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Oak	 trees	 profoundly	 impact	 California’s	 oak	 landscape	 biodiversity.	 Oaks	 influence	
growth	 in	 their	 understories	 and	 these	 community	 interactions	 have	 important	
ecological	 implications.	 Oaks	 can	 facilitate	 (positive)	 or	 interfere	 (negative)	 with	
understory	 productivity	 depending	 on	 tree	 characteristics	 such	 as	 variation	 in	 root	
morphology.	Historically,	California	oak	communities	have	been	negatively	affected	by	
fire	 suppression,	 but	 they	 are	 now	 being	 impacted	 by	 increasing	 wildfire	 frequency.	
Despite	 their	 dominance	 in	 the	woodland	 and	 savanna	 landscapes,	 there	 is	 a	 lack	 of	
research	 on	 how	 oak	 understories	 respond	 to	 wildfire.	 The	 August	 2020	 River	 Fire	
burned	a	total	of	48,000	acres	of	California’s	Santa	Lucia	Mountains,	including	600	acres	
of	Hastings	Natural	History	Reservation.	After	 the	 fire,	patches	of	unburned	thatch,	or	
“halos,”	 were	 observed	 in	 the	 understories	 of	 some	 oak	 trees.	We	 surveyed	 49	 blue	
oaks	 (Quercus	douglasii)	 and	 found	a	higher	prevalence	of	halos	under	negative	 trees	
and	 trees	with	 denser	 canopies.	We	 also	 found	more	 oak	 seedlings	 under	 trees	with	
halos.	Understanding	how	 these	oak	understory	 communities	 respond	 to	 and	 recover	
after	 fires	 can	help	 researchers	 protect	 these	 landscapes	 and	 the	multitudes	 of	 other	
species	that	rely	on	them.		
	
Keywords:	Blue	oak	(Quercus	douglasii),	oak	savanna,	halo,	understory	productivity,	fire	
response		

	
INTRODUCTION		

The	native	oak	 communities	of	California	
have	 a	 significant	 impact	 on	 the	
surrounding	 wildlife	 diversity	 and	
abundance	 (Pavlik	 et	 al.	 2004).	 Oaks	 are	
foundational	 species	 that	 cover	more	 than	
30	 million	 acres	 (30%)	 of	 California	 land.	
Not	 only	 do	 oaks	 greatly	 influence	
landscapes,	 but	 they	 also	 provide	 habitat	
for	thousands	of	other	species	and	support	
biodiversity	 in	 their	 understories	 (Frost	 et	
al.	 1997).	 There	 has	 been	 extensive	
research	 on	 the	 dynamic	 relationships	
between	 oaks	 and	 their	 understories	

(Callaway	 et	 al.	 1991,	 Aschehoug	 and	
Callaway	 2014).	 Oaks	 strongly	 influence	
understory	 community	 composition,	 and	
these	 interactions	 have	 important	
ecological	 consequences	 (Aschehoug	 and	
Callaway	 2014).	 Oak	 trees	 can	 either	
facilitate	 or	 interfere	 with	 understory	
productivity	and	composition	depending	on	
a	 variety	 of	 traits.	 Callaway	 et	 al.	 (1991)	
refer	to	the	facilitating	trees	as	positive	and	
the	 interfering	 trees	as	negative	 (Figure	1).	
Positive	 trees	 have	 deep	 roots	 that	 access	
groundwater,	 fewer	 shallow	 roots,	 and	 are	
less	likely	to	be	water-stressed,	aiding	in	the	
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facilitation	 of	 understory	 productivity	
(Aschehoug	 and	 Callaway	 2014).	 Positive	
trees	 tend	 to	drop	 their	 leaves	 later	 in	 the	
fall	 since	 they	 have	 more	 water	 access	
(Callaway,	 personal	 communication).	
Additionally,	the	positive	trees	tended	to	be	
significantly	larger,	with	a	drastic	difference	
in	 average	 diameter	 at	 breast	 height	
(hereafter	 referred	 to	 as	 DBH)	 and	 canopy	
area	 (Callaway	 et	 al.	 1991).	 Negative	 trees	
lack	 deep	 roots	 and	 instead	 have	 an	

abundance	of	fine	shallow	roots	that	cause	
the	 trees	 to	 be	 water-stressed	 during	 the	
dry	 season,	 which	 interferes	 with	
understory	 productivity	 (Aschehoug	 and	
Callaway	 2014).	 The	 shallow-rooted	
negative	 trees	 suppress	 exotic	 annual	
grasses	 from	growing	 in	 their	understories.	
Overall,	 positive	 trees	 were	 over	 three	
times	 more	 productive	 than	 the	 negative	
trees.		

	

Figure	1.	Positive	trees	(less	water-stressed)	and	negative	trees	(more	water-stressed)	as	defined	by	(Callaway	et	
al.	1991).	

Although	 past	 studies	 provide	 an	
understanding	of	the	dynamic	relationships	
between	oaks	and	their	understories,	we	do	
not	know	how	 they	 respond	 to	 fire.	This	 is	
an	 important	 consideration	 because	 oak	
landscapes	 are	 particularly	 predisposed	 to	
fire	 due	 to	 the	 environmental	 implications	
that	 stem	 from	 California’s	 Mediterranean	
climate	(Mooney	and	Zavaleta	2016).	Rainy,	
mild	 winters	 and	 warm,	 dry	 summers	 are	
characteristic	of	the	Mediterranean	climate.	
The	wet	season	is	a	time	of	bountiful	plant	
growth,	but	during	the	summer,	vegetation	

dries	up,	accumulates	across	the	landscape,	
and	 turns	 into	 potential	 fuel	 for	 fires	
(Mooney	 and	 Zavaleta	 2016).	 Fire	
suppression	 has	 exacerbated	 the	 impacts	
that	 fuel	 accumulation	 can	 have	 on	 a	
landscape.	 In	 the	 1940s,	 fire	 suppression	
began	 in	 California	 oak	 woodlands	 and	
savannas	 (Purcell	 and	 Stephens	 2005).	
Before	 fire	 suppression	 in	 oak	 savannas	
fires	 typically	 cycled	 every	 30-50	 years	
(Pavlik	 et	 al.	 2004).	 Due	 to	 increased	 fire	
suppression,	 this	 cycle	 has	 dramatically	
changed.	 With	 increased	 periods	 of	 time	
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between	 fires,	 surface	 fuels	 and	 invasive	
grasses	 accumulate	 in	 the	 understories	 of	
oak	 species	 (Purcell	 and	 Stephens	 2005).	
The	 invasive	 grasses	 that	 dominate	 the	
understory	 can	 outcompete	 oak	 seedlings,	
leading	to	less	new	oak	growth	(Pavlik	et	al.	
2004).	 However,	 with	 increased	 fire	
frequency	 due	 to	 climate	 change,	 young	
oaks	 can	 be	 destroyed,	 despite	 initial	
sprouting.	 As	 wildfires	 become	 more	
frequent	 in	 California,	 it	 is	 crucial	 to	
understand	 how	 fire	 disturbances	 impact	
oak	 landscapes	 and	 how	 oak	 understory	
communities	recover	(Fried	et	al.	2004).	
At	 Hastings	 Natural	 History	 Reservation,	

we	observed	a	unique	oak	understory	burn	
pattern	that	resulted	from	the	August	2020	
River	Fire.	Drone	surveys	found	that	the	fire	
was	low	intensity	and	slow-moving,	but	the	
drone	 imagery	did	not	 reveal	 the	extent	of	
the	burn	below	tree	canopies	(Wong	2020)	
(Figure	 2).	 A	 ground	 survey	 revealed	 areas	
of	 unburned	 thatch	under	 some	oak	 trees,	
which	 will	 be	 referred	 to	 as	 “halos”	 from	
here	on	(Figure	3).	 In	this	study,	we	sought	
to	 investigate	 what	 factors	 contributed	 to	
some	blue	oak	understories	being	protected	
from	 fires	 and	 generating	 ‘halos,’	 while	
others	 simply	burned	 through.	We	 focused	
on	 blue	 oaks	 (Quercus	 douglasii)	 because	
we	found	a	broad	distribution	of	them	with	
and	 without	 halos.	 They	 are	 drought	 and	
fire-tolerant	 deciduous	 trees	 that	 are	
endemic	 to	 California	 (Swiecki	 and	
Bernhardt	 1998).	 We	 used	 previous	
research	on	blue	oaks	to	frame	some	of	our	
own	 questions	 about	 post-fire	 oak	
understory	 (Callaway	 et	 al.	 1991,	
Aschehoug	 and	 Callaway	 2014).	 We	 asked	
how	oak	canopy	cover,	tree	size	(DBH),	and	
litterfall	cover	would	affect	the	presence	of	
halos.	We	 also	 asked	whether	 the	 amount	
of	 thatch	cover	or	 the	presence	of	 litterfall	

would	have	an	effect	on	the	number	of	new	
oak	seedlings	in	the	understory.		
	

	

Figure	2.	Drone	survey	of	fire	intensity	map	on	Red	
Hill	at	Hastings	Natural	History	Reservation.	

	

Figure	 3.	 Area	 of	 unburned	 thatch	 “halo”	
underneath	blue	oak	(Quercus	douglasii).	

We	 hypothesized	 that	 trees	 with	 denser	
canopies	 and	 positive	 trees	 (oaks	 with	
larger	DBH	and	 less	 litterfall)	would	have	a	
higher	 prevalence	 of	 halos	 in	 their	
understories.	 We	 made	 this	 hypothesis	
based	 on	 the	 characteristics	 of	 positive	
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trees	 (Callaway	 et	 al.	 1991).	 These	 trees	
have	 deeper	 roots	 and	 more	 access	 to	
groundwater,	which	 is	especially	 important	
during	 the	 dry	 season.	 This	 greater	 access	
to	 water	 could	 potentially	 prevent	
understory	thatch	from	completely	burning,	
revealing	 the	 halo	 patterns	 post-fire.	 We	
also	 hypothesized	 that	 more	 thatch	 cover	
and	litterfall	would	decrease	the	number	of	
new	seedlings	in	post-fire	understories.	We	
made	 this	 hypothesis	 based	 on	 the	
understanding	that	an	increase	in	the	build-
up	 of	 understory	 grasses	 can	 crowd	 out	
new	 seedlings	 (Pavlik	 et	 al.	 2004).	 We	
investigated	these	defining	traits	of	positive	
and	 negative	 trees	 to	 potentially	 find	 out	
why	 these	 novel	 halo	 patterns	 remained	
under	 blue	 oaks	 after	 a	 major	 wildfire	
disturbance.	As	the	threat	of	fire	 increases,	
it	 is	 crucial	 to	 understand	 how	 oak	
understory	communities	respond	to	fire.		

METHODS	

2.1	Natural	History	

From	November	 7	 through	 12,	 2020,	 we	
collected	 data	 from	 Hastings	 Natural	
History	 Reservation,	 a	 biological	 field	
station	 managed	 by	 the	 University	 of	
California,	 Berkeley.	 The	 weather	 during	
this	study	consisted	of	highs	in	the	mid-50s	
and	 lows	 in	 the	 low	 30s	 with	 scattered	
showers	 during	 the	 first	 three	 days	 and	
sunny	 skies	 for	 the	 next	 two.	 Hastings	 is	
located	 in	 the	 Santa	 Lucia	mountain	 range	
in	Monterey	County,	California.	The	habitat	
consists	 predominantly	 of	 oak	 savannas,	
oak	 woodlands,	 native	 grasslands,	 and	
riparian	 vegetation.	 On	 August	 16,	 2020,	
the	 River	 Fire	 broke	 out	 near	 the	
reservation,	 burning	 600	 acres	 of	 the	
reserve.	 Much	 of	 the	 foliage	 on	 Red	 Hill	

(Figure	 4)	 was	 burned,	 although	 thatch	
under	 some	 blue	 oaks	 was	 spared	 (Wong	
2020).	
	

	

Figure	4.	Bird's	 eye	 view	of	 the	burned	vegetation	
on	Red	Hill.	

A	total	of	49	blue	oak	trees	were	sampled	
on	Red	Hill	during	our	five	study	days.	Focal	
trees	were	selected	based	on	the	following	
criteria;	 blue	 oaks	 having	 no	 other	 tree	
canopies	 within	 their	 dripline	 and	 were	 a	
minimum	 of	 10	 meters	 apart	 from	 other	
focal	 trees.	 We	 divided	 tree	 samples	 into	
two	 categories;	 trees	 with	 unburned	
understories,	which	we	 called	 “halos,”	 and	
trees	with	bare,	burned	understories.	

2.2	Tree	Characteristics	

Dripline	 circumference	was	 calculated	 by	
placing	flags	under	the	dripline,	or	the	outer	
edge	of	the	canopy,	and	then	measuring	the	
total	circumference	around	the	flags	using	a	
transect.	 Once	 the	 circumference	 was	
established,	 we	 calculated	 the	 percent	
coverage	 of	 unburned	 thatch,	 litterfall	
(leaves	and	acorns),	and	burned	area	within	
the	 canopy	 dripline.	 This	 was	 done	 by	
visually	 estimating	 cover	 in	 the	 understory	
and	averaging	the	values.	The	total	number	
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of	seedlings	within	the	dripline	was	counted	
and	recorded	for	each	tree.	The	size	of	the	
tree	 was	measured	 using	 a	 DBH	 stick	 at	 a	
height	 of	 1.3	 meters.	 Canopy	 cover	 was	
recorded	 using	 a	 spherical	 convex	
densiometer.	 These	 measurements	 were	
taken	 in	 each	 cardinal	 direction	 and	 then	
averaged	to	find	the	total	canopy	cover.	We	
used	DBH	and	percent	 cover	of	 litterfall	 to	
identify	 potential	 positive	 and	 negative	
trees	 (Callaway	 1991,	 Callaway,	 personal	
communication;	Table	1).	

2.3	Statistical	Analysis	

All	 statistical	 analyses	 were	 conducted	
using	 JMP	statistical	 software	v15.	Because	
they	 were	 right-skewed,	 we	 log-
transformed	 the	 DBH	 data.	 We	 used	
multiple	 linear	 regressions	 to	 examine	 the	
relationships	 between	 average	 unburned	
thatch	 cover	 and	 canopy	 cover,	 log(DBH),	
and	 average	 litterfall	 cover.	 Another	
multiple	 linear	 regression	 was	 used	 to	
examine	 the	 relationship	 between	 average	
litterfall	 cover,	 average	 unburned	 thatch	
cover,	 and	 the	 number	 of	 new	 oak	
seedlings.	

RESULTS	

The	 multiple	 regression	 model	 for	 the	
effect	 of	 canopy	 cover,	 log(DBH),	 and	
litterfall	 cover	 on	 unburned	 thatch	 cover	
accounted	for	53%	of	the	variation.	Percent	
canopy	cover	was	positively	correlated	with	
unburned	 thatch	 cover	 (n=49,	 f=30.23,	
p=<0.0001;	 Figure	 5),	 log(DBH)	 was	
negatively	correlated	with	unburned	thatch	
cover	(n=49,	f=3.79,	p=0.058;	Figure	6),	and	
there	was	no	effect	of	litterfall	on	unburned	
thatch	 cover	 (n=49,	 f=1.35,	 p=0.25).	 The	
multiple	 regression	model	 for	 the	effect	of	

unburned	 thatch	 cover	 and	 litterfall	 cover	
on	new	oak	seedlings	accounted	for	44%	of	
the	 variation.	 Unburned	 thatch	 cover	 was	
positively	 correlated	 with	 the	 number	 of	
new	 seedlings	 (n=49,	 f=27.09,	 p=<0.001;	
Figure	7)	and	average	litterfall	had	no	effect	
on	new	seedlings	(n=49,	f=0.69,	p=0.411).	

	

Figure	 5.	Comparison	 of	 average	 thatch	 cover	 and	
average	 canopy	 cover	 under	 blue	 oak	 (Quercus	
douglasii).	(n=49,	R2=0.458,	p=<0.0001)	

 

	

Figure	 6.	 Comparison	 of	 DBH	 and	 average	 thatch	
cover	under	blue	oak	(Quercus	douglasii).	Statistical	
data	 comes	 from	 using	 the	 log	 of	 DBH.		 (n=49,	
R2=0.114,	p=0.058)	
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Figure	 7.	 Comparison	 of	 the	 total	 number	 of	
seedlings	and	average	thatch	cover	under	blue	oak	
(Quercus	douglasii).	(n=49,	R2=0.429,	p=<0.0001).	

DISCUSSION	

Overall,	 our	 results	 did	 not	 support	 our	
prediction	that	the	blue	oaks	categorized	as	
positive	 trees	 would	 have	 a	 higher	
prevalence	of	halos	in	their	understories.	In	
fact,	we	found	the	opposite—the	blue	oaks	
that	 were	 categorized	 as	 negative	 trees	
(smaller	DBH	and	more	 litterfall)	 showed	a	
higher	 prevalence	 of	 halos	 (Table	 1).	 It	 is	
possible	that	more	negative	trees	had	halos	
because	 there	 was	 reduced	 pre-fire	 fuel	
available	 in	 their	 understories	 since	 their	
characteristics	 may	 have	 interfered	 with	
understory	 productivity	 (Callaway	 et	 al.	
1991).	 With	 less	 understory	 growth,	 there	
are	 fewer	 plants	 that	 dry	 up	 during	 the	
summer	and	therefore	 less	 fuel	 for	the	fire	
to	ignite	(Stephens	et	al.	2012).	We	thought	
that	 halo	 prevalence	 would	 be	 highest	
under	 positive	 trees,	 but	 based	 on	 our	
results	 it	 seems	 that	 deep	 root	 structure	
and	 access	 to	 groundwater,	 which	 are	 key	
characteristics	of	positive	trees,	had	little	to	
no	 impact	 on	 halo	 presence	 (Aschehoug	
and	Callaway	2014).	

Table	 1.	 Diameters	 at	 breast	 height	 [DBH]	 and	
percent	 litterfall	 of	 positive	 and	 negative	 trees	 in	
our	study	(mean	+	1	SD).	Positive	trees	were	 larger	
and	 had	 less	 litterfall,	 while	 negative	 trees	 were	
smaller	and	had	more	litterfall.	

		 DBH	(cm)	 %	Litterfall	

Positive	Trees	 43.6	±	6.5	 36.79	±	10.1	

Negative	Trees	 14.34	±	4.3	 62.19	±	7.7	

	
To	 confirm	 which	 of	 the	 sampled	 trees	

were	negative	and	positive,	future	research	
could	 investigate	 the	 root	 structures	under	
halo	 and	 non-halo	 trees	 (Aschehoug	 and	
Callaway	 2014).	 The	 trees	 that	 we	
categorized	 as	 negative	 should	 have	 an	
abundance	 of	 fine,	 shallow	 roots,	 and	 the	
trees	that	we	categorized	as	positive	should	
have	 large	 taproots	 and	 fewer	 shallow	
roots.	 With	 this	 information,	 we	 could	
better	 understand	 how	 oak	 understory	
facilitation	 and	 interference	 influences	 the	
post-fire	 presence	 of	 halos.	 Future	 studies	
could	 also	 examine	 other	 soil	 properties	
including	 moisture,	 nutrient	 content,	 pH,	
and	hydrophobicity.	All	of	these	factors	may	
influence	 understory	 community	
composition	pre-	and	post-fire.	Post-fire	soil	
composition	studies	could	help	explain	why	
some	 trees	 have	 more	 understory	 growth	
and	 how	 soil	 composition	 affects	 halo	
presence.		
Our	 prediction	 that	 trees	 with	 greater	

canopy	 cover	 would	 have	 a	 higher	
prevalence	 of	 halos	 was	 supported	 by	 our	
results.	The	strong	positive	correlation	may	
be	 explained	 by	 the	 past	 finding	 that	 oaks	
with	 denser	 canopies	 also	 had	 less	
understory	 fuel	 available	pre-fire	 (Peterson	
et	al.	2007).	This	less	productive	understory	



  
 

 

CEC Research | https://doi.org/10.21973/N34X0V   Fall 2020 7/8 

may	 have	 occurred	 because	 denser	
canopies	 shade	 out	 the	 understory,	
allowing	 less	 sunlight	 through	 to	 facilitate	
understory	growth.	
Past	 research	has	also	 indicated	 that	oak	

seedlings	 are	 more	 likely	 to	 be	 found	 in	
burned	areas	than	in	unburned	areas	after	a	
prescribed	 fire	 (Regan	 and	 Agee	 2004).	
However,	 we	 observed	 blue	 oak	 seedlings	
did	 not	 respond	 the	 same	way	 to	wildfire.	
We	 found	 significantly	 more	 new	 oak	
seedlings	 in	 understories	 with	 more	
unburned	 thatch	 area.	 This	 greater	density	
of	 seedlings	 could	 be	 because	 the	 fire	 did	
not	 affect	 the	 soil	 composition	 in	 these	
understories,	 allowing	 for	 seedlings	 that	
were	 already	 established	 to	 continue	 to	
grow	post-fire.		
It	has	been	observed	that	the	canopies	of	

negative	 trees	 tend	 to	 drop	 their	 leaves	
sooner	than	positive	trees	due	to	increased	
water	 stress	 in	 the	 dry	 season	 (Callaway,	
personal	 communication).	 Although,	 based	
on	 our	 qualitative	 observations	 that	 some	
trees	had	partially	burned	canopies,	as	well	
as	 charred	 leaves	 present	 in	 their	
understories,	 we	 believe	 these	 trees	
dropped	 their	 leaves	 early	 due	 to	 fire	
response.	Normally,	leaf	litter	increases	soil	
nutrient	 content	 (Rapp	 et	 al.	 1999).	
However,	previous	research	has	shown	that	
fire	 can	 change	 the	 nutrient	 quality	 of	
leaves,	 so	 these	 leaves	 may	 not	 have	
provided	the	same	nutrient	levels	to	the	soil	
and	 new	 oak	 seedlings	 growing	 in	 the	 soil	
(Wang,	 2014).	 Our	 results	 were	 consistent	
with	 these	 previous	 findings-	 post-fire	
litterfall	 had	 no	 effect	 on	 the	 number	 of	
new	oak	seedlings.	
Overall,	 this	 study	 initiated	 an	

investigation	 of	 these	 novel	 halo	 patterns	
and	 identified	 potential	 elements	 that	
influence	 why	 some	 understories	 simply	

burned	 through	 and	 others	 were	
remarkably	 spared	 during	 the	 fire.	 A	 long-
term	study	of	halos	 could	help	 researchers	
understand	 how	 and	 why	 certain	 oak	
understories	 are	 able	 to	 recover	 more	
quickly	 than	 others	 in	 the	 event	 of	 a	 fire.	
Oak	 communities	 are	 intertwined	 with	 a	
variety	 of	 other	 plant	 and	 animal	 species,	
some	depending	on	them	to	flourish	(Pavlik	
et	 al.	 2004).	 Following	 up	 on	 understory	
productivity	 would	 be	 beneficial	 to	
understanding	 how	 oak	 savanna	 habitats	
recover,	 specifically	 how	 native	 and	 non-
native	 plants	 reestablish	 in	 oak	
understories.	This	study	shed	light	on	some	
factors	surrounding	this	novel	phenomenon	
of	halo	presence,	but	 there	 is	 still	much	 to	
learn	 about	 this	 bizarre	 occurrence	 and	
what	it	could	mean	for	the	future	of	fires	in	
California.	
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