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Abstract

Ɛĺ	 Habitat	Ѵossķ	fragmentation	and	degradation	are	key	threats	to	the	ѴongŊ	term	perŊ
sistence	of	carnivoresķ	which	are	aѴso	susceptibѴe	to	direct	persecution	by	peopѴeĺ	
Integrating	naturaѴ	and	sociaѴ	science	methods	to	examine	how	habitat	configuraŊ
tionņquaѴity	and	humanŋpredator	reѴations	may	interact	in	space	and	time	to	effect	
carnivore	popuѴations	within	humanŊ	dominated	Ѵandscapes	wiѴѴ	heѴp	prioritise	conŊ
servation	investment	and	action	effectiveѴyĺ

Ƒĺ	 We	propose	a	socioecoѴogicaѴ	modeѴѴing	 framework	to	evaѴuate	drivers	of	carniŊ
vore	decѴine	in	Ѵandscapes	where	predators	and	peopѴe	coexistĺ	By	coѴѴecting	sociaѴ	
and	 ecoѴogicaѴ	 data	 at	 the	 same	 spatiaѴ	 scaѴeķ	 candidate	modeѴs	 can	 be	 used	 to	
quantify	and	tease	apart	the	reѴative	importance	of	different	threatsĺ

ƒĺ	 We	appѴy	our	methodoѴogicaѴ	framework	to	an	empiricaѴ	case	studyķ	the	threatened	
gুiोa	ŐLeopardus guignaő	in	the	temperate	forest	ecoregion	of	southern	ChiѴeķ	to	iѴŊ
Ѵustrate	its	useĺ	Existing	Ѵiterature	suggests	that	the	species	is	decѴining	due	to	habiŊ
tat	 Ѵossķ	 fragmentation	and	persecution	 in	 response	 to	 Ѵivestock	predationĺ	Data	
used	in	modeѴѴing	were	derived	from	four	seasons	of	cameraŊ	trap	surveysķ	remoteŊ	
sensed	images	and	househoѴd	questionnairesĺ

Ɠĺ	 Occupancy	dynamics	were	expѴained	by	habitat	 configurationņquaѴity	 covariates	
rather	 than	 by	 humanŋpredator	 reѴationsĺ	 Gুiोas	 can	 toѴerate	 a	 high	 degree	 of	
habitat	Ѵoss	ŐƻѶƏѷ	within	a	home	rangeőĺ	They	are	primariѴy	impacted	by	fragmenŊ
tation	and	Ѵand	subdivision	ŐѴarger	farms	being	divided	into	smaѴѴer	onesőĺ	Ten	per	
cent	of	 surveyed	 farmers	 ŐN	Ʒ	Ƒƒƒő	 reported	 iѴѴegaѴѴy	kiѴѴing	 the	species	over	 the	
past	decadeĺ

Ɣĺ	 Synthesis and applicationsĺ	By	integrating	ecoѴogicaѴ	and	sociaѴ	dataķ	coѴѴected	at	the	
same	spatiaѴ	scaѴeķ	within	a	singѴe	modeѴѴing	frameworkķ	our	study	demonstrates	
the	vaѴue	of	an	 interdiscipѴinary	approach	to	assessing	the	potentiaѴ	 threats	 to	a	
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ƐՊ |ՊINTRODUCTION

LandŊ	use	change	is	one	of	the	greatest	threats	facing	terrestriaѴ	biodiŊ
versity	gѴobaѴѴy	ŐSaѴa	et	aѴĺķ	ƑƏƏƏőķ	as	species	persistence	is	negativeѴy	
infѴuenced	 by	 habitat	 Ѵossķ	 fragmentationķ	 degradation	 and	 isoѴation	
ŐHenѴeķ	 Lindenmayerķ	MarguѴesķ	 Saundersķ	 ş	WisseѴķ	 ƑƏƏƓőĺ	 In	 genŊ
eraѴķ	 species	 characterised	 by	 a	 Ѵow	 reproductive	 rateķ	 Ѵow	 popuѴaŊ
tion	densityķ	Ѵarge	individuaѴ	area	requirements	or	a	narrow	niche	are	
more	sensitive	to	habitat	Ѵoss	and	fragmentation	ŐFahrigķ	ƑƏƏƑĸ	HenѴeķ	
Daviesķ	 KѴeyerķ	 MarguѴesķ	 ş	 SetteѴeķ	 ƑƏƏƓő	 andķ	 thereforeķ	 have	 a	
higher	risk	of	extinction	ŐPurvisķ	GittѴemanķ	CowѴishawķ	ş	Maceķ	ƑƏƏƏőĺ	
ConsequentѴyķ	many	 territoriaѴ	 carnivores	 are	particuѴarѴy	vuѴnerabѴe	
to	 ѴandŊ	use	 changeĺ	 Furthermoreķ	 the	 disappearance	 of	 such	 apex	
predators	from	ecosystems	can	have	substantiaѴ	cascading	impacts	on	
other	species	ŐEstes	et	aѴĺķ	ƑƏƐƐĸ	RippѴe	et	aѴĺķ	ƑƏƐƓőĺ

AdditionaѴѴyķ	 in	 humanŊ	dominated	 Ѵandscapesķ	 mammaѴ	 popuѴaŊ
tions	 are	 threatened	 directѴy	 by	 the	 behaviour	 of	 peopѴe	 ŐCebaѴѴosķ	
EhrѴichķ	 Soberonķ	 SaѴazarķ	 ş	 Fayķ	 ƑƏƏƔőĺ	 For	 instanceķ	 Ѵarger	 species	
Őbody	mass	ƻƐ	kgő	are	often	persecuted	because	they	are	considered	
a	pestķ	food	source	or	marketabѴe	commodity	ŐWoodroffeķ	Thirgoodķ	ş	
Rabinowitzķ	ƑƏƏƔőĺ	Carnivores	are	especiaѴѴy	vuѴnerabѴe	to	persecution	
after	 Ѵivestock	predationķ	attacks	on	humans	or	as	a	 resuѴt	of	deepŊ	
rooted	sociaѴ	norms	or	cuѴturaѴ	practices	ŐInskip	ş	Zimmermannķ	ƑƏƏƖĸ	
Marchini	 ş	 MacdonaѴdķ	 ƑƏƐƑĸ	 Treves	 ş	 Karanthķ	 ƑƏƏƒőĺ	 IndirectѴyķ	
many	mammaѴs	are	aѴso	threatened	by	factors	such	as	the	introduction	
of	invasive	pѴant	speciesķ	which	reduce	habitat	compѴexity	ŐRojas	et	aѴĺķ	
ƑƏƐƐőķ	and	domestic	petsķ	which	can	transmit	diseases	or	compete	for	
resources	ŐHughes	ş	MacdonaѴdķ	ƑƏƐƒőĺ

To	 ensure	 the	 ѴongŊ	term	 future	 of	 carnivore	 popuѴations	within	
humanŊ	dominated	Ѵandscapes	outside	protected	areasķ	it	is	imperative	
that	we	identify	potentiaѴ	ecoѴogicaѴ	and	sociaѴ	drivers	of	species	deŊ
cѴine	and	assess	their	reѴative	 importance	 ŐRedpath	et	aѴĺķ	ƑƏƐƒőĺ	For	
exampѴeķ	it	is	essentiaѴ	to	disentangѴe	the	impacts	of	habitat	Ѵoss	and	
fragmentation	on	a	speciesķ	as	the	interventions	required	to	aѴѴeviate	
the	pressures	associated	with	the	two	processes	are	ѴikeѴy	to	be	differŊ
ent	ŐFahrigķ	ƑƏƏƒĸ	Fischer	ş	Lindenmayerķ	ƑƏƏƕőĺ	If	habitat	Ѵoss	is	the	

dominant	issue	causing	popuѴation	reductionķ	then	Ѵarge	patches	may	
need	to	be	protected	to	ensure	ѴongŊ	term	survivaѴķ	whereas	a	certain	
configuration	of	remnant	vegetation	may	be	required	if	fragmentation	
is	the	main	threatĺ	At	the	same	timeķ	it	is	important	to	understand	ifķ	
how	and	why	peopѴe	persecute	speciesķ	if	conservationists	are	to	faŊ
ciѴitate	humanŊ	wiѴdѴife	coexistence	ŐSt	Johnķ	Keaneķ	ş	MiѴnerŊ	GuѴѴandķ	
ƑƏƐƒőĺ	Howeverķ	 there	 is	 a	paucity	of	 interdiscipѴinary	 research	 that	
evaѴuates	expѴicitѴy	both	ecoѴogicaѴ	 and	 sociaѴ	drivers	of	 species	deŊ
cѴine	in	a	singѴe	coherent	frameworkķ	across	geographic	scaѴes	pertiŊ
nent	to	informing	conservation	decisionŊ	making	ŐDickmanķ	ƑƏƐƏőĺ

From	 an	 ecoѴogicaѴ	 perspectiveķ	 data	 derived	 from	 camera	 traps	
and	anaѴysed	via	occupancy	modeѴs	are	wideѴy	used	to	study	carnivores	
over	Ѵarge	geographic	areas	ŐBurton	et	aѴĺķ	ƑƏƐƔĸ	Steenweg	et	aѴĺķ	ƑƏƐѵőĺ	
Occupancy	modeѴѴing	offers	a	fѴexibѴe	framework	that	can	account	for	
imperfect	detection	and	missing	observationsķ	making	it	highѴy	appѴicaŊ
bѴe	to	eѴusive	mammaѴs	of	conservation	concern	 ŐMacKenzieķ	NichoѴsķ	
Hinesķ	 Knutsonķ	 ş	 FrankѴinķ	 ƑƏƏƒĸ	 MacKenzie	 ş	 Reardonķ	 ƑƏƐƒőĺ	
Monitoring	 popuѴation	 dynamics	 temporaѴѴyķ	 and	 identifying	 the	 facŊ
tors	Ѵinked	to	any	decѴineķ	is	criticaѴ	for	management	ŐDi	Fonzoķ	CoѴѴenķ	
Chauvenetķ	ş	Maceķ	ƑƏƐѵőĺ	For	this	reasonķ	dynamic	Őiĺeĺ	muѴtiseasonő	
occupancy	modeѴs	are	particuѴarѴy	usefuѴ	because	they	examine	trends	
through	time	and	can	be	used	to	ascertain	the	drivers	underѴying	obŊ
served	changes	in	occupancy	ŐMacKenzie	et	aѴĺķ	ƑƏƏƒķ	ƑƏƏѵőĺ	SimiѴarѴyķ	
there	are	a	range	of	speciaѴised	sociaѴ	science	methods	for	asking	sensiŊ
tive	questions	that	can	be	used	to	yieѴd	vaѴuabѴe	information	on	human	
behaviourķ	incѴuding	the	iѴѴegaѴ	kiѴѴing	of	species	ŐNuno	ş	Stĺ	Johnķ	ƑƏƐƔőĺ	
One	such	exampѴe	is	the	unmatched	count	techniqueķ	which	has	recentѴy	
been	used	to	examine	the	spatiaѴ	distribution	of	hunting	and	its	proxŊ
imity	 to	Serengeti	NationaѴ	Parkķ	Tanzania	 ŐNunoķ	BunnefeѴdķ	Naimanķ	
ş	MiѴnerŊ	GuѴѴandķ	ƑƏƐƒő	and	bird	hunting	in	PortugaѴ	ŐFairbrassķ	Nunoķ	
BunnefeѴdķ	ş	MiѴnerŊ	GuѴѴandķ	ƑƏƐѵőĺ	Another	method	is	the	randomised	
response	technique	ŐRRTőķ	previousѴy	used	to	estimate	the	prevaѴence	
of	predator	persecution	in	South	Africa	ŐSt	John	et	aѴĺķ	ƑƏƐƑő	and	vuѴture	
poisoning	in	Namibia	ŐSantangeѴiķ	Arkumarevķ	Rustķ	ş	GirardeѴѴoķ	ƑƏƐѵőĺ

In	 this	 paperķ	 we	 propose	 an	 integrated	 socioecoѴogicaѴ	 modeѴŊ
Ѵing	 framework	 that	draws	 together	 these	naturaѴ	 and	 sociaѴ	 science	

carnivoreĺ	It	has	aѴѴowed	us	to	tease	apart	effectiveѴy	the	reѴative	importance	of	difŊ
ferent	 potentiaѴ	 extinction	 pressures	 for	 the	 gুiोa	 ŐLeopardus guignaőķ	 make	 inŊ
formed	conservation	 recommendations	 and	prioritise	where	 future	 interventions	
shouѴd	 be	 targetedĺ	We	 have	 identified	 that	 humanŊ	dominated	 Ѵandscapes	 with	
Ѵarge	intensive	farms	can	be	of	conservation	vaѴueķ	as	Ѵong	as	an	appropriate	netŊ
work	of	habitat	patches	 is	maintained	within	 the	matrixĺ	Conservation	efforts	 to	
secure	the	ѴongŊ	term	persistence	of	the	species	shouѴd	focus	on	reducing	habitat	
fragmentation	rather	than	human	persecutionĺ

K E Y W O R D S

camera	trappingķ	conservationķ	gুiोaķ	habitat	fragmentationķ	habitat	Ѵossķ	humanŋwiѴdѴife	
coexistenceķ	iѴѴegaѴ	kiѴѴingķ	kodkodķ	muѴtiseason	occupancy	modeѴѴingķ	randomised	response	
technique
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methods	 to	examine	how	habitat	 configurationņquaѴity	and	 ľhumanŋ
predator	reѴationsĿ	ŐPooѴey	et	aѴĺķ	ƑƏƐѵő	may	interact	in	space	and	time	
to	effect	carnivore	popuѴations	across	a	humanŊ	dominated	Ѵandscapeĺ	
An	important	aspect	of	the	approach	is	that	the	sociaѴ	and	ecoѴogicaѴ	
data	are	coѴѴected	at	a	matched	spatiaѴ	scaѴeķ	aѴѴowing	different	potenŊ
tiaѴ	drivers	of	decѴine	to	be	contrasted	and	evaѴuatedĺ	We	showcase	the	
approach	using	the	gুiोa	ŐLeopardus guignaőķ	a	feѴid	Ѵisted	as	VuѴnerabѴe	
on	the	InternationaѴ	Union	for	Conservation	of	Nature	ŐIUCNő	Red	Listķ	
as	a	case	study	speciesĺ	SpecificaѴѴyķ	we	use	data	derived	from	muѴtiŊ
season	cameraŊ	trap	surveysķ	 remoteŊ	sensed	 images	and	a	househoѴd	
questionnaire	which	uses	RRT	to	estimate	prevaѴence	and	predictors	
of	iѴѴegaѴ	kiѴѴingĺ	The	outputs	from	our	framework	provide	a	robust	eviŊ
dence	base	to	direct	future	conservation	investment	and	effortsĺ

ƑՊ |ՊMATERIALS AND METHODS

ƑĺƐՊ|ՊIntegrated socioecoѴogicaѴ framework

Our	 proposed	 framework	 comprises	 four	 stages	 ŐFigure	Ɛőĺ	 The	 first	
step	is	to	gather	information	on	the	ecoѴogy	of	the	species	and	ѴikeѴy	
drivers	 of	 decѴineķ	 incѴuding	 habitat	 configurationņquaѴity	 issues	 Őeĺgĺ	
habitat	 Ѵossķ	 habitat	 fragmentation	 and	 presenceņabsence	 of	 habitat	
requirementső	 and	humanŋpredator	 reѴations	 Őeĺgĺ	 species	 encounter	
frequency	 and	 Ѵivestock	predation	experiencesőķ	 that	 require	 evaѴuaŊ
tionĺ	The	best	avaiѴabѴe	information	can	be	acquired	from	sources	such	
as	peer	reviewed	and	grey	Ѵiteratureķ	experts	and	IUCN	Red	List	assessŊ
mentsĺ	The	next	taskķ	step	twoķ	is	to	define	a	suite	of	candidate	modeѴs	
a	priori	to	assess	and	quantify	the	potentiaѴ	sociaѴ	and	ecoѴogicaѴ	preŊ
dictors	on	species	occupancy	dynamicsĺ	Dynamic	occupancy	modeѴs	
estimate	parameters	of	change	across	a	Ѵandscapeķ	incѴuding	the	probŊ
abiѴity	of	a	sampѴe	unit	ŐSUő	becoming	occupied	ŐѴocaѴ	coѴonisationő	or	
unoccupied	ŐѴocaѴ	extinctionő	over	time	ŐMacKenzie	et	aѴĺķ	ƑƏƏѵőĺ

The	third	step	invoѴves	the	coѴѴection	of	ecoѴogicaѴ	and	sociaѴ	data	
in	 SUs	 distributed	 across	 the	 Ѵandscapeķ	 to	 parametise	 the	modeѴsĺ	
CameraŊ	trap	survey	effort	aѴѴocation	Őiĺeĺ	the	number	of	SUs	that	need	
to	be	surveyedő	for	occupancy	estimation	can	be	determined	a	priori	
using	freeѴy	avaiѴabѴe	tooѴs	ŐG࢙Ѵvezķ	GuiѴѴeraŊ	Arroitaķ	Morganķ	ş	Daviesķ	
ƑƏƐѵőĺ	The	 finaѴ	 stage	 is	 the	 evaѴuation	of	 evidenceķ	 using	 standard	
modeѴ	 seѴection	methods	 ŐBurnham	ş	Andersonķ	 ƑƏƏƑő	 to	 estabѴish	
which	of	the	sociaѴ	and	ecoѴogicaѴ	variabѴes	within	the	candidate	modŊ
eѴs	are	indeed	important	predictors	of	occupancy	and	to	contrast	their	
reѴative	 importanceĺ	ResuѴts	 from	 the	modeѴs	 can	be	 contextuaѴised	
with	additionaѴ	supporting	evidence	not	embedded	in	the	modeѴs	to	
inform	where	 conservation	 action	 shouѴd	 be	 directedĺ	 For	 instanceķ	
during	 questionnaire	 deѴiveryķ	 vaѴuabѴe	 quaѴitative	 data	 may	 be	 reŊ
corded	that	provides	inŊ	depth	insights	reѴated	to	the	humanŋpredator	
system	Őeĺgĺ	Inskipķ	Fahadķ	TuѴѴyķ	Robertsķ	ş	MacMiѴѴanķ	ƑƏƐƓőĺ

ƑĺƑՊ|ՊStudy species and system

The	gুiोa	is	the	smaѴѴest	neotropicaѴ	feѴid	ŐƺƑ	kgő	ŐNapoѴitanoķ	G࢙Ѵvezķ	
Bennettķ	AcostaŊ	Jamettķ	ş	Sandersonķ	ƑƏƐƔőĺ	It	is	thought	to	require	
forest	habitat	with	dense	understorey	and	the	presence	of	bamboo	

ŐChusquea	 sppĺő	 ŐDunstone	 et	aѴĺķ	 ƑƏƏƑĸ	 NoweѴѴ	 ş	 Jacksonķ	 ƐƖƖѵő	
but	 is	aѴso	known	to	occupy	 remnant	 forest	patches	within	agricuѴŊ
turaѴ	areas	ŐAcostaŊ	Jamett	ş	Simonettiķ	ƑƏƏƓĸ	FѴeschutz	et	aѴĺķ	ƑƏƐѵĸ	
G࢙Ѵvez	 et	aѴĺķ	 ƑƏƐƒĸ	 Sandersonķ	 Sunquistķ	 ş	 Iriarteķ	 ƑƏƏƑĸ	 SchুttѴer	
et	aѴĺķ	ƑƏƐƕőĺ	Gুiोas	are	considered	pests	by	some	peopѴe	as	they	can	
predate	chickens	andķ	whiѴe	the	extent	of	persecution	has	not	been	
formaѴѴy	 assessedķ	 kiѴѴings	 have	 been	 reported	 ŐG࢙Ѵvez	 et	aѴĺķ	 ƑƏƐƒĸ	
Sanderson	et	aѴĺķ	ƑƏƏƑőĺ	KiѴѴing	predominateѴy	occurs	when	the	feѴid	
enters	a	chicken	coop	ŐG࢙Ѵvez	ş	Bonacicķ	ƑƏƏѶőĺ	Due	to	these	attribŊ
utesķ	 the	 species	makes	an	 ideaѴ	 case	 study	 to	expѴore	how	habitat	
configurationņquaѴity	 and	humanŋpredator	 reѴations	may	 interact	 in	
space	and	time	to	infѴuence	the	popuѴation	dynamics	of	a	threatened	
carnivore	existing	in	a	humanŊ	dominated	Ѵandscapeĺ

The	study	was	conducted	in	the	Araucanझa	region	in	southern	ChiѴe	
ŐFigure	Ƒőķ	at	the	northern	Ѵimit	of	the	South	American	temperate	forŊ
est	 ecoregion	 ŐƒƖŦƐƔனSķ	 ƕƐŦƓѶனWĸ	Armestoķ	 Rozziķ	 SmithŊ	Ramझrezķ	ş	
Arroyoķ	 ƐƖƖѶőĺ	The	 system	 comprises	 two	 distinct	 geographicaѴ	 secŊ
tions	common	throughout	Southern	ChiѴeĹ	the	Andes	mountain	range	
and	centraѴ	vaѴѴeyĺ	Land	use	in	the	Ѵatter	is	primariѴy	intensive	agricuѴture	

F IGURE  ƐՊ Integrated	socioecoѴogicaѴ	modeѴѴing	framework	to	
assess	drivers	of	carnivore	decѴine	in	a	humanŊ	dominated	Ѵandscape

(1) Predator ecology and identification of drivers of decline

(2) Candidate models to evaluate the human-predator system in 

a multiseason occupancy modelling framework

(3) Field surveys in sample units where humans and 

predators co-occur in space and time
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Őeĺgĺ	cereaѴsķ	Ѵivestock	and	fruit	treeső	and	urban	settѴementsķ	whereas	
farmѴand	in	the	Andes	Őoccurring	ƺѵƏƏ	mĺaĺsĺѴő	is	Ѵess	intensiveѴy	used	
and	 surrounded	 by	 tracks	 of	 continuous	 forest	 on	 steep	 sѴopes	 and	
protected	areas	ŐƻѶƏƏ	mĺaĺsĺѴőĺ	The	naturaѴ	vegetation	across	the	study	
Ѵandscape	 consists	 of	 deciduous	 and	 evergreen	 Nothofagus	 forest	
ŐLuebert	ş	PѴiscoffķ	ƑƏƏѵőķ	which	remains	as	a	patchy	mosaic	 in	agriŊ
cuѴturaѴ	vaѴѴeys	and	as	continuous	tracts	at	higher	eѴevations	within	the	
mountains	ŐMirandaķ	AѴtamiranoķ	CayueѴaķ	Pincheiraķ	ş	Laraķ	ƑƏƐƔőĺ

ƑĺƒՊ|ՊData coѴѴection

ƑĺƒĺƐՊ|ՊPredator detectionņnonŊ detection data

We	 obtained	 predator	 detectionņnonŊ	detection	 data	 via	 a	 cameraŊ	
trap	 surveyĺ	 PotentiaѴ	 SUs	 were	 defined	 by	 Ѵaying	 a	 grid	 of	 Ɠ	km2 

across	 the	 study	 regionķ	 representing	 a	 gradient	 of	 forest	 habitat	
fragmentation	due	 to	 agricuѴturaѴ	 use	 and	human	 settѴement	 beѴow	
ѵƏƏ	mĺaĺsĺѴĺ	The	size	of	the	SUs	was	informed	by	mean	observed	gুiोa	
home	 range	 size	 estimates	 of	 coѴѴared	 individuaѴs	 in	 the	 study	 area	
ŐMCP	ƖƔѷ	mean	Ʒ	ƑƕƏ	Ƽ	Ɛƒƕ	haĸ	SchুttѴer	et	aѴĺķ	ƑƏƐƕőĺ

In	 this	 study	 systemķ	 detectabiѴity	 was	 modeѴѴed	 based	 on	 the	
assumption	 that	 a	 ƑŊ	day	 survey	 bѴock	 is	 a	 separate	 independent	
sampѴing	 occasionĺ	 This	 time	 threshoѴd	 was	 chosen	 because	 initiaѴ	
observations	of	 coѴѴared	 individuaѴs	 indicated	 that	 they	did	not	 stay	
Ѵonger	than	this	time	in	any	singѴe	Ѵocation	ŐEĺ	SchুttѴer	et	aѴĺ	unpubŊ
Ѵished	dataőĺ	Minimum	survey	effort	requirements	Őiĺeĺ	number	of	SUs	
and	sampѴing	occasionső	were	determined	foѴѴowing	GuiѴѴeraŊ	Arroitaķ	
Ridoutķ	 and	Morgan	 ŐƑƏƐƏőķ	 using	 speciesŊ	specific	 parameter	vaѴues	
from	G࢙Ѵvez	et	aѴĺ	ŐƑƏƐƒő	and	a	target	statisticaѴ	precision	in	occupancy	
estimation	of	SE	ƺ	ƏĺƏƕƔĺ	A	totaѴ	of	ƐƓƔ	SUs	were	seѴected	at	random	
from	the	grid	of	ƑƒƏ	ceѴѴsķ	with	ƕƒ	and	ƕƑ	SUs	Ѵocated	in	the	centraѴ	
vaѴѴey	and	Andes	mountain	vaѴѴey	respectiveѴy	ŐFigure	Ƒőĺ	The	Andean	
vaѴѴeys	were	surveyed	for	four	seasons	Ősummer	ƑƏƐƑķ	summer	ƑƏƐƒķ	
spring	ƑƏƐƒ	and	summer	ƑƏƐƓőķ	whiѴe	the	centraѴ	vaѴѴey	was	surveyed	
for	 the	 Ѵatter	 three	 seasonsĺ	A	 totaѴ	 of	 four	 rotations	 Őiĺeĺ	 bѴocks	 of	
camera	 trapső	were	 used	 to	 survey	 aѴѴ	 SUs	within	 a	 ƐƏƏŊ	day	 period	
each	 seasonĺ	DetectionņnonŊ	detection	 data	were	 thus	 coѴѴected	 for	
ƑƏŋƑƓ	days	 per	 SUķ	 resuѴting	 in	 ƐƏŋƐƑ	 sampѴing	 occasions	 per	 SUĺ	
Two	camera	traps	ŐBushneѴѴ	Ťtrophy	cam	ƑƏƐƑő	were	used	per	SUķ	poŊ
sitioned	ƐƏƏŋƕƏƏ	m	apartķ	with	a	minimum	distance	ƻƑ	km	between	
camera	traps	in	adjacent	SUsĺ	The	detection	histories	of	both	camera	
traps	 in	 a	 SU	were	 pooѴedķ	 and	 cameraŊ	trap	maѴfunctions	 or	 thefts	
Őfive	in	totaѴő	were	treated	as	missing	observationsĺ

ƑĺƒĺƑՊ|ՊHabitat configurationņquaѴity data

The	 extent	 of	 habitat	 Ѵoss	 and	 fragmentation	were	 evaѴuated	 using	
ecoѴogicaѴѴy	meaningfuѴ	metrics	which	have	been	reported	in	the	ѴiterŊ
ature	as	being	reѴevant	to	gুiोasķ	using	either	fieѴd	or	remoteŊ	sensed	
Ѵandcover	data	ŐTabѴe	Ɛķ	Appendix	SƐ	and	TabѴe	SƐőĺ	The	metrics	were	
measured	within	a	ƒƏƏ	ha	circuѴar	bufferķ	 centred	on	 the	midŊ	point	
between	both	cameras	in	each	SU	using	FRAGSTATS	ƓĺƐ	ŐMcGarigaѴķ	
Cushmanķ	NeeѴķ	ş	Eneķ	ƑƏƏƑőĺ	Habitat	quaѴity	surrounding	a	camera	

trap	 might	 infѴuence	 species	 activity	 ŐAcostaŊ	Jamett	 ş	 Simonettiķ	
ƑƏƏƓőĺ	We	coѴѴected	data	on	a	number	of	variabѴes	within	a	ƑƔŊ	m	raŊ
dius	around	each	camera	trap	ŐTabѴe	SƐőķ	as	this	is	deemed	to	be	the	
area	over	which	ѴocaѴised	conditions	may	infѴuence	species	detectabiѴŊ
ityĺ	The	habitat	quaѴity	data	from	both	camera	traps	in	each	SU	were	
pooѴedķ	and	the	median	was	used	if	vaѴues	differedĺ

ƑĺƒĺƒՊ|ՊHumanŋpredator reѴations data

Between	May	and	September	ƑƏƐƒķ	the	questionnaire	ŐAppendix	SƑő	
was	administered	faceŊ	toŊ	face	by	NG	who	is	ChiѴean	and	had	no	previŊ
ous	interaction	with	respondentsĺ	AѴѴ	SUs	contained	residentiaѴ	propŊ
erties	and	one	or	two	househoѴds	cѴosest	to	the	cameraŊ	trap	Ѵocations	
were	surveyed	Őmean	number	of	househoѴds	per	km2	across	the	study	
ѴandscapeĹ	ƒĺƓĸ	rangeĹ	ƐĺƓŋƔĺƐ	from	INEķ	ƑƏƏƑőĺ	For	each	househoѴdķ	
the	famiѴy	member	deemed	to	be	most	knowѴedgeabѴe	with	respect	
to	 farm	management	and	decisionŊ	making	was	surveyedĺ	The	quesŊ
tionnaire	gathered	data	on	sociodemographicņeconomic	backgroundķ	
gুiोa	encountersķ	Ѵivestock	ownershipķ	frequency	of	Ѵivestock	predaŊ
tion	by	gুiोas	and	ownership	of	dogs	on	the	Ѵand	parceѴĺ	To	measure	
toѴerance	 to	 Ѵivestock	 predationķ	 participants	were	 asked	 how	 they	
wouѴd	 respond	 to	 different	 scenarios	 of	 Ѵivestock	 Ѵoss	 ŐmortaѴity	 of	
Ƒķ	ƐƏķ	ƑƔķ	ƔƏķ	ƻƔƏ	animaѴsőķ	with	one	possibѴe	option	expѴicitѴy	stating	
that	they	wouѴd	kiѴѴ	gুiोaĺ	These	data	were	aѴso	used	as	predictors	of	
kiѴѴing	behaviour	 in	 the	RRT	anaѴysis	 Ősee	beѴowőĺ	The	questionnaire	
was	piѴoted	with	ƐƏ	 ѴocaѴ	househoѴders	 Ѵiving	outside	the	SUsĸ	 their	
feedback	was	used	to	improve	the	wordingķ	order	and	timeŊ	scaѴe	of	
predation	and	encounter	questionsĺ

The	 potentiaѴ	 occupancy	 modeѴ	 predictors	 ŐTabѴes	Ɛ	 and	 SƐķ	
Appendix	SƑő	were	caѴcuѴated	per	SUĺ	Where	questionnaire	responses	
differed	within	 a	 SU	 Őeĺgĺ	 one	 househoѴd	 report	 predation	 and	 the	
other	did	notőķ	the	presence	of	the	event	Őeĺgĺ	predationő	was	used	as	
a	covariate	for	 that	particuѴar	SUĺ	For	aѴѴ	quantitative	measuresķ	and	
when	both	respondents	report	the	event	Őeĺgĺ	frequency	of	predationőķ	
median	vaѴues	were	usedĺ

ƑĺƒĺƓՊ|ՊIѴѴegaѴ kiѴѴing prevaѴence across the Ѵandscape 
Őother evidenceő

As	it	is	iѴѴegaѴ	to	kiѴѴ	gুiोas	in	ChiѴe	ŐLaw	ƐƖĺƓƕƒ	Ministry	of	AgricuѴtureőķ	
RRT	ŐNuno	ş	Stĺ	Johnķ	ƑƏƐƔő	was	used	to	ask	this	sensitive	question	as	
part	of	the	questionnaire	ŐAppendix	SƑőĺ	Since	RRTķ	Ѵike	other	methods	
for	asking	sensitive	questionsķ	requires	a	Ѵarge	sampѴe	size	for	precise	
estimation	of	behaviour	prevaѴence	ŐNuno	ş	Stĺ	Johnķ	ƑƏƐƔőķ	we	pooѴed	
RRT	data	from	aѴѴ	participants	to	estimate	the	prevaѴence	of	iѴѴegaѴ	gুiोa	
kiѴѴing	across	the	Ѵandscape	over	the	past	decadeĺ	We	expѴored	predicŊ
tors	that	might	expѴain	this	human	behaviour	ŐSt	John	et	aѴĺķ	ƑƏƐƑőĺ

Randomised	 response	 technique	 data	 were	 bootstrapped	 ƐķƏƏƏ	
times	 to	 obtain	 a	 ƖƔѷ	 confidence	 intervaѴĺ	 We	 tested	 seven	 nonŊ	
correѴated	predictors	of	 iѴѴegaѴ	 gুiोa	kiѴѴingĹ	 ageķ	 incomeķ	 frequency	of	
gুiोa	encountersķ	number	of	chickens	owned	ŐaѴѴ	continuous	variabѴes	
standardised	 to	 z	 scoresőķ	 economic	 dependency	 on	 their	 Ѵand	 parceѴ	
ŐƐ	Ʒ	no	dependencyĸ	Ƒ	Ʒ	partiaѴ	dependencyĸ	ƒ	Ʒ	compѴete	dependencyőķ	
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knowѴedge	of	the	gুiोaĽs	ѴegaѴ	protection	status	ŐƏ	Ʒ	hunting	prohibitedĸ	
Ɛ	Ʒ	do	 not	 knowĸ	 Ƒ	Ʒ	hunting	 permittedő	 and	 intention	 to	 kiѴѴ	 a	 gুiोa	
under	 a	 hypotheticaѴ	 predation	 scenario	 ŐƏ	Ʒ	do	 nothingĸ	 Ɛ	Ʒ	manage	
gুiोaĸ	 Ƒ	Ʒ	kiѴѴ	 gুiोaĸ	Appendix	 SƑőĺ	We	 used	 R	 Őversion	 ƒĺƑĺƒĸ	 R	 Core	
Teamķ	ƑƏƐƓő	 to	run	the	RRѴog	function	of	 the	package	RRreg	 Őversion	
ƏĺƔĺƏĸ	Heck	ş	Moshagenķ	ƑƏƐѵő	to	conduct	a	muѴtivariate	Ѵogistic	regresŊ
sion	using	the	modeѴ	for	ľforced	responseĿ	RRT	dataĺ	We	fitted	a	Ѵogistic	
regression	modeѴ	with	the	potentiaѴ	predictors	of	kiѴѴing	behaviour	and	
evaѴuated	their	significance	with	 ѴikeѴihood	ratio	tests	 ŐLRT	∆G2őĺ	Odds	
ratios	and	their	confidence	vaѴues	are	presented	for	modeѴ	covariatesĺ

ƑĺƓՊ|ՊIntegrated socioecoѴogicaѴ modeѴѴing

Firstķ	we	evaѴuated	the	existence	of	spatiaѴ	autocorreѴation	with	deŊ
tectionņnonŊ	detection	data	for	each	SUķ	using	MoranĽs	I	index	based	

on	simiѴarity	between	points	ŐDormann	et	aѴĺķ	ƑƏƏƕőĺ	We	used	a	fixed	
band	distance	of	ƒ	km	from	the	midŊ	point	of	camera	trapsķ	equating	to	
an	area	three	times	Ѵarger	than	a	gুiोa	home	rangeĺ

We	 fitted	 modeѴs	 of	 occupancy	 dynamics	 ŐMacKenzie	 et	aѴĺķ	
ƑƏƏƒő	 using	 PRESENCEķ	 which	 obtains	 maximum	 ѴikeѴihood	 estiŊ
mates	 via	 numericaѴ	 optimisation	 ŐHinesķ	 ƑƏƏѵőĺ	 The	 probabiѴities	
of	initiaѴ	occupancy	Őψőķ	coѴonisation	Őγőķ	 ѴocaѴ	extinction	Őεő	and	deŊ
tection	 sites	 Őpő	were	used	 as	modeѴ	 parametersĺ	We	 conducted	 a	
preѴiminary	investigation	to	assess	whether	a	base	modeѴ	structure	
with	Markovian	 dependence	was	 more	 appropriate	 for	 describing	
seasonaѴ	 dynamicsķ	 rather	 than	 assuming	 no	 occupancy	 changes	
occur	or	 that	changes	happen	at	 random	 ŐMacKenzie	et	aѴĺķ	ƑƏƏѵőĺ	
Once	 the	best	modeѴ	 structure	had	been	determinedķ	we	 then	 fitŊ
ted	modeѴs	with	habitat	configurationņquaѴity	and	humanŋpredator	
predictorsĺ

F IGURE  ƑՊDistribution	of	Ѵandcover	cѴasses	and	protected	areas	across	the	study	Ѵandscape	in	southern	ChiѴeķ	incѴuding	the	forest	habitat	of	
our	case	study	speciesķ	the	gুiोa	ŐLeopardus guignaőĺ	The	two	zones	within	which	the	ƐƓƔ	sampѴe	units	ŐSUĹ	Ɠ	km2ő	were	Ѵocated	are	indicatedķ	
ƕƒ	SUs	in	the	centraѴ	vaѴѴey	ŐѴeft	squareső	and	ƕƑ	within	the	Andes	Őright	squaresőĺ	IѴѴustrative	exampѴes	of	the	variation	in	habitat	configuration	
within	SUs	across	the	humanŊ	domination	gradient	are	provided	Őbottom	of	imageő
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A	totaѴ	of	ƐƔ	potentiaѴ	modeѴ	predictors	were	tested	for	coѴѴinŊ
earity	andķ	in	instances	where	variabѴes	were	correѴated	ŐPearsonĽsņ
SpearmanĽsЬrЬƻĺƕőķ	we	retained	the	covariate	that	conferred	greater	
ecoѴogicaѴņsociaѴ	 meaning	 and	 ease	 of	 interpretation	 ŐTabѴe	Ɛ	 and	
TabѴe	SƐőĺ	AѴѴ	continuous	variabѴesķ	except	percentagesķ	were	stanŊ
dardised	to	zŊ	scoresĺ	We	approached	modeѴ	seѴection	by	increasing	
modeѴ	 compѴexity	 graduaѴѴyķ	 fitting	 predictors	 for	 each	modeѴ	 paŊ
rameter	separateѴy	and	assessing	modeѴ	performance	using	AkaikeĽs	
information	criterion	ŐAICőĺ	ModeѴs	that	were	within	ƺƑ	∆AIC	were	
considered	 to	 have	 substantiaѴ	 support	 ŐBurnham	 ş	 Andersonķ	
ƑƏƏƑőķ	 and	 thusķ	 these	 predictors	 were	 seѴected	 and	 used	 in	 the	

next	step	in	a	forward	manner	Őeĺgĺ	K࣐ryķ	GuiѴѴeraŊ	Arroitaķ	ş	LahozŊ	
Monfortķ	 ƑƏƐƒőĺ	 To	 prevent	 over	 fitting	 ŐBurnham	 ş	 Andersonķ	
ƑƏƏƑőķ	we	kept	modeѴs	with	onѴy	one	predictor	per	parameterķ	with	
the	exception	of	one	modeѴ	which	evaѴuated	the	additive	effect	of	
shrub	 and	 forest	 cover	 Őshrub	 is	 a	 marginaѴ	 habitat	 for	 the	 study	
speciesĸ	Dunstone	et	aѴĺķ	ƑƏƏƑőĺ

A	set	of	detection	modeѴs	was	fitted	using	the	best	base	structureĺ	
SubsequentѴyķ	we	evaѴuated	modeѴs	 that	 incѴuded	habitat	 configuŊ
rationņquaѴity	and	humanŋpredator	 reѴations	data	 to	 test	 its	effect	
on	initiaѴ	occupancy	Őψ1őķ	whiѴe	keeping	coѴonisation	and	extinction	
specificĺ	The	best	initiaѴ	occupancy	and	detection	modeѴs	were	then	
used	 to	 add	 further	 compѴexity	 to	 the	 coѴonisation	 and	 extinction	
componentsĺ	We	 fitted	 aѴѴ	 predictors	 for	 extinctionĺ	 Howeverķ	we	
assume	 that	 coѴonisation	 between	 seasons	 is	 primariѴy	 infѴuenced	
by	habitat	configurationņquaѴity	variabѴesķ	rather	than	humanŋpredŊ
ator	reѴationsĺ	To	expѴore	the	candidate	modeѴ	spaceķ	we	worked	on	
the	structure	for	extinction	probabiѴity	foѴѴowed	by	coѴonisation	and	
then	repeated	the	process	vice	versa	ŐK࣐ry	et	aѴĺķ	ƑƏƐƒőĺ	A	constant	
or	nuѴѴ	modeѴ	was	incѴuded	in	aѴѴ	candidate	modeѴ	setsĺ	ModeѴs	with	
convergence	probѴems	or	impѴausibѴe	parameter	estimates	Őiĺeĺ	very	
Ѵarge	estimates	and	SEső	were	eѴiminated	from	each	setĺ

GoodnessŊ	ofŊ	fit	was	evaѴuated	by	bootstrapping	ƔķƏƏƏ	iterations	
ŐMacKenzie	ş	BaiѴeyķ	ƑƏƏƓő	 in	 the	R	package	AICcmodavgĺ	This	 test	
provides	a	modeѴ	fit	statistic	based	on	consideration	of	the	data	from	
aѴѴ	 seasons	at	once	 ŐpŊ	GѴobaѴő	 as	weѴѴ	 as	 separate	 statistics	 for	each	
seasonĺ	We	used	the	predict	function	in	R	package	unmarked	ŐFiske	ş	
ChandѴerķ	ƑƏƐƐő	to	produce	pѴots	of	estimated	reѴationships	with	the	
predictors	and	derive	estimates	of	occupancy	for	each	of	the	seasonsĺ

AѴѴ	 aspects	 of	 this	 project	 were	 approved	 by	 the	 SchooѴ	 of	
AnthropoѴogy	 and	 Conservation	 Research	 and	 Research	 Ethics	
Committeeķ	 University	 of	 Kent	 as	 weѴѴ	 as	 the	 ViѴѴarrica	 Campus	
Committee	of	the	Pontificia	Universidad	CatॕѴica	de	ChiѴeĺ

ƒՊ |ՊRESULTS

ƒĺƐՊ|ՊHabitat configurationņquaѴity data

Across	the	Ѵandscapeķ	variation	in	the	degree	of	habitat	Ѵoss	and	fragŊ
mentation	was	substantiaѴĺ	Forest	cover	in	SUs	ranged	from	ƐĺѶѷ	to	
ƕѵѷ	ŐM	Ʒ	ƑƕĺƔѷĸ	SD	Ʒ	ƐѶĺƖő	and	shrub	cover	foѴѴowed	a	simiѴar	patŊ
tern	 ŐrangeĹ	 ƖĺƐŋƔƒĺƐѷĸ	M	Ʒ	Ƒѵѷĸ	SD	Ʒ	Ѷĺƒőĺ	 The	number	of	 habitat	
patches	per	SU	varied	between	ƐƓ	and	Ɛѵƒ	ŐM	Ʒ	ƔƑĺƖĸ	SD	Ʒ	ƑƔĺƕőķ	and	
patch	shape	was	diverse	Őindex	rangeĹ	from	Ɛĺƒ	ŒhighѴy	irreguѴar	formsœ	
to	ƕĺѶ	ŒreguѴar	formsœĸ	M = 3.13; SD Ʒ	Ɛĺƒőĺ	Some	SUs	incѴuded	a	reѴaŊ
tiveѴy	high	Ѵength	of	edge	Őc.	ƓѶķƏƏƏ	mőķ	whereas	others	had	as	ѴittѴe	
as	ƓķƕƔƔ	mĺ

ƒĺƑՊ|ՊHumanŋpredator reѴations data and iѴѴegaѴ 
kiѴѴing prevaѴence across the Ѵandscape

A	totaѴ	of	Ƒƒƒ	respondents	compѴeted	the	questionnaireķ	of	which	
ƑƏѷ	were	women	and	ѶƏѷ	menĺ	The	median	age	of	 respondents	
was	ƔƔ	years	ŐinterquartiѴe	rangeĹ	Ɠѵŋѵƕőĺ	Participants	had	Ѵived	in	

TABLE  ƐՊHabitat	configurationņquaѴity	and	human	reѴation	
predictors	evaѴuated	when	modeѴѴing	initiaѴ	occupancy	Őψ1őķ	
coѴonisation	Őγőķ	extinction	Őεő	and	detection	Őpő	probabiѴity	
parameters	of	muѴtiseason	cameraŊ	trap	gুiोa	ŐLeopardus guignaő	
surveysĺ	Further	detaiѴs	can	be	found	in	Appendix	SƐķ	SƑ	and	 
TabѴe	SƐ

Parameter Predictor
Abbreviation 

in models

Habitat configuration

ψ1ķ	εķ	γ Percentage	of	forest	coverņhabitata Forest

ψ1ķ	εķ	γ Percentage	of	shrub	coverņmarginaѴ	
habitat

Shrub

ψ1ķ	εķ	γ Number	of	forest	patches PatchNo

ψ1ķ	εķ	γ Shape	index	forest	patches PatchShape

ψ1ķ	εķ	γ Forest	patch	size	areab PatchAreaW

ψ1ķ	εķ	γ Forest	patch	continuityb Gyration

ψ1ķ	εķ	γ Edge	Ѵength	of	forest	Ѵand	cover	cѴass Edge

ψ1ķ	εķ	γ Landscape	shape	index	of	forestc LSI

ψ1ķ	εķ	γ Patch	cohesionb COH

Human�predator relation 

ψ1ķ	ε Land	subdivision Subdivision

ψ1ķ	ε Intent	to	kiѴѴ	ŐhypotheticaѴ	scenario	
questionső

Intent

ψ1ķ	ε Predation	 Predation

ψ1ķ	ε Frequency	of	predation FQPredation

ψ1ķ	εķ	p Frequency	of	encounterd FQEncounter

ψ1ķ	ε Number	of	dogs	 Dogs

Habitat quality

p Bamboo	density	ŐChusquea	sppĺő Bamboo

p Density	of	understorey	 Understorey

p SampѴe	Unit	rotation	bѴock Rotation

p Intensity	of	Ѵivestock	activity	 Livestock

p Intensity	of	Ѵogging	activity	 Logging

p Water	avaiѴabiѴity Water

aPooѴs	together	aѴѴ	forest	typesĹ	oѴd	growthķ	secondary	growth	and	wetѴand	
forestĺ
bPredictor	 excѴuded	 due	 to	 coѴѴinearity	with	 percentage	 of	 forest	 cover	
ŐPearsonĽs	ЬrЬ	ƻ	ĺƕőĺ
cPredictor	 excѴuded	 due	 to	 coѴѴinearity	 with	 number	 of	 forest	 patches	
ŐPearsonĽs	ЬrЬƻĺƕőĺ
dPredictor	aѴso	fitted	with	detection	probabiѴityĺ



ՊՍ Պ | ՊƕJournal of Applied EcologyGÁLVEZ ET AL.

their	properties	 for	ƑƔŋƔƏ	years	 Őmedian	Ʒ	ƒƔőķ	which	varied	from	
Ɛ	 to	 ƐķƑƏƏ	ha	 in	 size	 Őmedian	Ʒ	ƑƖőĺ	 Land	 subdivision	 within	 SUs	
aѴso	varied	wideѴy	 ŐrangeĹ	ƐŋƒƐƓ	propertiesĸ	M	Ʒ	ƓƐĺƒĸ	SD	Ʒ	ƒƕĺƑőĺ	
Respondentsķ	 on	 averageķ	 received	 a	 monthѴy	 income	 equivaŊ
Ѵent	to	USŪƔƔѶ	ŐSD	Ʒ	ƑĺѶƐő	and	had	compѴeted	ƐƏ	years	of	formaѴ	
schooѴingĺ

Encounters	with	gুiोas	were	rareĺ	NearѴy	haѴf	of	the	respondents	
ŐƓƖѷķ	n	Ʒ	ƐƐѵő	reported	seeing	a	gুiोa	during	their	Ѵifetimeĺ	Howeverķ	
on	averageķ	 the	 sighting	occurred	Ɛƕ	years	ago	 ŐSD	Ʒ	ƐƔőĺ	This	perŊ
centage	dropped	to	ƐƏѷ	and	ƑƐѷ	during	the	Ѵast	Ɠ	Őwithin	the	timeŊ
frame	of	 the	cameraŊ	trap	surveyő	and	ƐƏ	years	 Őtime	period	for	 the	
RRT	questionő	 respectiveѴyĺ	Predation	events	were	aѴso	uncommonĺ	
OnѴy	 Ɛѵѷ	 of	 respondents	 Őn	Ʒ	ƒƕő	 attributed	 a	 Ѵivestock	 predation	
event	in	their	Ѵifetime	to	a	gুiोaķ	with	just	ƕѷ	Őn	Ʒ	Ɛѵő	stating	that	this	
had	occurred	in	the	past	decadeĺ	Of	the	gুiोa	predation	events	over	
the	past	decade	Őn	Ʒ	Ɛѵőķ	ѶƐѷ	were	recorded	in	Andean	SUsĺ

When	presented	with	scenario	styѴe	questions	concerning	hypoŊ
theticaѴ	 Ѵivestock	predation	by	a	gুiोaķ	ƒѶѷ	 Őn	Ʒ	ѶƖő	of	 respondents	
stated	that	 they	wouѴd	kiѴѴ	 the	 feѴid	 if	 two	chickens	were	 Ѵostķ	 rising	
to	ѵƏѷ	Őn	Ʒ	ƐƓƏő	if	ƑƔ	chickens	were	attackedĺ	Using	RRTķ	we	found	
that	ƐƏѷ	of	respondents	admitted	to	having	kiѴѴed	a	gুiोa	in	the	Ѵast	
ƐƏ	years	ŐSE	Ʒ	ƏĺƏƖĸ	ƖƔѷ	CI	ƏĺƏƑŋƏĺƐѶőĺ	The	ѴikeѴihood	of	a	respondent	
admitting	 to	kiѴѴing	gুiोa	 increased	 significantѴy	with	encounter	 freŊ
quency	Őβ	Ʒ	ƏĺѶƔķ	SE	Ʒ	ƏĺƔƏĸ	LRT	∆G2	Ʒ	ƓĺƐѶķ	p = ĺƏƓőĸ	those	reporting	
the	highest	ѴeveѴ	of	encounter	rate	were	Ƒĺƒ	times	more	ѴikeѴy	to	have	
kiѴѴed	the	species	compared	to	those	not	encountering	gুiोa	ŐTabѴe	Ƒőĺ	
Data	 from	the	scenarioŊ	based	question	on	predation	were	excѴuded	
from	the	modeѴ	due	to	a	high	β	and	associated	standard	errorĺ

ƒĺƒՊ|ՊDetectionņnonŊ detection data

A	totaѴ	of	Ƒƒķƒƕƒ	cameraŊ	trap	days	returned	ƕƐƒ	sampѴing	occasions	
with	a	gুiोa	detection	Őseason	Ɛ	Ʒ	Ɩѵĸ	season	Ƒ	Ʒ	ƐѶƔĸ	season	ƒ	Ʒ	ƑƓƏĸ	
season	Ɠ	Ʒ	ƐƖƑőĺ	The	naठve	occupancy	Őiĺeĺ	proportion	of	sites	with	deŊ
tectionő	was	simiѴar	across	aѴѴ	four	seasons	ŐƏĺƔƓĸ	ƏĺƔƑĸ	ƏĺƔѶĸ	ƏĺƔƖő	and	
between	the	centraѴ	vaѴѴey	and	Andean	SUs	Őboth	areas	ƻƏĺƔőĺ	There	
was	no	evidence	of	spatiaѴ	autocorreѴation	among	SUs	during	any	surŊ
vey	season	 Őseason	Ɛ	MoranĽs	 I = ƴƏĺƏƒ	 Œα	Ʒ	ƏĺƕƓœĸ	 season	Ƒ	 I = ƏĺƏƔ	
Œα	Ʒ	ƏĺƒƐœĸ	season	ƒ	I = ƏĺƏƔ	Œα	Ʒ	Əĺƒѵœĸ	season	Ɠ	I = ƏĺƏƕ	Œα	Ʒ	ƏĺƐƕœőĺ

ƒĺƓՊ|ՊIntegrated socioecoѴogicaѴ muѴtiseason 
occupancy modeѴѴing

Our	 preѴiminary	 evaѴuation	 indicated	 that	 a	Markovian	 dependence	
modeѴ	structure	was	an	appropriate	description	of	the	dataĺ	This	deŊ
pendence	 impѴies	 that	 gুiोa	presence	at	 a	 given	 site	 in	 a	particuѴar	
season	is	dependent	on	whether	that	site	was	occupied	in	the	previŊ
ous	season	ŐTabѴe	ƒőĺ	ModeѴ	ƐĺƐ	was	chosen	as	the	base	structure	for	
the	modeѴѴing	procedure	becauseĹ	 ŐƐő	 it	 is	 supported	by	AIC	and	 ŐƑő	
its	parameterisation	using	extinction	and	coѴonisation	Őiĺeĺ	not	derived	
parameterső	 aѴѴowed	 the	 roѴe	 of	 different	 potentiaѴ	 predictors	 to	 be	
tested	on	these	popuѴation	processesĺ	AѴsoķ	Ѵetting	extinction	and	coѴŊ
onisation	be	season	specific	accommodated	for	unequaѴ	time	intervaѴs	
between	sampѴing	seasonsĺ

ModeѴ	seѴection	for	detection	 ŐmodeѴs	ƑĺƐŋƑĺƕĸ	TabѴe	Ɠő	reveaѴed	
a	positive	reѴationship	with	understorey	vegetation	cover	Őβ1	Ʒ	ƏĺƒƓƒĸ	
SE	Ʒ	ƏĺƏƔƔĸ	Figure	ƒbőĺ	There	was	no	evidence	of	an	effect	associated	
with	the	rotationaѴ	cameraŊ	trap	survey	designķ	and	none	of	the	other	
predictors	were	substantiatedĺ	Forest	cover	best	expѴained	initiaѴ	ocŊ
cupancy	ŐmodeѴs	ƒĺƏŋƒĺѵĸ	TabѴe	Ɠőķ	with	initiaѴ	occupancy	being	higher	
in	sites	with	Ѵess	forest	coverķ	aѴthough	the	estimated	reѴationship	was	
weak	Őβ1	Ʒ	ƴƏĺƏƒѵƒĸ	SE	Ʒ	ƏĺƏƐƒѶĸ	Figure	ƒaőĺ	Adding	shrub	cover	onѴy	
improved	modeѴ	fit	marginaѴѴyĺ	Fragmentation	metrics	and	Ѵand	subdiŊ
vision	were	not	supported	as	good	predictorsĺ

ModeѴ	seѴection	for	extinction	and	coѴonisation	ŐmodeѴs	ƓĺƏŋƓĺƐѶ	
and	ƔĺƏŋƔĺƐƑĸ	TabѴe	Ɠő	refѴected	the	same	trendsķ	 irrespective	of	the	
order	 in	which	 parameters	were	 consideredĺ	 Extinctionķ	 rather	 than	
coѴonisationķ	 yieѴded	 predictors	 that	 improved	 modeѴ	 fit	 compared	
to	the	nuѴѴ	modeѴĺ	Where	predictors	were	fitted	first	on	coѴonisation	
ŐmodeѴs	ƔĺƏŋƔĺƔőķ	none	of	the	modeѴs	tested	improved	fit	substantiaѴѴy	
compared	to	the	nuѴѴ	modeѴĺ	This	indicated	thatķ	of	the	avaiѴabѴe	preŊ
dictorsķ	coѴonisation	was	onѴy	expѴained	by	seasonaѴ	differencesĺ	The	
humanŋpredator	predictors	were	not	 supported	 as	drivers	of	 either	
initiaѴ	occupancy	or	extinction	probabiѴity	except	for	Ѵand	subdivision	
ŐTabѴe	Ɠőĺ

We	fitted	a	finaѴ	modeѴ	ŐmodeѴ	Ɣĺѵĸ	TabѴe	Ɠő	with	number	of	patches	
and	Ѵand	subdivisionķ	which	were	identified	as	important	predictors	in	the	
two	top	competing	extinction	modeѴs	ŐmodeѴs	Ɣĺƕ	and	ƔĺѶőĺ	This	modeѴ	
was	weѴѴ	supportedĺ	A	goodnessŊ	ofŊ	fit	test	suggested	Ѵack	of	fit	based	

Coefficient SE p Odds ratio

Odds ratio

Lower CI Upper CI

ŐInterceptő ƴƑĺƓƒ ƐĺƖƖ ĺƑƔ ƏĺƏƖ 0.00 Ɠĺƒѵ

Age ƴƏĺƓƐ ƏĺƓƒ .38 Əĺѵѵ ƏĺƑƖ ƐĺƔƓ

Income 0.00 ƏĺƔƔ ĺƖƖ ƏĺƖƖ ƏĺƒƓ ƑĺƖѵ

Land	parceѴ	dependency 0.02 0.83 ĺƖѶ 12.02 0.20 ƔĺƐƖ

Number	of	chicken	
hoѴdings

ƴƏĺƐѶ 0.71 .78 0.83 0.21 3.38

KnowѴedge	of	ѴegaѴ	
protection

ƏĺƓѶ 0.77 ĺƔƕ ƐĺѵƑ Əĺƒѵ 7.37

Frequency	of	encounter ƏĺѶƔ ƏĺƔƏ ĺƏƓ ƑĺƒƓ 0.87 ѵĺƑѶ

TABLE  ƑՊThe	reѴationship	between	
iѴѴegaѴ	kiѴѴing	of	gুiोa	ŐLeopardus guignaő	and	
potentiaѴ	predictors	of	the	behaviourĺ	
Reported	coefficientsķ	SEsķ	odds	ratios	and	
their	ƖƔѷ	confidence	intervaѴs	were	
derived	from	a	muѴtivariate	Ѵogistic	
regression	which	incorporates	the	known	
probabiѴities	of	the	forced	RRT	responsesĺ	
Significance	was	accepted	at	the	ĺƏƔ	ѴeveѴ
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on	the	gѴobaѴ	metric	ŐpŊ	gѴobaѴƺĺƏƔőķ	but	inspection	of	surveyŊ	specific	reŊ
suѴts	 show	no	 such	evidence	 Őp ƻ ĺƏƔő	 apart	 from	 season	Ƒ	 Őp = ĺƏƒƑőĺ	
Inspecting	the	season	Ƒ	dataķ	we	found	that	the	reѴativeѴy	Ѵarge	statistic	
vaѴue	appeared	 to	be	driven	by	 just	 a	 few	sites	with	unѴikeѴy	 capture	
histories	 Őiĺeĺ	ƺƐƑ	detectionsőĺ	Given	 thisķ	 and	 the	 fact	 that	data	 from	
the	other	seasons	do	not	show	Ѵack	of	fitķ	we	deem	that	the	finaѴ	modeѴ	
expѴains	the	data	appropriateѴyĺ	The	modeѴ	predicts	that	SU	extinction	
probabiѴity	 becomes	 high	 ŐƻƏĺѵő	when	 there	 are	 Ѵess	 than	 Ƒƕ	 habitat	
patches	and	more	than	ƐƐѵ	Ѵand	subdivisions	Őβ1	Ʒ	ƴƏĺƖƏƏĸ	SE	Ʒ	ƏĺƓƔƐ	
and β1	Ʒ	ƏĺƖƓƓĸ	SE	Ʒ	Əĺƒƕƒķ	respectiveѴyĸ	Figure	ƒcķdőĺ	Occupancy	estiŊ
mates	were	high	across	seasons	with	derived	seasonaѴ	estimates	of	ƏĺƕѶ	
ŐSE	Ʒ	ƏĺƏƖőķ	ƏĺѵƓ	ŐSE	Ʒ	ƏĺƏѵőķ	ƏĺѶƏ	ŐSE	Ʒ	ƏĺƏѵő	and	ƏĺѶƒ	ŐSE	Ʒ	ƏĺƏѵőĺ

ƓՊ |ՊDISCUSSION

The	 integrated	 socioecoѴogicaѴ	 modeѴѴing	 framework	 we	 present	
here	 provides	 important	 insights	 into	 how	 habitat	 configurationņ
quaѴity	and	humanŋpredator	reѴations	may	interact	in	space	and	time	
to	effect	carnivore	popuѴations	existing	across	a	humanŊ	dominated	
Ѵandscapeĺ	We	 were	 abѴe	 to	 disentangѴe	 the	 reѴative	 impact	 of	 a	
range	of	threats	that	have	been	highѴighted	previousѴy	in	the	ѴiteraŊ
ture	 as	potentiaѴ	 drivers	of	decѴine	 for	our	 case	 study	 species	 the	
gুiोaĺ

The	gুiोa	is	an	eѴusive	forest	speciaѴistĺ	As	suchķ	one	might	predict	
that	the	species	wouѴd	be	highѴy	susceptibѴe	to	both	habitat	Ѵoss	and	
fragmentation	 ŐEwers	ş	Didhamķ	ƑƏƏѵĸ	HenѴeķ	Daviesķ	 et	aѴĺķ	 ƑƏƏƓőĺ	
WhiѴe	the	reѴationship	between	occupancy	and	higher	ѴeveѴs	of	forest	
cover	ŐFigure	ƒaő	suggests	that	gুiोas	are	ѴikeѴy	to	occupy	areas	with	
a	Ѵarge	spatiaѴ	extent	of	avaiѴabѴe	habitatķ	our	resuѴts	aѴso	indicate	that	
the	species	can	toѴerate	extensive	habitat	Ѵossĺ	The	effects	of	habitat	
Ѵoss	couѴd	be	confounded	by	timeķ	and	it	 is	possibѴe	that	we	are	not	
yet	observing	the	impacts	of	this	ecoѴogicaѴ	process	ŐEwers	ş	Didhamķ	
ƑƏƏѵőĺ	Howeverķ	 this	 is	 unѴikeѴy	 to	be	 the	 case	 in	 this	 Ѵandscape	 as	
over	ѵƕѷ	of	the	originaѴ	forest	cover	was	Ѵost	by	ƐƖƕƏ	andķ	since	thenķ	

deforestation	rates	have	been	Ѵow	ŐMiranda	et	aѴĺķ	ƑƏƐƔőĺ	Indeedķ	the	
findings	highѴight	that	intensive	agricuѴturaѴ	Ѵandscapes	are	very	reѴeŊ
vant	for	gুiोa	conservation	and	shouѴd	not	be	dismissed	as	unsuitabѴeĺ

SpatiaѴѴyķ	the	occupancy	dynamics	of	this	carnivore	appear	to	be	
affected	by	fragmentation	and	human	pressure	through	Ѵand	subdiviŊ
sionĺ	Ensuring	that	remnant	habitat	patches	are	retained	in	the	ѴandŊ
scapeķ	and	Ѵand	subdivision	is	reduced	so	that	existing	bigger	farms	are	
preservedķ	 couѴd	 uѴtimateѴy	 safeguard	 the	 ѴongŊ	term	 survivaѴ	 of	 this	
threatened	speciesĺ	This	shouѴd	be	the	focus	of	conservation	effortsķ	
rather	than	just	increasing	the	extent	of	habitatĺ	Our	findings	further	
suggest	that	these	remnant	patches	may	pѴay	a	key	roѴe	in	supporting	
the	gুiोa	in	areas	where	there	has	been	substantiaѴ	habitat	Ѵoss	andķ	
perhapsķ	might	even	offset	 ѴocaѴ	 extinctions	 associated	with	habitat	
cover	ŐFahrigķ	ƑƏƏƑőĺ	A	Ѵand	sharing	scheme	within	agricuѴturaѴ	areas	of	
the	Ѵandscape	couѴd	prove	to	be	a	highѴy	effective	conservation	stratŊ
egy	 ŐPhaѴanķ	OniaѴķ	BaѴmfordķ	ş	Greenķ	ƑƏƐƐő	considering	that	these	
farms	are	currentѴy	not	setting	aside	Ѵandķ	but	are	of	high	vaѴue	to	the	
speciesĺ	The	resuѴts	aѴso	highѴight	 that	 farmers	with	 Ѵarge	properties	
are	key	stakehoѴders	in	the	conservation	of	this	species	and	must	be	
at	 the	 centre	 of	 any	 conservation	 interventions	 that	 aim	 to	 protect	
existing	native	forest	vegetation	within	farmѴandĺ

FoѴѴowing	farming	trends	gѴobaѴѴyķ	Ѵarger	properties	in	the	agricuѴŊ
turaѴ	areas	of	southern	ChiѴe	are	generaѴѴy	associated	with	highŊ	intensity	
productionķ	whereas	smaѴѴer	farms	are	mainѴy	subsistenceŊ	based	sysŊ
tems	ŐCarmonaķ	NahueѴhuaѴķ	Echeverrझaķ	ş	B࢙ezķ	ƑƏƐƏőĺ	It	is	therefore	
interestingķ	but	perhaps	counterintuitiveķ	that	we	found	occupancy	to	
be	higher	ŐѴower	ѴocaѴ	extinctionő	where	there	is	Ѵess	Ѵand	subdivisionĺ	
Howeverķ	a	greater	number	of	smaѴѴ	farms	are	associated	with	higher	
human	density	which	may	resuѴt	in	increased	persecution	by	humans	
ŐWoodroffeķ	ƑƏƏƏőĺ	AѴsoķ	higher	subdivision	imposes	pressure	on	natŊ
uraѴ	 resourcesķ	 due	 to	more	 househoѴds	 being	 present	 in	 the	 ѴandŊ
scape	 Őeĺgĺ	Liuķ	DaiѴyķ	EhrѴichķ	ş	Luckķ	ƑƏƏƒőķ	which	has	been	shown	
to	reduce	the	quaѴity	of	remaining	habitat	patches	as	a	resuѴt	of	freŊ
quent	timber	extractionķ	Ѵivestock	grazing	ŐCarmona	et	aѴĺķ	ƑƏƐƏő	and	
competitionņinterference	 by	 domestic	 animaѴs	 and	 pets	 ŐSepিѴvedaķ	

TABLE  ƒՊSeasonaѴ	occupancy	dynamics	modeѴs	foѴѴowing	MacKenzie	et	aѴĺ	ŐƑƏƏѵőķ	appѴied	to	the	guiोa	ŐLeopardus güignaőķ	to	define	the	base	
modeѴ	structure	for	the	subsequent	modeѴ	seѴection	procedure	to	evaѴuate	potentiaѴ	habitat	configurationņquaѴity	and	humanŋpredator	
predictorsĺ	Fitted	probabiѴity	parameters	are	occupancy	Őψőķ	coѴonisation	Őγőķ	extinction	Őεő	and	detection	Őpőĺ	ModeѴs	assess	whether	changes	in	
occupancy	do	not	occur	ŐmodeѴ	Ɛĺѵőķ	occur	at	random	ŐmodeѴs	ƐĺƔķ	ƐĺƓő	or	foѴѴow	a	Markov	Chain	process	Őiĺeĺ	site	occupancy	status	in	a	season	
is	dependent	on	the	previous	seasonĸ	modeѴs	ƐĺƏķ	ƐĺƐķ	ƐĺƑķ	Ɛĺƒőĺ	InitiaѴ	occupancy	Őψ1ő	refers	to	occupancy	in	the	first	of	four	seasons	over	which	
the	gুiोa	was	surveyedĺ	ModeѴ	seѴection	procedure	is	based	on	AkaikeĽs	Information	Criterion	ŐAICőĺ	∆AIC	is	the	difference	in	AIC	benchmarked	
against	the	best	modeѴķ	wi	is	the	modeѴ	weightķ	K	the	number	of	parameters	and	ƴƑ	Ƶ	ѴogѴike	is	the	vaѴue	of	the	Ѵog	ѴikeѴihood	at	its	maximumĺ	
The	seѴected	modeѴ	is	highѴighted	in	boѴd

ModeѴ SeasonaѴ dynamic modeѴs ∆AIC w
i

K ƴƑ Ƶ ѴogѴike

1.0 ψŐĺőķ	γŐĺőķ	Ŕε= γ	ŐƐ	ƴ	ψőņψŕķ	pŐseasonő 0.00 ƏĺƓƓƒ ѵ ƒķƖѶƑĺƖƒ

ƐĺƐ ψ
1
Őĺőķ εŐseasonőķ γŐseasonőķ pŐseasonő Əĺƒѵ ƏĺƒƕƏ 11 ƒķƖƕƒĺƑƖ

1.2 ψ1Őĺőķ	εŐĺőķ	γŐĺőķ	pŐseasonő	 1.88 0.173 7 ƒķƖѶƑĺѶƐ

1.3 ψ1Őĺőķ	εŐĺőķ	γŐĺőķ	pŐĺő	 ѵĺѶƒ ƏĺƏƐƔ Ɠ ƒķƖƖƒĺƕѵ

ƐĺƓ ψ1Őĺőķ	γŐĺőķŔε	Ʒ	Ɛ	ƴ	γŕķ	pŐseasonő	 ƓƐĺƕѶ 0.000 ѵ ƓķƏƑƓĺƕƐ

ƐĺƔ ψ1Őĺőķ	γŐseasonőķŔε	Ʒ	Ɛ	ƴ	γŕķ	pŐseasonő	 ƓƑĺƕѶ 0.000 8 ƓķƏƑƐĺƕƐ

Ɛĺѵ ψŐĺőķ	Ŕγ = ε	Ʒ	Əŕķ	pŐseasonő ƐƏƓĺƐƐ 0.000 ѵ ƓķƏѶƕĺƏƓ
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TABLE  ƓՊMuѴtiseason	modeѴs	of	initiaѴ	occupancy	Őψ1őķ	extinction	Őεőķ	coѴonisation	Őγő	and	detection	Őpő	probabiѴity	with	potentiaѴ	habitat	
configurationņquaѴity	and	humanŋpredator	predictors	for	the	gুiोa	ŐLeopardus guignaőĺ	Predictors	were	evaѴuated	with	a	base	modeѴ	of	seasonaѴ	
dynamics	Œψ1Őĺőķ	εŐseasonőķ	γŐseasonőķ	pŐseasonőœ	using	a	stepŊ	forward	modeѴ	seѴection	procedure	and	AkaikeĽs	information	criterion	ŐAICőĺ	InitiaѴ	
occupancy	Őψ1ő	refers	to	occupancy	in	the	first	of	four	seasons	over	which	the	gুiोa	was	surveyedķ	with	occupancy	dynamics	foѴѴowing	a	
Markov	Chain	processĺ	∆AIC	is	the	difference	in	AIC	benchmarked	against	the	best	modeѴķ	wi	is	the	modeѴ	weightķ	K	the	number	of	parameters	
and	ƴƑ	Ƶ	ѴogѴike	is	the	vaѴue	of	the	Ѵog	ѴikeѴihood	at	its	maximumĺ	The	seѴected	modeѴs	for	each	parameter	are	highѴighted	in	boѴd	and	used	in	
the	next	stepĺ	ε	was	fitted	first	foѴѴowed	by	γķ	then	vice	versa

ModeѴ Fitted parameter ∆AIC w
i

K ƴƑ Ƶ ѴogѴike

Detection/fitted with ψ1(.), ε(season), γ(season)

ƑĺƏ pŐseasonƳUnderstoreyő ƏĺƏƏ ƏĺƖƖƖƖ 12 ƒķƖƒƓĺƓƕ

2.1 pŐseasonƳBambooő	 ƐѶĺƓѶ 0.0001 12 ƒķƖƔƑĺƖƔ

Initial occupancy/fitted with ε(season), γ(season), p(season+Understorey)

ƒĺƏ ψ
1
ŐForestő ƏĺƏƏ ƏĺƔƓƑƔ 13 ƒķƖƑƕĺƓѵ

3.1 ψ1ŐForestƳShrubő	 ƐĺƑƓ ƏĺƑƖƐѶ ƐƓ ƒķƖƑѵĺƕ

ƒĺƓ ψ1ŐPatchNoő ƓĺƏƏ ƏĺƏƕƒƓ 13 ƒķƖƒƐĺƓѵ

ƒĺƔ ψ1Őĺő ƔĺƏƐ ƏĺƏƓƓƒ 12 ƒķƖƒƓĺƓƕ

ƒĺѵ ψ1ŐSubdivisionő ƔĺѵƖ ƏĺƏƒƐƔ 13 ƒķƖƒƒĺƐƔ

3.7 ψ1ŐDogső 7.00 ƏĺƏƐѵƓ 13 ƒķƖƒƓĺƓѵ

Extinction first/fitted with ψ1(Forest), p(season+Understorey)

ƓĺƏ εŐseasonƳPatchNoőķ γŐseasonő ƏĺƏƏ ƏĺƓѵƖƑ 14 ƒķƖƑƏĺƐƏ

ƓĺƐ εŐseasonƳSubdivisionőķ γŐseasonő Əĺƒѵ ƏĺƒƖƐƖ 14 ƒķƖƑƏĺƓѵ

ƓĺƑ εŐseasonƳPatchShapeőķ	γŐseasonő ƔĺƐƔ ƏĺƏƒƔƕ ƐƓ ƒķƖƑƔĺƑƔ

Ɠĺƒ εŐseasonƳPredationőķ	γŐseasonő	 ƔĺƑƓ ƏĺƏƒƓƑ ƐƓ ƒķƖƑƔĺƒƓ

ƓĺƓ εŐseasonőķ	γŐseasonő Ɣĺƒѵ 0.0322 13 ƒķƖƑƕĺƓѵ

ƓĺƔ εŐseasonƳFQencounterőķ	γŐseasonő ƔĺƖƑ ƏĺƏƑƓƒ ƐƓ ƒķƖƑѵĺƏƑ

Ɠĺѵ εŐseasonƳFQPredationőķ	γŐseasonő ƕĺƑƓ ƏĺƏƐƑѵ ƐƓ ƒķƖƑƕĺƒƓ

Colonisation second/fitted with ψ1(Forest), p(season+Understorey) and 4.0/4.1 for ε

Ɠĺƕ εŐseasonƳPatchNoőķ γŐseasonő ƏĺƏƏ ƏĺƐѶƕƕ 14 ƒķƖƑƏĺƐƏ

ƓĺѶ εŐseasonƳSubdivisionőķ γŐseasonő Əĺƒѵ ƏĺƐƔѵѶ 14 ƒķƖƑƏĺƓѵ

ƓĺƖ εŐseasonƳSubdivisionőķ	
γŐseasonƳPatchShapeő

ƏĺƕƖ ƏĺƐƑѵƔ ƐƔ ƒķƖƐѶĺѶƖ

ƓĺƐƏ εŐseasonƳPatchNoőķ	
γŐseasonƳPatchShapeő

ƐĺƑƖ ƏĺƏƖѶƔ ƐƔ ƒķƖƐƖĺƒƖ

ƓĺƐƐ εŐseasonƳSubdivisionőķ	
γŐseasonƳPatchNoő

Ɛĺѵƒ 0.0831 ƐƔ ƒķƖƐƖĺƕƒ

ƓĺƐƑ εŐseasonƳPatchNoőķ	γŐseasonƳEdgeő ƐĺѶƓ ƏĺƏƕƓѶ ƐƔ ƒķƖƐƖĺƖƓ

ƓĺƐƒ εŐseasonƳPatchNoőķ	γŐseasonƳForestő	 ƐĺƖѶ ƏĺƏѵƖѶ ƐƔ ƒķƖƑƏĺƏѶ

ƓĺƐƓ εŐseasonƳSubdivisionőķ	
γŐseasonƳEdgeő

ƑĺƐѵ ƏĺƏѵƒѶ ƐƔ ƒķƖƑƏĺƑѵ

ƓĺƐƔ εŐseasonƳ	Subdivisionőķ	
γŐseasonƳForestő

2.20 ƏĺƏѵƑƔ ƐƔ ƒķƖƑƏĺƒƏ

ƓĺƐѵ εŐseasonƳSubdivisionőķ	
γŐseasonƳForestƳShrubő

ƒĺƔƏ ƏĺƏƒƑѵ Ɛѵ ƒķƖƐƖĺѵƏ

ƓĺƐƕ εŐseasonƳPatchNoőķ	
γŐseasonƳForestƳShrubő

ƒĺѵƏ 0.0310 Ɛѵ ƒķƖƐƖĺƕƏ

ƓĺƐѶ εŐseasonőķ	γŐseasonő Ɣĺƒѵ ƏĺƏƐƑƖ 13 ƒķƖƑƕĺƓѵ

Colonisation first/fitted with ψ1(Forest), p(season+Understorey)

ƔĺƏ εŐseasonőķ γŐseasonő ƏĺƏƏ ƏĺƒƒƏƒ 13 ƒķƖƑƕĺƓѵ

ƔĺƐ εŐseasonőķ	γŐseasonƳPatchShapeő	 ƏĺƖѵ ƏĺƑƏƓƓ ƐƓ ƒķƖƑѵĺƓƑ

ƔĺƑ εŐseasonőķ	γŐseasonƳPatchNoő ƐĺƔƔ ƏĺƐƔƑƑ ƐƓ ƒķƖƑƕĺƏƐ

ŐContinueső
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Singerķ	SiѴvaŊ	Rodrझguezķ	Stowhasķ	ş	PeѴicanķ	ƑƏƐƓőĺ	Native	vegetation	
in	nonŊ	productive	areasķ	incѴuding	ravines	or	undrainabѴe	soiѴs	with	a	
high	waterŊ	tabѴeķ	is	normaѴѴy	spared	within	agricuѴturaѴ	areas	ŐMiranda	
et	aѴĺķ	ƑƏƐƔőķ	and	these	patches	of	remnant	forest	couѴd	provide	adŊ
equate	 refugeķ	 food	 resources	 and	 suitabѴe	 conditions	 for	 carnivore	
reproduction	 Őeĺgĺ	 Schadt	 et	aѴĺķ	 ƑƏƏƑőĺ	 Howeverķ	 it	 is	 possibѴe	 that	
areas	with	high	Ѵand	subdivision	and	a	Ѵarge	number	of	patches	couѴd	
be	acting	as	ecoѴogicaѴ	traps	if	sourceŋsink	dynamics	are	operating	in	
the	 Ѵandscape	 ŐRobertson	ş	Huttoķ	ƑƏƏѵőĺ	AdditionaѴѴyķ	another	 facŊ
tor	driving	the	subdivision	of	Ѵand	and	degradation	of	remnant	forest	
patches	across	agricuѴturaѴ	areas	is	the	growing	demand	for	residentiaѴ	
properties	 ŐPetitpasķ	 Ibarraķ	Mirandaķ	ş	Bonacicķ	ƑƏƐƕőĺ	This	 is	faciѴiŊ
tated	by	ChiѴean	Ѵawķ	which	permits	agricuѴturaѴ	Ѵand	to	be	subdivided	

to	a	minimum	pѴot	size	of	ƏĺƔ	haĺ	Furthermoreķ	 it	 is	a	common	pracŊ
tice	 for	 seѴѴers	 and	 buyers	 to	 compѴeteѴy	 eѴiminate	 aѴѴ	 understorey	
vegetation	from	such	pѴots	ŐCĺ	Riosķ	personaѴ	communicationő	whichķ	
as	demonstrated	by	detection	being	higher	 in	dense	understoreyķ	 is	
a	key	component	of	habitat	quaѴityĺ	The	fact	 that	 farmers	subdivide	
their	Ѵand	for	economic	profitķ	driven	by	demand	for	residentiaѴ	propŊ
ertiesķ	is	a	very	compѴex	and	difficuѴt	issue	for	future	ѴandscapeŊ	ѴeveѴ	
conservationĺ

AѴthough	previous	 studies	 have	 suggested	 that	 human	persecuŊ
tion	may	be	a	factor	contributing	to	the	decѴine	of	the	gুiोa	ŐNoweѴѴ	
ş	Jacksonķ	 ƐƖƖѵĸ	 Sanderson	 et	aѴĺķ	 ƑƏƏƑőķ	 iѴѴegaѴ	 kiѴѴing	 in	 the	 study	
region	appears	Ѵow	and	much	Ѵess	of	a	threat	to	the	species	than	the	
habitat	configuration	in	the	Ѵandscapeĺ	AѴthough	the	species	occupies	

ModeѴ Fitted parameter ∆AIC w
i

K ƴƑ Ƶ ѴogѴike

Ɣĺƒ εŐseasonőķ	γŐseasonƳEdgeő ƐĺѶƖ ƏĺƐƑѶƓ ƐƓ ƒķƖƑƕĺƒƔ

ƔĺƓ εŐseasonőķ	γŐseasonƳForestő ƐĺƖƔ ƏĺƐƑƓѵ ƐƓ ƒķƖƑƕĺƓƐ

ƔĺƔ εŐseasonőķ	γŐseasonƳForestƳShrubő ƒĺƓƐ ƏĺƏѵ ƐƔ ƒķƖƑѵĺѶƕ

Extinction second/fitted with ψ1(Forest), p(season+Understorey) γ(season)

Ɣĺѵ εŐseasonƳPatchNoƳSubdivisionőķ 
γŐseasonő

ƏĺƏƏ ƏĺѶƑƕƔ 15 ƒķƖƐƒĺƓƔ

Ɣĺƕ εŐseasonƳPatchNoőķ	γŐseasonő ƓĺѵƔ ƏĺƏѶƏƖ ƐƓ ƒķƖƑƏĺƐƏ

ƔĺѶ εŐseasonƳSubdivisionőķ	γŐseasonő ƔĺƏƐ ƏĺƏѵƕѵ ƐƓ ƒķƖƑƏĺƓѵ

ƔĺƖ εŐseasonƳPatchShapeőķ	γŐseasonő ƖĺѶƏ ƏĺƏƏѵƑ ƐƓ ƒķƖƑƔĺƑƔ

ƔĺƐƏ εŐseasonƳPredationőķ	γŐseasonő ƖĺѶƖ ƏĺƏƏƔƖ ƐƓ ƒķƖƑƔĺƒƓ

ƔĺƐƐ εŐseasonőķ	γŐseasonő 10.01 ƏĺƏƏƔƔ 13 ƒķƖƑƕĺƓѵ

ƔĺƐƑ εŐseasonƳFQEncountersőķ	γŐseasonő ƐƏĺƔƕ ƏĺƏƏƓƑ ƐƓ ƒķƖƑѵĺƏƑ

ƔĺƐƒ εŐseasonƳFQPredationőķ	γŐseasonő ƐƐĺѶƖ 0.0022 ƐƓ ƒķƖƑƕĺƒƓ

TABLE  ƓՊ ŐContinuedő

F IGURE  ƒՊPredicted	effects	of	forest	
coverķ	understorey	densityķ	number	of	
habitat	patches	and	Ѵand	subdivision	on	
muѴtiseason	occupancy	modeѴ	parameters	
for	the	gুiोa	ŐLeopardus guignaőĺ	These	
resuѴts	correspond	to	the	finaѴ	seѴected	
modeѴ	Œψ1ŐForestőķ	pŐseasonƳUnderstoreyőķ	
εŐseasonƳPatchNoƳSubdivisionőķ	γŐseasonőœĺ	
Grey	Ѵines	deѴimit	ƖƔѷ	confidence	intervaѴsĺ	
The	tick	marks	aѴong	the	xŊ	axis	in	Őaőķ	Őcő	
and	Ődő	indicate	the	underѴying	distribution	
of	the	continuous	dataĺ	For	Őbőķ	the	smaѴѴ	
numbers	above	the	xŊ	axis	show	the	
number	of	sites	in	each	percentage	cover	
cѴass	evaѴuated
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a	Ѵarge	proportion	of	the	Ѵandscape	across	seasonsķ	peopѴe	report	that	
they	 rareѴy	encounter	 the	carnivore	or	 suffer	pouѴtry	predationĺ	The	
gুiोaĽs	eѴusive	behaviour	is	reinforced	by	our	Ѵow	cameraŊ	trap	detecŊ
tion	probabiѴity	 Őp ƺ ĺƑ	 over	Ƒ	 nightsőĺ	One	 in	ƐƏ	 respondents	 ŐƐƏѷő	
admitted	to	kiѴѴing	a	gুiोa	over	the	Ѵast	decadeĺ	One	potentiaѴ	drawŊ
back	of	RRT	 is	 that	 it	 is	 impossibѴe	 to	 know	 if	 peopѴe	 are	 foѴѴowing	
the	instructions	ŐLensveѴtŊ	MuѴders	ş	Boeijeķ	ƑƏƏƕőĺ	Howeverķ	we	deŊ
pѴoyed	a	symmetricaѴ	RRT	design	Őboth	ľyesĿ	and	ľnoĿ	were	assigned	
as	prescribed	answersőķ	which	 increases	 the	extent	 to	which	peopѴe	
foѴѴow	 the	 instructions	 ŐOstapczuk	 ş	Muschķ	 ƑƏƐƐőĺ	 Moreoverķ	 the	
proportion	of	 ľyesĿ	answers	 in	 the	data	exceeded	 the	probabiѴity	of	
being	 forced	to	say	ľyesĿ	 Őwhich	 in	 this	study	was	ƏĺƐѵƕőķ	 indicating	
that	 respondents	were	 reporting	 iѴѴegaѴ	 behaviourĺ	 From	our	dataķ	 it	
wouѴd	be	difficuѴt	to	determine	whether	this	prevaѴence	of	iѴѴegaѴ	kiѴѴŊ
ing	 has	 a	 detrimentaѴ	 impact	 on	 the	 popuѴation	 size	 of	 the	 speciesĺ	
Howeverķ	with	our	frameworkķ	we	couѴdķ	in	the	futureķ	evaѴuate	spatiaѴ	
Ѵayers	of	information	such	as	the	probabiѴity	of	iѴѴegaѴ	kiѴѴing	based	on	
the	distribution	of	encounters	with	the	gুiोa	and	Ѵandscape	attributes	
that	increase	extinction	probabiѴity	Őeĺgĺ	Ѵand	subdivision	and	reduced	
habitat	patcheső	in	order	to	be	spatiaѴѴy	expѴicit	about	where	to	focus	
conservation	and	research	efforts	Őeĺgĺ	SantangeѴi	et	aѴĺķ	ƑƏƐѵőĺ

Our	resuѴts	demonstrate	the	benefits	of	integrating	socioecoѴogiŊ
caѴ	data	into	a	singѴe	modeѴѴing	framework	to	gain	a	more	systematic	
understanding	 of	 the	 drivers	 of	 carnivore	 decѴineĺ	 The	 framework	
teased	apart	 the	 reѴative	 importance	of	different	 threatsķ	providing	
a	vaѴuabѴe	evidence	base	for	making	informed	conservation	recomŊ
mendations	 and	 prioritising	 where	 future	 interventions	 shouѴd	 be	
targeted	for	the	case	study	speciesĺ	Prior	to	appѴying	our	frameworkķ	
conservationists	 beѴieved	 that	 human	 persecution	was	 instrumenŊ
taѴ	 in	 determining	 gুiोa	 occupancy	 patterns	 in	 humanŊ	dominated	
Ѵandscapesĺ	Howeverķ	our	combined	socioecoѴogicaѴ	approach	highŊ
Ѵighted	 that	 habitat	 configurationņquaѴity	 characteristics	 are	 the	
primary	 determinantsķ	 mainѴy	 due	 to	 the	 widespread	 presence	 of	
the	 species	across	 the	 Ѵandscape	and	 Ѵack	of	 interaction	with	 ruraѴ	
homesĺ	The	reѴative	importance	ofķ	and	baѴance	betweenķ	sociaѴ	and	
ecoѴogicaѴ	factors	may	differ	according	to	the	species	of	conservation	
concernĺ	WhiѴe	 our	 framework	might	 not	 be	 to	 resoѴve	 confѴictķ	 it	
can	 heѴp	 guide	 potentiaѴ	 stakehoѴder	 controversies	 ŐRedpath	 et	aѴĺķ	
ƑƏƐƒķ	ƑƏƐƕő	by	 improving	our	understanding	of	how	carnivores	 inŊ
teract	with	humans	in	space	and	time	ŐPooѴey	et	aѴĺķ	ƑƏƐѵőĺ	A	number	
of	smaѴѴ	to	medium	carnivores	in	need	of	research	and	conservation	
guidance	ŐBrookeķ	BieѴbyķ	Nambiarķ	ş	Carboneķ	ƑƏƐƓő	couѴd	benefit	
from	our	frameworkĺ
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