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Abstract
Although	the	diversity–	disturbance	relationship	has	been	extensively	studied,	the	dif-
ferences	 in	 responses	of	 taxonomic	vs.	 functional	diversity	 to	natural	disturbances	
(i.e.,	 fire)	 call	 for	 an	 improved	understanding	of	 this	 relationship.	Here,	we	 investi-
gated	 how	 fire	 disturbance	 influenced	 plant	 taxonomic	 and	 functional	 diversity	 in	
Golestan	National	Park,	 in	northeastern	Iran.	We	evaluated	the	response	of	α-		and	
β-	plant	diversity	considering	both	 taxonomic	and	 functional	diversity	and	different	
β-	diversity	components	 (i.e.,	 turnover	and	nestedness)	as	a	 function	of	 fire	 regime,	
topographic	exposure,	and	their	 interactive	effect.	We	considered	different	 indices	
of	functional	diversity	including	functional	richness,	functional	evenness,	functional	
divergence,	functional	dispersion,	Rao's	quadratic	entropy,	and	community-	weighted	
mean	 (CWM).	Functional	diversity	 indices	were	computed	using	 four	 leaf	 traits	 re-
lated	to	species	growth	strategy	and	fire	response	including	leaf	thickness	and	leaf	
length,	specific	leaf	area	(SLA)	and	leaf	dry	matter	content	(LDMC).
Taxonomic	and	functional	diversity	had	contrasting	response	to	fire	disturbance.	

Fire	significantly	decreased	taxonomic	α-	diversity	similarly	 in	both	north	and	south	
exposures.	β-	diversity	increased	in	south	exposures	but	decreased	in	north	exposures.	
Fire	decreased	functional	richness,	increased	CWM	of	SLA,	and	decreased	CWM	of	
LDMC.	 In	 contrast,	 abundance-	weighted	metrics	of	 functional	diversity	 (functional	
evenness,	functional	divergence,	functional	dispersion,	Rao's	quadratic	entropy)	were	
not	impacted	by	fire	disturbance.	Finally,	the	main	contributors	to	heterogeneity	were	
driven	by	a	fire	×	exposure	interaction,	suggesting	that	fire	disturbance	interacts	with	
topographic	exposure.
Our	results	suggest	that	taxonomic	and	functional	α-		and	β-	diversity	have	contrast-

ing responses to fire illustrating the need to consider both dimensions to understand 
how	disturbance	impacts	plant	communities.	At	large	spatial	scale,	species	turnover	
and	nestedness	appear	as	essential	parameters	to	maintain	species-	rich	communities	
in response to fire disturbance.
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1  |  INTRODUC TION

Fire is known as one of the main natural disturbances impacting 
plant	communities	and	ecosystems	(Bowd	et	al.,	2018).	Many	eco-
systems	have	evolved	with	fire	during	their	history	resulting	in	fire-	
adapted	and	fire-	dependent	ecosystems	(McLauchlan	et	al.,	2020).	
However,	the	frequency	and	intensity	of	fires	may	significantly	 in-
crease	with	climate	change	(Kasischke	et	al.,	1995;	Lima	et	al.,	2018;	
Madadgar	et	al.,	2020;	Polley	et	al.,	2013),	which	may	have	import-
ant	consequences	for	biodiversity	and	the	functioning	of	terrestrial	
ecosystems	 (Grimm	 et	 al.,	 2013;	 Hurteau	 et	 al.,	 2014;	 Omidipour	
et	al.,	2021).	 In	the	Middle	East,	climate	change	 is	predicted	to	 in-
crease	 temperature	 and	 decrease	 precipitation	 (Abolverdi	 et	 al.,	
2014;	Evans,	2010;	Roshan	et	al.,	2013)	which	may	lead	to	increase	
fire	occurrence.	A	higher	risk	of	fire	disturbance	may	not	only	impact	
fire-	prone	habitats	but	are	also	expected	to	increase	in	historically	
fire-	free	habitats	(Hart	et	al.,	2019).	However,	little	is	known	about	
fire-	free	habitat	response	to	fire	disturbance.	Answering	this	ques-
tion	may	provide	useful	information	in	order	to	design	appropriate	
management	 practices	 to	 protect	 and	 restore	 ecosystems	 under	
global change.

A	large	body	of	evidence	suggests	that	fire	has	pronounced	ef-
fects	on	plant	diversity	(Bowman	et	al.,	2016;	Krawchuk	et	al.,	2009;	
Pausas	&	Ribeiro,	2013).	For	instance,	fire	can	drive	inter-		and	intra-
specific	phenotypic	and	genetic	divergences	(Gómez-	González	et	al.,	
2011;	Hernández-	Serrano	et	al.,	2013)	through	associating	with	the	
diversification	of	plant	lineages	(Bytebier	et	al.,	2010;	He	et	al.,	2012,	
2019).	Vegetation	response	to	fire	may	largely	depend	on	plant	ad-
aptation	 to	 fire.	 Plant	 adaptation	 to	 fire	 includes	 traits	 related	 to	
post-	fire	 recruitment	 and	 growth	 strategies	 (Pausas	 et	 al.,	 2004).	
For	 example,	 fire	 occurrence	 is	 known	 to	 increase	 the	prevalence	
of	annual	plants	that	have	a	lower	leaf	dry	matter	content	(LDMC)	
and	 higher	 specific	 leaf	 area	 (SLA)	 than	 perennial	 plants	 (Keeley	
et	al.,	2011).	Other	 leaf	 traits	such	as	 leaf	 thickness	are	related	to	
resistance	to	fire	disturbance	(Fernandes	et	al.,	2008;	Keeley	et	al.,	
2011),	while	higher	leaf	length	and	LDMC	likely	influence	flammabil-
ity	and	fire	risk	(Alam	et	al.,	2020;	Lavorel	et	al.,	2007;	Simpson	et	al.,	
2016).	In	addition,	higher	specific	leaf	area	(SLA)	in	shrub	species	is	
associated	post-	fire	resprouting	(Anacker	et	al.,	2011;	Sakschewski	
et	al.,	2015).	The	effect	of	plant	functional	traits	on	plant	response	
to	 fire	has	been	widely	 studied	 in	 fire-	prone	habitats,	while	 there	
are	very	few	studies	in	historically	fire-	free	habitats.	Are	plant	spe-
cies	“preadapt”	to	fire	in	fire-	free	habitat?	Resprouting,	flammability	
and	germination	responses	to	smoke	have	probably	evolved	in	both	

fire-	prone	and	fire-	free	areas	 (Bond	&	Midgley,	1995,	2003;	Calitz	
et	 al.,	2015;	Pierce	et	al.,	1995).	Considering	plant	 traits	and	 their	
diversity	together	with	a	change	in	taxonomic	diversity	may	increase	
our	 understanding	 of	 how	plant	 communities	will	 respond	 to	 fire,	
especially	in	fire-	free	habitats.

Fire	impact	on	plant	communities	is	modulated	by	fire	intensity	
(Heydari	et	al.,	2017,	2020;	Keeley,	2003,	2009).	Fire	intensity	de-
pends	on	fuel	availability	 (quantity),	but	also	fuel	quality	 (e.g.,	 fuel	
moisture	content,	Xue	et	al.,	2018).	Exposure	is	a	key	topographical	
factor	known	to	influence	fire	intensity	by	modifying	fuel	quantity	
and	quality	(Estes	et	al.,	2017).	For	instance,	topographic	exposure	
influences	 solar	 radiation	 and	 soil	 moisture,	 and	 vegetation	 bio-
mass	(Billings,	1974)	leading	to	marked	differences	in	fuel	quantity	
and	 quality	 between	 exposures	 (Holden	 et	 al.,	 2009).	 A	 trade-	off	
between	 fuel	 quantity	 and	 quality	 exists	 between	 different	 topo-
graphic	exposures.	In	Northern	Hemisphere,	north	exposures	have	
on	 average	 more	 vegetation	 biomass	 than	 south	 exposures	 es-
pecially	 in	 water-	limited	 ecosystems	 (Bahalkeh	 et	 al.,	 2017;	 Estes	
et	al.,	2017).	However,	vegetation	on	north	exposures	dries	slowly	
and	retains	more	moisture,	making	them	less	flammable	than	south	
exposures.	Therefore,	different	topographic	exposures	may	largely	
mediate	the	effect	of	fire	disturbance	on	plant	diversity.

Fire	may	 alter	 plant	 diversity	 at	 local	 and	 large	 spatial	 scales	
(e.g.,	 landscape).	β-	diversity	 is	 defined	 as	 the	 variation	 in	 species	
composition	across	communities	(Anderson	et	al.,	2011;	Tuomisto,	
2010)	 and	 can	be	quantified	using	both	 taxonomic	 (taxonomic	β-	
diversity;	Whittaker,	1960)	and	functional	trait	diversity	(functional	
β-	diversity;	 Ricotta	 &	 Burrascano,	 2008;	 Swenson	 et	 al.,	 2011;	
Villéger	 et	 al.,	 2013).	 β-	diversity	 may	 vary	 across	 sampling	 units	
due	 to	 species	 gain/loss	 (i.e.,	 change	 in	 species	 richness	 across	
sampling	units,	hereafter	 species	nestedness)	or	may	vary	due	 to	
species	 replacement	 (i.e.,	 change	 in	 species	 composition	 that	 can	
be	 independent	 from	 change	 in	 richness,	 hereafter	 species	 turn-
over)	(Baselga,	2010).	The	contribution	of	each	of	these	β-	diversity	
components helps to understand the drivers of vegetation change 
through	space	(Heydari	et	al.,	2019).	For	example,	a	change	in	nest-
edness	could	highlight	a	strong	effect	of	fire	on	plant	diversity	lead-
ing	 to	potentially	 important	 species	 loss.	 In	 contrast,	 a	 change	 in	
turnover	could	inform	us	on	the	ability	of	vegetation	to	cope	with	
fire	by	recruiting	new	species	adapted	to	fire.	Both	taxonomic	and	
functional β-	diversity	have	been	used	 to	evaluate	different	vege-
tation	 responses	 to	 disturbance	 on	 plant	 communities	 (Feizabadi	
et	al.,	2021;	Moradizadeh	et	al.,	2020).	For	instance,	Heydari	et	al.	
(2017)	have	 shown	how	 fire	 intensity	 impacts	 soil	 seed	bank	and	
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aboveground vegetation and highlighted the role of species turn-
over as the main contributor to β-	diversity	in	response	to	fire	dis-
turbance.	Partitioning	diversity	into	their	α-		and	β-	diversity	for	both	
taxonomic	and	functional	diversity	components	could	improve	our	
ability	to	predict	how	fire	impacts	plant	diversity	within	and	across	
communities	(Bishop	et	al.,	2015).

In	this	study,	we	aimed	to	assess	the	effect	of	fire	disturbance	and	
different	topographic	exposures	on	taxonomic	and	functional	diver-
sity	in	the	mountain	steppes	of	Iran.	Mountain	steppes	in	Golestan	
National	Park	are	species-	rich	habitat	and	include	a	wide	variety	of	
perennial species such as Onobrychis cornuta,	Festuca valesiaca,	Stipa 
lessingiana,	Poa densa,	P. bulbosa,	Bromus tomentellus,	 and	Koeleria 
macrantha	exhibiting	resprouting	strategies	to	disturbance	(Bahalkeh	
et	al.,	2021).	These	habitats	have	low	wildlife	grazing	(mostly	Urial	
sheep,	Ovis ammori),	 and	 fire	 is	not	 a	 common	disturbance	 (Abedi	
et	 al.,	 2018;	 Bureau	 of	 Environment	 in	 Golestan	 Province,	 2014).	
However,	fire	event	has	increased	recently	in	the	region	(Bahalkeh	
et	al.,	2021;	Jahdi	et	al.,	2016)	and	may	become	an	important	driver	
of	vegetation	dynamics	in	the	future.	Understanding	how	plant	spe-
cies	and	functional	diversity	respond	to	fire	disturbance	across	con-
trasted	spatial	scale	and	under	different	topographic	exposures	may	
help	in	establishing	effective	management	plans	for	the	biodiversity	
conservation	in	this	IUCN	natural	reserve.	We	addressed	to	answer	
the	following	questions:

1.	 What	 are	 fire	 effects	 on	 the	 taxonomic	 and	 functional	 α-		 and	
β-	diversity	 and	 how	 these	 effects	 are	 related	 to	 the	 different	
topographic	 exposure?

2.	 Does	 the	 contribution	 of	 taxonomic	 and	 functional	 β-	diversity	
components	(turnover	vs.	nestedness)	vary	with	fire	disturbance	
and	topographic	exposure?

2  |  MATERIAL S AND METHODS

2.1  |  Description of the study area

Mountain	steppes	occur	throughout	the	North	East	of	Iran	includ-
ing	Golestan	National	 Park	where	 calcareous-	rich	 soils	 developed	
mostly	 during	 and	 after	 Upper	 Precambrian	 and	 Jurassic	 (Akhani,	
1998;	Memariani	et	al.,	2016).	Today,	 this	steppe	 includes	calcare-
ous	species-	rich	grasslands	dominated	by	thorn-	cushions,	perennial	
grasses,	 and	 forbs	 (Bahalkeh	 et	 al.,	 2018).	Golestan	National	 Park	
has	been	under	conservation	policy	since	1956	(Golestan	National	
Park	report).	Different	parameters	such	as	wildlife	grazing,	drought,	
disturbance	by	wild	boar,	and	fire	are	the	main	drivers	of	vegetation	
dynamic	in	this	habitat	(Akhani,	1998;	Bahalkeh	et	al.,	2021;	Safaian	
et	al.,	2005).

The	 study	 was	 conducted	 in	 Alme-	Gharatikan	 located	 in	
Golestan	National	 Park,	 one	 of	 the	most	 important	National	 Park	
and	Biosphere	reserves	in	Iran	and	located	in	latitude	37°19′52.42″N	
and	 longitude	 56°6′0.96″E.	 Altitude	 ranges	 between	 1700	 and	

2000	m	a.s.l.	Mean	long-	term	annual	precipitation	and	temperature	
are	550.2	mm	and	9.8°C,	respectively.	Alme-	Gharatikan	area	is	 lo-
cated	 in	 the	 central	 part	 of	Golestan	National	 Park	where	 a	well-	
developed	community	of	 rich	herbaceous	species	 is	dominated	by	
small	 cushion	 plants	 (Bahalkeh	 et	 al.,	 2018,	 2021).	 This	 habitat	 is	
known	as	a	transition	region	wherein	changes	to	Artemisia	steppes	
in	the	lowlands	and	toward	higher	mountain	mixed	with	Acer mon-
spessulanum,	 Juniperus excelsa,	 and	 other	 shrub	 species.	 The	 total	
vegetation	often	covers	up	to	40%	of	the	ground	(53%	in	our	study	
sites)	(Bahalkeh	et	al.,	2018).

Fire	 events	 have	 increased	 in	 the	 recent	 years	 in	 most	 of	
Golestan	National	Park	due	to	both	drought	and	human,	that	is,	fire	
frequency	 increased	by	a	 factor	of	5	 in	 the	 last	 ten	years	 (Bureau	
of	Environment	 in	Golestan	Province,	2014).	 In	the	studied	area,	a	
fire	occurred	in	the	late	summer	of	2013	and	burned	around	400	ha.	
Before	this	date,	no	fire	has	been	reported	in	studied	area	since	early	
records	starting	back	to	1953	(Bureau	of	Environment	 in	Golestan	
Province,	2014).	The	prolonged	absence	of	fire	from	our	study	area	
was	 further	 confirmed	 by	 the	 presence	 of	 slow-	growing	 shrubs—	
Juniperus excelsa and Acer monspessulanum—	which	are	killed	by	fire	
(Bahalkeh	et	al.,	2021;	Figure	S1).

2.2  |  Vegetation sampling

Vegetation	 sampling	was	 conducted	 in	 July	2015,	 two	years	 after	
fire	occurrence.	In	an	area	of	100	ha,	we	selected	two	large	burned	
(fire	 treatment)	 and	 unburned	 sites	 (control	 treatment)	 of	 at	 least	
50	ha.	Both	sites	were	located	at	the	same	topographic	condition's	
exposures.	 In	 each	 fire	 and	 control	 site,	 two	 southern	 and	 north-
ern	exposures	were	selected	(more	details	in	Bahalkeh	et	al.,	2021).	
Two	 selected	 exposures	 represent	 different	 drought	 stress	 condi-
tions,	 when	 northern	 exposure	 (hereafter	 north	 exposure)	 shows	
low	stress	and	southern	exposure	(hereafter	south	exposure)	shows	
high stress according to previous studies in these mountain grass-
lands	 (Al	 Hayek	 et	 al.,	 2015).	 South	 exposure	 has	 shallow	 stony	
soils (stone cover =	59.3	±	1.7,	n =	20	plots	4	×	4	m)	 in	drier	and	
convex	topography,	and	north	exposure	has	deeper	and	developed	
soils (stone cover =	0.6	±	0.1,	n =	20	plots	4	×	4	m)	in	wetter	and	
concave	topography.	There	are	no	differences	between	soil	texture	
and	stone	covers	of	fire	and	control	sites	in	each	exposure	(Bahalkeh	
et	al.,	2021).	In	total,	four	sites	were	selected	for	the	study	including	
fire	and	control	in	two	exposure	treatments	(SF	and	SNF	= southern 
exposure	with	and	without	fire,	respectively;	NF	and	NNF=northern 
exposure	with	and	without	fire,	respectively).	Each	of	the	four	sites	
was	sampled	using	20	plots	located	within	an	area	of	approx.	25	ha.	
In	each	site,	we	randomly	established	20	plots	(4	×	4	m)	(Arzani	&	
Abedi,	2015)	for	a	total	of	80	plots	(2	fire	treatments	× 2 topographic 
exposures	× 20 plots =	80	plots).	In	July	2015,	the	cover	of	all	vas-
cular	species	present	 in	 the	plots	was	 recorded,	and	then,	species	
cover	for	all	plots	was	calculated.	Plants	were	identified	at	the	spe-
cies level.
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2.3  |  Functional traits

Four	key	leaf	functional	traits	known	to	be	associated	with	fire	dis-
turbance	were	selected	for	analysis.	For	the	most	abundant	species	
(56	species	of	total	60	species	in	the	study	area),	we	measured	four	
leaf	traits:	specific	leaf	area	(SLA),	leaf	dry	matter	content	(LDMC),	
leaf	thickness	(LTH),	and	leaf	length	(LL).	These	traits	were	selected	
because	they	well	reflect	plant	growth	strategies,	and	are	good	can-
didate traits to reflect species response to fire but also how species 
influence	vegetation	effect	on	fire	risk.	SLA	and	LDMC	well	reflect	
plant	 growth	 rate	 with	 species	 high	 SLA	 and	 low	 LDMC	 having	
higher	growth	rates	than	species	with	low	SLA	and	LDMC.	Our	hy-
pothesis	is	that	fire	increases	SLA	and	decreases	LDMC	because	fire	
could	 increase	 the	abundance	of	 fast-	growing	and	 ruderal	 species	
compared	with	perennial	species	(Davies	et	al.,	2009;	Khaled	et	al.,	
2006;	Rhodes	et	al.,	2010).	LTH	is	known	to	reflect	species	resist-
ance	against	 fire	 (Fernandes	et	al.,	2008;	Keeley	et	al.,	2011),	 and	
therefore,	we	expect	that	fire	increased	LTH	within	plant	communi-
ties.	Finally,	high	LL	and	LDMC	are	associated	with	the	dominance	of	
grass	species	in	dry	areas	(Gross	et	al.,	2013)	and	positively	influence	
fire	occurrence	and	intensity	(Alam	et	al.,	2020;	Lavorel	et	al.,	2007;	
Simpson	et	al.,	2016).	We	acknowledge	that	we	may	have	discarded	
other important traits related to plant response to fire such as traits 
related	to	plant	regeneration	(seed	mass,	seed	number,	resprouting	
strategies)	or	chemical	 traits	 (leaf	nitrogen	content).	However,	our	
trait selection included important traits related to plant forms and 
functions	(Díaz	et	al.,	2016)	and	to	plant	strategy	(sensu CSR strate-
gies	of	Grime,	1973)	and	is	known	correlated	with	important	plant	
morphological	and	chemical	attributes.	For	instance,	higher	specific	
leaf	 area	 (SLA)	 positively	 correlated	 with	 nitrogen	 in	 leaves	 (Díaz	
et	 al.,	 2016;	Wright	 et	 al.,	 2004),	 promoted	 post-	fire	 resprouting	
in	shrubs	 (Anacker	et	al.,	2011;	Sakschewski	et	al.,	2015),	and	dif-
ferentiate annual from perennials plant species in herbaceous com-
munities	(Keeley	et	al.,	2011).	We	collected	2	mature	leaves	from	5	
individuals	per	species	(560	leaves	in	total)	randomly	selected	in	the	
control	areas	 (two	no-	fire	areas).	Leaf	 traits	were	measured	 in	 the	
laboratory	using	leaf	dry	and	fresh	weight,	LTH	with	a	micrometer,	
and	 leaf	 area	 according	 to	 standard	 protocols	 (Cornelissen	 et	 al.,	
2003).

2.4  |  Taxonomic diversity calculation

To	quantify	species	diversity,	we	used	α-		and	β-	diversity	indices,	de-
fined	 as	 the	 number	 of	 species	within	 and	 among	 sampling	 plots,	
respectively.	The	α-	diversity	and	β-	diversity	were	calculated	based	
additive	 partitioning	 method	 (Crist	 et	 al.,	 2003;	 Lande,	 1996)	 in	
which	 total	 species	 diversity	 (γ-	diversity)	 additively	 divided	 into	
within (α-	diversity)	and	among	(β-	diversity)	samples	(γ-	diversity	= α-	
diversity	+ β-	diversity).	The	additive	partitioning	method	 focusses	
on	the	same	currency	(species	richness)	across	scales	and	provides	
a	straightforward	methodology	 to	study	diversity	pattern	 through	
space	(Lande,	1996).	In	detail,	the	number	of	species	in	each	plot	and	

each of the four sites was calculated as α-		and	γ-	diversity,	respec-
tively.	Then,	the	β-	diversity	was	obtained	by	subtracting	α-	diversity	
from γ-	diversity	(β-	diversity	= γ-	diversity	−	α-	diversity).	 It	must	be	
noted that α-	diversity	 and	 β-	diversity	were	 calculated	 at	 the	 plot	
level.	Therefore,	we	obtained	20	data	points	in	each	treatment	for	a	
total of 80 data points.

2.5  |  Functional diversity calculations

We	calculated	the	community-	weighted	mean	(CWM)	for	each	trait	
(Violle	et	al.,	2007),	obtained	by	summing	the	product	of	the	relative	
cover	and	trait	values	of	each	species.	For	functional	diversity,	we	
considered	Rao's	quadratic	entropy	index	(Rao,	1982)	which	is	one	
of	the	most	common	functional	diversity	 indices	(Tahmasebi	et	al.,	
2017).	Rao	index	was	calculated	per	plot	as	the	abundance-	weighted	
dispersion	of	trait	values	within	a	given	community.	We	also	com-
puted	 other	 complementary	 multi-	trait	 functional	 indices	 such	 as	
functional	richness	(FRic),	functional	evenness	(FEve),	and	functional	
divergence	(FDiv)	using	methods	developed	by	Mason	et	al.	(2005)	
and	extended	by	Villéger	et	al.	(2008).	FRic	is	the	volume	of	multidi-
mensional	trait	space	occupied	by	all	species	in	a	community.	FEve	
reflects	 the	regularity	of	 the	distribution	of	 trait	values	and	abun-
dance	within	a	community.	FDiv	summarizes	the	proportion	of	total	
abundance	supported	by	species	with	the	most	extreme	trait	values	
within	a	community	(See	Mouillot	et	al.,	2013	for	detailed	presenta-
tion	of	each	 index).	The	different	components	of	 functional	diver-
sity	indices	were	calculated	using	the	“FD”	package	(Laliberté	et	al.,	
2015).	We	did	not	consider	the	functional	dispersion	(FDis,	Laliberté	
&	Legendre,	2010)	in	our	study	as	FDis	index	was	highly	correlated	
with RaoQ (r =	.954	and	p <	.001).

2.6  |  Partitioning taxonomic and 
functional diversity

We	partitioned	taxonomic	and	functional	β-	diversity	(Baselga,	2010;	
Villéger	 et	 al.,	 2013)	 into	 a	 turnover	 and	nestedness	 components.	
To	do	so,	we	used	pairwise	dissimilarity	derived	from	the	Sorensen	
coefficient	 in	 which	 total	 taxonomic	 and	 functional	 dissimilarities	
are	 decomposed	 into	 components	 of	 taxonomic	 and	 functional	
turnover	and	nestedness.	The	partitioning	analysis	was	performed	
in	 four	cases	 (hereafter	 scenarios)	 including	comparisons	between	
two	 inter-	treatments	 in	 the	 same	exposure	 (NF-	NNF	and	SF-	SNF)	
and	comparisons	between	two	exposure	transgressing	in	the	same	
treatments	(NF-	SF	and	NNF-	SNF).	These	analyses	were	performed	
at	the	site	scale,	 that	 is,	by	aggregating	data	belonging	to	one	site	
because	turnover	and	nestedness	components	taxonomic	and	func-
tional β-	diversity	were	calculated	across	plots	(Baselga	et	al.,	2018).	
Functional β-	diversity	was	calculated	based	on	the	four	functional	
traits	including	SLA,	LDMC,	LTH,	and	LL.	Both	taxonomic	β-	diversity	
and functional β-	diversity	were	 quantified	 using	multiple-	site	 tax-
onomic/functional	 Jaccard	 dissimilarity	 methods	 developed	 by	
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Villéger	et	al.	(2013).	The	taxonomic	and	functional	β-	diversity	and	
their components were calculated using the “betapart” package 
(Baselga	et	al.,	2018).

2.7  |  Statistical analysis

To	determine	the	species	pool	overlap	among	the	studied	sites	(NF,	
NNF,	SF,	SNF),	the	Venn	diagram	was	drawn	using	“ggvenn”	package.	
In	 addition,	we	performed	a	 taxonomic	 rarefaction	 to	 remove	 the	
effects	of	sampling	effort	on	our	results.	The	taxonomic	rarefaction	
was	done	based	on	rarefy	curve	of	vegetation	matrix	using	species	
richness	index	(based	q=0	of	Hill	diversity	index)	and	relative	veg-
etation	cover	in	“vegan”	and	“iNEXT”	packages.

To	test	the	effect	of	fire	and	exposure	on	plant	diversity,	we	used	
two-	way	analysis	of	variance	(ANOVA)	with	fire	(fire	vs.	control),	ex-
posure	 (north	vs.	 south),	 and	 their	 interaction	as	 the	 fixed	 factors	
and α-		 and	 β-	diversity	 as	well	 as	 different	 functional	 diversity	 in-
dices	as	the	dependent	factors	followed	by	Duncan	post	hoc	test.	
This	 analysis	was	 repeated	 for	 each	 dependent	 factor,	 separately.	
Before	 statistical	 analysis,	normality	and	homogeneity	of	 the	data	
were	tested	using	the	Kolmogorov–	Smirnov	test	and	Levene's	test,	
respectively.	All	analyses	were	performed	in	the	R	version	3.5.2	(R	
Core	Team,	2018).

3  |  RESULTS

In	total,	60	species	from	20	plant	families	were	recorded.	The	most	
abundant	 families	 were	 Asteraceae	 (16.1%),	 Poaceae	 (14.2%)	 fol-
lowed	by	Lamiaceae	 (12.5%),	and	the	most	abundant	species	from	
northern	 exposure	 with	 fire	 (NF)	 were	 Stipa lessingiana	 (6.71%),	
Onobrychis cornuta	(4.33%),	Festuca valesiaca	(2.81%),	Serratula lati-
folia	 (2.76%),	Verbascum speciosum	 (1.98%),	and Crucianella sintenisii 
(1.92%).	 In	 the	 southern	 exposure	with	 fire	 (SF),	 Serratula latifolia 
(10.76%	cover),	Phlomis cancellata	(5.55%),	Festuca valesiaca	(3.76%),	
Stipa lessingiana	 (3.5%),	Onobrychis cornuta	 (3.25%),	and Centaurea 
virgate	(2.96%)	were	the	most	frequent	species.	In	the	northern	ex-
posure	without	fire	(NNF),	Onobrychis cornuta	(17.28%),	Festuca vale-
siaca	 (11.48%),	 Stipa lessingiana	 (8.99%),	 Serratula latifolia	 (6.19%),	
Koeleria macrantha	 (6.12%),	 and Cephalaria microcephala	 (5.91%)	
were	 the	 most	 frequent	 species.	 In	 the	 southern	 exposure	 with-
out	fire	(SNF),	Stipa lessingiana	(6.71%),	Onobrychis cornuta	(4.32%),	
Festuca valesiaca	 (2.81%),	Serratula latifolia	 (2.76%),	Verbascum spe-
ciosum	(1.98%),	and Crucianella sintenisii	(1.92%)	were	the	most	fre-
quent	species.

Perennial	grasses	followed	by	perennial	herbs	and	shrubs	were	
the	main	dominant	plant	functional	groups	in	the	NNF	site.	Although	
perennial	herb	and	perennial	grass	cover	were	strongly	reduced	by	
fire,	 they	 were	 still	 the	 most	 dominated	 functional	 groups	 in	 NF	
site	(Table	S1).	 In	the	SNF	site,	both	perennial	herbs	and	perennial	
grasses were dominated while fire decreased the cover of perennial 
grasses	at	the	SF	site	(Table	S1).

The	Venn	diagram	showed	that	the	highest	unique	species	were	
observed	in	the	northern	and	southern	exposures	without	fire	sites	
(7	and	3	species,	 respectively),	while	 there	was	no	unique	species	
with	fire	(Figure	1).	In	addition,	there	were	31	and	29	common	spe-
cies	between	sites	in	the	same	topographic	exposures,	that	is,	NF-	
NNF	and	SF-	SNF,	respectively,	and	17	species	were	shared	across	
all	sites	(Figure	1).

The	 taxonomic	 rarefaction	 results	 showed	 little	 evidence	 for	
asymptotic	 curve	 (Figure	 2),	 indicating	 that	 increasing	 further	 the	
sampling	effort	would	continue	 to	slightly	 increase	 the	number	of	
species	 sampled.	 In	 addition,	 the	 species	 richness	 in	 sites	without	
fire	(NNF	and	SNF)	was	greater	than	those	found	on	fire	sites	(NF	
and	SF).	Note	that	NNF	site	had	much	higher	relative	cover	than	the	
other sites.

3.1  |  Fire and exposure effects on taxonomic 
α-  and β- diversity

Taxonomic	 α-	diversity	 decreased	 with	 fire	 (F-	value	 =	 30.34,	 p-	
value >	.0001),	and	this	effect	was	not	influenced	by	exposure	(ex-
posure p-	value	=	 .826;	 fire–	exposure	 interaction	 p-	value	=	 .963;	
Table	1).	Species	richness	peaks	in	control	areas	at	14.85	species	and	
14.95	species	in	northern	and	southern	exposures	without	fire	(NNF	
and	SNF),	respectively	(Figure	3).

In	contrast	 to	α-	diversity,	β-	diversity	was	significantly	affected	
by	all	our	treatment	including	fire	(F-	value	=	46.65,	p-	value	>	.0001),	
exposure	(F-	value	=	46.65,	p-	value	>	.0001),	and	a	fire–	exposure	in-
teraction (F-	value	=	120.39,	p-	value	>	.0001;	Table	1,	Figure	3).	Fire	
decreased and increased β-	diversity	in	northern	and	southern	expo-
sures,	respectively.	The	highest	amount	of	β-	diversity	was	found	in	

F I G U R E  1 The	Venn	diagram	of	overlap	in	the	species	pools	
under	fire	treatments	and	exposures.	NF	and	SF:	northern	and	
southern	exposures	with	fire,	respectively,	NNF	and	SNF:	northern	
and	southern	exposures	without	fire,	respectively.	The	numbers	
outside and inside of the parenthesis are the number and percent 
of	total	species	in	each	case,	respectively
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the	NNF	 (31.15	±	0.67	species).	The	 lowest	β-	diversity	was	found	
either	 in	 control	 areas	 on	 south	 exposure	 and	 areas	with	 fires	 on	
north	exposure	(21.05	±	2.48	and	21.05	±	2.5,	respectively).

3.2  |  Fire and exposure effects on single-  and 
multi- trait functional diversity indices

Fire	significantly	 impacts	community-	weighted	mean	(CWM)	traits	
values.	Fire	increased	CWM-	SLA	(F-	value	=	6.26,	p-	value	<	.0001)	

and	 decreased	 CWM-	LDMC	 (F-	value	 =	 16.81,	 p-	value	 <	 .0001).	
In	 contrast,	CWM-	LTH	was	not	 significantly	 influenced	by	 fire	 (F-	
value =	 0.606,	 p-	value	 =	 .439;	 Table	 2).	 In	 addition,	 CWM-	LTH	
(F-	value	=	 15.79,	 p-	value	<	 .0001)	 and	 CWM-	LL	 (F-	value	=	 4.66,	
p-	value	=	 .034)	were	 significantly	 affected	 by	 exposure	 (Table	 2).	
CWM-	LTH	was	greater	in	south	versus	north	exposure.	Fire	increased	
CWM-	LL	 on	 southern	 exposure	 (F-	value	 =	 3.85,	 p-	value	 =	 .05)	
(Figure	4).	Finally,	we	did	not	detect	any	significant	interaction	be-
tween	fire	and	exposure	on	CWM	values.

Fire	 significantly	 decreased	 FRic	 independently	 from	 expo-
sures (F-	value	=	6.34,	p-	value	=	.014;	Table	2)	(Figure	5)	while	other	
abundance-	weighted	 functional	diversity	 components	 (FEve,	FDiv,	
and	RaoQ)	were	not	significantly	influenced	by	fire	(all	p-	value	>	.05)	
(Table	2).	Exposure	significantly	effects	on	the	FEve	(F-	value	=	4.54,	
p-	value	=	.036)	and	RaoQ	(F-	value	=	23.57,	p-	value	<	.0001),	while	
FRic	and	FDiv	were	not	significantly	affected	by	exposure	(Table	2).	
FEve	and	RaoQ	were	higher	in	south	compared	with	the	north	ex-
posure	(Figure	5).

3.3  |  Partitioning taxonomic and functional β- 
diversity into turnover and nestedness

Partitioning	β-	diversity	into	turnover	and	nestedness	components	
showed	 similar	 results	 in	 the	 same	exposure	 for	 both	 taxonomic	
and	 functional.	 On	 north	 exposures,	 heterogeneity	 due	 to	 fire	
was	explained	by	species	gain	and	 loss	 (nestedness)	 (Figure	6).	 In	
contrast,	 differences	 in	 south	exposures	due	 to	 fire	were	mainly	

F I G U R E  2 Taxonomic	rarefaction	
curve-	based	relative	species	cover	under	
fire	treatments	and	exposures.	NF	and	SF:	
northern	and	southern	exposures	with	
fire,	respectively,	NNF	and	SNF:	northern	
and	southern	exposures	without	fire,	
respectively

Source of variation

α- diversity β- diversity

df F- value p- value F- value p- value

Fire 1 30.34 >.0001 46.65 >.0001

Exposure 1 0.049 .826 46.65 >.0001

Fire	*	Exposure 1 0.157 .963 120.39 >.0001

R2 0.278 0.738

TA B L E  1 The	results	of	two-	way	
ANOVA	for	the	effects	of	fire,	exposure,	
and	their	interaction	on	taxonomic	α-		
and β-	diversity.	R2 indicates the percent 
variation	explained	in	models.	The	
significant effects are indicated in bold

F I G U R E  3 The	results	of	comparing	mean	(mean	±	SE)	for	
taxonomic	α-		and	β-	diversity	separately,	under	fire	treatment	
and	exposure.	Different	letters	indicate	a	significant	difference	
between	each	diversity	indices	under	fire	treatment	and	exposure	
at p < .05
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explained	by	species	turnover	for	both	taxonomic	(94%)	and	func-
tional	 (89%)	β-	diversity	 (Figure	6).	Also,	between	the	same	treat-
ments,	 species	 turnover	 was	 the	 main	 contributor	 to	 taxonomic	
β-	diversity	 (94%)	 in	 fire	 areas	between	NF-	SF,	while	 in	 the	 func-
tional β-	diversity,	turnover	(58%)	had	slightly	more	than	half	con-
tribution	compared	with	nestedness	 (42%).	A	similar	pattern	was	
observed	 in	 control	 areas	 between	NNF	 and	 SNF	 sites	 in	which	
nestedness	plays	a	greater	role	in	taxonomic	(69%)	and	functional	
(100%)	β-	diversity	(Figure	6).

4  |  DISCUSSION

4.1  |  Fire effects on taxonomic diversity

In	our	study,	fire	effect	on	taxonomic	α-	diversity	was	negative	and	
independent	from	exposure.	The	negative	effect	of	fire	contrasted	
with	 results	 generally	 observed	 with	 prescribed	 burning	 (Pastro	
et	al.,	2014)	and	non-	prescribed	fire	on	plant	diversity	(Heydari	et	al.,	
2017).	 Fire	 has	 been	 shown	 to	 increase	 plant	 diversity	 because:	

TA B L E  2 Fire,	exposure,	and	their	interaction	effects	on	the	different	components	of	functional	diversity	(single-		and	multi-	trait	indices).	
R2	indicates	the	percent	variation	explained	in	models.	The	significant	effects	are	indicated	in	bold

Treatment

CWM- LTH CWM- LL CWM- SLA CWM- LDMC

df F p- value F p- value F p- value F p- value

Fire 1 0.606 .439 3.85 .05 6.26 .014 16.81 <.0001

Exposure 1 15.79 <.0001 4.66 .034 1.21 .275 1.61 .208

Fire	*	Exposure 76 2.12 .150 1.66 .201 0.11 .739 0.98 .325

R2 0.196 0.118 0.091 0.203

Treatment

FRic FEve FDiv RaoQ

df F p- value F p- value df F p- value F

Fire 1 6.34 .014 0.007 .933 1 6.34 .014 0.007

Exposure 1 0.89 .347 4.54 .036 1 0.89 .347 4.54

Fire	*	Exposure 76 1.77 .187 1.12 .294 76 1.77 .187 1.12

R2 0.106 0.069 0.019 0.241

F I G U R E  4 The	results	of	comparing	
mean (±	SE)	for	single	trait-	based	index	of	
functional	diversity	under	fire	treatment	
(fire	vs.	control)	and	exposure	(north	
vs.	south).	Different	letters	indicate	a	
significant difference at p < .05
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(i)	fire	decreases	competition	among	plants	and	stimulates	soil	seed	
banks,	especially	 in	fire-	prone	ecosystems	(Gómez-	González	et	al.,	
2011;	 Hernández-	Serrano	 et	 al.,	 2013);	 and	 (ii)	 plants	 in	 recently	
burnt	vegetation	are	generally	smaller,	and	thus,	it	increases	the	den-
sity	of	individual	plant	per	unit	area,	therefore	increasing	the	chance	
to	detect	more	species	 in	a	given	sampling	unit	 (Gotelli	&	Colwell,	
2001).	However,	our	taxonomic	rarefaction	results	clearly	confirmed	

the	negative	effect	of	fire	on	taxonomic	α-	diversity	where	plant	rich-
ness	was	greater	 in	non-	fire	sites	 (i.e.,	NNF	and	SNF).	This	 finding	
may	be	explained	by	the	fire	history	of	the	vegetation	in	Golestan	
National	Park	where	vegetation	may	not	be	adapted	to	fire.	Several	
perennial forbs such as Koeleria macrantha,	Cephalaria microcephala,	
Centaurea kotschyi,	Ephedra major,	Opopanax hispidus,	Euphorbia buh-
sei,	Salvia atropatana,	Cirsium bornmuelleri,	Galium verum,	Pimpinella 
tragium,	 Alyssum tortuosum,	Helichrysum oocephalum,	 Inula oculus-	
christi,	and Mesostomma kotschyana	were	not	observed	anymore	in	
fire	treatments,	suggesting	that	fire	may	have	removed	those	spe-
cies	 from	 the	 local	 community.	 Therefore,	 fire	 occurrence	 in	 this	
historically	 fire-	free	 habitat	 likely	 resulted	 in	 decline	 species	 rich-
ness	by	removal	of	perennial	species	not	adapted	to	fire	disturbance.	
We	recognize	that	our	short-	term	sampling	two	years	after	burning	
event	does	not	allow	quantifying	whether	or	not	those	sensitive	spe-
cies	to	fire	could	recolonize	burnt	areas.	Long-	term	monitoring	might	
be	needed	to	evaluate	the	recolonization	time	of	these	species	and	
how	fire	 frequency	and	 intensity	could	constitute	a	 threat	 to	 fire-	
sensitive	species	under	climate	change	in	Golestan	Park.

Fire	differently	impacts	plant	diversity	at	 larger	spatial	scale	as	
we observed a significant effect of fire on β-	diversity	that	varied	with	
exposure.	Fire	disturbance	significantly	increased	and	decreased	β-	
diversity	in	SF	and	NF,	respectively.	Bahalkeh	et	al.	(2021)	showed	
that	 north	 exposure	 is	 characterized	 by	 higher	 fire	 severity	 than	
south	exposure	due	to	higher	available	biomass	and	larger	cushion	
size.	Fire	with	higher	severity	is	often	expected	to	homogenize	spe-
cies	composition	(Pausas	&	Verdú,	2008)	resulting	in	a	decrease	in	
β-	diversity	on	northern	slopes.	Similarly,	harsher	environment	con-
ditions	in	the	south	exposure	and	lower	fire	severity	may	result	in	a	

F I G U R E  5 The	results	of	comparing	
mean (mean ±	SE)	for	multiple	trait-	based	
indices	of	functional	diversity	under	fire	
treatment	(fire	vs.	control)	and	exposure	
(north	vs.	south).	Different	letters	indicate	
a significant difference at p < .05
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F I G U R E  6 Partitioning	taxonomic	and	functional	β-	diversity	
into turnover and nestedness components in a pairwise comparison 
in	four	scenarios	including	between	the	same	exposure	(NF	and	
NNF)	and	same	treatment	(NF-	SF	and	NNF-	SNF).	TT	and	FT	
are	taxonomic	and	functional	turnover,	and	TN	and	FN	indicate	
taxonomic	and	functional	nestedness
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higher β-	diversity	on	southern	slopes.	Given	 that	 fire	similarly	de-
creased α-	diversity	in	both	north	and	south	exposures,	therefore,	β-	
diversity	is	likely	to	be	a	better	proxy	to	indicate	disturbance	effects	
of	plant	communities’	diversity	and	composition	 in	different	 topo-
graphical	exposure.	As	our	studied	sites	were	fire-	free	ecosystems	
and	did	not	face	a	long	fire	history,	the	southern	exposure	may	be	
less	influenced	against	fire	and	diversity	loss	due	to	harsher	condi-
tions	(i.e.,	low	soil	moisture)	compared	with	the	north	exposure	site.	
However,	the	unfavorable	condition	in	south	exposure	also	could	af-
fect	post-	fire	regeneration	(Arnan	et	al.,	2007),	resulting	in	lower	re-
generation	in	the	south	than	in	the	north	exposures.	Conversely	on	
north	exposure,	a	higher	ecosystem	productivity	coupled	with	the	
milder	environmental	conditions	may	decreased	recovery	time	after	
fire	disturbance	compared	with	south	exposures	(Calvo	et	al.,	2012).

4.2  |  Fire effects on functional diversity

CWM-	leaf	traits	were	more	affected	by	the	short-	term	effect	of	fire	
than	exposure.	Two	years	after	 the	 fire	event,	we	observed	 lower	
CWM-	LDMC	and	higher	CWM-	SLA	in	fire	areas	compared	with	con-
trol.	This	result	is	in	line	with	the	hypothesis	that	fire	disturbance	may	
increase	the	abundance	of	fast-	growing	and	ruderal	species	such	as	
annuals	 species,	especially	 in	 the	early	years	after	 fire	occurrence	
(Davies	et	al.,	2009;	Khaled	et	al.,	2006;	Rhodes	et	al.,	2010).	For	ex-
ample,	NF	led	to	appearance	of	new	annual	species	(such	as	Aegilops 
tauschii Coss. and Scabiosa rotata	M.	Bieb.)	and	biennial	species	(such	
as Onosma dichroantha	Boiss.)	while	several	perennial	forbs	(such	as	
Helichrysum oocephalum	Boiss.	and	Ephedra major	Host.)	and	peren-
nial grasses (such as Elymus hispidus	 (Opiz)	Melderis.	 and	Koeleria 
macrantha	 (Ledeb.)	 Schult.)	 were	 not	 observed	 anymore	 in	 burnt	
areas.	Higher	SLA	values	positively	correlated	with	higher	photosyn-
thesis	and	growth	rates	(Westoby	et	al.,	2002;	Wright	et	al.,	2004).	
Therefore,	 it	can	be	concluded	that	 fire	disturbance	promotes	 the	
abundance	of	small-	statured	fast-	growing	species,	that	is,	R-	strategy	
with	higher	palatability	and	productivity	(Grime,	1973).

Fire	also	 reduced	FRic	while	poorly	explained	other	 functional	
trait	diversity	indices	weighted	by	species	abundance	(i.e.,	FEve,	FDiv,	
and	Rao	 indices).	This	 result	 indicated	 that,	 contrary	 to	 functional	
richness,	abundance-	weighted	indices	may	be	driven	by	other	eco-
logical	variables	than	fire	(i.e.,	environmental	productivity).	Also,	the	
negative	effect	of	fire	disturbance	on	trait	richness	(FRic)	indicates	
that	fire	had	filtered	out	some	species	with	extreme	trait	value	(i.e.,	
functionally	 rare	 species),	 therefore	 reducing	 trait	 space	observed	
at	the	community	level,	for	example,	NF	compared	with	NNF,	elim-
inate Silene latifolia	Poir.	and	Opopanax hispidus	(Friv.)	Griseb.	which	
had	the	lowest	and	highest	plant	leaf	thickness	(0.08	and	0.93	mm,	
respectively)	and	in	SF	compared	with	SNF,	eliminated	species	with	
higher	LDMC	such	as	Scabiosa rotata	M.	Bieb.,	Berberis vulgaris	 L.,	
and Acantholimon scirpinum	 Bunge-	Antheis	 (LDMC	 (g/g)	 =	 0.64,	
0.64,	 and	 0.82,	 respectively).	 Similar	 results	 were	 reported	 for	
other	 disturbance	 types	 (i.e.,	 grazing)	 in	 alpine	 meadows	 on	 the	
Qinghai–	Tibetan	Plateau	(Li	et	al.,	2019).	Generally,	fire	is	known	as	

an	evolutionary	pressure	that	could	alter	plant	trait	richness	(Keeley	
et	al.,	2011).	Fire	decreased	trait	richness	likely	because	some	trait	
combinations	may	be	not	adapted	to	fire	(Buhk	et	al.,	2007)	and	are	
disadvantaged	when	 the	 fire	occurred.	 In	Golestan	Park,	 the	 con-
comitant	negative	effects	of	fire	disturbance	on	functional	and	taxo-
nomic	richness	suggest	that	fire	homogenized	plant	communities	by	
filtering	out	functionally	rare	and	unique	species	(Violle	et	al.,	2017).

4.3  |  Partitioning taxonomic and functional 
β- diversity

To consider the contribution of β-	diversity	 components,	 we	 used	
the	 four	 scenarios	 including	 comparisons	 of	 between	 two	 inter-	
treatments	in	the	same	exposure	(Scenario	1:	comparison	between	
NF	 and	NNF;	 Scenario	 2:	 SF-	SNF)	 and	 comparisons	 between	 two	
exposures	 in	 the	 same	 treatment	 (Scenario	 3:	 NF-	SF;	 Scenario	 4:	
NNF-	SNF)	 (Figure	6).	 In	 Scenario	1	 (i.e.,	 taxonomic	 and	 functional	
β-	diversity	between	NF-	NNF),	both	taxonomic	β-	diversity	and	func-
tional β-	diversity	were	driven	by	nestedness.	In	northern	exposure,	
there	is	a	wider	trait	space	compared	with	southern	exposure	due	to	
higher	water	availability	 (Holden	et	al.,	2009).	Higher	total	species	
richness	(i.e.,	γ-	diversity,	sum	α-		and	β-	diversity)	 in	NNF	compared	
with	SNF	(46	vs.	36	species	in	NNF	and	SNF,	respectively)	confirms	
this	pattern.	Therefore,	 as	almost	all	 species	occurred	 in	 the	NNF	
site	(46	of	56),	β-	diversity	differences	between	NNF	site	and	other	
sites	(i.e.,	NF	and	SNF	sites)	were	much	likely	to	be	nested,	because	
NNF	included	all	present	species	in	the	study	area.	In	addition,	fire	
occurrence	 in	north	exposure	 resulted	 in	 the	 loss	of	 several	 com-
mon	species	between	control	and	fire	sites	(i.e.,	perennial	species).	
Therefore,	fire	in	north	slopes	led	to	a	sub-	setting	of	the	community	
composition	and	trait	space	(i.e.,	taxonomic	and	functional	nested-
ness,	 respectively),	 enforcing	nestedness	between	 fire	and	no-	fire	
sites,	 with	 the	 fire-	site	 community	 being	 nested	 into	 the	 no-	fire	
community.

In	Scenario	2	 (Figure	6),	 turnover	was	 the	main	driver	of	 taxo-
nomic and functional β-	diversity	between	SF-	SNF	(the	second	sce-
nario).	 Because	 of	 the	 drought	 effects	 on	 the	 southern	 exposure,	
the	 trait	 volume	 (trait	 spectrum)	may	be	 already	narrowed	due	 to	
a	higher	degree	of	specialization	in	the	community	(Lambers	et	al.,	
2008).	Therefore,	setting	fire	on	this	condition	did	not	narrow	the	
trait	 space,	 but	 led	 to	 a	 functional	 shift,	 and	 also	 the	 turnover	 of	
species with contrasted trait values rather than nestedness.

In	 Scenario	 3	 (Figure	 6),	 β-	diversity	 was	 driven	 by	 turnover	
(more	so	 for	 taxonomic	 than	 for	 functional,	94,	and	58%,	 respec-
tively).	 The	 fire	 had	 a	 narrowing	 effect	 on	 the	 trait	 space	 of	 the	
northern	exposure	(Pausas	et	al.,	2004),	but	had	a	weak	effect	on	
the	already	narrowed	(due	to	drought	selection	pressure)	trait	space	
of	 the	 southern	 exposure.	Due	 to	 fire,	 the	 size	of	 the	 trait	 space	
on	 the	northern	exposure	became	more	similar	 to	 the	size	of	 the	
trait	 space	of	 the	community	on	 the	 southern	exposure,	 suggest-
ing	that	fire	and	drought	may	have	similar	filtering	effect	on	plant	
communities	 (Pausas	 &	 Verdú,	 2008).	 However,	 the	 species	 that	
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were	carved	away	on	the	northern	exposures	were	not	necessarily	
the	ones	that	are	absent	from	the	southern	exposure,	which	led	to	
turnover being the dominant driver of β-	diversity	between	the	two	
exposures	under	fire.

Finally,	in	Scenario	4	(Figure	6),	both	taxonomic	β-	diversity	and	
functional β-	diversity	were	driven	mainly	by	nestedness.	Generally,	
the	trait	space	on	the	northern	exposure	is	wider	than	the	southern	
exposure	due	to	the	selection	pressure	exerted	by	drought.	North	
exposure	also	included	species/functional	types	that	could	not	pre-
vail	on	the	southern	exposure	because	they	are	not	adapted	to	the	
harsh	 dry	 conditions	 in	 the	 southern	 exposure	 (Basu	 et	 al.,	 2016;	
Holden	et	al.,	2009).	However,	 the	drought	specialists	 from	 in	 the	
southern	exposure	could	also	grow	on	 the	northern	exposure	be-
cause	the	conditions	are	not	different	enough	to	exclude	them	from	
north	exposure.	This	led	to	a	situation	where	the	plant	community	
from	the	southern	exposure	was	nested	into	the	community	of	the	
northern	exposure.

5  |  CONCLUSION

In	 the	 present	 study,	 the	 simultaneous	 effects	 of	 fire	 and	 topo-
graphic	 exposure	on	 species	 and	 functional	 diversity	 and	hetero-
geneity	were	investigated.	The	results	indicated	that	although	fire	
decreased α-	diversity	irrespective	of	topographic	exposure,	its	ef-
fect	on	heterogeneity	varied	with	exposure.	Also,	multi-	traits	func-
tional	diversity	indices	(such	as	FEve	and	RaoQ)	were	more	affected	
by	 topographic	 exposure,	 while	 the	 community-	weighted	 mean	
(CWM)	of	plant	functional	traits	(such	as	CWM-	LL,	CWM-	SLA,	and	
CWM-	LDMC)	was	 affected	 by	 the	 fire.	Our	 results	 reveal	 that	 a	
decrease in FRic in response to fire lead to a functional homogeni-
zation	of	the	plant	communities	of	Golestan	Park.	The	nestedness	
was	 the	main	contributor	 to	heterogeneity	between	NF-	NNF	and	
NNF-	SNF	sites	while	turnover	was	the	main	driver	of	taxonomic	and	
functional β-	diversity	between	SF-	SNF	and	NF-	SF	sites,	suggesting	
that	fire	disturbance	interacts	with	drought	stress.	Our	results	pro-
vide support for the negative effects of fire disturbance on species 
and	functional	diversity	 in	historically	 fire-	free	habitats	 in	a	short	
time,	and	it	may	accelerate	by	climate	change.	Further	studies	are	
needed	to	understand	long-	term	recovery	after	fire	disturbance	of	
these	historically	fire-	free	habitat.	Specifically,	how	landscape	het-
erogeneity	could	promote	recolonization	rates	and	the	persistence	
of	fire-	sensitive	species	across	the	whole	of	Golestan	National	Park	
need	to	be	assessed.	Should	there	be	no	threat	to	species,	then	fire	
and	the	management	thereof,	should	be	considered	in	the	context	
of	 the	 functioning	 of	 the	whole	 ecosystem	 and	 the	management	
goals	for	the	whole	Golestan	National	Park.	Fire	clearly	promotes	
more	productive,	and	potentially	more	palatable,	species	on	south-
ern	slopes,	and	could	potentially	be	used	to	promote	forage	abun-
dance	and	quality	 for	 the	Urial	 sheep	 (listed	as	vulnerable	by	 the	
IUCN)	and	habitat	 for	other	 fauna	 such	as	birds,	 insects,	 reptiles,	
and small mammals.
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