin Smutsia gigantea
(Illiger, 1815). In Pangolins: Science, Society and Conservation (eds

Pangolin Universal Notching System

D.W.S. Challender, H.C. Nash & C. Waterman), pp. 157-173.
Academic Press, Cambridge, Massachusetts, USA.

HolLaND, D. (1994) The Western Pond Turtle: Habitat and History.
Final Report. Wildlife Diversity Program, Oregon Department of
Fish and Wildlife, Portland, USA. osti.gov/servlets/purl/171287
[accessed September 2024].

IUCN (2024) The IUCN Red List of Threatened Species 2024-1.
iucnredlist.org [accessed 25 January 2024].

JANSEN, R., SODEINDE, O., PIETERSEN, D.W., ALEMPIJEVIC, D. &
INGrAM, D.J. (2020) White-bellied pangolin Phataginus tricuspis. In
Pangolins: Science, Society and Conservation (eds
D.W.S. Challender, H.C. Nash & C. Waterman), pp. 139-156.
Academic Press, Cambridge, Massachusetts, USA.

JENNINGS, M.L., DaviD, D.N. & PORTIER, K.M. (1991) Effect of
marking techniques on growth and survivorship of hatchling
alligators. Wildlife Society Bulletin, 19, 204-207.

JoHNsTON, A M. & EDwaRDS, D.S. (1996) Welfare implications
of identification of cattle by ear tags. Veterinary Record, 138, 612-614.

KINGDON, J. & LARGEN, M. (1997) The Kingdon field guide to African
mammals. Zoological Journal of the Linnean Society, 120, 479.

Lim T-Lon, N. (2008) Autecology of the Sunda Pangolin (Manis
javanica) in Singapore. MSc thesis. National University of Singapore,
Singapore.

MonNarcH WaTcH (2023) Monarch Tagging Program. monarchwatch.
org/tagging [accessed 2 November 2023].

MoriIN, D.J.,, CHALLENDER, D.W.S,, IcHU, I.G,, INGRAM, D.J., NasH,
H.C,, PanaINO, W. et al. (2020) Developing robust ecological
monitoring methodologies for pangolin conservation. In Pangolins:
Science, Society and Conservation (eds D.W.S. Challender,

H.C. Nash & C. Waterman), pp. 545-558. Academic Press,
Cambridge, Massachusetts, USA.

NAGLE, R., KINNEY, O., GIBBONS, J. & CONGDON, J. (2017) A simple
and reliable system for marking hard-shelled turtles: the North
American code. Herpetological Review, 48, 327-330.

Pacts, E. (1975) Etude éco-éthologique de Manis tricuspis par
radio-tracking. Mammalia, 39, 613-642.

PAULLIN, D.G. & KRIDLER, E. (1988) Spring and fall migration of
tundra swans dyed at Malheur National Wildlife Refuge, Oregon.
The Murrelet, 69, 1.

PIENAAR, UD.V. (1970) A lasting method for marking and
identification of elephants. Koedoe, 13, 123-126.

PIETERSEN, D.W., McKECHNIE, A.E. & JANSEN, R. (2014) Home
range, habitat selection and activity patterns of an arid-zone
population of Temminck’s ground pangolins, Smutsia temminckii.
African Zoology, 49, 265-276.

PLUMMER, M. & FERNER, J. (2012) Marking reptiles. In Reptile
Biodiversity: Standard Methods for Inventory and Monitoring (eds
R.W. McDiarmid, M.S. Foster, C. Guyer, ].W. Gibbons &

N. Chernoff), pp. 143-150. University of California Press, Berkeley,
USA.

Robppa, G.H,, Bock, B.C.,, BURGHARDT, G.M. & RAND, A.S. (1988)
Techniques for identifying individual lizards at a distance reveal
influences of handling. Copeia, 1988, 905.

RuUDEN, R M., MARTIN, .M., LACEY, L.M., WEARN, A., BUCKLEY, ].Y.
& RuHAGAzl, D. (2024) Advancing Pangolin Tracking Science: A
Review of Current Methods and Future Directions. Emerging
Wildlife Conservation Leaders. wildlifeleaders.org/projects/class-
projects/pangolin-monitoring [accessed June 2024].

SAUNDERS, D., NGUYEN, H., COWEN, S., MAGRATH, M., MARsH, K.,
BELL, S. & BOBRUK, J. (2022) Radio-tracking wildlife with drones: a
viewshed analysis quantifying survey coverage across diverse
landscapes. Wildlife Research, 49, 1-10.

ScHoPPE, D. (2015) Conservation Needs of the Palawan Pangolin
Manis culionensis — Phase I. Final Scientific and Technical Report for

Oryx, 2025, 59(1), 54-60 © The Author(s), 2024. Published by Cambridge University Press on behalf of Fauna & Flora International ~ doi:10.1017/50030605324000656

https://doi.org/10.1017/50030605324000656 Published online by Cambridge University Press

59


https://cpsswine.com/member-tools/ear-notching
https://cpsswine.com/member-tools/ear-notching
https://usaidrdw.org/resources/pangolin-species-identification-guide
https://usaidrdw.org/resources/pangolin-species-identification-guide
https://www.osti.gov/servlets/purl/171287
https://iucnredlist.org
https://monarchwatch.org/tagging
https://monarchwatch.org/tagging
https://wildlifeleaders.org/projects/class-projects/pangolin-monitoring
https://wildlifeleaders.org/projects/class-projects/pangolin-monitoring
https://doi.org/10.1017/S0030605324000656

60

J. M. Martin et al.

Wildlife Reserves Singapore Conservation Fund. The Katala
Foundation, Puerto Princesa City, Palawan, Philippines.

SEATURTLE.ORG (2023) TagFinder. seaturtle.org/tagfinder [accessed
June 2024].

SHEPHERD, C.R.,, CONNELLY, E., Hywoob, L. & Cassty, P. (2017)
Taking a stand against illegal wildlife trade: the Zimbabwean
approach to pangolin conservation. Oryx, 51, 280-285.

SiLvy, N, LorEz, R. & PETERSON, M. (2012) Techniques for marking
wildlife. The Wildlife Techniques Manual, 1, 230-257.

SuN, N.C.-M,, Pe1, KJ.-C. & L1N, J.-S. (2019) Attaching tracking
devices to pangolins: a comprehensive case study of Chinese
pangolin Manis pentadactyla from southeastern Taiwan. Global
Ecology and Conservation, 20, €00700.

THE JockEY CLUB (2023) Jockey Club Interactive Registration. The
Jockey Club, Lexington, USA. registry.jockeyclub.com/registry.cfm?
page=dotRegistryHelpDeskTattoo [accessed June 2024].

TiNsMAN, J.C., Grupri, C., Bossu, C.M.,, PriGGE, T.L., HARRIGAN,
R.J., ZAUNBRECHER, V. et al. (2023) Genomic analyses reveal
poaching hotspots and illegal trade in pangolins from Africa to Asia.
Science, 382, 1282-1286.

TURNER, E.B. (1960) Postmetamorphic growth in anurans. American
Midland Naturalist, 64, 327-338.

ULLMANN, T., VERiSsIMO, D. & CHALLENDER, D.W. (2019)
Evaluating the application of scale frequency to estimate the size of
pangolin scale seizures. Global Ecology and Conservation, 20, €00776.

USGS (2023) Bird Banding Laboratory. US Geological Survey, Reston,
Virgina, USA. usgs.gov/labs/bird-banding-laboratory [accessed
June 2024].

Vickaryous, MK. & HaLt, B.K. (2006) Osteoderm morphology and
development in the nine-banded armadillo, Dasypus novemcinctus
(Mammalia, Xenarthra, Cingulata). Journal of Morphology,

267, 1273-1283.

WALKER, K.A,, TRITES, A.W.,, HAULENA, M. & WEARY, D.M. (2012) A
review of the effects of different marking and tagging techniques on
marine mammals. Wildlife Research, 39, 15.

WANG, B, YANG, W,, SHERMAN, V.R. & MEYERS, M.A. (2016)
Pangolin armor: overlapping, structure, and mechanical properties
of the keratinous scales. Acta Biomaterialia, 41, 60-74.

WiLLcox, D, NasH, H.C., TRAGESER, S., KiM, H.].,, Hywoob, L.,
CoNNELLY, E. et al. (2019) Evaluating methods for detecting and
monitoring pangolin (Pholidata: Manidae) populations. Global
Ecology and Conservation, 17, €00539.

WRIGHT, N. & JIMERSON, J. (2020) The rescue, rehabilitation and
release of pangolins. In Pangolins: Science, Society and Conservation
(eds D.W.S. Challender, H.C. Nash & C. Waterman), pp. 495-504.
Academic Press, Cambridge, Massachusetts, USA.

ZHANG, H., ADES, G., MILLER, M.P., YANG, F., La1, K. & FISCHER, G.A.
(2020) Genetic identification of African pangolins and
their origin in illegal trade. Global Ecology and Conservation,

23, €01119.

Oryx, 2025, 59(1), 54-60 © The Author(s), 2024. Published by Cambridge University Press on behalf of Fauna & Flora International ~ doi:10.1017/50030605324000656

https://doi.org/10.1017/50030605324000656 Published online by Cambridge University Press


http://seaturtle.org/tagfinder/
https://registry.jockeyclub.com/registry.cfm?page=dotRegistryHelpDeskTattoo
https://registry.jockeyclub.com/registry.cfm?page=dotRegistryHelpDeskTattoo
https://usgs.gov/labs/bird-banding-laboratory
https://doi.org/10.1017/S0030605324000656

	The Pangolin Universal Notching System: a scale-marking methodology for pangolins
	Abstract
	Introduction
	Methods
	Results
	Discussion
	Acknowledgements
	References


