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Objectives:	

• Black	spruce	(Picea	mariana)	forests	represent	45%	of	the	land	cover	in	the	interior	or	Alaska	
and	are	the	prevailing	forest	type	across	Alaska.		

• Recent	research	has	investigated	the	effects	of	fire	on	mature	black	spruce	forests	in	interior	
Alaska,	but	little	research	has	focused	on	how	frequent	reburning	affects	soil	organic	layer	(SOL)	
vulnerability	in	these	ecosystems.	

• Two	domains	exist	within	the	biome,	one	with	thick	organic	soil	layers	generally	underlain	by	
permafrost,	and	dominated	by	conifers,	and	another	with	thin	organic	soil	layers,	warm	and	
well-drained	soils	and	deciduous-dominated	climax	communities.		

• This	study	compared	organic	soil	layer	characteristics	and	factors	affecting	the	vulnerability	of	
the	SOL	in	black	spruce	stands	which	burned	after	an	intermediate	fire-free	interval	(FFI)	of	37-
52	years,	and	a	long	FFI	of	70-120	years.	

• 	Sample	sites	were	located	across	different	topographic	positions	(landscape	classes)	
representing	a	gradient	of	well-drained	to	poorly-drained	areas,	across	a	variety	of	permafrost	
gradients,	during	early	and	late	fire	seasons,	and	data	were	also	collected	in	unburned	plots	
adjacent	to	burned	stands.	

• Data	from	sampled	sites	(intermediate-interval)	were	compared	with	samples	previously	
collected	in	2011	(long-interval).			

• Soil	organic	carbon	(SOC)	storage	and	losses	were	estimated	using	empirical	relationships	
between	organic	horizon	depth	(cm)	and	SOC	(kg	m-2).	

• Organic	layer	depths	in	intermediate-interval	burned	sites	were	analyzed	using	three	measures	
of	fire	severity:	1)	depth	of	burn;	2)	percent	depth	reduction;	and	3)	post-fire	depth	at	the	site	
following	the	intermediate-interval	burn.	

• Characteristics	of	the	organic	layer	depths	found	in	the	intermediate-interval	burned	sites	were	
compared	with	those	from	the	long-interval	sites	previously	sample	using	linear	mixed	effects	
models.		

	
New	Science:	

• Three	depth	reduction	metrics	(depth	of	burn,	percent	depth	reduction,	and	post-fire	depth)	
differed	between	intermediate-FFI	and	long-FFI	stands	due	to	the	inadequate	time	available	to	
re-accumulated	organic	soil	following	an	initial	fire	event.		

• The	depth	of	burn	was	found	to	vary	significantly	between	the	two	types	of	sites,	with	percent	
depth	reduction	greater	in	the	intermediate-interval	stands	(78.9	%	+	2.6%)	than	in	long-interval	
stands	(62.9%	+	1.5%).		

• Results	of	the	linear	mixed-effects	model	showed	that	the	depth	of	burn	varied	with	interval	and	
Julian	date,	but	did	not	vary	with	landscape	class.		

• Fire	had	burned	down	to	the	mineral	soil,	leaving	only	a	thin	char	layer	behind,	in	40.5%	of	all	
individual	sample	measurements	across	all	plots.		

• Post-fire	organic	layer	depths	in	intermediate-interval	burned	sites	ranged	from	0.4	+	0.1	cm	in	a	
flat	upland	site	to	10.1	+	1.2	cm	in	a	flat	lowland	site,	with	an	average	post-fire	depth	of	3.4	+	0.5	
cm.			



• Post-fire	organic	soil	carbon	stocks	averaged	0.51	+	0.08	kg	C	m-2	in	the	intermediate-interval	
sites,	which	is	less	than	estimates	of	soil	carbon	stock	for	long-interval	fire	events	(ranging	from	
2.07	to	5.74	kg	C	m-2).	

• This	study	shows	that	fire	interval	is	an	important	control	on	the	vulnerability	in	black	spruce	
stands	recovering	from	fire.		

	
	
Significance:	

• The	boreal	forest	biome	is	one	of	the	largest	terrestrial	carbon	stores	across	North	America,	
mainly	due	to	the	large	carbon	pool	stored	in	the	soils	of	peatlands	and	forest	of	this	region.		

• Reburning	of	black	spruce	forests	during	intermediate-interval	fires	represents	an	additional	
pathway	for	triggering	a	domain	change	to	the	thin	organic	soil	state	by	depletion	of	SOL.		

• A	depletion	in	SOL	in	will	likely	result	in	decreased	carbon	storage,	as	the	black	spruce	forests	of	
interior	Alaska	with	thick	organic	soils	have	sequestered	5.5	+	0.8	Tg	C	annually,	while	the	
deciduous	forests	with	thinner	soil	layers	do	not	store	the	same	amount	of	carbon.		

• In	addition,	a	depletion	of	the	SOL	during	more	frequent	fire	events	will	likely	delay	the	recovery	
of	permafrost,	or	possibly	eliminate	permafrost,	and	could	trigger	a	change	in	the	possible	
successional	trajectory	of	a	site,	from	black	spruce-dominated	to	deciduous-	or	even	shrub-
dominated	ecosystems.	

• Future	research	is	needed	to	better	document	post-fire	recovery	in	these	intermediate-aged	
stands	that	burn,	as	this	type	of	burning	is	likely	to	become	more	common	with	changing	
climate	in	this	boreal	region.		

		
	
	
	
	
	
	
	
	
	
	
	



	
Residual	organic	soil	layers	and	consumed	organic	soil	depth	estimated	by	adventitious	root	method	in	
intermediate-interval	sites	sampled	in	this	study,	stratified	by	landscape	class.		Error	bars	are	a	combination	of	
standard	error	for	mean	values	of	residual	and	consumed	organic	matter	depths.			
	
	
	

	
	
Relationship	between	estimated	pre-fire	organic	layer	depth	and	observed	post-fire	organic	layer	depth	in	the	
intermediate	interval	sites	used	in	this	study.			


