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1  | INTRODUC TION

Wildfires strongly influence plant community composition, biodi‐
versity, and function across the Earth's ecosystems (Moritz et al., 
2014). Human activities are changing fire regimes globally (Bowman 
et al., 2011) through land‐use change, fire suppression, fire igni‐
tion, and climate change (Flannigan, Krawchuk, Groot, Wotton, & 

Gowman, 2009). North American deserts, which historically ex‐
perienced fire return intervals on the century time scale, are now 
experiencing larger fires on shorter time intervals due to the intro‐
duction and spread of invasive annual grasses (Brooks et al., 2004). 
A critical question in the field of ecology is how human‐altered fire 
regimes are changing the composition and function of native plant 
communities.
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Abstract
Human activities are changing patterns of ecological disturbance globally. In North 
American deserts, wildfire is increasing in size and frequency due to fuel characteris‐
tics of invasive annual grasses. Fire reduces the abundance and cover of native vege‐
tation in desert ecosystems. In this study, we sought to characterize stem growth and 
reproductive output of a dominant native shrub in the Mojave Desert, creosote bush 
(Larrea tridentata (DC.) Coville) following wildfires that occurred in 2005. We sampled 
55 shrubs along burned and unburned transects 12 years after the fires (2017) and 
quantified age, stem diameter, stem number, radial and vertical growth rates, and 
fruit production for each shrub. The shrubs on the burn transects were most likely 
postfire resprouts based on stem age while stems from unburn transects dated from 
before	the	fire.	Stem	and	vertical	growth	rates	for	shrubs	on	burned	transects	were	
2.6	and	1.7	times	higher	than	that	observed	for	shrubs	on	unburned	transects.	Fruit	
production of shrubs along burned transects was 4.7‐fold more than shrubs along 
paired unburned transects. Growth rates and fruit production of shrubs in burned 
areas did not differ with increasing distance from the burn perimeter. Positive growth 
and reproduction responses of creosote following wildfires could be critical for soil 
stabilization and re‐establishment of native plant communities in this desert system. 
Additional research is needed to assess if repeat fires that are characteristic of inva‐
sive grass‐fire cycles may limit these benefits.
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Native shrubs in desert ecosystems tend to be poorly adapted to 
fire	(Abella,	2009;	Brown	&	Minnich,	1986;	Horn,	Wilkinson,	White,	
&	St.	Clair,	2015)	and	 take	 long	 fire‐free	periods	 to	 recover.	Some	
shrubs are able to survive and resprout after fire (Abella, Engel, 
Lund,	&	Spencer,	2009),	though	less	is	known	about	the	growth	and	
reproductive	 responses	 of	 these	 resprouting	 shrubs.	 Studies	 have	
examined the effects of reduced competition on growth rates of 
desert shrubs through mechanically thinning neighboring shrubs 
and annuals or the effects of fire on regenerating shrubs in other 
ecosystem types (Holzapfel & Mahall, 1999; Lamont, Enright, & He, 
2011;	Mahall,	Fonteyn,	Callaway,	&	Schlesinger,	2018;	McCarron	&	
Knapp, 2003; Radosevich & Conard, 1980). However, the growth 
rates of resprouting native desert shrubs in burned areas compared 
to shrubs in unburned areas are not well characterized. Concerning 
reproductive responses of native desert shrubs to fires, Lybbert, 
Taylor,	 Defranco,	 and	 St.	 Clair	 (2017)	 found	 that	 flower	 and	 fruit	
production in regenerating generalist pollinated species tended to 
increase in burned areas.

Native plant response varies with burn severity and can be in‐
fluenced by fuels, topoedaphic context, and weather (Whitman et 
al., 2018). Depending on burn severity, fire in deserts can lead to a 
short‐term increase in soil nutrients but can also lead to lower soil 
moisture and higher soil temperatures due to hydrophobicity and 
loss	of	vegetation	and	 litter	cover	 (Allen,	Steers,	&	Dickens,	2011;	
Esque,	Young,	&	Tracy,	2010;	Snyman,	2003).	However,	more	water	
may become available for regenerating plants after fire due to re‐
duced competition (Brisson & Reynolds, 1994; Horn et al., 2015). 
Differences in burn severity at fire perimeters may result in edge 
effects that affect shrub growth responses. For example, shrub den‐
sity on burn edges was found to be higher than shrub densities in the 
burn interior after fire in the Mojave Desert (Lybbert et al., 2017). 
The density of colonizing and resprouting shrubs in postfire arid en‐
vironments has been shown to be influenced by topographic posi‐
tion of the burn edge, distance from the burn edge, and proximity to 
seed	sources	(Condon	&	Weisberg,	2016).	This	led	us	to	question	if	
shrub growth and reproduction vary spatially from the edges to the 
interior of burned landscapes.

The	 Mojave	 Desert	 is	 located	 in	 the	 southwestern	 United	
States	and	is	the	smallest	desert	in	North	America.	The	Mojave	has	
experienced an increase in the number and size of fires in recent 
decades	(Brooks	&	Matchett,	2006)	causing	changes	in	plant	com‐
munity structure and soil resource availability (Horn et al., 2015). 
These adjacent burned and unburned areas provide an opportunity 
to study native plant regeneration and resource competition. Larrea 
tridentata (DC.) Coville, or creosote bush (hereafter just creosote), 
is a multistemmed, evergreen species that is well adapted to desert 
environments and consequently is one of the dominant shrubs in 
the Mojave and other North American desert shrublands. Creosote 
can establish through both sexual and asexual reproduction (Chew 
&	Chew,	1965;	McAuliffe,	Hamerlynck,	&	Eppes,	2007).	This	clonal	
shrub is long‐lived although individual shoots are replaced as aging 
or drought occurs (Vasek, 1980). Fire results in high mortality rates 
but if the root system or crown survives, resprouting is known to 

occur (Abella, 2009). Creosote provides habitat and food for des‐
ert fauna and can increase soil nutrient and water supply through 
fertile islands, thus playing a key role in the ecosystem (Bainbridge 
&	Virginia,	1990).	Understanding	the	growth	and	reproduction	pat‐
terns of this shrub in burned and unburned areas is critical to under‐
standing postfire desert ecosystem assembly and function.

The objectives of this study were to examine and assess differ‐
ences in growth and sexual reproductive effort (fecundity) of regen‐
erating creosote in burned and unburned landscapes. We asked the 
following questions: (a) How does growth rate for regenerating cre‐
osote stems in burned areas differ from that of stems from unburned 
areas? (b) How does sexual reproductive response (fecundity) dif‐
fer for postfire regenerating and unburned creosote and how does 
that difference change over time?, and (c) Does proximity to the fire 
perimeter (edges vs. interiors of large fires) affect growth rates of 
burned/regenerating creosote?

2  | METHODS

2.1 | Study location

This study was conducted in the Beaver Dam Wash in the northeast‐
ern Mojave Desert (Latitude 37.0837 N, Longitude 114.0119 W, and 
elevation	1,216	m).	The	30‐year	mean	annual	precipitation	from	the	
nearest	Lytle	Ranch	Climate	Station	 is	26.5	cm	 (Western	Regional	
Climate Center, ). Dominant vegetation includes L. tridentata, Yucca 
brevifolia Engelm., Ambrosia dumosa (A. Gray) Payne, and Coleogyne 
ramosissima Torr.. The landscape has low‐sloping ridges with young 
alluvial soil with a sandy loam texture. The study area experienced 
three separate lightning‐caused wildfires in the summer of 2005: 
Westside	Complex	 (June,	 23,782	 ha),	 Burgess	 1	 (July,	 60	 ha),	 and	
Burgess 2 (July, 543 ha). The fire boundaries were identified using 
the	 Monitoring	 Trends	 in	 Burn	 Severity	 project	 (MTBS)	 and	 cor‐
roborated in the field (Horn et al., 2015; Monitoring Trends in Burn 
Severity	Program,	 2017)	 (Figure	1).	 Transect	 analysis	 at	 our	 study	

F I G U R E  1   The burned and unburned side of a fire boundary in 
the northeastern Mojave Desert 14‐year postfire
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area found that creosote density was reduced more than fourfold 
in burned areas compared to unburned locations (0.8 shrubs per 
100 m−2 vs. 3.5 shrubs per 100 m‐2), but creosote densities did not 
differ between burned edge or burned interior locations (Lybbert et 
al., 2017).

2.2 | Study design

Creosote stem growth and sexual fecundity were characterized 
along four pairs of transects, each 1 km in length, and positioned 
on the burned and unburned side of fire boundaries of each of the 
three wildfires (Figure 2). Transects were located within 200 m of 
the fire boundary to ensure similar physiographic conditions. Four 
additional transects were located in the interior of the largest fire 
(Westside complex, >1.5 km from burn perimeter). Paired transects 
were located along the tops of ridges to help standardize topo‐
graphic conditions between transects and fires. Burn interiors had 
less topographical variation. We sampled a single creosote shrub 
nearest	to	each	200‐m	interval	point	along	each	transect	line.	Study	
shrubs were tagged for measurement of annual fruit number and 
plant growth measurements (described below). There were three to 

five shrubs per transect with 17 total shrubs on the unburned tran‐
sects, 19 on the burn edge transects, and 19 on the burn interior 
transects.

2.3 | Growth measurements and dendrochronology

To assess age and annual radial growth, one stem sample was col‐
lected from each of the 55 study shrubs 12 years after the burn 
(2017). To standardize collection, the longest stem from each shrub 
was selected. The stem was cut as close to the base of the stem as 
possible. In the laboratory, stems were trimmed to 5‐cm cross sec‐
tions,	keeping	the	segment	proximal	to	the	root	collar.	Samples	were	
then surfaced with increasingly finer sandpaper (150 grit‐9 micron) 
until individual cells could be distinguished using a stereomicroscope 
to facilitate the determination of ring boundaries. These samples 
were used for ring count analysis.

Creosote is a diffuse‐porous species, which makes annual 
growth rings difficult to identify. To account for this, three ana‐
lysts independently aged each cross section. The ring for the col‐
lection year (2017) was counted as a full year. An age estimate 
was assigned for each stem by averaging the three independent 

F I G U R E  2   Map of the fire extents and 
transect locations in the northeastern 
Mojave Desert study site near the 
Beaver Dam Wash (Latitude 37.0837 N, 
Longitude 114.0119 W, and elevation 
1,216	m)
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estimates. Observer age estimates differed by four or fewer years 
for all of the samples from burned areas with over 80% of the sam‐
ples differing by two or fewer years. Creosote has been observed 
to	resprout	in	the	same	year	as	the	fire	(Dalton,	1961),	hence	cross	
sections	with	13	rings	were	classified	as	postfire.	Stem	age	esti‐
mates from unburned areas had greater count disparities because 
the stems were older and outer rings were much narrower and 
less distinct. Therefore, ages for the cross sections from unburned 
areas may have been underestimated. However, if this is the case, 
difference in growth rates between the burned and unburned 
areas would be even more pronounced.

We calculated stem radial growth rate by dividing the aver‐
age stem diameter by the assigned stem age for each cross sec‐
tion (Kitchen, Meyer, & Carlson, 2015). Average diameter was 
calculated by averaging the longest diameter and the diameter 
perpendicular	 to	 it	dissecting	at	pith.	Stem	number	was	counted	
in 2019 to further investigate growth rate and was the number 
of shoots of a shrub that connected at or belowground. Vertical 
growth rates were calculated by dividing the height of each shrub 
(measured from the ground to the tallest point) by the age of the 
sampled stem. All growth measurements for each shrub were av‐
eraged across individual transects.

2.4 | Fruit counts

Fruit production was counted on each study shrub every June from 
2015 to 2017. Where fruit numbers were high, the shrub was quar‐
tered with 1‐m PVC pipes connected at right angles by a four‐way 
cross connector. The fruits from a randomly selected quarter were 
counted and then multiplied by four (Lybbert et al., 2017). The fruit 
number for each shrub was averaged by transect.

To verify that observed trends in fruit number were not due to 
differences in shrub size, we calculated fruit density for the 2017 
data. Volume was calculated for each shrub using the shape of an 
inverted	cone	(Chew	&	Chew,	1965).

We divided the fruit number for each shrub by its volume and 
then averaged those values by transect.

2.5 | Statistical analysis

Linear mixed effects models were used to test the effects of burn 
condition (unburned vs. burn edge) as well as burn location (burned 
edge vs. burned interior) on stem age, stem diameter, stem number, 
stem radial growth rates, height, vertical growth rates, fruit number, 
and	 fruit	density.	Since	 fruit	 counts	were	collected	 for	more	 than	
one year, year and the interaction were also included as fixed ef‐
fects for the fruit number mixed effects models. Transect pair was 
used as a random effect in all models. We used data exploration 
techniques to examine whether model assumptions for normality 
and equal variance of the residuals were met (Zuur, Ieno, & Elphick, 
2010). When the assumptions were not met, the data were square 
root transformed. All data exploration and statistical analysis were 
performed in the program R (R Core Team, 2018) with additional 
car and nlme packages (Fox et al., 2012; Pinheiro, Bates, Debroy, & 
Sarkar,	2017).

3  | RESULTS

3.1 | Shrub age

Creosote along burned transects were on average four years 
younger than those from unburned transects (Table 1). On average, 
shrub stems along unburn transects began growing in 2001 (prefire), 
while burn edge and burn interior shrub stems were dated to 2005 
and	2006	just	after	the	fires.

3.2 | Growth rate and fruit number of adjacent burn 
edge and unburned transects

Creosote generally had positive growth responses along burned tran‐
sects compared to adjacent unburned transects (Figure 3). Average 
sampled stem diameter in burned areas was 25.7 mm, while average 
sampled	stem	diameter	from	unburned	areas	was	13.6	mm	(F = 12.0, 
p = .04). The average number of stems from shrubs in burned areas 
was 9 while those in unburned areas was 20 (F = 128.1, p = .002). 
Average creosote stem radial growth rates along the burned edges 
were	2.6	times	greater	than	in	unburned	transects	(2.1	mm/year	vs.	
0.8 mm/year, F = 31.7, p = .01) (Figure 4a). Average vertical growth 
rates followed a similar pattern with shrubs in burned transects 
growing 1.7 times more per year than shrubs in unburned transects 
(13.9 cm/year vs. 8.2 cm/year, F = 18.2, p = .02) (Figure 4b). The 
mean heights of shrubs were greater on burned edges compared 
to unburned edges, though not statistically significant at p	 ≤	 .05	
(165.3	cm	vs.	133.8	cm,	F	=	6.1,	p = .1).

Mean fruit number differed between paired burn edge and 
unburned transects (Figure 5). Creosote on burn edge transects 
produced on average 4.7 times more fruit per shrub than shrubs 
on unburned transects (4,281 fruit vs. 919 fruit, F = 18, p = .0007; 

volume=
1

3
(�×major radius × minor radius × height).

TA B L E  1   The average creosote stem age for each transect type 
from the study site is shown with ± SE

Fire
Average stem 
age (years)

Unburned	(U) 16.6	±	0.5

Burn edge (E) 12.1	±	0.6

Burn interior (I) 11.1 ± 0.3

U	×	E 32.1**

E	×	I 2.9

Note: The lower portion of the table shows the F values from the mixed 
models.
Abbreviations:	E,	burn	edge;	I,	burn	interior;	U,	unburned.
Significance	is	denoted	with	asterisks:	**	p < .01
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Figure 5). Mean fruit density was 5.7 times greater for shrubs in burn 
edge transects versus shrubs in adjacent unburned transects (1,297 
fruit/m3 vs. 227 fruit/m3, F = 15.9, p	=	.03)	(Figure	6).	The	effects	of	
fire on fruit production were consistent (not statistically different) 
across the three years of data collection (Figure 5).

3.3 | Growth rate and fruit number from burn 
edge and burn interior transects

Shrubs	along	burned	edge	transects	and	burned	 interior	 transects	
were not statistically different in stem diameter (F = 0.4, p	=	.6),	num‐
ber of stems (F = 3.9, p = .1), stem radial growth rates (F = 1.5, p = .3), 
height (F = 0.3, p	=	 .6),	vertical	growth	 rates	 (F = 0.9, p = .4), fruit 
number (F = 0.1, p = .7), or fruit density (F	=	0.06,	p = .8).

F I G U R E  3   Cross sections from creosote stem samples collected 
from unburned (top), burn edge (bottom left), and burn interior 
transects (bottom right)

F I G U R E  4   (a) Mean stem radial growth and (b) vertical growth 
rates ± SE of creosote by burn condition and burn location. 
Significant	differences	(p < .05) are denoted by different letters

F I G U R E  5   Average fruit number per creosote by burn condition 
and location for each observed year ± SE.	Unburned	transects	
compared to burn edge transects (burn condition) had F = 18 and 
p = .0007,	Year	had	an	F = 2.0 and p	=	.2,	and	Burn	condition*Year	
effect F = 0.3 and p = .7. Burn edge compared to burn interior (burn 
location) had F = 0.1 and p	=	.7,	Year	had	F = 2.1 and p = .2, and 
Burn	location*Year	had	F = 0.09 and p = .9

F I G U R E  6   Average number of fruits per unit creosote shrub 
volume by burn condition and location ± SE.	Significant	differences	
(p < .05) are indicated with differences in letters
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4  | DISCUSSION

Wildfires are increasing in size and frequency in North American 
deserts with varying effects on native plant density and composi‐
tion (Abella, 2009; Brooks et al., 2004), but growth responses of 
resprouting plants after fire in North American desert shrublands 
are largely unstudied. Our study documents the positive effects 
of postfire environments on individual creosote stem growth and 
sexual reproduction. Our data support the conclusion that postfire 
environments increase creosote growth rates (Figure 4) and increase 
fruit number (Figure 5). However, distance to the fire perimeter did 
not affect growth rates or fruit number.

4.1 | Stem age

The majority of sampled stems along burned transects dated post‐
fire, while unburned stems began growing before the fire (Table 1). 
There were only two sampled stems from burned transects that 
dated	from	before	the	fire	(16	and	13.6‐year	old),	indicating	that	only	
a small proportion of stems survived the fire. The majority of stems 
found in the burned areas of our study were determined to have 
begun growing after the fires and most likely as postfire resprouts 
(Bond & Midgley, 2001). Resprouting has been documented in creo‐
sote after fire (Abella, 2009) and varies depending on fire severity 
(Brooks,	Minnich,	&	Matchett,2018;	White,	1968).	A	study	done	in	
our same study area found that after the 2005 fires, around 21% of 
shrubs survived or resprouted along the burn edges, while around 
3% survived or resprouted along burn interior transects (Lybbert et 
al., 2017). The fires in our study burned in June and July when mor‐
tality is highest and number of living sprouts has been shown to be 
the	 lowest	 (White,	1968).	Along	burn	edges,	burn	 severity	 ranged	
from low to moderate, while the burn interior transects had a higher 
proportion of moderate burn severity (Monitoring Trends in Burn 
Severity	Program,	2017).

4.2 | Growth rates in postfire desert communities

We found that creosote stems in burned areas grew faster than 
shrubs in unburned areas (Figure 4). Postfire resprouting shrubs 
have been shown to have rapid growth rates (Radosevich & 
Conard,	1980).	Starch	stored	in	the	roots	and	root	crowns	of	re‐
sprouting shrubs is vital for the production of new stem growth 
(Bowen	 &	 Pate,	 1993;	 Neke,	 Owen‐Smith,	 &	Witkowski,	 2006).	
The creosote in burned areas had fewer stems; therefore, the in‐
creased growth rates we observed are likely in part due to the root 
system and nutrient reserves that previously provided for more 
stems (Bond & Midgley, 2001). The number and diameter of stem 
resprouts	per	plant	depend	on	species	(Neke	et	al.,	2006),	though	
some studies have found that for certain species, stem number 
decreases with increasing fire intensity and diameter increases 
with higher levels of stored nitrogen and nonstructural carbohy‐
drates	(Kabeya	&	Sakai,	2005;	Moreno	&	Oechel,	1991;	Neke	et	al.,	
2006).	The	fewer	but	 larger	stems	we	saw	in	burned	areas	could	

have been influenced by fire intensity and higher levels of postfire 
nutrients (Esque, Kaye, Eckert, Defalco, & Tracy, 2010). Also, de‐
spite the creosote in our burned study areas having fewer stems at 
their base compared to unburned areas, Horn et al. (2015) found 
that creosote in the same burned areas as our study had a higher 
canopy density (Leaf Area Index) than those in unburned areas. 
This emphasizes that the diameter of stems may alter canopy mor‐
phology between burned and unburned areas.

Environmental conditions can also affect the growth and sur‐
vival of resprouting shrubs (Oechel & Hastings, 1983). Creosote has 
been documented to have higher growth rates with water addition 
treatments or combined water and nitrogen addition treatments in 
controlled	 studies	 (Sharifi	 et	 al.,	1988).	One	possible	effect	of	 the	
fire is increased availability of water and nitrogen due to competitive 
release for soil resources since most of the neighboring shrubs were 
removed by fire (Horn et al., 2015; Valor et al., 2018). Our study sites 
had on average a 79% decrease in creosote on burned compared to 
unburned transect lines (Lybbert et al., 2017). This idea is further 
supported by studies that found that creosote shrubs grew larger 
after the neighboring shrubs were removed experimentally (Mahall 
et al., 2018) or increased growth rates for creosote with higher rain‐
fall	 (Beatley,	1974;	Gibson,	Sharifi,	&	Rundel,	2004).	Fire	also	cre‐
ates a pulse of nutrients, especially under shrubs (Abella et al., 2009; 
Allen	et	al.,	2011;	Esque,	Young,	et	al.,	2010).	This	postfire	increase	
in nutrients could also explain more rapid growth rates observed in 
our study (Fisher, Zak, Cunningham, & Whitford, 1988). Additionally, 
with lower shrub density after fire (Horn et al., 2015), it is possible 
that there may be a greater proportion of rodent burrowing under‐
neath the regenerating shrubs, which increases soil nutrient levels, 
soil permeability, shrub size, and seedling survival that can increase 
soil resource availability linked to faster growth rates (Titus, Nowak, 
&	Smith,	2002;	Walker,	Vrooman,	&	Thompson,	2015).

Increases in creosote growth rates after fire could have multiple 
effects on both the shrub itself and the surrounding environment. 
Similar	to	our	study,	Parmenter	(2008)	found	that	resprouting	creo‐
sote reached their prefire heights 12 years after fire. It is unknown 
how long the growth rates of the regenerating shrubs in our study 
will continue. Larger creosote have been shown to be more prone 
to drought stress, but larger shrubs may be able to access deeper 
water	sources	(Franco,	Soyza,	Virginia,	Reynolds,	&	Whitford,	1994).	
Also, the regenerating shrubs may be able to prevent some of the 
homogenization of nutrients across the landscape that is associ‐
ated with disturbance and deterioration of fertile islands through 
loss of mature shrubs (Fuentes‐Ramirez et al., 2015; Klemmedson 
&	Tiedemann,	1986).	Fertile	 islands	exist	under	desert	 shrubs	and	
increase plant community diversity (Garcia‐Moya & McKell, 1970; 
Rostagno,	Valle,	&	Videla,	1991;	Schafer	et	al.,	2012;	Yeaton,	1978)	
although invasive Bromus grasses can also be facilitated by shrubs 
(Holzapfel & Mahall, 1999). Creosote in particular have been seen 
to have higher abundance of the invasive annual Bromus rubens L. 
on the north side of the shrub (Brooks, 2000), but creosote can also 
have negative impacts on other annual plants depending on precipi‐
tation	and	distance	to	canopy	(Schafer	et	al.,	2012).
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4.3 | Postfire reproductive response

Over the three‐year study period, fruit production was consistently 
higher along burned transects (Figure 5). Nitrogen additions have 
been shown to increase fruit production in creosote as well as other 
species (Breen & Richards, 2008; Fisher et al., 1988; Willson & Price, 
1980). Conversely, water additions reduced the amount of fruit pro‐
duced	 in	 creosote	 (Cunningham,	 Syvertsen,	 Reynolds,	 &	 Willson,	
1979; Fisher et al., 1988). Increased fruit numbers could be also be 
driven by higher nitrogen availability following fire (Esque, Kaye, et 
al., 2010), competitive release for soil resources (Ehleringer, 1984; 
Horn et al., 2015), or higher levels of nutrients from root reserves or 
rodents	(Kabeya	&	Sakai,	2005;	Walker	et	al.,	2015).	Differences	in	
canopy density and morphology could also contribute to the higher 
fruit numbers in burned areas (Figure 5; Horn et al., 2015).

An increase in fruit production per plant could partially com‐
pensate for fruit loss due to reduction in shrub density after 
the fire. However, total fruit per unit ground area is still lower 
in burned areas because of loss of shrub density (Lybbert et al., 
2017), which may mean that fruits and seeds are not as evenly dis‐
tributed across the landscape. Creosote seeds experience rodent 
predation (Boyd & Brum, 1983) and more seeds in a concentrated 
area could have impacts on seed predation and dispersal (Li & 
Zhang, 2007; Vander Wall, 2002). A more concentrated distribu‐
tion of fruits and postfire plant community characteristics could 
also increase the dispersal of creosote seeds by wind (Maddox & 
Carlquist, 1985; Monty, Brown, & Johnston, 2013). However, stud‐
ies showing that creosote takes many years to return to prefire 
densities could indicate that creosote establishment from seed 
is not always very effective after fire depending on environmen‐
tal conditions or rodent predation (Abella, 2009; Engel & Abella, 
2011;	Steers	&	Allen,	2011).

4.4 | Location within fire effect on growth rates 
(edges vs. interiors of large fires)

We found no statistical difference in growth rates on burned edges 
versus burned interior locations (Figure 4). In this region invasive 
ephemeral fuels, especially after high amounts of rainfall, provide 
enough fuel for fire to spread between shrubs as evidenced by the 
high	 rainfall	 preceding	 the	 2005	 fires	 (Brooks	&	Matchett,	 2006).	
Fire severity and continuity, however, depend on the distribution 
and physical attributes of different invasive annual grasses present 
in	the	area	(Brooks,	1999;	Brooks	&	Matchett,	2006).	It	 is	possible	
that differences in fuel loads affected burn severity between the 
burn edge and interior, but there was not enough of a difference in 
burn severity to significantly change resprouting morphology or the 
growth	rates	(if	burn	severity	affects	growth	rates).	Since	creosote	
growth	is	often	water	and	nitrogen	limited	(Sharifi	et	al.,	1988),	the	
similar increased growth rates indicate that burn edges and the burn 
interior possibly had similar increases in water and/or nutrient ad‐
ditions to the shrubs whether through root reserves, total amount 
available, or through reduced competition.

5  | CONCLUSION

In our study system, shrubs that resprouted after fire were able to 
do so vigorously. Fires have been shown to dramatically decrease 
the abundances of certain desert shrub species (Abella, 2009). 
This has led to concerns about increasing fire size and frequency 
in deserts due to shifts in invasive plant dominance. These fires 
could potentially lead to invasive grass‐fire cycles that result in 
a loss of ecosystem services and loss of biodiversity (Dantonio & 
Vitousek, 1992). However, our study indicates that fire can also 
provide opportunities for more rapid shrub growth and reproduc‐
tion. The surviving shrubs, although fewer than prefire, could fa‐
cilitate the re‐establishment of native plants after fire, stabilize 
the soil, and provide wildlife habitat (Bradley, Houghton, Mustard, 
&	Hamburg,	2006;	Esque,	Schwalbe,	Defalco,	Duncan,	&	Hughes,	
2003;	 Horn,	 McMillan,	 &	 St.	 Clair,	 2012;	 Schafer	 et	 al.,	 2012;	
Soulard,	Esque,	Bedford,	&	Bond,	2013).	While	these	increases	in	
growth rates and reproduction occur after one fire, Brooks (2012) 
has shown that repeat fires further decrease abundance and diver‐
sity of native plants. The shrubs we studied were able to survive 
and resprout after one fire, but consecutive fires may limit re‐es‐
tablishment success. If this happens any of the discussed benefits 
of these shrubs could be lost. More research is needed to know 
what the effect of repeat fires is on growth rates and reproduction 
of these shrubs.

ACKNOWLEDG MENTS

We would like to thank Andrew Lybbert and Kevin Horn for their 
help with study design and Joshua Day for his help with data col‐
lection. We are grateful for Randy Larsen and his advice with the 
statistical	analysis	and	Scott	Abella	and	an	anonymous	reviewer	for	
feedback that improved the writing of the manuscript.

CONFLIC T OF INTERE S T

None declared.

AUTHOR CONTRIBUTIONS

R. L. M. is co‐primary author and processed and analyzed samples, 
analyzed and interpreted the data, created figures, and wrote and 
edited the article. T. B. B. is also co‐primary author and helped in 
project design, collected data, analyzed the data, and edited the ar‐
ticle.	M.	F.	B.	and	S.	G.	K.	analyzed	samples,	advised	in	data	analysis,	
and edited the article. L. A. interpreted the data and edited the arti‐
cle.	S.	B.	S.	designed	the	project,	collected	data,	interpreted	the	data,	
and wrote and edited the article.

DATA AVAIL ABILIT Y S TATEMENT

Dataset for individual shrubs and transects available at Dryad Digital 
Repository:	https	://doi.org/10.5061/dryad.t041bf0.

https://doi.org/10.5061/dryad.t041bf0


12904  |     LEE MOLINARI Et AL.

ORCID

Rebecca Lee Molinari  https://orcid.org/0000‐0002‐1781‐9421 

Tara B. B. Bishop  https://orcid.org/0000‐0001‐7828‐1541 

Matthew F. Bekker  https://orcid.org/0000‐0001‐6662‐3225 

Samuel B. St. Clair  https://orcid.org/0000‐0001‐6612‐0329 

R E FE R E N C E S

Abella,	S.	R.	(2009).	Post‐fire	plant	recovery	in	the	Mojave	and	Sonoran	
Deserts of western North America. Journal of Arid Environments, 73, 
699–707.

Abella,	S.	R.,	Engel,	E.	C.,	Lund,	C.	L.,	&	Spencer,	J.	E.	(2009).	Early	post‐
fire plant establishment on a Mojave Desert burn. Madroño, 56, 
137–148.

Allen,	E.	B.,	Steers,	R.	J.,	&	Dickens,	S.	J.	(2011).	Impacts	of	fire	and	inva‐
sive species on desert soil ecology. Rangeland Ecology & Management, 
64,	450–462.

Bainbridge,	D.	A.,	&	Virginia,	 R.	A.	 (1990).	 Restoration	 in	 the	 Sonoran	
Desert of California. Ecological Restoration, 8, 3–13.

Beatley, J. C. (1974). Effects of rainfall and temperature on the distri‐
bution and behavior of Larrea tridentata (creosote‐bush) in the 
Mojave Desert of Nevada. Ecology, 55,	 245–261.	 https	://doi.
org/10.2307/1935214

Bond, W. J., & Midgley, J. J. (2001). Ecology of sprouting in woody plants: 
The persistence niche. Trends in Ecology & Evolution, 16, 45–51.

Bowen,	 B.	 J.,	 &	 Pate,	 J.	 S.	 (1993).	 The	 significance	 of	 root	 starch	 in	
post‐fire shoot recovery of the resprouter Stirlingia latifolia R. Br. 
(Proteaceae). Annals of Botany, 72,	7–16.

Bowman, D., Balch, J., Artaxo, P., Bond, W. J., Cochrane, M. A., D'Antonio, 
C.	M.,	…	Swetnam,	T.	W.	(2011).	The	human	dimension	of	fire	regimes	
on Earth. Journal of Biogeography, 38,	2223–2236.

Boyd,	R.	S.,	&	Brum,	G.	D.	(1983).	Postdispersal	reproductive	biology	of	a	
Mojave Desert population of Larrea tridentata (Zygophyllaceae). The 
American Midland Naturalist, 110,	25–36.

Bradley,	 B.	 A.,	 Houghton,	 R.,	Mustard,	 J.	 F.,	 &	Hamburg,	 S.	 P.	 (2006).	
Invasive grass reduces aboveground carbon stocks in shrublands of 
the	Western	US.	Global Change Biology, 12, 1815–1822.

Breen, A. N., & Richards, J. H. (2008). Irrigation and fertilization effects 
on seed number, size, germination and seedling growth: Implications 
for desert shrub establishment. Oecologia, 157, 13–19. https ://doi.
org/10.1007/s00442‐008‐1049‐3

Brisson, J., & Reynolds, J. F. (1994). The effect of neighbors on root dis‐
tribution in a creosotebush (Larrea tridentata) population. Ecology, 75, 
1693–1702.

Brooks, M. L. (1999). Alien annual grasses and fire in the Mojave Desert. 
Madroño, 46, 13–19.

Brooks, M. L. (2000). Competition between alien annual grasses and 
native annual plants in the Mojave Desert. The American Midland 
Naturalist, 144, 92–109.

Brooks, M. L. (2012). Effects of high fire frequency in creosote bush 
scrub vegetation of the Mojave Desert. International Journal of 
Wildland Fire, 21,	61–68.

Brooks, M. L., D'Antonio, C. M., Richardson, D. M., Grace, J. B., Keeley, J. 
E., Ditomaso, J. M., … Pyke, D. (2004). Effects of invasive alien plants 
on fire regimes. BioScience, 54,	677–688.

Brooks,	M.	 L.,	&	Matchett,	 J.	R.	 (2006).	 Spatial	 and	 temporal	 patterns	
of wildfires in the Mojave Desert, 1980–2004. Journal of Arid 
Environments, 67,	148–164.

Brooks,	 M.	 L.,	 Minnich,	 R.	 A.,	 &	 Matchett	 J.	 R.	 (2018).	 Southeastern	
deserts	 bioregion.	 In	 J.	W.	 van	Wagtendonk,	N.	G.	 Sugihara,	 S.	 L.	
Stephens,	A.	E.	Thode,	K.	E.	Shaffer,	&	J.	Fites‐Kaufman	(Eds.),	Fire 

in California's ecosystems,	(pp.	353–378).	Oakland,	CA:	University	of	
California Press.

Brown,	D.	E.,	&	Minnich,	R.	A.	(1986).	Fire	and	changes	in	creosote	bush	
scrub	of	the	Western	Sonoran	Desert,	California.	American Midland 
Naturalist, 116, 411–422.

Chew,	R.	M.,	&	Chew,	A.	E.	 (1965).	The	primary	productivity	of	a	des‐
ert‐shrub (Larrea tridentata) community. Ecological Monographs, 35, 
355–375.

Condon,	L.	A.,	&	Weisberg,	P.	J.	(2016).	Topographic	context	of	the	burn	
edge influences postfire recruitment of arid land shrubs. Rangeland 
Ecology & Management, 69, 129–133.

Cunningham,	G.,	Syvertsen,	 J.,	Reynolds,	 J.,	&	Willson,	 J.	 (1979).	Some	
effects of soil‐moisture availability on above‐ground production and 
reproductive allocation in Larrea tridentata (DC) Cov. Oecologia, 40, 
113–123.

Dalton,	P.	D.	 (1961).	Ecology of the creosotebush Larrea tridentata (DC.) 
Cov.	Tucson,	AZ:	The	University	of	Arizona.	https	://repos	itory.arizo	
na.edu/bitst	ream/handl	e/10150/	29017	0/azu_td_62000	21_sip1_m.
pdf?seque nce=1

Dantonio, C. M., & Vitousek, P. M. (1992). Biological invasions by exotic 
grasses, the grass fire cycle, and global change. Annual Review of 
Ecology and Systematics, 23,	63–87.

Ehleringer, J. R. (1984). Intraspecific competitive effects on water re‐
lations, growth and reproduction in Encelia farinosa. Oecologia, 63, 
153–158.

Engel,	E.	C.,	&	Abella,	S.	R.	(2011).	Vegetation	recovery	in	a	desert	land‐
scape after wildfires: Influences of community type, time since fire 
and contingency effects. Journal of Applied Ecology, 48, 1401–1410.

Esque,	T.	C.,	Kaye,	J.	P.,	Eckert,	S.	E.,	Defalco,	L.	A.,	&	Tracy,	C.	R.	(2010).	
Short‐term	 soil	 inorganic	N	pulse	 after	 experimental	 fire	 alters	 in‐
vasive and native annual plant production in a Mojave Desert 
shrubland. Oecologia, 164,	 253–263.	 https	://doi.org/10.1007/
s00442‐010‐1617‐1

Esque,	T.	C.,	Schwalbe,	C.	R.,	Defalco,	L.	A.,	Duncan,	R.	B.,	&	Hughes,	
T. J. (2003). Effects of desert wildfires on desert tortoise (Gopherus 
agassizii) and other small vertebrates. The Southwestern Naturalist, 
48, 103–112.

Esque,	 T.	C.,	 Young,	 J.	A.,	&	Tracy,	C.	R.	 (2010).	 Short‐term	effects	 of	
experimental fires on a Mojave Desert seed bank. Journal of Arid 
Environments, 74, 1302–1308.

Fisher, F., Zak, J., Cunningham, G., & Whitford, W. (1988). Water and nitro‐
gen effects on growth and allocation patterns of creosotebush in the 
northern Chihuahuan Desert. Journal of Range Management, 387–391.

Flannigan, M. D., Krawchuk, M. A., de Groot, W. J., Wotton, B. M., & 
Gowman, L. M. (2009). Implications of changing climate for global 
wildland fire. International Journal of Wildland Fire, 18, 483–507.

Fox,	 J.,	Weisberg,	 S.,	Adler,	D.,	Bates,	D.,	Baud‐Bovy,	G.,	 Ellison,	 S.,	…	
Graves,	 S.	 (2012).	 Package ‘car’. Vienna, Austria: R Foundation for 
Statistical	Computing.

Franco,	A.,	de	Soyza,	A.,	Virginia,	R.,	Reynolds,	J.,	&	Whitford,	W.	(1994).	
Effects of plant size and water relations on gas exchange and growth 
of the desert shrub Larrea tridentata. Oecologia, 97, 171–178.

Fuentes‐Ramirez,	A.,	Schafer,	J.	L.,	Mudrak,	E.	L.,	Schat,	M.,	Parag,	H.	A.,	
Holzapfel,	C.,	&	Moloney,	K.	A.	 (2015).	Spatio‐temporal	 impacts	of	
fire on soil nutrient availability in Larrea tridentata shrublands of the 
Mojave	Desert,	USA.	Geoderma, 259,	126–133.

Garcia‐Moya, E., & McKell, C. M. (1970). Contribution of shrubs to the 
nitrogen economy of a desert‐wash plant community. Ecology, 51, 
81–88.

Gibson,	A.	C.,	Sharifi,	M.	R.,	&	Rundel,	P.	W.	(2004).	Resprout	character‐
istics of creosote bush (Larrea tridentata) when subjected to repeated 
vehicle damage. Journal of Arid Environments, 57, 411–429.

Holzapfel, C., & Mahall, B. E. (1999). Bidirectional facilitation and inter‐
ference between shrubs and annuals in the Mojave Desert. Ecology, 
80,	1747–1761.

https://orcid.org/0000-0002-1781-9421
https://orcid.org/0000-0002-1781-9421
https://orcid.org/0000-0001-7828-1541
https://orcid.org/0000-0001-7828-1541
https://orcid.org/0000-0001-6662-3225
https://orcid.org/0000-0001-6662-3225
https://orcid.org/0000-0001-6612-0329
https://orcid.org/0000-0001-6612-0329
https://doi.org/10.2307/1935214
https://doi.org/10.2307/1935214
https://doi.org/10.1007/s00442-008-1049-3
https://doi.org/10.1007/s00442-008-1049-3
https://repository.arizona.edu/bitstream/handle/10150/290170/azu_td_6200021_sip1_m.pdf?sequence=1
https://repository.arizona.edu/bitstream/handle/10150/290170/azu_td_6200021_sip1_m.pdf?sequence=1
https://repository.arizona.edu/bitstream/handle/10150/290170/azu_td_6200021_sip1_m.pdf?sequence=1
https://doi.org/10.1007/s00442-010-1617-1
https://doi.org/10.1007/s00442-010-1617-1


     |  12905LEE MOLINARI Et AL.

Horn,	K.,	McMillan,	B.,	&	St.	Clair,	S.	S.	(2012).	Expansive	fire	in	Mojave	
Desert shrubland reduces abundance and species diversity of small 
mammals. Journal of Arid Environments, 77, 54–58.

Horn,	 K.	 J.,	 Wilkinson,	 J.,	 White,	 S.,	 &	 St.	 Clair,	 S.	 B.	 (2015).	 Desert	
wildfire impacts on plant community function. Plant Ecology, 216, 
1623–1634.

Kabeya,	D.,	&	Sakai,	S.	(2005).	The	relative	importance	of	carbohydrate	
and nitrogen for the resprouting ability of Quercus crispula seedlings. 
Annals of Botany, 96, 479–488.

Kitchen,	S.	G.,	Meyer,	S.	E.,	&	Carlson,	S.	L.	(2015).	Mechanisms	for	main‐
tenance of dominance in a nonclonal desert shrub. Ecosphere, 6, 15.

Klemmedson,	J.,	&	Tiedemann,	A.	(1986).	Long‐term	effects	of	mesquite	
removal on soil characteristics: II. Nutrient availability 1. Soil Science 
Society of America Journal, 50,	476–480.

Lamont, B. B., Enright, N. J., & He, T. (2011). Fitness and evolution of 
resprouters in relation to fire. Plant Ecology, 212, 1945–1957.

Li, H., & Zhang, Z. (2007). Effects of mast seeding and rodent abundance 
on seed predation and dispersal by rodents in Prunus armeniaca 
(Rosaceae). Forest Ecology and Management, 242, 511–517.

Lybbert,	 A.	 H.,	 Taylor,	 J.,	 Defranco,	 A.,	 &	 St.	 Clair,	 S.	 B.	 (2017).	
Reproductive success of wind, generalist, and specialist pollinated 
plant species following wildfire in desert landscapes. International 
Journal of Wildland Fire, 26, 1030–1039.

Maddox,	J.	C.,	&	Carlquist,	S.	(1985).	Wind	dispersal	in	Californian	desert	
plants: Experimental studies and conceptual considerations. Aliso: A 
Journal of Systematic and Evolutionary Botany, 11,	77–96.

Mahall,	B.	E.,	Fonteyn,	P.	J.,	Callaway,	R.	M.,	&	Schlesinger,	W.	H.	(2018).	
A 37‐year experimental study of the effects of structural alterations 
on a shrub community in the Mojave Desert, California. Journal of 
Ecology, 106, 1057–1072.

McAuliffe, J. R., Hamerlynck, E. P., & Eppes, M. C. (2007). Landscape 
dynamics fostering the development and persistence of long‐lived 
creosotebush (Larrea tridentata) clones in the Mojave Desert. Journal 
of Arid Environments, 69,	96–126.

McCarron, J. K., & Knapp, A. K. (2003). C3 shrub expansion in a C4 grass‐
land: Positive post‐fire responses in resources and shoot growth. 
American Journal of Botany, 90,	1496–1501.

Monitoring	Trends	in	Burn	Severity	Program.	(2017).	MTBS Data Access, 
Fire Level Geospatial Data, MTBS Project (USDA Forest Service/U.S. 
Geological Survey). http://mtbs.gov/direct‐download. Accessed June 
1, 2018. 

Monty,	A.,	Brown,	C.	S.,	&	Johnston,	D.	B.	(2013).	Fire	promotes	downy	
brome (Bromus tectorum L.) seed dispersal. Biological Invasions, 15, 
1113–1123.

Moreno, J., & Oechel, W. (1991). Fire intensity and herbivory effects 
on postfire resprouting of Adenostoma fasciculatum in southern 
California chaparral. Oecologia, 85, 429–433.

Moritz, M. A., Batllori, E., Bradstock, R. A., Gill, A. M., Handmer, J., 
Hessburg,	P.	F.,	…	Schoennagel,	T.	 (2014).	Learning	 to	coexist	with	
wildfire. Nature, 515, 58.

Neke,	K.	S.,	Owen‐Smith,	N.,	&	Witkowski,	E.	T.	(2006).	Comparative	re‐
sprouting	 response	of	Savanna	woody	plant	 species	 following	har‐
vesting: The value of persistence. Forest Ecology and Management, 
232, 114–123.

Oechel,	W.	C.,	&	Hastings,	S.	J.	(1983).	The	effects	of	fire	on	photosyn‐
thesis	 in	chaparral	 resprouts.	 In	F.	 J.	Kruger,	D.	T.	Mitchell,	&	 J.	U.	
M. Jarvis (Eds.), Mediterranean‐type ecosystems (pp. 274–285). Berlin, 
Germany:	Springer.

Parmenter, R. R. (2008). Long‐term effects of a summer fire on desert 
grassland plant demographics in New Mexico. Rangeland Ecology & 
Management, 61,	156–168.

Pinheiro,	J.,	Bates,	D.,	Debroy,	S.,	Sarkar,	D.,	&	R	Core	Team.	(2017).	nlme: 
Linear and nonlinear mixed effects models. R package version 3.1‐131. 
Computer software. Retrieved from https ://CRAN.R‐proje ct.org/
packa ge=nlme

R Core Team. (2018). R: A language and environment for statistical comput‐
ing. 3.5.0 ed.	Vienna,	Austria:	R	Foundation	for	Statistical	Computing.

Radosevich,	 S.,	 &	 Conard,	 S.	 (1980).	 Physiological	 control	 of	 chamise	
shoot growth after fire. American Journal of Botany, 67, 1442–1447.

Rostagno, C., del Valle, H., & Videla, L. (1991). The influence of shrubs on 
some chemical and physical properties of an aridic soil in north‐east‐
ern Patagonia, Argentina. Journal of Arid Environments, 20, 179–188.

Schafer,	J.	L.,	Mudrak,	E.	L.,	Haines,	C.	E.,	Parag,	H.	A.,	Moloney,	M.	A.,	
& Holzapfel, C. (2012). The association of native and non‐native an‐
nual plants with Larrea tridentata (creosote bush) in the Mojave and 
Sonoran	Deserts.	Journal of Arid Environments, 87, 129–135.

Sharifi,	M.,	Meinzer,	F.,	Nilsen,	E.,	Rundel,	P.,	Virginia,	R.,	 Jarrell,	W.,	…	
Clark, P. (1988). Effect of manipulation of water and nitrogen supplies 
on the quantitative phenology of Larrea tridentata (creosote bush) 
in	the	Sonoran	Desert	of	California.	American Journal of Botany, 75, 
1163–1174.

Snyman,	H.	 (2003).	Short‐term	response	of	rangeland	following	an	un‐
planned fire in terms of soil characteristics in a semi‐arid climate of 
South	Africa.	Journal of Arid Environments, 55,	160–180.

Soulard,	C.	E.,	Esque,	T.	C.,	Bedford,	D.	R.,	&	Bond,	S.	 (2013).	The	role	
of fire on soil mounds and surface roughness in the Mojave Desert. 
Earth Surface Processes and Landforms, 38, 111–121.

Steers,	R.	J.,	&	Allen,	E.	B.	(2011).	Fire	effects	on	perennial	vegetation	in	
the	western	Colorado	Desert,	USA.	Fire Ecology, 7, 59–74.

Titus,	J.	H.,	Nowak,	R.	S.,	&	Smith,	S.	D.	(2002).	Soil	resource	heterogene‐
ity in the Mojave Desert. Journal of Arid Environments, 52,	269–292.

Valor,	 T.,	 Casals,	 P.,	 Altieri,	 S.,	 González‐Olabarria,	 J.	 R.,	 Piqué,	 M.,	 &	
Battipaglia, G. (2018). Disentangling the effects of crown scorch and 
competition release on the physiological and growth response of 
Pinus halepensis Mill. using δ 13 C and δ 18 O isotopes. Forest Ecology 
and Management, 424,	276–287.

Vander	Wall,	S.	B.	 (2002).	Masting	in	animal‐dispersed	pines	facilitates	
seed dispersal. Ecology, 83,	3508–3516.

Vasek, F. C. (1980). Creosote bush: Long‐lived clones in the Mojave 
Desert. American Journal of Botany, 67,	246–255.

Walker,	L.	R.,	Vrooman,	S.	S.,	&	Thompson,	D.	B.	(2015).	Rodent	mounds	
facilitate shrubs and shrubs inhibit seedlings in the Mojave Desert, 
USA.	Journal of Arid Environments, 113, 95–101.

Western	Regional	Climate	Center.	Lytle	Ranch,	Utah:	NCDC	1981–2010	
Monthly Normals [Online]. Retrieved from https ://wrcc.dri.edu/cgi‐
bin/cliMA	IN.pl?ut5252.	Accessed	September	3,	2019.

White,	L.	D.	(1968).	Factors affecting susceptibility of Creosotebush (Larrea 
tridentata (D.C.) Cov.) to burning.	6803589	Ph.D.,	The	University	of	
Arizona.

Whitman,	E.,	Parisien,	M.	A.,	Thompson,	D.	K.,	Hall,	R.	J.,	Skakun,	R.	S.,	&	
Flannigan, M. D. (2018). Variability and drivers of burn severity in the 
northwestern Canadian boreal forest. Ecosphere, 9, e02128.

Willson, M. F., & Price, P. W. (1980). Resource limitation of fruit and seed 
production in some Asclepias species. Canadian Journal of Botany, 58, 
2229–2233.

Yeaton,	R.	I.	(1978).	A	cyclical	relationship	between	Larrea tridentata and 
Opuntia leptocaulis in the northern Chihuahuan Desert. The Journal 
of Ecology,	651–656.

Zuur,	A.	F.,	Ieno,	E.	N.,	&	Elphick,	C.	S.	(2010).	A	protocol	for	data	explo‐
ration to avoid common statistical problems. Methods in Ecology and 
Evolution, 1, 3–14.

How to cite this article: Lee Molinari R, Bishop TBB, Bekker 
MF,	Kitchen	SG,	Allphin	L,	St.	Clair	SB.	Creosote	growth	rate	
and reproduction increase in postfire environments. Ecol Evol. 
2019;9:12897–12905. https ://doi.org/10.1002/ece3.5771

http://mtbs.gov/direct-download
https://CRAN.R-project.org/package=nlme
https://CRAN.R-project.org/package=nlme
https://wrcc.dri.edu/cgi-bin/cliMAIN.pl?ut5252
https://wrcc.dri.edu/cgi-bin/cliMAIN.pl?ut5252
https://doi.org/10.1002/ece3.5771

