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ABSTRACT 

Although mulching is one of the most common post-fire treatments to reduce soil erosion potential, 

little is known about the long-term effects (over 10 years) on vegetation response.  We measured 

understory plant species diversity and abundance, tree seedling density by species, as well as a 

remotely-sensed change detection algorithm called LandTrendr, to assess differences measured on 

mulched and unmulched paired plots on six large forest fires.  On mulched plots, tree seedlings grew 

taller faster, especially on north-facing aspects, and there was 2% more graminoid cover in the 

vegetation component.  While mulch did not affect density in tree seedling density ponderosa pine was 

favored on north-facing slopes, while Douglas-fir had higher tree seedling density on south-facing 

slopes.  There are many concerns about using straw mulch, our study suggests the long-term effects 

are subtle and do not suggest a change in vegetation trajectories. 
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Abstract 

As high severity fires continue to increase so does the need to mitigate post-fire effects on downstream 

values at risk.  Although mulching is one of the most common post-fire treatments to reduce soil 

erosion potential, little is known about the long-term effects (over 10 years) on vegetation response.  

We assessed the differences in plant understory diversity abundance, fractional cover, tree seedling 

density, and tree seedling height growth between mulched and unmulched areas on six large forest 

fires. We chose six fires in the Interior West, spanning two forest types that were mulched between 

nine and 13 years ago.  We measured understory plant species diversity and abundance, tree seedling 

density by species, as well as a remotely-sensed change detection algorithm called LandTrendr, to 

assess differences measured on mulched and unmulched paired plots on six large forest fires.  Mulch 

did not influence understory plant diversity, species richness, or fractional cover.  On mulched plots, 

tree seedlings grew taller faster, especially on north-facing aspects, and there was 2% more graminoid 

cover in the vegetation component.  While mulch did not affect density in tree seedling density 

ponderosa pine was favored on north-facing slopes, while Douglas-fir had higher tree seedling density 

on south-facing slopes.  Ponderosa pine was favored on north-facing slopes, while Douglas-fir had 

higher density on south-facing slopes. Our study helps to understand long-term vegetation recovery 

after a severe wildfire, especially how altering immediate post-fire conditions can have lasting effects 

across the landscape.  Managers will be able to weigh the long term implications of mulching against 

the short-term reductions in soil erosion potential.  While there are many concerns about vegetation 

suppression and exotic species introduction from using straw mulch, our study suggests the long-term 

effects are relatively subtle and do not suggest a change in vegetation trajectories in the first ten years 

post-fire. 

 

Keywords: BAER, LandTrendr, mulch, post-fire recovery 
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1. Introduction 

Although mulching is one of the most common post-fire treatments to reduce soil erosion potential, 

little is known about the long-term effects (over 10 years) on vegetation response.  Large wildfires 

have been increasing in both size and frequency in recent decades (Dennison et al. 2014, Westerling et 

al. 2006, Westerling 2016).  Mulching and other post-fire rehabilitation techniques are often used to 

stabilize soil, protect values, and promote vegetation recovery in areas burned with high severity by 

providing immediate ground cover (Robichaud and Ashmun 2013, Bautista et al. 2009, Beyers 2004).  

By providing a physical barrier, mulching increases soil moisture, decreases soil temperature, and 

alters nutrient availability (Berryman et al. 2014).  These factors may influence on recovery of plant 

communities (Morgan et al. 2014, Facelli and Picket 1991). Mulch has both positive and negative 

effects on plant species diversity, total cover, and tree regeneration (Dodson and Peterson 2010). 

These vegetation differences in the first few years after a disturbance could have lasting effects on an 

ecosystem (Morgan et al. 2014, 2015).  Even though mulching is one of the most common post-fire 

treatment methods, we know little about the long-term effects (over 10 years) on vegetation 

trajectories (Morgan et al. 2014). 

 

Agricultural straw mulch is used post-fire to reduce soil erosion potential on steep slopes where values 

are at risk. After a wildfire, the loss of vegetation biomass can greatly reduce the stability of soil 

(Robichaud 2005, Wagenbrenner et al. 2006).  In addition, high severity fires also affect soil 

properties which in turn can affect the potential for soil erosion, loss of nutrients, and water repellency 

(Neary et al. 1999).  Mulch greatly decreases soil movement (Wagenbrenner et al. 2006) by providing 

an organic, physical barrier to the topsoil until vegetation can establish in abundance (Dodson and 

Peterson 2010, Robichaud et al. 2013).  Mulching is one of the most effective emergency stabilization 

techniques to use post-fire (Robichaud et al. 2000, Bautista et al. 2009).  It has repeatedly been shown 

to stabilize soil, reduce sediment flow, prevent loss of soil productivity, and reduce risk of flooding 

(Bautista et al. 1996, Dean 2001, Robichaud et al. 2000, Williams et al. 2014).  Due to expense, 

mulching is used as a very targeted and strategic treatment of areas of high soil erosion potential and 

risk of loss of downstream values (Bautista et al. 2009, Williams et al. 2014). 

 

Mulch alters local habitats, sometimes enough that some plant species may not be able to establish 

after a fire. Some species such as ponderosa pine (Pinus ponderosa) require bare soil to germinate 

(Curtis et al. 1965). The physical barrier caused by mulching forces plants to expend extra energy to 

push through, and prevents new seeds from hitting bare ground (Facelli and Prickett 1991).  Mulching 

also lowers soil temperature by blocking solar radiation, and acts as an insulator at night to prevent 
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freezing (Facelli and Prickett 1991).  This may result in a longer growing season for mulched areas 

compared to unmulched areas (Facelli and Prickett 1991).  The lowered temperature and reduced solar 

radiation mulch provides also reduces evaporation which increases soil moisture (Mulumba and Lal 

2008).  These effects combine to increase available nitrogen available for developing plants, and 

microbial activity (Berryman et al. 2014). 

 

Many short-term studies of vegetation response to post-fire mulching have been done, with mixed 

results.  In examining only mulched sites on the 2005 Tripod Fire (Washington), Dodson and Peterson 

(2010) found plant cover, species richness, and tree seedling density were all positively associated 

with cover of straw mulch in a dry-mixed conifer forest.  However, when mulch reached over 70% 

cover, it began to have a negative effect on vegetation (Dodson and Peterson 2010).  In the ponderosa 

pine forests burned in the 2000 Bobcat Fire in Colorado, Wagenbrenner et al. (2006) found reduced 

sediment movement, increased ground  cover by the mulch, and more vegetation cover on mulched 

compared to unmulched plots.  Conversely, others have found that mulching can inhibit plant 

establishment and introduce non-native species (Beyers 2004, Kruse et al. 2004, Robichaud 2005).  

Kruse et al. (2004) found that two years post-fire, mulched areas had a higher occurrence of non-

native species, less overall vegetation cover, and reduced conifer tree seedling density when compared 

to similar unmulched areas.  If these differences persist, mulching very well could be a tradeoff 

between short-term reduction of soil erosion potential and altered vegetation recovery for many years 

post-fire. 

 

Initial vegetation response can have lasting influences on vegetation trajectories.  The first species to 

colonize post-fire will often persist far into the future (10 years, Abella and Fornwalt 2015; 29 years, 

Engel and Abella 2011).  Areas burned with high severity, which make up a majority of all wildfire 

area mulched, have reduced ecosystem resistance to fire and reduced resiliency, a diminished ability to 

return to the pre-fire state (Abella and Fornwalt 2014).  Of particular concern is that high severity 

wildfire could be causing large areas to be converted from forest to shrub or grass communities 

(Savage and Mast 2005, Johnstone et al. 2016).  By altering the physical characteristics of a site’s 

microclimate, it is possible that mulching could change which species will be able to colonize first and 

persist. 

 

LandTrendr (Landsat-based Detection of Trends in Disturbance and Recovery) offers a useful way to 

compare vegetation trajectories over time and space.  Kennedy et al. (2010) developed this algorithm 

to analyze a time series of Landsat images on an annual, pixel-by-pixel basis. The algorithm is 
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sensitive enough to capture short-term disturbance, while reducing intra-annual variance to clarify 

trends over the long-term record (Kennedy et al. 2010). This method has been previously used to 

estimate live versus dead basal area in forests with bark beetle-induced tree mortality (Bright et al. 

2014), monitor multiple forest disturbances when combined with Forest Inventory and Analysis plots 

(Schroeder et al. 2012), estimate CO2 flux (Smithwick et al. 2013), as well as other applications. Thus 

far, LandTrendr has not been applied to chart the vegetation trajectories on individual fires, or to 

compare vegetation trajectories in contrasting conditions across the landscape, yet it has strong 

potential to the degree to which initial conditions alter vegetation trajectories and if early differences 

persist 10 or more years. 

 

Research on ecological effects of mulching have not kept up with its prevalent use as a post-fire 

treatment.  Studies conducted on vegetation response from mulching have been short-term (usually 

less than three years), on single fires, and have yielded mixed results (Dodson and Peterson 2010, 

Morgan et al. 2015). This study will help us to understand vegetation recovery trajectories, including 

if, where and how altering immediate post-fire conditions by mulching results in different vegetation 

composition and plant species diversity across the landscape.  This is part of a larger study to better 

understand vegetation trajectories after fire across the western United States by combining field data 

with vegetation trajectories inferred using LandTrendr (Hudak et al. 2014).  Together with the larger 

project, we offer a unique perspective as we combine long-term (~10 years) data from multiple fires in 

multiple forest types with remotely-sensed data across the interior western United States.  Managers 

will be able to assess the long-term implications of mulching and better weigh potential impacts on 

post-fire vegetation against the benefits of reducing soil erosion potential. 

 

1.1 Research objectives 

We assessed the differences in understory vegetation and tree seedling differences between mulched 

and unmulched areas on multiple large fires sampled in the field, and for annual vegetation trajectories 

interpreted from satellite imagery.  Specifically, our hypotheses were: 

1) Understory plant species richness and diversity was higher on mulched sites, 

2) Tree seedling density was lower on mulched sites, but tree seedling height growth per year is 

higher, and 

3) Mulching increases the rate of long-term vegetation recovery, as inferred using LandTrendr. 
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2. Methods 

 

2.1 Study Areas 

We focused on older (nine or more years) wildfires in the Interior Western United States where a 

minimum of 40 hectares of straw mulch was aerially applied in steep areas burned with high severity 

(Figure 1).  In order to stratify across forest types, fires were chosen from two dry forest types 

(ponderosa pine-dominated and dry mixed conifer), as described by LANDFIRE existing vegetation 

type (LANDFIRE 2008), in which mulching treatments are often applied (Table 1).  We used the 

Burned Area Emergency Response (BAER) database to select fires where mulch had been applied 

nine to 13 years prior (Robichaud 2017). Information on post-fire actions that have been 

recommended, requested, and completed by BAER teams are all contained in the BAER database. We 

then confirmed the location of treated areas with local forest managers.  We used Monitoring Trends 

in Burn Severity (MTBS) maps for areas burned with high severity (MTBS 2016).  MTBS analysts 

use the differenced normalized burn ratio (dNBR) and expert opinion to define burned areas into three 

severity classes: low, moderate, and high severity.  NBR is a remotely-sensed vegetation index that is 

sensitive to vegetation and soil reflectance within a given pixel, (Landsat bands 4 - band 7) / (band4 + 

band 7) (Key and Benson 2005).  On the ground, areas burned with high severity usually correspond 

to greater than 70% basal area removed (Agee 1993); those areas burned with high soil burn severity 

also have loss of ground cover, surface discoloration due to ash or oxidation, loss of soil structure, 

consumption of fine roots, and possible formation of water repellent layer (Parson et al. 2010). 

 

2.2 Plot setup 

We collected data from five fires in the summer of 2015, and from the Cascade Fire in summer 2016 

(Table 1).  We sampled 58 plots (29 plot pairs).  To ensure that plot pairs represented a range of 

conditions on each fire, four strata, including elevation (high and low) and transformed aspect (high 

and low), were sampled.  Not all four strata were sampled on all fires. Number of plots within each 

fire varied by number and size of mulch units and accessibility by road (Table 1).   

 

Plot centers were randomly located within the strata.  To avoid edge effects, mulched and unmulched 

plots were located at least 60 m from a patch boundary.  Patch boundaries included edge of strata class 

borders, as well as roads and trails.  Additionally, plots were usually within 0.5 km from roads for ease 

of access and time constraints. 

 



  6 

        

Within each plot there were five subplots (Figure 2).  The arrangement of the plot was similar to that 

described by Morgan et al. (2015).  One subplot was placed at the center of each plot, with four other 

subplots located 30 m away (Figure 2). The first peripheral subplot was placed directly upslope with 

the others at azimuths of 90, 180, and 270 degrees from upslope. 

 

2.3 Understory plant measurements 

At each subplot, we measured ocular fractional cover and percent canopy cover by species within a 1-

m2 quadrat.  The categories for fractional cover were green vegetation, non-photosynthetic vegetation 

(NPV), soil, and rock.  NPV includes woody debris and other dead plant material.  Cover components 

were recorded as a percentage of area occupied as viewed from above, therefore fractional cover for 

these classes in each subplot added up to 100%. Also, we estimated the percent canopy cover of every 

plant by species. For many subplots, the sum of percent canopy cover by all species exceeded 100%, 

as there was often multiple layers of vegetation.  Plant species not identified in the field were given a 

unique unknown code, collected, and later identified with help of the experts at the University of Idaho 

Stillinger Herbarium. 

 

2.4 Tree seedling measurements 

Tree seedling density by species was measured within a 5.6-m radius circle from the center of the 

subplot (Figure 2).  This circle was divided into quarters.  Tree seedling counts started in a randomly 

selected quarter and continued in additional whole quarters until six of the most dominant species had 

been measured. To avoid measuring tree seedlings from the same clump, especially in areas of high 

density, measurements were spread throughout the quarter(s) being measured and counted.  Total 

height and distance between terminal bud scars (the resulting scar after terminal bud scales fall off) 

were measured to estimate yearly height growth (Urza and Silbold 2013).  Seedlings without nodes 

(i.e., less than one year old) were not counted.  Every seedling older than one year within the measured 

quarter(s) was counted; counts were converted to density for a given subplot using the recorded area 

sampled on one or more quarters.  Tree seedling counts were then converted to stems/hectare (ha). 

 

2.5 Analyses 

Measured variables were averaged for the five subplots in each plot. All statistical analyses were done 

in R version 3.3.1 (R Core Team 2016).  The same fixed terms were used for all MANOVA and linear 

mixed models: differenced normalized burn ratio, elevation, transformed aspect, treatment, and fire.  

Differenced normalized burn ratio (dNBR) is the change in the normalized burn ratio caused by a fire.  

Transformed aspect (trasp) is a cosine transformation of aspect from degrees to a continuous variable, 
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where 0 represents 30 degrees north-northeast-facing (NNE) and 1 is 210 degrees, a south-southwest-

facing (SSW) aspect. Thus, plots with low trasp are typically cooler and wetter, and those with high 

trasp are hotter and drier.  Treatment is a binary factor, mulched or unmulched.  The ‘Fire’ variable is 

a factor that encompasses a wide variety of climatic and soil variables that seedlings and understory 

plants of a particular fire would share but are understandably different across all fires.  The random 

effect, or grouping variable, was ‘Pair’.  This allowed for comparing mulched and unmulched plots in 

a pair across multiple environmental conditions in a way that allowed us to focus on the differences 

caused by mulch.  In our mixed modeling framework, predictor variables would have been removed if 

the pairwise correlation coefficient of 0.7 or higher (Dormann et al. 2012). 

 

2.5.1 Understory Plant Species Diversity and Richness  

The vegan package (Oksanen et al. 2017) was used to calculate both Shannon-Weiner diversity index 

and species richness for each plot.  The total number of species from all five subplots (richness) were 

used together along with percent canopy cover to calculate diversity at the plot level.  A paired t-test 

was used to analyze for differences in diversity and richness between plot pairs (Zuur et al. 2009). 

 

2.5.2 Plant Growth Form 

Each plant was assigned to a growth form (shrubs, forbs, graminoid or other) based on the USDA 

plant database (NRSC 2017).  In cases where a species had multiple growth types one was assigned 

based on the most common form.  Cover for each growth form was the total for the individual species 

in that growth form for each subplot; then the subplot totals were averaged to obtain cover for each 

growth form on each plot.  

 

A multivariate analysis of variance (MANOVA) was used on the three growth forms being tested.  We 

analyzed the difference between the mulched and unmulched plot pairs in order to take advantage of 

the paired data in this analysis.  The cover values for each growth form on a mulched plot was 

subtracted from the value for the unmulched plot of the same pair.  Where the overall mulching 

treatment was significant (α ≤ 0.1) we then examined differences for each growth form using a linear 

mixed effects model. An α ≤ 0.1 was chosen as a first pass, as a MANOVA test is not an ideal way to 

look in-depth at paired data, whereas a mixed effects framework is more adept. 

 

Mixed effects model selection was based on an improved Akaike information criterion (AIC) score, 

when shown significantly different from a more complex model with an ANOVA test (Zuur et al. 

2009).  The base model started with all variables, interactions between mulch treatment and other 
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fixed variables, and then non-significant fixed variables were dropped sequentially.  To conform to 

linear mixed effects assumptions, unequal variance and spatial autocorrelation were accounted for in 

the model structure using R package nlme (Pinheiro et al. 2016) as opposed to any transformations 

(O’Hara 2010).  This facilitated easier interpretations of model coefficients. 

 

2.5.3 Fractional Cover 

Cover values from each subplot were averaged to the plot level.  A MANOVA test was initially used 

on the difference in mean fractional cover estimates of vegetation, NPV, soil, and rock.  Only if a 

cover material showed significance (α ≤ 0.1) would an individual variable be investigated further with 

a mixed effects model.  Model selection was again done in a mixed effects framework and proceeded 

similarly to the growth form analysis. 

 

2.5.4 Tree Seedling Density and Height Growth 

For each plot, the tree seedling density (stems/ha) for each species in each subplot were aggregated to 

total count for the plot and converted to stems/ ha by dividing by total area sampled  If one of the five 

sub-plot had zero seedlings, but seedlings were present in the other subplots, it was still included as a 

plot with seedlings.  This was done for total tree seedlings, as well as for each tree seedling species on 

a given plot.  

 

Because some plots did not have any tree seedlings present, a two-step modeling process was used to 

ask two questions.  First, does mulch influence whether or not there will be seedlings in an area?  

Second, where seedlings are present does mulch influence the density or play a role in which tree 

species are regenerating? To answer the first question, density at a given plot was converted to binary 

presence/absence data.  This was then analyzed in a mixed effects modeling framework similar to that 

used in growth form and fractional analyses.  dNBR, elevation, trasp, treatment, and fire were used as 

predictor variables for whether or not seedlings were present on a plot.  On plots with seedlings 

present, seedling density was calculated in stems/ ha.  Using these values, we compared average 

seedling density on mulched and unmulched plot pairs.  We used a mixed effects modeling framework 

with the same treatment and physical predictor variables as before. 

To examine mulch influences at the tree species level, two analyses were done: one for ponderosa 

pine, and one for Douglas-fir (Pseudotsuga menziesii).  Zeros were also removed so as not to skew 

model results, but to ask the focused question: where there are seedlings, is mulch having an influence 

on density?  These two species were chosen because they were by far the most common species found 

throughout the study, representing enough data for a mixed effect model.  The composition models 
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were run on all plots that had ponderosa pine, and then in plots that had Douglas-fir seedlings present, 

regardless if the corresponding paired plot had seedlings or not. 

 

Tree height analysis was more complex, as there were variable tree heights at any given plot, with a 

different combination of species and ages.  We used a mixed effect model initially as opposed to 

testing with a MANOVA first.  In addition to the fixed variables mentioned above, seedling age and 

species were also included in this model.  Age was estimated from the total number of terminal bud 

scars counted along the individual seedling (Urza and Silbold 2013).  Only trees that established 

within the first three years after the fire were used in the model to address the question of how mulch 

affects tree growth.  Most of the mulch likely dissipated after three years. 

 

Due to the large amount of possible combinations (Treatment, Species, and Fire having multiple 

levels) it was not possible to run every interaction all at once.  Instead, a stepwise process was used, 

including one interaction combination each time.  Initially ‘Treatment’ was tested interacting with 

every other variable, and this produced a better model when combined with trasp.  Next, tree species 

variable was tested with interactions of other variables, as the growth rates could vary between 

species.  In the end, both the interaction between seedling treatment to trasp, and age to species were 

modeled together. 

 

2.5.6 LandTrendr and vegetation trajectories 

Landsat series images from 1984 to 2012 were processed using LandTrendr (Kennedy et al. 2010).  

For each pixel where a field observation was collected annual NBR, and recovery magnitude were 

extracted.  Normalized recovery magnitude (RMag) as defined by LandTrendr as the increase in NBR 

from disturbance until 2012, the last year for which we have values on these plots (Kennedy et al. 

2010), was divided by the number of years since fire (as of 2012) to calculate the rate of recovery, 

resulting in recovery rate metric (RRate. While the yearly NBR values are useful for illustrating the 

disturbance and recovery, a single value such as RRate is easier to test statistically and to interpret 

relative to our field data.  Model selection was again done in a mixed effects framework and 

proceeded similarly to the growth form analysis.  dNBR, elevation, trasp, ‘Fire’ and ‘Treatment’ were 

all used as possible predictor variables, ‘Treatment’ was tested for interactions with all other variables 

as well.  A LandTendr product for pre-disturbance NBR was also included as a possible predictor 

variable.  We also grouped each trajectory pair into one of six post-fire recovery categories: 1) 

mulched and unmulched had similar post-fire NBR values, 2) mulched plots appeared to be recovering 

at a faster rate initially, but at the end the unmulched plot recovered both at a higher rate and to a 
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higher value, 3) mulch seemed to suppress recovery for the first three years, but then the mulched plot 

eventually recovered to a higher point than the unmulched, 4) mulch always showed a higher NBR 

recovery, 5) unmulched always showed a higher NBR recovery, and 6) ‘not a true pair’; this was 

caused by LandTrendr error, different pre-fire conditions, or different NBR burn severity.  A 

difference in prefire conditions is determined by non-overlapping error bars for a pair the previous five 

years before a fire, whereas different burn severity is non-overlapping error bars the year of fire.  

Because each plot only represented five pixels, the error bars are twice the standard error (2SE).  By 

only using LandTrendr values from plots we visited on the ground we are able to make comparisons of 

possible differences to collected vegetation data, as well as guarantee these areas were actually 

mulched.  
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3. Results 

 

3.1 Diversity and Species Richness  

A total of 352 species were sampled across the six fires, with 247 on mulched plots, and 248 on 

unmulched plots. Neither plant species richness (P = 0.4396, t = -0.7841, df = 28) nor diversity (P = 

0.7479, t = -0.3246, df = 28) differed for mulched and unmulched plot pairs. Species richness ranged 

from 8 to 37 species on mulched plots (median of 22), and 9 to 33 on unmulched plots (median of 21). 

Plant species diversity ranged from 1.9 to 3.4 on mulched plots (median of 2.9), and 2.0 to 3.3 on 

unmulched plots (median of 2.8).  While diversity varied among fires, there was no discernable pattern 

across all fires (Figure 3), or by average summer precipitation (Table 1). 

 

3.2 Plant Growth Form Cover 

Graminoid canopy cover was slightly higher on mulched than on unmulched plots (P = 0.004, 

MANOVA), but cover of forbs and shrubs did not differ between mulched and unmulched plot pairs 

across the six fires (P = 0.209 for forbs and P = 0.144 for shrubs).  The best-fitting mixed effects 

model predicting graminoid cover had only treatment and fire as predictor variables (Table 2), with 

mulched plots having slightly higher graminoid cover than unmulched plots (Figure 4).  Including 

physical variables made the model much worse, most likely because the differences in trasp, elevation, 

or dNBR between plot pairs were too small to influence graminoid cover.  Interactions between mulch 

and these physical variables also did not improve the model.  However, a semi-variogram showed high 

levels of spatial autocorrelation within 4 km, which indicates plots of the same fire are correlated.  

Fitting the model with a correlation structure addressed this, but did not alter the model AIC, 

coefficients, or P values significantly (Table 2). 

 

3.3 Fractional Cover 

Fractional cover values varied greatly between pairs, and between fires (Figure 4). The Ricco Fire had 

the most vegetation (ranging from 60-74%, median of 68%) and the Hayman Fire had the least 

(ranging from 27-49%, median of 37%).  Percent bare soil also varied by fire, ranging widely within 

the study, from 0% (median of 2%, high of 6%) on an unmulched plot on the Ricco Fire, to 43% 

(median 29%, low 16%) on an unmulched plot on the Hayman Fire.  Overall, the Hayman had the 

most bare soil cover at 16% to 43%, all others were below 16%. 

 

While mulching treatment had no influence on green vegetation, NPV, or rock cover (P = 0.405 P = 

0.436, and P= 0.903, respectively using the MANOVA test), there was more bare soil on mulched 
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than unmulched plot pairs (P = 0.058, MANOVA).  The final soil cover model had mulch as non-

significant (P = 0.732) once unequal variance and spatial autocorrelation were accounted for.  Adding 

the treatment variable increased AIC score slightly from 424.6, to 424.8.  The final model contained 

only elevation and aspect, both very significant (P < 0.001) with positive coefficients (Table 2).  As 

elevation increased, so did bare soil, and as aspect became more SSW, bare soil increased regardless 

of whether or not a plot was mulched (Table 2). 

 

Mulch was present but with very low or zero cover on plots sampled. When mulch was encountered in 

a subplot it was treated as NPV for fractional cover.  This happened on three sub-plots on the Tripod 

Fire.  Mulch was seen on all fires except for the Ricco Fire, however it often took determined effort to 

find it so many years after these areas were mulched. 

 

3.4 Tree Seedling Density and Height Growth 

Density of tree seedlings by species varied greatly within and among fires (Figure 5).  As an example, 

density on the Ricco Fire ranged from 0 to 102 stems per hectare (median of 37), with only ponderosa 

pine present.  In contrast, on the Myrtle Creek Fire, tree seedling density ranged from 0 to 23,000 

stems/ ha (median of 6535) with ponderosa pine, Douglas-fir, Engelmann spruce (Picea engelmannii), 

western larch (Larix occidentalis), and lodgepole (Pinus contorta) all present (Figure 5).  On 14 of the 

58 plots, no tree seedlings were present: nine mulched plots and five unmulched plots.  Of these, four 

plot pairs had no seedlings present, accounting for eight of the 14 plots without seedlings.  The 

Hayman, Ricco, and Myrtle Creek Fires all had plots with no tree seedlings present. 

 

Mulch had no effect on whether or not tree seedlings were present in a plot using a binary 0/1 model 

(P = 0.216 for the mulched variable, AIC increased by adding it to the model).  Nor did mulch 

influence tree density (P = 0.645) where seedlings were present.  However, species composition of 

seedlings varied with the interaction of mulch and aspect for density of both ponderosa pine and 

Douglas-fir.  Where Douglas-fir seedlings were present, mulch was significant in the mixed effects 

model (P = 0.004), and in the ponderosa pine model, mulch was also significant (P = 0.015) (Table 2).  

By itself, mulch decreased density of both ponderosa and Douglas-fir, however, for each species there 

was an interaction effect between mulch and aspect (Table 2).  For ponderosa pine on unmulched 

plots, seedling density increased as aspect became more SSW.  However the interaction effect between 

mulch and aspect was negative, meaning as aspect moved from NNE to SSW in mulched plots, the 

density of ponderosa pine decreased (Table 2).  Douglas-fir showed the opposite trend.  The 

interaction effect of mulch and increasing aspect (becoming more SSW) was enough to overcome the 
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negative coefficients of mulch and trasp separately, and have a net gain of Douglas-fir in mulched 

plots on drier aspects (Table 2).  Douglas-fir and ponderosa pine were each found on just under half of 

the plots. 

 

Tree seedling height varied with tree seedling age (as indicated by number of terminal bud scars), 

species, dNBR, trasp, and whether the plot was mulched.  The interactions between age and species, 

and between trasp and mulching treatment are also included in the model.  Tree seedling height 

increased with increasing burn severity (as captured by dNBR) and increasing trasp (from NNE to 

SSW).  Growth also depended on tree seedling age, as older seedlings grew more in one year (Table 

2). 

 

Mean tree seedling height was on average 5.7 cm greater (P = 0.017) on mulched than unmulched 

plots where other variables were accounted for (Table 2).  Whereas height growth was positively 

correlated with both mulch and increasing trasp, the interaction was not statistically significant.  

Rather, as trasp increased on plots that were mulched, the interaction predicts less height, almost 

enough to cancel out the influence of mulch all together.  The tree seedling height model was 

improved by including the interaction effect of mulch with trasp.  This interaction was statistically 

significant at α = 0.1, but not at α = 0.05, however it did significantly lower the model AIC, so it was 

included. 

 

3.5 LandTrendr and Post-fire Vegetation Trajectories 

Annual post-fire vegetation recovery rate, as inferred from the LandTrendr normalized recovery metric 

RRate, was influenced by elevation, dNBR and an interaction effect between ‘Treatment’ and the 

‘Fire’ variable. As dNBR increased, the recovery magnitude rate increased, therefore the more severe 

a fire was, the greater it recovered from post-fire to 2012 (Table 2).  Elevation was negatively 

correlated with recovery; as elevation increased the recovery decreased (Table 2).  The ‘Fire’ variable 

was significant by itself, and as an interaction effect with ‘Treatment’, however ‘Treatment’ only 

improved AIC as an interaction effect, as a separate variable it increased AIC.  Adding it as an 

interaction showed significant model improvement (P < 0.001, Table 2).  There does not seem to be 

any pattern in the coefficient of each fire to summer precipitation, however we had only a small 

number of plot pairs on a given fire and only average annual precipitation, rather than the precipitation 

in the first few years following mulching, all of which make it difficult to detect a pattern and explain 

this possible cause of variability in post-fire tree establishment.  
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Yearly NBR values were plotted by plot pair for visual examination and interpretation.  Every plot 

showed some recovery, however the extent of recovery varied greatly.  A plot pair on the Ricco Fire 

had similar NBR values in 2012 to the pre-fire values for both the mulched and unmulched plots, 

whereas one plot pair on the Myrtle Creek Fire showed only the slightest upward trend in NBR values. 

 

In the most common pattern of post-fire vegetation trajectories, evident for 41% of plot pairs, the 

annual NBR of mulched and unmulched plot pairs showed little to no difference from each other since 

the time of fire to 2012 where the available LandTrendr data stops (Figure 6A).  This was consistent 

with the results from paired plots measured in the field, suggesting that mulch has minimal influence 

on long-term post-fire vegetation recovery. 

 

On some plot pairs, mulch influenced the post-fire vegetation trajectories through time. The second 

pattern was that in 3% of plots mulch seemed to suppress recovery in the first few years (Figure 6B).  

After four years, however, the NBR values of the mulched plot surpassed that of its unmulched paired 

plot.  The third pattern, evident in 3% of our plot pairs, is that vegetation is more abundant on mulched 

than unmulched plot initially, but after four years post fire, vegetation was more abundant on the plots 

that had not been mulched (Figure 6C). 

 

There were also pairs where one of the plot pairs recovered faster initially and always had a higher 

NBR (Figure 6D).  On 7% of our plots, mulch seemed to suppress initial recovery, and did not catch 

up to the unmulched plots by 2012, suggesting a long-term difference in vegetation recovery.   

On 10% of our plot pairs, mulched plots recovered faster initially, and the unmulched plots did not 

catch up to the mulched plots for the duration of the LandTrendr algorithm (Figure 6E). On these 

plots, vegetation recovery was enhanced slightly by mulching. 

 

Due to non-overlapping pre-fire NBR values the remaining 36% of plots were not classified into one 

of the above patterns.  
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4. Discussion 

 

4.1 Mulch had Minimal Effects on Understory Vegetation Response 9 to 13 Years Post-Fire 

Our results suggest that any initial effects of straw mulch on understory vegetation are not long-term, 

ecosystem-altering effects.  Nine to 13 years post-fire we saw few statistically significant differences 

in species richness, diversity, canopy cover or fractional cover between mulched and unmulched plot 

pairs. The one statistically significant difference we did find, slightly increased cover of graminoids by 

about 2% in mulched plots (Table 2), is not enough to be ecologically significant.  Post-fire mulching 

with agricultural straw has numerous, but often conflicting short-term influences on vegetation 

recovery.  Mulching has been linked to decreased plant diversity and suppression of native plants 

(Kruse et al. 2004) by providing a physical barrier on the forest floor, as well as introducing non-

native species (Dodson and Peterson 2010).  Conversely, mulching has also been shown to increase 

plant diversity and tree seedling growth (Dodson and Peterson 2010), increase vegetation cover post-

fire, and most importantly reduce soil erosion potential (Wagenbrenner et al. 2006).   

 

All plots had less than 50% bare soil total coverage. Pannkuk and Robichaud (2003) described this as 

a tipping point of when large soil erosion events can happen post-fire.  Thus, mulched or not, 

vegetation on all the plots recovered enough so that soil erosion potential is low.  Unfortunately, we 

cannot infer from the Landtrendr trajectories how long it took for vegetation to reach this threshold, 

nor how long post-fire the mulch was present.  

 

Introduced weeds are a significant concern of managers and ecologists alike.  Although analyzing non-

native plants was not a main objective of this study, we found very few non-native plants and none 

were abundant.  While it is now common practice to use certified weed free straw in post-fire 

mulching, it is unlikely that agricultural straw used is ever truly ‘weed free’ (Robichaud et al. 2000).  

The Hayman Fire is infamous for using cheatgrass (Bromus tectorum)-contaminated straw for a 

majority of the mulching operation (Robichaud et al. 2003).  We found cheatgrass in nine of 14 plots 

we sampled on the Hayman Fire; two were not mulched while seven were mulched.  However 

cheatgrass density across these plots was low, averaging just 1% on the unmulched plots and under 

3% on the mulched plots.  It is also possible in the 13 years between mulching with cheatgrass-tainted 

straw and sampling, that cheatgrass moved from mulched to unmulched plots, as we attempted to have 

plot pairs as close as possible within the same physical conditions. When Dodson and Peterson (2010) 

sampled the Tripod Fire during the second growing season after the fire, they found 14 non-native 

plant species in mulched areas, five with occurrences over 50 (an occurrence in their study being one 
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individual found in a sampling unit).  In contrast, our assessment of the Tripod nine growing seasons 

after mulching, only one of these weeds, the common dandelion (Taraxacum officinale) was present 

on five plots (three unmulched and two mulched), with the highest canopy cover at 3%.  Although our 

study design and plot locations were different, it is likely we would have detected other non-native 

species if they were still present and so abundant.  Further investigation is warranted to assess the 

long-term implications of weed introduction in mulched areas.  It is also possible these non-native 

species were in the area before the fire, however to our knowledge there is no pre-fire vegetation data. 

.  However, these results from the Hayman and Tripod Fires suggest that while non-native species may 

have been a concern initially, they did not persist in large abundances across the landscape. 

 

4.2 Mulch Resulted in Increased Tree Height Growth and Altered Species Composition 

Although mulch has no influence on overall tree seedling density, the differences in tree species 

composition suggests the relative importance of mulch as a barrier helping to retain soil moisture.  In 

plots where Douglas-fir trees naturally regenerated, seedlings were at a higher density in mulched 

plots on the SSW aspect.  In plots where ponderosa pine established, there were fewer in mulched 

plots than in similar plots that were not mulched.  Perhaps this is because ponderosa pine requires bare 

mineral soil to establish (Curtis et al. 1965) and were thus less likely to establish until the straw mulch 

decomposed.  Douglas-fir can establish with some organic matter present over bare mineral soil 

(Herman and Lavender 1990), so we think the greater soil moisture holding capacity in mulched areas 

is more important to Douglas-fir. This could explain why more Douglas-fir than ponderosa pine 

seedlings were found on the drier aspects. 

 

However, just because Douglas-fir is able to establish at higher densities than ponderosa pine on 

mulched plots on SSW aspects does not mean they are better off than their counterparts growing on 

opposite facing slopes.  Generally, northern aspects of a given area are more productive than southern 

aspects (Stage and Salas 2007).  While all seedlings grew taller on mulched plots than on those not 

mulched, the height difference on the SSW aspects is less than as on the NNE aspects (Table 2). 

 

Mulch influences on tree seedling species composition and height growth, while subtle, are potentially 

long-lasting. By decreasing soil temperature and increasing soil moisture, mulch created an 

environment where Douglas-fir were able to establish where they otherwise may not have been able to 

grow.  Trees that grow faster initially are most likely to continue in this way (Mattsson 1997).  If the 

seedlings that established on areas that were mulched continue to grow taller than their counterparts on 

similar areas without mulch, this could possibly provide a distinct advantage in surviving the next fire 
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if those future saplings also have thicker bark and canopy base heights well above the flames when 

fires occur (Harper 1977.  

 

4.3 LandTrendr Vegetation Trajectories Show Little Contrasts for Mulched and Unmulched Areas 

Perhaps the most important potential effect of mulching is the altering of vegetation trajectories.  As a 

management technique, mulch has been shown to greatly reduce soil erosion potential, however there 

is potential for an ecosystem shift caused by microsite alterations.  Mulching applications alone did 

not impact vegetation trajectories.  To complement our statistical analysis of vegetation sampled in th 

field on paired plots, we identified multiple different vegetation trajectory patterns based upon 

LandTrendr annual NBR, which offers visual interpretation of LandTrendr results (Figure 6). From 

these we can infer potential reasons for the differences observed.  Each of these patterns appear on 

multiple plot pairs in both forest types, on all aspects, and all fires, and with no discernable pattern 

based on summer precipitation.  This suggests that other variables, such as pre-fire vegetation, also 

influence vegetation trajectories (Engel and Abella 2011). 

 

On 3% of plot pairs NBR was lower on the mulched plot and higher on the umulched, but after a few 

years they switched and the mulched plot had the higher NBR value.  Kruse et al. (2004) noted how 

straw mulching suppressed establishment of tree seedlings and native species in the first year after 

mulching.  This could be due to the barrier effect that mulch has when it reduces the available area 

where plant regeneration can occur on bare soil, thus delaying revegetation of the plot.  However, after 

three years, presumably once the mulch was decomposed or blown away, the annual NBR values 

increased more on mulched than on unmulched pixels (Figure 6B).  While it may have slowed down 

recovery initially, the mulch seems to have set up the plot for rapid vegetation growth after the mulch 

was gone.  This could be an influence of increased tree growth seen on mulched plots, or increased 

nitrogen and microbial activity in mulched areas (Berryman et al. 2014).  

 

Conversely, on 3% of plot pairs had initial NBR that was higher on the mulched plot and lower on the 

umulched, but after a few years they switched and the unmulched plot had the higher NBR value.  

Bautista et al. (1996), Dodson and Peterson (2010) and Wagenbrenner et al. (2006) all noted how 

mulched areas increased in vegetation on mulched rather than unmulched areas in the three years post-

fire that they sampled.  Mulch provides a microclimate with cooler soils (Facelli and Prickett 1991) 

and more moisture (Berryman et al. 2014).  While mulch also acts as a barrier, it is likely that many 

plants species can exploit this moisture enough to grow up through the mulch to show higher NBR 

values.  However, this effect can be short lived, for after the mulch has decomposed or blown away, 
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the unmulched plot recovers faster (Figure 6C).  It is also possible that the plants recovering on the 

mulched plots thrive in the milder microclimate, and once the mulch is removed they do not continue 

to grow as well, allowing the unmulched plot to catch up. 

 

Monitoring mulched and unmulched areas for only the first two to three years, as done in most studies 

and management projects, may not be enough to show whether mulch is suppressing or accelerating 

vegetation trajectories post fire.  Over a quarter of our plots showed a switch in recovery rates after 

two years (see Figure 6).  Any initial differences have attenuated nine to 13 years later with the 

exception of tree seedling composition and height growth.  It is very possible that these would not 

have been seen only a few years after mulching where the seedlings would not be very tall to begin 

with, and chance of survival for seedlings would be low.  Long-term effects of mulching would be 

most evident on the recruitment of trees, the most long-lived plant growth forms 

 

4.4 Limitations 

Our analysis of understory vegetation and tree seedlings from plot pairs were just one “snapshot” in 

time.  We offset this by inferring vegetation trends using LandTrendr. Despite the greater sensitivity in 

detecting treatment differences using paired plots instead of pooled plots, it is possible that the plot 

pairs differed for reasons other than mulch.  This was accounted for as much as possible by the 

inclusion of physical variables to keep pairs within a single strata and limiting distance between 

mulched and unmulched plots of a pair.  

Inclusion of site specific climatic variables, sampling more paired plot pairs, more paired pixels, and 

LandTrendr data through year of sampling could all strengthen the conclusion. While we sampled 

relatively few plots, the paired design allowed us to draw conclusions of the response to mulch in a 

variety of environmental conditions.  This approach helped us conclude that differences in vegetation 

response was likely due to being treated with mulch or not.  We also do not know the depth of mulch 

on the plots where we sampled. Aerial application can result in uneven distribution of mulch (Lewis 

and Robichaud 2011, Dodson and Peterson 2010).  Our main hypothesis for difference in tree seedling 

species composition with mulch is moisture related, however we did not assess drought stress or soil 

moisture. 

 

Using LandTrendr, we found no statistically significant difference in rates of vegetation recovery 

trajectories due to mulch nine to 13 years post-fire, despite differences in tree seedling composition 

and height growth we found on plot pairs. This is most likely due to spectral and spatial resolution that 

was too coarse to see such subtle differences such as tree seedling height and composition between 
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plot pairs, as well as only sampling five pixels as a plot.  However this could also be caused by only 

having LandTrendr products and NBR values until 2012.  It is possible that recovery trajectories could 

have become different between the last year of LandTrendr and our sampling.  Other remote sensing 

tools may be useful for monitoring if they have higher spatial and spectral resolution. LandTrendr is 

also highly processed and aggregated data.  While it has been shown to be useful in detecting both 

disturbance and recovery the modeling method can also cause errors when performing disturbance  

recovery calculations on a pixel-by-pixel basis (Kennedy et al. 2010). Another possible approach 

would have been to use LandTrendr on the many pixels burned with high severity and fitting a 

regression model to see if there were differences between the mulched and unmulched areas at the 

landscape scale.  This was not done for two reasons.  First, we would not be able to explain what the 

differences were in anything besides NBR values.  Only using pixels we sampled on the ground allows 

us to directly compare field results to LandTrendr results.  Second, mulching data is not always 

accurate.  Many of the GIS layers and maps that describe areas that were mulched include planned 

straw mulching, not what actually happened.  For example, an area of the Hayman Fire that was 

supposed to have been mulched had to be disregarded when we found no mulch.  On the Tripod Fire 

we found mulch in an area that was supposed to have been untreated.  These errors could affect 

conclusions drawn from analysis at the landscape scale, and illustrate the need for field monitoring.  

On a single fire event, with well mapped treatment areas this may be a viable option, however the 

mulching data at our disposal ranged from planned mulching to simply a PDF map that had to be 

geocoded.  We felt that in this case the risk of omission/commission errors was great enough to 

warrant the use of field sites only.  Comparing NBR each year at plot pairs also allowed us to see 

where the LandTrendr disturbance detection algorithm was inconsistent. 

 

4.5 Management Implications 

While straw mulch can greatly reduce soil erosion potential, it is expensive when applied over large 

areas and should be limited to where values are at risk and soil erosion potential is high (Robichaud et 

al. 2003).  As large fires continue to occur with portions burning at high severity, and with more 

federal funds going toward fire management and suppression (GAO 2009, Ellison et al. 2015), 

strategic use of mulch will be important to avoid similar rises in BAER treatment costs. 

 

Seeding is a popular alternative to mulching, and can also be used in conjunction with it.  Seeding is 

much cheaper than aerial application of straw or other mulch (Robichaud et al. 2014).  However, after 

an extensive review of studies of seeding, Peppin et al. (2010) concluded that there is little evidence to 

support claims that seeding is an effective post-fire restoration strategy.  They concluded that seeding 
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does little to protect soil in the short term, can hinder vegetation recovery, especially if seeding 

introduces non-native species.  Although more expensive than seeding, mulching is a much more 

predictable way to stabilize soil and promote vegetative regrowth (Robichaud et al. 2005, Williams et 

al. 2014). 

 

We found that mulching with agricultural straw had little effect on the vegetation trajectories nine to 

13 years post fire.  Vegetation will eventually establish with or without mulch, and all of our plots had 

far less than 50% exposed soil, which is at a higher risk of erosion.  We found no evidence to suggest 

that mulch will alter ecosystem function.  Managers can expect similar densities of naturally 

regenerating tree seedlings with or without mulching, even if the tree species composition is different. 

However, differences in tree seedlings could alter longer-term vegetation trajectories if differences in 

species composition and height growth continue to develop.  
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5. Conclusions 

Post-fire mulching with agricultural straw has subtle, but potentially long-term impacts on vegetation 

nine to 13 years post fire.  We found greater tree seedling height growth and differences in species 

composition, as well as higher graminoid cover on mulched plots. Mulching with agricultural straw  

favored Douglas-fir seedlings on south- and southwest-facing aspects, and ponderosa pine on north- 

and northeast-facing aspects, though total tree seedling densities were similar on mulched and 

unmulched plots.  Mulching increased tree height growth, more so on the NNE, more productive 

aspects.  There was an average of 2% more grass cover in the vegetation component on mulched plots.  

Plant species diversity, species richness, and fractional cover were all similar with or without 

mulching.  Any significant differences in vegetation trajectories between mulched and unmulched 

plots were on a fire by fire basis, there was no overarching trend. The yearly NBR values provided by 

the LandTrendr algorithm were useful in exploring the likely ecological reasons behind vegetation 

response after mulching. 

 

There are slight differences between mulched and unmulched plots, but our study finds both recover 

given enough time.  We recommend both short and long-term monitoring of mulched areas to detect if 

these are general trends across multiple vegetation types of the Interior West, or may change within or 

between specific wildfire events.  While mulching is not appropriate for every area, it is important that 

managers know that using agricultural straw mulch to reduce soil erosion potential has minimal 

impacts on the long-term vegetation trajectories and site recovery post fire.   
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Table 1.Study areas.  List of fires sampled, total acres of straw mulch and number of plot pairs 

sampled on each.  Fire size and severity was derived from MTBS data (2012), area mulched courtesy 

of National Forests via Freedom of Information Act requests.  Forest type determined by dominant 

trees pre-fire (LANDFIRE 2008); fires are ordered by forest type, and then average summer (May 

through August) precipitation (PRISM Climate Group 2004).   

 

Fire
Location 

(State

Year of 

Fire

Fire Size 

(ha)

High 

Severity 

(ha)

Total Area 

Mulched 

(ha)

Plot Pairs 

Sampled

Forest 

Type

Elevation 

(m)
Latitude Longitude

30-Year Average 

Summer 

Precipitation (cm)

Shake Table OR 2006 4,320 1,418 130 3 Dry Mixed 1,890 44.2852 -119.2510 11.7

Cascade ID 2007 128,350 39,350* 19,780 4 Dry Mixed 1,640 44.5925 -115.7209 17.8

Tripod WA 2006 70,750 28,210 5,570 8 Dry Mixed 1,540 48.5856 -119.9970 20.2

Myrtle ID 2003 1,430 104* 120 4 Dry Mixed 1,050 44.2148 -116.5810 27.3

Hayman CO 2002 52,370 2,270 490 7 Ponderosa 2,430 39.1626  -105.3375 25.6

Ricco SD 2005 1,440 290 80 3 Ponderosa 1,230 44.2468 -103.4713 29.8

* Myrtle Creek and Cascade Complex had scan-line issues from Landsat 7, non-processing area for each was 245 ha and 23,510 ha respectivly



 

      
  

2
8
 

 

 

 

 

 

Table 2. Mixed effects models.  Final mixed effects models. For each variable the coefficient, standard error (SE) and P-value are shown.  (*) 

represents when a factored variable was used in the model, however because coefficients, standard error, and P-values varied for each factor level 

they were not included in this table.  Transformed aspect is a cosine transformation of aspect from degrees to a continuous variable, where 0 

represents 30 degrees (NNE) and 1 is 210 degrees (SSW) aspect.  ANOVA value between final model and alternative model with or without 

‘Treatment’ as a category (thus justifying the inclusion or exclusion of treatment in the model).  Not shown are the values for the ‘Fire’ variable, 

which is a factor containing six variables (the six fires used in the study), each having its own coefficient, standard error, and p-value.  The 

LandTrendr recovery model had an interaction between Treatment and ‘Fire’.  The coefficients, standard errors, and P-values for each fire 

interacting with mulching are as follows: Hayman: Mulched, 11.5, 18.0, 0.522; Myrtle Creek: Mulched, 26.2, 26.2, 0.319; Ricco: Mulched, 2.5, 

28.8, 0.930; Shake Table: Mulched, -43.5, 22.6, 0.056; Tripod: Mulched, 37.2, 19.8, 0.061.  Cascade Complex coefficient and P-value was omitted 

as it was the base comparison in the mixed effects model. 

Response ANOVA w/o Mulch

Coefficient SE p-value Coefficient SE p-value Coefficient SE p-value Coefficient SE p-value Coefficient SE p-value Coefficient SE p-value Coefficient SE p-value p-value

Ponderosa Seedling 

Density (s/ha)
184.6 225.5 0.430 -32.6 8.0 0.015 249.3 48.8 0.007 -0.1 0.1 0.619 - - - * * * -56.5 35.6 0.187 <0.001

Douglas-fir Seedling 

Density (s/ha)
123.9 14.6 <0.001 -103.6 12.6 0.000 -153.8 59.4 0.049 - - - - - - - - - 398.9 84.6 0.006 <0.001

Graminoid Cover (%) 4.1 1.4 0.006 1.9 0.5 0.002 - - - - - - - - - * * * - - - <0.001

Soil Cover (%) -21.1 * <0.001 - - - 15.9 * <0.001 0.0 * <0.001 - - - - - - - - - 0.889

LandTrendr (RRate) 62.5 37.6 0.098 -12.9 15.9 0.415 - - - -0.1 <0.1 0.764 0.2 <0.1 0.004 * * * - - - <0.001

ANOVA w/o Mulch

Coefficient SE p-value Coefficient SE p-value Coefficient SE p-value Coefficient SE p-value Coefficient SE p-value Coefficient SE p-value Coefficient SE p-value p-value

Seedling Height (cm) -49.7 29.7 0.120 12.7 2.4 0.005 24.8 3.2 0.005 * * * 0.0 2.4 0.0137 9.1 4.3 0.033 -12.4 2.7 0.093 0.0002

Mulch*TraspIntercept

Intercept Mulch Transformed Aspect Seedling Species dNBR Seedling Age Mulch*Trasp

Mulch (yes/no) Transformed Aspect (0-1) Elevation (m) dNBR (NBR units) Fire (name)
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Figure 1. Study areas.  Location of the six large fires sampled in the interior western United States. 

Albers conical projection. 

 

 

Figure 2. Study plot design.  Sampling plot with five subplots.  At each 1-m2 quadrat (black square) 

each understory plant was identified and percent canopy cover of each species was ocularly estimated 

and recorded.  Fractional cover of green vegetation, NP, soil and rock were also recorded.  At each 

5.6-m radius plot (circles), total tree seedling density was recorded, as well at total and yearly height 

growth on a subsample of seedlings. 
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Figure 3. Differenced plant diversity and species richness.  These are box plots of differences by plot 

pair.  Any point above the zero line represents a higher value on the mulched plot, while any value 

below is a higher value on the unmulched plot of the pair.  (A)  Differenced plant species diversity for 

mulched and unmulched plot pairs on each fire. (B) Differenced species richness (number of plants 

species) for plot pairs on each fire.  For the box plots, the thick line is the median (50% quantile), and 

top and bottom of boxes are 75% quantile and 25% quantile respectively.  Ends of whiskers extend a 

maximum of 1.5 times the median to 75% quantile or 25% quantile, or to the farthest point within that 

range, whichever is closest to the median.  Circles are outliers beyond this range. 

 

A 

B 
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Mulched greater 

Unmulched greater 

Unmulched greater 
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Figure 4. Differenced fractional cover and cover by growth form.  Understory ground cover boxplots 

differenced by plot pair.  Any point above the zero line represents a higher value on the mulched plot, 

while any value below is a higher value on the unmulched plot of the pair.  (A) Differenced fractional 

cover for green and non-photosynthetic vegetation (NPV) and soil for plot pairs by fire. (B) 

Differenced percent canopy cover of three main vegetation cover groups by plot pair.  Three subplots 

on the Tripod Complex contained residual mulch; this was added to the NPV class for that plot and the 

values were 11%, 3% and 0.4%.  Thick line represents median (50% quantile), top and bottom of box 

are 75% quantiles and 25% quantiles respectively.  Ends of whiskers extend a maximum of 1.5 times 

the median to 75% quantile or 25% quantile, or to the farthest point within that range, whichever is 

closest to the median.  Circles are outliers beyond this range. 
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B 
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Figure 5. Differenced tree seedling density by species.  For each plot pair, unmulched density is 

subtracted from mulched density.  Any point above the zero line represents a higher value on the 

mulched plot, while any value below is a higher value on the unmulched plot of the pair.  Only plot 

pairs with non-zero values were included.  Note scale difference for lodgepole pine.  For box plots, the 

thick line represents median (50% quantile), top and bottom of box are 75% quantiles and 25% 

quantiles respectively.  Ends of whiskers extend a maximum of 1.5 times the median to 75% quantile 

or 25% quantile, or to the farthest point within that range, whichever is closest to the median.  Circles 

are outliers beyond this range. 

 

Unmulched greater 

Mulched greater 
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Figure 6. Visual interpretation of LandTrendr recoveries.  Example NBR trajectories before, during 

and after fire for mulched and unmulched plot pairs. Each row includes representative pattern of NBR 

trajectories for the average of five pixels representing the mulched (dashed line) and unmulched (solid 

line) plot pair. NBR is a remotely-sensed vegetation index that is sensitive to vegetation and soil 

within a given pixel.  (A) Mulched and unmulched plot pairs had similar NBR values, 41%. This was 

A 

B 

C 

D 

E 
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the most common across all fires, this specific plot pair was from Myrtle Creek. (B) Mulched plots 

appear to be recovering at a faster rate initially, but after five years, the unmulched plots recover both 

at a higher rate and to a higher value, 3%. This is most likely caused by mulch presenting a physical 

barrier early on, but this barrier was reduced as mulch decomposed or blew away.  This example is 

from the Ricco Fire.  (C) Mulch seemed to suppress recovery for the first three years, but then the 

mulched plot eventually recovered to a higher point than the unmulched, 3%.  This is most likely 

caused by mulch altering microsite conditions initially, allowing what vegetation was there to thrive 

and increase once the mulch was gone.  This example is from the Hayman Fire.  (D) Vegetation 

recovered faster on mulched than on unmulched, 7% paired plot.  This example is from the Tripod 

Complex. (E) Vegetation recovered more slowly on mulched than on unmulched, 10% paired plot.  

This example is from Tripod Complex.  Error bars are twice the standard error calculated from the five 

subplot observations at these representative selected sites. 
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APPENDIX A: Plant Species 
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APPENDIX B: Plot Data 

 

 

Green 

Vegetation
NPV Soil Forb Grass Shrub All Species

Douglas-

fir

Ponderosa 

pine
dNBR Trasp

Cascade A Unmulched 44 35 21 20 5 2 832.3 0 0 2.6145 359.4 436.2 0.93

Cascade A Mulched 51 23 21 26 5 4 1603.7 203 0 2.866 162.6 407.8 0.96

Cascade B Unmulched 63 36 1 19 5 14 13398.2 0 101.5 2.6993 183.2 620.6 0.03

Cascade B Mulched 65 27 7 29 5 15 3207.5 81.2 40.6 3.0959 216.4 477.6 0.16

Cascade C Unmulched 51 18 27 25 5 5 751.1 277.4 0 2.9082 177 677.8 0.79

Cascade C Mulched 44 19 21 19 5 6 263.9 243.6 0 2.2184 187 652.4 0.93

Cascade D Unmulched 45 24 15 9 5 15 6090.1 0 0 2.5245 354.4 688.8 0.32

Cascade D Mulched 51 35 13 21 5 14 2436 0 0 2.8394 181 703.4 0.42

Hayman E Unmulched 30 41 26 26 5 1 0 0 0 3.0472 258.8 472.6 0.45

Hayman E Mulched 31 31 36 29 5 6 0 0 0 3.1552 453 560 0.07

Hayman F Unmulched 31 26 25 35 5 7 697 500.7 196.2 3.3244 463 576.2 0.01

Hayman F Mulched 49 29 16 44 7 5 162.4 101.5 40.6 3.44 376.2 444 0.02

Hayman G Unmulched 35 21 43 29 8 9 40.6 0 40.6 3.0201 261 687.6 0.14

Hayman G Mulched 44 26 29 29 7 3 0 0 0 2.9613 57.2 173.2 0.96

Hayman H Unmulched 39 26 34 43 8 4 203 142.1 20.3 3.2014 263.2 458 0.09

Hayman H Mulched 36 14 40 32 14 4 0 0 0 3.2288 281.6 484.8 0.65

Hayman I Unmulched 34 18 38 32 5 5 0 0 0 3.0632 274.6 461.8 0.89

Hayman I Mulched 48 22 19 34 8 2 0 0 0 3.184 430.8 698 0.3

Hayman J Unmulched 27 15 56 34 6 6 0 0 0 3.2611 508.8 635 0.68

Hayman J Mulched 41 35 23 33 14 5 0 0 0 3.1267 164.6 257 0.99

Hayman K Unmulched 37 33 30 27 7 5 121.8 81.2 40.6 3.1146 325.6 379.6 0.65

Hayman K Mulched 47 24 22 30 13 2 0 0 0 3.2206 314.6 586.8 0.26

Myrtle L Unmulched 75 24 1 8 6 26 0 0 0 2.9624 446.6 287.2 0.97

Myrtle L Mulched 33 59 5 18 11 21 0 0 0 2.889 391.6 137 0.98

Myrtle M Unmulched 12 47 30 25 17 7 20.3 0 20.3 2.9884 180.6 220.2 0.92

Myrtle M Mulched 24 36 33 22 16 8 0 0 0 2.9031 340.6 149.6 0.98

Myrtle N Unmulched 50 43 3 13 8 12 3552.6 182.7 40.6 3.0845 93.6 352.4 0.99

Myrtle N Mulched 34 38 13 11 11 9 4290.1 40.6 771.4 3.0055 148.8 456 0.98

Myrtle O Unmulched 59 39 2 8 2 22 21356 81.2 162.4 2.7761 501.4 472.2 0.97

Myrtle O Mulched 58 41 1 7 7 22 23061.2 0 243.6 2.8033 520.6 514.6 0.95

Ricco P Unmulched 60 32 3 37 7 11 0 0 0 3.2607 1022.8 687.8 0.37

Ricco P Mulched 71 21 6 35 13 12 101.5 101.5 0 3.3979 1020 744.8 0.44

Ricco Q Unmulched 72 27 0 26 13 15 40.6 40.6 0 3.1977 894.8 780.4 0.02

Ricco Q Mulched 74 19 6 15 14 11 0 0 0 3.0024 884.2 753.8 0.2

Ricco R Unmulched 57 38 2 25 12 17 40.6 40.6 0 3.2979 898.4 844.8 0.01

Ricco R Mulched 66 33 1 22 15 5 40.6 40.6 0 3.105 700.4 784.8 0.17

Shake S Unmulched 45 27 21 27 6 3 60.9 40.6 0 2.8799 282 608 0.16

Shake S Mulched 40 56 1 20 12 4 385.7 101.5 101.5 2.8364 222.4 794.2 0.08

Shake T Unmulched 70 25 5 11 12 4 162.4 142.1 0 2.4721 445.6 743.8 0.59

Shake T Mulched 47 35 10 23 13 3 60.9 20.3 20.3 2.6957 177 625.8 0.05

Shake U Unmulched 61 35 1 18 13 2 324.8 243.6 0 2.463 531.8 794.4 0.03

Shake U Mulched 59 38 2 23 11 2 872.9 40.6 60.9 2.6046 164.8 557.2 0.15

Tripod V Unmulched 53 47 0 19 6 6 3011.2 0 121.8 2.7264 249.6 785.2 0.75

Tripod V Mulched 61 25 9 18 7 8 3004.5 0 284.2 2.6736 313.8 712.8 0.69

Tripod W Unmulched 52 15 27 25 4 2 852.6 0 20.3 2.8115 300.2 814.4 0.69

Tripod W Mulched 59 20 12 16 5 7 365.4 20.3 243.6 2.5903 545.6 1112.2 0.45

Tripod X Unmulched 38 39 19 9 0 12 2253.3 0 0 2.5402 459.4 764.6 0.58

Tripod X Mulched 65 33 1 10 0 10 8972.8 0 0 2.4699 470 759.8 0.97

Tripod Y Unmulched 75 15 0 17 0 8 3857.1 0 0 2.5592 283.6 924.8 0.34

Tripod Y Mulched 41 51 2 19 0 9 60.9 0 0 2.8044 521.2 931 0.54

Tripod Z Unmulched 29 46 16 8 4 5 223.3 0 20.3 2.3021 380.6 695 0.4

Tripod Z Mulched 33 48 8 12 0 4 81.2 0 20.3 1.944 425.8 811.2 0.21

Tripod ZA Unmulched 17 30 36 9 1 2 737.6 0 0 1.9826 226.4 661 0.73

Tripod ZA Mulched 48 47 1 26 1 5 2050.3 0 101.5 2.7473 538.2 682.6 0.76

Tripod ZB Unmulched 36 27 16 4 4 17 5278.1 0 0 2.5826 512 759.4 0.08

Tripod ZB Mulched 61 23 4 6 4 19 304.5 20.3 40.6 2.4431 461.4 815.2 0.49

Tripod ZC Unmulched 44 52 2 8 3 11 832.3 649.6 142.1 2.7288 224.6 683.2 0.11

Tripod ZC Mulched 39 55 4 6 7 9 6861.5 81.2 121.8 2.5999 122.6 582.8 0.01

Physical

Diversity RmagFire Pair ID Treatment

Fractional Cover Vegetation Cover Stems/ ha


