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Abstract

All eight pangolin species are threatened and are collectively considered the most trafficked
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elusive and lowdensity species that are undergoing population decline due to poaching for

traditional medicine uses, spiritual purposes, and bushmeat consumption. They also expevemhce

mortalities caused byehicular collisions,sawell aslectrocutionson electric fences. There are

significant knowledge gaps pangolin ecologyincluding habitat use and hoivrelates to these

anthropogenic threats. Thcurrentresearch utilised field studies, citizen science, and remote

sensing in Kenya and South Africa to addresselgaps.

There has been limited ecological research on this species in Eastté@biat®. To investigate small
scale habitat use within home ranges, burrow choice of pangolins was monitored through camera
trapping andradio-tracking in Masai Mara National Reserve, Kefgngolins utilise burrows

created by aardvark€fycteropus afgrrather than create their ownThis means aardvark burrow
presencaslikely important fordeterminingpangolinhabitat usein KenyaFive characteristicsf
aardvark burrowsvere evaluated for pangolin preferenc@angolinswere generalists when it came

to utilisation based on theseharacteristics, althoughusrows with large entrances were avoided

due to presumed predator evasiofhese results were the first in East Africa to evaluate pangolin

burrow useand additionally provided advark distribution and burrow density data.

In addition to burrow presence, there are likely other environmental factors that influence pangolin
distribution and habitat useTo evaluate widescale pangolin habitat use, habitat suitability models
were generated using remotefensed environmental variables and citizen science reports. This was
conducted for botiNarok Countyand all of Kenygandrevealed thatmoderaterainfall, topography
above 1500 mandeightsoil typeswere the main predictors of distribution. This is the first study to
generate such models fgangolirs outside of South Africa. Further, a risk mogtak first created

for pangolinswasgeneratedusing anthropogenic variables to predict areas of high threats, which
indicatedareas with close proximity tmads anchumanpopulationsas the largespotentialthreats
within KenyaFencesvere indicated as a lesser threathereas they are known to cause numerous
mortalities in South Africa. This difference betm Kenya and South Africdilely due toalower

amount of electric fencing iRast Africa



To assess fences as a threat to pangolins in South Africa, an online citizen guastmmnaire was
usedto investigateelectrocution frequency and whidence types are most prone to cause these
mortalities. Mortalities of fourteen taxa were recorded, with pangolins being the second most
frequently killedspeciesafter tortoises Themostmortalities occurred on fences with lelgvel

electric wires, indicating thahitigation to reduce deathen these fencess needed

Colletively, these findings contribute to our understanding of pangolin ecology, including: habitat
use distribution factors, and anthropogenic threats. This information is vital for conservation
planning and will aid conservation practitioners and stakeholders in developing effective

conservation strategies.
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operationsfor an unforeseen amount of tim& his involved redesign of the researdbading tothe
researcher utilisig pre-existingdata from The Pangolin Projeict form Chapters 3 and df this

thesis In summary, this PhD research had two major chamgpsoject desigras a result of COWD

19, one direct and one indirect.
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Chapter 1- Introduction

All eight @ngolin species are collectively considered the most trafficked mammals globally due to
poaching for traditional medicine practices in Asia and Af@=llender, Waterman and Baillie,
2014;Gaubert et al., 2018nd urgent action is required to reduce the unsustainable population
declines that they are experiencinghey are one of the few orders in which every speisies
threatened withextinction, making tem a high conservation prioritfChallendeet al., 202G).
Additionally, they face other anthropogenic threats such as habitat loss and deaths on fences and
roads, which has further accelerated their decliRéefersen McKechnie and Janse2()14a;

Pietersen et al., 2090Pangolins are elusive and understudiBealuating threats to their
populationsand planning conservation action to mitigate negative population trends is challenging

due to numerouknowledge gaps regarding their biology and ecol@dgighton and Gaubert, 2021)

Most existing research has focusedtbe Asiarpangolinspecies, as these experience the highest

f S@St 2F GNIFFAOLAYIAD LYy 3ASYSNIfzX GKS ! FTNAOIY alL
researched the least for this reason, and most of this research has taken place in South Africa

(Pietersen et al., 202®ietersen and Challender, 202@eighton and Gaubert, 2021 lowever, in

recent years as#anpopulations have become depleted there has been a shift towards trafficking

of the AfricanspecieqChallender et al., 202(). There is a considerable lack of knowledge on

¢ SYYAyYy Ol Qa systdmgtia evielv iy Heighton and Gaubert (208dhd large knowledge

gaps pertaining to general ecology, perceptions and awareness of local communities, and

anthropogenic threats (excluding poaching).

In 2014, the International Union for Conservation (IlUSpgcies Survival Commission (SSC) Pangolin

Specialist Group created an Action Plan to determine the most critical research and conservation

targets necessary fall pangolinspecieqChallendeet al.,2014b). This encompassed four

categories: 1) Conservation Research, which included monitoring, conservation breeding, and

genetic studies2) Pangolin Strongholds, which entails identifying priority countries in which to focus

conservation and demand reduction effor® Policy Recommendations, including CITES

recommendations, the examination of istation gaps, and the enforcement of protection lawad

4) Demandreduction, behaviour change and awareness raising, which includes reducing the

demand for meat and scales, and raising the profile of pangolins globally. Within the Conservation
15



Research category, developing monitoring protocols to estimate abundance, defining habitat
suitability for each species, and understanding the ranging behaviour and distribution of all species,

were considered priorities (Challendetral.,2014).

Overall, our understanding of pangolin ecology for all species urgently needs gnpay in

particular for regions outside of southern Africa, and in regards to population estimates and
monitoring (Pietersen and Challender, 202@)is particularly important to improve our

understanding of habitat us@s itinforms conservation planning and can be used to evaluate the
impact of various threats on pangolin populatiofisKk S Y| 22 NA{G& 2F NBE&ASI NOK
has focused on ecological data, including distribution, density, habitat use, reproductive and
movement behaviour, and predation. However, collectively these topics encompass only 16
scientific papergHeighton and Gaubert, 202&jhd mostof this research has been ragtted
geographically t@outhernAfrica. There is a lack of knowledge on all topics for any other range state
or regionand it is probable thapangolin ecology will differ asssrange countries due to variation

in environmental factorsas this species is known to exhibit differemiting, dietary selection, ah

home ranging behaviour in different regions (Pietersen et al., 20Rdjitionally few scientific

papers have evaluated anthropogenic threats that are not illegal trade relatethgainthis has
primarily been irSouth AfricaThere has been little research into threats within East Africa as a
whole, and even less investigation into threats in Kefiyds means there is a gap in how these
threats impact pangolin populations and relate to their ecology in all other countries. Additionally,
little is known about how dietary selection influences pangolin distributipreterserand

Challende, 2020)

2y

This thesis wilnvestigated S@S NI f {1 y2¢6f SRIS Il LA F2NI ¢SYYAYO] Qa

South Africa. It wiltesearchtwo of the priorities identified by the IUCN SSC Pangolin Specialist
Group; namely defining habitat suitability, and understanding pangolin distribution and ranging. This
thesisaims to address the lack of data found on anthropogenic thresatd relating to pangolin

habitat use at different spatial scales, whante fundamental for effective conservation action.

Specific researchiras are outlined in Section 1.7.
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1.1. Ecologicaknowledge
1.1.1.Pangolinbiology

Pangolins are a morphologically unigue set of mammalian species and the only members of the

order Pholidota(Gaudin et al., 2020 here are eight species of pangolin, four of which are found in

Asiaand four in Arica (Figure 1.2)The four Asian species are: Indian pangadliar(is

crassicaudaty Philippine pangolinanis culionens)s Sunda pangolirfManis javanicy and

Chinese pangolinanis pentadactyla The four African species are: Blaehlied pangolin

(Phataginus tetradactyla White-bellied pangolinRhataginus tricupsjs Giant pangolingmusia

gigantea) = | Y R ¢ SY Y ASMmOtdiadxémmintikii/ THe2SUnkla/ Phapine, white-bellied and

blackbellied species are arboreal (Chong et al., 2020; Gudehus et al., 2020; Hoffman et al., 2020;

Jansen et al., 2020), while the Indian, Chingiel yi 3INRBdzy R ' YR ¢SYYAy Ol Qa 3
terrestrial (Mahmood et al., 2020; Pietersen et al., 2020; Schoppe et al., 2020; Wu et al., 2020)

All pangolins have epidermal keratin scales, which give them a unique appearance unlike any other
mammal (Figuredo ® ¢ KA & KIFIa fSR (42 G4KSY o0SAy3a NBEFSNNBR
the only mammadthat possess true scales, and because their diet is comprised of ant and termite
species. Howevethey are not closely related to this group evolutionarily, nor to Armadillos, which
also possess scales but differ in appearance and are composed of osteoderms rather than keratin
(Vickaryous and Hall, 2006audin et al., 2020Establishing the evolutionary history of pangolins

has proven difficult as they do not have teeth, the most wediserved part of most mammalian
skeletons. Teeth are often used to elucidate relatedness between mammal species thus their place
on the evolutonary tree has historically been debat@dngar, 2010Gaudin et al., 2020) heir
occurrence at low density has also resulted in a spfossil record. Previously, they have been
grouped closely with Xenarthra, which includes armadillos, and in Carnivora. However now it has
been established that they are in a separate order of their own, Pholidota. Pholidota likely originated
from Laurasiaa small mammal group from the early Palaeocene in Europe, with its two closest
relatives being Carnivora and Palaedanta from North Americglynn and Wesleijdunt, 2005;

Rose et al., 200%5audin et al 2020) This evolutionary distinctness combined with their unique

morphology and high level of vulnerability to anthropogenic threats means that they are now
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classified as an Evolutionarily Distinct and Globally Endangered (EDGE) priority species. EDGE species

are of important research and conservation fo¢Bark, 2014)

Pangolin scalesover ther entire dorsal region including the talhterestingly their keratin

composition is homologous with that of primate fingerndpearman, 1967 ong et al.1995;

Gaudin et al., 2020Pangolin scales act as protective armour from predators and when threatened a
pangolin will curl into a ball to maximise protection from their scéesudin et al., 2020Pue to

this behaviour, pangolins do not have many natural predators; they are only occasionally predated

on by lion Panthera led, leopard Panthera pardusor spotted hyaenaGrocuta crocuta However,

their scales do not protect against ant or termite bites which may deter them from feeding on

certain speciegHeath and Hammel, 198&Gaudin et al., 2020Although pangolins do not have

teeth, theydo haveextended tongues of 49 60 cm. This is due to their very specific diet of ants and

termites, known as myrmecophag§audin et al., 2020)his tongue, along with their specialised

claws for burrowing, allow them to easily penetrate insect mouf@sudin et al., 2020and similar

traits are found in South American anteatePangolins have relatively poor eyesight and enhanced

senses of smell for detecting prey, which is common amongst insecti{@oesvu and Sodeinge

2015;Pietersen et al., 2020l pangolins are exceptionally speesgecific with their diet and will

typically only predate a few of the available ant or termite species in their ranges, even if numerous
species are preseriweeney, 19568Chao, Li and Lin, 202PRaraino et al., 202 All species possess

powerful forelimbs with claws, and in arboreal species these claws are curved and hindfeet are

longer to assist with moving on branch@audin et al., 2020)n terrestrial species, the front claws

are longer, straighter, and often more worn from digging than in the arboreal spédiggmngolin

species have a muscular tail that can be used in defence against predators, as a counter balance

GKSY gLt 1Ay3a F2NJ GKS O0ALISRIfT ¢SYYAyO1Qa LI y3aA2f Ay
arboreal speciegGaudin etal., 20208 SYYAy O1 Qa LI y3I2ftAya KIFIGS o0SiG6SS
their bodies, with a total of 34Q 420 scaleg¢Pietersen et al., 20205 cales are absent from their

underbellies and heads, aridey have very sparse hair on their abdomams! limbs (Pietersen et

al., 2020)¢ SYYAYO1 Qa LI y3aA2fAy FNB 6FGSNI AYRSLISYRSY G |y
from their diet, although they will opportunistically drink from available water sou(&ésart, 1980;

Pieterseret al, 2016b)
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Most pangolinspeciesare predominatelynocturnal,with the exception othe blackbellied pangolin
whichis diurnal(Gudehus et al., 2020)octurnal behaviour camary depending on the time of year
and the weather. This may depend on prey availability and season, for instance in South Alfiéca in
summertime& ¢ SY Y A y O jis@rowrLtly b¢ Bogtdrdalfo avoid high temperatures, whereas in
winter they may be diurnal to avoid cold night temperatu(8svart, 2013Pietersen McKenchie and
Jansen2014b;Pietersen et al., 2020 hey are a solitary species that only meet during mating
periods(Chao et al.2020) All pangolin species are seldom seen and have primarily been recorded
at low density(Sweeney, 195@ieterseret al., 2014; Willcox et al., 201thence the paucity of
behavioural and ecological data relating to thefheir predicted lifespan is long, at up to 20 years,
and have slow reproductive outputs with one pup every two years, with a gestation period &f 105
140days(Pieterseret al,, 2016; Pietersen et al., 2020If primarily adults are poachethis means

the rapid decline ofmatureindividuals is contributing to quick population reductiagisceless
individuals can reproducdhis has been seen with African forest elephahtsx¢donta cyclot)s

which also have a slow population growth rated have undergone extensive poaching in Central
Africa Turkalg Wrege and Wittemye(2016)estimate that it would take 4 ¢ 6 decades for tis
elephantpopulation to recovert dzLJA NA RS 2y GKSANI Y2UKSNDa Gl Af
become independent at approximately four months. It is likely that pups and juveniles experience a
high mortality rate as their scales are still soft and develogigterseret al.,2016a). Adult
¢SYYAYy Ol Qa LJ y3I2t A yokgandhai@ i boylendthdif 48 &n, ajthough
these measurements vary across their range, e.g., a male in Sudan was recorded weighing 21 kg.
There is no sexual dimorphism although males weigh slightly more than fe(Réésrsen, 2013;

Pietersen et al., 2020)
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Figurem ®m ! Rdzf G ¢ SYYAyYy Ol Qa LI y 3Bdth are/féragiagh an&on & ttferi tiee (RS &8 6n2 ddS R &
grass (bottom)Photostaken bylLeandra Stracquadanio.

1.1.2.¢ SYY Ay O] QREabitatusg ds®ibufioyf, and populatios

Distribution of all pangolin species is determined primarily by prey distribution, temperature, and
occasionally, water acce@Bigure 1.2Chaoet al.,20200 ¢ SYYAy O1 Qa LI} y3I2f Ay a
range of all pangolin species and are present in a variety of habitats, including woodland, arid and
mesic savannah, desert, and seamid habitats. They are notably absent fraosedcanopy foress,
coastal regionand agriculturatrop areas(Coulson, 198%4eath and Coulson, 1997; Pietersen et al.,

2016g; Pietersen et al., 2020). Overall, they do not show strong habitat selection within their home
20
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or core ranges and their presence within a region is presumed to be subject to the availability of
prey species and dens for shel{®ieterseret al.,2016g; Pietersen et al., 2020Pangolins from
different regions feed on different species and if moveatoew region will not feed on unfamiliar
specieqPietersen et al., 2020t is unknown if this arises from learned experience or whether it is
socially learned or an innate biological trdihis species is one of fiveyrmecophagous species in
southern Africa (aardvarfOrycteropus afgr bateared fox(Otocyon megalotjs aardwolf(Proteles
cristatuz | Y R maoigboseRNIchogale melldriand is the only one to feed solely on ant and
termite speciegPietersen and Robertsen, 2028)S Y Y A yaBdol@siocdud within climatic
conditions of 25@ 1400 mm of rainfall annually and their altitude upper limit is ~170woulson,
1989;Pietersen et al., 2020Yhe overall factors that influence pangolin distribution, such as climate,
resources and habitat, are not fully understood thus it is challenging to predict their occurrence,

which is necessary for understanding their ecology and for conservation planning.

The focal countries for this thissare South Africaand KenygSYYA Yy 01 Qa LI y3a2ft Aya |
throughout Eastern and Southern Africa, although distribution in these regions can be fragmented
(Pietersen et al., 202Figurel.2). It is thought that overexploitation has caused local extinctions in

some regiongPietersen et al., 2020The northernmost presence of the species has been recorded

in Chad, while theastern andvestern most records are from Ethiopia and Namibé&spectively

They are widely distributed in East Africa and their range extends southernly down to South Africa.

This species is absent framrthern, western and most ofentral Africa, including the Democratic

Republic of Congd-his is presumably due to their niche requirements not being imatvever

further study is needed to investigate thighey are foundhroughout most olKenya except in the
north-eastern regions of the countfwynnerton and Hayman, 1950; Foley et 2014 ;Pietersen et

al., 2020) Their population once did occur eadteto the coast of Kenya, however anthropogenic

habitat use has reduced their ran¢@€. Okell, personal communication, 202M)ereis very little

information on the ecology of this species in Kenya due to a lagldliliished research outside of

southern AfricaTheir southernmost distribution is in the Northern Cape of South AfR@tersen

etal., 2016; Pietersenetal., 2020 2 A0 KAY {2dziK ! TNAOIZ ¢SYYAyOl Qa
Northern Cape, Limpopo, NorWestProvince, Mpumalanga arithe northern regions oKwaZulu

Natal The species waanceknown to be widespread but low density in KwaZNlatal in 1983 (Kyle,
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2000) howeverthere have been presumed local extinctiotisere caused bymuthi practices(local

traditional medicineand bushmeatonsumption(Pietersen et al., 2014&jeterseret al., 2016

Much of this species is confined to managed or protected areas in South ¢®iétarseret al.,

2016)® t 2 LJdzf F GA2Y SaldAYIF{iSa F2NI ¢SYYAyO1Qa LI y3I2fA
NI y3S RdzS G2 Ada StdaAaABS FyR y200daNYyIf yI Gd2NEd a
conducted in South Africa and currgmpulation estimates for South Africa are between 0.1216

reproducing individuals per km? and 0.28.31 total individuals per kn{Pietersen et al., 2014b)

From these predicted population densities it is estimated that in South Africa therg @02
32,135matureindividualswith amore likely range of 16,32924,102(Pietersen et al., 20Hj.

There isittle difference in range size recorded between males and fem&lese range sizdiffers

between regions in South Africa, with the nogtastern ranges varying from 1¢¥.9 kmz2, and

eastern regions estimating 9.282.98 km3van Aarde et al., 1990; Swart, 201l3pme ranges

within the Kalahari of South Africa are estimated at 10 km? for adults and 7.1 km? fadsiliis.

This variation in home range size may be dubkabitat type, population density, or sex. Males have

generally been foud to have slightly larger home ranges than feméledth and Coulson, 1997;

Pietersen et al., 2020%0cial structures amsot wellunderstood, and the overlap of male and

female home ranges also varies depending on locale, with different regions indicating either

monogamous or polygamous mating interactioRsgdiger, 2020; Pietersen et al., 20B@etersen

and Challender, 2020). In Zimbabwe, home ranges are estimated to be betwi&enZB.4 kmz,

with males having the largest ranges and temporarily overlapping several female (&legdk and

Coulson, 1997)There appears to be a large disparity in range size depending on region, which may

be due to habitat type, climate, or social interactions between pangaddissndividuals of the same

sex do not often have overlapping home ranges (Pietersen et al., 208@)rtunately there are no
SadAYFiSa FT2NIFye 20KSNJ FNBlFa 2F GKS aLISOASEQ NI
on perceived threat¢Pietersen et al., 2020Males may be territorial with an intolerance for other

males in their home ranges, which can result in wrestling baf8esart, 2013Pietersen et al.,

2020) Within their home range, pangolins utilise burrows as a form of shaitdrfor predator

avoidanceand move in an apparent unplanned manner betwéemnrows(Health and Coulson,

1997; Swart, 2013)This species uses burrows created by other species such as aardvarks rather than
digging their ownWhen they are not foraging, pangolins spend the majority of time resting in
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burrows(Swart, 2013Pietersen et al.2020) They change burroswoften and occasionally revisit
previously used burrows, indicating thatimerous are needed throughout their habitat (Pietersen

et al., 2020)The mechanisms behind burrow selection are wetl understood and likely depend on

a combination of biological and social factors. Understanding how this choice occurs would provide
valuable insights into pangolin habitat use and distribution. This thesis investigatbartiosv
characteristicghat influencepangolin burrow use. By understanding burrow use, we can better

evaluate how pangolins move and utilise habitat within their haamges and core areas.
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577 Black-bellied pangolin
[ Giant pangolin
"] Ground pangolin

| White-bellied pangolin

| Indian pangolin
I Chinese pangolin
[ Philippine pangolin

| Sunda pangolin

Figurel.2 Mapillustrating the ranges of all pangolin specie#\frica (top) and Asia (bottom§ SYY Ay O1 Qa LI y3A2f Ay
shown on the top in greyAdapted from theScalindJp PangolinConservation [IUCN SSC Pangdlipecialist Group

Conservation Action Plg&hallender, Waterman and Baillie, 2014)
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1.2.Ecological, cultural and soegmonomic value of pangolins

Some @ngolinspeciesincluding the Chinese pangolare potentially thought to regulate ant and
termite populations and contribute to habitat construction by digging burrows that other animals
use (Chaet al.,2020). Prey are consumed at all stages of life despite heavy prey selectivity. In
Taiwan, the Chinese pangolin consumes several species, including the yellow cranopldl¢pis
gracilipe3 which is invasive to the count(Zhacet al, 2020) The regulation of social insects
provided by pangolins likely influences local ecosystems by controlling insect abundance and
distribution. Ants are vital as decomposers in ecosystems whiteities play an important role by
digesting cellulose, and although important these roles must be regu(&@hbdoet al.,2020)
Additionally, if uncontrolled, ants and termites can become pests to humans through building and
crop damage, therefore pangolins are an important aspect of ecosystem services and thus
contribute to humans economical(ipel Torg Robbins and Pelin2012; Sileshi et al., 2006haoet
al.,2020) It isestimated that one pangolin can consume several million insects each year. This
ecological value is established for the Chinese pangolin, however, similar quantification is required
for other pangolin specie§iven the low abundance of all pangolin spefigther research is

needed to evaluate their contribution to ecosystem services.

In addition to ecological values, most pangolin species are of high importance to local communities
due to cultural, medicinal and spiritual beli¢Boakye et al., 2014)nd these cultural values are at

risk if poaching and bushmeat hunting continue to cause severe population decline. Pangadins are
common bushmeat food source in many range countridany communities in Central Africa view
them asa preferred bushmeat speci¢Boakye et al., 201&oewu et al., 2020 here are also

several spiritual beliefs related to pangolinsCentral andEastAfrica, they are associatexs icons

of romanticattraction. Throughout much afastern Africa, they are seen as symbols of an
abundance of rain and food, signifying that they are generally a good ¢aish, 1995Soewu et

al., 2020) However, different communities hold varying beliefs. They are often considered to be
revered and sightings are taken in a serious manner (Baiyewu et al., 2018). Some communities in
Kenya and South Africa view them as good luck, while some view thend &sckaPangolins

therefore hold numerous culturalalues,and their decline would certainly have an impact on these
communities. In terms of economic importance, pangolins may contribute to tourism income
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throughout their range countrie@Di Minin and Hausmann, 202@t least one tourist lodge in the

alalA al NI brdAaz2ylt wSaSNBS 27T peseycedf pangpling I Qa / | Y
the area to tourist{Steyn, 2015)PhindaReserve ilKwaZuldNatal, South Africaoffers tourists the

opportunity to join a researchen the fieldfor a pangolin monitoring experience using telemetry
tracking(AndBeyond, 2023pPi Minin and Hausmann (2020) found that there is a high interest in

seeing pangolins amongst etmurists insouthern Africa and that these tourists are willing to spend

more money to see pangolins. This has the potential to bring more donations #megsm

projects and revenue to local communities that suppahgolin conservation. However, not many
pangolinfocused tourism projects exist so the development of thelseuld be considere(Di Minin

and Hausmann, 2020)
1.3. Population trends

Population of all eight pangolin species atgrently declining due to anthropogenic threats. There

are few population estimates for all pangolin species so it is difficult to assess declines quantitatively
for individual species. All existing estimates are summarised belgaction 1.3.1Range

distribution of each species can be seen in FigureTh&.lack of population estimates derive in part
from a paucity of ecological knowledge necessary for designing appropriate monitoring methods. Al
species are naturally loensity, solitary, and elug, making counting them difficulMorin, et al,

2020) Pangolins are also habitat generali@#orin et al., 2020)which can hinder our

understanding of where they are and where to focus reseakdditionally, resources in range

countries are often limited and bureaucracy for research pergdts becomplicated(I[UCN SSC

Pangolin Specialist Group, 2018). Most monitoring has been conducted on observable species, such
Fad G0KS GSNNBaOIGNRFf ¢SYYAYyOlQa LI y3IA2fAyT odzi GKSN

less visible arboreal species can be monitored.
1.3.1.Speciesspecific population trends

Chinese pangolin: This species wasewidespread throughout China and declined sharply, up to
94%, between 196 1990. This species is present in Vietham and Nepal and populations are
presumed to have dramatically declinedboth (Wu et al., 2004Newton et al., 2008; Thapa, 2013;

Wu et al., 2020)It also occurs in Hong Kong but there are currently no accurate population
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estimates It is thought thatthis may be one of the only regions where this species is not in decline
however it iddifficult to assess this without a population estimafehere is no data for any other

range countries for this speci€bable 1.1Wu et al, 2020)

Indian pangolin: There is very limited abundance data for this species and no population estimates
(Table 11). In Pakistan the species is estimated to have dettli®86 between 2010 and 2012

(Irshad et al., 2015)There have been no assessments in India, Nepal or Bangiddakmood et

al., 2020)

Sunda pangolin: Population estimates are lacking for most range states but are expected to be
declining in most regions (Tablell.Myanmar and Thai populations are thought to beétline

due to illegal exprtation to China and habitat loggnon, 1999Nijman Zhang and Shepherd016.
The species is considered extremely rdm®ughoutmuch of its range in Southeast Asia, where
there have been large decline§up to 99%Duckworth Salter and Khounbolind999;Chong et al.,
2020) Lao PDR and Vietnam reported severe declines from 42800 Malaysian populations are
also thought to be declinin@Chong et al., 2020)

Philippine pangolin: There is not much known about this sp&p@sulationsizeand it inhabits a

very small range in the Philippines. The species is very rare and evidence suggests it is in decline and
located sporadically across its ran@ehoppe et al., 2020The species is not evenly spread across

its range and has declined sharply since the 1960s, betweerdB%(Acosta and Schoppe, 2018

Palawan Council for Sustainable Development Staff, ZD&@le 11).

Blackbellied pangolin: Tdate, there havébeen no estimates of population size for this species
(Table 11). This species is the least frequently reported which may reflect its low dé€kKgitydon
and Hoffman, 2013Gudehus et al., 2020)

White-bellied pangolin: This species is thought to be the most frequently seen pangolin species and
occurs in high densésin suitable habitat, however there are no current population estimates
national or global level§rable 11; Jansen et al., 2020Most reports suggest the species is declining,
however local hunters ithe Volta Region dshana consider them commdEmieaboe et al., 2014)

In Benin, Uganda, Guinea and Nigeria the species is thought to be de(firdinggam et al., 1994;
Djagoun and Gaubert, 2009; Soewu and Adekanola, 20T¥WA, 2018Jansen et al., 2020)
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Giant ground pangolin: Overall this species appears to be uncommon and rare, and there are
predicted reductions in population sized based on camera trap data. There are no true population
estimates for this specigsioffmann et al., 2020rable 11). There have been several camera trap
studies on this species across a few range countries and their success has varied greatly but the
overall capture rate indicates they are rare and in deq(ifaey et al., 2014, Bruce et al., 3)1

Khwaja at al., 20109

¢SYYAYyO1Qa 3IANRPdzyR LI yIA2FfAYY t 2Lz FGA2y SadAYl (iS5
South Africa (Table 1). Populations of this species are thought to be declining across their wide
range(Pietersen et al., 2016&ietersen et al., 202®ut this is challenging to assess due to the lack

of research taking place outside of South Africa.

Tablel.1 Summaryof the currentpopulationabundanceand density estimates for each pangolin speci#s et al., 2002;

Akpona et al., 2008y ational Forestry Administration, 200Babsara et al., 201®jetersen et al., 2026 Mahmood et al.,
2018;Kao et al., 2019¢Chong et al., 2020; Gudehus et al., 2020; Jansen et al., 2020; Mahmood et al., 2020; Pietersen et al.,
2020; Schoppe et al., 2020; Wu et al., 2020).

Species Population and density estimates Location Date

Chinese pangolin 64,000 China 1990
50,000 100,000 China 2002
0.043/km?2 Guangxi, China 2008
12 13/km2 and 15,000 Taiwan 2019

Indian pangolin 0.00044 0.37/km2 Pakistan 2012

2018

5.69/km? Sri Lanka 2015

Sunda pangolin 1046 Singapore 2019

Philippine pangolin 2.5 4/km2 Philippines 2020

Blackbelliedpangolin  0.015 0.26/km? / 2GS RQL (2019

White-bellied 0.84/km? Benin 2008

pangolin

Giant pangolin

Temminck's pangolin 0.23 0.31/km? and 16,000 South Africa 2016
24,000

1.4.Threats

As with manythreatenedspecies, all threats to pangolin populations are believed to be

anthropogenigPieterseret al.,.2014ap ¢ SYYAy 01 Qa LI y3I2ft Ay FI OS 020K

0N RS RSYlIYyR&aX ¢gKAOK Ol dzaS KAIK tS@gSta 2F AfttS3Il
28



refers to poaching for bushmeat and local medicinal practices within range states, while
GAYUGSNYIGA2ylLt RSYFYyRé RS&AONRO0Sa Siangestdeln2 ¥ LI y 32
addition to trafficking, this species is threatened by habitat loss, fence mortalities, and mortalities

caused by road collisiorfRieterseret al.,2014a) Within South Africa,ite combination of these

threats hasledto &INS RAOG SR omx: RSOt AYS Ay ¢SYYAyO1Qa LI y:
or approximately 27 year®ieterseret al, 2016).

1.4.1.Local demand, cultural beliefs, and drivers of consumptffincan pangolin species

The use of animal products for medicinal purposes impacts numerous species. However, the
difference between pangolins and other species is the large demand across local commianities,
combination with demand foproducts exported in the illegatildlife trade. This makes the extent

of the problem unique to pangolins as a taxon because they are impacted both locally and
internationally SGoewu et al., 202@ietersen et al., 2020). In many countries across Africa, pangolin
products from all four species are extensively used in traditional African medicine practices,
traditional ceremonies, and for bushme&dakye et al., 2016; Soewu et al., 2DZDften pangolin

meat is considered a delicacy (Wildlife Justice Commission, 202@8) are popular due to their

taste and are commonly sold at many restaurants throughout Nigeria, Botswana, Ghana, Sierra
Leone, Zimbabwe and Mozambiqg(foewu et al., 2020; Wildlife Justice Commission, 2020a)

West Africa, thevhite-bellied, blackbellied, andgiant pangolin species are present and all have
historically been consumed as bushm@abakye et al., 2016; &rtigam et al., 1994; Soewu and
Ayodele, 2009)Central Africa is home to the same three pangolin species, which are all considered a

preferred bushmeat source throughout the region.

In West Africatraditional medicine is the most common form of healthcare and pangolin use is

widespread for a variety of ailments including leprosy and mental ill{&sswu et al., 2020)

Specific body parts of the pangolin are used to cure different diseases. Many spiritual beliefs (both

positive and negative) surround pangolins in Central Africa, including relating to féBiyeu et

al., 2020; Walsh, 2020in East Africghere has been little research into bushmeat consumption or

medicinal use, but it has been recorded sporadi¢g@iimarily in Tanzani@\right, 1954; Walsh,
2020)¢ KNR dzaK2dzi 9Fad ! FNAOI LI y3IA2fAya | NB NBTSNNBR
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spiritual and possibly medicinal use (Wright, 1954; Pietersen et al., 28@4les are thought to aid

with pregnancy ailments and treating nose ble¢dmgdon, 1974 Pangolins also hold numerous

cultural beliefs, which can be positive or negative depending on the Idoateuch of Tanzania,
¢SYYAYyO1Qa LI y3I2ftAya NB dzaSR a al ONARFAOSaE G2 L
as protection and good luck charms to ward tedfd luck(Mbilinyi, 2014) Conversely, in south

western Tanzania, they can be seen as a sign of oncoming drought if the animal does not shed tears

during ritual ceremonies/alsh, 1995Walsh, 2020)There has been almost no investigation into

these threats in Kenya but as it borders Tanzania the uses of pangolin products and the beliefs

behind this may be similar.

¢SYYAYyO1Qa LI y3I2f Ay A soutllief Bfrica, arfidédas bdleryréparfediag a4 LISOA S 3
bushmeat in South Africa, Zimbabwe, Mozambique, and Botswana, but less so Wastiand

Central Africa. In South Africa, pangolins are commonly used for traditional medicine practices and
are one of the most wlemand species in local commercial markganningham and Zondi, 1991

This is typically where scale and bone products can be purchased but they are not widely available.
However, a study by Baiyewu et(aD18) found that only 55.5% of community members had
knowledge of pangolin cultural or medicinal uses in South Africa. Pangolin products are regarded as
highly effective medicine in Zimbabwe and are also found in medicinal markets in Namibia and
Mozambiqee. Many different body parts are prescribed by practitioners, each for different ailments.

In addition to medicinal bedfs, there are many spiritual beliefs around this speg8sewu et al.,

2020) For example, in South Africa and Zimbabwe, pangolins are often associated with good omens
and seen as valuable gifts for chiefs. In much of South Africa, they are also seen as indicators for
rainfall and if a pangolin is killed it is believed a drougititaecur. However, the AmaZulu tribe

believes the opposite, i.e., if a pangolin is seen, a drought will ensue unless the animal (KKied
2000. Contradictory beliefs are also seen in Mozambique, where pangolin sightings can be regarded
either as a sign of abundance or famine, depending on the ethnic group. There are many rituals

surrounding pangolins to bring good luck, ward off evil, or foareding(Soewu et al., 2020)

Current local trade ratemdicate an increasing demand for Afrigaangolin productswhich will
impact¢ SYYA Yy Ol Qa LI y @i2térdentt alLBD16zL dcal Hutiggavas once

considered sustainable but this is no longer the case. For example, the Kvii&ZalBrovince of
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South Africa has undergone depletion of most populations such that pangolins are now locally
extinct in some areas (Pietersen et al.188). Local demand is challenging to manage because

cultural beliefs are often ingrained into community practices, making them difficult to change.

1.4.2.International wildlife tradeall pangolin species

For centuries pangolin products (primarily scafesin the Asian speciefiave been harvested
throughout Asian range countries for traditional medicine practices, food sources, and decorative
ornaments. This has been known to occur in every range country for the four Asian pangolin species
and is particularly prevalent for tditional Chinese medicinging et al., 2020Much of the illegal

trade is facilitated by corruption throughout both pangolin range states and consumer states, which
can include organised crime and law enforcemi@@in Uhm and Moreto, 2018Vildlife Justice
Commission, 2029). An estimated 1 million pangolins have been removed from the wild in the last
decade with 206.4 tonnes of scales confiscated from 52 seizures between 22AB9and two-

thirds of thesein 2018¢ 2019(Challender et al., 204 Baiyewu et al., 2018Nildlife Justice
Commission, 2021). One kilogram of pangolin scalean vary from $52 739 (~£42¢ 606;Wildlife
Justice Commission, 2020 An estimated 895,000 pangolins and their derivatives were trafficked
between 2000 and 2019, based on 1474 seiz(fPemtel and Anak, 201Challender et al., 202 It

is likely that the majority of pangolin products are not intercepted and thus the actual number is
much higher. In general, seized wildlife products represent a small proportion of actual numbers of

animals poache¢Eliason, 2003)

Pangolin products are used for a wide variety of reasons that differ between rdgiéwssa In South

Asia, pangolins are commonly consumed for subsistence and the scales from the Indian and Chinese
pangolins are used for medicinal purpo¢Asostalagrada, 2012ylohapatra et al., 2015; Perera et

al., 2017Xing et al., 2020)Scale products are worn by women to alleviate reproductive issues, treat
haemorrhoids, and prevent pneumonia. In much of Nepal the scales are used to protect babies from
diseases, however in some regions of the country scales are used to as a synuoal hio(Soewu

and Adekanola, 2015isher, 201% In Southeast Asia, which includes Chinese, Philippine, and

Sunda pangolin ranges, pangolins are primarily hunted for meat, and some commim8iematra

and Java believe this meat can heal skin condit{nsn, 1999. The commercial value of pangolins
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is so high that pangolins are often sold into the illegal trade rather than consumed by the hunter
thus there has been a reduction in subsistence consumption. Pangolin meat is often the most
expensive meat in higand restaurantgChallender et al., 201%ing et al., 2020)n terms of

cultural medicinal beliefs, which does not include evidehased medicine, in Southeast Asia they
are used to treat digestive problems, encourage blood circulation, treat ulcers and skin rashes, to
improve lactation in women, and to protefrtom disease such as prostate illnesggmg et al.,

2020) In East Asia only the Chinese pangolin is present. Meat consumption here has been
R2O0dzySy (i8R F2NJ 29S8NJ 2yS (K2dzalyR 881 NAE | yR

4

KS
and remove toxins from the body. Traditional Chinese medicinal use of pangobrgstaecorded

around 500 CE in an ancient Chinese herb book and pangolin scales were used to improve ant bite
reactions. In later centuries, scales were used to cure malaria, promote lactation, reduce blood clots,
and improve circulatiofXing et al., 202@ndhave also been used to treat many gynaecological

issues. Across all regions, scales and meat are consumed in a variety of ways including as pangolin

wine, or scaleground down, boiled, or sudried (Xing et al., 2020)

All Asian pangolin species are in steady decline due to Chinese megieictides(Xing et al., 2020)

This continued domestic demand has depleted pangolin populations in Asia and has led to all Asian
pangolin species being classifiedeaglangered oxitically Endangered by the IUCN Red List.
Additionally, up until the early 2000s the United States was the biggest importer of Asian pangolin
scales and leather which were commonly used for fashion accessloiget® the unique appearance

of the leather(Heinrich et al., 2016)The high demand for pangolin products from Asia has remained
despite the decline in Asian pangolin populations. The need for a new source to meet this demand
has caused a knoakn effect which has resulted in an increase in trafficking of African pangoli
species (Figurg.3). These species are now poached and are exported to Asia, which is a practice
that has increased steadily over recent ye@eterseret al.,2016a). Prior to 2008, no African

species had been recorded as trafficked to Asia but this is no longer the case, with all four now found
in the illegal trade to varying degre@deinrich et al., 2016)An estimated 585,000 African pangolins
were trafficked between 2016 2019(Challender et al., 202(). From Mayq August 2017, there

were sixseizuref African pangolins in Malaysia, weighing 6695 kg (Krishnasamy and Shepherd,
2017).These involved at least seven export and transit countries including KEmgaotal

importation into Malaysia since 2014 is estimated to be 8000 kg of African pangolin scales
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(Krishnasamy and Shepherd, 20IisexploitationK & 6 S3dzy (2 AYLI O ¢SYYAY
although it is considered the least trafficked of all pangolin species, having not been recorded in the
trafficking trade until approximately 15 years ago. The TRAFFIC wildlife trade database reports only
35inciderii & 2F ¢SYYAy Ol Qa &2, witz8Sirdividusl paagdlBs/andt n ny

numerous scales seized (TRAFFIC International, 2023). However, betweer2PQ98here was an
AYONBIFAS NBLE2NISR Ay ¢SYYAYyOl Qa LIChameaderand LJ2 | OKSF
Hywood, 2012; Shdgerd et al., 201), with at least 34 individuals seized although the actual

number is likely much higher as a high proportion are not intercef@dllender et al., 2020

Pietersen et al., 2020)

There has been little recorded international exploitation of pangolins from South Africa, rather the
poaching is almost entirely for local u§tietersenet al., 2020) TRAFFIC has records of 24 incidents
in South Africa, 23 which have taken place since 2018 (TRAFFIC Internationall l2028)nary
exporters within Africa appear to be Nigeria, the Democieépublicof Congo, and Cameroon
(Wildlife Justice Commission, 2@80in Kenya, thenainthreat to pangolin populations thought to

be theillegal wildlifetrade (kenya Wildlife Servige2016). Ashe Asianspecies have been depleted,
increasing numbers of pangolins have been poached from the wild in Kenya @onteelx with the

first incidents reported to TRAFFIC in 2011 (TRAFFIC International, 2023). Fran2@034ust one
case of pangolin trafficking was seized at Jomo Kenyatta International Airport in Nairobi, while from
2021¢ 2022 more than 20 cases campgolin trafficking were seized (Africanews, 2023). Kenya ranks
7" highest of all African countries involved in the illegal trade of pangolin scales, with 1,398 kg of
scales intercepted from 20162018 Environmental Investigation AgenfiylA, 2020). Kenya is a
known exportation hub for pangolinkkely both for locally poached pangolins and for those being
trafficked from Cameroon, the Democratic Republic of Congo, Senegal and Central West African
Republic (EIA, 20200his trade isppeardo be increasing buthte extent to which exported

pangolins originate from Kenya versus transiting from other countries via Kenya is currently

unknown(Soewu et al., 2020)
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1.4.3.Habitatlosy ¢ SYYAy Ol Qa LI} y3I2f Ay

¢CSYYAYO1Qa LI y3IA2ftAya INB (y26y (2 dziAtAasS | G NR
commercial and crop agricultural land, likely due to human disturb@RiEdersen et al., 2020As

human presence increases so do agricultural practices and land development, which can lead to

extensive habitat fragmentation. Additionally, increased human presence likely leads to areas with

higher levels of poaching due to close proximity of pamgahnd peopleMatrix habitats caused by
fragmentation are unlikely to be suitable to pangolifithere is a high level of human activity and

disturbance in the area (Pietersen et al., 20Eyjge habitats may be more suitabiepending on

the availabity of prey and shelter resources, howeaty proximity to human activity or agriculture

will reduce the suitability of these areas for pangolins (Pietersen et al., 2028).of pangolin

habitat is likely to be widespread across Africa, however this is understudieditralit a full

understanding of pangolin habitat requirements it is difficult to deterntioay this will impact

pangolin distribution and population$. S Y Y A yaBdoldsiin Kehya are believed to have

experienced habitat loss in recent decades due to forest clearance for lag@ing 2022) Their

historic range once extended to the eastern coastal regions and higher north but due to human

expansion these habitats have decreag$€d Okell, personal communication, 2022\rrently

¢t SYYAYy Ol Q& LJ tifoHdghtftaAinfiabit IésdtBan 20¢efofdenya, with much of this

predicted range being throughofitagmentedhabitat (C Okell, personal communication, 2022)is

range loss has also occurred in some provinces of South Africa as human settlements have

expanded. Research is neededunderstand pangolin distribution at the patch and landscape scale

so that we can fully evaluate how habitat loss is impacting this species and prioritise conservation of

areas containing suitable habitdt.i A a I f a2 &dzaLIJSOG SR siskebtibleot SYYA Yy O]
pesticide poisoning iagriculturalareas Brautigam et al., 1998aiyewu et al., 2018T.his thesis will

SPltdz2a 4SS YR RA&AOdzaa GKS SY@ANRBYYSydGlrft FyR FyiaKN

pangolin distribution adifferent spatial scales within their range in Kenya.
1.4.4.Fences mortalitie¢ ¢ SYYAy Ol Qa LI} y32f Ay

Fences are known to impact a variety of species globally by halting dispassibay are a linear,
and often impermeable barrier, thaeduce the availability of movement corridors and increase

habitat fragmentation (Gregory et al., 202Rdditionally, fences are known to causmrtalities by
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direct physical entanglemerand electrocutior(Beck, 2009 Pangolins in South Africa¢ SYY Ay O1 Q& 0

are considered to be severely impacted by mortalities on fences, due to electrocution on electric

FSyO0Sasz FyR IASYSNIt Syildly3atSYSyld 2y gANBaAD ¢SYYA

underbelly is exposed as they walk. This, in combination with gueir eyesight, makes it easy for

them to accidentally walk into fencgBieterseret al.,2014a) Many fences feature a loVevel

electrified tripwire, which delivers a shock to their exposed abdomen. Since pangolins curl into a ball
as a defence mechanism thegninadvertently curl around the wire and get shocked continuously,
often resulting in severe injury or death. This threat is thought to primarily impact pangolins in South
Africa where fences are most prevaldRietersen et al.20149. Pietersen et al (2014a) estimated
19,033 km of electric fencing across pangolin range in South Alniedarue extent of this threat is

not knownbut electric fences arestimated to be the largest threat to pangolins in South Africa
currently, with1 individual electrocuted perIlkm of fence per yeaiBeck, 2009Pieterseret al.,

2014a). This threat is not limited to electric fences, if a pangolin walks into aetemtrified fence

their scales can become caught on the wiring and they become entangled and unable to free
themselvesLittle is known about the fence characteristics that cause most mortalities and their
prevalence. To accurately assess this threat, it will be necessary to investigate the issue further to
inform targeted mitigation. There are currently no effective methddr reducing this threat on a
widescale, although préices such as raising tripire height have been consideréRietersen et al.,

20143. This thesisvill explore this further and quantify pangolin electrocutions in Chapter 5.
1.4.5.Road mortalitie¥ ¢ SYYAy 01 Qa LI y3I2t Ay

Road mortalitesareah RRA G A2y | f dzy RSNARAGAZRASR GKNBI G GKIFQ
threat has not been widely reported and incidents are often sporadically recorded. Pietersen et al

(2014g) recorded four mortalities on the same road in five years in South Africa. With 8056 km of

AY

NEFR LINSRAOUSR | ONRaa UKS aLISOASaQ NIYy3aS Ay { 2dz

per year. This may appear to be minor, but may be significhetnvscaled up across range states. It
would be beneficial to assess the sizehw threat posed by roads by examining their extent
throughout pangolin rangeAdditionally, roads may impact territorialityy limitingranging

behaviour. They may alsmusea high-levelnoisedisturbance during construction anteir

subsequent us¢Gaughran et al., 2021Roadsare often impermeable barriers thaan cause
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habitat fragmentation and disrupt movement within home rangesaden et al., 202 Gregory et
al., 202). This can mean corridors are lost and species movement is restricted (@edgar, 2021).
No studies have focussed on this threatate. This thesis evaluates the likelihood and magnitude

of roads as a threat to pangolins in Kenya.
1.5. Conservatiorstatus

In recent years, pangolinsmve become conservation icedue to their vulnerabilityto
overexploitation(Harrop, 2020)Pangolins are threatened on national and international levels that
have now become crodsorder problems. Therefore, it is vital to implement regulations in individual
countries and throughout entire regions. However, recently regulation schemes arimgland
seemingly unable to keep up with the threats that pangolins {ataerop, 2013;Harrop, 2020)

There are two main organisations involved in international pangolin protection, CITES and the
Convention on Biological Diversity (CBD23. Both organisations legislate to preserve species and
biodiversity, and when a state becomes a sighatbagrees to implement these regulations within

its own borderqHarrop, 202Q)

The CBD provides suggested acts for states to follow their regulationghese are not pangolin
specific andare nonbinding(Harrop, 2020)CITES focuses timiting theinternational wildlife tade
andlegislation features two appendices, Appendix | which prohibits all trade of a species except in
exceptional circumstances (e.g., research) and Appendix I, aldetsregulated trade.
¢CSYYAYO1Qa LI y3IA2EAY 61 & I, RiRSKChingse and Suedé speciedidS y RA E
Appendix Iland subsequently all pangolin species were added to CITES Appendix Il,in 1995

Ay Ot dzZRAY 3 ¢ SYYAyY O] Qa201b Kk parfgolin dpeciesRvere tiieh mdved3oFCITES
Appendix | (CITES, 2028).the time of inclusion, there was even less known about African pangolin
population levels howevdt wasdeemed they were at risk due to the decline of the Asian species
(Zain and Oldfield2017).This was celebrated as a major success oflifffemeeting of the

Conference of the Parties toT&BS CoP17Zain and Oldfield, 2017Almost all pangolin range states
are members of CITESarrop, 2020)Each member country is required to implement adequate
regulations to protect pangolins. Since pangolin trafficking is considered a global issue, CITES

requires all members, not solely range stateshave effective law enforcemeiiHarrop, 2020)
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Appendix | requires permits for any legal international trade witle quotafor all Asian pangolin
species and no commercial trade permitté€ghepherd et al., 2017However, there are no quotas

for the African species and trade is permitted if it follows national laws and CITES requirements
(Shepherd et al., 2017 urrently the great majority of their trade is due to illegal trafficking rather
than legal CITESrmitted trade (Challender et al., 2080

The CITES databd@tsl (2G4t 2F nn €S3IFf ¢SYYAyOlQa LI y32fA
2021, which involved at least 223 in the formcafcassesspecimen, skeletons or live individuals.
Additionally, one carvind,.539 kg of scales, 17 whole scales, and 2 skin pieces were also reported
(Table 12). The majority of expostwere reported by South Africa (38.6%allowed bythe US

(13.6%) and UK (11.4%). Almost no reports listed the origin of the pangolin products (CITES Trade
Database, 2023). Between 1980992, the majority of CITES declarations included 152 live

pangolins exported from Togo to the USA, primarily for zem (Brautigam et al., 1994).

Table 12 Summary of legat S Y Y A paddold &rade from the CITES database. This includes the puoptisetrade and
the origin of the specime(CITES Trade Database, 2023

Purpose/use Percentage  Specimen origin Percentage
Scientific 48.8 Wild 61.9
Personal 19.5 PreCITES 14.3
collections specimen

Commercial 9.8 Confiscated 9.5
Education 9.8 Unknown 9.5

Z00 4.9 Ranched 2.4

Law enforcement 4.9 Captive bred 2.4

Medicinal uses 2.3

All pangolin species have been added to the International Union for Conservation of Nature (IUCN)
RedListg AUK ¢SYYAYyO1Qa fAAGSR 6AGK | +dzf ySNIrofS adl
of 30 40%over a45-yearperiod (Pietersen, Jansen and Connelly, 200#ble 13).
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Table 13 IUCN Red List status of each pangolin spetigék f f SYRSNE hQbSAtft yR 2AffAaX

Pangolin Species  IUCN Red List

Status
Chinese pangolin  Critically
endangered
Sunda pangolin Critically
endangered
Philippinepangolin  Critically
endangered
Indian pangolin Endangered
White-bellied Endangered
pangolin
Giant pangolin Endangered
Blackbellied Vulnerable
pangolin
Temminck's Vulnerable
pangolin

Legal protection and the effectiveness of such legislation for pangolins varies across Africa (Wildlife
Justice Commission, 20208pme countries have now implemented protection requirements for

¢ SYYAyYy O] QFHardp, ZB@ifichiding Kenya and South Afrivdithin Kenya, they are
protected under the Third Schedule of the Kenyan Wildlife Conservation and Management Act of
2013 (Kenya Gazette Suppleme2®,13). This prohibits all hunting and trade of pangolins and
ensures perpetrators will pay heavy fines or face long imprisonments (Kaii et al., 2015). This species
is also listed as Vulnerable on the South African Red List of Mammals, meaning it is of loca
conservation concern (Pietersemal,, 2016). Many range countries in Africa do limit wildlife

hunting, often with severe fines or imprisonment, however few focus this specifically on pangolins.
Penalties in South Africa for poaching pangolins canpo® $760,000 USDP-£62),000)and/or
imprisonment (Harrop, 2020). Additionally, there is provincial legislation in several South African
provinces (Baiyewu et al., 2018able 1.4 In Zimbabwe, pangolins are protected under the

Zimbabwe Parks and Wildlife Act, Chapter 20 (Duri, 2017). A person guilty of a pasigtdid

offence is given a mandatory niyear jail sentence for the first offence and 11 years for any
subsequent offene (APWG, 2023).
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Table 14 Provincial legislation regarding panggtirotectionstatus in South Africa. Adapted from African Pangolin
Working GroupBaiyewu et al., 201APWG2023).

Region/Province  Legislation

South Africa Threatened or Protected (ToPs) Species under the National Environme
ManagementBiodiversity Act of 2004

Western Cape Endangered Wild Animals (Schedule 1) of Western Cape Nature
Conservation Laws, Amendment Act 3 of 2000

North West Protected Game (Schedule 2) Section 15 (1) (a) of Transvaal Nature

Province ConservatiorOrdinance 12 of 1983

Mpumalanga Protected Game (Schedule 2) Section 4 (1) (b) of Mpumalanga Nature
Conservation Act 10 of 1998

Northern Cape Specially Protected Schedule 1 of Northern Cape Nature Conservation
of 2009

Limpopo Specially Protected Wild Animals (Schedule 2) of Limpopo Environmeni
Management Act 7 of 2003

Gauteng Protected Game (Schedule 2) Section 15 (1) (a) of Nature Conservatior
Ordinance 12 of 1983

Free State Schedule 1 Protecte@ame (section 2) in Natur€onservation Ordinance &
of 1969

KwaZuluNatal Specially Protected Game (Schedule 3) in Nature Conservation Ordinat
of 1974

Eastern Cape Endangered Wild Animals (Schedule 1) of Cape Nature and Environme

Conservation Ordinance 19 of 1974

1.6. Potential conservation strategies

1.6.1.Reducing poaching demand

The consensus among experts is that the primary way to reduce the illegal pangolin trade is to limit
the demand for pangolin product€hallender et al., 20b}. If demand decreases, so will the value

of the scales and correspondingly, poaching. Many national parks and reserves implement anti
poaching security, but this is often focused on eleph@iditicana loxodontaand rhino species
(Rhinocerotidae spp This also includes general efforts to reduce bush meat hunting by deterring
people from entering protected or private are&ince pangolins are ledensity and not regularly
observed it is not feasible to use specific gmaaching teams to protect themfwareness of the lack

of true medicinal effectiveness is key to limiting this demand however there are many challenges
along with this, as beliefs are often deeply rooted into cult(Bargess et al., 2020Before this can

be tested, the mentality behind the use of pangolin products needs to be fully understood, as well as
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who uses these produc{8urgess et al., 2020For example, in Asia, educating the users on
alternative medicines may aid in reducing the demand but social research is needed to determine
which alternatives would be accepted by us@@soad and Burgess, 201Btrgess et al., 2020)

Several actors and public figures have spoken out about pangolin conservation in an effort to
improve education amongst their followef$ SasRolfes and Challender, 202®)owever, simply

giving facts to the public may not be the most effective action and handspproach may be more

F LILINELINA F §S® ¢KS dza$S 2F G LI NIAOALI G2NE F OGAR2YE
knowledge of pangolin conservation val{igowe et al., 2013kinner et al., 2020)'his approach

relies on stakeholder engagement, collaboration and discussiengageocal communities, rather
than utilising a research perspective. Community members are encouragexhtersewith each

other rather than people they view as outsiders. This supports local implementation of wildlife
protection while also fighting corruption. This has been utilised successfully in the past for elephant
(Loxodonta Africaneantipoaching initiatives and may be effective for pango{Rewe et al., 2013;
Skinner et al., 2020The IUCNSSC Humawildlife Conflict and Coexistence Specialist Group also
recommends community involvement as an approach (IUCN, 202B3tates the importance of
engaging the general public when planning such acfitwere is no standard method for

undertaking thisand each situation needs to be evaluated carefully prior (IUCN, 2083)sort of
approach has commonly been used for large carnivores, including The Lion Guards in Namibia and
the Long Shields Lion Guardians in Zimba@\amibian Lion Tst, 2023 WildCRU2023. Both
programmesnvolvelocal people to work as lion ambassadors and reduce conflict within the
community by protecting both the lions amdmmunity members. The programmes actively protect
livestockfrom predators and subsequently, lions from persecution. They also collect ecological and
behaviour data on the lion@amibian Lion Trus2023 WildCRU2023. This form of community
participation and appreciation of wildlife may be invaluable for future pangolin conservation

methods
1.6.2.Farming

As the demand for pangolin products continues there has been consideration for other methods to
meet this demand whilst reducing illegal hunting. Wather threatenedspecies, including/hite

rhinoceros Ceratotherium simufi & NJKhe guggesiion of farming has been raiskddande and
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Musarurwa, 2014Challender et al., 2019arhis suggestion comes from a need to reduce hunting of
wild populations by meeting consumer demand in another @agasRolfes and Challender, 2020)

In the case of rhindjornscan be regularly harvested #'ey A N2 ¢ G KNP dzZa3 K2 dzi (K S
(Kagande and Musarurwa, 2018hereas pangolins scales are extremely slow growing so this is less
feasible(E. de Jager, personal communication, 20R2pal constraints in most countries do not

allow for the farming of pangolins currently, and even if legal in the future this practice would be
challenging to manage on a large sadl&asRolfes and Challender, 202@) major barrier to this is

the inability to breed pangolins in captivity and on a commercial g€allender et al., 20E).
Additionally, they are highly susceptible to stress in captivity and there is a lack of understanding
around their dietary requirementshis means that considerations for farms are not likely to keep

the animals aliveChallender et al (20E) considered 17 conditions which should be met to indicate
that farming would successfully reduce illegal hunting and pangolin species met©élpfthese.

The study determined that farming would not displace the demand for wild pangolin products and

there is unkely to be successful conservation implications.
1.6.3.Rescue and rehabilitation

Since pangolins are protected throughout most range stdtese are regular seizures of pangolin
products and live animals from the illegal trade. Additionally pangolins are also retrieved from
entanglement or electrocutions on fencéBeck, 2009; Pietersen et al., 201¥é;ight and Jimerson,
2020) These are théwo most common causes for pangolin admission to rescue and rehabilitation
centresAy {2dziK ! TNAOIFI ® ¢SYYAyO1Qa LI y3I2fAya | NB
dehydrated and emaciated, thus rehabilitation is needed. There are several designated pangolin
rehabilitation centres in South Africa but it is not uncommon for eowiationists in remote areas to
undertake the rehabilitation proces®\{right and Jimerson, 2020). Initial stabilisation of each animal

is the most importanstep, and a full veterinary assessment is required, although diagnostic tools for
pangolins are currently limited. Husbandry for pangolins has notoriously been difficult. Despite being
kept in captivity over the last 150 years, the majority do not surpast the first six month€Chin

and Tsao, 201%hang et al., 201 %icker, Lourens and Hai, 2020here is a lack &howledgeof

their nutritional and husbandry requirements and the rehabilitation process has proven to be a

learning curve amongst conservationig¢®ark Nguyen and Phuon@009; Hua et al., 26; Perera
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etal., 2017Wickeretal., 20280 ¢ SYYAy O1 Qa LI y3I2ftAya Ay OF LIGAGAGE

temperatures of 1& 35 °C and a humidity of approximately 5@kang et al., 201 Vicker et al.,

2020) These pangolins will not feed in captivity so must be fed via tube or walked outside to feed
naturally each day. Once the pangolin has recovered from injury and is a healthy weight, the release
process categin(Wright and Jimerson, 2020). Soft release is preferable to reduce stress and
involves a slow introduction of the pangolin to a new environment while being carefully observed.
As it isoften difficult to know where a pangolin originated from, a new release site is chosen based
on suitable habitathowever pangolins do not always take well to new environments and
occasionally need to be recalled for further rehabilitation. This emphasises the importance of
researching and understanding pangolin ecological needs and habitat selection so that suitable
release sites can be chosen. Once released, radio/GPS telemetry is typically used to monitor each
pangolin for a year period. This process has been conducted since the early 2000s and numerous
pangolins have been successfully released in South Africhisfgacess \(Vright and Jimerson,

2020). However, the impact of these releases on population size is unknown.

1.6.4.Monitoring methods

Developing successful and effective monitoring methods is a main objective when it comes to
pangolin research and conservatiodentified by the IUCN SSC Pangolin Specialist Group
(Challendeet al,, 2014). There is an urgent need to fill baseline information gaps that will aid in
future conservation efforts, such as accurate population estimates, distribution, and the impact of
threats. All of these can be aided bffective population monitoring methods. Few methods have
been consistently tested but these include social research amongst community members, and
camera trapping studie@latthews et al., 2022)Burrow counts, citizen science, telemetry tracking,
and detection dogshave also been utilised and may be applicable to numerous pangolin species
(IUCN SSC Pangolin Specialist Group, 2018). Other methods suckraaeive genetic sampling,
acoustic monitoring, and eDNA have not been widely tested but are thtdoghave potential
applications for all pangolin species. Further testing of these methods with strategic scientific
protocols are needed to establish if any are viable monitoring solutions (IUCN SSC Pangolin Specialist
Group, 2018). From this, it wilbpefully be possible to estimate population, density, occupancy, and

distribution. Effective monitoring methods will also improve our ability to collect and understand
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ecological data for pangolins such as, habitat suitability prediction to identify future release sites
(Challendeket al.,2014D).

Citizen science sproposed monitoring method thatas the potential to be effective for all

LI y32f Ay &ALISOASEAT AyOfdzRAY3I ¢SYYAYyO1Qa Llaydz2f Ay
method of data collection for research that involves members of the public, including experts, the

general public, students and various stakeholders, that may have an interest in a research topic

(Santori et al., 2021Participants may be used to report sightiredeng with ecological and

behavioural dataOver the last two decades, new forms of citizen participation have been developed

and refined in many scientific fields, making it a very common pra(Bioaney et al., 2016 his

increase in use is primarily due to its ease of implementation, generally inexpensive cost, and the

high amount of data it can produ¢€hang, 2019; Henckel et al., 202Ditizen science can be used

G2 Y2YyAU2NJ I ALISOASAQ RAAGNAROGdAzAA2Y oFaSR 2y &aAi3k
and behavioural ecologyror rare species, such as pangolins, citizen science can provide contextual
ecological information that is not possible tothger otherwise, as reports can come from those who

witness pangolinsccasionallyn the wild.Citizen science has not been widely used to study

pangolin species however this method is becoming increasingly common. For exaomlayd et al

(2023) utilised informal surveys to evaluate the distribution of Sunda pangolins in Malaysian Borneo

Citizen science data can also be used to create predictive species distriggfidjand habitat

suitability model{HSM) SDMs and HSMsvaluate species presence points with environmental

variables to predict distribution and habitat u@derckel et al., 2020)This form of modelling can

provide valuable insights into pangolin spatial ecology, habitat use, and threats, which may

otherwise be difficult to collect data oRietersen et al (2021gombinedcitizen science database

records with field data antiterature searches to generate a species distribution model for

¢SYYAYy Ol Qa LI y 3 Litizen/scienglatd fa s rikodellifgdaih e@iterdbe collected
opportunistically or systematicalljdenckel et al2020) and can include presence/absence or

presenceonly data This thesi@mployedOA G AT Sy &a0ASyOS RI G Ay YSyeél
pangolinpredicteddistribution and habitat suitabilityn Chapter 4.
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1.6.5.Reducing fence mortalities

Modifying fences with the aim of reducing electrocutions and entanglements would likely be an
effective way to limit this threatBy investigatingvhich fence typesause the most mortalitieand

their extentit will be easier to plan mitigation accordingly. There have been suggestions of raising
low-level trip wires, creating physical rock barriers in front of low wires, and alternating when power
is on/off between night and dafPietersen et al., 2014aThese suggestions may prove useful in the
future once we carprioritise which fences to modify, however this would need to be done on a
large-scale to see a noticeable reduction in mortalities. Additionally, any modification would need to
be affordable so that landowners are incentivised to implement them. These solutionseohage

the level of electrocutions that occur however they would netessarilyeduce general
entanglements on fences, which is likely also a source of mortalities. Future resbardd focus

on the mechanisms that cause mortalities and then aim to design parg@inlly fencing that

reduces overall mortalities his thesis presents to use of an online citizen science questionnaire to
evaluate fences asthreat to pangolins and assess the effectiveness of current mitigation methods

in South African Chapter 5.
1.7.Research aims and thesis outline

The considerable anthropogenic threats that pangolins face are believed to have led to sharp
population declines throughout their range. This is further exacerbated by the large knowledge gaps
relating to their ecology and overall biology. Despitenetimesbeing consideredriconicspecies,

there is a lack of awareness of their existence which hinders conservation efforts because they do
not receive as much attention or research focus as other species. An understanding of their general
ecology isnecessar T2 NJ adz00S&aa¥dzZ GKNBFG YAGAIFGA2Yyd ¢KAA
pangolin habitat use and distribution, and quantify specific anthropogenic threats (namely, fence
mortality) to inform future conservation action in alignment with the IUCN&81@olin Specialist

Group Action Plan.

This thesis is divided into five subsequent chapters. Chapter two describes the general methods used

for data collection, and chapters three to five present the findings of the research. Chapter six
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discusses theollectivefindings and their implications for conservation action, along with

recommendations for future research priorities.
The aims of this thesis were:

1) To examinghe driversoft SYYA Yy O] Q& LJugedithih theif hiomé wagdahad
explore theburrow characteristics that affedhis (Chapter 3). Chapter Three utilised
telemetry tracking and camera traps to establish pangolin bupossenceanddetermine
the microhabitat variables that influendsurrow use and distribution of pangolins ihe

Masai Mara National Reserve, Kenya.

2) Todeterminethe widerd O £ S KF oA Gl G FYyR OfAYIGS @FNARFOE S
pangolin distribution throughout Kenya (Chaptet¥)generating habitat suitability and risk
models Chapter Four employed citizen science reports of pangolin sightings in Ganoky
to predict habitat suitability distribution for pangolins in relation to environmental variables
and anthropogenic risk. Remotely sensed anthropogenic risks were modelled with pangolin

distribution and habitat suitability to assess the m#ireats to pangolins in this region.

3) ¢2 dziAtAasS OAGAT Sy a0ASyOS (2 Ay@SadAaarasS GK:
electrocution on electric fences in South Afr{Ghapter 5)Chapter Five employed a
guantitative questionnairgéo assess fences as an overall threat to pangolins and other
wildlife. This aimed to investigatghich fencetypescause mortalities, how widespread
thesefencesare, if perimeterarearatio influences mortalitiesand determire where

pangolins are most at risk of fence mortality.
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Chapter 2- General Methoalogy

This chapter summarises the general methods and site details used for this research. Specific

methods and data analyses for each research section are outlined in subsequent chapters. Chapter 3
investigated pangolin use of aardvark burrcavel which characteristics affect this, enhance our
understanding of habitat use in Keny@hapter 4 utilised citizen science data to explore the

availability of suitable habitat for pangoliasdexamine how habitat characteristics influence their
distribution. Ths chater alsoevaluatedhow habitat suitabilityrelates to anthropogenic threats in

Kenyaln Chapter 5, thishesishA Yy @Sa G A3 SR TSy O0Sa I a (hereditkk NSI G {2
termed dpangolirf) by employing a questionnaire to determine which fence types cause mortalities,

and how widespread they are in South Africa.

2.1. Study sites

2.1.1.KenyaChaptes 3 and 4)

¢SYYAYy Ol Qa LJ y32ft A gadternidlsofitAedn Affids NdBods@ Kafiety offcbliBties
and habitats. Within Kenya, they are found throughmgastsouthern western,and eastern regions
(Figure 2.1; Pietersen et al., 2020hey are absent from the northeastern regiofieir historic
range was once widespread to therthernand coastal regions; howevdrabitat loss and bush
meat poaching have reduced their ran@& Okell, personal communication, 20ZPheir true
distribution is notknown, nor is their population size within the country. No studies have been
conducted to estimate population size or distribution within Kenya and most records are

opportunistic (Pietersen et al., 2020).

Within Kenya, the research primarily took place in the Masai Mara National Reserve (MMNR
Chapter 3Figure 2.}, and a wider area of Narok County in the Rift Valley region of Kenya with a
small subset of data collected in West Pokot Col@tyapter 4Figure2.2). The MMNR is a state
owned reserve located on the border with Tanzania (Birdlife International, 2023). The wider
ecosystem, known as the Masai Mara Ecosystem, is approximately 63qQ@aang, 2015) and
linked with the northern Serengeti ecaggm with about 5560 k@&of land. 1500 krhof this is the
MMNR(-1.593574, 35.13427°@nd the remainder is comprised of community conservaticeaa
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and conservancigsist outside of MMNRProtected Planet, 2018). The land to the north, east and
west is how pastoralist and agricultural schemes, which are increasing in density (Dublin, 1996;
Ghosh, Arvind and Dobbie, 201%heMara ecosystem was chosen as the primary study site for data
collection because there is a known presence and suspected high population density of pangolins in
this area However, the true population size was unknown at the time of data collect@rthis

study. Pangolins were known to be consistently sighted within MMNR and the surrounding
conservancie®y local communities, guides, and tourists. Pangolins in this region feed on ant and
termite species, and water is primarily consumed through feedindggiRien et al., 2020) so they do

not rely on the Mara River as a water source. As these conditions are entirely natural this population

may be representative of wild pangolins in East African habitat.

MMNR was established in 1961 and was only ~520dtrthe time. It has expanded over the years

to cover 1500 krhand in 1974 it received National Reserve designationjtaadiow one of the

main tourist attractions in Kenya (Maddara, 2023). Since its establishment a portion of the land
has been returned to the surrounding Masai communities, which are now known as conservancies
(MasaiMara, 2023). These areas are outside of the national reserve and are managed by local
communities to benefit both wildié and the local people. These conservancies are assisted by the
Maasai Mara Wildlife Conservancies Association and aim to improve the overall local ecosystem
while boosting tourism. There are 12 conservancies in the Mara area, each with their own

regulatons (MasaMara, 2023).

A small subset of data was collected in West Pokot opportunisti¢atiure 2.2)as there is also

known pangolin presence here but little research has focused on this réQi@kell, personal
communication, 2022 S&aG t 212G / 2dzyde Aa t20FGSR 2y YSyeélQ
(1.671258, 35.234725) and is approximately 9169. kimis within the Rift Valley and is primarily

agricultural and livestock land (Westpok&23. The northern regions of the county are low

altitude dry plains and theoutheasternarea encompasses Cherangai Hills, with an altitude of 3370

m (Westpokot2023).
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2.1.1.1.Region and climate of Kenya

Kenya is located i@astern Africa on the horn of Africa. The equator runs through Kenya thus
temperatures aragelativelystable throughout the year withramual mean temperaturef 15.5°C ¢
25.5°Cthroughout the country(Fick and Hijmans, 2017; Figure 2&8)da range 0fl4.8°C¢ 28.1°C

in the Mara ecosyster(Dublin, 198). Mean annual rainfall across tleeuntry ranges from 15§

1997 mm per yearHick and Hijmans, 201Figure2.4). The country has two wet seasons, between
March and May, and November to December, whilst there are two dry seasons, in June to October
and January to March (Ottichilo, 2000). Annual rainfall is betweerg@@MO0 mm and over 80% of

this occurs in the wieseasons. The primary threats to wildlife throughout Kenya are habitat loss,
humanwildlife conflict, and poaching, which have led to a decline in many species over recent years
(Kiringe and Okello, 2007; Z3023.

The Masai Mara altitude ranges from 1500900 m above sea level (Birdlife International, 2023).

The climate within the reserve varies between semd and sukhumid (Ottichilo, 2000)The

highest amount of rainfall occurs in the western regions of the reserve and the lowest are easternly
(Lamprey and Reid, 2004)e habitat types herpredominantlyconsist of savannah, grassland, and
scrubland, with sporadic riparian areas including along the Mara River, although the primary habitat
is considered to bepen grassland (Ghost al.,2019). The Mara River is the largest perennial river

in the Mara ecosystem (Dublin, 1996). Soils are considered highly fertile as they are derived from
volcanic ash, and they are able to maintain the widespread grasslands that suppogemf

grazing wildlife (Ottichilo, 2000). As well as pangolins, this ecosystem is famous for the biodiversity it
supports and the high density of species there (Greteal., 2019), including a variety of antelope
species, rhinocerose®icens bicornisCeratotherium simuin giraffes Giraffa camelopardalis
tippelskirchj, lions(Panthera led, leopardsPanthera pardus pardjiselephantgLoxodonta

african@, and numerous other species (Ghostakt 2019). There are few fences or boundaries

within the Mara ecosystem apart from a fence around MMNR and local fences around pastoral land,

thus wildlife can move freely for the most part.
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2.1.1.2.Site: Sal@ Camp(Chapter 3)

thy32f Ay O0d2NNRg dzaS ¢/ KI L1.50BY0% 36.13488F)ithéa thelzZRA SR Ay {
Masai Mara National Reserve K S al al A al NI Aa 3I20SNYYSyild 26ySRZ
owned tourism lodge where the research team was based. The immediate surrounding reserve area

was the study area. This site is an approximatéliim? area located in the sou#ttn regionof

MMNR, directly on the border of Tanzania and is situated along the Sand RivergBitjued 2.2.

The river acts asmatural barrier that may limit some wildlife from moving into Tanzania. This

habitat here is entirely open grassland with interspersed riparian habitat along the river. This site

was selected due to the known presence of pangolins in the immediate viainith were reported

by guidesand lodge stafto PR
2.1.1.3.Site: Narok and West Pokatmmunities(Chapter 4)

For Chapter 4,angolin habitatsuitabilityand risk modelling are studied in Narokounty,

throughout five local communitieacross 5600 kAin the NarokCounty. Allcommunities bordeed

MMNR andwvere: Lemek Conservancyl (162033, 35.182599), Mara North Conservanty229395,
35.119892), Pardamat Conservation Arda92469, 35.250489), Pololeti Plairk 798277,

35.595282), and Ol Derkesi Conservanrty’81305, 35.41757 Figure2.2). These communitieare

located within protected areas and habitednsisted of savannah, grasslaadricutural, and rural
settlements. This study area was selected due to the known presence of pangolins throughout Narok
County.A sixth communityPellow Conservancy (1.834826, 35.364868)est Pokotywas the only

community involved in this studyutside of Narok County

Each of these communities are located within protected areas for wildlife conservation and are
managed by the local community. They aim to establish wildlife subsistence and provide income for
local people via tourism safaris so that both benefit from #rimngement (Masadvara, 2023).

Within Narok, in the northern regiorebove MMNRhree communities were involved in this study.
Lemek Conservancy was the northern most community involved in the study and is located near the
northern boundaryof MMNR It is 77 kndand consists of 480 community members (Mara
Conservancie®2023. To the southwest of Lemek Conservancy is Mara North Conservancy. It is

approximately 730 kiand is owned by 768 Maasai landowners (Mara N&€@23. To the east,
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just outside of MMNR, is Pardamat Conservation Altda.approximately 260 kéand has 850

landowners (Mara Conservanci@23.

Directly to the east of MMNR near the border with Tanzania is Ol Derkesi Conservancy, this land is
80kmdand is managed differently to the aforementioned conservancies (C2023), While the

other conservancies are managed by local community members, Ol Derkesi is owned by a
community of Maasai people who lease the conservancy for conservation purposes to Cottas
Wildlife Conservation Trust (CWCT), and it is managed by CWCT a&didxbekesi Wildlife

Community Trust (CWCZ023. Pololeti Plains is a pasal community further east of MMNR and

does not have any specific conservatayd. In West Pokot, Pellow Community Conservancy is
located between the Ugandan border and Turkana County border in Kenya. It is a community
managed conservancy and has approximately 29,184 residents (Pellow Community Conservancy,
2023.

2.1.2.South AfricgChapter 5)

Chapter 5 of this thesis was an online questionnaire that targeted participants throughout the
LI ya2f AyQa NIy3aAS: gAGK | ALISOATAO F20dza 2y { 2dziF
primarily in the northern provinces (Figure 2.8) including, tloetiern Cape, North Wedtrovince,
Limpopo, Mpumalanga, and KwaZ{Natal, although they are locally extinctrimost ofKwaZulu

Natal (Pietersen et al., 2020). South Africa was targeted due to the widespread extent of fences
presumed in the country as agelt of high levels of land managemeB8buth Africa has a widely
varied climate ana range of habitatsincludingSucculent karoo, Nama karoo, Kalahari Desert,
Albany hicket, forests, mopane shrub, and seamnid savannahOQyepartment of Agriculture, Fisheries
and Forestry[DAFF, 2015 Figure 2.5 Annual mean rainfall and temperature vary between the
western provinces like the Northern Cape, withc800 mm per year and a temperature range of 4
¢ 37°C (SA Venues, 2023nd the more eastern provinceach as Mpumalanga, with up to 1000

mm of rain per year and a@26 °C temperature range (SouthAfrica.com, 20Bures 2.6 and 2.7
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2.2.Collaboration

The Kenydased research was in collaboration with Hengolin ProjectaKenyan norprofit
organisation.The Pangolin Project collected pangolin ecology data in MMNR between;ZIr®.
Data for Chapters 3 and 4 were collected by The Pangolin Préjetttor contribution statements

are locatedon page 13
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2.3. Ethics angbermissiors

Kenya: Ethical approval was obtained through the University of Brighton Research and Ethics
Committee(Reference number: 2022600 Stracquadanio)AMemorandumof Understanding was
generated between Leandra Stracquadanio, University of Brighton, and The Pangolin Project, to

ensure fair data sharing and usa@ependix ).

South Africa: This research received approval from the University of Brighton Tier 1 Ethics Review

Process on 19 May 2022021-8212-Stracquadania)All data were anonymised and stored

according to European GDPR regulations on the university OneDrive system. These protocols also
FRRNBaa FyR O2@SNJ {2dzi K ! TNRA Ol QRA) datdPritestdn A 2y 2 F t
regulations. All responses were stored within the University of Brighton OneDrive and each response

was coded with a random number, wigl identifying information, such as name and contact

information, removed.
2.4.Data collection and analyses
2.4.1.Kenya: Pangolin Project dat@haptes 3 and 4)
The Pangolin Project collected several datasets in the Mara ecosystem over -geargeeriod

(Figure2.9). These datasets were utilised in Chapters 3 and 4 to answer research questions on

pangolin habitat use, distribution, and threats.
2.4.1.1.Chapter 3: Burrow usend characteristicsampling

T alLlAa 2F 0dz2NNRg¢g 20FdA2ya gAGKAY {Ffl Qa /1YL

To investigate burrow density and characteristids § KAy G KS {Ff I Qa O YL) aAGS=
generated a total count of all aardvark burrows withiikm? area in2019. This was done hysing

a map of the study site and overlayihdkmparallel transect lingsspacedapproximately20 m apart.

These were walked by The Pangolin Project Team over the coueewéeks. This took place in

the dry season when grass was short and burrows were easily visible. All burrows within éeline (

m) of either side ofthe transect line were recorded. Burrow chategstics, including aspect, termite
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mound presence, entrance size, and godin sizevere also collected when each burrow was

recorded. The full details of these methods are available in Chapter 3.
f . d2NNRg dzasS RIEGF Ay {IFflQa /YL

Over the threeyear data collection perio(019¢2022)i KS (201 f 06 dz2NNR g O2dzy i Y
was used to monitor pangolin burrow utilisation. This was done by utilising satelliteeapdhigh

frequency VHF data, as well as camera trap data. Three pangolins were satellite and VHF tracked

almost daily to their current burrow and this burrow use was recorded. The Pangolin Project placed

camera traps outside of randomly selected burrows from the burrow list,aso targeted burrows

known to be used ¥y pangolins. This generated data on the duration of use, how often burrows

changed, and recorded pangolins sharing burrows with other speltiesughout the studyfia new

burrow without previously recorded characteristics was found then this was noted and

characteristics wereollected The full details of these methods are available in Chapter 3.
1 Satellite telemetry data

Both satellite and VHF tags were attached usirgsame protocol as Pietersen et al (2014b) and
Sun et al (2019). Pangolin morphology means traditional collars are not practical thus tags are
attached directly to the dorsal scales. This is done by drilling two small holes into the non
vascularised seitin of one of the scales and attaching the tag to these holes using bolts and epoxy
resin. This is the standardised and commonly used method for attaching tags to pangolins. Itis a
relatively quick and noinvasive procedure that ensures the welfare of the animal and requires no

veterinary care.

Three female pangolins were tagged with satellite tags and tracked for three months each. These

pangolins were found opportunisticalby The Pangolin Project team during a previous study. Data

was collected between 20102020 and wasecordedremotely via the satellite tag system. Tags

GSNBE aSid G2 O2tftSOG SIFOK LIy32tAyQa f20FdA2y 0OTFA
a unique identification code: FM001, FM002, and FM003. FM indicated the sex of the pangolin and

the subsequenhnumber indcated the order in which individuals were tagged. Tracking periods did

not overlap for any of the individuals, with FMO0O1 tracked from Augustovember 2019; FM002

from January to April 2020; and FMO0O03 tracked from April to June 2020. Satellite tracking was
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limited to three months each due to battery life constraints. This data contributed to establishing

burrow use by pangolins.
1 VHF tracking data

The same three pangolins were also fitted with VHF tags and were tracked almost daily between

2020 ¢ 2022. VHF tag battery life lasts much longer than satellite tags thus this was done to
supplement the satellite tag data and preserve satellite tag battery by minimising the number of

fixes that were collected. Additionally, once the satellite tag batteri@sonat it was still possible to
manually track each pangolin. The research team used an aerial antenna to locate the VHF signal and
track the live location of each pangolin. A GPS location was taken when the pangolin was located.

Data such as behaviour abhdrrow use were noted during this research.
2.4.2.Citizen Science

Citizen Science was used in both Chapters 4 dndcwllecting local ecological knowledge reports
Thesechaptersinvolved survefquestionnairereporting systersto record pangolin sightings, and

wildlife fence mortalities, respectively.
2.4.2.1.(hapter 4:Gtizen science pangolireports

Citizen science reports were utilised to analyse pangolin distribution and habitat use. Betvéin 20
2022, The Pangolin Project collected citizen science sightings of pangolins in Narok and West Pokot
/| 2dzy & dzaAy3 | adaNBSe&d ¢KS tlhy32fAy t Nre2aSOG (St Y
' YOI a&l R2 Nk ofthedfvd éorriusities in Narok Countyr a minimum of3 5times
per month,and recorded all reported sightings from members of the public and their corresponding
locations. West Pokot was visited opportunistically throughout the study. Historic sightings were
also collected, as wdhke behaviour of the pangolin when possible. The data recorder noted the
location of each survey therefore survey effort was also collected. The full details of these methods

are available in Chapter 4.
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2.4.2.2.Chapter 5: Online questionnaire sampling

This study aimed to assess the types of fencing and the extent of fencing within pangolin range, and
determine how often mortalities occur on these fences. In 2021, an online questiormalteising

the JiscOnline Survey&020)platform was distributed to landowners and managers across
¢CSYYAYyO1Qa LI y3aA2fAy NIy3aS Ay ! FTNAOFI® ¢KAA 61 & RS
study focused on pangolins but as many species are known to be killed on fences, data on all species

was ollected. Partipants were asked to record each species they witnessed killed on a communal

map using Canvis.app (McGill, 2020). All questions were voluntary because fences are a main

proponent of security therefore this data was considered potentially sensitive. Azantive to

participate, a prize draw was offered to participants. Further details are in the Methods section of

Chapter 5.
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November December

August September  October

Transect burrow counts
Burrow use: camera traps

Burrow use: satelite tracking
Burrow use: VHF tracking

Citizen science surveys

Citizen science questionnaire

January February March April May June July August September October November December

Transect burrow counts
Burrow use: camera traps
Burrow use: satelite tracking

Burrow use: VHF tracking

Citizen science surveys

Citizen science guestionnaire

2021
January February March April May June July August September October November December

Transect burrow counts

Burrow use: camera traps e

Burrow use: satelite tracking

Burrow use: VHF tracking

Citizen science surveys

Citizen science questionnaire

2022
January February March April May June July

ransect burrow counts

Burrow use: camera traps
Burrow use: satelite tracking
Burrow use: VHF tracking

itizen science surveys

itizen science questionnaire

Figure2.9 Gantt chart of data collection timelin&ach
year from 2019; 2022 is displayed in a separate table.
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2.5.Data analyses

Descriptive and statistical data were analy$edall chapterausing RStudiversion 2023.03.(The

RStudio Team, 2@, SPS&ersion 28).1.1(IBM, 2019) and Jamowersion 2.2.5Thejamovi

project, 2021). Data was visualised usingK S W3 3 LI 2 ( v Q (WitkiGh,12@&theA y  w{ { dzR A
chart builder in JamoySPSSand Microsoft Excel versioB308(Microsoft Corporation, 2023)
ArcMap10.8.1(Environmental Systems Research Institier], 2020)and ArcGIS Pro 3.1.41833

(Esri, 2023)vas utilised to generate maps throughout all chapters.

SaTScawersion 10.1was utilised to analyse patterns of burrow use in Chapter 3 (Kulldorff, 2009).
Maximum Entropy Modeling of Species Geographic DistributionsHpe3.44 (Phillips, Dudik and
Schapire, 2020) was used to generate habitat suitability and risk models for Chapter 4. Canvis.app
was used to record mortality locations in Chapter 5 (McGill, 2020). Environmental and climate data
layers sources are detailed in thel@vant chapters. Further details of data analyses are available in

each individual chapter.
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Chapter 3- The influence of environmental factors of aardvagenerated
burrows in pangolin burrow utilization

3.1.Introduction

Burrows are a common form of shelter created by various different species, including arthropods,
mammals, birds, and fish, across numerous habipatkittington-Jones, Bernard and Parker, 2011;
Hofstedeand Dziminski 2017) They are holes or tunnels excavated from the ground that animals
use for refuge. Burrows are an important landscape feature that not only benefits the species that
creates them but often many other species within that hab{tdansell, 1993)Burrows are typically
used either for dwellings, foraging, or baiBun et al., 2021 Moreover,burrows act as refuge from
environmental conditions like extreme temperatures and offer shelter, stable temperatures, and
protection from predatorgLouw, Haussmann and le Roux, 2019; Sun et al., 20@t¢ broadly in

the landscape, burrows contribute to habitat heterogeneity and are thought to improve species
diversity(Hansell, 1993; Yoshihara et al., 201)e presence of burrows in a landscape aerates and
mixessoils, improves vegetation cover, and enhances drainage, although these impacts are seen
more in scrubland and grassland than semid savanngLouw, Haussmann and le Roux, 2019; Sun
et al., 2021) By doing all this, they also can facilitate climate change adaptation by enhancing
thermoregulation for a wide range of specigike and Mitchell, 2013Burrows often exist long

after an animal has died so their impact on a habitat can be long lg8inget al., 2021)

Additionally, in fireprone landscapes burrows can act as areas of safety for certain species, such as

wombats in Australia (Friend993).

Burrows are used bipur LJF y 32 £ Ay & LIS Ghfsia tetmBiokiy; diantpangadins

(Smutsia gigantep Chinese Nanis pentadactyly and Indianilanis crassicaudajaSome, such as

Chinese pangolingxcavate their own burrows, while others utilise the excavations of other species

(Sun et al., 2021Yhe focal species of thisstugg SYYA Yy 01 Qa LI y3I2f Ay OKSNBI ¥
AyiG2 GKS f1FG§30GSN) OF S32NE S LINS R8D.8% of bbyeivatiéns dza A y 3 2 (i
GSNERdzZA& MMOH: AY 4Gyl GddzNI f ¢ Npigtezg®etal., DHPd SISO (A2
Pangolins rarely dig their own burrows, Pietersen (2013) witnessed only one burrow excavation by a
pangolin over a thregrear period of radio tracking (N = 12). Up to 69.7% of the burrows used by

pangolins in South Africa are reported to be excavateddrgvark Qrycteropus afér with the
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remainder excavated by Cape porcupindggtrix africaeaustraljsand Spring hare®édetes
capensisPietersen, 2013; Pietersast al, 2014). Pangolins use burrows both as dwellings and for
feeding on ants and termite@ietersen et al., 2020; Sun et al., 20Zhey are reported tanove
between burrows frequently, occupying one for 2 weeks at a tim¢hus numerous burrows are
required within their habita(Brautigam et al., 1994They will utilise a burrow for a mean ®$¢ 17
daysbeforemoving on andwill revisitburrowsapproximately 18; 23% of the timgPietersen et al.,
2020) Further research is needed to evaluate whgnyburrows areonly utilised for short periods

of time. There has been little documentation of pangolin burrow use outsid®wothern Africa

Aardvarks are considered ecosystem engineers because they can create a high density of burrows
within a small area increasing the spatial heterogeneity of habftagaissmann et al., 2018Jhey

have highly developed forelimbs that enable them to easily construct complex burrow systems with
numerous entranceéTaylor, 1998)Aardvarks are thought to gradually alter entire habitats and can
create unique microhabitatsy generating patches of disturbanoghich can increase abiotic
heterogeneity of the landscap@lansell, 1993; Sun et al., 202There can be a high turnover of
burrows due to collapses of old burrows and frequent creation of new bur(elasssmann et al

2018) Whittington-Jones et af2011) recorded densities of aardvark burrows across sites in South
Africa from 122/km2 to 795/km3n 1948, Hediger and Verschuren record@ddburrows in a 400 m2
area (Melton, 1976).These burrows are easily utilised by small and medium sized mammals and
reptiles, particularly because aardvarks themselves only use the burrows foB463lays on

average, however the reasons for such temporary usage are unk(baytor, 1998; Tayl@and

Skinner, 2003)

Since pangolins appear to bensistentusers of aardvark burrows, the presence of these burrows
should provide information on pangolin presence and distribution, although, aardvark burrowing
behaviour is itself little known. It is possible aardvark burrow use and locations are chosen due to
proximity to foraging opportunitie§Smithers, 197 lHaussmann et al., 2018)ardvark burrows are
known to offer refuges from climatic changes and adverse weather conditions for many species, and
may additionally present foraging opportunities for insects such as termites andvahigington-

Joneset al.,2011) Aardvark burrows have their own microclimates, with temperatures generally
stable inside and humidity typically higBulova, 2002Whittington-Joneset al.,2011; Haussmann

et al., 2018) Soil type or grain size may contribute to burrow temperature regulgiay and
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Whitford, 1978)andcouldact as a proxy for burrow climat8oil temperature fluctuates the most

near the surface because soil retains heat from the sun long after sinsetizNR I £ ~dzY6 SNI |y
Begall, 2007)Temperature stabilises with burrow depth and is relatively consistent below depths of

30 60 cm but this may vary between soil tyg@ennett, Jarvis and Davies, 1988; Burda et al.,

2007) For instance, dry soils have a lower capacity for retaining (Batdaet al.,2007)

Additionally, the permeability of a soil may influence where a burrow is createckxXaonple

European badgerdMeles melekprefer dry and weltraining soils such as loam over sgRavilla,
tlf2YFNB&a | YR CSNY!t y R Sthese dimmate redulation a8fe@sdiaybe dzd = H n N H
important to pangolin survival iolimates with very high and low temperaturdsurrow use allows

them to either warm up or cool down, as necessary depending on the clitmside Chinese

pangolin burrows, temperatures vary on average between 128 °C while outside temperatures

range from 4.6 38.3 °GBao et al., 2013although this species creates their own burrows. Many

species, including snakes, use burrows for thermoreguldtlohnson, Poulin and Somers, 2Q22)

especially in variable seasonal climatieslling et al., 2018)Aspect of burrow entrance can also

have an impact on the microclimate within a burrow. Burrows that face north or south tend to avoid

direct sunlight so these burrowsayexperience more consistent temperatures than those that face

east or wes{Cunningham, 2001kxternal environments may influence burrow use or placement

because species, such as badgerayseek a burrow that is sheltered or hidden by vegetation

(Revilleet al.,2001)

Threestudies have investigatdtie environmentakcharacteristics in relation to aardvark burrows
(Whittington-Jones et al., 201 Epps et al, 202Mapuru, Hansen and Haussmann, 2DZEpps et al
(2021)found that aardvark presence in Kruger National Park, South Africa, was positively correlated
with elevation and vegetation productivity (as measured through a normalised difference vegetation
index[NDV]) and was negatively correlated with distance to water sources. Rainfall and termite
activity were both weakly correlated with aardvark presence, while soil type was not a predictor.
ConverselyWhittington-Joneq2021) report that aardvark presence is influenced by prey availability

in South Africat three arid and semarid sites This studyfound that slope did not influence the
presence of a burrow, with an equal number of burrows appearing on flat and sloped land. The
primary aspect of these burrows was different at each site and varied between north, northeast, and

bimodal north/south axs (Whittington-Joneset al.,2011) However, Mapuret al(2021) foundhat
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no environmental variable@ncludingsoil type,geology, vegetation, and distance to waterways)

influenced burrow placement in Rietvlei Natura Reserve, South Africa.

There has been littleasearch into pangolin burrow physical characteristics, hence a knowledge gap
exists regarding what makes a burrow suitable for pangolin use. Additionally, it is common for
pangolins to share their burrows with other species such as bats, snakes, ands;catahit is

unknown how this influences burrow ugeehmann et al., 2020%ocial interactions between

LI y3z2ftAya Yre | faz2z AyTFfdsSyOS o6daNNRPgs dzaS & ¢SYYA
overlap varies by location, season, a®k of the individualsSivart, 2013Pietersen et al., 2020;
Prediger 2020)This is likely influenced by mating systenas,eéxample, in the Kalahari of South

Africa, males and females are known to have closely overlapping home ranges, whéheas

Kruger National Park region of South Africa, male home ramgm$apped with several female

ranges (Swart, 2013; Pietersen et al., 2018b¢diger (2Q0) recordedseasonalityof home range
overlaps with less overlaps in the negrowing season in Namibia compared to the growing season
The overlap of home ranges may influence burrow choice, which may also vary seastmasyer,

the majaity of studies into home range overlap come from southern Africa and may not be

applicable to Kenyapangolin populations.

Identification of potentially influencing factors will enable us to better understand pangolin

distribution and habitat suitability. Entrance and burrow dimensions have been suggested to be

influential as smaller entrances may impede access by larger jorsgauch aspotted hyaena

(Crocutacrocuta), leopard Panthera pardus parddisr lion Panthera lepHarper and Batzli, 1996)

' RdzAf & LI y32ftAya INBE YdzOK aYlffSNI GKIyYy | RdzZ & | I NF
pangolin: 9 10 kg; aardvark: 4565 kg(Hutchins et al] 2003; Pietersen et al., 202@ardvark

burrows are typically 40 x 40 cm height and width, and up to 80 cm diameter (Melton, HE&h

(1920 NBO2NRSR 2yS ¢SYYAYyOl Qa LI 952m &ndl FietedssdeNNR g 6 A (0 |
(2013) reported burrow entrances in South Africavary greatly i.e.between 20¢ 100 cm in

diameter, for both aardvark and porcupine burrows. Prediger (2020) monitored pangolin burrow use

in Namibia and found theneanheight and width of burrows used were 33.79 cm and 34.19 cm,

respectively.
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Pangolins have also been reported to preferentially use burrows within termite mdinddiger,
2020)indicating the importance of proximity to a food source. Whittingttoneset al(2011) found

the mean height ofardvarkburrows ranged between 32.241.9 cm, depending on the site. This
variation is suspected to be attributed to different sized aardvarks creating the burrow openings.
When burrows have been used by pangolins often the burrow is modified and the chambers
widened(Pietersen, 2013)These studies involving pangolin burrow choice took place in southern
Africa and thus there might be behavioural differences between populations found outside of this

region.

Not all pangolin species use burrows created by other species and there are likely differences in
refuge site utilisation and habitat characteristic preferencelian pangolins were found to prefer
high elevations (7200 m) with steep slopes and preferred to be located away from human activity
(Karawita et al 2018) Chinese pangolins were found to show a slight preference for red soil over
brown in Nepa(Sharma et al 202M). Chinese pangolins are knownd@ burrowssolelyfor

foraging, and prefesites with a moderate slope, moderate canopy cover, lacdtions near
agricultural areasfamang, Sharma and Belant, 2D2@any of these burroware also found near
termite and antmounds These studies show that burrow preference varies between the pangolin

species, particularly between those that dig their own burrows and those that usexsgngones

The comparison of burrow use characterib@s not been previously conducted for many mammal
species but has been studiedather taxa includingourrowing owls Athene cunicularigin North
America,pygmyblue tongue lizardsTliqua adelaidensjsandfiddler crabs Jca mjoebergiin
Australia, andlesert tortoises Gopherus agassigin NevadgBulova, 1997; Milne and Bull, 2000;
Belthoff and King, 2002; Reaney and Backwell, 200i&se includén situandex situstudies, the
latter including construction of artificial burroanclosuredo monitor use with greater eas Al
compared known used burrow characteristiggh unused burrows and each revealed preferential
burrow use for each study speci€sharacteristics that were found to be associated with use
includedentrance width, soil geochemical composition, temperature factors, or a combination of
these variablesAll species in the studies excavatéeir own burrows apart from th@ygmy blue
tonguelizard, which utilisedhe burrows ofycosid and mygalomorph spidgMilne and Bull, 2000).
Burrow use is likely to bepeciesspecific, and may not be easily predictedpeciallywhere one

species uses a burrow created by anotfeulova, 1997; Milne and Bull, 2000; Belthoff and King,
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2002; Reaney and Backwell, 2001e factors that influence burrow use may therefore differ
0SG6SSy LIy3azftAiya FYR IFNRGFEN]lZ YR 060SGoSSy
species.

Toinvestigate burrow selectiarit is essential to know the number of burrows in an area and which
are being utilised by pangolins. The use of distance saggu transects might be beneficial for

detecting the total number of burrows present, however difficulties lie with determining if one is

being used by a pangol{ingram, Willcox and Challender, 2018)combination of methods

¢ SYY

including camera trap recordings and researcher observations can be used to achieve this, especially

AAYOS ¢SYYAYyO1Qa LIy32ftAaya NS |y SftdzaigsSs
for several pangolin individus or populations, the characteristics of used and unused burrows can

be compared to assess if certain burrows are preferentially utilised by pangolins.

3.1.1.Aims

aSft R2

Thisstudy soughtt§ EI YAY S K246 | yR K& ¢SYYAyO1Qa LIky3a2fAy

within their home range and explore the characteristics that affect the choice of these buimows
Masai Mara National Reserve, Kenfa.burrows are the primary shelter source used by pangolins,
burrow characteristicsnayinfluence pangolin distribution and habitat uséhe findings have the

potential to inform on pangolin ecology, habitat use, and behaviour, wKleinya.

Objective 1 was to dermine if the characteristics of aardvark burrows, including aspect, termite

presence, soil type, soil grain size, and entrance area dimensions, affect burrow use by pangolins.

Pangolins were predicted to choose burmbased ora combination of these characteristjaghich
may be influenced by prey availability, thermoregulationpmrdator avoidanceObjective 2 was to
investigate the distribution pattern of burrows within the broader landscap®presence and
distribution of burows created by aardvarktkroughout the landscapwas predicted to influence

burrow choiceand habitat usef pangolinswithin their home ranges.
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3.2.Methods

3.2.1.Studyarea

See General Methodology sections.2.Xor descriptions of Masai Mara National Reserve, and
2112F2NJ RSAONR LI A2y a 2 TAniaf & thd sitefldcalicn is found &d pas@ dzR& & A (
Chapter 2: Figure 2.

3.2.2.Burrow data collection

This study aimed to record all aardvark burrows withiea{ I f I Q a6 krmz2lstiYdlizdrea and collect

data on the physical characteristics of these burrows. It was presumed that all burrows were created
by aardvark due to the known presence oistkpeciesn the region and the high proportion of

aardvark burrows utilised by pangolins reported in other studies (Pietersen; Podigrsen et al.,

2016h.

A total burrow count was conducted across the study affeansects of 1 km length wespaced

pardlel 20 m apartin anorth to southdirection. These wer@verlayed on a map of the study area

to provide comprehensive sampling across the Siteerewasa total ofapproximately800

transects. Aeam ofsixobservers walkegarallel transects at the same timelternating between

north to south and south to nortlAppendix 2: Figure Allhe team spent 31 days oviem weeks in

I dz3 dza hOG20SNJ 2F H nThistoodzyldeeSimthieldry dessan taieksBre G NI y & S C
burrows would be easily visible to the research tedine same six observers collectee tihata
throughout the studyEach person walkeal mean of 4.3ransects per dayEach observensed a
GP3Garmin eTrex 10, < 15 m accuracy)eoord all burrows they encountered withalOm line of

sight oneither side ofthe transect lineA burrow was defined as an excavated area that was big
enough to fit a pangolin, deemed to be at leddtcm by14 cm. If a burrow had more than one
entrance, each was counted as a separate burrow. When recording a burrow location, each burrow
was given a random number as a unique identification metiifoa previously unrecorded burrow

was found throughout the pangolimsemonitoringperiod,then this was noted down and

characteristics were recorded.

When a burrow wa$oundfive variables measuring physical burrow characteristics were recorded

(Table 3.1)The variablesvere: 1) aspect of burrow entrance; 2) whether the burrow was located
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directlywithin a termite moundd & & S & ¢ ; Figuxkd 34 §)&dil type; 4) soil grain size; and 5)
burrow dimensions in the form of burrow height multiplied by width and termed ceasgional

area (hereaftedCSA). Aspect was collected using a compass and divided into 8 categoriew/as
collected to determine if sun movement influenced burrow microclimates thus burrow selection.
The team was unable to identify termite species in the feddhere are several in the region, thus

all species were collected as presence/absence daiatype was collected byemote sensing from
the Soil and Terrain Database for Kenya (ISRIC, 2014) and soil grain size was collected in the field and
comprised mean grain size in millimetres and was assessed visually from 4 cat€igales3.1)

Grain size categories were selectased on the feasibility of the team to visually identify and
measure different sizes in the fielflhese were selected as variables to determirsmifcomposition
influenced aardvark burrow creation, and to investigate if pangolins had a prefefenseil type
which may relate to habitat type or thermoregulation abiliti@éstape measure was used to record
height and width in entimetres Height was measured from the centre of the floor at the burrow
mouth, to the tallest point of the entrance hgland width was measured from the widest horizontal
part of the burrow entrance. Measures of CSA under 200 cmz2 with either heig¥itth measuring
less than 12 cm were excluded from the analyses because these were considered too small for a
pangolin to acessdue topangolin burrows rariggfrom 20 25 cm entrance diametg814 490

cmz Heath, 1992 CSA was selected as a variable because it may inflpeadator interactions and

thermoregulation abilities.

Table3.1 The burrowcharacteristics collecteth evaluate pangolin burrow us&he subcategories used for data collection
for each categorical variable are listed.

Characteristic Subcategories

Aspect North, South, East, West, Northwest,
Northeast, Southwesoutheast

Termite presence PresenceAbsence

Soil type Eutric planosold,uvic phaeozenis

Soil grain size <1mm,Some >2mm, All 2 5mm, 5mm

CSAcm?) N/A

! Eutric planosolsCommon in semarid environments. A dark soil with volcanic material. Podriining with
a varied texture from silty loam to clay (Britannica, Q0@RIC, 2023a
Luvic phaeozemg highly arable andumusrich soil with little claypresenceTypically with grass present.
(Britannica, 2019ISRIC, 202Bf
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Figure 3.1 Diagram of a termite mound with an aardvark burrow present at the Blas&ation by Maryellen
Stracquadanio.

3.2.3.Pangolinburrow use samplingdesign

All burrows were considered unused by pangolins unless there was observed pangolin occurrence
either by:usingVery High Frequency (VH¥¥)satellitetrackingto track a pangolin to a burroyer by
capturing pangolins on camera trafishapter 2section2.4.1.1.) VHFand satellitetracking took

place as part of a parallel study undertaken by the Pangolin Project between 2019 an@N20232
where these pangolins were tracked to burrows and cameras were placed outside the closest
burrows to establish panda burrow use. VHENd satellitemonitoring were used to record which
burrows were used by tracked pangolins and how frequently they moved between different

burrows.
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Data were also collected on the duration of burrow use by each pangolin. Every time a pangolin was
tracked to a burrow this was noted and the number of dtnat the pangolinspent in that burrow

were recordedby tracking the pangolin on each subsequent day until it moved from that burrow. If

a pangolin moved location, it was tracked to the next burrow and the process was repAated.
NEY23GS OF YSNI o6daOl YSNI § NI LXEfrom Jark 2@ 2 Februag P02  RRA G A
to monitor the activities of both the tagged pangolins and any other individuals within the study
area.Ten ameras were placed at a total of 61 burrothsoughout the study periodCamera traps

were deployedfor unstandardised periods of tim@ ¢ 365 nights, mean = 3%encetrue absences

could not be establishe@ndcamera imagégsideo footagewere collected as presenamly data

points. These videos were guped by burrow identification number. Burrows used by both

pangolins and any other speciadthin 12 hourswere recordedAll burrows were considered

unused by pangolins (absent) unless there was observed pangolin presence from a) images or video
footage or busing VHF or satellite trackinbhis presencenly approach means thahere were
potentiallyfalse absenceas not all burrows could be monitored simultaneousie to logistical

constraints.
3.2.4.Data analyses

Maps were created using ESRI ArcNDegsktop Esrj 2020)and ArcGIS Pro (Esri, 20238gure 3.2
shows theminimum convex polygon home ranges of each tracked pangolin and the distribution of
used and unused burrows. kernel density heat maprasgenerated to show the distribution of
occupied burrows (Figur@3). This was done usirifpe Spatial Analyskernel Densit§2ool in
ArcMapwith default settingsandthe planar distance method was used given gineallsize of the

study areaThe dfault search radiswas600.25m.

Due to thepangolinburrow usedataset containing presences but not absences, a series of Chi2
Goodnessf Ft tests were used to assess whether counts of aardvark burrows in different
categories deviated from uniform (observed versus expected) for each of the four categorical
variables.To determine how variation in the five burrow characteristics influenced pangolin burrow
occurrence, dinomial logistic regression (GLM) with a logit link function was computed to model
how variation in burrow characteriss influences pangolin burrow occurrence in RStudio, using the

Wi YSn Q (BallesCial., 2B 5)The response variable (pangolin presence) was modelled as 0,1
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(presence/absence) and the full (global) model included all five burrow characteristics as
explanatory variables. Reference levels for each parameter were chosen by selecting the most
frequent category from each: AspecBouthwest; Termite yes; Soil type eutric planosols; and Soil
grain size <1 mm.If a categorical level had a count of less than 5 and had no presence in the

response variable, the level was removed from the analyses but retained in the descriptive statistics.

¢t KS w LI Foxlethi018) ®ds Ndad to test for multicollinearity amongst the explanatory

variables included in theestfit top model,and none vasfound (all produced a VIF score o8%

hence all were retained. SubsequeniyK S @I NA I 6f Sa 6SNB aoOl f SR dzaiy3
they were all comparable arnd standardise coefficients (meanGsand standard deviation = .5

DStYlyYy SG [f®dZ HaHnO® MEIMNQYRNIDRI IS BdzaQEBBR @R K
priori candidate mode(Barton, 208). W5 NBR3ISQ 41 & dzaSR F2NJ 02y @Sy ASyC
models as all variable combinations were considered vislatiel averaging was then conducted

dza Ay 3 GKS Wabgzilisiygthe Akhik® infor@adion critéon to rank models and identify

the most parsimonious ones. Any models with AlQanere considered comparable best fit models
(Burnhamand Anderson, 2002). AlCc was used because it is most appropriate for small sample sizes,

and model averaging was generated from the H#stodels along with 95% confidence intervals.

Confidence intervals were assessed for the predictor variables, whidhavndy considered to

influence burrow choice if their averaged coefficients did not overlap zero. Marginal andicoal
Revalues were computed forthe bedtA ' Y2 RSt & dzaAy3 WadzaAyQI yR (K
from the fixed effects and entire model, respectively. This approach was basgdhiter methods

applied by Ellis et al (2017) and Nomani, Carthy and Qil (2008)

¢tKS Q! SN} 3S bSINBad bSAIKO2ND G22f Ay ! NDal Ll gl

aardvark burrows and those used by pangolins across the study site and determine if distribution

was statistically clustered, random or, dispers&d.investigate broader patterns of burrow

distribution in thelandscape, SaTScagersion8.0 (Kulldorf, 209) was used to generate predictive

clusters of burrow use for high and low use areas. This provides a direct comparison between the

observed distance between points and the expected distance in a simulated random configuration.

SaTScan creates a circulaneow over the study area and imposes this on each burrow coordinate

location. Circles of different sizes for each location are produced and tested multiple times. For each

circular window, a likelihood ratiolsti A A G A O 6 aaOly adlraradaodoév Aa Ol f
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expected number of used burrows. It compares this output to a likelihood of 0 and computes a
probability p)-value for each clusteilhe wsualsize of each cluster represents theographic

coverage of the cluster aribes not indicatdikelihoodvalue This pvalue is calculated by Monte

Carlo hypotheses testing by randomly redistributing the locations and recalculating the scan
statistics multiple times until some divergence measure is achieved. In this study, a Bernoulli model
was used with spatiadnly data for each burrow location. Bernoulli modelling compares the number
of used burrows to the controls in each cluster to determine if there is significant clustering of either
based on the spacing of the burrows. Controls in this study were the unusealsuOnce clusters

were calculated, the difference in burrow characteristics between the significant clusters were
calculated using the Chi squared and GLM approaches as above. Identical procedures to the original
GLM were subsequently used to compalieburrows withinone significantlylow cluster of usewith

all burrows outside of this clusteiann-Whitney U tests were conducted to investigate the

difference in CSA between significantly clustered burrows and all other burrows. The original GLM
analyses compared the pangolin used and-ased burrow characteristics, whereas the SaTScan
analysiscalculated the likelihood of each burrow being in a cluster based on pangolin occurrence

and grouped the burrows accordingly.

Two differing statistical approaches were thus used in this study; an information theoretic approach
for the original GLMs and ntlilypothesissignificant testing (NHST) for the SaTScan analysis. This
disparity was necessary due thebailt NHST method it SaTScan uses, and this software was

deemed the most appropriate technique to explore broader burrow distribution.

The camera trap and burrow movement data were summarised descriptively rather than analysed
inferentially because both were collected opportunistically and aithocpresence sampling. They

are included to provide context for the main dataset and statistical results.
3.3.Results

A total of281burrows were recorde@long with their characteristiaduring the studyFigures 2

and3.3). For 18&f theseburrows, only four variables were collected as grain size was not included

due to observer difficulties in the field, hence five variables were recorded for 263 burfabkeé

OPH YR odo0® . dZNNB ¢ RSygsilhudowsperkgn2 f 1 Qa OF YLI NI y =
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A total of 50 burrows (17.7%) were recorded to have pangolin presérceéhey were used by

pangolins at some time during the study. VHF tracking and camera trapping respectively revealed 43
YR on S@SydGa od2aGFt ' 770 ¢gKSNB LI y3I2fAya dza SR
Of these, 27 were repeat measures,irecorded using both methods, hence a total of 50

independent burrow occurrences were recorded.

The majority opangolin burrows were used by the tagged pangadl#696; N = 4&nd 2 (4%) were
observations of notagged pangolins. Of these, 3 (6%) burrows were used by both a tagged and

non-tagged pangolin.

Minimum convex polygoMCPhome ranges were calculated for eaghthe trackedpangolirs

(Figure 3.2 These were: FM0011.27 kn%; FM002- 4.06 kn%;, andFM003- 0.52 kmz.
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Pangolin burrow occurrence
X  Absence

A Presence

[__] FM001 MCPAug-Nov2019 0 0.5 1 2 Kilometers
[_] FM002 MCP Jan - Apri 2020 ~ H—+—+—+—+—+—+—+—
["] FM003 MCP April - June 2020

Esri, HERE, Esri, © OpenStreetMap contributors, HERE, Garmin, USGS

Figure 2 Map ofthe burrows (N =281) for which burrow characteristics were measured within shely areaPangolin
burrow presence is represented by black triangled absences are represented by black crodg@simum convex
L2féedz2y K2YS NIy 3 SilitdgdeMmatrd da@ e dhbwyFRI@0L ik gfahge, FM002 in blue, and FM003
in green
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Pangolin burrow occurrence
X  Absence -

~

Ao Presence -

Pangtl)qliir:1 I{g;gow occurrence density 05 S 1 2 Kilometers
e F—————t—t——
-Low O Souwrces: Esri, HERE, Garmin, i?ltegmqa. incement P Corp., GEBCO,

USGS, FAC, NFS, NRCAN, GeoBase, IGN, Kadaster NL, Ordnance
Survey, EsriJapan, METI, Esri China [Hong Kong), {cj OpenStreetiiap
contributors, and the GIS User Community

~

Figure3.3 Kernel density estimate heat map of the burrows where pangolin occurrence was confirmed (N = 50) to show
predicted high density areas of burrow u3énere are 281 total burrowsligh indicates up to 18.93 and low indicates O,

per square kilometre. Default search radius was 600.25 m. Method: PRaagolin burrow presence is represented by
black triangles and absences are represented by black crosses
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3.3.1.Burrowcharacteristicsdescriptivestatistics

Aardvark burrow characteristics

Raw data are summarised Appendix 2 Table Al. Overakputhwest,west, andsouth were the

most common directions for burrow entrances to face, making up a combined 53.6% of aspects
(Figure3.4). There were higher than expected rates of these 3 directions whilst, all other directions
had lower than expected frequencie&gpendix 2 Figure &). Most burrows (61.9%) were found
within active or old termite mounds and the rate of these was higher than those witdqugndix

2: Figure B). The most common daype was eutric plaosok (85.6%), followed by luvic phaeozems
(14.4% Appendix 2 Figure A). There was a difference between these categories, with eutric
planosols present more often thaxpected. Soil grain size was primarilymm (89.73%Appendix

2: Figure A).

270° S I e 270°
0 >0 20 30 40 350

180° 180°
A B

Figure 34 Polar compass of burrow aspect frequendimsaardvark burrows (A) and burrows used by pangolinsNBith
= (®, Northeast = 49 East = 99 Southeast = 135South = 189 Southwest = 225 West = 270 and Northwest = 315

Pangolin burrow characteristics

Pangolin burrow occurrences appeared to show a uniform representation of aardvark burews,
similar patterns emerged for pangolin and aardvark burrow characterigtiesmost common
burrow aspect were south (24%), followed bgouthwest (16%), andast (16%Figure3.5). All other

aspects made up less than 12% each. Most burrows were found within termiteda¢64%)The
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most common soil type in which burrows used by pangolins were excavated was eutric planosols
(75%) followed by luvic phaeozems (25%)il grain size was similar to aardvark burrows, with 84.4%

being <1l mm.Summary figures available Appendix 2 Figures 2¢ A5.

Mean height and width of burrow entrance was similar when comparing aardvark burrows overall
and those in the pangolin presence subset, (overall mean + SEV2tm and 42.4 for height and
width, respectively; pangolin subset mean = 35.8 cm for height and 42 cm for pAjojplendix 2

Table A2 and Figuresf). Mean CSA for all burrows was 1690 cm? and for pangolin burrows was

1550 cm2Figure3.5 displays themeanburrow CSA of each soil type.

2000

1800
M Luvic phaeozems
1600
m Eutric planosols
1400
1200
1000
800
600
400
200
0

Presence Absence Presence Absence

Mean cross section area (mm)

Pangolin presence

Figure 3 The nmeancross section size (cm) for each soil tgpéuvicphaeozemsr eutricplanosolsfor pangolin and
non-pangolin burrows. N = the number above each bar. Standard error of mean bars are displayed.

3.3.2.Characteristics of pangolin burrow use

None of the explanatory variables affected pangolin burrow occurrenggaagolins did not

disproportionately use particular aardvark burrows according to the five burrow characteristics

(Table3.2). No variables were collinear (all VIF scor@ Appendix 2Table 80 06 dzi GXKBQf SPSf

for soil grain size was removed from the analysis dusotmts of less than 5. Model averaging and

aSt SOGA2Yy NBOSIf SR ?@aud3)ythésSviete: 1Jpibtypéonlk 2)io/ O 2 F +
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variablegnull), 3) soil type termite presenceand soil typeand4) soil type, termite presence and
soil grain sizeAll confidence intervals overlapped zero showing that these differences were
unreliable and therefore not influential (Tale4; Appendix 2 Figure X). N =262 for this modelA
subsequent modehveraginganalysiswith a slightly largedataset (N = 281) and only four
characteristics (aspect, CSA, soil type, and termite presence) waandinesults were also nen
significant (Appendi8: Tables A%, A4 and Figure Al

Table3.2 Binomial logistic regressiasf burrow use characteristidsroken down by variable. Residual deviances.12on

249degrees of freedomAlC: 21.12 Number of Fisher Scoring iterations: 5. N = 26&e. Estimates represent the log
odds of "Pangolin = Presence" vs. "Pangolin = Absence".

Model Coefficients; Pangolin

Predictor Estimate SE 4
Intercept -2.140 0.649 -3.295
CSA -4.18:-05 2.46e-04 -0.170
Aspect: (Soutlvest versus)

South -0.0396 0.650 -0.061
Southeast -0.4.00 0.758 -0.527
West -0.969 0.743 -1.303
Northeast -0.215 0.870 -0.247
East 0.182 0.654 0.279
North 0412 0.779 0.528
Northwest 0.0172 0.710 0.024
Termite: (Yes versus)

No 0.241 0.408 0.5
Soiltype: (Eutric planosols versus)

Luvic phaeozems 0.879 0489 1.797
Soilgrain size (<1 mm versus)

Some>2 mm 1.03 0.749 1.38
2 5mm 0.783 0.706 1.109

Table3.3 Generalized linear models (GLMs) in AlQqtep models) used for modealeraging to describe the relationship
between pangolin burrow use and burrow characteristics. logL 4iKelihood values; k = number of parameters per

model; AICc = Akaike information criteria corrected value for the sample size between a model hesitffiging model;
k!L/O ' GKS RSt il OKI y arB=mayindl R(Vaidice éxpldined by theXiteS factoBRdEK G T w
conditional R (variance explained by the fixed factors).

Model logL k AlCc 1 AlCc w RZm R2c
Soil type -95.83 2 195.7 0.00 0.4 0.02355681  0.02355681
Null -97.24 1 196.5 0.80 0.27 0 0
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Soil type + -94.63 4 197.42 1.72 0.17 0.026247250 0.026247250
termite

presence

Soil type + -95.71 3 197.51 1.80 0.16 0.04072854  0.04072854
soil grain

size

Table3.4 Confidence intervalef each burrow characteristic for the average top models identified during model averaging.

Parameter Estimate  Lower Upper
Intercept -2.01406 -2.408829 -1.61929
Soil(luvic 0.58058 -0.107820 1.694389
phaeozem3

Soil2 5 0.11110 -0.403750 2.003881
mm

Soil>2mm  0.17115 -0.403750 2.425599
TermiteNo  0.03182 -0.580822 0.972448

3.3.3.Spatial patterns in pangolin burrow occurrence

Aardvark burrow distribution (N 281) was found to be statistically clustered (Nearistighbor

Ratio = 0.733, z-8.42, p = ©.001), with less than a 1% chance of the distribution being considered

random. Observed and expected mean distances were 82.85 m and 113 m respectively. For burrows

used by pangolins (N = 50), distribution was also statistically clustered (Nearest NdRgtiioo=
0.858, z =1.9, p = 0.05), with less than a 10% chance of the distribution being considered random

chance.

Eight spatial clusters of pangolin burrow use were identified during the SaTScan analyses. Cluster C1

had 53 burrows and no pangolin occurrence=(h004, Tabl&.5). One other cluster with non
significant low occurrence was identified, as well as 6-significant high occurrence burrows
(Figure3.6). Subsequentlya GLM vasrun to compare théurrow characteristics in thsignificant

no-occurrence cluster (C1) with alirrows outside of thigluster.
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Figure 36 Burrow use predictive clusters identified by SaTScan. Low occurrence clusters are blue and high occurrence
clusters are pink.Falues 0.05 or lower are indicated on the map, as withT@#&.green represents Masai Mara National
Reserve in Kenya and the grey represents TanzBaizgolin presence is shown with black triangles and absences with
black crosses.
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Table3.5 Clusters of high or low pangolin presence identified by SaTScan and the scan statistics associated with each.
Significant pvalues are in bold.

Cluster Number Observed Expected Observed/expected Log p-value
of total used used likelihood
burrows burrows burrows ratio
C1 52 0 9.25 0 11.398891 0.0040
Cc2 117 34 20.82 1.63 8.634441  0.063
C3 35 15 6.23 2.41 7.043927 0.171
C4 4 4 0.71 5.62 7.041167 0.261
C5 26 0 4.63 0 5.374013 0.566
C6 3 3 0.53 5.62 5.254779  0.791
C7 3 3 0.53 5.62 5.254779  0.791
C8 3 3 0.53 5.62 5.254779  0.791

C1 cluster descriptive characteristics

South (22.64%) was the most common direction for C1 cluster burrows (Bigur&lost burrows
within C1 had termite mound presence (62.26%ppendix 2 Table A). Most burrows were
excavated in eutric planosols soil (85%) and in soil of small grain size (84.91% with)<15%

were in luvic phaeozems. Summary figures availabippendix 2 Figures 8¢ All.

OO

180°

Figure3.7 Polar compass of C1 burrow aspect frequencies. North Nd@rtheast = 4% East = 99 Southeast = 135South
= 180, Southwest = 225 West = 270 and Northwest = 315
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Burrow CSA was significantly greater for burrows within C1 compared to all other burrev69d,
p=<0.001). Mean C1 burrow CSA overall was 2213cm (mean hedgh? =m, width = 49.2 cm),
while all other burrows were 1594 on averages@anheight 37.2 cmmeanwidth 40.8 cm Appendix
2: Figure A2). Mean CSA was lower for all soil types in Cluster 1 than outb@eister 1 (Table
3.6).

Table3.6 Count of each soil type and mean cross section size located inside Clusierghred to all other burrows.

Eutric Luvic
planosols Phaeozems
Inside Cluster 1 Count 44 8
Mean £ SEM CSA 2208.54 (+ 2093.55 (
104.2) 163.5)
Outside Cluster 1  Count 181 30
(all other burrows)
Mean £ SEM CSA 1639.5 (= 1571.5 (+ 118.3)
63.3)

3.3.4.Cluster Cburrow characteristics

CSA was the only influential variable affecting presence or absence in the C1 clusteB.{)ahle

variables were considered collinear because all VIF scores véefEppendix 2 Table A). Model

averaging and selection revealed three models within AIZof each other. These were: 1) CSA

only, 2)soil grain size and area, and<djl type and area (Tabl&8). 95% confidence intervals for

CSA did not overlap with zero indicating thatwas the influential variable (Tab89; Appendix 2

Figure AB)./ {! KIFIR I LRAAGADS | 2a20Al0A2Y SAGK / m LINB:
size was removed from the analysis due to counts less thar=238 for this model.

Table3.7 Binomial logistic regressiasf C1burrow use characteristidsroken down by variable. Residual deviancgl.®7

on 249degrees of freedomAIC:257.97 Number of Fisher Scoring iteratios:N = 253. Note. Estimates represent the log
odds of "Group = Inside cluster 1" vs. "Group = Outside cluster 1".

Model Coefficients¢ Group

Predictor Estimate SE z
Intercept -3.645 0.625 -5.834
CSA 9.295-04 2.012=-04 4619
SoilType (Eutric planosol¥

Luvic 1.889 0.469 0.402
phaeozems
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Soilgrain size(<1mmversus)

Some>2mm 1435 0.707 2.030
2 5mm 0.070 0.663 0.107
Termite (Yes versus)

No 0.047 0.348 0.135
Aspect (Soutlwest versus)

South 1017 0.544 1.870
Southeast 0.870 0.594 1463
West 0.076 0.590 0.129
Northeast 0.723 0.691 1.046
East 0.449 0.624 0.720
North -0.22%6 0.873 -0.260
Northwest -0.151 0.730 -0.207

Table3.8 Generalized linear models in AIC2 &op models) used for model averaging to describe the relationship

between pangolin burrow use and C1 burroharacteristics. logL = ldizelihood values; k = number of parameters per
model; AlICc = Akaike information criteria corrected value for the sample size between a model and the best fitting model;
w = Akaike weight; Bm = marginal R(variance explained by the fixed factorsf,dR= conditional R(variance explained

by the fixed factors).

Model logL k AlCc 1 AlCc w R?m R2c

CSA only -121.22 2 246.49 0.00 0.5 0.12927606 0.12927606
Soil grain size + C< -119.66 4 247.48 0.98 0.31 0.14809134 0.14809134
Soil type + CSA -121.14 3 248.37 1.88 0.2 0.1309746 0.1309746

Table3.9 Confidence intervals of each C1 burrow characteristic for the average top models identified during model
averagingConfidence intervals which do not overlap zero indicate and influential variable and are in bold.

Parameter Estimate Lower Upper
Intercept -1.52843 -1.88039 -1.17645
Soil(luvic 0.0%22 -0.69176 1.062706

phaeozems)

Soil2 5 0.08467 -0.97227 1.526752
mm

Soil>2mm 037931 -0.0057 2.574549
CSA 1.41573 0.787056 2.044408
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3.3.5.Burrow sharing

Pangolins were recorded at burrows with other species on the same night 10 times at 5 different
burrows. These included shrew8qficidae spp.and bats Chiroptera spp.three times each, and

once each focrested porcupinelystrix cristaty, African harel(epus victoriag spotted hyaena

(Crocuta crocutpand African lionRanthera led Pangolins and other species were not always

present in the same video, but they were recorded at each burrow on the same night. The instances
with spotted hyaena and lion did not include either utilising the burrow. One of these recordings
included two other species at the same burrow, which were bats and shiiewgs (5out of 34) of

burrows with camera traps included some form of burrow sharing with another species.

3.3.6.Movement between burrows

The telemetry tracked pangolins were found to spendean of7 12 days in a burrow before
moving on to a different burrow. They each revisited betweer 38% of the burrows they used.
When reusing a burrow, they spent between 2 weeks and 3 months away @ aBjeMinimum
convex polygon home ranges of each pangolin in relation to Cluster 1 are availApleeindix 2

Figure A4, A5 and AB.

Table3.10 The number of brrows used by each tagged pangoliinemeanuse per months displayedEach pangolin had
several gaps in dateollection timeframes, up to several months. Standard error of means displayed.

Pangolin Timeframe Number Number Mean Mean Per 14  Per month Number Gap
ID of days  of time number days revisited between
recorded burrows  spentin per week revisit
at used burrows
burrows
FM001 Feb2020 217 32 7.15 1.77 2.95 3.67 18 15.4 days
Feb 2022 days (£0.16) (£0.29) (x0.44) ¢2.8
(+1.2) months
FMO002  April July 47 9 12.1 1.80 3(20.92) 3.67(x1.45) 2 15 days
2020 days (x0.32)
(x4.95)
FMO003 Aug 2020 79 16 8.8 days 1.75(x0.19) 2.33 3.67 5 16 days;
Nov 2021 (x2.56) (x0.33) (x0.42) 1 month
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3.4.Discussion

This study is the first in East Africalfodescribe physical characteristics of aardvark burr@ys;
guantify use of aardvark burrows by pangolins relating to these physical characteristi®); and
document patterns in spatial distribution of pangolin burrows across a savannah/grassland
landscape. None of the burrow characteristics studied were found to influence pangolin burrow use
in standard statistical analysis, indicating that pangolins areolugeneralists. However, whilst the
study site had a high density of burrows available, pangolins were observed to utilise only a small
proportion of these suggesting that there may be unstudied variables determining burrow selection.
Further, spatial cluster analyses found that pangolins avoided an area with larger than average
burrow entrances. It is well known that pangolins utilise burrows created by siecies, primarily
aardvarkgPieterseret al, 2014). Therefore, pangolin presence may be based on the overall
presence of aardvarks, rather than the presence of specific burrow traits. Aardvarks are important
ecosystem engineers, and their presence likely influences numerous busing species
(Whittington-Joneset al.,2011) Pangolins exhibit commensalism with aardvarks where they gain
shelter and food sourceand aardvarks neither gain nor lose any resources from this relationship

(Delaney, Cates and Warner, 2014)

AverageNearestNeighbor analysis revealed aardvark burrow distribution to be clustered non
randomly, indicating selection. Any preferential choice by aardvarks subsequently impacts the
distribution of pangolin burrows by influencing what is available for use, which méiglyaexplain

why pangolins do nashowstrong selection for particular burrow characteristics. Aardvark burrow
density was low compared to other studies with an average density of 28/km2 compared to 122/km?
to 795/km? (WhittingtorJoneset al., 2011), and pangolins used a small proportion (12%) of

aardvark burrows with an average density of 4.5/km?2.

Aardvark burrows exhibited patterns in their physical characteristics, in that they were more likely to
face south, southwest or westerly directions, were mostly found within termite mounds, and
primarily within eutric planosol soils oflkmm grain size. These results contrast with thosepgds

et al (2021)who found that soil type and termite presence did not influence aardvark burrow
locations in South Africa, and while aspect was influential, this was in an opposing direction, i.e.

most burrows were north facing or nortouth facing with bimodal entraes. The contrasting
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results may arise from geographical variation in termite presence and/or preference by termites for
different soil types between South Africa and Keyardvark distribution is thought to be

dependent on prey availabilitffaylor and Skinner, 20Q4yhich may in turrbe influenced by

termite soil preference as termites are reported to prefer fine grained $dilsquet, Lepage and
Velde, 2002Kanyi et al., 2021)rhis likelympacts both aardvark and pangolin distributidrecause
they are known to share moderate dietaryniche overlagPietersen andRobertson, 223). The
variation in entrance aspect may be different due to geographic variation, as Kenya is on the equator
thussun movement likely differs here compared to other regions and may depend on séason.
likely that entrance aspect primarily influences how fast burrow entrances warm up or cool down,
rather than the temperature of internal chambeM/( et al., 2003; Wu etla 2020), depending on

the depth of the burrowAardvark preference for these burrow aspects may thus arise from a need
to avoid intense light during warmer periods, or to warm up during colder periods, which
correspondingly influences temperature and humidBulova, 2002)North and south burrow
entrances do not experience much direct sunlight at certain times of (ffleares et al., 2003Jor
example, from October to March, the MMNR experiences sun from a southerly direction and from
April to September, a northerly direction (SunCalc, 20RB¢refore, MMNR experiences slightly
more sunlight from a northernly direction throughout the yeareaning southerfiacing burrows

may experiencenarginallyless direct sunlight overall than northefacing onesHowever, other
factors may influencsunlight level such aseasonal rainfall levels and associated cloud levels.
Additionally, if the landsi sloped therthis may mean somentrance aspects could h@one to

flooding during rainfall, thusertain aspect orientations may be selected to prevent floodirge

effect of aspect on burrow temperature may vary according to latitude, explaining the difference
between South Africa and Kenyrther research iseeded to confirm iaspectdoes influence

aardvark burrow positioning

Sincethere were greater patterns in aardvark burrow distribution than those in pangolin burrow
distribution (the distribution of aardvark burrows used by pangolggwn in the Average Nearest
Neighbor analysesye can conclude that pangolins appear to be less selective when choosing
burrows than aardvarks$n other words, pangoliappear to use whatever is most available to them,
using aardvark burrows in a random manner with respect to the measured burrow characteristics

variables, with the exception of their potential selection for smaller burrow entrances. This is
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consistent with most pangolin species, which are known to be habitat geneldlistin et al.,

2020) Pangolins move burrows frequenthpproximatelyevery 1 30 days according to previous
studies, but the reason for this is unknoieterseret al, 2014; Bruce et al., 2018)hus, they
likely require the presence of many burrows and may need to be indiscriminate with their burrow
utilisation to meet this needNonetheless, the nomandom clustering in pangolin burrows revealed
by average nearest neighbour analysis suggests that additional, unmeasured factors may affect
burrow use, which mainclude burrowclimate variables such @amperature and humidity

(Prediger, 2020)Additionally,include intrinsic factors such as social and other biological factors

relating to pangolirpopulationsmay influence burrow use.

Although data from three tagged pangolins tracked for thneenths each were used in the current

study, these periods were not simultaneous so determirsiegsonality of use, amgbcial

AYGSNI OiA2ya 0SG6SSYy AYRAGARdzZ fa sta y20 LRa&AAOTE
thought to be strongly territoria{Swart, 2013Pietersen et al., 2020however males are known to

FGdFrOl 20KSNJ AYGNHzZRAY3I YIFESa Ay GKSANI K2YS NI y3e
home range to establish their own territori¢Bietersen et al., 2014Bietersen et al., 2020pacing

of burrow occurrences in this study may therefore have been influenced by home range boundaries

for at least some of the individuals recordddis may have varied seasonally or based on mating

behaviour Pietersen et al., 2020; Prediger, 20280d further research is required to establish this.

What can be inferred from thICP home ranganalysis is that the tagged pangolins were absent
from the cluster of low pangolin burrow occurrence in geneghigter 1), suggesting avoidance of
the entire area. Kernel densiburrow useanalyses correspondingly confirmed pangolin absence in
Quster 1 and revealed areas of high burrow use density in much of the surrounding area, including
to the north and eastern regions of the study site. All methods used thus point to pangolin
avoidance of areas containitarger than average burrow entrancegowever, tlis may also be
influenced by the population density of pangolins in the study afimee few occurrence records
were from nontagged individualshis may indicate a low density in generé. the current study,
pangolins utilised burrowwith ameanCSA o0l550cm? whichwas slightly smaller than the mean
CSA of ahardvark burrovg (1690cm?. These findings wereonsistent with, buslightly largeythan
t NEBRAISNRA O6Hnun0v FAYRAYIaA 37T 3419 yriFfapdrokiyiately dZNNB ¢ R A
1142¢ 1169 cm?, iusing the diameter as both the height and width, e.g. 33.79 x 33ar@) with
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Whittington-Joneset al (2011)who report aardvark burrow diameter to range betwegh.1 and

41.9 cm(1030¢ 1755 cm?) The similarities found across these studies indicate consistent burrow

sizes for aardvarks and suggest that pangolin burrow use is a function of what burrows are

accessible to them, unless the burrow entrances exaggatoximately a CSA of 2006

comparison)ndian pangolins in India dig their own burrows and the mean entrance width of these is

25.65 cm(approximately 657.9cm®) g KAt S LI y3I2f Aya Ay . Iy3flRSaK O
(approximately225¢ 400 cm?Mahmood et al., 2013; Trageser et al., 20&@ant pangolinswhich

also utilise aardvark burrows, have been found to have a burrow diameter @68&m

(approximately 90@ 3600 cm2Bruce et al., 201;8Hoffmann et al, 2020)

Burrow depth, entrance size (cross section) and the number of entrances may be influential when
choosing a burrow for shelter purposes. Burrows can vary greatly in depth and the number of
chambers those with numerous chambecsin offer more shelter and hiding placésmthsmaller or
shorter burrowg(Pieterseret al.,2014b). Entrance size additionally contributes to the level of
security offered by a burrow. If an entrance is large enough to allow a predatskrof using that
burrow increaseg¢Harper and Batzli, 1996} his is commonly seen in marine species that utilise pre
existing burrows, including spiny lobstePaulirus argusand many reef fistHixon and Beets,

1989; Eggleston and Lipcius, 199R3angolins likely use burrows that fit their own body size and are
not large enough to allow predators access. Adult aardvarks are typically at least 4x larger than
¢SYYAYy Ol Q4 LJ6Yk@antssybsdn at shouldepheightompared to 9 10 kgand

30¢ 40 cm shoulder heigiHutchins et al., 20Q3¥n6thig, 2005McWilliam, 2019), thus they can
create large burrow entrances. Pangolins in this study chose buslgigly smaller than thenean
aardvark burrow size and avoided those witinsisently larger entrances. Mean adult leopard
weight is substantially larger than adult pangolins, at 45.8rd) 0 ¢ 80 cm shoulder heightor
males(Stuart and Wilson, 198&ickman and Marker, 2005 hile the mean for adult lions is even
larger at 187 k@nd 1220 cm shoulder heightor males(Smuts, Robinson and Whyte, 198iuart

and Wilson, 1988)and the mean weight for spotted hgaa maless41 ¢ 55 kgwith a shoulder

height of~85cm (JohnsorUlrich et al., 2018Mhlanga, 2018 The burrow sizes utilised by pangolins
on average are small enough to protect them from predators thus size is likely to be a factor that
influences burrow choice. This is particularly important for females and juveniles because they have

smaller body gies(Pietersen et al., 202@nd are more vulnerable to predation and thus require
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smaller shelters. It is plausible that pangolins did not use burrows within Cluster 1, because
entrances in this area were larger and would allow predators to enter more easily. This was
consistent across both soil types in this cluster and thus doesqduate a relationship between soil
type and cross section. The reason for the existence of larger burrows in this area was unexplained
by factors measured during this study. Adult aardvarks can vary in size substg@Htidlyins et al.,
2003) thus it 8 possible that these burrows were created dgrger individual(s) in this area
Howeverthe avoidance of this area may be unrelated to entrance size and may have been caused

by unstudied environmental or habitat factors.

As stated previously, thermoregulation is an additional primary reason that pangolins are believed to
utilise burrows. Burrows generally offer consistent climate conditions and insulation abilities that do
not vary to the extent that the open air, aboveogind climate doegWu et al., 208; Wu et al.,

2020) Temperatures and humidity levels do not change greatly, even if there are extreme weather
conditions on the ground surface. Pangolins cannot regulate their body temperature by sweating or
panting, as other mammals can, and their scales provide littldatisn, so they rely on shelters to

do this(Pieterseret al.,2014b). By utilising burrows, especially during the hottest or coldest times of
day, they can better regulate their body temperatures. This may be an important factor for burrow
choice because they may use the burrows with the most stable temperature or hummdditjtions.
Utilisation based on thermoregulation may change throughout the year as seasonal temperatures
varyand different requirements are needd&delman, 2011)Aspect may influence burrow climate

due to where the sun faces, impacting how fast burrow entrances warm up or cool down. The south
facing aspect of most of the burrows in this study may relate to avoidance of direct sunlight to
reduce heat level§Cunningham, 2001ylepending on the burrow deptlruture studies into burrow

use should consider collecting burrow temperature and humidity data to evaluateSiiis.
characteristics can differ greatly, with varying levels of water retention, grain size, or drying abilities,
all of which may potentially impact internal burrow clima{@awls and Brakensiek, 19&2)d this is
linked to soil type. As only two soil types were present in the study and no preferential use was
found between them, burrow use was likely a metric of availability in terms of soil liyppeher

regions this may diffewhere more soil types are available.

When active, pangolins spend much of their time feediBwart, 1996Pietersen et al., 2020)-or

example, Indian pangolins have been known to feed on termites and ants burrow walls while within
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their burrows(Mahmood et al., 2013)0Others, including the Chinese pangolin, utilise specific
burrows solely for feedinéVu et al., 2020Tamanget al.,2022). This suggests that distance to food
impacts pangolin distribution and burrow use, but the current study found no evidence for this
Although most pangolin burrows werecordedwithin termite mounds pangolins did not
preferentially select burrows within termite moundghis may be explaindsy a surplus of food in

the immediate area that makes food easily available and thus not a limiting factor. However,
pangolin dietary choices are not always straightforward, with pangolins from different areas or
regions preferentially feed on different ant or termite prey species. Some are known to prefer
termites and others, ant€Coulson, 1989; Swart et al., 19%9etersen et al., 2020and further work

is needed to determine if this influences burrow use. In Sabi Sand Wildtuin, South Africa, Swart,
Richardson and Ferguson (1998) recorded 55 ant and termite species yet only five termite and 15
ant species were predated by pangolins, sgjig that prey species richness does not impact the
number of species consumed (Swartal.,1998). Aardvarks also predate ants and termite species,
with a typical preference for ani®Villis, Skinner and Robertson, 1992; Taylor, Lindsey and Skinner,
2002) although they are generalist predatorsanfts. Termite mounds may be influential for
aardvark burrow site choice due to ease of prey access. &valf199) reported that 99% of

feeding observations took place underground. The use of termite burrows by pangolinstoply

be a result of where aardvarks have created them. To understand how food sources influence
O0dZNNR ¢ OK2A0S F2NJ ¢SYYAyO1Qa LI y3I2f Ay FdzNIKSNI A

being consumed by these pangolins.

Further investigation should consider the presence of other species in burrows. Numerous species
utilise aardvark burrows, including rodents, birds, hares, and sr@Kegtington-Joneset al.,2011)

and pangolins may actively avoid these burrows depending on the species. Of the species found to
be sharing burrow space with pangolins, African hare and porcupine are predictecitoided by
pangolindue tosmallburrow size limitsThe frequency at which pangolins move burrows means

they may not preferentially choose unused burrows if the burrow is large enough to host them
alongside another species. To investigate this, it would be necessary to consider the size and number
of chanbers in a burrow, ad the frequency at which burrows are shared along with the size of the

species sharing the burrow. The sighting of a spotteabhgand lionat the same burrow as a
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pangolin in this study may refleptedator-prey interactiongPietersen et al., 2020ather than

burrow sharing.

It is possible that burrow use depends on individual pangolin preference. Sex and age may play a
role in this choice, for example, females might prefer a burrow with more shaltieh as deeper
chambersthan a male when she is pregnant or has a pup, and juveniles may also prefer shelter if
they have recently dispersed from their mothers. Of 8#ecamera trap nights with pangolins
recorded during the study, one showed burrow sharing between two adults, potentially indicating a
mating pair, and two burrowivolved a mother and juvenile sharing. Females who have newly
given birth are known to move burrows with their pups shortly after, and pups share burrows with
their mothersuntil dispersal, which occurs betweergd2 months(Smithers, 1983Pietersen et al.,
2020) Utilisation may change seasonally basedl@mrmoregulation needs anbreeding routines

and males may choose burrows that are close to females. One malebses/ed to share a burrow
with a newly dispersed offspring in a previous study, which may influence their use if this is a
common behaviou(Pietersen et al., 2020%ex and age information wasailable for the tagged
pangolins (all adult females), however weret feasible to gathefor wild pangolingluring this

study but would be an interesting factor to consider in the future. Camera traps or satellite tags
(Morin et al., 2020may make it possible to determine individual burrow preference or preference

by sex.
3.4.1.Limitations

The primary limitation of this study was the inability to monitor all burrows for pangolin use
simultaneoushdue to a limited number of camera trapsd telemetry tagsBurrows were either

issue in the future, it may be better to select a smaller study area and attempt to monitor all the

burrows in this area at one time, e.g., by using camera traps at every burrow. Matthews et al (2022)
indicate that targeted caera traps are effective for monitoring giant pangolins and thus may be a

dza S¥dzZf YSUGK2R FT2NJ ¢SYYAyYyO] Qaed minitoignvbouidynprovdzNNE ¢ Y 2 y
precision andhe accuracy of estimates regarding burraxse The use of endoscopes or detection

dogs may be useftib increase monitoring accuracliowever the effort needefbr these methods

is high and may not be logistically feasible for a small research team.
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Almost all of thepangolin burrow occurrences were from the thregygedpangolins These

individuals were monitored awistentlythroughout the study periodmeaning the majority of their
used burrows should have been detected, limiting false absemtmsever, his also means that the
inferences from this study are applicable to these three individuals but not necessarily all pangolin
populations This likewisdimits the ability to draw conclusions about the absence of pangolins in
Cluster 1Unrecorded factors, such as the presence of other-tagged pangolins, may be

influencing this absenc&@he VHF and satellite tracking bktthree tagged pangolins did not take
place simultaneously or for standardised periods of tithes it is not possible to infer how social

interactions or seasonality may influence burrow choice.

Burrows may have varied in size between 2019 and 2022, affecting overall inference. Furthermore,
the number of burrows in the study site changed throughout the study period. Some burrows were
known to have collapsed over the study period, hence monitdidngpangolin use throughout the

study was not always possiteietersen et al., 2014pband likewise new, urecorded burrows were
likely to have been excavated during this period. Further studies should therefore quantify burrow

dynamics over time and incorporate this into statistical models.

Many variables that may influence pangolin burrow choice were collected, however, several
variables that would have enhanced the findings wereneobrded For instance, inclusion of

burrow temperature and humidity and demographic variables as covanedesd have been

beneficial in evaluating burrow microclimateBhese variables would have helped bridge the
knowledge gap in pangolin biology necessary to fully understand burrow utilisation, however, there
are inherent difficulties and challenges with leating this data and they require specialised
equipment and trainingSoil moisture content, prey species abundance, prediator abundance

would be interesting variables to consider, howevethe time of this study, they were not feasible

to collect and hopefully in the future it will be possible.
3.5.Conclusion

This study found that pangolins are generalists when utilising aardvark burrows and appear to
choose whatever is readily and easily available to them, with the caveat that they avoid burrows
with large entrances. Pangolins only chose a small number oblwareven when there were many

to choose from, indicating selection on some level, but predictors of such variation are currently
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unknown.The aardvark burrows recorded in this study were predominantly south and west facing,
within termite mounds and excavated in eutric planosol soils with small particle size, although the
latter may simply reflect the predominant soil type available. Pandnlirow occurrence did not
conform to any patterns of physical burrow characteristeeg;ept thatpangolins avoided a part of

the study site where crossectional area of burrow entrances was lar§everal burrow

characteristics, particularihbse involved with burrow microclimate regulation, need to be assessed
further to fully understand whyhe utilisation of certain burrows occuesd to determine if burrow
selection igaking place Shelter and thermoregulation are certainly important considerations for
pangolin persistence and are likely influential factors when considering pangolin distribution.
Investigating these characteristics further is a key next step to understanding pabgaoiow use

which will in turn aid in developing consetigm plans.Additionally, it is likely that intrinsic variables
such as social factors influence pangolin burrow use and further study investigating pangolin space
use overlap and dynamics where multiple individuals are tagged simultaneously is hecessary to
confirm this. The combination of SaTSaaralysisand Average Nearest Neighbestimatesarean
informative analysis combinatidior studies where identifying areas of high and low burrow use are

important research goals
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Chapter 4- Usingcitizen sciencesightings toassesgangolinhabitat

suitability and predict potential threats

4.1.Introduction

a2yAG2NAYy3a StdzaA@dS aLISOASa adzOK | & c¢l8wdensity O Qa
nature. Traditional tracking methodgike detecting field signsre nottypicallyviable for this

species, thus alternative methods must be sou@itlicox et al., 2019)Citizen science offethe
opportunity to gather distribution data by utilising local knowledge from those who reside within
pangolin rangeind may opportunistically withess thefBompud et al., 2023This data can be

collected on a widecale and can result in a large amount of data with relatively low effort needed

to collect it, however, data quality may vary depending on the participadtthe data collection
methods(White et al., 2005)Citizen science can be collected either throughout scientific study,
community interviews, or by examining social media posts from tourists including ecotourists, all of

which may be useful for pangolapatial and ecologicahonitoring (Di Minin and Hausmann, 2020).

Citizen science has been utilised to collect pangolin data to atreitent thus far and it is

indicated as a promising method for the futuj#illcox et al., 2019Community interviews have

been suggested as an efficient and eeffective method to evaluate pangolin distribution at a

broad scale (Willcox et al., 2019). These can be opportunistic;stamtured, or structured (Ingram

et al., 2019). As pangolins aaa easily identifiable set of taxa theyay berecognised by members

of the publicwhich muld be particularly useful in areas were population status is unknown (Willcox
et al., 2019). This form of data may also provide behavioural and ecological knowledge, and may be
used to plan surveys and identify conservation priority areas (Willcox et al.,.201i9)is known as
local ecological knowledge (LEK) and is very useful for providing preliminary data on pangolin
ecology.This could even be applicable for estimating occupancy if sampling is structured
appropriately and consistentMorin etal., 2020) Even if data is not collected in a structured
manner, it can provide confirmation of pangolin presefmeregions where this is unknowand

may be applicable to all pangolin species (IUCN SSC Pangolin Specialist Group, 2018).

Few studies have employed citizen science as a method to monitor padggitibution and

typically this data has been use@dcombination with other data sourcelsEK was utilised by Simo et
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al (2020) to assess the distribution of the whHitellied pangolin in Cameroon, alongside camera trap
data.Newton et al (2008) conducted sewtructured interviews with hunters to collect pangolin
presence records and evaluate hunting practices in Vietrdamther, Tenorio andBaril (2019) used
social media interviews to investigate public knowledge ofRhdippinepangolinacross its range.
Whilst, Sompud et al (2023) usexah informal questionnairérom local residentszombined with
camera trap datato gather sightingeportsfor the Sunda pangolirandinvestigate their

distributionin Universiy Malaysia Sabah Hill, MalaysiBorneaC 2 NJ ¢ SY Y A y Ooplgohe LI y 32 .
study by Pietersen et al (2021) utilised citizen science alongside other historic racdriterature

to generatea habitat suitability modefior South AfricaThese studies all indicate that using citizen
science in the form of LE&valuable method for gathering pangolin ecological data, particularly in
remote regions where data is lackirg.particular, habitat suitability modetgnerated with citizen
science presence datan providepredictive insight into pangolin distribution and environmental

requirements.
4.1.1.Habitatsuitability models

The rarity and nocturnal behaviour of pangolins means that evaluating their distribution and habitat

use can be difficul{Sharma et al., 2020bjabitat suitability model@HSMsyare becoming an

increasingly commotool for estimatingthe predicted distribution and habitat use of a species by
extrapolatingpresence data based @nvironmental dataThese models evaluate environmental

features such as terrain, habitat type, aspect, slope, arallable resourcedike prey presenceo

assess where a particular species is most likely to be present and ascertain how much of this habitat
exists(Doswald, Zimmermann and Breitenmoser, 2007; Bradter.e2@18) HSMs extract

AYLRNIFY(G OFNARFofSa tAYy1SR G2 aLISOASAQ LINBaSyoOosS
occurrence where the species has not yet been recof@illips and Dudik, 2008; Elith and

Leathwick, 2009Pietersen et al., 2021Yhese models infer the relationship between the target

species, habitat features, and environmental conditi@@sanget al., 2019) Results from HSMs can

inform conservation practice and policy by additionally assessing how habitat loss and human
LINBASYOS YAIKG AYLI OGO I 3aLISOASEQ RAAGNRAOAzOAZ2Y D 5
conservation initiatives and is importardgrfspecies protectiofiSharma et al., 2020a)abitat

suitability models rely on presence data for the target species, which can come from radio or GPS
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telemetry, direct observation, camera traps, or a combination of meth{gdatts et al., 2019;
Pietersen et al., 2021 his means citizen science data is ideal for conducting habitat suitability
models because a large quantity of species presence data can be collected for a wide area
(Dissanayake et al., 2019; Crawford et al., 20@8hckel et al (202@ompared the use of
opportunistic citizen science dagad inferred absencewsith systemically collected ecological survey
data,and assessed the accuracy of habitat suitability moftelseveral bird specieShe study

found that both methods provided comparable predictions, for all species, indicating that simple
citizen science studies are able to generate reasonable habitat suitadvéitiyctions.However, the
effectiveness of this approach may depend on the rarity and ecological traits of the focal species.
Bradter et al (2018) utilised a similar approach by collecting opportumiBtiervations from
volunteersfor an uncommon species, the Siberjag Perisoreus infaustlisThe HSMs from this
agreed withsystemically collected data, showing that this methodgpropriate forless common
specieslsing citizen science for HSMs is applicable to numerousatakaas been done for several
mammal species. For example, Turner, Freeman and Carbone (2021) implemented citizen science to
create habitat suitability predictions féredgehog (Erinaceuguropaeu} in London, UKWhereas
Sequeira et al (2014jtilised data from a onalay citizen science initiative to model koala
(Phascolarctos cinerepdistribution in southern Australiddabitat suitability models can also be

used to monitor invasive species. Serniak,rCirad Lajtha (2023)sedcitizen science reportsom
iNaturalistto predictthe potential distribution ofymping woms (GenusAmynthag in North
America(iNaturalist, 2023)The majority of these studies either included inferred absences, pseudo

absences, or bigzredictions to limit the inherent spatial bias of citizen science points.

Habitat suitability models require habitat variablésr exampleclimate, habitatype, soil type and

water source locations, which can be remote sensed to be analysed with citizen suiesence

data (Dickinson et al., 2012These models can be used to assess how wildlife is impacted by human
landscape features. For exampWall et al (2021used habitat suitability models to evaluate how
human presence impacted the availability of suitable African elephant habitat and if the human
landscape footprint influenced elephant home ranges. Maximum entropy modelling is the most
commonmethodologyfor these models and utilises presenroely datato makeecological pattern
predictions based on richness or abundafioen presence point¢Xiao, McGlinn and White, 2015)

This approach can be very informative for elusive species because it does not depend on large
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datasets to make predictior(§harma et al., 2020b)abitat suitability models have been conducted

for four of the eight pangolin specie$:S Y Y A y O1 Q ZPieteliseyi 8t alf, 2031giant pangolins

(Smutsia giganteaMouafo et al., 2023), Chinese pangoliMafis pantadactylaDorji, Chong and

Doriji.,, 202Q Sharma et al., 2020 Suwal et &, 2020 and Indian pangolinéSuwal et al., 2020;

Waseem et al., 2020Mahakata et al (20219xamined environmental characteristics that correlated

GAGK ¢SYYAY O] Qa LI y3aA2f A yonRoyt@siny®draoazéldtionyietwded ¢ S JS NJ
environmental data at each presence location, rather than producing habitat suitabiitictions

using maximunentropy modelling

In Kenyapangolinsare foundthroughout much of the countrnyjhut no studies here have

investigated their preferred microhabitats within their home ranges (i.e., 4th order habitat selection)

or why they select particular areas as home ranges (i"&or3rd order selectionMontgomery and

Roloff, 2017. They have not been recorded in some areas that appear to have suitable habitat, so it

is likely their distribution is greater than currently known. Their distribution is thought to be

influenced by habitat loss, such as that created by agricullietersen etal., 2020 ¢ SYYA y O] Qa
pangolin have a wide elevation range, from sea level to 1700 m above seandeet found where

annual rainfall ranges fror?d50 1400 mm (Coulson, 198%ietersen et al., 2020 habitat
adzAGroAftAGe Y2RSE F2NJ ¢SYYAYyO1Qa 3INBdzyR LI y3aA2f Ay
and habitat variables but this did not include anthropogenic varialslesh agpoachingas athreat
evaluationcomponent(Pietersen et al., 2021Pietersen et al (2021) modelled both current and past
RAAGNRAOGdzOAZ2Y 2F ¢SYYAyYy O]l Qa LI y 3 2dnpilgdirodgy { 2dzi K ! 7
literature reviews, databases, and citizen science efforts. These were split into two groups, prior and

post 2011, to form historic and current recordsidstudyincludedfive bioclimate variables: annual

mean temperature, mean diurnal rangé temperature maximum temperature of warmest month,

minimum temperature of coldest month, and annuainfall, based on known ecology of the

species. Soil type, vegetation, vegetation type, and bioregion were also included. The study found

that grassland type, followed by soil and vegetation type, contributed most to pangolin distribution,

while annuakainfall contributed the least. This was consistent between the historic and cudata

goupsa l KI 1 FaGlF SG Ff onnumMO dziAfAaSR KAAUG2NROIE &A:
to evaluate important environmental characteristics. This stddlynot generate a habitat suitability

model but did assess the spatial correlation between sightings data and environmental
103



characteristics. This found that pangolins in Zimbabwe are prinfatiyd in Zambezian and

Mopane woodlands, anthat rainfall varied across region but did not correlate with pangolin
sightingsMouafo et al (2023), conductedHSMstudy ongiant pangolindn CameroonSeventeen
variables including, NDVI, elevation, distance to waterways, soil type, and lithology were irncuded
analysegiant pangolin burrow distributionOne anthropogenic variable, distance to national park
borders, was also included. Results showed thatdiseance to national park bordeeshd NDVI

were the main predictors ajiantpangolin habitat suitabilityBurrowswere locatedprimarily

between 2400 ¢ 23000 m away from park boundari@sdicating some form of humapressure
Meanwhile,elevation, distancéo waterways, and soil influenced prediction to a lesser extent
(Mouafo et al., 2023).

Sharma et al (2020a) used presence data from apebl period across Nepal to predict Chinese
pangolin distribution by recording field signs whenever they were encountered. They found that a
low variation in temperature was ideal for Chinese pangolinabse they have a limited ability to
regulate body temperatur¢Sharma et al., 2020alhe most suitable habitat for this species was in
cultivated areas that are rich in ant and termite populations, typically close to forest areas for
refuge.Suwal et al (202G3tudied the distribution of both the Chinese and Indian pangolin in Nepal
and found thatpangolin distribution was primariipfluenced by ground and canopy cover of 50

75%, litter depth, and distance termite mounds Pangolins werenostlyfound in humanr

dominated landscapesind distance to road&as an influential variabléSuwal et al., 2020)n a

similar study, Indian pangolinslénis crassicaudajahabitat suitability was assessed using habitat
and bioclimate variables. It found that elevation was the most important variable, followed by
temperature, settlement presence, land class, slope and then aspect. Cultivated land was the most
important habtat type and grassland was the least ug@daseem et al., 2020Both studies

revealed that agricultural land was very important for pangolin use, likely due to the presence of
food sources. A study by Mahmood, Andleeb and Akrim (2021) found that most Indian pangolin
signs occur in wild areas, followed by areas neam&n activity, and lastly, agricultural areas,

although thestudy utilised field signs only and did not conduct habitat modelling séfiadings

contrast somewhatvith those of Pietersen et al 2021, who reptimat a high level of farmland and
habitat corversionin some regions oSouth AfricanayOl dza S ¢ SYY A y O @rétected y 32 A Y

areasandsmallareas of natural vegetatiofPietersen et al., 2016&ietersen et al., 2021Prey
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requirements differ betweempangolinspecies, whicltherefore use habitat types in different ways

(Mahmood et al., 2020; Pietersen et al., 2020; Wu et al., 2020nanderived habitat

fragmentation wadound to bea common feature in Chinese pangolin habitats and potentially those

of Indian pangolins als&ragmentatiorcan have numerous impacts on a species, including

increased predation pressure, resource competition, and increased disease outbsdeadis all can

be caused byhe reduced area that a species can inhgbi#ckentrup, KrameBchadt and Jeltsch,

2019;Bozzuto, Canessa and Koella, 202tlditionally, fagmentationmayindicate a close proximity

to humansif the habitat is fragmented by human structures or activikypisthere may be a high

threat due to poaching activitig€harma et al., 20204dj is probable that anthropogenic impacts

FNBE Sljdzr ft& AYLIOGFdzA F2NI ¢SYYAyO1Qa LIy3aA2fAy 3AA

and bushmeat consumption for thgdopulations.
4.1.2.Threatriskmodelling

Typically, habitat suitability models aim to assess primarilyironmentalvariables such as climate

and habitat, however several recent studies have included anthropogenic factors like settlements or
roads (Péretarcia et al., 2017; Fabrizio et al., 2019; Wall et al., 2021). This has led to the
development of models that predi humarwildlife interactions and impacts, known as risk
modelling. These models can incorporate human population density or other irglicksashuman
activity, buildings, roadsor fence lines, to assess if there is an impact on wildlife. They can be used
to examine poaching threats, habitat loss, or barrier effects created by roads and fences. For
example, Wadey et al (2018) used mechanistic modelling frameworks to assesantlephavioural
responses to roads as barriers in Malaysia. This approach used a habitat selection and movement
model to determine if there was an ongoing barrier effect caused by radtgtington et al., (2005)
used a similar approach when evaluatinglfiwvoadrelated behaviour to create a spatial map of wolf
habitat to identify areas of enhanced roadkill risk. While human activity likely influences the
distribution of many species, risk models can also be used to determine what hakdtaeist risk

for a species. Since pangolins are under severe threat from humans due to poachiigpity to
humans is a main consideration for tkige to the inceasa likelihood ofboth planned and
opportunistic poachingPietersen et al., 2016aBy including anthropogenic activities in a habitat

suitability model, it igpossibleto generate a model that predicts the most@gk areador human
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related threats In particular, including population and proximity to human settlements can be used

to infer the level ofanthropogenic impact, which may inclugeaching risk

In addition, there ardesserknownthreats that pangolins face. Numerous taxa including pangolins,
primates, and small mammals, agkectrocutedon powerlines or fences, but birds are one of the
most commonly electrocuted taxa, which has led to the majority of studies focussing on them
(Bevanger, 1994; Dwyer, Harness and Donohue, 2014;-Béeta et al., 2017). Although
morphologically very diffent, the modelling and risk prediction methods used for bird
electrocutions can be applied to pangolins artblay species. Pére@arcia et al (2017) created a risk
prediction map for the electrocution of numerous protectbild species in Spain. This was

conducted using historic electrocution records alongside species presence records to evaluate the
risk level of each grid area. Habitat suitability models were created to assess electrocution rates in
different areas with differat environmental variables. From this, low, medium, and high priority
areas for electrocutions were identified and the results were usddform future species

protection. A similar approach was used by Crekpengo et al (2020) to study raptor

electrocutions. This study created species distribution models using historic data to evaluate raptor
spatiotemporal data in relation to electiwires. The study evaluated electrocution risk based on
the number of power poles present compared to known raptor presence. Study sites were then
classified as low, medium, or high risk for electrocutions. A similar method could be used to

investigate theats to pangolins, encompassing fences, roads, and proximity to human settlements.

Studies that assess the impact of manmade landscape features such as roads, powerlines, fences,
and railroads on wildlife have become increasingly popular over the last decade. Researchers have
only recently begun to investigate the impacts of barriershsaig fences, or anthropogenic risk

factors such as road collisions or powerline electrocutions, on wildlifese barriers can be

impermeable and cause the loss of movement corridors, while increasing habitat fragmentation
(Gregory et al., 2021 Mortalities caused byehiclecollisions are known to impact numerous species
globally, including pangolins, with up to 280 pangolins killed per year in South Africa (Pietersen et al.,
201443 Pietersen et al., 2016bin a 24month study in Pakistan, 131 carcasses and 18 species

(including two Indian pangolins) from seven orders were recorded as killed by vehicle collisions, the
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majority of which were on paved roads and immediately adjacent to protected areas (Akrim et al.,
2019).

Barriers such a®ads and fencesan filter or prohibit animal movement by causing habitat
fragmentation, whicloften occurs alongsidhabitat loss Robinson et al., 19921cDonald and Clair,

2004). Interacting with barriers like fences means that animals need to navigate their habitats in a

more complicated way (McDonald and Clair, 2004) and barriers often cause edge or barrier effects.

Barriers have the potential to liméccess to food, shelters, and overall spaliais has aotential
knockon which wil inevitably have impactsffects on populatioritnessand reproduction rates

(Fahrig and Rytwinski, 200@rilo et al., 2012). It is likely that habitat preference plays a major role

AY | aLISOASEAaQ 0SKIF@A2dzNI (126 NRA oF NNASNARZ (Kz2a

that incorporate barriers whereas generalists might ignore these areds @l., 2012).
Understanding spatial behaviour in relation to barriers is vital for the conservation biology of many
species, and knowledge of how animals move througlagniented system is an important

indicator of landscape connectivity (Poessel et al., 2014). The effects of this fragmentation can
influencespecies over large time scales and impact entire communiiges mayput increased
pressure on migratory species (Brum et al., 2020; Robson, 2011). Roads in particular may not
represent a major barrier if unfenced, as individuals may be able to cross them PasityHeter et

al., 2013), yetoads stillhave the potential the impact home ranging behaviqarticulaly if there

are other forms of disturbance, such as noise. Busy roayspmoduce a high level of noise during
their use, as well asoth their operational and construction phases when they are constructed,

which can disturb and displace wildlife (Gaughran et al.1202

The versatile uses of citizen scientzda mean it is possible to generate habitat suitability models for
pangolins, and subsequently, risk models can be created that assess anthropogenic threats to
pangolins and evaluate poaching risk. Additionally, if contextual data is collected dudmrg citi
science observations this can provide interesting insights into pangolin behaviour and distribution.
The combination of these approaches will allow us to evaluate regions where pangolins are most

threatened and plan conservation action accordingly.
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4.1.3.Aims

This study aimedot utilise citizen science to examine the wigmale habitat and climate variables

GKFG AyFidzSyOS ¢SYYAyOl Qa Llaydasdsanihropogeaidirisih 6 dzi A 2 y
factors Since little is known about pangolin ecology and habitatindeast Africaa range of

variables were necessary, selected because they provide a comprehensive dataset that informs in

detail on the Kenyan ecosystem and environmditits included examining how: annuakan

rainfall, annuameantemperature vegetationgreennesstopography distance to waterways, and

soil type,are predicted to influence pangoldistribution. Then the study aimed to evaluatie level

of threat caused bylistance to roads, distance to buildin@s a proxy for human activitydistance

to fences, and human populatiafensity; all of which are known to pose threats to pangolins.

Objective Iwas to ceate a habitat suitability model for pangolins using climate, habitat, vegetation,
and soil dataThis aimed t@ssess how much suitable habitat exists in southern Kanglahe
distribution ofthis habitat It was predicted that a combination of these variables would influence
pangolin distribution and that this would vary between tNarok Countytudy site and Kenya
overall.Objective 2 then aimed tase anthropogenic datsetsto generate species risk models and
assess human impact on pangolin distributitirvas predicted that proximity to humarand roads
would be the largestisks as poachings a welknownthreat to pangolins and roagresence is
widespread(Pietersen et al., 2014aRisk level was expected to decrease with increased distance
from roads, human populations, and areas of human actifAgnces were predicted be a lesser

threat due to thér relativelylow presence throughout the study area.

4.2. Methods

Citizen science data were collected in Kenya, @tanonthsbetweenSeptember2020andJune
2022. Five communities and conservancies from the Narok region were surveyed: Lemek
Conservancy, Pardamat Conservation Area, Mara North Conservandgtif#ns, and Ol Derkesi
Conservancy and one in West Pokot, Western KeXgieok County was chosen due to known
pangolin presence and/est Pokot was includegs a result o€onsistent public reports tdhe
Pangolin ProjectRB of pangolins in the regiormlhe main study site was defined as an ~5608 km

portion of Narok Countyn southern Keny#hat includedall Naroktarget communities, as well as
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Masai Mara National Reserve (Figure 4T4ijis site boundargid not include all of Narok Counity
order to reduce the spatial extrapolation of the resultisobtain the most accurate prediction$his
is referred to as th&P b | N2 | & A 2\ @&npdEthe site location is found on page Chapter 2:
Figure 22.

tt A4FFF FYyR @2f dzy 6§ SSNI Wt | y Hef Jolunfeers fiom théifiid R 2 NE Q
Narok communities with an interest in pangolin conservation were appointed as Pangolin
Ambassadors to coordinate the research and were selected using two methamsiskrvancies

and communities within Narok selected candidates amongst themselyesle2 were advertised

within the conservancies and communities by word of mouth from PP staff. Project staff also acted
as recorders and collected data alongside the Pangolin Ambassadors. PP staff conducted all surveys
in West Pokot. Data in all locationgke collected in the same format but by different personnel.
Pangolin Ambassadocenducted several different activities during their role. ¥inecorded details

of pangolin sightings and locations of pangolins on a féxppéndix4) during the following
activities:delivering key messages ittterestedvillage members about pangolin conservation during
organised irperson village visits; answering questions the public had about pangolins in the same
forum as key messages; recording pangolin sightings, both historic and current; attending The
Pangolin Prect team meetings; and conducting first responder activity if a pangolin needed

rescuing or medical attention. This studtilised pangolinpresenceonly sightings data and this was

recorded throughout all of the above roles.
4.2.1.Citizensciencedata collection

Theambassadors collected citizen sightings of pangolins throughout ¢heimunities They went
into their communities for a minimum & 5 days per month to collect sightings data. During all
visits, data was conducted in two ways, by recording historic sightings and by asking members of the
public to report new sightings, with the use of a survey form (Appefidind Appendix 6: Table A1

A4). Firstly, whenever aambassador undertook activities they recorded historic and previous
pangolin sightings from the communithey approached interested members of the public and
asked them to report any sightings. This had no time restriction so sightings could be reported from
previous years or decades, although the target for this study were sightings within the last 10 years
thus older sightings were removed from the analyses. If a participant could remember the year but
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not the date this was recorded a§ &f January for that year. The goal of this was to collect sightings

data fromas many people as possibiging within each community.

At the end of each visit, the ambassador gave out their mobile contact number tmamngho
participated so that they could report any further sightinjsvas requested that the community
members report sightings as soonthsy occurred. Once notified of a sighting, the ambassador
travelled to the community to record the sightingvery ambassador activity and pangolin sighting
recorded was used as a metric of effort for pangolin monitarftayticipants were asked to estimate
the location of the sightig and the number of pangolins present, as well as select from categories
regarding: the behaviour of the animal, the vegetation present, and the time ofAjayendix4).
Reporters could not always recall this information, so this data is unbalaibede datgoints

were summarised descriptively and not included in the habitat suitability analyses.
4.2.2.Habitat andriskvariableremote sensing

To conduct habitat modelling, climate and environmental variaptgentially influencing pangolin
distribution and habitat selection were remotely seng@able 4.1)Habitat was modelled through
Normalised Difference Vegetation Ind@¥DVI) which shows the level of green vegetation. This was
selected as a modelling layer because it is dirgeligted to vegetation cover (Borowik et al., 2013),
and savannah and grassland areas are the predominant habitat types in the study site (Li et al.,
2020).NDVI data from May 2022 was utilisedgaeen vegetation is most prevalent during this time
of yearin southern Kenya due tb being the rainy season (Ottichilo, 2008pil type was included in
the model because this abiotic factor may influence habitat choice (Shrestha et al., 2021), prey
distribution, or burrow distributionTopography was modellatirough includingShuttle Radar
Topography Mission (SRThHcause it may impact how land is used by pangolins. Climate data
comprisedannualtemperature (°C) andainfall (mm).Distance to waterways wadsoincluded
Pangolins are thought to typically be water independent (Pietersen et al., 2020), but watedatzys
was included to determine if this is the case for pangolins in Kenya. The remaining variables included
in the models were all anthropogenic and included: roads, buildings, and human popudgtos.
Pangolins are known to die on roads and fences (Pietegtah,2014a) so this was an important

consideration for the modeRll road types were merged and treated homogenoushe other
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human variables represent general human activity (buildings) and proximity (human population) so

were included to assess the level of poaching risk that pangolins may face.

Table4.1 All remote sensed variables used in the habitat and risk models. These were remote sensed raster and shapefiles
and all are open accesall sources are listed.

Variable Description Data type Source
Soill Soil type distribution data.  Categorical RCMRD Geoportal, 2015
Waterways  All waterways and water Continuous  HOT, 2021
sources.
NDVI Normalised difference Continuous  USGS, 2022
vegetation index.
Roads All roads, including paved  Continuous ROSEA, 2018
and unpaved.
Fences Allfences, including electric Continuous  Tyrrellet al., 2022

and nonelectric. Covers
Narok site only, does not
cover full Kenya extent.

Buildings All buildings. Continuous HOT 2022

Human Population data from the Continuous  WorldPop, 2018

population 2020national census.

densityper

kn?

SRTM High radar shuttle resolution Continuous Macharia, 2004

(topography) topography map.

Climate Temperature and rainfall Continuous  Fick and Hijmans, 2017
data.

4.2.3.Dataformatting andanalyses

Both sighting and ambassador data were filtered to include only georeferenced recordai@nd
were cleaned by removingrroneous GPS locations (elgcations outside of Kenyalarticipants

could report sightings as far back as memory allowed, however only data from within the last ten
years were included (2@l 2022). Sightings for which there was no date or year were excluded
from analysesThe analyses included two sites: the Narok County siteafirod KenyaA total of

140 pangolin occurrences weerecorded, with 137 within Narok and three additional in West Pokot,

the latter only included in the full Kenya analysis.
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Pangolin spatial points were mapped in ESRI ArcMap Desktop 10.8.1 (ArcGIS, 2020). Habitat

suitability and risk modelling was conducted in Maximum Entropy Modeling of Species Geographic
Distributions (MaxEnt) 3.4.3 (Phillipsal.,2020) and statistical tests were run in RStudio 1.4.1106

(2021) and SPSS (IBM, 2019). Descriptive mapangblinAmbassador effort and pangolin density

GSNBE IASYSNIGSR dzaAy3a RSTlrLdzZ G aSddAay3aa 2F (GKS WyS
each, these were 515689m and 13055.16 m, respectivelyK S Qb St ND (22t Ay ! NDal
calculate the mean distance and distance ranges of pangolins within the Narok site to waterways,

roads, and fences (Tabie2).

MaxEnt is generally considereabust to issues of variable collinearity becagserelations between
the predictor variables are stabéeross the area for which models are generatedoks this by
controllingmodel complexitthroughdownplayng the importance of redundant variablgBhillips
and Dudik, 200&lith and Leathwick, 200&/ith et al., 2011Shcheglovitova and Anderson, 2013;
Feng et al., 2019However, it is still important to take potential collinearity into account when
interpreting resultKornejady, Ownegh and Bahremand, 20T6) assessollinearityof the
remotely sensed variable§PSS was utilised to rBearson correlation coefficiet¢stson both the
environmental variables and the risk variablgalues ofk0.7 were consideredighlycallinear

(Dormann et al., 201¥Xornejadyet al.,2017;Suwal etal., 2020)

Data formatting for MaxEnt analyses

Resolution and formatting varied between the remotely sensed data layergenerate the roads

datasets, two datasets were mergeanethat encompassed all of Kenya and one that was-fine

scale and focused on Narok County (ROSEA, Z9ii@]let al., 2022). To standardise all data, all

layers were reformatted to the same cell size and geospatial extent in ArcMap. All layers were in the
WGSB84 decimal degrees coordinate system. Firstly, each layer was clgipgd KS W/ f A LJQ (2 2§
oncetothesite$iS | yR 2y 0SS (G2 YSyeél Qa 062NRSN) 2dzift AySo C3
human population, NDVI artdpographyy. 1 KS WwSal YL SQ (22t 61+ a& dzaSR
size. All original layers were examined for their cell size and the smallest size (0.000833333,
ndnnnyooooo0 gla &aStSOGSR (2 FAR Ay LINPRdzOAY 3 (K
resamping technique was used for raster layers except fortdmeperature and rainfalllata. For

0KSasS GKS W. At AySI| mibe lFyerddéte tesampledl smuzmittyRAftér 2 Sy & dz
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resampling, the layer was clipped again to each desiredRitggon shapefile datasets, including
soil type and lithologgg SNB O2y @SNI SR (2 NI &aGSNR dzaAy3d GKS We:3
same cell sizas abovewvas inputed as the desired output exterand an identicatasterization

process was repeated.

Severapolylineshapefile datasets were utilised. These were roads, fences, buildings, and
waterways. For these datasets, the desired output was the distance to each of these features, rather
GKFY GKS FSIFGdzZNBE AGaStFTo ¢2 | OKABopdvide& KA ar GKS WO
meaningful distance estimate in metres, each layer was first converted to UTM 37S projection using

0KS Wt Np2SOGQ (22t a2 0GKFGd GKS 9dzO0f ARSIFY RAalGl yC
degrees. Once in UTM, the pbhe files were inpuedA y 1 2 G KS W9 dzOfthaRylelded 5 A &l
outputsasraster files before clippin F OK FAf S (2 GKS RSaZANBR aiaidSo cC

was used to convert the files back to WGS coordinate system.

All files were checked to ensure the coordinate system, cell size, and geographic extents raatched

this is a requirement for MaxEnt tuperate Lastly, all files were converted to ASCII format.
4.2.4.MaxEntanalyses

MaxEnt habitat suitability and risk models were generated for bothiNbheok Countystudy site and

for all of KenyaQross validation of MaxEnt settingsas done for each to dermine the most

appropriate settings for tedatases. The variable files were input into MaxEnt and setting protocols

were modified to match those usedbyA SG SNBE SY S Ff O0HAHMO 2y ¢SYYAY
Africa, and those dflouafo et al (2023pn giant pangolins$mutsia gigantegin CameroonThese
includeddeterminingthe cross validation number, regularisation multipliand output format

settings.Output format was set to logistic, and the maximum number of iterations was 1000. As the
aFYLX S &AT S 61 a INBIGSNI GKIY yn 6b ' man0os al E9y
were used in combination (Mouafo et al., 2023). Jackknife testinguaed to assess the influence of

individual variable predictors on the model. All other sajg were kept at default.

Dealing with sampling bias

Spatial bias is often amconsidered andinaccounted for issue in habitat suitability modelling and

MaxEnt requires unbiased sampling of occurrefiamerSchadt et al., 2013MaxEnt assumes
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that all locations are equally likely to be sampled yet most sampling locations have some bias due to
frequent sampling near human activity, like towns and ro@dsrow, Smith and Silander 2013)

As there were only five data collection sites in this study it is likely that thevdatabiased due to
skewedsampling effort and distribution. It is especially important to consider bias for presamige

data as no absences exist to inform fully on which locations were seafbtexdwet al., 2013) To

combat this, bias filewere created and used during all MaxEnt modelling. The Species Distribution
Modelling (SDM) Toolbox extensi¢Brown, 2014% & F RRSR (2 ! NDal LJ yR (GKS
RSyaiaride 27F A& todlas ktys8d. Thid ©dl dremtésia Bias@rid across the study site and
upweighsthe occurrence points with the fewest neighbours, which accounts for sampling bias
(KramerSchadt et al., 2013; Brown, 2014; Zhao et al., 2022} in each cell is ranked and scores of

1 equal no bias, and higher scores indicate higher levels offiagn, 2014; Fourcade et al., 2014)

All occurrence points are inputted along wittsampling bias distand&BD) value, which isuaer-

selected valudasedon the distance between sampling points. SDM toolbox recommends using
between 30¢ 100 kmbefore adjusting as necessary based on the site @zewn, 2014)For focal

sites of differing sizes, different SBD valoes/ benecessary to accurately reflect the sampling

distance in relation to the site size.

For theNarok site bias files with five SBD values were generated: 11 km, 30 km, 50 km, 90 km, and
112 km. Cross validation of 20d 500 iterationsvere used to test these bias files. This was
computedfor the environmental variables and then for the anthropogenic risk variables. During
cross validation the same parameters as above, and a regularisation multiplier of 1 (default), were
used. This was repeated for the full extent of Kenya, with a crd&fatian of 10 and 100 iterations,

to improve computational time as the dataset was very large. SBD values of 112 km, 350 km, 700
km, and 1000 km were tested to account for the much larger site size compared to the study site.
SBD values below 100 km diotgenerate feasible bias files these resulted in no bias variatjon

likely due tothe occurrence points being too clustered.

The average Area Under the Curve (AUC) value was used to determine the most appropriate SBD
value. AUC is utilised to interpret the predictive power of the models, with AUC values of > 0.9
considered excellenf.8¢ 0.9 considered very good, 0.8 considered good, 0.6 0.7 considered
fair,and< 0.6 considered pooFor the site environmental data only models, each SBD value yielded

an average AUC above 0.8 thus a very good rating. 30 km was selected as the value to be used for all
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4.3.Results
4.3.1.Datasummary

A total of 22 sighting points were collected through both historic and recent rep@isl193 of
these sightings included a date or yeAny mints dating back over 10 years (N = 22) were
consideredhistoric and thus discarded@he majority of sightings (53.3% = 132 took place
between 2019 2022 (Appendi%: Table Al and Figure ADut of the total sightings point4,40
included exact GPS coordinates, and this was the subset used in subsequent agHljsese 137
were from Narok County and 3 were from West Pokbtis there were disproportionately more

records from Narok

There were 741 Pangolin Ambassador agtidiysrecorded betweerSeptember2020 and June
2022.Most pangolin ambassadors operated in Narok 59 N = 655, with threein West Pokot
(Appendixs: Table A2 and Table A3he remaider did not record a locatiorfigure4.1 and Figure
4.2 show the distribution of pangolin sightings and the distribution of Ambassador suReaygolin
sightings were recorded during 13.986 = 103pf activity visits

Thepangolinsightings were reported by 224 participants to ten Pangolin Ambassadors and three
Pangolin Project staff membeisencemost of thesighting were reported by uniquedividuak. The

Pangolin Ambassadors collect&d5 of these points an@ihe Pangolin Project staff collectad7.
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Figure4.1 A map of Kenya with theistribution and estimated kernel density of the Pangolin Ambassador survey rep
High indicates up to 4.9 and low indicates 0 effort density,qoerared kilometre. Method: Planar. Default search radiu
5156.98 mEach participating community is showiasai Mara National Reserve is shown in black (WNERIC and

IUCN, 2022). 118




Figure4.2 Distribution and estimated kernel density of all reporteitizen scienc@angolin observations collected during
Pangolin Ambassador surveys. High indicates up to 0.12 and low indicates 0, per squared kilometre. Method: Plar
Default search radius: 13055.16 Masai Mara National Reserve is shown in black (WWERIC and IUCN, 2022).
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4.3.2.Descriptivevariables

Most sightings took place in the evening or at nighte with 79.1%K =197, Appendixs: Figure

A2). Only 6%N = 15)f sightinggook place in the morning. The weather during sightings was

primarily overcast (53.89% = 134, although 20%N =46) of participants could not recall the

weather at the time Appendix5: Figure A3). Pangolins were predominantly reported in grassiand
WodzAKQ KFOoAGF (X NI FARMKNE R17fiand odlg10t@ S B)lwerdldednOA LI vy (0 &
near human settlements or structure8gpendix5: Figure A4). Most pangolins sighted were moving

and feeding (64.3%N =147), while a combined 22.4¥ = 56)were in a ball or layingnthe

ground which are both known defensive behaviours and may have been in response to the
observer.Other behaviours were rarely seeAgpendix5: Table A5 andrigure A5). Of all the

sightings, only one reported a dead pangolin.

The mean distance of pangolin occurrence was @Jenfrom roads or fencegyver 1000 m from
water (Table4.2). Of the 137 points within thRarok Countite, 90 of them were closer to fences
and 47 were closer to road$he total amount of fencing, roads, buildings, and waterways within

MMNR, Narok County site, and all of Kenya are displayed in Table 4.3.

Table 4.2The nean distance and distance range of pangolin occurrence points to waterways, fences, and roads within the
NarokCountysite.

Variable Mean distance (km) DistanceRange (km)

Waterways 1.22 0.00745¢ 12.25
Fences 3.22 0.01¢ 30.61
Roads 3.78 0.01¢ 18.96
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Table 4.3The btal amount in kilometres of fences, roads, and waterways in MMNR, the Narok County site, and all of
Kenya. The total number dildings in each of these is also displayEde proportion of each variabla the Narok County
site that is found within MMNR is displayed as a percentage in MMNRa®vs the proportion of each variable within
Kenya that is found within the Narok County site.

Variable Roads(km) Fencegkm) Buildings Waterways
(km)

Masai Mara 467(11.98%)  272(1.78%) 5,145(1.16%) 1,217(13.100)

National Reserve

Narok Countgite  3,898(24.55% 15,740 440,956(16.61%) 9,285(13.09%)

Kenya 15,878 2,654,009 70,912

4.3.3.Qollinearity

Pearson correlation coefficieminalysesndicatedseveral correlated variables amongst both the
environmental and risk datasets (Table 4 Table 4.5 Many environmental variables are
inherently linked thusomecollinearity is expectedAnnual temperature was correlated with the
most variables, including soil type, annual rainfall, NDVI, and topography. Followadun a
rainfall, whichwas correlated with NDVI, annual mean temperature, and topographg.risk
variables exhibiteaho strong correlation amongst variabldhese correlations ardiscussed in the

discussion anéimitations sectioss.

Table 44 Correlationmatrix from Pearson correlation coefficiefidr environmental variableased for HSMDeterminant =
0.001.Correlation is scaled frorl to 1, with 1 being perfectly colinearalues above @.are considerechighlycolinear
andcoloured orange

Species Sall Annual Distance NDVI Annual SRTM
rainfall to water temp
Correlation Pangolin 1.000 0.003 0.005 0.001 0.005 0.004 0.005
Soil 0.003 1.000 0549  0.449 _ 0.563
Annual 0.005 0.549 1.000 0.039
rainfall
Distanceto  0.001 0.449 0.396 1.000 0.444 0.519 0.437
water

novi oo [GHOONMNGBEONM o.css 1000 |ESINNOESSNN
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Annual temp 0.004 0.519 1.000
SRTM 0.005 0.563 0.437 1.000

Table4.5 Correlationmatrix from Pearsorcorrelation coefficienfor risk variablesised for the risk analysis modelling
Determinant = 0.395Correlation is scaled froni to 1, with 1 being perfectly colinea¥alues above 0.7 are considered
highlycolinear.

Species  Distance Human Distance to Distance to
to roads population fences buildings

Correlation Pangolin 1.000 0.001 0.000 0.000 0.003

Distance 0.001 1.000 -0.005 0.016 0.541

to roads

Human 0.000 -0.005 1.000 0.651 0.015

population

Distance 0.000 0.016 0.651 1.000 0.131

to fences

Distance 0.003 0.541 0.015 0.131 1.000

to

buildings

4.3.4.Habitatsuitability models
4.3.4.1 NarokCountysite

This model included annuginfall, annual mean temperature, NDVI levels, soil typppgraphy
and the distance to waterways (Figute). Soil type was the highest contributor to the model (Table
4.6), with three of the 25 soil types considered highly suitable and two considered unsuitable. These
were haplic arisols, humic cambisols, and eutric regosols; and haplic phaecaaatteaplic
greyzems, respectivelfhe remaining 20 soil types were somewhat suitaBlgltype had a
Y2RSNI GS LISNXdzil G§A2Y AYLRNIIYOS> YSIyYyASSH Al 61 &
type code key available in Appdix5: Tables A6 and AAnnual mean rainfall contributetthe
second mosto the model anchada very high permutation importancgith between 600; 1600
mm/year indicating the highest level of suitability (Figdré). Following this, each variable
contributed less than 6% to the model and had relatively low permutation importance (Fdple
Distance to waterwaysf over 14km away this indicated low suitability (Figu4et). Suitability
increased as NDVI increased (4.8%), meaning pangoéifer greener areaslhe ideamean
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temperature range for pangolins wa$é 22°C, with 17Cheingthe most suitablenean
temperature. Temperatures above this decreased in suitabiliypographyabove 600 m indicated
more suitable areasOverall, halbf the Narok County sitéand was found to have somewhat

suitable, suitableor very suitable land for pangolins (Tall&).
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2022).
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Table4.6 Naroksite habitat suitability variable contributions to thdaxEntmodeland permutation importancéor each

AUC =0.861.
Variable Percent contribution Permutationimportance

Soil type 55.5 22.4

Annualrainfall 31.9 57.7

Distance to waterways 5.4 1.4

NDVI 4.8 4.3

Annual temperature 2 8

Topography 0.4 6.1
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4 .4.Discussion

Using citizen science sightings of pangolins, it was found that a range of environmental parameters
affected their habitat useAdditionally,this study foundhat severalanthropogenic variables were
indicated as potential threats to pangolins in Kenylst pangolin sightings took place in the
evening with overcast weatheand in grasslantabitatand the nost common behaviounecorded
were moving or feedingl'he distribution results found here may be anderestimation of

distribution due to the link between behaviour and detectidor instance if pangolins were moving
along corridors frequently utilised by humari$e prevalence of sightings in overcast weather may
be linked to prey availability, as ants are often more active when there is increased moisture and
humidity (Fotso Kuate et al., 2008)ithin the Narok study site, soil type and rainfall were the
biggest indicators of pangolin distribution. This pattern was repeatieen themodelwas expanded
to across all of Kenya, witbhpographyalso being important. In terms @kedicting the most likely
anthropogenic threats, within the Narok siteads were thepredictedlargest threat, while

proximity to humans wakkelythe biggest threat throughout Keny@ihese resultsonfirmed the
hypothesis that roads are a potential threat to pangolins in Kenymads have been implicated in
numerous pangolin deaths in South Africa, whilst Kenytaeig™" highest ranking African country in
terms of pangolin trafficking (Pietersen et al., 2014; EIA, 26&8)ever,asalmost alloccurrences
were recorded in the Narok and Masai Mara region, extrapolating results to all of Kenya is

experimental and may not be as accurate as the results within the smaller study site.
4.4.1.Habitat suitability

Within the Narok Countytudy site, soil was the most important indicator of suitable habitat for
pangolins, meaning the presence of certain soil types is crucial for pangolin habitataysie.

acrisols, humic cambisols, and eutric regosols were identified as highly suitable soil types for
pangolins, whereas haplic phaeozems and haplic greyzems were deemed unsuitable. Saihtype
influence environmental conditions by offering varying levels of different nutrients and water
retention (Jones et al., 2013)hich impacts vegetation and prey distributidviost pangolin

sightings in this study were seen feeding, thus the distribution of records was likely heavily
influenced by prey distribution. This result aligns with Pietersen et al (2021), who found soil to be

one of the main factors influencing pangolin Habisuitability in South Africa, despite Kenya and
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South Africa having different soils available (Jones et al., 2013). Within the study site, the landscape
may seem homogenous on a wider scale, however soil differences mearssalalhabitat

variation. Additionally, pangolins utilise burrows created bydaarks as shelter (Pietersen et al.,
2014%b) and soil may be an important determinant of where aardvarks generate burrows
(Whittington-Jones et al., 2011). In Chapter 3 of this thesis, aardvarks didrebresignificant

preference in soil type selectiomhichcorrespondingly impacted what soil wasgailablefor

pangolins to choose fronangolins did not have a significant preference for a particular soilitype
Chapter 3 possibly due to the availability of only two soil types. This chaptenet numerous
additional soil types and found several to be suitablepfangolins Furthermore, pangolins are

known to feed on some ant species located very close to the surface of soil which may impact their
habitat selection $wart et al., 199%Pietersen et al., 2020). Thecreased soil acidity armbarseness

of soil was found to be important faiant pangolin habitat suitability (Mouafo et al., 2023) thus sail
type may be important for other pangolin spectbat utilise burrows Soil type was correlated with
NDVI and temperatureyhich highlights the fundamental envirorantal relationship between these

variables.

Mean annual ainfall was thesecond most important variable determining pangolin distribution.
Moderate rainfall (60@ 1600 mm per year) was the most favourable, while low or high rainfall
appeared to be unsuitable. For the Narok site, annual rainfall is typicallg 5900 mm (Muk&a et

al., 2019which is similar to the moderate rainfall result found in this stuglyit is possible that the
importance of rainfall is an artefact of the conditions available in Nafokvever, ainfall likely has a
closerelationship with soil type in terms of pangolin distribution, as some soils will hold more water
than others (Jones et al., 2013yhich may impact burrow availabilitiRainfall also impacts what
preyspecies are available and is known to influence prey choice of pangolins in South Africa
(Panaino et al., 2022). Interestingly, Pietersen et al (2021) found that rainfall did not strongly
contribute to their model, however this may be due to variationlimate between South Africa and
Kenya as Kenya experiences more ovedalys of rainfall (WorldData, 2028) ¢ SYYAy O1 Qa LJ y 3
are water independent and primarily hydrate while consuming ants and ternatespnly

occasionally drinkom water sourcegPietersen et al., 2020However, this behaviour has not been
studied outside of southern Africahis variable was included in this study to determine if water

independence is a behaviour that the species exhibits across its rahgeinimportant contribution
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of distance to waterways in the current study is consistent wittier independenbehaviour yet it

is important to note that standing water sources were not included in this stddwever, ranfall

likely influences the distributionf ants and termites (Anderseel Toro and Pgr2015), and
correspondingly impacts pangolin distributiodnts and termitespeciesn southern Africa are

known to decrease in abundandering the dry season, with highest abundance during the wet
season (Davies et al., 20M8unyai ad Foord, 2015}k wasfound thateven though some species

have different requirements, such as dietary nicttes, impact of rainfall on termite presendmes

not differ largelybetween speciesfavies et al., 2015Rangolins are selective in the species they
predate on however tare have not been studies into which species they select in East Africa, thus
further research is needed to ascertain if their diztition is influenced by specific prey species.
Contrastingly, giant pangolins are documented to occur preferentially in areas closatdp

sourcesand are known to be water depende(kingdon et al., 2013louafo et al., 2023)This

difference in water dependenamay be due to the variation in prespecies between giant and

¢ SYYAyYy O] Q afor edamyp gidntipsindolins hevbeen reported to consume water beetles
directly from water sources (Kingdon, 197Dpspite being the closest relative¢oS Y YA y O Q&
pangolins, the two species occupy different habitats and climates (Hoffman et al., 2020; Pietersen et
al., 2020), showing niche separati@iant pangolins are found throughoWest and part of Central

' TNAOFX 6KSNBF a ¢SY YdsgubérmAirica (NGBmam & dizy2R20c¢ysengtt a i I y
al., 2020).

A high NDVIwhich is vegetation greennesgas preferred in general by pangolins, however this
variable did not contribute much tthe model. Pangolins do not feed on vegetatiand only
occasionallyseek shelter from it, preferring burrows (Pietersen et al., 201Fhis means the
availability of green vegetation is unlikely to be important when determining their suitable habitat
unless it influences other variables such as prey availabilitgy may utilise vegetation as cover
from predators when feedig but this does not necessarily reflect NDVI levels. Interestingly, NDVI
was found to be the most important predictor of distribution/presence for giant pangolins in
Cameroon (Mouafo et al., 2023DVI was correlated wittopography and temperature, thus
vegetation greenness was likely influenced thédgese correlations make it difficult to separate
some of the abiotic and biotic variables used in this study, due to their high interaction within the

ecosystemAnnual temperature also did not impact habitat suitability much, possibly due to the low
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variation in this across the study site, however preferrable range wa226°C; by comparison the

mean temperature in Narok county ranges from @ 38.5 °C (Mukeka et al., 2019). The same can be
said fortopography, which doesot vary greatly in the study site (Bhandari, 2012). a wider scale,

these variables may be more influentiiemperature and topography were correlated, thuay

have varied based on each other such as higher or lower temperatures at certain topographic levels.
In the Narok s#, half of the land was classified as suitakleery suitable for pangolins, witbne
quartervery unsuitable. This indicates that there is a moderate level of suitable habitat in this area

for pangolins to utilise.

When considering pangolin habitat suitability across all of Kenya, the results were dRaitzall

was the most key indicator of suitable habitat, with a range of &0800 mm being ideal his

estimate is slightly more conservagithan Pietersen et al (2020), who state 250400 mm is
LINEBTFSNNBR® C2NJ O2YLI NRa2y s YSye&2rmmmiRyaretal. NI Ay Tl f
2013). The importance of rainfall in both models shoeslarge role it may play in pangolin

distribution. Rainfall nay influence several factors that impact pangolin distributimeluding the

stability of aardvark burrows, the ability of pangolins to find prey in the soil, and vegetation growth
which impacts the presence of ant and termite prey spedigsrestingly, rainfall has not been

found to strongly influence aardvark presence in South Africa (Epps et al), R021ikely that

rainfall impacts the overall ecosystenvhich irturn impacts pangolin resource availabilitRainfall

was correlated with NDVI aridpography, meaning precipitation levels were linked to location and
vegetationpresenceand may be influenced by theséemperature was also correlated with rainfall

as these climate variables are linkdahpographywas the second most influential environmental
variable inthismodelt SYYAy O1 Qa LJ y 32t A ycE70DmNevalioyf Pidtgrsedied A Yy K| ¢
al., 2020), and Kenya has a wide range of elevation, from sea level to 5899 an{{d®etanist

1967).0Over 750 m was ideal and extremes in either direction were not suitable for pangolins. Soll
type was moderately important butot as much as within thBlarokstudy site. Many more soil

types were available throughout Kenya (72 versus &&jthe same preferred soil types at the

Naroksite were also preferred throughout Kenya, which again may indicate the influence they have
on prey distribution and water retention (Jones et al., 20ER)wever, it is important to remember

that the presence points may be biased towards those soil types found in Narok, although this bias is

reduced due to the use of the bias fildost of the highly suitable soilfor pangolinshad highclay-
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contents (eutric plaosol, chromic luvisol, eutric vertisol, haplic acrisol, and rhodisajiBritannica,

2000; Britannica, 2016a; Britannica, 2016b; Britannica, 2016c; Britannica,|3®RIE, 2023BRIC
2023b;ISRIC, 2023c; ISRIC, 2023d; ISRICe,2GRIC, 2023fvhich are nutrient rich and have good
water retention characteristics (Jones et al., 2013) thus likely host a variety of insect species. Similar
to the Naroksite, distance to waterways, NDVI, and annual temperature did not influence the

habitat suitability muchacross Kenyda he low influence of temperature may mean ttgaingolins

are not distributed in Kenya based on thermoregulation.

Only 25.59% of the land across Kenya @lassified as suitablevery suitable, with unsuitable areas
notable in the most northern regions. Thusedominatelymatches currentUCNpredicted pangolin
distribution within Kenya (Pietersen et al., 2019; Pi