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Abstract
1.	 Biodiversity	conservation	relies	heavily	on	protected	areas	(PAs).	However,	in	lo-
cations	that	are	desirable	for	agriculture,	industry,	or	human	habitation	(e.g.,	low-
land	 habitats	 on	 fertile	 soils,	 coastal	 zones),	 land	 is	 often	 privately	 owned	 and	
state-owned	PAs	tend	to	be	under-represented.	Despite	the	potentially	dispro-
portionate	contribution	that	privately	protected	areas	(PPAs)	could	make	to	rep-
resenting	biodiversity	and	supporting	its	persistence	across	regional	PA	estates,	
this	contribution	is	poorly	understood.

2.	 We	assessed	the	capacity	of	PPAs	to	contribute	to	the	persistence	of	38	large-	
and	medium-sized	mammals	in	the	Cape	Floristic	Region,	South	Africa,	based	on	a	
previously	 published	 conservation	 plan	 that	 used	 species	 population	 require-
ments	to	identify	areas	of	importance	for	mammal	conservation.

3.	 We	hypothesized	that,	relative	to	state-owned	PAs,	PPAs	would	be	disproportion-
ately	located	in	areas	important	to	the	regional	persistence	of	the	mammal	assem-
blage,	given:	(a)	historic	biases	in	the	distribution	of	private-	and	state-owned	land	
across	high	and	low	productivity	landscapes,	respectively;	(b)	private	landholders’	
recent	 focus	on	wildlife-orientated	enterprises;	 and	 (c)	 the	 conservation	 trade-
offs	influencing	expansions	of	the	state-owned	PA	estate.

4.	 As	a	result	of	the	high	numbers	of	PPAs	and	their	bias	towards	areas	of	 impor-
tance	for	mammal	conservation,	the	potential	mammal	species	diversity	and	rich-
ness	that	could	persist	within	a	PA	increased	more	rapidly	with	PA	size	on	PPAs	
than	on	state-owned	PAs.	These	PPAs	therefore	have	the	potential	to	significantly	
increase	both	the	regional-scale	diversity	of	protected	mammals	and	the	number	
of	viable	populations.	Furthermore,	PPAs	could	make	the	greatest	absolute	contri-
bution	to	the	conservation	of	protected	species	when	adjoining,	and	thus	expand-
ing,	state-owned	PAs	(i.e.,	mixed-ownership	PAs).	Regional	conservation	targets	
for	a	quarter	of	the	species	were	only	met	due	to	the	inclusion	of	private-	and/or	
mixed-ownership	PAs	in	the	estate.

5.	 Policy implications.	Our	findings	show	that	privately	protected	areas	(PPAs)	could	
play	 a	 substantial	 role	 in	 the	 long-term	 conservation	 of	 terrestrial	 megafauna	
within	a	multi-tenure	protected	area	(PA)	estate,	due	to	their	prevalence	in	high-
productivity	landscapes.	The	significant	gains	from	augmenting	state-owned	PAs	
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1  | INTRODUC TION

There	 is	 increasing	 recognition	 that	 the	 private	 sector	 can	 and	
should	play	a	substantial	role	in	conserving	the	world’s	biodiversity	
(Stolton,	 Redford,	 &	 Dudley,	 2014;	 UNEP-	WCMC	&	 IUCN,	 2016).	
Protected	areas	 (PAs)	remain	a	key	global	strategy	for	biodiversity	
conservation,	but	they	have	been	criticized	for	being	located	in	parts	
of	 the	 land-		and	sea-	scape	with	the	 least	extractive	potential,	and	
thus,	poorly	placed	to	conserve	a	fully	representative	set	of	ecosys-
tems	(Devillers	et	al.,	2015;	Joppa	&	Pfaff,	2009;	Venter	et	al.,	2018).	
Furthermore,	 even	where	protection	 exists,	many	PAs	have	 failed	
to	ensure	 the	persistence	 (i.e.,	 retention	over	 time)	of	biodiversity	
and	ecosystem	function	(Craigie	et	al.,	2010;	Geldmann	et	al.,	2013).	
Concerns	 about	 the	 adequacy	of	 the	 state-	owned	PA	estate	have	
generated	 increasing	 interest	 in	 the	 growing	 number	 of	 privately	
protected	areas	(PPAs)	around	the	world	(Stolton	et	al.,	2014).

Privately	 protected	 areas	 (PPAs)	 remain	 poorly	 understood.	
In	 the	 few	countries	 that	 formally	 include	 them	 in	 their	 conserva-
tion	 policies,	 strategies	 and	 reports,	 their	 contribution	 to	 regional	
biodiversity	conservation	 is	 largely	measured	through	statistics	on	
their	number	and	extent	(Bingham	et	al.,	2017;	Stolton	et	al.,	2014).	
These	metrics	tell	us	little	about	the	quality	of	the	landscapes	they	
protect,	an	aspect	that	is	important	considering	that	highly	produc-
tive	lowland	areas,	where	biodiversity	is	commonly	threatened,	are	
often	 privately	 owned	 (Knight,	 1999;	 Norton,	 2000).	While	 PPAs	
may	 therefore	 improve	 the	 representation	of	 threatened	biodiver-
sity	within	PA	estates	to	a	greater	degree	than	expected	from	their	
extent	(Fitzsimons	&	Wescott,	2001;	Shanee	et	al.,	2017),	they	are	
often	small	(Fitzsimons	&	Wescott,	2008;	Langholz	&	Lassoie,	2001)	
and	hence	 vulnerable	 to	perturbations	 and	edge	effects.	 For	 spe-
cies	 that	 require	 large	and/or	extensively	connected	areas	of	 suit-
able	habitat	to	persist	(Caughley,	1994;	Frankham,	Ballou,	&	Briscoe,	
2010),	 the	small	 size	of	PPAs	may	 reduce	 their	ability	 to	conserve	
biodiversity	over	long	time	horizons.

To	 assess	 how	PPAs	 can	 contribute	 to	 regional-	scale	 biodiver-
sity	representation	and	persistence,	we	considered	the	near-	entire	
large-		 and	medium-	sized	mammal	 assemblage	 of	 the	 highly	 biodi-
verse	Cape	Floristic	Region	(CFR)	in	South	Africa.	Around	60%	of	the	
world’s	 large	herbivores	and	carnivores	are	considered	threatened	
(Ripple	 et	al.,	 2014,	 2015).	 A	 recent	 assessment	 of	 the	 contribu-
tions	of	152	nations	towards	conservation	of	the	world’s	terrestrial	
megafauna	found	South	Africa	to	be	below-	average,	ranking	112th	
despite	its	megafaunal	richness	(Lindsey	et	al.,	2017).	In	addition	to	
their	inherent	value,	large-		and	medium-	sized	mammal	communities	

provide	a	range	of	essential	ecosystem	functions	that	have	the	po-
tential	 to	 influence	patterns	of	diversity	 for	other	elements	of	 the	
biota	(Ripple	et	al.,	2014,	2015).	By	attracting	visitors,	megafauna	are	
also	important	for	the	financial	sustainability	of	many	PAs	in	south-
ern	Africa	(Craigie	et	al.,	2010;	Lindsey,	Alexander,	Mills,	Romañach,	
&	Woodroffe,	2007).

To	our	knowledge,	only	one	previous	study	has	assessed	whether	
a	regional	PA	estate	was	adequate	to	conserve	a	near-	entire	assem-
blage	of	extant	 large-		and	medium-	sized	mammals	over	 time	hori-
zons	 of	 a	 100	years	 or	 more	 (i.e.,	 its	 conservation	 capacity).	 This	
study	 was	 undertaken	 in	 the	 CFR,	 South	 Africa	 (Figure	1),	 which	
historically	 supported	 a	 highly	 diverse	mammal	 fauna	with	 a	 rela-
tively	high	degree	of	endemism	(Kerley,	Pressey,	Cowling,	Boshoff,	
&	Sims-	Castley,	2003).	The	region	has	suffered	two	global	mammal	
extinctions	 (the	 regionally	 endemic	 blue	 antelope	Hippotragus leu-
cophaeus	and	nationally	endemic	Cape	warthog	Phacochoerus aethi-
opicus aethiopicus)	 and	 extensive	 extirpation,	 requiring	 restoration	
of	 the	mammal	 assemblage.	 Kerley	 et	al.	 (2003)	 found	 the	 largely	
state-	owned	PA	estate	to	be	inadequate	to	conserve	the	38	extant	
large-		and	medium-	sized	indigenous	mammals	in	the	CFR.	The	study	
identified	21,000	km2	of	land	outside	of	the	PA	estate	that	was	es-
sential	 (irreplaceable)	 to	meet	 region-	specific	 conservation	 targets	
for	the	persistence	of	the	mammal	assemblage,	a	figure	over	three	
times	 the	 area	 protected	 at	 the	 time	 of	 their	 study.	 The	 authors	
therefore	called	for	innovative	conservation	strategies	to	meet	this	
substantial	deficit	 in	 irreplaceable	areas,	 including	 through	private	
land	conservation	and	restoration.

The	number	of	PPAs	 in	South	Africa	has	grown	significantly	 in	
recent	decades	(Cumming	&	Daniels,	2014).	Drivers	of	PPA	growth	
in	 the	 CFR	 include	 the	 commercial	 wildlife	 industry	 (i.e.,	 ecotour-
ism	and	hunting),	 together	with	the	recent	establishment	of	a	bio-
diversity	 stewardship	 programme	 (Clements,	 Baum,	 &	 Cumming,	
2016;	Cumming	&	Daniels,	2014;	Sims-	Castley,	Kerley,	Beverley,	&	
Langholz,	2005).	PPAs	 in	 the	 region	are	prevalent	 in	commercially	
productive,	lowland	areas	(Gallo,	Pasquini,	Reyers,	&	Cowling,	2009),	
which	can	sustain	large	mammals	for	the	commercial	wildlife	indus-
try	(Boshoff,	Kerley,	&	Cowling,	2001;	Bothma,	2002).	By	contrast,	
state-	owned	PAs	in	the	CFR	were	historically	located	in	either	up-
land	catchments	 (to	ensure	downstream	water	supply)	or	followed	
the	common	global	pattern	of	being	situated	 in	the	 least	 fertile	or	
mineral-	rich	areas,	where	socioeconomic	conflicts	and	opportunity	
costs	were	lowest	(Rouget,	Richardson,	&	Cowling,	2003).	More	re-
cently,	state-	owned	PA	establishment	in	the	region	has	been	guided	
by	a	range	of	conservation	priorities,	with	emphasis	on	protection	of	

with	PPAs	emphasize	 the	value	of	 systematic	conservation	planning	and	 imple-
mentation	across	tenure	types.
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the	endemic	taxa	(e.g.,	70%	of	plant	species)	that	make	this	region	a	
global	biodiversity	hotspot	 (Cowling,	Pressey,	Rouget,	&	Lombard,	
2003;	Myers,	Mittermeier,	Mittermeier,	Da	Fonseca,	&	Kent,	2000).	
There	is	limited	complementarity	between	areas	of	importance	for	
the	 conservation	 of	 endemic	 non-	mammalian	 taxa	 and	 those	 for	
large-		 and	 medium-	sized	 mammals,	 highlighting	 the	 considerable	
trade-	offs	 faced	 by	 state-	conservation	 planning	 (Cowling	 et	al.,	
2003).

Given	the	acknowledged	gaps	in	the	ability	of	state-	owned	PAs	
to	conserve	the	large-		and	medium-	sized	mammals	of	the	CRF,	we	
were	 interested	 in	 the	 contribution	 that	PPAs	 could	make	 to	 sup-
porting	the	persistence	of	these	taxa.	Based	on	biases	in	the	location	
of	state-		and	privately	owned	PAs,	we	hypothesized	that	PPAs	would	
be	disproportionately	located	in	areas	of	importance	for	the	regional	
persistence	of	the	mammal	assemblage,	relative	to	state-	owned	PAs.	
PPAs	would	thus	make	a	larger	contribution	than	state-	owned	PAs	
per	unit	 area	 to	 the	diversity	 and	 richness	of	 the	mammal	 assem-
blage	protected.	To	test	our	hypothesis,	we	used	a	comprehensive	
dataset	of	state-	owned	PAs	and	PPAs	in	the	CFR.	Together	with	the	
potential	mammal	density	predictions	and	conservation	plan	devel-
oped	 for	 the	CFR	by	Kerley	et	al.	 (2003),	 this	dataset	was	used	 to	
assess	the	distribution	of	state	and	privately	protected	land	across	
important	areas	for	mammal	conservation	in	the	CFR,	along	with	the	
capacity	of	these	PAs	to	support	viable	mammal	populations.

2  | MATERIAL S AND METHODS

2.1 | Study region and species

Our	 analysis	 covered	 the	122,590	km2	CFR	conservation	planning	
domain	adopted	by	Kerley	et	al.	(2003)	(Figure	1).	Following	Kerley	
et	al.	(2003),	38	extant	indigenous	terrestrial	mammal	taxa	weighing	

more	than	2	kg	were	included	in	our	study	(excluding	Hippopotamus	
and	Cape	clawless	otter;	see	Supporting	Information	Appendix	S1).	
Three	 of	 these	 are	 endemic	 or	 near-	endemic,	 seven	 are	 of	 global	
conservation	 concern,	 and	 nine	 are	 of	 national	 conservation	 con-
cern	 (i.e.,	 vulnerable	 or	 endangered;	 Supporting	 Information	
Appendix	S1).	 Hereafter,	 the	 large-		 and	 medium-	sized	 mammals	
included	 in	 this	 study	 are	 referred	 to	 as	 “mammals”	 unless	 stated	
otherwise	 (see	Supporting	 Information	Appendix	S1	for	taxonomic	
details).

2.2 | Summary of the mammal conservation plan 
developed by Kerley et al. (2003)

To	evaluate	the	capacity	of	PPAs	to	contribute	to	mammal	conserva-
tion,	we	used	the	potential	mammal	density	estimates	and	associated	
conservation	plan	developed	by	Kerley	et	al.	(2003).	The	approach	of	
Kerley	et	al.	(2003)	is	summarized	below;	detailed	methods	and	their	
justifications	can	be	found	in	the	original	paper.

Mammal	 distributions	 and	 potential	 densities	 were	 esti-
mated	 across	 the	 102	 broad	 habitat	 units	 (BHUs)	within	 the	 CFR	
(Boshoff	 et	al.,	 2001).	Habitat	 transformation	 in	 the	CFR	over	 the	
past	350	years	has	reduced	the	capacity	of	many	areas	to	support	
these	mammals	 (Kerley	et	al.,	2003).	Potential	mammal	abundance	
estimates	 for	 the	CFR	were	 therefore	 determined	 by	Kerley	 et	al.	
(2003)	 according	 to	 potential	 species	 densities	 within	 untrans-
formed	fragments,	accounting	for	species	habitat	and	minimum	area	
requirements.	When	a	species	could	not	feasibly	be	supported	in	an	
untransformed	fragment	due	to	area	constraints,	the	potential	den-
sity	of	the	species	in	that	fragment	was	set	to	zero.	Minimum	areas	
were	determined	from	minimum	population	thresholds	(the	number	
of	individuals	below	which	the	population	would	not	be	viable)	for	
each	 of	 five	 broad	 guilds	 (Supporting	 Information	 Appendix	S1).	

F IGURE  1 Distribution	of	protected	state	and	private	land	in	the	Cape	Floristic	Region,	South	Africa
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These	 thresholds	were	estimated	according	 to	expert	opinion	and	
literature	 on	 functional	 social	 units,	 and	 species	 ability	 to	 move	
across	transformed	landscapes	and	through	fencing	(the	majority	of	
PAs	in	the	region	are	fenced;	all	PAs	supporting	megaherbivores	or	
large	carnivores,	with	the	exception	of	leopard,	are	fenced	by	law).	
While	accounting	 for	population	persistence	 from	the	perspective	
of	 social	 requirements	 (e.g.,	 social,	 breeding	 and	 hunting	 group	
sizes),	 these	 thresholds	 are	 likely	 to	 be	 below	 evolutionary	 viable	
population	 sizes,	 and	 assume	 that	 active	metapopulation	manage-
ment	takes	place	for	species	that	cannot	move	through	transformed	
landscapes	(Kerley	et	al.,	2003).	This	is	a	reasonable	assumption	for	
the	 CFR,	 where	 active	 animal	 translocation	 occurs	 between	 both	
state-	owned	 PAs	 and	 PPAs	 (Clements	 &	 Cumming,	 2017;	 Goss	 &	
Cumming,	2013).

To	develop	a	conservation	plan	for	mammals	in	the	CFR,	Kerley	
et	al.	(2003)	set	regional	targets	for	the	number	of	individuals	of	each	
species	that	the	total	PA	estate	should	sustain,	for	the	species	to	be	
considered	conserved	(Supporting	Information	Appendix	S1).	Targets	
were	 set	according	 to	published	guidelines,	 reflecting	each	 species	
level	 of	 conservation	 concern	 and	 reliance	 on	 conservation	within	
the	CFR	 for	 persistence.	 The	 conservation	 plan	 thus	 reflects	CFR-	
specific	mammal	conservation	priorities.	Kerley	et	al.	(2003)	divided	
the	CFR	into	square	planning	units	(sixteenth	degree	grid	cells)	of	ap-
proximately	40	km2.	They	embedded	PAs	(see	Section	2.3)	within	this	
planning	grid,	treating	each	PA	as	a	unique	planning	unit	(i.e.,	amal-
gamating	all	grid	cells	within	the	PA’s	spatial	boundaries).	With	trans-
formed	areas	removed,	the	database	contained	4,001	planning	units,	
each	associated	with	an	estimated	potential	abundance	for	each	spe-
cies.	Any	PAs	estimated	to	support	less	than	the	minimum	population	
threshold	of	any	species	(Supporting	Information	Appendix	S1)	were	
deemed	 incapable	 of	 ensuring	 the	 persistence	 of	 that	 species.	 An	
abundance	matrix	(species	by	planning	unit)	was	then	used	by	Kerley	
et	al.	(2003)	in	an	irreplaceability	analysis,	to	identify	additional	(un-
protected	and	untransformed)	areas	where	conservation	actions	were	
imperative	for	meeting	regional	targets.	Irreplaceability	is	defined	in	
conservation	planning	as	the	extent	to	which	the	options	for	achiev-
ing	targets	would	be	reduced	if	that	planning	unit	were	transformed	
or	rendered	unavailable	for	conservation	(Ferrier,	Pressey,	&	Barrett,	
2000).	The	irreplaceability	analysis	accounted	for	the	extent	to	which	
targets	could	already	be	achieved	within	the	existing	PA	estate,	and	
provided	an	irreplaceability	score	between	zero	(replaceable)	and	one	
(irreplaceable)	for	each	unprotected	planning	unit.	These	scores	were	
intended	to	prioritize	planning	units	 for	protection	that	could	most	
efficiently	contribute	to	achieving	the	conservations	targets	for	the	
CFR.	 It	 is	 important	to	note	that	this	approach	assessed	the	poten-
tial capacity	of	the	region	to	conserve	mammals	and	meet	conserva-
tion	targets.	It	did	not	determine	actual	mammal	densities	across	the	
landscape.

2.3 | Protected area data

To	assess	the	capacity	of	the	2016	PA	estate,	including	PPAs,	to	con-
serve	the	CFR	mammal	assemblage,	we	used	the	latest	available	data	

on	all	PAs	in	the	region.	The	PA	estate	in	South	Africa	is	comprised	of	
PAs	that	are	defined	and	recognized	by	the	National	Environmental	
Management:	 Protected	 Areas	 Act	 (2003),	 and	 include	 National	
Parks,	Nature	Reserves	and	Protected	Environments	 (DEA,	2015);	
hereafter	referred	to	collectively	as	“PAs”.	World	Heritage	Sites	and	
Mountain	 Catchment	 Areas	 are	 also	 included	 in	 this	 Act,	 though	
they	are	declared	and	governed	by	their	own	legislation	(DEA,	2015),	
but	were	omitted	from	this	study	because	the	core	areas	of	World	
Heritage	 Sites	 overlap	 with	 other	 PAs	 and	 Mountain	 Catchment	
Areas	 have	 been	 largely	 ineffective	 (Cumming	 &	 Daniels,	 2014).	
Protected	Environments	can	also	overlap	with	other	PA	types;	only	
non-	overlapping	properties	were	included.	All	types	of	PAs	can	exist	
on	 private	 land	 (Cumming	&	Daniels,	 2014).	 The	 PA	 data	 used	 by	
Kerley	et	al.	(2003)	were	compiled	in	2001,	and	omitted	Local	Nature	
Reserves,	Private	Nature	Reserves	and	Protected	Environments,	as	
they	were	considered	to	have	weaker	degrees	of	protection	than	the	
other	PA	types	 (Kerley	et	al.,	2003;	Rouget	et	al.,	2003).	These	PA	
types	are	legally	recognized	as	part	of	the	PA	estate	under	the	2003	
Act,	and	hence	were	included	in	our	study.

Protected	area	(PA)	spatial	data,	available	as	of	December	2016,	
were	 obtained	 from	 the	 official	 South	African	 PA	 database	 (DEA,	
2015),	 supplemented	 from	 the	 provincial	 conservation	 authorities	
and	official	government	gazettes	(CapeNature,	2017;	SANBI,	2011;	
see	Supporting	Information	Appendix	S2).	The	spatial	dataset	used	
in	our	study	is	thus	a	complete	representation	of	the	CFR’s	terrestrial	
PA	estate.	Polygons	were	differentiated	at	the	property	level;	attri-
butes	included	gazette	(establishment)	date,	ownership	type,	and	PA	
name	 (DEA,	2015).	When	assessing	 the	extent	and	distribution	of	
protected	 land,	we	differentiated	between	properties	with	private	
and	state	ownership.	When	assessing	the	size	and	distribution	of	in-
dividual	 PAs,	we	differentiated	between	PAs	with	 private-	,	 state-	,	
and	 mixed-	ownership,	 since	 some	 National	 Parks	 and	 Provincial	
Nature	Reserves	included	both	private-		and	state-	owned	properties	
(Cumming	&	Daniels,	2014).

2.4 | Distribution of private-  and state- protected 
land in the CFR relative to areas of importance for 
mammal conservation

We	determined	the	total	area	that	is	protected	on	state	and	private	
land	in	the	CFR,	differentiating	between	land	that	became	protected	
pre-	2001	(i.e.,	before	the	conservation	planning	exercise),	and	from	
2001	to	2016.	To	assess	the	distribution	of	protected	land	relative	
to	areas	identified	as	important	for	mammal	conservation,	we	used	
the	irreplaceability	categories	assigned	to	planning	units	outside	the	
PA	estate	by	Kerley	et	al.	(2003)	(0.2	bins	from	0	to	1).	We	first	cal-
culated	the	percentage	of	area	protected	on	private	and	state	land	
since	2001	that	fell	within	each	irreplaceability	category.	Chi-	square	
tests	were	used	to	assess	whether	the	distributions	of	private-		and	
state-	protected	land	area	across	irreplaceability	categories	were	dif-
ferent	to	each	other,	and	to	distributions	expected	if	land	had	been	
protected	at	random	(i.e.,	in	a	non-	selective	manner)	across	the	plan-
ning	region.	Non-	selective	protection	would	be	expected	to	result	
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in	the	irreplaceability	categories	constituting	a	similar	proportion	of	
the	total	area	protected	as	they	did	of	the	total	conservation	plan-
ning area.

The	 majority	 (92%)	 of	 state	 land	 protected	 pre-	2001	 was	 in-
cluded	 as	 PAs	 in	 Kerley	 et	al.’s	 (2003)	 conservation	 plan.	 By	 con-
trast,	 just	 19.4%	of	 private	 land	 protected	 pre-	2001	was	 included	
(only	private	land	within	National	Parks	and	Provincial	Reserves	was	
considered	protected),	with	the	remainder	therefore	allocated	irre-
placeability	scores	to	guide	future	PA	planning.	We	therefore	used	a	
chi-	square	test	to	compare	the	distribution	of	the	excluded	80.6%	of	
private	land	area	protected	pre-	2001	across	the	five	irreplaceability	
categories,	to	a	non-	selective	distribution.

2.5 | Capacity of the 2016 PA estate to 
conserve mammals

To	 assess	 the	 capacity	 of	 the	 2016	 PA	 estate	 to	 facilitate	 mam-
mal	 persistence,	we	 aggregated	 all	 protected	properties	 into	 their	
respective	 PAs	 (i.e.,	 properties	 which	 constituted	 the	 same	 PA,	
undivided	 by	 fences,	 were	 considered	 collectively,	 irrespective	 of	
ownership	type,	gazette	date,	or	 inclusion	as	PAs	 in	Kerley	et	al.’s,	
2003	 conservation	 plan).	 The	 average	 size	 of	 individual	 PAs	 was	
compared	across	ownership	types	 (state,	private	or	mixed)	using	a	
Kruskal–Wallis	H-	test	followed	by	post	hoc	Mann–Whitney	U-	tests,	
due	 to	 non-	normal	 data.	 The	 potential	 abundance	 of	 each	 mam-
mal	species	that	could	be	supported	in	each	PA	was	calculated	and	
abundances	 falling	 below	 their	 minimum	 population	 thresholds	
(Supporting	 Information	 Appendix	S1)	 were	 set	 to	 zero	 (i.e.,	 con-
sidered	unable	to	persist	in	that	PA),	following	Kerley	et	al.	 (2003).	
Potential	abundances	within	individual	PAs	were	summed	to	provide	
CFR-	wide	 abundance	 estimates	 for	 each	 species,	 and	 the	 number	
of	populations	of	each	species	was	determined	(i.e.,	number	of	PAs	
that	could	support	at	 least	one	population	of	a	given	species).	We	
calculated	the	percentage	that	each	PA	ownership	type	contributed	
to	the	total	potential	abundance	and	number	of	populations	of	each	
species	that	could	be	supported	in	the	regional	PA	estate.

The	average	mammal	alpha	diversity	 (Shannon	 index)	and	spe-
cies	 richness	 that	 individual	 PAs	 could	 potentially	 sustain	 were	
compared	 between	 PA	 ownership	 types	 using	 Kruskal–Wallis	 
H-	tests	 followed	by	Mann–Whitney	U-	tests.	We	assessed	how	PA	
size	and	ownership	 type	 interacted	 to	 influence	 the	species	 (a)	di-
versity	(Gaussian	distribution,	identity	link)	and	(b)	richness	(Poisson	
distribution,	log	link)	that	a	given	PA	could	sustain,	with	generalized	
linear	models.	We	developed	global	models	 that	 included	PA	 size,	
ownership	 type,	 and	 an	 interaction	 between	 size	 and	 ownership	
type	as	predictor	variables.	We	generated	three	nested	models	by	
removing	the	interaction	term,	followed	by	ownership	type	and	size	
from	each	global	model.	Akaike’s	information	criterion	was	used	for	
model	 selection.	 The	 best-	fit	 model	 for	 each	 dependent	 variable	
was	compared	to	the	null	 (intercept	only)	model	using	a	 likelihood	
ratio	 test.	 Plots	 of	 fitted	 and	 observed	 values	 and	 residuals	were	
examined	 for	deviations	 from	assumptions	 regarding	homogeneity	
and	normality,	and	PA	size	was	log-	transformed.	We	calculated	the	

potential	gamma	diversity	for	each	PA	ownership	type	from	summed	
species	abundances	across	individual	PAs,	and	calculated	the	poten-
tial	true	beta	diversity	by	dividing	gamma	by	average	alpha	diversity.	
The	 number	 of	mammal	 functional	 guilds	 (Supporting	 Information	
Appendix	S1)	 that	 could	 potentially	 be	 supported	 on	 PAs	 of	 each	
ownership	 type	was	 also	 calculated.	 Spatial	 analyses	were	 under-
taken	 in	 ArcGIS	 10.	 Statistical	 analyses	 were	 performed	 in	 r	 (R	
Development	Core	Team,	2016)	at	α	=	0.05.

3  | RESULTS

3.1 | Distribution of private-  and state- protected 
land in the CFR relative to areas of importance for 
mammal conservation

Between	2001	 and	2016,	 the	percentage	of	 land	 area	under	 pro-
tection	 in	 the	 CFR	 increased	 from	 10.7%	 to	 13.9%	 (Figure	1).	
State-	owned	land	constituted	a	greater	proportion	of	the	2016	PA	
estate	than	did	private	land	(9.8%	and	4.1%	of	the	CFR	respectively)	
(Figure	1).	When	 considered	 in	 terms	 of	 relative	 growth,	 private-	
protected	 land	 area	 increased	 by	 70%	 from	 2001	 to	 2016,	 while	
state-	protected	land	area	increased	by	18%.	As	a	result,	private	land	
accounted	 for	 over	 half	 of	 the	 growth	 in	 area	protected	over	 this	
period.	The	distributions	of	private-		and	state-	land	protected	across	
the	conservation	planning	region	since	2001	were	significantly	dif-
ferent	in	terms	of	potential	mammal	populations	(χ2	=	51.31,	df	=	5,	
p	<	0.001).	 Private-	protected	 land	 occurred	 disproportionately	 in	
areas	with	 higher	 irreplaceability	 for	 achieving	CFR-	specific	mam-
mal	 conservation	 targets	 (Figure	2a).	 While	 state-	protected	 land	
was	under-	represented	in	areas	of	minimal	importance	to	achieving	
these	 targets,	 it	was	 also	 under-	represented	 in	 areas	 of	 high	 irre-
placeability	(Figure	2a).

Kerley	 et	al.’s	 (2003)	 conservation	 plan	 excluded	 2,384	km2 of 
private-	protected	 land	 gazetted	 pre-	2001	 (1.9%	 of	 the	 CFR).	 This	
protected	land	was	located	disproportionately	in	areas	with	higher	
irreplaceability	 for	 achieving	 CFR-	specific	 mammal	 conservation	
targets	 (Figure	2b).	 In	 aggregate,	 private-	protected	 land	 in	 2016	
encompassed	 11.6%	 of	 the	 area	 identified	 as	 highly	 irreplaceable	
(irreplaceability	 >0.8)	 for	 CFR-	specific	 mammal	 conservation,	 and	
7.7%	of	area	identified	as	moderately	irreplaceable	(irreplaceability	
>0.6–0.8).

The	 2016	 PA	 estate	 comprised	 267	 PPAs,	 182	 state-	owned	
PAs,	 and	 20	 PAs	 of	 mixed-	ownership	 (Figure	3).	 PAs	 with	 mixed-	
ownership	 were	 significantly	 larger	 than	 both	 PPAs	 and	 state-	
owned	 PAs	 (H	=	26.56,	df = 2, p	<	0.0001;	 Supporting	 Information	
Appendix	S3).	 Privately	 protected	 land	 comprised,	 on	 average,	
44.5%	(SD	35.8%)	of	the	area	in	mixed-	ownership	PAs.

3.2 | Capacity of the 2016 PA estate to 
conserve the mammal assemblage

The	 2016	 PA	 estate	 could	 support	 at	 least	 one	 viable	 population	
(population	of	a	size	greater	than	the	minimum	population	threshold)	
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of	all	mammal	species	except	elephant,	including	all	four	of	the	large	
carnivores	and	one	mesoherbivore	that	could	not	be	supported	in	the	
PA	estate	considered	by	Kerley	et	al.	(2003)	(Supporting	Information	
Appendix	S4).	Notably,	viable	populations	for	25%	of	the	large	car-
nivores	 and	 22%	 of	 the	mesoherbivores	 could	 only	 be	 supported	
on	 private-		 and/or	 mixed-	ownership	 PAs	 (Supporting	 Information	
Appendix	S5).	 On	 average	 across	 species,	 a	 similar	 number	 of	 vi-
able	populations	could	be	supported	across	the	three	PA	ownership	
types	(state:	M ± SE	33	±	2%;	private:	33	±	3%;	mixed:	34	±	4%	of	the	
total	number	of	potential	viable	populations;	Supporting	Information	
Appendix	S5).

With	 the	 exception	 of	 elephant,	 the	 2016	 estate	 could	 sup-
port	all	 species	 in	greater	abundance	 than	 the	PA	estate	consid-
ered	by	Kerley	et	al.	(2003)	(Supporting	Information	Appendix	S4),	
with	 mixed-	ownership	 PAs	 making	 the	 greatest	 contribution	 to	
potential	 numbers	 of	 individuals	 that	 could	 be	 supported	within	
viable	populations	 (51	±	3%	of	 individuals	on	average	across	spe-
cies),	followed	by	state	(29	±	3%)	and	private	(20	±	2%)	PAs.	These	
relative	 contributions	deviate	 from	 those	 expected	 simply	based	
on	the	proportion	of	 the	total	PA	estate’s	area	within	each	own-
ership	 type	 (mixed:	 32%;	 state:	 46%;	 private:	 22%;	 Supporting	
Information	Appendix	S5).	The	2016	PA	system	had	the	capacity	
to	meet	regional,	CFR-	specific	conservation	targets	for	26	of	the	
38	species	(Appendix	S4).	Notably,	targets	for	nine	species	(24%	of	
extant	species)	were	only	met	due	to	the	inclusion	of	private-		and/
or	mixed-	ownership	PAs	in	the	estate.	Regional	population	targets	
could	not	yet	be	achieved	for	two	of	the	three	endemic	taxa,	namely	

F IGURE  2 The	proportion	of	the	conservation	planning	region	
protected	on	(a)	state	and	private	land	between	2001	and	2016	
and	(b)	private	land	before	2001,	which	fell	within	five	categories	
of	irreplaceability	for	the	conservation	of	the	large-		and	medium-	
sized	mammal	assemblage,	divided	by	the	proportion	of	the	total	
planning	region	that	fell	within	these	categories.	The	distributions	
of	both	private-		and	state-	protected	land	across	irreplaceability	
categories	were	significantly	different	(i.e.,	≠	1	on	figure)	from	that	
expected	according	to	the	proportion	of	total	land	area	within	each	
category	(a.	state:	χ2	=	125.77,	df	=	5,	p	<	0.001,	private:	χ2	=	54.27,	
df	=	5,	p	<	0.001;	b.	private:	χ2	=	195.38,	df	=	5,	p	<	0.001)
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bontebok	 and	 Cape	 mountain	 zebra	 (Supporting	 Information	
Appendix	S4).	State-	owned	PAs	could	support	the	greatest	abun-
dance	of	bontebok,	while	PPAs	could	support	the	greatest	number	
of	populations	(Appendix	S5).	Mixed-	ownership	PAs	could	support	
both	the	greatest	abundance	and	number	of	populations	of	Cape	
mountain	zebra	(Supporting	Information	Appendix	S5).

The	 average	 alpha	 diversity	 and	 species	 richness	 that	 could	
be	supported	on	mixed-	ownership	PAs	was	higher	than	on	PPAs	
or	state-	owned	PAs	 (Table	1).	The	beta	and	gamma	diversity,	by	
contrast,	 were	 highest	 for	 the	 PPA	 estate.	 The	 best-	fit	 models	
predicting	species	(alpha)	diversity	and	richness	on	a	PA	included	
a	significant	positive	relationship	between	species	diversity/rich-
ness	 and	 PA	 size	 (Table	2).	 The	 potential	 diversity	 and	 richness	
increased	 at	 a	 higher	 rate	 per	 unit	 area	 on	PPAs	 than	on	 state-	
owned	PAs,	depicted	by	significant	negative	interactions	between	
PA	 size	 and	 state	 (compared	 with	 private)	 PA	 ownership	 type	
(Table	2).	Species	richness	also	increased	at	a	higher	rate	with	in-
creasing	PA	size	on	private,	compared	with	mixed-	ownership	PAs,	
while	species	diversity	increased	at	a	similar	rate	on	private-		and	
mixed-	ownership	 PAs.	 More	 than	 half	 of	 the	 mixed-	ownership	
PAs	could	support	a	viable	population	of	at	least	three	of	the	five	
mammal	 guilds	 (Figure	4).	 By	 contrast,	 only	 29%	 of	 private	 and	
31%	of	state-	owned	PAs	could	potentially	support	at	least	three	
mammal	guilds,	and	37%	of	private	PAs	and	35%	of	state-	owned	
PAs	could	not	support	a	viable	population	of	a	single	medium-		or	
large-	sized	mammal	 species	 (Figure	4),	 though	 the	mobile	 carni-
vore	 guild	may	 still	move	 in	 and	out	 of	 these	PAs	 (Kerley	 et	al.,	
2003).

4  | DISCUSSION

In	South	Africa’s	biodiversity-	rich	CFR,	we	found	support	for	the	
hypothesis	 that	 PPAs	 are	 disproportionately	 located	 in	 areas	 of	
importance	 for	 large-		 and	 medium-	sized	 mammal	 conservation.	
Relative	 to	 their	 extent,	 PPAs	 had	 greater	 capacity	 than	 state-	
owned	 PAs	 to	 conserve	 mammals,	 illustrating	 the	 importance	
of	 PPAs	 for	 the	 long-	term	 conservation	 of	 terrestrial	megafauna	
within	 multi-	tenure	 PA	 estates.	 The	 gains	 obtained	 when	 PPAs	
augment	 state-	owned	 PAs	 emphasize	 the	 value	 of	 co-	ordinated	
systematic	conservation	planning	and	 implementation	across	dif-
ferent	land	tenure	types.

The	greater	growth	in	PPA	extent,	when	compared	with	state-	
owned	PAs	across	the	CFR	over	the	past	two	decades,	highlights	
the	 increasing	 importance	 of	 PPAs	 to	 the	 region’s	 conservation	
estate.	 To	 understand	 the	 degree	 to	 which	 this	 PPA	 expansion	
could	translate	into	the	long-	term	conservation	of	mammals,	it	is	
important	to	consider	PPA	size,	number,	habitat	quality,	and	dis-
tribution	across	the	landscape.	Smaller	PAs	are	not	only	less	likely	
to	span	multiple	species	distributions	and	habitats	than	large	PAs,	
they	are	also	less	likely	to	meet	species	persistence	requirements,	
particularly	 for	 species	with	 large	 spatial	 requirements,	 such	 as	
megaherbivores	 and	 large	 carnivores	 (Kerley	 et	al.,	 2003).	 The	
trend	we	observed	for	PPAs	to	be	small	translated	into	a	low	av-
erage	 species	 richness	 and	 (alpha)	 diversity	 (Table	1),	with	 two-	
thirds	of	the	region’s	PPAs	lacking	the	capacity	to	support	>50%	
of	 the	 mammal	 functional	 guilds	 (Figure	4).	 Given	 their	 larger	
number	 and	disproportionate	 occurrence	 in	 important	 areas	 for	

TABLE  1 The	potential	medium-		and	large-	sized	mammal	richness	and	diversity	that	could	be	supported	in	viable	populations	across	
protected	area	(PA)	estates	that	differ	in	ownership

Metric

PA ownership type

Statistic and p valueState Private Mixed

Mean richness 3.45	±	0.30a 3.10	±	0.23a 10.00	±	1.94a H	=	18.45,	p < 0.001*

(state	vs.	private)	
U	=	25,596.0,	p	=	0.3

(state	vs.	mixed)	 
U	=	887.5,	p < 0.001*

(private	vs.	mixed)	
U	=	1,178.5,	p < 0.001*

Mean	alpha	diversity 0.76	±	0.06a 0.73	±	0.05a 1.47	±	0.17a H	=	16.04,	p < 0.001*

(state	vs.	private)	
U	=	25,218.0,	p = 0.5

(state	vs.	mixed)	 
U	=	924.5,	p < 0.001*

(private	vs.	mixed)	
U	=	1,332.0,	p < 0.001*

Beta	diversity 2.89 3.34 1.60 N/A

Gamma	diversity 2.25 2.44 2.39 N/A

Note. aNumbers	represent	mean	and	standard	error.
*Significant.	
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CFR-	specific	 mammal	 conservation,	 however,	 potential	 species	
turnover	 and	 regional	 (gamma)	 diversity	 across	 the	 PPA	 estate	
was	higher	 than	on	 state-	owned	PAs	 (Table	1).	By	 contrast	 (and	
to	be	expected	given	their	larger	size),	the	few	mixed-	ownership	

PAs	 had	 higher	 alpha	 diversity	 and	 capacity	 to	 support	 more	
functional	guilds.	However,	all	mixed-	ownership	PAs	represented	
a	 similar	 group	 of	 species	 and	 thus	 had	 lower	 species	 turnover	
and	 regional	 diversity	 (Table	1).	 This	 study	 therefore	 illustrates	
that	 PPAs	 can	 serve	 two	 different	 conservation	 functions:	 (a)	
increasing	 the	 number	 of	 viable	 populations	 and	 regional-	scale	
diversity	 of	 protected	 species,	 through	 their	 high	 number	 and	
non-	random	distribution	across	the	landscape;	and	(b)	increasing	
the	 size	of	populations	and	PA-	scale	diversity	of	protected	spe-
cies	and	functional	groups,	when	situated	so	they	are	expanding	
(and	sometimes	also	connecting)	state-	owned	PAs.	For	example,	
in	the	Garden	Route	National	Park	on	the	south	coast	of	the	CFR,	
private	 land	not	only	 comprises	 a	quarter	of	 the	 total	 area	pro-
tected,	it	also	connects	two	state-	protected	land	areas	(Figure	1).	
Given	 the	 global	 tendency	 for	 PPAs	 to	 be	 small,	 yet	 located	 in	
higher	productivity	landscapes	than	state-	owned	PAs	and/or	ad-
jacent	to	state-	owned	PAs	(Fitzsimons	&	Wescott,	2008;	Langholz	
&	 Lassoie,	 2001),	 the	 two	 functions	 of	 PPAs	 highlighted	 by	 our	
study	are	 likely	 to	be	 relevant	 to	many	other	parts	of	 the	world	
(e.g.,	South	and	Central	America,	Australia).

The	potential	persistence	of	a	quarter	of	large	carnivore	species	and	
almost	a	fifth	of	mesoherbivore	species	was	possible	solely	on	private-		
and	mixed-	ownership	PAs	 (Supporting	 Information	Appendix	S5).	 In	
addition,	regional	CFR-	specific	targets	for	nine	species	could	only	be	
met	through	the	inclusion	of	private-		and/or	mixed-	ownership	PAs	in	
the	estate.	Private	land	is	therefore	of	vital	significance	for	conserving	
the	mammal	assemblage	 in	the	CFR.	Despite	notable	 improvements	
over	 the	past	15	years	 in	 the	potential	capacity	of	 the	PA	estate	 to	
conserve	the	mammal	assemblage,	regional	targets	could	not	yet	be	
achieved	 for	 two	 of	 the	 three	 near-	endemic	 taxa	 (Cape	 mountain	
zebra	and	bontebok).	Conservation	efforts	in	the	broader	Cape	region	
have,	however,	aided	in	realizing	a	regional	population	of	>5,000	indi-
viduals	of	Cape	mountain	zebra	(well	above	the	CFR-	specific	target),	
and	PPAs	are	making	an	increasing	contribution	to	the	number	of	pro-
tected	populations	(Hrabar	&	Kerley,	2015).

It	 is	 important	 to	note	 that	not	 all	 owners	of	private	 conser-
vation	 areas	 choose	 to	 become	 legally	 recognized	 PPAs,	 due	 in	
part	to	management	constraints	associated	with	legal	protection,	
such	 as	 limitations	 on	 the	 introduction	 and/or	 breeding	 of	 non-	
indigenous	 wildlife	 species	 (Taylor,	 Lindsey,	 &	 Davies-	Mostert,	
2016).	Such	practices	have	the	potential	to	significantly	compro-
mise	 the	 capacity	 of	 an	 area	 to	 support	 an	 indigenous	mammal	
assemblage	 (Castley,	 Boshoff,	 &	 Kerley,	 2001).	 The	 exclusion	 of	
these	informal	conservation	areas	in	this	study	is	intended	to	re-
duce	 uncertainties	 regarding	 the	 permanence	 and	 conservation	
value	of	less-	regulated	private	land	conservation	areas	(Clements	
&	 Cumming,	 2018;	 Cousins,	 Sadler,	 &	 Evans,	 2008).	 It	 is	 likely,	
however,	that	these	areas	contribute	to	mammal	conservation	to	
some	extent,	and	our	findings	may	therefore	present	a	conserva-
tive	picture	of	the	importance	of	private	land	for	mammal	conser-
vation	in	the	region.

We	assessed	the	potential capacity	of	a	PA	estate	 to	 facilitate	
the	persistence	of	a	mammal	assemblage.	The	extent	to	which	this	

TABLE  2 Best-	fit	generalized	linear	models	predicting	potential	
medium-		and	large-	sized	mammal	(a)	alpha	diversity	and	(b)	richness	
on	a	protected	area	(PA),	as	a	function	of	PA	size	(km2)	and	
ownership	type.	Private	ownership	is	set	as	the	baseline	level	for	
the	PA	ownership	factor

Fixed effect Β SE (β) Wald’s z p value

(a)	Species	diversity

(Intercept) 0.388 0.032 12.013 <0.001*

log10(size) 0.667 0.031 21.618 <0.001*

State-	owned	PA 0.177 0.048 3.666 <0.001*

Mixed	PA −0.265 0.260 −1.021 0.3

log10(size):	state-	
owned	PA

−0.200 0.040 −4.978 <0.001*

log10(size):	mixed	PA 0.077 0.132 0.581 0.6

(b)	Species	richness

(Intercept) −0.340 0.081 −4.179 <0.001*

log10(size) 1.518 0.056 27.260 <0.001*

State-	owned	PA 0.486 0.117 4.151 <0.001*

Mixed	PA 0.560 0.264 2.118 0.03*

log10(size):	state-	
owned	PA

−0.529 0.072 −7.380 <0.001*

log10(size):	mixed	PA −0.524 0.115 −4.565 <0.001*

Notes.	Both	models	had	significantly	 improved	fits	compared	with	cor-
responding	null	models	 (a.	 χ2	=	285.7,	df	=	5,	p < 0.001; b. χ2	=	2385.2,	
df	=	5,	p	<	0.001).	See	Supporting	Information	Appendix	S6	for	top	three	
candidate	models.
:	=	interaction	between	two	fixed	effects;	β	=	coefficient.
*Significant.	

F IGURE  4 The	proportion	of	protected	areas	(PAs)	of	each	
ownership	type	that	could	support	viable	populations	(>minimum	
population	thresholds)	of	between	zero	and	five	mammal	guilds	
(see	Supporting	Information	Appendix	S1).	The	number	(n)	of	PAs	
with	each	ownership	type	is	indicated	above	the	respective	bar
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capacity	translates	into	actual	conservation	success	will	depend	on	
enabling	policy	and	effective	management	practices,	including	the	
stocking	of	 indigenous	 species,	 threat	mitigation,	 and	metapopu-
lation	management	 for	 species	 that	 cannot	move	 through	 fences	
(Barnes,	 Craigie,	 Dudley,	 &	 Hockings,	 2017;	 Kerley	 et	al.,	 2003).	
While	calls	for	the	private	sector	to	make	a	contribution	to	land	pro-
tection	efforts	in	the	CFR	(Kerley	et	al.,	2003)	have	been	answered	
in	no	uncertain	terms,	there	is	still	a	long	way	to	go	in	understand-
ing	 whether	 these	 efforts	 translate	 into	 long-	term	 conservation	
outcomes,	 and	 how	 to	 facilitate	 effective	PPA	management.	 The	
pre-		 and	post-	transformation	potential	mammal	 abundances	 pre-
dicted	across	the	CFR	by	Kerley	et	al.	 (2003)	also	enable	an	iden-
tification	of	areas	that	would	benefit	from	restoration,	to	improve	
the	regional	capacity	to	conserve	the	mammal	assemblage.	While	
not	 considered	explicitly	 in	 this	 study,	 restoration	efforts	on	pri-
vate	 land	present	a	 further	opportunity	 to	enhance	conservation	
capacity	in	the	region.	The	models	and	targets	used	by	this	study	
provide a rigorous means of assessing relative	 contributions	 that	
private	and	state-	owned	PAs	could	make	to	CFR-	specific	mammal	
conservation,	but	the	assumptions	made	by	these	models	and	tar-
gets	(such	as	the	relationship	between	productivity,	herbivores	and	
their	predators,	and	the	inflexible	minimum	viable	population	sizes)	
(Kerley	et	al.,	2003)	should	be	considered	when	applying	absolute 
figures	presented	in	this	study.

5  | CONCLUSIONS

This	 study	 highlights	 the	 significant	 contributions	 that	 PPAs	
can	 make	 towards	 facilitating	 the	 persistence	 of	 a	 large-		 and	
medium-	sized	mammal	assemblage	across	a	 regional	PA	estate.	
These	 contributions	 emerge	 from	 the	 increasing	 prevalence	 of	
PPAs	 in	 the	 landscape,	particularly	 in	higher	productivity	areas	
and	adjacent	to	state-	owned	PAs,	reflecting	global	trends	in	PPA	
extent	 and	 distribution.	 The	 demonstrated	 capacity	 for	 PPAs	
to	 complement	 state-	owned	 PAs	 in	 facilitating	 the	 persistence	
of	 species	 assemblages	 is	 therefore	 likely	 to	 be	 of	widespread	
relevance,	 and	 emphasizes	 the	 importance	 of	 policy	 aimed	 at	
supporting	 PPA	 establishment	 (through	 removing	 barriers	 or	
providing	incentives).
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