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ABSTRACT 

In mountains throughout western North America, large, mixed-severity fires produce 

a mosaic of low and high tree mortality. Following wildfire, plant communities may 

recover to their pre-fire state, or may remain altered in composition and structure. In this 

study I quantified the extent to which fire severity influenced post-fire vegetation 

composition and structure in comparison to pre-fire states in the Santa Catalina 

Mountains, Arizona, USA. I used a stratified random design that sampled plots across 

ecological units and fire severity classes. Tree diameter at breast height (DBH), shrub 

cover, and seedling and sapling density was recorded by species in five plant 

communities: oak/pinyon/juniper woodland on hills landscapes of mixed lithology; 

Madrean pine-oak forest/woodland on granite, gneiss, or metasedimentary rock; Madrean 

oak/conifer/manzanita on rock outcrops; ponderosa pine forest on granite, gneiss, and 

similar rocks; and mixed conifer forest on metasedimentary landscapes.  Subsets of these 

data were then used to reconstruct overstory vegetation present when the Bullock (2002) 

and Aspen (2003) fires occurred. Data from a 1984 pre-fire study was used to 

substantiate the overstory reconstruction and to determine shrub understory components. 

I tested the hypothesis that tree mortality was a determinant of post-fire shrub cover, and 

calculated post-fire importance values (IVs) of tree and shrub components. Ordination 

and non-metric multidimensional scaling (NMS) of IVs confirmed that overstory 

reconstruction aligned with 1984 field surveys. Tree mortality was a predictor of post-fire 

shrub cover, but only with certain species in specific ecological units.   

Ordinations indicated that tree composition in post-fire plots has diverged from that 

in pre-fire plots in all but the oak/ pinyon/juniper community. Ordination of shrub 

components indicated novel configurations of post-fire communities, including 

association of pre-fire mixed conifer elements with oak woodland elements. The 

intermixing of tree species in mid- and higher-elevation communities with those 

historically confined to lower elevation community types suggests that recent fires has 

disrupted vegetation inertia and initiated novel ecological change.  The re-structuring 

observed within these community types are in agreement with projections that 

disturbance and climate change will interact to facilitate the spread of lower elevation 

species to higher elevation zones. Fire x climate interactions may therefore trigger long-

lasting changes to ecosystem structure in ways not predicted by models of fire-effects or 

climate-effects occurring in isolation from each other.  
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1 INTRODUCTION 

This thesis examines how different ecological units in the Santa Catalina 

Mountains of the Arizona Sky Islands have responded to a range of fire severities a 

decade since fire. Fire affects and maintains ecosystem structure and function in many 

ecosystem types around the world (Arseneault 2001, Bond and Midgley 2001, Bowman 

et al. 2009).  Recovery over shorter time scales is often a re-setting the ecosystem to an 

earlier successional stage (Haire and McGarigal 2008). However, over longer time-

frames fire, or more broadly disturbance can initiate shifts into new or novel ecosystem 

states (Johnstone et al. 2011, Falk 2013, Cocking et al. 2013).  

Plants in fire-prone areas have evolved several adaptive traits to this disturbance.  

These traits include serotinous cones  (Keeley 1987), flammable litter (Fonda 2001, Kane 

et al. 2008, Engber and Varner 2012), flammable secondary chemicals in the leaves or 

other areas of the plant (Owens et al. 1998), resprouting mechanisms (Bond and Midgley 

2001, Hoffmann and Solbrig 2003, Vesk and Westoby 2004, Keyser et al. 2005), 

thickened bark (Jackson et al. 1999, VanderWeide and Hartnett 2011) and smoke-

induced germination (Minorsky 2002).  These traits allow certain species to preferentially 

survive and compete after fire.  Because of variation in evolved traits and fire regimes, 

fire can differentially affect species within a community assemblage. As a consequence, 

wildland fires can significantly affect population and community composition, structure, 

and function for decades after a fire (Cocking et al. 2013).  

Species and community responses to fire are affected by their adaptations to fire 

intensity and frequency.  Fire intensity is a measure of energy output, which can be 

calculated as the rate at which the energy associated with fire moves (W/m2); or fireline 
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intensity: the rate of energy transfer per unit length of fireline (kW/m) (Keeley 2009).  

Fire severity refers to its effects on ecosystems, and can be quantified by metrics 

including changes in biomass, soil organic matter, and plant survival (Keeley 2009).  

Artificially varying fire intensity, such as with restoration projects that manipulate fuel 

loads, can affect post-fire vegetation structure and composition (Laughlin et al. 2004, 

Ritchie et al. 2007).  Fire severity and regime characteristics are mediated by aspect, 

slope and local features (Pyne et al. 1996).  Species responses to fire, coupled with spatial 

variation in fire intensity, fuel characteristics, and local landscape features create mosaic 

patterns on the landscape that can have a long-term influence on vegetation structure, 

age-class distribution, and composition (Arseneault 2001, Ritchie et al. 2007). 

Fire severity includes effects on multiple biotic factors, including soil effects, tree 

canopy loss and chlorophyll loss.  Consequently, there are several approaches for 

quantifying fire severity, ranging from satellite-based to ground-based to combinations of 

the two.  Satellite approaches include the NBR (Normalized Burn Ratio) which uses 

reflectance ratios of different wavelengths to represent vegetation and soil changes in 

reflectance within a fire perimeter, and differences between reflectance pre- and post-fire 

is used to create a dNBR (Parsons et al. 2010).  Maps that include dNBR have been 

shown to have increased prediction power of low severity burns over other methods, such 

as NDVI  (Chafer et al 2008).  In addition to satellite imagery, BARC (Burned Area 

Reflectance Classification) maps include field verified methods that assess soil, ash and 

vegetation properties post fire (Parsons et al 2010).  The BARC has been shown to be 

fairly accurate to establish local fire severity (Bobbe et al. 2001; Robichaud et al. 2007).   
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There is little information about how the legacy of past fires influences post fire 

recovery in forests of the western US (Stevens-Rumann et al. 2014).  In recent decades, 

disturbance has become recognized as a key factor influencing the composition, structure 

and distribution of plant communities in mountains of western North America (Swetnam 

and Baisan 1996). 

In this thesis I quantify patterns of change among woodland and forest ecological 

units in the Santa Catalina Mountains after two significant fires: the 2002 Bullock Fire 

(acres) and the 2003 Aspen Fire (acres). I used field data to address two primary 

questions. First, to what extent do plant communities differ in their response to fire 

severity? Second, do observed changes represent potential state-changes in ecological 

units? By addressing these questions I hope to shed light on the role of fire as a factor in 

rate and direction of landscape change in forest ecosystems. 

2 METHODS 

2.1 Study site 

The Sky Island (or Madrean Archipalego) bioregion in the southwestern U.S. and 

northwestern Mexico is ideally suited to study the effects of fire on forest ecosystems and 

post-fire changes.  The tree and shrub flora of the Santa Catalina Mountains includes 

species  that span a broad elevational gradient over a compressed area (Whittaker and 

Niering 1965).  The forests of the Santa Catalina Mountains in the Madrean Archipelago 

of Southern Arizona have been studied and mapped several times (Shreve 1915, 

Whittaker and Niering 1968, Niering and Lowe 1984, Gottfried et al. 2013), and have 
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served as model systems for understanding how regional and continental-scale 

biogeographic processes operate.    

The Santa Catalina Mountains are located north and east of Tucson, Arizona and 

range in elevation from 822 m at Sabino Dam to 2791 m at the Mount Lemmon summit, 

an elevation gradient of approximately 132 m km-1.Soils on the south-facing aspect of the 

mountain are almost exclusively part of the Catalina gneiss complex, while the north-

facing aspect is a diverse combination of diorite, granite and schist, quartzite, andesite, 

diabase, limestone and other sedimentary rocks (Whittaker and Niering 1968).   

The summit of Mount Lemmon (2791 m) receives an average of 75 cm of total 

annual precipitation. Oracle, AZ (1370 m) has average total precipitation of 60 cm 

(Western Regional Climate Center 2014).  Average high temperatures range from 33.1 °C 

in Oracle (June)  to 21.8°C at Mount Lemmon (July); average lows range from 1.6 °C 

degrees in Oracle (Jan) to -4.0°C at Mount Lemmon (Feb). 

The vegetation of Santa Catalinas have been mapped multiple times in the past 

century (Shreve 1915, Whittaker and Niering 1968, Niering and Lowe 1984).  Vegetation 

along this elevation gradient ranges from Sonoran Desert to mixed conifer forest. Most 

recently the vegetation of several mountain ranges in Southern Arizona have been 

mapped by the FireScape project, which aims to restore ecosystems by reintroducing fire 

where appropriate  (FireScape 2012).  This mapping project defined ecological units 

(EUs) based on potential vegetation types using data layers that include current 

vegetation, landform, soils, geology, elevation, and climate (Cleland et al. 1997). 
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Figure 2.1-1: Ecological units within the perimeters of the Bullock and Aspen fires, Santa Catalina 

Mountains, Arizona 

 

 

Within the perimeters of the Santa Catalina Mountains Bullock and Aspen Fires, 

there are seven different ecological units (EUs) (Figure 2.1-1). I concentrated on the five 

Ecological Unit

Madrean oak/conifer/manzanita on hills and mountains 

with extensive rock outcrops

Madrean pine-oak forest/woodland on mountains

derived from granite, gneiss, or metasedimentary rock

Mixed conifer forest on mountains derived mostly from

metasedimentary rocks

Mountain mahogany on hills and mountains derived

from limestone, marble, and assoicated rocks

Oak/pinyon/juniper woodland on hills and mountains

derived from granite, gneiss, and similar rocks

Oak/pinyon/juniper woodland on hills and mountains

of mixed lithology

Ponderosa pine forest on hills and mountains derived

from granite, gneiss, and similar rocks
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EUs having the highest representation.  The EU “Oak/pinyon/juniper woodland on hills 

and mountains of mixed lithology” was combined with “Oak/pinyon/juniper woodland on 

hills and mountains of mixed lithology” and will be referred to as “Oak/pinyon/juniper 

woodland on hills and mountains of mixed lithology”.  Because of time and other 

constraints, the EU “Mountain mahogany on hills and mountains derived from limestone, 

marble, and associated rocks” was excluded from the study.   

Table 2.1-1: Abbreviated titles for the ecological units used throughout the thesis 

Ecological unit Abbreviated title 

Mixed conifer forest on mountains derived mostly from 

metasedimentary rocks 
Mixed conifer forest 

Ponderosa pine forest on hills and mountains derived from 

granite, gneiss and similar rocks  
Ponderosa pine forest 

Madrean pine-oak forest/woodland on granite,  gneiss ,gneiss, or 

metasedimentary rock   

Madrean pine-oak 

forest/woodland 

Madrean oak/conifer/manzanita on hills and mountains with 

extensive rock outcrops  

Madrean oak/conifer/manzanita 

with rock outcrops 

Oak/pinyon/juniper woodland on hills and mountains of mixed 

lithology 
Oak/pinyon/juniper woodland 

 

 Several wildfires have occurred in the Catalina Mountains since 1921, but none 

were as extensive as the 2002-2003 Bullock and Aspen fires (Figure 2.1-2).  Several of 

these fires occurred within the perimeter of the Bullock and Aspen fires and may have a 

legacy effect on vegetation structure and change. 

The Bullock fire was human-caused and started May 21st, 2002.  This fire burned 

more than 12,368 hectares over a period of 21 days.  The Aspen Fire was lighting-caused 

on June 17th, 2003 and burned 34,297 ha over a 29-day period (Figure 2.1-2 and Figure 

2.1-3).  Both of these fire perimeters included a range of fire severities, with unburned 

patches within the fire perimeter (Appendix Table 5.4-1, Table 5.4-2 and Table 5.4-3).  

Two of the sites were located in the footprint of the Seven Falls Fire (September 8th, 
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1987; MTBS Severity: Low), but the rest of the plot locations have been fire-free since at 

least 1921(Figure 2.1-2) (Monitoring Trends in Burn Severity (MTBS) 2014). 

 

Figure 2.1-2 : Fires on the Santa Catalina Mountains from 1921-2001, note the extent of these fires 

to compare to the Bullock and Aspen fires 



21 

 

 

Figure 2.1-3: Combined burn severities from the Bullock and Aspen fires 

2.2 Study design 

I selected variables that would allow comparison of changes in plant community 

structure across a range of fire severities among five ecological units (EUs) within the 

perimeters of the Bullock and Aspen fires. Variables included tree diameter at breast 
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height (DBH, cm), condition class of tree (categorical variable), shrub canopy cover by 

species (%), and seedling and sapling densities by species (#/ha). 

Table 2.2-1 Number of plots in each ecological unit × fire severity combination. Ecological units 

follow Malusa et al. (2013). Fire severity classes are from BARC Severity  

Ecological unit Unburned Low Moderate High Total 

Mixed conifer forest 3 3 3 5 14 

Madrean 

oak/conifer/manzanita 

with rock outcrops 

3 3 3 3 12 

Madrean pine-oak 

forest/woodland 

3 4 3 4 14 

Oak/pinyon/juniper 

woodland 

3 3 3 3 12 

Ponderosa pine forest 
4 5 5 3 17 

 

Circular plots (18 m radius; 0.10 ha) were located within each burn severity x EU 

combination (n=3-5) (Table 2.2-1).  EUs follow Malusa et al. (2013); fire severity was 

obtained from BARC maps (BARC (Burned Area Reflectance Classification) 2014).To 

select plots, maps of EU x burn severity combinations were generated in a GIS (ArcMap 

10.1 “Split” tool, ESRI 2013) and plot centroids were generated using ArcMap  “Create 

Random Points”. In some cases logistic constraints (e.g., inaccessibility owing to slope 

steepness, distance from trail, etc.) allowed for sampling of only 3 plots. Plot centers 

were located in the field using a hand-held GPS (Garmin, GPSMAP 26s, DNR Garmin.) 

and were marked using tags on rebar and nearby large trees.  
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2.3 Data collection 

Slope aspect (direction), inclination (%), and relative position (valley bottom, 

lower, middle, upper or ridge (Parsons et al. 2010)) were noted for each plot.  

2.3.1 Tree species 

Seedlings and saplings within the plot were counted by species to quantify density 

(number/ha). Tree species were classified as seedlings if < 1.0 m tall and <4.0 cm DBH 

(where DBH = 1.37 m), as saplings if ≥1.0 m tall and <4.0cm DBH, and as trees if  ≥ 1 m 

tall and ≥ 4 cm DBH.   Condition classes were recorded for live and dead trees (Table 

2.3-1).  Dead trees were classified as snags (S), fallen (F), or stump (P) in one of five 

decay classes described in Table 2.3.1. 

2.3.2 Shrub, fern and grass cover 

Shrubs in the study area form dense stands, wherein the measurement of 

individual stems and canopies is both impractical and possibly less indicative of 

dominance than percent cover. We recorded species and estimated shrub canopy area 

(m2) by treating shrub patches in the plots as an ellipse, and measuring the major and 

minor axes (m). For a group of shrubs of the same species, we measured the major and 

minor axes of the patch (Bonham 2013).  We also quantified canopy cover data on ferns 

and bunchgrasses (not separated by species). 

.
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Table 2.3-1: Classification table for condition classes of dead and live trees on plots 

 

 

 

Excellent

Good

Fair

Poor

Fine Leaves/ fine branches  have not completely decayed

Bark Some bark on leader, no fine branches

Limbs Large l imbs  present, no bark nor fine branches

Intact No large l imbs  or bark, i t i s  clear that tree wasn't burned in a  fi re

Rotten
Tree that i s  s igni ficantly rotten or completely charred.  Di fficul t to 

measure DBH without damaging the s tump

Fine Leaves/ fine branches  have not completely decayed

Bark Some bark on leader, no fine branches

Limbs Large l imbs  present, no bark nor fine branches

Intact No large l imbs  or bark, i t i s  clear that tree wasn't burned in a  fi re

Rotten
Tree that i s  s igni ficantly rotten or completely charred.  Di fficul t to 

measure DBH without des ignating the s tump

Live

A tree with establ ished and healthy canopy (90% l ive canopy), no vis ible damage from insects , leaf color i s  bright green  

A tree with at least 70% of canopy a l ive, no vis ible damage from insects , leaf color i s  green in ≥ 70% of canopy

A tree with at least 30% of canopy a l ive, can have some insect damage, leaves  look healthy on canopy that i s  a l ive. 

A tree with less  than 30% l iving canopy.  Can have extens ive insect damage, but tree is  s ti l l  a l ive. 

Dead

Standing
Standing, not 

leaning 

Fallen

Fal len on ground 

or being 

supported by 

another tree
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2.4 Data management 

Field data were organized in a relational database (Microsoft Access 2010) 

including five tables: Plot_info, trees, seedlings, saplings and shrubs.  Relationships 

were established between these tables using plot_ID (field) as the master field.  The 

database was then queried to reconstruct pre-fire vegetation for trees.  

To quantify pre-fire trees, I queried trees that were alive or dead, but excluded 

plants in the “rotten” decay class under the presumption that these individuals were 

already dead at the time of the fires.  This query did not include seedlings and saplings.  

Post-fire vegetation was quantified by querying trees that that were either alive, or dead 

with fine fuels at the time of the study.   Trees that were dead with fine fuels were 

included in the post-fire tree category based on the assumption that death of those 

individuals occurred post-fire for reasons not directly related to the fire.  

I could not directly quantify pre-fire shrubs because there were typically few or 

no remnants in the plots.  Therefore in NMS ordination (described later in Methods) 

shrub species composition pre-fire was assumed to be that described in the Niering and 

Lowe (1984) community types. 

2.5 Data analysis 

2.5.1 Trees 

I analyzed pre- and post-fire differences between tree basal area/ha using a paired 

t-test (using Excel in Microsoft Office ver 2010).  MS Excel was also used to calculate 
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the mean and standard error of each basal area of individual species.  Data were graphed 

using SigmaPlot (Systat Software Inc 2013 version 13)   

Local fire severity by plot was calculated by loss of basal area of tree species.  

The following equation was used to calculate percent mortality of non-resprouting 

species at each plot:  

Equation 2.5-1: Percentage tree mortality calculated from basal area of non-resprouting species at 

each plot.   

 

 

 

 

I used percent BA mortality to assign each plot to a severity class for labeling 

purposes (listed in Table 2.5-1).    

Table 2.5-1: Plot-scale fire severity classification, based on percentage of tree basal area killed by fire  

Percent BA severity Severity Class 

0-10% Unburned 

10-30% Low 

30-70% Moderate 

70-100% High 

 

Differences between pre- and post-fire tree composition was also assessed using 

importance values (IV), an average of relative density, relative frequency and relative 

dominance (McCune et al. 2002).  Relative dominance was based on total basal area 
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(m2/ha). Species in < 5% of the plots were excluded from analysis.  Pinus ponderosa was 

combined with Pinus ponderosa var arizonica for analysis.  To compare field-assessed 

fire severities, I used the plot stratification by percent BA mortality to assign each plot to 

a severity class (Table 2.5-1). 

I also calculated IVs for the Niering and Lowe (1984) communities corresponding 

to the EUs in this study.  Niering and Lowe tallied trees by DBH classes; I used the 

midpoint of each class to calculate dominance (e.g., 8.75 cm in the 2.5- 15 cm DBH 

category) of the tree species included in my study. 

2.5.2 Shrubs 

Shrub dominance was based on patch canopy cover (m2/ha). Relationships 

between local fire severity (%) and species shrub cover were assessed using linear 

regression using JMP10 (Statistical Analysis System 2012).  Shrub IVs were computed as 

the average of relative frequency and relative dominance (%) (McCune et al. 2002). 

Shrub stands could not be evaluated using stem density because shrub clustering and their 

multi-stem architectures made it unrealistic to count stems in many stands. Pre-fire shrub 

cover could not be reliably reconstructed from remnants because individuals were often 

fully consumed in the 2002-2003 fires.  

We used data from a pre-fire vegetation classification in the study area (Niering 

and Lowe 1984) as a baseline for evaluating between pre-fire shrub reconstructions.  
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2.5.3 Tree and shrub diversity 

Tree and shrub diversity was assessed using the Shannon-Weiner index (H) 

calculated by plot using the following equation.   

Equation 2.5-2: Shannon Wiener Index used for tree and shrub species.  Where i is each species, R is 

the total number of species in each plot, p is the proportion of species dominance belonging to a 

species group within each plot. 

 

where the proportion of species dominance, p, was based on basal area for trees and % 

cover for shrubs.  

2.6 Nonmetric multidimensional scaling (NMS) 

NMS allows for robust multivariate analysis of community data (McCune & 

Grace 2002).  To prepare data for NMS, I created plot-species matrices of pre- and post-

fire trees, shrubs and Niering and Lowe (labeled as “NL”) IVs.  I excluded species 

occurring in < 5% of the plots (McCune & Grace 2002).  

To evaluate differences in community composition, I used nonmetric 

multidimensional scaling (NMS) to plot spatial relationships between pre-, post- and 

Niering and Lowe plot IVs (Shepard 1962, Clarke 1993, McCune et al. 2002, McCune 

and Mefford 2006) in PC-ORD version 5 (McCune and Mefford 2006).  NMS creates a 

ranked distance matrix, which can eliminate problems that arise from use of datasets with 

zero-inflated data (which can cause plots to associate with each other because of a similar 

absence of species, rather than presence of the same species).  In this study there were 20 

tree and 26 shrub species encountered across EUs, many of which were not present in the 
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majority of the plots. Thus, it was important to use a technique that would not be 

sensitive to the large number of zeros (absences) in the data.     

The first step of NMS is to select a technique for calculating the distance matrix.  

I selected a Jaccard distance matrix because data can be back-transformed to original 

distances.  “Runs” of NMS consist of the distance algorithm looking for a solution that 

minimizes least squares within each dimensionality.  This generates the distance matrix 

and also indicates “stress” within each dimensionality. “Stress” is a metric (distance in 

ecological space) that measures least-square distance deviation from data of the solution 

and can be compared to stress of a Monte Carlo trial (columns are randomly shuffled).  

Lower stress values indicates that data is better represented by the outputs of NMS.  

Clarke’s rule of thumb (McCune et al. 2002) is a metric used to establish acceptable 

stress criteria for interpretation of data. It asserts that for stress values in the 5-10 range 

data interpretation is very good. When values fall between 10 and 20 interpretation is 

more challenging, but still possible. When stress is > 20, data difficult to interpret with 

confidence (McCune et al. 2002). 

I ran plot data 250 times, and 249 randomized times with a Monte Carlo test 

starting with random numbers to assess stress and choose a best fit for dimensionality. 

This setting is the most thorough setting in PC-ORD 5.   Stress of the plot data can be 

plotted against dimensionality with stress of Monte Carlo to create a “scree plot”.  The 

scree-plot provides information about which dimension will significantly minimize stress 

as compared to the next highest dimension (McCune and Mefford 2006).  PC ORD 

outputs coordinates for plots and species that minimizes this least squares for either two 

or three dimensions in species ecological space.  
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I used the coordinates of plots PC ORD to graph these locations in R (R Core 

Team 2013), because of R’s flexibility for plotting axes and creation of convex hulls.   

All code used in R was from the basic package and is presented in Appendix 6.5.  When 

plotting data, I used the tree burn severity classes (Table 2.5-1) to analyze patterns of 

species and plot clustering.  I plotted data in species space by EUs and plotted convex 

hulls around each severity class to evaluate changes between these severity classes.    

3 RESULTS 

For each EU,  I compare my field-based estimates of burn severity with those 

from BARC. I then present plot photos representative of BARC severity classes, 

descriptive statistical summaries and assessments of how tree and shrub diversity are 

affected by fire severity.  These are then followed by ordinations of tree and shrub 

species and 1984 pre-fire (Niering and Lowe) tree and shrub communities along with 

statistics about NMS fit.   

3.1 Mixed-conifer forest  

My field assessments of fire severity based on field surveys of tree mortality were 

different from those based on synoptic BARC maps.  Field-assessed fire severity 

indicated a higher percentage of moderate and high severity classes and a lower fraction 

of low severity and unburned classes (Table 3.1-1). Although BARC classified 21% of 

the area in this community as unburned, all of our randomly selected plots had received 

some level of fire.  
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Table 3.1-1:  Comparison of percentages of plots in fire severity classes based on BARC maps versus 

estimates based on field-assessed losses of tree basal area (Eq 3.1-1 and Table 3.1-2) on 14 mixed 

conifer forest plots 

Fire Severity BARC (%) Local Fire Severity (%) 

High 35.71 50.00 

Moderate 21.43 42.86 

Low 21.43 7.14 

Unburned 21.43 0.00 

 

 The differences in BARC low and high severity plots were visually evident 

(Figure 3.1-1). These photos illustrate differences between plots in the abundance of 

deciduous species that are not necessarily related to BARC severity classes (e.g., 

deciduous species are seen in photos of unburned and moderate severity, but did not seem 

to show a pattern with fire severity in the field).  There is an evident difference in 

structural layers, particularly the reduction in ladder fuels with increasing fire severity.  

Field notes include two sites with insect damage on trees.  Both of these plots had a high 

percentage of conifer species with low fire severity.  

Statistical analyses indicate significant changes in tree and shrub dominance and 

density with fire severity (Figure 3.1-2). There were significant decreases in mean basal 

area between pre- and post-fire plots for several species (Table 3.1-3).  There were no 

significant differences in densities of tree species pre- and post-fire. 
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Figure 3.1-1: Photos of plots in mixed conifer ecological unit representing contrasting BARC fire 

severity classes. 
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Figure 3.1-2 Density and basal area of tree species pre- and post-fire in the mixed conifer forest 

ecological unit.  Bars represent standard error. 

 

Four shrub species accounted for ca. 75% of the relative dominance:  Robinia 

neomexicana (IV=31.2 ), Symphoricarpos rotundifolius (IV= 18.4 ), Quercus gambellii 

(IV= 14.7), and Rubus spp. (IV= 10.6 ).Because we do not have pre-fire data for shrubs, 

we compared shrub species across fire severity classes.  There was no correlation 

between tree mortality (local site severity; Eq 3.1-2) and dominance of any species of 

shrub or total shrub cover (Table 5.3-1).
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Table 3.1-3: Tree species in the mixed conifer ecological unit grouped by absolute and relative means (+ SE) of frequency, density and 

dominance pre- and post-fire.  P-values are from paired t-tests comparisons of pre- and post-fire values; species exhibiting significant 

differences are in bold. Asterisks highlight species with significant pre- to post-fire change.  Importance values are the grand mean of all plots 

and average frequency, density and dominance.  

 

 

Prefire Postfire
Prefire (µ ± 

SE)

Postfire (µ 

± SE)

p-

value

Prefire  

(µ ± SE)

Postfire  

(µ ± SE)

p-

value
Prefire Postfire Prefire Postfire Prefire Postfire Prefire Postfire

Abies 

concolor*
12 8

142.53 ± 

53.59

232.39 ± 

102.01 0.14

6.84 ± 

2.17

3.17 ± 

1.48
0.01 17.22 11.02 14.91 13.08 15.25 12.00 15.79 12.04

Acer 

grandidentatum
3 3

46.34 ± 

41.26

311.03 ± 

306.51 0.34

0.51 ± 

0.38

0.36 ± 

0.35
0.29 5.00 8.57 3.12 5.49 1.40 1.22 3.17 5.09

Juniperus spp. 1 0 0.70 ± 0.70 0.00 ± 0.00
0.34

0.00 ± 

0.00

0.00 ± 

0.00
0.34 0.89 0.00 0.05 0.00 0.00 0.00 0.32 0.00

Pinus 

ponderosa*
11 8

80.74 ± 

24.17

58.98 ± 

23.68 0.06

8.20 ± 

2.98

3.09 ± 

1.36
0.02 15.79 16.62 11.86 18.52 22.52 18.90 16.72 18.01

Pinus 

strobiformis*
8 7

58.27 ± 

21.72

25.28 ± 

12.94 0.13

3.82 ± 

1.45

1.62 ± 

1.15
0.04 9.84 9.23 6.75 2.13 7.45 5.13 8.01 5.50

Populus 

tremuloides 
3 3

626.27 ± 

410.88

596.78 ± 

394.71 0.67

2.34 ± 

1.64

0.64 ± 

0.52
0.16 4.64 6.55 15.62 15.08 8.07 16.43 9.45 12.69

Pseudotsuga 

menziesii*
13 10

160.08 ± 

34.20

114.44 ± 

39.51 0.15

14.86 ± 

2.40

5.18 ± 

1.67
0.0001 18.65 13.88 17.13 9.76 39.90 20.66 25.23 14.77

Quercus 

arizonica
1 1 0.70 ± 0.70 0.70 ± 0.70 N/A

0.02 ± 

0.02

0.02 ± 

0.02
N/A 1.02 1.02 0.09 0.06 0.04 0.09 0.38 0.39

Quercus emoryi 2 1
11.94 ± 

11.20

11.23 ± 

11.23 0.34

0.07 ± 

0.07

0.13 ± 

0.13
0.35 2.32 1.43 3.06 1.54 0.58 1.22 1.99 1.40

Quercus 

gambelii*
7 6

102.51 ± 

41.90

143.93 ± 

64.31 0.47

1.42 ± 

0.67

1.11 ± 

0.56
0.03 8.77 9.83 13.11 16.29 3.34 8.62 8.41 11.58

Quercus 

hypoleucoides
2 4 5.62 ± 4.34

34.40 ± 

22.00 0.13

0.15 ± 

0.12

0.21 ± 

0.17
0.20 2.62 5.24 1.32 4.85 1.03 1.85 1.66 3.98

Quercus spp. 1 0 2.81 ± 2.81 0.00 ± 0.00
0.34

0.04 ± 

0.04

0.00 ± 

0.00
0.34 1.02 0.00 0.63 0.00 0.08 0.00 0.58 0.00

Quercus 

chrysolepis
1 1 6.32 ± 6.32

17.55 ± 

17.55 0.34

0.04 ± 

0.04

0.14 ± 

0.14
0.34 1.43 1.43 1.69 2.41 0.34 1.32 1.15 1.72

Robinia 

neomexicana 
8 8

85.66 ± 

46.93

61.78 ± 

34.98 0.07
0.00 ± 

0.00

0.49 ± 

0.27
0.10 10.79 15.19 10.65 10.77 0.00 12.56 7.15 12.84

Dominance  (%)

Absolute

Species

Relative
Importance 

ValuesFrequency (number of 

plots, n=14)
Density (individuals/ha)

Dominance (basal Area 

(m²/ha))
Frequency (%) Density  (%)
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Table 3.1-4: Shrub species represented in the mixed conifer ecological unit.  Separated by absolute and relative means (+ SE) of frequency 

and dominance. 

 

 

 

Acer 

grandidentatum
2 45.25 ± 30.74 4.17 8.26 12.43

Ceanothus fendleri 7 61.83 ± 35.52 12.21 3.58 15.79

Cacti species 

(Mammillaria or 

Echinocereus)

1 0.65 ± 0.65 1.79 0.02 1.8

Quercus emoryi 3 148.75 ± 145.40 4 3.73 7.72

Quercus gambelii 7 174.37 ± 83.09 11.02 18.28 29.3

Quercus  

hypoleucoides
5 133.59 ± 113.91 8.16 4.53 12.69

Robinia 

neomexicana
12 826.23 ± 358.24 24.12 38.27 62.39

Rubus spp. 9 86.90 ± 53.06 15.19 6 21.19

Symphoricarpos 

rotundifolius
10 219.44 ± 122.14 19.35 17.34 36.69

Shrub Species

Absolute Relative

Importance 

Values
Frequency 

(number of plots, 

n=14)

Dominance (cover 

(m²/ha))
Frequency (%) Dominance (%)
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Changes in tree and shrub diversity, as indicated by the Shannon-Weiner index, 

were variously correlated with fire severity. Tree diversity decreased significantly (p = 

0.018, R²= 0.3315), whereas shrub diversity was unaffected. Tree mortality had no effect 

on shrub species diversity, nor did I find significant correlations between pre-fire tree 

diversity and fire severity (Figure 3.1-3). 

 

 

Figure 3.1-3: Shannon-Weiner diversity of shrubs, and pre-fire and post fire tree diversity versus % 

tree mortality (Eq. 2.5-1), an index of fire severity, in the mixed conifer forest ecological unit. 

 

Intercept (p value) Slope (p value) Adjusted R²

Shrub diversity 0.6808  (0.0443) 0.0016 (0.708) -0.0764

Pre-fire tree diversity 1.3718 (6.29 e -8) -0.0006 (0.699) -0.06936

Post-fire tree diversity 1.6253 (0.0001) -0.01073 (0.018)* 0.3315
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3.1.1 Community ordination 

Pre-fire mixed-conifer plots clustered around Abies concolor, Populus 

tremuloides, Robinia neomexicana, Pseudotsuga menziesii, Quercus gambelii, Pinus 

strobiformis and Acer grandidentatum (Figure 3.1-4).  Pre-fire data also clustered with 

the white fir ravine forest and Douglas-fir/white fir forest community types in Niering 

and Lowe’s 1984 study.  Convex hulls (CH) of mixed-conifer plots by fire severity, show 

that four (of six) moderate severity plots were within the historical range of pre-fire 

species ecological space. One low severity plot was associated with pre-fire plots.  

Although there is significant overlap of the high severity and pre-fire plots in ordination 

space, none of the six plots are within this pre-fire CH.  There are two distinct directional 

changes to these plots: four are towards species space that contains Robinia neomexicana, 

Acer grandidentatum and Populus tremuloides, and two are towards Pinus strobiformis 

and Pinus ponderosa.   
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Figure 3.1-4: NMS of tree species in all plots of the mixed conifer forest EU (purple).  Points 

are plotted by fire severity: red=high, orange=moderate, light green=low, dark green 

=unburned, blue= points from 1984 Niering and Lowe study, and teal= no fire severity 

information .  Convex hulls enclose plots with the same fire severity classes.   

 

NMS of shrub species (Figure 3.1-5, Figure 3.1-6, Figure 3.1-7) indicates 

overlap in the shrub composition in moderate and high severity plots, with the low 

severity point as an outlier of both CH.  Included in these clusters are ferns, Acer 

grandidentatum, Quercus gambelii, Symphoricarpos rotundifolius, Rubus spp.. and 

Robinia neomexicana.  The pre-fire (Niering and Lowe 1984) plots included in these 
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convex hulls are “white fir ravine forest” and “oak woodland” in the high severity CH 

axis 3 vs 2.  

 

 

Figure 3.1-5: Axis 1 vs Axis 2.  NMS of shrub species in all plots of the mixed conifer forest EU 

(purple).  Points are plotted by fire severity: red=high, orange=moderate, light green=low, dark 

green =unburned, blue= points from 1984 Niering and Lowe study, and teal= no fire severity 

information.  Convex hulls enclose plots with the same fire severity classes.  
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Figure 3.1-6: Axis 1 vs Axis 3.  NMS of shrub species in all plots of the mixed conifer forest EU 

(purple).  Points are plotted by fire severity: red=high, orange=moderate, light green=low, dark 

green =unburned, blue= points from 1984 Niering and Lowe study, and teal= no fire severity 

information.  Convex hulls enclose plots with the same fire severity classes. 
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Figure 3.1-7: Axis 2 vs Axis 3.  NMS of shrub species in all plots of the mixed conifer forest EU 

(purple).  Points are plotted by fire severity: red=high, orange=moderate, light green=low, dark 

green =unburned, blue= points from 1984 Niering and Lowe study, and teal= no fire severity 

information.  Convex hulls enclose plots with the same fire severity classes. 
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3.2 Ponderosa pine forest  

Plots in this ecological unit show a small deviation from BARC severity.  There 

are a larger percentage of plots in the high severity category with local fire severity than 

in BARC maps (Table 3.2-1).  There are also fewer plots in moderate and unburned 

severity classes based on plot assessment than in the BARC maps.  

Table 3.2-1:  Comparison of percentages of plots in fire severity classes based on BARC maps versus 

estimates based on field-assessed losses of tree basal area (Eq 3.2-1 and Table 3.2-2) on 17 ponderosa 

pine forest plots 

 

Fire Severity BARC (%) Local Fire Severity (%) 

High 17.65 35.29 

Moderate 29.41 17.65 

Low 29.41 29.41 

Unburned 23.53 17.65 

No Data 0.00 0.00 

 

 Photos in this ecological unit show loss of conifer species and higher dominance 

of oak species in higher severity plots.  Canopies of tree species were higher in low and 

moderate severity plots (Figure 3.2-1).  Field observations noted that regeneration of 

conifer species in these plots did not seem to be related to severity and photos do not 

show regeneration in any plots.   There was significant regeneration in several plots, 

however, regeneration was not uniform, with some plots having thousands of seedlings 

and others having none.   
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Figure 3.2-1: Photos of plots ponderosa pine ecological unit, by BARC fire severity. 

 

 The most common tree species in this ecological unit include Pinus ponderosa 

(IV= 40.42), Pseudotsuga menziesii (IV=6.69), Pinus strobiformis (IV=6.88) and 

Quercus hypoleucoides (IV=30.63) post-fire these species accounted for nearly 85% of 

plot dominance (Table 3.2-3).   
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Figure 3.2-2: Tree species density and basal area pre-and post-fire in ponderosa pine forest on 

hills and mountains derived from granite, gneiss and similar rocks.  Bars are standard error 

 

 

The only species that changed significantly pre- and post-fire was Pinus 

ponderosa which had a mean increase in density of 870 individuals/hectare (p= 0.028).  

There was also a significant change in basal area of Pinus ponderosa, which had a mean 

decrease of 5.2 m² per hectare (p= 0.0001) (Figure 3.2-2).   
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Table 3.2-3: Tree species frequency, density and dominance in ponderosa pine EU grouped by average absolute and relative means of 

frequency, density and dominance pre and post-fire.  P-values are from paired t-tests of pre- and post-fire values; significant species are in 

bold. Asterisks highlight species with significant pre- to post-fire change.  Importance values are the grand mean of all plots in this ecological 

unit and average frequency, density and dominance. 

 

 

 

Prefire Postfire
Prefire 

(µ ± SE)

Postfire 

(µ ± SE)

p-

value

Prefire  

(µ ± SE)

Postfire  

(µ ± SE)

p-

value
Prefire Postfire Prefire Postfire Prefire Postfire Prefire Postfire

Abies concolor 3 1
10.41 ± 

9.21

19.08 ± 

19.08
0.395

0.63 ± 

0.60

0.24 ± 

0.24
0.296 2.42 0.98 1.36 1.96 1.53 0.82 1.77 1.25

Arbustus 

arizonica
4 5

9.83 ± 

6.95

17.92 ± 

14.33
0.302

0.25 ± 

0.20

0.23 ± 

0.19
0.573 5.01 6.92 1.12 1.14 0.89 0.98 2.34 3.01

Juniperus spp. 1 2
1.16 ± 

1.16

1.16 ± 

0.79
1.000

0.04 ± 

0.04

0.00 ± 

0.00
0.332 0.84 2.65 0.26 0.17 0.37 0.00 0.49 0.94

Pinus 

ponderosa*
16 16

418.62 ± 

103.71

1288.22 ± 

411.10
0.028

17.18 ± 

3.57

12.01 ± 

3.33
0.0001 22.33 22.70 41.32 53.29 59.73 45.28 41.13 40.42

Pinus 

strobiformis
9 7

81.53 ± 

56.33

76.90 ± 

48.81
0.655

2.80 ± 

1.51

2.14 ± 

1.19
0.100 10.96 9.22 9.78 4.56 12.14 6.85 10.96 6.88

Pseudotsuga 

menziesii
11 10

65.34 ± 

26.45

30.07 ± 

14.29
0.122

2.27 ± 

0.94

1.10 ± 

0.50
0.170 13.16 12.84 8.94 2.74 9.46 4.48 10.52 6.69

Quercus 

arizonica
6 6

40.47 ± 

20.16

29.49 ± 

14.77
0.125

0.24 ± 

0.14

0.30 ± 

0.18
0.521 5.61 7.11 5.66 5.37 1.19 2.63 4.15 5.04

Quercus 

emoryi
2 1

4.05 ± 

3.48

3.47 ± 

3.47
0.332

0.12 ± 

0.11

0.11 ± 

0.11
0.332 2.31 0.84 0.88 0.38 1.05 1.25 1.41 0.82

Quercus 

gambelii
2 2

2.89 ± 

2.35

6.36 ± 

5.77
0.332

0.08 ± 

0.08

0.03 ± 

0.02
0.354 2.02 2.94 0.37 0.89 0.20 0.62 0.86 1.48

Quercus 

hypoleucoides
16 16

232.44 ± 

60.16

187.91 ± 

37.42
0.503

2.55 ± 

0.60

2.05 ± 

0.40
0.410 23.45 27.61 27.03 28.28 11.76 36.02 20.75 30.63

Quercus 

reticulata
4 5

6.36 ± 

4.12

7.52 ± 

3.21
0.778

0.05 ± 

0.03

0.09 ± 

0.04
0.309 3.89 5.35 0.81 1.16 0.20 1.07 1.63 2.53

Quercus spp. 5 1
6.36 ± 

3.57

0.58 ± 

0.58
0.076

0.14 ± 

0.07

0.00 ± 

0.00
0.066 5.66 0.84 2.22 0.06 1.47 0.00 3.12 0.30

Robinia 

neomexicana 
2 0

3.47 ± 

2.38

0.00 ± 

0.00
0.163

0.00 ± 

0.00

0.00 ± 

0.00
N/A 2.35 0.00 0.26 0.00 0.00 0.00 0.87 0.00

Importance 

Value

Frequency 

(number of plots, 

n=17)

Density (individuals/ha)
Dominance (basal Area 

(m²/ha))
Frequency (%) Density  (%)

Dominance  

(%)Tree species

Absolute Relative
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Table 3.2-4: Shrub species frequency and density in ponderosa pine forest on hills and mountains derived from granite, gneiss and similar 

rocks  

 

 

Arbustus arizonica 1.75

Arctostaphylos 

pungens
2.83

Ceanothus fendleri 21.53

Cacti species 

(Mammillaria or 

Echinocereus)

1.55

Quercus arizonica 11.32

Quercus emoryi 1.75

Quercus gambelii 2.78

Quercus  

hypoleucoides
39.02

Quercus 

oblongifolia
0.37

Quercus reticulata 5.33

Quercus spp. 0.85

Rhamnus  spp. 3.40

Robinia 

neomexicana
4.67

Symphoricarpos 

rotundifolius
0.59

Yucca spp. 2.27

1 0.03 ± 0.03 1.18 0.00

4 6.13 ± 4.54 3.92 0.61

4 267.62 ± 196.24 4.03 5.31

2 2.65 ± 2.39 1.58 0.12

4 12.27 ± 6.34 5.59 1.21

1 0.26 ± 0.26 0.74 0.01

8 71.82 ± 27.35 8.29 2.36

5 8.78 ± 6.27 5.21 0.36

17 1121.84 ± 218.39 23.74 54.29

8 331.17 ± 156.50 9.12 13.52

3 1.19 ± 0.72 3.05 0.46

3 0.23 ± 0.17 3.09 0.01

15 572.14 ± 248.53 21.83 21.23

4 5.42 ± 3.29 5.50 0.16

Shrub Species

Absolute Relative

Importance 

ValueFrequency (number of 

plots, n=17)

Dominance 

(cover (m²/ha))
Frequency (%) Dominance  (%)

4 9.29 ± 8.96 3.15 0.35
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Several shrubs species were also common in this ecological unit; most dominant 

were Quercus arizonica (IV=11.3), Quercus hypoleucoides (IV=39.0), and Ceanothus 

fendleri (IV= 21.4) with a cumulative dominance of 71.8% ().  There was a significant 

change only in Ceanothus fendleri, which increased in cover with fire severity, mostly in 

the highest severity classes (Table 3.2-4).  No other species had significant changes with 

fire severity (Table 5.3-1).   

 

Figure 3.2-3. Ceanothus fendleri cover vs local fire severity in the ponderosa pine forest EU 

 

There was no significant effect of fire severity on post-fire nor shrub Shannon 

Weiner diversity within this EU.  There was also no significant correlation between pre-

fire tree diversity and fire severity (Figure 3.2-4)  
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 Intercept (p value) Slope (p value) Adjusted R² 

Shrub diversity 1.9786 (0.0924) -0.0049 (0.6512) -0.1471 

Pre-fire tree diversity 0.2982 (0.649) 0.0089 (0.233) 0.0983 

Pos-tfire tree diversity 0.5447 (0.308) 0.0009 (0.864) -0.1605 

 

Figure 3.2-4: Diversity of pre- and post-fire trees and shrubs by percent tree mortality in the 

ponderosa pine ecological unit.   

3.2.1 Community ordination 

Tree NMS ordinations plots of samples in this ecological unit indicate differences 

among severity classes, but overlap of all severity classes with pre-fire species ecological 

space (Figure 3.2-5).  The pre-fire convex hull is associated with Pinus species, Pinus 
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strobiformis, Arbutus arizonica, and Pinus ponderosa.  Unburned and low convex hulls 

are in the direction of Pinus ponderosa species space.  The moderate severity convex hull 

is in the direction of Pinus strobiformis species space, and high severity plots are in the 

direction of Quercus hypoleucoides and Arbutus arizonica. Pre-fire (Niering and Lowe 

1984) plots include ponderosa pine forest; ponderosa pine, oak forest; and ponderosa 

pine, white pine forest.  High severity post-fire plots do not cluster with 1984 community 

ordination.  Moderate severity shows association with ponderosa pine forest and 

ponderosa pine, oak forest, but these pre-fire plots are not associated with the high 

severity ecological space.   

 

Figure 3.2-5: NMS of trees species in the ponderosa pine forest ecological unit.  Convex hulls are 

colored by fire severity class 
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NMS ordination of shrub communities indicates significant overlap among 

severity classes but appears to be directional from low to high (Figure 3.2-6).  Associated 

species in all severity class convex hulls are: Ceanothus fendleri, Quercus hypoleucoides, 

Rubus species and Quercus arizonica.  Some species are associated only with high 

severity, including Quercus emoryi, Arbutus arizonica, and Quercus oblongifolia.  In 

addition, present study sites (post-fire) show associations with 1984 plots: ponderosa pine 

forest (low severity only), and ponderosa pine, oak forest (moderate and high severity).  
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Figure 3.2-6 : Axis 1 vs Axis 2.  NMS of shrub species in all plots of the mixed conifer forest EU 

(purple).  Points are plotted by fire severity: red=high, orange=moderate, light green=low, dark 

green =unburned, blue= points from 1984 Niering and Lowe study, and teal= no fire severity 

information.  Convex hulls enclose plots with the same fire severity classes. 
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Figure 3.2-7: Axis 1 vs Axis 3.  NMS of shrub species in all plots of the mixed conifer forest EU 

(purple).  Points are plotted by fire severity: red=high, orange=moderate, light green=low, dark 

green =unburned, blue= points from 1984 Niering and Lowe study, and teal= no fire severity 

information.  Convex hulls enclose plots with the same fire severity classes. 
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Figure 3.2-8: Axis 2 vs Axis 3.  NMS of shrub species in all plots of the mixed conifer forest EU 

(purple).  Points are plotted by fire severity: red=high, orange=moderate, light green=low, dark 

green =unburned, blue= points from 1984 Niering and Lowe study, and teal= no fire severity 

information.  Convex hulls enclose plots with the same fire severity classes. 
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3.3 Madrean pine-oak forest/woodland  

Points in this ecological unit had a higher percentage of plots in the high severity 

category and a decrease in percentages in all other fire severity classes (Table 3.3-1).   

Table 3.3-1:  Comparison of percentages of plots in fire severity classes based on BARC maps versus 

estimates based on field-assessed losses of tree basal area (Eq 3.3-1 and Table 3.3-2) on 14 Madrean 

pine-oak forest/woodland plots 

Fire Severity BARC (%) Local Fire Severity (%) 

High 28.57 64.29 

Moderate 28.57 14.29 

Low 21.43 7.14 

Unburned 21.43 14.29 

 

 Changes with fire severity are also seen in photos.  Unburned areas had Pinus 

(ponderosa and chihuahuana), Juniperus and oak overstories with various Quercus sp., 

Arctostaphylos pungens, and Ceanothus fendleri.  Increasing fire severity had a 

differential mortality effect on overstory conifer trees, while oaks and other shrub species 

re-sprouted.  This can be seen both in photos and in decreases in importance values pre 

and post fire (Table 3.3-3). 

Species that are most common are Quercus hypoleucoides (IV=31.04), Pinus 

ponderosa (IV=11.88), Quercus gambelii (IV=9.88) totaling nearly 50% of species found 

in plots.   
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Figure 3.3-1: Photos of plots in Madrean pine-oak forest/woodland ecological unit, by BARC fire 

severity. 
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Table 3.3-3 Tree species in Madrean pine-oak forest/woodland EU and relative means of frequency, density and dominance pre and post-

fire.  P-values are from paired t-tests of pre- and post-fire values; significant species are in bold. Asterisks highlight species with significant 

pre- to post-fire change.  Importance values are the grand mean of all plots in this EU and average frequency, density and dominance. 

 

 

Prefire Postfire
Prefire 

(µ ± SE)

Postfire 

(µ ± SE)

p-

value

Prefire  

(µ ± SE)

Postfire  

(µ ± SE)
p-value Prefire Postfire Prefire Postfire Prefire Postfire Prefire Postfire

Abies concolor 2 3
28.79 ± 

19.62

5.62 ± 

4.21
0.180

2.21 ± 

1.53

0.00 ± 

0.00
0.173 3.21 4.23 6.37 2.65 10.48 0.00 6.69 2.29

Arbustus 

arizonica
2 2

8.43 ± 

6.08

7.02 ± 

5.68
0.336

0.43 ± 

0.30

0.29 ± 

0.20
0.336 3.21 3.21 1.21 1.03 2.69 3.32 2.37 2.52

Juniperus 

deppeana
5 4

25.98 ± 

13.18

23.17 ± 

14.08
0.537

1.16 ± 

0.54

0.63 ± 

0.38
0.094 6.09 5.31 7.16 4.03 10.57 5.80 7.94 5.04

Juniperus spp.* 3 5
7.72 ± 

5.66

10.53 ± 

6.39
0.040

0.30 ± 

0.29

0.00 ± 

0.00
0.320 4.00 6.68 1.37 2.25 2.64 0.00 2.67 2.98

Pinus discolor 4 3
92.68 ± 

46.60

79.34 ± 

65.57
0.754

1.62 ± 

0.92

0.68 ± 

0.54
0.239 5.66 4.64 13.33 8.75 12.69 6.94 10.56 6.78

Pinus 

ponderosa*
9 6

87.06 ± 

31.54

141.12 ± 

112.06
0.577

5.28 ± 

1.97

2.52 ± 

1.70
0.018 12.99 9.59 12.29 12.23 23.08 13.82 16.12 11.88

Pinus 

strobiformis
2 2

11.23 ± 

7.91

9.13 ± 

6.39
0.189

0.61 ± 

0.44

0.53 ± 

0.38
0.284 2.21 2.21 1.08 0.69 1.59 1.70 1.62 1.53

Populus 

tremuloides 
0 1

0.00 ± 

0.00

0.70 ± 

0.70
0.336

0.00 ± 

0.00

0.00 ± 

0.00
N/A 0.00 2.38 0.00 0.10 0.00 0.00 0.00 0.83

Pseudotsuga 

menziesii
6 4

37.21 ± 

25.66

14.74 ± 

11.83
0.141

1.52 ± 

0.85

0.64 ± 

0.55
0.137 8.76 5.78 6.60 2.09 7.68 2.58 7.68 3.48

Quercus 

arizonica
8 6

49.85 ± 

28.45

38.62 ± 

22.82
0.158

0.42 ± 

0.21

0.36 ± 

0.17
0.441 10.61 10.61 6.33 8.37 3.08 6.93 6.67 8.64

Quercus emoryi 1 1
2.81 ± 

2.81

2.11 ± 

2.11
0.336

0.04 ± 

0.04

0.03 ± 

0.03
0.336 1.02 1.79 0.58 1.26 0.56 2.03 0.72 1.69

Quercus 

gambelii
4 4

57.57 ± 

48.10

66.70 ± 

47.14
0.361

0.30 ± 

0.26

0.50 ± 

0.34
0.225 6.02 6.79 8.04 10.56 1.19 12.30 5.08 9.88

Quercus 

hypoleucoides
13 13

240.12 ± 

75.48

190.97 ± 

48.00
0.419

3.34 ± 

1.13

2.94 ± 

0.90
0.646 18.06 22.64 28.64 34.75 19.81 35.72 22.17 31.04

Quercus 

oblongifolia
1 1

0.70 ± 

0.70

2.81 ± 

2.81
0.487

0.02 ± 

0.02

0.03 ± 

0.03
0.699 1.02 1.02 0.08 0.47 0.09 0.25 0.40 0.58

Quercus 

reticulata
6 7

25.98 ± 

16.76

58.27 ± 

27.75
0.104

0.24 ± 

0.13

0.81 ± 

0.40
0.146 7.28 10.66 3.84 10.11 1.28 8.35 4.13 9.71

Quercus spp. 6 0
18.96 ± 

10.38

0.00 ± 

0.00
0.091

0.39 ± 

0.25

0.00 ± 

0.00
0.140 7.23 0.00 2.36 0.00 2.56 0.00 4.05 0.00

Robinia 

neomexicana 
2 2

4.91 ± 

4.22

4.91 ± 

4.22
N/A

0.00 ± 

0.00

0.01 ± 

0.01
0.302 2.62 2.45 0.72 0.68 0.00 0.26 1.11 1.13

Tree Species

Absolute Relative

Importance 

Values
Frequency 

(number of plots, 

n=14)

Density (individuals/ha)
Dominance (basal Area 

(m²/ha))
Frequency (%) Density  (%) Dominance  (%)
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Table 3.3-4: Shrub species in the Madrean pine-oak forest/woodland on granite,  gneiss , or metasedimentary rock 

 

 

 

Relative

Acer grandidentatum 1 0.03 ± 0.03 1.19 0.00 0.60

Agave spp 3 2.78 ± 1.99 3.12 0.08 1.60

Arctostaphylos pungens 8 488.29 ± 201.07 8.66 15.38 12.02

Ceanothus fendleri 11 179.59 ± 68.08 13.48 7.04 10.26

Garrya wrightii 4 20.97 ± 10.95 3.71 0.73 2.22

Cactaceaespecies (Mammillaria 

or Echinocereus)
2 0.07 ± 0.05 1.31 0.00 0.66

Nolina microcarpa 5 48.05 ± 24.67 4.85 1.62 3.23

Quercus arizonica 7 101.01 ± 50.35 7.59 3.77 5.68

Quercus emoryi 2 1.93 ± 1.33 2.22 0.06 1.14

Quercus gambelii 4 536.33 ± 376.77 4.76 8.83 6.79

Quercus  hypoleucoides 14 1151.85 ± 423.70 16.99 32.74 24.87

Quercus oblongifolia 2 36.76 ± 32.38 1.31 0.94 1.12

Quercus reticulata 6 455.28 ± 224.40 6.20 18.02 12.11

Quercus spp. 1 0.31 ± 0.31 0.60 0.01 0.30

Rhamnus spp. 1 1.32 ± 1.32 1.19 0.02 0.60

Robinia neomexicana 7 161.88 ± 81.36 7.86 4.53 6.19

Rubus xx 5 104.70 ± 63.24 5.36 5.29 5.33

Symphoricarpos rotundifolius 2 12.40 ± 10.72 2.38 0.17 1.28

Yucca spp. 7 20.11 ± 8.05 7.23 0.77 4.00

Shrub Species

Absolute

Importance ValuesFrequency (number 

of plots, n=14)

Dominance 

(cover (m²/ha))

Frequency 

(%)

Dominance  

(%)
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Because this EU spanned a large elevational gradient, there were different conifer 

species in almost every plot.  There were some significant differences in pre and post fire 

species across the ecological unit.  Juniperus species had a significant increase in density 

(p= 0.040) when fire severity increased, and Pinus ponderosa had a significant decrease 

in basal area post fire (p=0.018). (Table 3.3-3) 

 
 

 

Figure 3.3-2: Comparison of tree species pre and post fire in the Madrean pine-oak 

forest/woodland on granite,  gneiss , or metasedimentary rock  ecological unit 

 

With shrub species, there was a significant effect of fire severity on only Agave 

species, mostly at low severity (Table 5.3-1).   There was no significant impact of fire 

severity on any other shrub species cover  nor on total shrub cover (Table 5.3-1)        
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Figure 3.3-3: Agave species cover as a function of local fire severity in Madrean pine-oak 

forest/woodland EU. 

 

Fire also had a significant impact on post fire tree Shannon Weiner diversity 

(parameter= -0.0056, p= 0.0152, R²=0.3502): increasing fire severity decreased tree 

diversity.  Fire severity had no effect on post fire shrub diversity nor coorelation with pre-

fire tree diversity.   
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 Intercept (p value) Slope (p value) Adjusted R² 

Shrub diversity 0.6939 (0.0026) 0.0047 (0.0707) 0.1841 

Pre-fire tree diversity 1.2214 (3.02 e-05) -0.0015 (0.534) -0.0475 

Post-fire tree diversity 1.2985 (1.99e-06) -0.0056 (0.0152) 0.3502 

 

Figure 3.3-4: Diversity of trees and shrubs in Madrean pine-oak forest/woodland EU 

 

3.3.1 Community ordination  

Because plots in this ecological unit span a large ecological gradient, a large 

number of species are represented in community ordination (Figure 3.3-5).  Several species 

are represented in pre-fire plots including Pseudotsuga menziesii, Pinus species, Quercus 

reticulata, Quercus turbinella, Quercus arizonica, and Juniperus species.  Post- fire plots 

are in a relatively similar species space but show loss of association with Quercus 

arizonica and Juniperus species and additional association with Arbutus arizonica.  CH 
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of different fire severity classes do not show differences between each other I species 

represented and show significant overlap.  Associations from 1984 pre-fire plots are with 

ponderosa pine forest; ponderosa pine, oak forest; ponderosa pine, white pine forest; 

pygmy conifer oak; Pinus cembroides, oak woodland; and cypress canyon forest.   High 

severity plots lose association with cypress canyon forest, and Pinus cembroides, oak 

woodland and have an added association with ponderosa pine, white pine forest.    

 

Figure 3.3-5: NMS of tree species in the Madrean pine-oak forest/woodland on granite, 

gneiss, or metasedimentary rock ecological unit.  Convex hulls are by fire severity. 
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Shrub ordination show association with Rhamnus species, Ceanothus fendleri, 

Quercus hypoleucoides, Arbutus arizonica, Quercus reticulata, and fern species.  

Although most plots are in the high severity class, CH between severity classes do not 

have distinct clustering.  Ponderosa pine oak forest is the only 1984 plot that is associated 

with current study post fire shrub clusters. 

 

Figure 3.3-6 : Axis 1 vs Axis 2.  NMS of shrub species in all plots of the Madrean pine-oak 

forest/woodland EU (purple).  Points are plotted by fire severity: red=high, orange=moderate, light 

green=low, dark green =unburned, blue= points from 1984 Niering and Lowe study, and teal= no fire 

severity information.  Convex hulls enclose plots with the same fire severity classes. 
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Figure 3.3-7: Axis 1 vs Axis 3.  NMS of shrub species in all plots of the Madrean pine-oak 

forest/woodland EU (purple).  Points are plotted by fire severity: red=high, orange=moderate, light 

green=low, dark green =unburned, blue= points from 1984 Niering and Lowe study, and teal= no 

fire severity information.  Convex hulls enclose plots with the same fire severity classes. 
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Figure 3.3-8: Axis 2 vs Axis 3.  NMS of shrub species in all plots of the Madrean pine-oak 

forest/woodland EU (purple).  Points are plotted by fire severity: red=high, orange=moderate, light 

green=low, dark green =unburned, blue= points from 1984 Niering and Lowe study, and teal= no 

fire severity information.  Convex hulls enclose plots with the same fire severity classes. 
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3.4 Madrean oak/conifer/manzanita with rock outcrops 

Severity data in this ecological unit are fairly consistent with BARC data, 

although there is a change of one plot from low BARC severity to high local severity.   

Field observations of these plots tended to confirm BARC fire severity. 

Table 3.4-1:  Comparison of percentages of plots in fire severity classes based on BARC maps versus 

estimates based on field-assessed losses of tree basal area (Eq 3.4-1 and Table 3.4-2) on 12 Madrean 

oak/ conifer/manzanita with rock outcrops plots 

Fire Severity BARC (%) Local Fire Severity (%) 

High 25.00 33.33 

Moderate 25.00 25.00 

Low 25.00 16.67 

Unburned 25.00 25.00 

 

 Unburned plots in this ecological units were usually located in difficult to access 

areas, such as on cliffs or large rock outcrops, and therefore were usually small patches 

with little continuous fuel nearby.  These plots contained mature pine (majority Pinus 

ponderosa) trees and mature oaks with an oak scrub understory.  All plots in this 

ecological unit were on shallow soils with large rock outcrops (Figure 3.4-1).  Two of the 

unburned plots contained insect damage on trunks and leaves of oak species.  Burned 

areas showed loss of overstory oak trees with significant resprouting.    High severity 

plots also had loss of Pinus species, with significant regeneration.   
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Figure 3.4-1: Photos of plots in Madrean oak/conifer/manzanita with rock outcrops ecological unit, 

by BARC fire severity. 

There were 15 different tree species in this ecological unit, but 3 were dominant: 

Pinus ponderosa (IV=36.35), Quercus hypoleucoides(IV=21.62), and Quercus arizonica 

(11.40).  There was a significant decrease in Pinus ponderosa basal area post fire (p = 

0.025), but no other significant changes in species post-fire.  Although it was not 

significant, there was a large increase in Pinus ponderosa density, which indicates that 

there was a large amount of regeneration in some of the plots post fire (Figure 3.4-2).   
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Figure 3.4-2: Pre and post- fire tree species density and dominance in Madrean 

oak/conifer/manzanita on hills and mountains with extensive rock outcrops 

 The most dominant shrub species were Quercus hypoleucoides(IV=39.43), 

Quercus reticulata (IV=11.51), and Ceanothus fendleri (IV=16.16) (Table 3.4-4).  

Several shrubs dominated pre and post fire but fire severity did not have a significant 

impact on any of these species (Table 5.3-1).   
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Table 3.4-3: Tree species in the Madrean oak/conifer/manzanita with rock outcrops grouped by average absolute and relative means 

of frequency, density and dominance pre and post-fire.  P-values are from paired t-tests of pre- and post-fire values; significant 

species are in bold. Asterisks highlight species with significant pre- to post-fire change.  Importance values are the grand mean of all 

plots in this ecological unit and average frequency, density and dominance. 

 

 

Pre-

fire

Post-

fire

Prefire 

(µ ± SE)

Postfire 

(µ ± SE)

p-

value

Prefire  

(µ ± SE)

Postfire  

(µ ± SE)

p-

value

Pre-

fire

Post-

fire

Pre-

fire

Post-

fire
Pre-fire

Post-

fire

Pre-

fire

Post-

fire

Abies concolor 0 1
0.00 ± 

0.00

0.82 ± 

0.82
0.339

0.00 ± 

0.00

0.00 ± 

0.00
N/A 0.00 2.08 0.00 0.01 0.00 0.00 0.00 0.70

Arbustus 

arizonica
1 1

0.82 ± 

0.82

0.82 ± 

0.82
1.000

0.03 ± 

0.03

0.00 ± 

0.00
0.348 1.67 2.08 0.20 0.20 0.30 0.01 0.72 0.76

Juniperus 

deppeana
1 1

4.91 ± 

4.91

4.10 ± 

4.10
0.339

0.13 ± 

0.13

0.11 ± 

0.11
0.339 1.39 1.39 1.19 1.02 2.03 1.95 1.54 1.45

Juniperus spp. 2 1
13.92 ± 

11.51

1.64 ± 

1.64
0.305

0.27 ± 

0.20

0.01 ± 

0.01
0.208 2.78 1.39 3.67 0.41 4.74 0.11 3.73 0.63

Pinus discolor 5 3
35.22 ± 

18.92

15.56 ± 

13.82
0.213

0.64 ± 

0.32

0.24 ± 

0.19
0.190 8.61 5.83 10.24 3.50 12.49 3.99 10.45 4.44

Pinus 

ponderosa*
9 9

178.57 ± 

45.97

1438.36 

± 773.64
0.119

8.60 ± 

2.33

4.36 ± 

1.62
0.025 22.36 22.08 40.33 38.96 55.80 47.99 39.50 36.35

Pinus 

strobiformis
3 1

3.28 ± 

1.85

3.28 ± 

3.28
1.000

0.10 ± 

0.08

0.07 ± 

0.07
0.285 6.25 1.67 0.66 0.05 0.52 0.40 2.48 0.71

Populus 

tremuloides 
1 1

2.46 ± 

2.46

0.82 ± 

0.82
0.339

0.03 ± 

0.03

0.00 ± 

0.00
0.339 1.67 4.17 0.36 4.17 0.53 0.09 0.85 2.81

Pseudotsuga 

menziesii
5 4

27.03 ± 

17.87

15.56 ± 

8.42
0.482

0.80 ± 

0.46

0.26 ± 

0.19
0.178 11.67 8.19 5.94 4.30 3.76 1.82 7.12 4.77

Quercus 

arizonica
4 3

52.42 ± 

35.61

17.20 ± 

9.06
0.352

0.42 ± 

0.23

0.20 ± 

0.12
0.335 6.11 8.33 9.89 12.27 7.53 13.60 7.84 11.40

Quercus emoryi 3 3
4.91 ± 

2.84

4.10 ± 

2.25
0.339

0.03 ± 

0.02

0.04 ± 

0.03
0.339 4.44 8.33 1.48 2.95 0.62 3.04 2.18 4.77

Quercus 

hypoleucoides
9 9

106.48 ± 

26.56

187.58 ± 

51.27
0.080

0.96 ± 

0.34

1.43 ± 

0.39
0.091 18.89 19.31 21.67 22.57 10.28 22.98 16.95 21.62

Quercus 

reticulata
4 6

12.29 ± 

8.13

50.79 ± 

34.18
0.174

0.03 ± 

0.01

0.21 ± 

0.15
0.203 7.78 13.47 3.07 9.08 0.35 3.94 3.73 8.83

Quercus spp. 3 0
4.91 ± 

2.84

0.00 ± 

0.00
0.111

0.05 ± 

0.03

0.00 ± 

0.00
0.103 4.72 0.00 1.19 0.00 1.04 0.00 2.32 0.00

Quercus 

turbinella
1 1

0.82 ± 

0.82

3.28 ± 

3.28
0.339

0.00 ± 

0.00

0.01 ± 

0.01
0.339 1.67 1.67 0.12 0.51 0.02 0.07 0.60 0.75

Tree Species

Absolute Relative

Importance 

Value

Frequency 

(number 

of plots, 

n=12)

Density 

(individuals/ha)

Dominance (basal Area 

(m²/ha))

Frequency 

(%)
Density  (%) Dominance  (%)
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Table 3.4-4: Shrub species frequency, dominance, density and importance values in Madrean oak/conifer/manzanita with rock outcrops EU   

 

 

 

Arbustus arizonica 2 3.40 ± 2.48 4.86 0.27 2.56

Arctostaphylos pungens 3 481.49 ± 314.54 3.63 11.40 7.51

Brickellia xx 1 7.43 ± 7.43 0.93 0.56 0.74

Ceanothus fendleri 8 321.16 ± 168.72 17.52 14.80 16.16

Garrya wrightii 3 97.78 ± 80.53 3.63 2.33 2.98

Gutierrezia sarothrae 2 14.57 ± 10.90 1.97 0.89 1.43

Nolina microcarpa 1 6.25 ± 6.25 1.04 0.16 0.60

Quercus arizonica 3 90.33 ± 52.63 3.63 3.95 3.79

Quercus emoryi 2 14.78 ± 10.84 1.97 0.89 1.43

Quercus  hypoleucoides 12 661.80 ± 155.62 28.91 49.14 39.03

Quercus reticulata 7 168.67 ± 73.64 15.83 7.19 11.51

Robinia neomexicana 4 52.87 ± 36.37 10.69 7.62 9.16

Rubus xx 1 0.45 ± 0.45 2.78 0.23 1.51

Symphoricarpos 

rotundifolius
1 8.74 ± 8.74 1.67 0.54 1.10

Yucca xx 1 0.44 ± 0.44 0.93 0.03 0.48

Shrub Species

Absolute

Importance ValuesFrequency 

(number of plots, 

n=12)

Dominance (cover (m²/ha)) Frequency (%) Dominance  (%)

Relative
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 Shrub diversity increased with fire severity (m= 0.0093, p=0.022, r squared= 

0.3994).  However, there was no significant effect on tree diversity with fire severity, and 

no correlation between tree diversity and fire severity (Figure 3.4-3)   

 

 Intercept (p value) Slope (p value) Adjusted R² 

Shrub diversity* 0.4489  (0.0469) 0.0093 (0.0219) 0.3994 

Pre-fire tree diversity 0.8152 (0.9038) -0.0005 (0.904) -0.1092 

Post-fire tree diversity 0.6282 (0.0079) 0.0026 (0.4310) -0.1092 

 

Figure 3.4-3: Diversity by fire severity of pre and post-fire tree and shrub species in the Madrean 

oak/conifer/manzanita with rock outcrops.   
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3.4.1 Community ordination 

Pre-fire plots in this ecological unit encompassed a large area in the species space.  

Species that are within the pre- fire CHs are Quercus emoryi, Quercus spp., Juniperus 

deppeana, Juniperus spp., Quercus arizonica, Quercus  

turbinella, Pinus spp., Pinus strobiformis.  Niering and Lowe’s 1984 plots are in pre-fire 

species space include:  cypress canyon forest; Pinus cembroides, oak woodland; 

ponderosa pine/oak forest; ponderosa pine forest; and ponderosa pine/white pine forest 

(Figure 3.4-4).  None of these pre-fire plots are in any of the post-fire fire severity convex 

hulls.  Fire severity convex hulls show distinctions based on fire severity with high 

severity clustering towards Quercus arizonica, Pinus discolor and Juniperus species.  

The moderate severity convex hull is closer to Pinus species and encompasses the 1984 

Ponderosa pine, white pine forest community type (Figure 3.4-4).  Because there were 

only two low and two unburned plots, there are no convex hulls created by these plots.  

However, these plots were within the pre-fire range of severity.    
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Figure 3.4-4: NMS of tree plots in Madrean oak/conifer/manzanita with rock outcrops.  

Severity classes are enclosed by convex hulls. 

 

Shrub species convex hulls show distinctions between high severity plots and low 

and moderate severity.  Species included are Arbutus arizonica, Ceanothus fendleri, 

Quercus reticulata, and Quercus hypoleucoides.  Figure 3.4-5a shows high severity plots 

moving toward lower elevation desert species.   



73 

 

In this ecological unit, fire severity had an influence on plant recovery.  This is 

significant in overstory tree changes in basal area and changes in shrub diversity with fire 

severity.   

 

 

Figure 3.4-5: Axis 1 vs Axis 2.  NMS of shrub species in all plots of the Madrean 

oak/conifer/manzanita with rock outcrops EU (purple).  Points are plotted by fire severity: 

red=high, orange=moderate, light green=low, dark green =unburned, blue= points from 1984 

Niering and Lowe study, and teal= no fire severity information.  Convex hulls enclose plots with 

the same fire severity classes. 
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Figure 3.4-6: Axis 1 vs Axis 3.  NMS of shrub species in all plots of the Madrean 

oak/conifer/manzanita with rock outcrops EU (purple).  Points are plotted by fire severity: 

red=high, orange=moderate, light green=low, dark green =unburned, blue= points from 1984 

Niering and Lowe study, and teal= no fire severity information.  Convex hulls enclose plots 

with the same fire severity classes. 
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Figure 3.4-7: Axis 2 vs Axis 3.  NMS of shrub species in all plots of the Madrean 

oak/conifer/manzanita with rock outcrops EU (purple).  Points are plotted by fire severity: 

red=high, orange=moderate, light green=low, dark green =unburned, blue= points from 

1984 Niering and Lowe study, and teal= no fire severity information.  Convex hulls enclose 

plots with the same fire severity classes. 
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3.5 Oak/pinyon/juniper woodland  

This ecological unit had the largest difference in fire severity from the BARC 

map.  Most of these changes are concentrated in either the high severity or in the “no 

data” category, which was only found in this ecological unit and represented areas where 

there were no trees present either before or after fire, and therefore were unable to give us 

local fire plot severity. 

Table 3.5-1:  Comparison of percentages of plots in fire severity classes based on BARC maps versus 

estimates based on field-assessed losses of tree basal area (Eq 3.5-1 and Table 3.5-2) on 12 

oak/pinyon/juniper woodland plots 

Fire Severity BARC (%) Local Fire Severity (%) 

High 27.27 72.73 

Moderate 18.18 0.00 

Low 27.27 9.09 

Unburned 27.27 0.00 

No Data 0.00 18.18 

 

Photos of plots within this ecological unit show very similar conditions among 

fire severity classes.  All classes have a large majority of desert plants, with pre- fire 

dominance of Juniperus spp. and Pinus discolor.  Understory is oak with Garrya wrightii, 

and Nolina microcarpa.   
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Figure 3.5-1: Photos of plots in oak/pinyon/juniper ecological unit, by BARC fire severity. 

Most tree species show similar density and dominance between pre- and post-fire 

conditions.  There was a significant decrease in Quercus spp. dominance (p=0.019) and 

density (p=0.012) post fire.  
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Figure 3.5-2  Tree species density and dominance pre and post fire of species in the 

Oak/pinyon/juniper woodland on hills and mountains of mixed lithology 

 

 

Shrubs are common in this ecological unit with Arctostaphylos pungens 

(IV=14.21), Nolina microcarpa (IV=11.71) and Garrya wrightii (IV=11.64) dominating.  

Ceanothus fendleri decreased significantly with fire severity (Table 5.3-1); no other shrub 

species showed significant changes with fire severity (Table 5.3-1).   

Some plots did not have trees, and because tree mortality was used to establish 

local fire severity, it was difficult to evaluate which shrub species increased or decreased 

with fire severity. Similarly, because the majority of the plots had 100% tree mortality, it 

was difficult to assess the relationships of species diversity to fire severity.  Plots of 

Shannon Weiner diversity with fire severity indicate no significant correlation of fire 

severity with diversity of shrub species, post-fire, nor pre-fire tree diversity (Figure 3.5-3).  
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 Intercept (p value) Slope (p value) Adjusted R² 

Shrub diversity 1.9786 (0.0924) -0.0049 (0.6512) -0.1471 

Pre-fire tree diversity 0.2982 (0.649) 0.0089 (0.233) 0.0983 

Post-fire tree diversity 0.5447 (0.308) 0.0009 (0.864) -0.1605 

 

 

Figure 3.5-3. Shannon-Weiner diversity vs percent tree mortality of each plot with tree pre- post-fire 

and shrub species in the oak/pinyon/juniper woodland EU.    



80 

 

Table 3.5-3: Shrub species frequency and dominance  in oak/pinyon/juniper woodland EU.   

 

 

Relative

Acer grandidentatum 2 13.76 ± 11.73 1.88 1.00 1.44

Agave spp. 4 10.15 ± 6.58 3.94 0.88 2.41

Arctostaphylos pungens 10 324.05 ± 164.02 11.40 17.02 14.21

Baccharis spp, 4 14.33 ± 7.00 5.36 1.80 3.58

Brickellia spp. 3 4.50 ± 2.64 2.89 0.36 1.63

Ceanothus fendleri 5 46.74 ± 28.92 6.05 3.38 4.71

Garrya wrightii 9 161.21 ± 91.23 10.57 12.72 11.64

Gutierrezia sarothrae 3 11.57 ± 6.51 4.63 1.94 3.28

Cactaceae species  (Mammillaria 

or Echinocereus) 2
0.05 ± 0.04 1.53 0.00 0.76

Nolina microcarpa 10 225.73 ± 75.38 9.66 13.75 11.71

Opuntia spp. 6 11.62 ± 5.43 6.74 1.62 4.18

Quercus arizonica 5 280.19 ± 187.90 4.63 7.55 6.09

Quercus emoryi 7 83.85 ± 35.01 6.54 6.51 6.52

Quercus  hypoleucoides 3 338.57 ± 284.98 2.78 12.15 7.47

Quercus oblongifolia 4 78.28 ± 40.79 3.50 3.27 3.38

Quercus reticulata 2 8.29 ± 6.09 1.74 0.48 1.11

Quercus spp. 2 0.00 ± 0.00 1.88 0.00 0.94

Rhamnus  spp. 2 60.64 ± 40.89 1.76 3.32 2.54

Robinia neomexicana 2 33.24 ± 23.64 1.62 1.46 1.54

Symphoricarpos rotundifolius 1 7.23 ± 7.23 0.93 0.40 0.66

Yucca spp. 9 86.44 ± 28.16 10.01 10.40 10.20

Shrub Species

Absolute

Importance 

Values
Frequency (number 

of plots, n=12)

Dominance (cover 

(m²/ha)) ±SE

Frequency 

(%)

Dominance 

(%)
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3.5.1 Community ordination 

Nonmetric multidimensional scaling of tree species indicate that pre-fire tree 

points occupy a larger ordination area than post-fire plots.  Included in the pre-fire area 

are Quercus spp., Quercus reticulata, Quercus hypoleucoides and Arbutus arizonica.  

Quercus oblongifolia, Juniperus spp., Quercus arizonica and Pinus discolor are members 

of both pre and post-fire communities. Cypress canyon forest is the main community 

types in the ordination of 1984 pre-fire communities; Pinus chihuahuana oak woodland, 

pygmy conifer oak scrub, pygmy conifer oak and open oak woodland are included in 

both pre and post-fire ordination space.   

There are only pre-fire and high severity community types represented by convex 

hulls, so it is difficult to observe changes between severity classes.  The one low severity 

plot closer in ordinations space to higher elevation ponderosa pine species, whereas the 

higher severity plots are concentrated around lower elevation oak species.  However, pre-

fire plots encompass a large area and were in areas of both mid and lower elevation 

species (Figure 3.5-4).  
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Figure 3.5-4 Tree species NMS in oak/pinyon/juniper woodland on hills and mountains of 

mixed lithology ecological unit.  Convex hulls enclose points within different fire severities.   

 

NMS of post fire shrub species shows associations with Agave spp., Baccharis 

spp.,  Brickellia spp. Cactaceae (Mammillaria spp. or Echinocereus spp.), Garrya 

wrightii, Gutierrezia sarothrae, Nolina microcarpa, Opuntia spp., Quercus arizonica, 

Quercus emoryi, Quercus oblongifolia, and Yucca spp.,.   Different severity classes are 

within the range of variability of the high severity convex hulls.  1984 plots within the 

high severity ordination area include cypress canyon forests, ponderosa pine oak forest; 

pygmy conifer, oak scrub; Pinus cembroides, oak woodland; open oak woodland; and 
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Pinus chihuahuana, oak woodland.  All of these associations are seen in the Axis 1 vs 

Axis 2.   

 

Figure 3.5-5 : Axis 1 vs Axis 2.  NMS of shrub species in all plots of the 

oak/pinyon/juniper woodland  EU (purple).  Points are plotted by fire severity: red=high, 

orange=moderate, light green=low, dark green =unburned, blue= points from 1984 

Niering and Lowe study, and teal= no fire severity information.  Convex hulls enclose 

plots with the same fire severity classes. 
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Figure 3.5-6: Axis 1 vs Axis 3.  NMS of shrub species in all plots of the oak/pinyon/juniper 

woodland  EU (purple).  Points are plotted by fire severity: red=high, orange=moderate, light 

green=low, dark green =unburned, blue= points from 1984 Niering and Lowe study, and teal= no 

fire severity information.  Convex hulls enclose plots with the same fire severity classes. 
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Figure 3.5-7: Axis 2 vs Axis 3.  NMS of shrub species in all plots of the oak/pinyon/juniper woodland  

EU (purple).  Points are plotted by fire severity: red=high, orange=moderate, light green=low, dark 

green =unburned, blue= points from 1984 Niering and Lowe study, and teal= no fire severity 

information.  Convex hulls enclose plots with the same fire severity classes. 
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3.6 Tree species and pre-fire ordination 

3.6.1 Ordination of tree species 

Ordination of tree species across ESs resulted in a two dimensional plot that 

accounted for 67.5% of the variance of plot dispersion in ecological space.   

Table 3.6-1: Proportion of variance explained by each axis with ordination of tree data 

Axis Increment R² Cumulative R² 

1 0.302 0.302 

2 0.373 0.675 

 

Nonmetric multidimensional scaling (NMS) gave a result with a fairly high stress 

level (>20.00) with a final stress was 20.14 for the 2-dimensional solution.  The Monte 

Carlo test result gave a mean stress of 32.05 for two dimensions (Table 3.6-2).  P-values 

were 0.004 for each of the six dimensions.  

Table 3.6-2: Stress of NMS with real data compared with a Monte Carlo test (randomized 

data). 

 

Ordination of Niering and Lowe plots in species space suggest clear separation of 

Axes 1 and 2 by elevation (Figure 3.6-1).  distinct clustering of Niering and Lowe plots 

with elevation with separated “lower” (1400-1830m), “mid” (1830-2440m), and “upper” 

Axis Minimum Mean Maximum Minimum Mean Maximum p -value

1 31.94 46.33 57.45 45.24 51.78 59.40 0.004

2 19.78 20.22 20.86 28.87 32.05 45.38 0.004

3 15.48 16.15 17.33 20.57 23.29 39.08 0.004

4 12.32 13.20 14.93 15.82 19.48 39.60 0.004

5 10.85 11.57 19.82 13.20 16.58 49.70 0.004

6 9.77 10.76 14.53 11.10 15.16 72.89 0.004

Stress in real data (250 runs)
Stress in randomized data Monte Carlo 

test (249 runs)
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(2400-2590m) elevation groupings.  There is some overlap between the low and mid 

elevation groupings in the ponderosa pine/oak forest.   

 

Figure 3.6-1: Ordination of Niering and Lowe tree plots (1984) with elevation groupings.   Purple 

convex hulls represent upper elevation (2440-2590m) plots, green represents middle elevation (1830-

2440m) plots, and brown represents lower elevation (1400-1830m) plots 

Tree species do not cluster strongly by elevation on either ordination axis (Figure 

3.6-2). All species were present in the mid elevation range (1830-2440m).  There does 
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seem to be clear separation between low and high elevation classes, which overlap only 

with two species, Quercus turbinella and Q. reticulata.   

 

Figure 3.6-2: Ordination of tree species presence with elevation groupings.   Purple convex hulls 

represent upper elevation (2440-2590m) plots, green represents middle elevation (1830-2440m) plots, 

and brown represents lower elevation (1400-1830m) plots 
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3.6.2 Ordination of shrub species and 1984 shrub plots: 

Ordination of shrub species resulted in a three-dimensional solution that 

accounted for 75.0% of the variance.   

Table 3.6-3: R² values of each axis with ordination of the shrub data 

Axis Increment R² Cumulative R² 

1 0.329 0.329 

2 0.189 0.518 

3 0.232 0.750 
 

 

Ordination results: NMS ordination with a moderate stress level (10-20).  The 

final stress was 16.11 for the 3-dimensional solution, with a final instability of 0.0088.  

The Monte Carlo test result gave a mean stress of 23.13 for 3 dimensions (Table 3.6-4).  

P-values were .04 for all dimensions.   

Table 3.6-4: Comparison of stress by axis in real shrub data and randomized data 

 
 

The three dimensional plot represents a parsimonious solution of the data by the 

stress levels with a value that is both low stress (mean = 16.107) and a significant 

difference from the Monte Carlo test.  The solution of three dimensional shrub ordination 

explained more of the variance than in the tree solution (Table 3.6-1 and Table 3.6-3 ).  

Axis Minimum Mean Maximum Minimum Mean Maximum p -value

1 33.28 48.79 65.76 46.35 53.23 61.16 0.004

2 20.96 21.66 22.58 27.86 31.87 44.46 0.004

3 15.41 16.11 17.70 19.88 23.13 37.17 0.004

4 12.23 13.09 16.15 15.50 19.16 39.82 0.004

5 10.07 11.46 36.53 12.37 15.99 56.01 0.004

6 8.60 12.04 63.51 10.29 13.14 41.00 0.004

Stress in real data (250 runs)
Stress in randomized data Monte Carlo 

test (249 runs)
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Axis 1 vs. Axis 2 show separation by elevation classes with upper elevation class 

showing the largest amount of variance (Figure 3.6-3 a.). Elevation classes overlap on 

plots of Axis 1 vs. 3 and Axis 2 vs 3.  

 

Figure 3.6-3: Axis 1 vs Axis 2: Ordination of Niering and Lowe shrub plots (1984) with 

elevation groupings.   Purple convex hulls represent upper elevation (2440-2590m) plots, 

green represents middle elevation (1830-2440m) plots, and brown represents lower 

elevation (1400-1830m) plots. 
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Figure 3.6-4: Axis 1 vs Axis 3: Ordination of Niering and Lowe shrub plots (1984) with 

elevation groupings.   Purple convex hulls represent upper elevation (2440-2590m) plots, 

green represents middle elevation (1830-2440m) plots, and brown represents lower 

elevation (1400-1830m) plots. 
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Figure 3.6-5: Axis 2 vs Axis 3: Ordination of Niering and Lowe shrub plots (1984) with elevation 

groupings.   Purple convex hulls represent upper elevation (2440-2590m) plots, green represents 

middle elevation (1830-2440m) plots, and brown represents lower elevation (1400-1830m) plots. 

 Overlaying shrub species NMS plots with severity classes also indicates 

significant overlap between elevation classes.  Axis 1 vs. Axis 2 (top plot) shows the 

clearest gradient between elevation classes, but there is significant overlap, with mid 

elevation species representing having the largest variation in species space.    
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Figure 3.6-6: Axis 1 vs Axis 2: Ordination of shrub species with elevation groupings.   Purple convex 

hulls represent upper elevation (2440-2590m) plots, green represents middle elevation (1830-2440m) 

plots, and brown represents lower elevation (1400-1830m) plots. 

 



94 

 

 

Figure 3.6-7: Axis 1 vs Axis 3: Ordination of shrub species with elevation groupings.   Purple convex 

hulls represent upper elevation (2440-2590m) plots, green represents middle elevation (1830-2440m) 

plots, and brown represents lower elevation (1400-1830m) plots. 
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Figure 3.6-8: Axis 2 vs Axis 3: Ordination of shrub species with elevation groupings.   Purple convex 

hulls represent upper elevation (2440-2590m) plots, green represents middle elevation (1830-2440m) 

plots, and brown represents lower elevation (1400-1830m) plots. 
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3.7 Results summary 

The aggregated results indicate several changes between pre-fire, post-fire and 

Niering and Lowe (1984) plots (Table 3.7-1).  These differences are summarized in the 

table below.   
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Table 3.7-1: Summary of results and significant changes in species in each ecological unit. 

Ecological Unit 

Summary data 

NMS Ordination Plots 

Trees Shrubs 

Species 

(dominance 

increase) 

Species 

(dominance 

decrease) 

Changes in 

Shannon Weiner 

index (richness) 

with severity 

Pre-fire species Post-fire species 
Niering and Lowe 

(pre)  

Niering and 

Lowe (post)  
Post-fire species 

Niering 

and 

Lowe  

(post-

fire) 

Mixed Conifer 

Forest  
N/A 

Basal area: 

Abies 

concolor (p = 

0.01) , Pinus 

ponderosa (p 

= 0.02), 

Pinus 

strobiformis 

(p = 0.04), 

Pseudotsuga 

menziesii (p 

= 0.0001),  

Quercus 

gambelii (p = 

0.03) 

Decrease of tree 

diversity by 

severity (p = 

0.018) 

Abies concolor, 

Populus 

tremuloides, 

Robinia 

neomexicana, 

Pseudotsuga 

menziesii, Quercus 

gambelii, Pinus 

strobiformis, Acer 

grandidentatum 

Abies concolor, 

Populus 

tremuloides, 

Robinia 

neomexicana, 

Pseudotsuga 

menziesii, Quercus 

gambelii, Pinus 

strobiformis, Acer 

grandidentatum 

White fir ravine 

forest, douglas 

fir/white fir forest 

White fir ravine 

forest, douglas 

fir/white fir 

forest 

Acer 

grandidentatum, 

Quercus gambelii, 

Symphoricarpos 

rotundifolius, 

Rubus xx. and 

Robinia 

neomexicana 

White fir 

ravine 

forest, 

oak 

woodland 

Ponderosa 

pine forest  

Density:Pinus 

ponderosa (p= 

0.028), 

Ceanothus 

fendleri cover 

(p= 0.026,)  

Basal area: 

Pinus 

ponderosa 

(p= 0.0001)  

N/A 

Pinus species, 

Pinus strobiformis, 

Arbutus arizonica, 

and Pinus 

ponderosa 

High severity: 

Quercus 

hypoleucoidess, 

Arbutus arizonica 

Ponderosa pine forest; 

ponderosa pine, oak 

forest; and ponderosa 

pine, white pine forest 

High sev: None 

Mod sev: 

ponderosa pine 

forest and 

ponderosa pine, 

oak forest  

All: Ceanothus 

fendleri, Quercus 

hypoleucoides, 

Rhamnus species 

and Quercus 

arizonica High 

sev: Quercus 

emoryi, Arbutus 

arizonica,Quercus 

oblongifolia  

Ponderosa 

pine 

forest 

(low 

severity 

only), and 

ponderosa 

pine, oak 

forest 

(moderate 

and high 

severity) 

Madrean pine-

oak forest/ 

woodland 

Density: 

Juniperus XX  

(p= 0.040) 

Cover: Agave xx 

(p= 0.022) 

Basal 

area:Pinus 

ponderosa 

(p=0.018) 

Post-fire trees (p= 

0.0152) 

Pseudotsuga 

menziesii, Pinus 

species, Quercus 

reticulata, Quercus 

turbinella, Quercus 

arizonica, 

Juniperus xx 

Pseudotsuga 

menziesii, Pinus 

species, Quercus 

reticulata, Quercus 

turbinella, Arbutus 

arizonica 

Ponderosa pine forest; 

ponderosa pine, oak 

forest; ponderosa 

pine, white pine 

forest; pygmy conifer 

oak; Pinus 

cembroides, oak 

woodland; and 

cypress canyon forest 

Ponderosa pine 

forest; 

ponderosa pine, 

oak forest; 

ponderosa pine, 

white pine 

forest; pygmy 

conifer oak;  

and ponderosa 

pine, white pine 

forest 

Rhamnus species, 

Ceanothus 

fendleri, Quercus 

hypoleucoides, 

Arbutus 

arizonica, 

Quercus 

reticulata, and 

fern species 

Ponderosa 

pine oak 

forest  
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Ecological Unit 

Summary data 

NMS Ordination Plots 

Trees Shrubs 

Species 

(dominance 

increase) 

Species 

(dominance 

decrease) 

Changes 

in 

Shannon 

Weiner 

index 

(diversity) 

with 

severity 

Pre-fire species Post-fire species 
Niering and 

Lowe (pre)  

Niering and 

Lowe (post)  
Post-fire species 

Niering and Lowe  

(post-fire) 

Madrean 

oak/conifer/manzanita 

with rock outcrops 

N/A 

Basal area: 

Pinus 

ponderosa  

(p = 0.025) 

Post-fire 

shrubs 

(p=0.022) 

Quercus 

emoryi, 

Quercus xx, 

Juniperus 

deppeana, 

Juniperuts xx, 

Quercus 

arizonica, 

Quercus 

turbinella, 

Pinus xx, Pinus 

strobiformis 

High: Quercus 

arizonica, Pinus 

discolor, Juniperus 

XX Moderate: 

Pinus species  

Cypress canyon 

forest;  Pinus 

cembroides, oak 

woodland; 

ponderosa 

pine/oak forest; 

ponderosa pine 

forest; and 

ponderosa 

pine/white pine 

forest  

Ponderosa pine, 

white pine forest  

Arbutus arizonica, 

Ceanothus fendleri, 

Quercus reticulata, 

and Quercus 

hypoleucoides 

N/A 

Oak/pinyon/juniper 

woodland  

Ceanothus 

fendleri  

(p=0.007) 

Quercus 

XX 

dominance 

(p=0.019)  

and density 

(p=0.012) 

N/A 

Quercus XX, 

Quercus 

reticulata, 

Quercus 

hypoleucoides, 

Arbutus 

arizonica, 

Quercus 

oblongifolia, 

Juniperus xx, 

Quercus 

arizonica and 

Pinus discolor 

Quercus 

oblongifolia, 

Juniperus xx, 

Quercus arizonica, 

Pinus discolor 

Cypress canyon 

forest, Pinus 

chihuahuana 

oak woodland, 

pygmy conifer 

oak scrub, 

pygmy conifer 

oak, open oak 

woodland.   

Pinus 

chihuahuana oak 

woodland, pygmy 

conifer oak scrub, 

pygmy conifer 

oak, open oak 

woodland.   

Cacti species 

(Mammillaria or 

Echinocereus), 

Quercus arizonica, 

Quercus 

oblongifolia, 

Quercus emoryi, 

Gutierrezia 

sarothrae, Garrya 

wrightii, Nolina 

microcarpa, Opuntia 

xx, Agave xx, Yucca  

xx, Baccharis xx,  

Brickellia  xx 

Cypress canyon 

forests, ponderosa 

pine oak forest; 

pygmy conifer, oak 

scrub; Pinus 

cembroides, oak 

woodland; open oak 

woodland; Pinus 

chihuahuana, oak 

woodland. 
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4 DISCUSSION 

Fire severity had a significant effect on plant species and/or communities in all 

studied ecological units. These changes vary between species and the same species within 

different EU’s. First, I will present changes to individual species, then changes within EU’s 

and finally discuss how these disturbance can influence long-term ecological unit trajectories.  

 

4.1 Changes to individual species 

4.1.1 Abies concolor 

This species showed a decrease in basal area in the mixed conifer forest 

ecological unit (p=0.01).  Previous studies indicate that fire exclusion has increased 

densities of shade tolerant species, including Abies concolor, in western US mixed 

conifer systems (Parsons and DeBenedetti 1979, Ansley and Battles 1998, Taylor and 

Skinner 2003).  Most areas of the Santa Catalina’s had not burned since at least 1921, and 

the density, and basal area of Abies concolor has likely been increasing during the 

previous century.  Younger A. concolor has post-fire mortality because of thin bark and 

drooping lower branches (FEIS (Fire Effects Information System) 2001).  High pre-fire 

densities and fire induced mortality are consistent with A. concolor basal area decrease 

post-fire.   

There was no change in density of this species post-fire.  This result is 

inconsistent with fire mortality data that should indicate that density would decrease with 

fire.  A. concolor regeneration can vary by location indicate that regeneration is variable 

and can increase in post-fire shrublands (Conard and Radosevich 1982).  In the present 
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study, shrub species did not increase significantly with fire severity, and A. concolor 

density did not change with fire severity.  Two phenomenon could be contributing to lack 

of change in A. concolor density.  The first is under sampling of pre-fire small trees that 

had been killed by fire and were consumed by high severity fire, because they would not 

be present in the pre-fire reconstruction.  Another explanation is high plot variability in A. 

concolor regeneration, suggested by Figure 3.1-2.  This plot-variability of post-fire A. 

concolor seems to be part of the explanation, as the relative density had a slight decrease 

and post-fire density absolute mean had a slight increase (not significant)  

4.1.2 Pinus ponderosa  

Pinus ponderosa had a significant decrease in basal area in four ecological units (this 

pattern was not present in the oak/pinyon/juniper woodland). Pinus ponderosa also had a 

significant increase in density in the ponderosa pine forest ecological unit. My study showed 

variable regeneration between plots that could not be explained by fire severity alone.  This is 

consistent with other studies of P. ponderosa regeneration where results vary on the ability to 

reestablish, with cases of “hyperdense” post-fire regeneration to areas converted to Quercus 

or Arctostaphylos shrub fields with little pine regeneration (Savage and Mast 2005).  

P. ponderosa regeneration can be related to an increased moisture gradient and lower 

temperatures with an increase in elevation (Dodson and Root 2013) The present study, 

however, did not find increasing ponderosa pine species in higher elevation (mixed conifer 

forest) ecological units, indicating that this elevation gradient cannot be the only factor 

influencing ponderosa pine regeneration. Differences in competitors (graminoid vs. shrub) 

along an elevation gradient is also proposed as a mechanism for increase in ponderosa pine 

regeneration, with increasing shrub dominance in upper elevations correlated with increased 
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ponderosa pine regeneration, with areas with shrubs having a higher propensity for P. 

ponderosa because of increased soil moisture (Dodson and Root 2013).  However, in the 

present study, neither woody shrub cover nor pine regeneration increased with elevation.  

4.1.3 Pinus strobiformis 

I found that P. strobiformis had a significant decrease in basal area post-fire in the 

mixed conifer forest ecological unit.  P. strobiformis had a slight decrease did not have a 

significant change in density (not significant).  

Little data is available about the effect of fire on Pinus strobiformis, but tree-ring 

data indicates that this species was adapted to 17.4 year mean fire interval.  There was 

also an increase in smaller size classes in areas that had been fire suppressed and a 

decrease in a size class that would have established after a large fire and that P. 

strobiformis did not have an establishment advantage post-fire (Ahlstrand 1980).  The 

amount of high severity fire in the mixed conifer forest EU explains the decreased in 

basal area of this species.  This species seems to react to fire in a similar way to other 

species in the mixed conifer forest EU.  

4.1.4 Pseudotsuga mensiesii 

Pseudotsuga menziesii had the largest mean loss in basal area of any other tree 

species in this study in the mixed conifer EU (Figure 3.1-2) but did not show a significant 

change in the ponderosa pine forest EU (Figure 3.2-2).  This is consistent with previous 

research which indicates that fire severity can be as high as 96%for small class sizes and 79% 

for larger size classes (Reinhardt and Ryan 1998). There was also a loss in density for this 

species (not significant), but regeneration was variable between plots.  This indicates that 
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regeneration is dependent on different plots but this species was not restoring pre-fire density.   

Decrease in basal area from high severity fire is expected and is similar to other species that 

decreased in the mixed conifer forest EU.   

4.1.5 Ceanothus fendleri  

Another species significantly affected by fire severity was Ceanothus fendleri, which 

had a significant decrease with fire severity in the oak/pinyon/juniper EU (p=0.007) and a 

significant increase in the ponderosa pine forest EU (p= 0.026)  .  Although the fire effects 

seen in this species are not studied as extensively as P. ponderosa, some information is 

known about the effect of fire on this genus.  Ceanothus species seeds are scarified by fire 

and when released, can remain in the soil for years after fire (Huffman and Moore 2004, 

Keeley and Zedler 1978). In California mediterranean shrublands after fire C. greggi species 

had a loss of dominance as compared to a resprouting species (Adenostoma fasciculatum) 

(Moreno et al. 2013).  This could be an explanation for the loss of Ceanothus cover in the 

oak/pinyon/juniper woodland, as Ceanothus fendleri is competing with oak species 

(resprouters).  In the ponderosa pine forest EU, C. fendleri would not have as much 

competition with highly dense resprouting shrub species and with increased fire severity 

would be able to establish without significant competition from resprouting species. 

4.1.6 Quercus gambelii 

This species is well adapted to fire and is a vigorous resprouter post fire (FEIS (Fire 

Effects Information System) 2014), however it showed a decrease in the mixed conifer 

ecological unit of the present study.  Q. gambelii may have decreased in BA post-fire but 

showed an increase in post-fire importance value (Table 3.1-2).  Although tree basal area 

decreased post-fire, Quercus gambelii  most likely became more of a shrub form post-fire.   
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Quercus gambelii has been established as an early and mid successional species 

(Zimmerman et al. 2007, Zimmerman et al. 2007)and this may explain increase in post-fire 

importance values as a tree species and a high importance value as a shrub species.    

4.2 Changes in communities: 

Although the majority of severity data was from high and moderate burn 

severities, the data presented illustrate that there are significant differences between both 

tree and shrub severity classes in ecological units. 

Tree species composition and IVs in most ecological units were similar to Niering 

and Lowe 1984 pre-fire data.  All ecosystems showed at least some high severity plots 

within the pre-fire range of variability.  For example in the mixed conifer forest 

ecological unit, most, but not all, high severity plots were outside of the pre-fire range of 

variability.  This suggests that fire severity is one, but not the only explanation for post-

fire systems returning to pre-fire community assemblages.  In the oak /pinyon juniper 

woodland EU, little change between pre- and post-fire tree IVs suggested post-fire 

resilience, with almost all plots within the historical range of variability (Figure 3.5-4).  In 

comparing the tree ecosystems found in the 1984 study there were a few changes between 

1984 community associations and the ecological units currently present in the study plots.  

The changes again seem to show species from lower elevations are present in higher 

elevation places than they were in 1984. 

Following a decade of post-fire succession, shrub species reflect a distinct 

association by community type.    For example, shrub associations in ponderosa pine 

forests associated with douglas fir/ white fir (high elevation) pre-fire were less strongly 
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associated with those tree species post fire.   Ponderosa pine forest showed a distinct 

influence of severity on shrub species, with marked influence of tree mortality on shrub 

regeneration and shrubs outside of the natural range of variability.  This could indicate 

that even though trees in these EUs are recovering, the understory plant community is 

changing. 

Diversity data shows significant decreases in tree species diversity with fire 

severity in the mixed conifer forest EU and the Madrean pine-oak woodland EU.  This is 

consistent with decreases in individual species in the mixed conifer forest EU, and with 

losses of individual conifer BA loss (Juniperus spp. and Pinus ponderosa).  The changes 

in conifers in the Madrean pine-oak woodland EU is coupled with no changes to oak 

species within this ecological unit, indicating a disproportionate change in conifer vs oak 

species.  These changes along with little regeneration of conifer species could be causing 

a tipping point from conifer/oak mixes to areas that are dominated by oak species. 

4.3 Interactions of disturbance and climate change 

Plant communities are already changing to adapt to climate change, in part by 

changes in elevation ranges of individual species (Parmesan 2006)  Although montane 

regions may have a slower “velocity” of climate change (Loarie 2009), these regions may 

be especially sensitive to climate change because plant communities at higher elevations 

may not be able to increase elevational ranges (Parmesan 2006). 

Our results suggest that severe wildfires could be accelerating expected impacts 

of changing climates (Falk 2013).  For example, ordination of tree species by fire severity 

suggest that high severity fire in ponderosa pine forest, Madrean oak/conifer/manzanita 
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woodland, and oak/pinyon/juniper show high severity patches move towards lower 

elevation species.  Mixed conifer forests showed variable results with some movement 

towards lower elevation, while other plots are association with early successional species.  

These changes in plant associations suggest that loss of high elevation community types 

may be accelerated by high-severity fire.  All of these community changes at the higher 

elevation ranges of the ecological units, and suggest accelerated movement of plant 

communities along elevation gradients under future climate scenarios.  In addition to 

increasing temperature and lower precipitation predicted in the southwestern US (Seager 

et al. 2007), changes mediated by fire such as organic soil loss, changes to soil chemistry 

and distance from seed sources (Haire and McGarigal 2010) after megafires may 

influence the ability of ecosystems to recover after fire.   

Although predicted to alter plant communities on a long term scale, climate 

change regimes may be accelerated by fire as a disturbance.  Predicted upslope 

movement of species is predicted to be 11 meters per decade (Chen et al. 2011).  In my 

study, post-fire association with 1984 plots show that lower elevational community types 

are associated with higher current elevations.    These changes are happening on a more 

accelerated time scale than predicted by climate change alone.  As climate change 

contributes to higher severity fires in the western US (Westerling et al. 2006), and higher 

severity fires cause accelerated displacement of plant communities, post-fire 

environments may give us a window into forests of the future. 
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5 APPENDICES 

5.1 Species included in the study 

5.1.1 Tree species:  

Tree Species Abbreviation 

Abies concolor (Gord. & Glen.) Lindl. ABCO 

Acer grandidentatum (Nutt) ACGR 

Arbutus arizonica (Sarg.) ARAR 

Juniperus deppeana (Steud.) JUDE 

Juniperus spp. (L.). JUSP 

Pinus discolor (D.K.Bailey & Hawksw.)  PICE 

Pinus ponderosa (Dougl.) including Pinus ponderosa var. 

arizonica (Engelm.) PIPO 

Pinus spp.(L.) PISP 

Pinus strobiformis (Engelm.) PIST 

Populus tremuloides (Michx.) POTR 

Pseudotsuga menziesii (Mirb.) PSME 

Quercus arizonica (Sarg.) QUAR 

Quercus emoryi (Torr.) QUEM 

Quercus gambelii (Nutt.) QUGA 

Quercus hypoleucoides (A. Camus) QUHY 

Quercus oblongifolia (Torr.) QUOB 

Quercus reticulata (Bonpl.) QURE 

Quercus spp.(L.) QUSP 

Quercus turbinella (Greene) QUTU 

Robinia neomexicana (A. Gray) RONE 
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5.1.2 Shrub species: 

Shrub Species Abbreviation 

Acer grandidentatum (Nutt) ACGR 

Agave spp.(L.) AGSP 

Arbutus arizonica (Sarg.) ARAR 

Arctostaphylos pungens (Kunth) ARPU 

Baccharis spp. (L.) BASP 

Brickellia spp.(Elliot) BRCA 

Bunchgrasses BUNCHGRASS 

Ceanothus fendleri (A. Gray) CEFE 

Fern species PTSP 

Garrya wrightii (Torr.) GAWR 

Gutierrezia sarothrae ((Pursh) Britton & 

Rusby) 
GUSA 

Cactaceae species (Mammillaria or 

Echinocereus) 
MASP 

Nolina microcarpa (S. Watson) NOMI 

Opuntia spp. (Mill.) OPSP 

Quercus arizonica (Sarg.) QUAR 

Quercus chrysolepis (Liebm.) QUTU (in mixed conifer) 

Quercus emoryi (Torr.) QUEM 

Quercus gambelii (Nutt.) QUGA 

Quercus  hypoleucoides (A. Camus) QUHY 

Quercus oblongifolia (Torr.) QUOB 

Quercus reticulata (Bonpl.)  QURE 

Quercus spp (L.). QUSP 

Quercus turbinella (Greene) QUTU 

Rhamnus spp. (L.) RHSP 

Robinia neomexicana (A. Gray) RONE 

Rubus spp. (L.) RUSP 

Symphoricarpos rotundifolius (A. Gray) SYRO 

Yucca spp. (L.) YUSP 
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5.2 Plot locations 

Table 5.2-1: List of plot ecological units, severities and plot locations.  Plots are in Geographic 

Coordinate System: GCS North American 1983.  Zone= 12N.  Datum is D North American 1983 

 

Ecounit Plot_ID BARC_Severity Local_Severity UTM_Easting UTM_Northing 1995_plot

MCM 20 High High 521654 3588996

MCM 21 Low Low 522096 3587844

MCM 25 Moderate High 524102 3587209 C04-3

MCM 26 High High 521532 3590415

MCM 28 Moderate Moderate 524282 3587125 C03-0

MCM 30 Unburned Moderate 524463 3587362 C02-3

MCM 31 Unburned Moderate 524243 3587530 C01-0

MCM 32 Unburned Moderate 523888 3587325 C05-1

MCM 33 High Moderate 523408 3587985 C09-0

MCM 37 High High 524800 3588040 B02-3

MCM 42 Moderate High 523524 3587918 C08-0

MCM 44 High High 524527 3588243 B12-0

MCM 56 Low High 526460 3586569

MCM 62 Low Moderate 521132 3589661

MORO 5 High High 527995 3579293

MORO 10 Low Low 528000 3580172

MORO 12 High High 529176 3582508

MORO 59 High High 518905 3588490

MORO 60 Moderate High 522299 3586889

MORO 61 Unburned Low 520412 3587903

MORO 65 Moderate Moderate 520834 3587925

MORO 66 Moderate Moderate 520278 3590914

MORO 68 Low Moderate 521081 3587222

MORO 69 Low Unburned 521077 3588204

MORO 70 Unburned Unburned 520123 3587114

MORO 73 Unburned Unburned 519493 3588406

MPGG 4 Low Unburned 523919 3590419 E01-2

MPGG 6 Unburned Unburned 528206 3581353

MPGG 13 Moderate High 526312 3583458

MPGG 16 Low High 524719 3590581 E09-0

MPGG 23 High High 524705 3588310 B11-0

MPGG 35 High High 524850 3588413 B10-1

MPGG 36 High High 524708 3588346 B11-1

MPGG 41 Low Moderate 524763 3590795 E05-2

MPGG 47 Low High 527177 3583004 A04-0

MPGG 48 Moderate High 516761 3588143

MPGG 58 High High 524764 3582475

MPGG 63 Unburned Low 520188 3581660

MPGG 67 Unburned Low 525775 3585083

MPGG 74 Moderate High 529618 3582020



109 

 

 

  

Ecounit Plot_IDBARC_SeverityLocal_SeverityUTM_EastingUTM_Northing1995_plot

OPG 8 Unburned High 524002 3579258

OPG 9 Low No Data 522774 3581488

OPG 14 Unburned High 526108 3579719

OPG 17 High High 525159 3590706 E07-1

OPG 43 High High 524955 3590935 E06-0

OPG 64 Low High 525801 3579470

OPG 71 Moderate No Data 524961 3603972

OPG 72 Unburned Moderate 525217 3597990

OPG 75 High High 526014 3579025

OPG 76 Moderate High 525961 3580600

OPG 77 Moderate High 525591 3577744

OPG 78 Low No Data 527827 3578134

PPGG 1 Low Moderate 527653 3584963 A11-1

PPGG 2 Low Moderate 527684 3584897 A11-0

PPGG 7 Unburned Moderate 528950 3584526

PPGG 11 Unburned Unburned 528546 3583180

PPGG 15 High High 526976 3584592 A07-0

PPGG 19 Moderate Low 522494 3587251

PPGG 22 Unburned Moderate 523276 3587470

PPGG 24 Low Moderate 523342 3587272

PPGG 27 Low High 526383 3584797 A06-0

PPGG 29 Moderate High 527381 3584736 A10-1

PPGG 34 Moderate High 527393 3585137 A02-2

PPGG 40 Low Unburned 527821 3585314 A01-1

PPGG 45 High High 527008 3584855 A05-3

PPGG 46 High High 526948 3584894 A05-1

PPGG 54 Unburned Unburned 525047 3586003

PPGG 55 Moderate Low 524033 3586386

PPGG 57 Moderate Low 522494 3587251
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5.3 Shrub species vs severity analysis 

Table 5.3-1: Shrub species dominance vs tree mortality by ecological units 

 

 

Ecounit Species Equation Adj R² p-value

MCM ACGR ACGR = 71.153397 - 0.3797387*Severity Nonresprouting (%) -0.074 0.751

MCM CEFE CEFE = 122.87199 - 0.8948884*Severity Nonresprouting (%) -0.044 0.515
MCM MASP MASP = 2.1245019 - 0.0215494*Severity Nonresprouting (%) -0.016 0.391
MCM QUEM QUEM = 481.12636 - 4.8723813*Severity Nonresprouting (%) -0.014 0.382

MCM QUGA QUGA = 378.88074 - 2.9980003*Severity Nonresprouting (%) -0.003 0.346
MCM QUHY QUHY = 393.19726 - 3.8057275*Severity Nonresprouting (%) -0.014 0.384

MCM RONE RONE = -719.9101 + 22.665301*Severity Nonresprouting (%) 0.164 0.084

MCM RUSP RUSP = -148.6213 + 3.4526069*Severity Nonresprouting (%) 0.179 0.074
MCM SYRO SYRO = 481.08129 - 3.8355348*Severity Nonresprouting (%) -0.022 0.414

MCM
Total Shrub 

Cover
TotalShrubs = 1061.9042 + 9.3100874*Severity Nonresprouting (%) -0.049 0.543

PPGG ARAR ARAR = -0.060764 + 0.1872399*Severity Nonresprouting (%) -0.029 0.468

PPGG ARPU ARPU = -2.450442 + 0.1576185*Severity Nonresprouting (%) 0.133 0.083

PPGG MASP MASP = 0.0686323 + 0.0031716*Severity Nonresprouting (%) -0.037 0.521

PPGG QUAR QUAR = 546.3163 - 4.3103144*Severity Nonresprouting (%) -0.001 0.336

PPGG QUEM QUEM = -0.185048 + 0.0275994*Severity Nonresprouting (%) 0.061 0.174

PPGG QUGA QUGA = -0.224817 + 0.1804559*Severity Nonresprouting (%) 0.005 0.314

PPGG QUHY QUHY = 902.72584 + 4.3897232*Severity Nonresprouting (%) -0.032 0.486
PPGG QUOB QUOB = 0.6748897 - 0.0084058*Severity Nonresprouting (%) 0.028 0.247

PPGG QURE QURE = 45.535155 + 0.5265096*Severity Nonresprouting (%) -0.034 0.505

PPGG QUSP QUSP = 0.183915 + 0.049442*Severity Nonresprouting (%) -0.030 0.474

PPGG RHSP RHSP = 11.283408 + 0.0196902*Severity Nonresprouting (%) -0.066 0.915
PPGG RONE RONE = -21.13069 + 5.7849104*Severity Nonresprouting (%) 0.009 0.302

PPGG SYRO SYRO = 0.0295311 - 0.0000233*Severity Nonresprouting (%) -0.067 0.978

PPGG YUSP YUSP = 1.0968002 + 0.1007839*Severity Nonresprouting (%) -0.024 0.441

PPGG
Total Shrub 

Cover
TotalShrubs = 1316.9865 + 21.91391*Severity Nonresprouting (%) 0.145 0.073

MPGG ACGR ACGR = -0.018503 + 0.000779*Severity Nonresprouting (%) -0.024 0.421

MPGG AGSP AGSP = 10.696061 - 0.116519*Severity Nonresprouting (%) 0.313 0.0220*

MPGG ARPU ARPU = 1050.7827 - 8.2756871*Severity Nonresprouting (%) 0.113 0.130

MPGG CEFE CEFE = -18.68281 + 2.9171077*Severity Nonresprouting (%) 0.129 0.113

MPGG GAWR GAWR = 36.778024 - 0.2326218*Severity Nonresprouting (%) -0.031 0.451

MPGG MASP MASP = 0.040273 + 0.0004211*Severity Nonresprouting (%) -0.074 0.752

MPGG NOMI NOMI = 97.583692 - 0.7287252*Severity Nonresprouting (%) 0.018 0.289

MPGG QUAR QUAR = 29.882898 + 1.0464657*Severity Nonresprouting (%) -0.033 0.461

MPGG QUEM QUEM = 0.2430263 + 0.0248255*Severity Nonresprouting (%) -0.043 0.508

MPGG QUGA QUGA = -286.9255 + 12.112289*Severity Nonresprouting (%) 0.036 0.246

MPGG QUHY QUHY = 70.884365 + 15.903844*Severity Nonresprouting (%) 0.080 0.171

MPGG QUOB QUOB = 48.998997 - 0.1800462*Severity Nonresprouting (%) -0.080 0.845

MPGG QURE QURE = 993.49856 - 7.9185649*Severity Nonresprouting (%) 0.061 0.200

MPGG QUSP QUSP = -0.122481 + 0.0063632*Severity Nonresprouting (%) -0.035 0.467

MPGG RHSP RHSP = -0.752024 + 0.0305254*Severity Nonresprouting (%) -0.022 0.412

MPGG RONE RONE = -67.86181 + 3.3800628*Severity Nonresprouting (%) 0.116 0.126

MPGG RUSP RUSP = -47.9829 + 2.2463843*Severity Nonresprouting (%) 0.063 0.197

MPGG SYRO SYRO = -6.801251 + 0.2824313*Severity Nonresprouting (%) -0.003 0.347

MPGG YUSP YUSP = 10.53512 + 0.1409114*Severity Nonresprouting (%) -0.048 0.536

MPGG
Total Shrub 

Cover
TotalShrubs = 1920.7764 + 20.640246*Severity Nonresprouting (%) 0.068 0.188
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Ecounit Species Equation Adj R² p-value

MORO ARAR ARAR = 2.1332483 + 0.02526*Severity Nonresprouting (%) -0.085 0.720

MORO ARPU ARPU = 362.08672 + 2.3859989*Severity Nonresprouting (%) -0.092 0.790

MORO GAWR GAWR = 141.04052 - 0.8644324*Severity Nonresprouting (%) -0.084 0.706

MORO GUSA GUSA = -11.17207 + 0.5144715*Severity Nonresprouting (%) 0.216 0.073

MORO NOMI NOMI = -4.7875 + 0.2204635*Severity Nonresprouting (%) 0.076 0.197

MORO QUAR QUAR = -36.32983 + 2.5309989*Severity Nonresprouting (%) 0.227 0.067

MORO QUEM QUEM = -11.33226 + 0.5218487*Severity Nonresprouting (%) 0.228 0.066

MORO QUHY QUHY = 586.87365 + 1.4971841*Severity Nonresprouting (%) -0.087 0.736

MORO QURE QURE = 44.645635 + 2.4783552*Severity Nonresprouting (%) 0.060 0.221

MORO RONE RONE = 70.571526 - 0.3537696*Severity Nonresprouting (%) -0.087 0.733

MORO RUSP RUSP = 1.246623 - 0.0159167*Severity Nonresprouting (%) 0.077 0.196

MORO SYRO SYRO = 8.8077549 - 0.0012569*Severity Nonresprouting (%) -0.100 0.996

MORO YUSP YUSP = -0.338884 + 0.0156055*Severity Nonresprouting (%) -0.076 0.197

MORO
Total Shrub 

Cover
TotalShrubs = 1080.2214 + 16.984011*Severity Nonresprouting (%) 0.093 0.176

OPG ACGR ACGR = -6.039635 + 0.0942521*Severity Nonresprouting (%) -0.107 0.647

OPG AGSP AGSP = -12.2039 + 0.190449*Severity Nonresprouting (%) -0.088 0.570

OPG ARPU ARPU = -773.8876 + 12.807538*Severity Nonresprouting (%) -0.035 0.421

OPG BASP BASP = -28.72182 + 0.448221*Severity Nonresprouting (%) -0.042 0.438

OPG BRSP BRSP = -9.116973 + 0.1422758*Severity Nonresprouting (%) -0.082 0.550

OPG CEFE CEFE = 618.84056 - 6.0928911*Severity Nonresprouting (%) 0.616 0.007*

OPG GAWR GAWR = 455.00373 - 2.6534735*Severity Nonresprouting (%) -0.128 0.770

OPG GUSA GUSA = 33.588228 - 0.2745827*Severity Nonresprouting (%) -0.072 0.519

OPG MASP MASP = -0.119834 + 0.0018701*Severity Nonresprouting (%) -0.107 0.647

OPG NOMI NOMI = -215.0836 + 4.4875228*Severity Nonresprouting (%) -0.024 0.397

OPG OPSP OPSP = -9.362172 + 0.1905915*Severity Nonresprouting (%) 0.000 0.659

OPG QUAR QUAR = 78.80009 + 3.1788702*Severity Nonresprouting (%) -0.138 0.866

OPG QUEM QUEM = -147.7026 + 2.304987*Severity Nonresprouting (%) 0.002 0.346

OPG QUHY QUHY = -243.4276 + 7.4930255*Severity Nonresprouting (%) -0.131 0.796

OPG QUOB QUOB = -134.9379 + 2.105786*Severity Nonresprouting (%) -0.086 0.563

OPG QURE QURE = -24.73374 + 0.3859847*Severity Nonresprouting (%) -0.074 0.524

OPG RHSP RHSP = -92.41601 + 1.4422065*Severity Nonresprouting (%) -0.107 0.647

OPG RONE RONE = -99.12671 + 1.546931*Severity Nonresprouting (%) -0.069 0.509

OPG SYRO SYRO = -21.57013 + 0.3366146*Severity Nonresprouting (%) -0.107 0.647

OPG YUSP AGSP = -12.2039 + 0.190449*Severity Nonresprouting (%) -0.137 0.849

OPG
Total Shrub 

Cover
TotalShrubs = -548.1139 + 27.884512*Severity Nonresprouting (%) -0.062 0.489
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5.4 Ecounit/ fire severity area summary: 

Table 5.4-1: Ecological units by BARC Severity from Bullock and Aspen Fire 

 

 

Table 5.4-2: Percent of ecological unit in each BARC fire severity class 

 

 

Cloud cover 

(Ha)
High (Ha) Low (Ha)

Moderate 

(Ha)

Unburned 

(Ha)

Grand Total 

(Ha)

Madrean oak/conifer/manzanita on hills 

and mountains with extensive rock 

outcrops

1.66 743.07 3262.64 2599.53 127.89 6734.80

Madrean pine-oak forest/woodland on 

mountains derived from gran, gneiss, or 

metasedimentary rock

0.44 4278.58 5676.84 3348.36 330.08 13634.30

Mixed conifer forest on mountains derived 

mostly from metasedimentary rocks
0.00 490.78 463.53 301.50 189.97 1445.77

Oak/pinyon/juniper woodland on hills and 

mountains of mixed lithology
15.86 4735.85 15679.14 4917.92 40.87 25389.64

Ponderosa pine forest on hills and 

mountains derived from granite, gneiss, 

and similar rocks

0.35 238.72 487.20 349.02 470.46 1545.75

Grand Total (Ha) 18.31 10487.01 25569.36 11516.32 1159.27 48750.26

Cloud cover % High  % Low % Moderate % Unburned %

Madrean oak/conifer/manzanita on hills 

and mountains with extensive rock 

outcrops

0.02 11.03 48.44 38.60 1.90

Madrean pine-oak forest/woodland on 

mountains derived from gran, gneiss, or 

metasedimentary rock

0.00 31.38 41.64 24.56 2.42

Mixed conifer forest on mountains derived 

mostly from metasedimentary rocks
0.00 33.95 32.06 20.85 13.14

Oak/pinyon/juniper woodland on hills and 

mountains of mixed lithology
0.06 18.65 61.75 19.37 0.16

Ponderosa pine forest on hills and 

mountains derived from granite, gneiss, 

and similar rocks

0.02 15.44 31.52 22.58 30.44
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Table 5.4-3: Percent of BARC fire severity class in each ecological unit 

 

5.5 Example of plotting NMS with R code 

##Loading and parsing data 

tree <- read.table("C:/Users/Wade/Dropbox/Rplots/TreesNMS2.csv", header=TRUE, sep=",", row.names="Number") 

treesp<-subset(tree, Vegtype=="Tree_sp") 

treenl<-subset(tree, Vegtype=="NL") 

treespnl = rbind(treenl,treesp) 

vegtype <-subset(tree, Vegtype=="OPG") 

treespnlveg = rbind(vegtype, treenl, treesp) 

vegtypehigh= subset(vegtype, Severity_Class=="1_High") 

vegtypemod= subset(vegtype, Severity_Class=="2_Moderate") 

vegtypelow= subset(vegtype, Severity_Class=="3_Low") 

vegtypeunburned= subset(vegtype, Severity_Class=="4_Unburned") 

vegtypepre= subset(vegtype, Severity_Class=="8_Prefire") 

 

## Plotting data by color severity classes 

attach(treespnlveg) 

plot<- plot(treespnlveg$Axis1, treespnlveg$Axis2, panel.first = abline(h = 0, v = 0, col = "lightgray"), pch=19, main= "NMS of Tree 
Species, Oak/pinyon/juniper woodland", xlab= "Axis 1", ylab="Axis 2", xlim= c(-1.2, 1.6), ylim= c(-1.2, 1.8), axes = FALSE, lty = 

"solid", col= c("red", "orange", "lightgreen", "darkgreen", "lightblue", "blue", "purple", "darkblue")[as.numeric(Severity_Class)]) 

legend ("topright", title= "Fire Severity", cex=0.75, levels(Severity_Class), fill= c("red", "orange", "lightgreen", "darkgreen", 

"lightblue", "blue", "purple", "darkblue")) 

axis(1,at=c(-1.2,-0.8,-0.4,0,0.4, 0.8,1.2,1.6)) 

Cloud cover % High  % Low % Moderate % Unburned %

Madrean oak/conifer/manzanita on hills 

and mountains with extensive rock 

outcrops

9.06 7.09 12.76 22.57 11.03

Madrean pine-oak forest/woodland on 

mountains derived from gran, gneiss, or 

metasedimentary rock

2.42 40.80 22.20 29.07 28.47

Mixed conifer forest on mountains derived 

mostly from metasedimentary rocks
0.00 4.68 1.81 2.62 16.39

Oak/pinyon/juniper woodland on hills and 

mountains of mixed lithology
86.62 45.16 61.32 42.70 3.53

Ponderosa pine forest on hills and 

mountains derived from granite, gneiss, 

and similar rocks

1.89 2.28 1.91 3.03 40.58
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axis(2,at=c(-1.2,-0.8,-0.4,0,0.4, 0.8,1.2, 1.6)) 

box(which = "plot", lty = "solid") 

text(treespnl$Axis1, treespnl$Axis2, labels=treespnl$Species, pos= 2, cex= 0.5) 

 

###Convex hull functions 

Plot_ConvexHull<-function(xcoord, ycoord, lcolor){ 

  hpts <- chull(x = xcoord, y = ycoord) 

  hpts <- c(hpts, hpts[1]) 

  lines(xcoord[hpts], ycoord[hpts], col = lcolor) 

} 

 

conhullpre <- function(Axis1, Axis2){ 

yveg=vegtypepre[,Axis2] 

xveg=vegtypepre[,Axis1] 

 Plot_ConvexHull(xcoord = xveg, ycoord = yveg, lcolor = "darkblue") 

} 

 

conhullunburned<- function(Axis1, Axis2){ 

 yveg=vegtypeunburned[,Axis2] 

 xveg=vegtypeunburned[,Axis1] 

 Plot_ConvexHull(xcoord = xveg, ycoord = yveg, lcolor = "darkgreen") 

} 

 

conhulllow<- function(Axis1, Axis2){ 

 yveg=vegtypelow[,Axis2] 

 xveg=vegtypelow[,Axis1] 

 Plot_ConvexHull(xcoord = xveg, ycoord = yveg, lcolor = "green") 

  } 

 

conhullmod<- function(Axis1, Axis2){ 

 yveg=vegtypemod[,Axis2] 

 xveg=vegtypemod[,Axis1] 

 Plot_ConvexHull(xcoord = xveg, ycoord = yveg, lcolor = "orange") 

  } 
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conhullhigh<- function(Axis1, Axis2){ 

 yveg=vegtypehigh[,Axis2] 

 xveg=vegtypehigh[,Axis1] 

 Plot_ConvexHull(xcoord = xveg, ycoord = yveg, lcolor = 'red') 

  } 

 

conhullall<-function(Axis1, Axis2){ 

conhullpre(Axis1, Axis2) 

conhullunburned(Axis1, Axis2) 

conhulllow(Axis1, Axis2) 

conhullmod(Axis1, Axis2) 

conhullhigh(Axis1, Axis2) 

} 

## Plot all convex hulls by severity 

convexhullall("Axis1", "Axis2") 
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