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ABSTRACT 

As an ecological disturbance agent, wildfire is highly responsive to spatial and 

temporal variables. At the landscape scale, the spatiotemporal characteristics of fire 

are influenced by climate, which is non-stable and subject to oscillations, and by 

weather, which affects the intensity of burning and the severity of fire effects over 

short time periods. Like wildfire, vegetation communities and fuels are similarly 

influenced and modified by climate and weather, which configure not only the type of 

burning possible at any given time, but also the fire effects produced by burning. 

Furthermore, ignition sources, both natural and anthropogenic, vary over space and 

time, whether they are from natural ignitions in response to weather and climate 

factors, and anthropogenic ignitions, which are much less constrained. Within a given 

physiographic setting, the spatiotemporal conditions of wildfire can be understood as 

fire regimes, which can be expressed in terms of typical fire frequency, season of 

burning, ignition source, duration, fire size, patch size, fire rotation, and return interval. 

As a dynamic assemblage, vegetation communities, combustible fuels, ignition sources, 

and fire regimes are arrayed over topographic features at landscape scales. Humans 

are able to affect various and multiple components of this dynamic assemblage. 

Humans have the most direct control over ignitions, both in terms of adding ignitions 

to the weather and climate-modulated background of natural ignitions, or by 

suppressing anthropogenic ignitions and suppressing fires that do start. Humans can 

also manipulate vegetation communities and fuel complexes, either promoting or 

diminishing the chance for fires to burn and spread. Humans have far less control over 

weather and climate, although the enhanced greenhouse effect is beginning to be 

expressed in terms of climate change and unusually extreme weather, including 

weather variables that drive fire growth and spread, including low humidity, high 

temperatures, and increased winds.  

The objectives of this dissertation were to: (1) investigate the influences of several 

waves of human occupation on temporal fire regime characteristics in the Chiricahua 

Mountains across major topographic settings and forest types, and to detect cessation 

of widespread, low-intensity wildfire in specific locations; (2) account for the 
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mechanisms by which the U.S. state has managed fires by managing anthropogenic 

ignitions, which has contributed to long-term deviation in formerly frequent fire 

regimes; (3) examine the effects from the return of large and severe wildfire following 

decades of fire prevention and suppression by categorizing the ecological trajectories 

of montane forests following mixed-severity reburning; and (4) understand how the 

post-disturbance recovery of burned areas is influenced by the response of shrub 

species to variations in fire severity, with the post-fire regeneration strategies of shrub 

species driving differences in patch structure and total cover.  

Major findings and contributions of this research include identifying distinct 

anthropogenic influences on temporal fire regime characteristics in several forest 

types in an Arizona Sky Island, including shortened fire frequencies during times of 

conflict between Apaches and colonizing forces. We found that periods of conflict with 

Spanish and later American militaries exerted an influence on fire frequencies, with 

higher-elevation forests burning more frequently than pre-Apache periods or during 

episodes of peacetime. We also find that single-tree fires, which are likeliest to express 

anthropogenic ignitions, do not significantly correspond to multi-year patterns in 

climate (Appendix A). We found that the U.S. state used Smokey Bear and other 

wildfire prevention media as a pyropolitical instrument aimed at simultaneously 

managing people, landscapes, and flammable forests, in the process binding proper fire 

behavior to notions of citizenship, territory, and ecology. The wildfire prevention 

campaign, with Smokey Bear as its avatar, was successful because it remained flexible 

in the face of social, economic, and environmental change within the United States, but 

the ultimate result of this success is an environmental feedback loop by which fire 

prevention and suppression produce the need for ever-greater state response 

(Appendix B). We found that mixed-severity reburning has differential effects on 

various structural and demographic components of vegetation communities, with 

trees, shrubs, and regeneration responding differently according to plant functional 

traits. Although the effects of recent disturbance tend to overwrite prior disturbance, 

mixed severity fire produces different response in plant communities than single 

events. Repeated high and moderate severity fire suppress tree regeneration and shift 
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the community to shrub dominance, with recovery in pine-oak vegetation types 

dominated by resprouting species and by resprouting species in mixed conifer. 

Unburned areas contain different vegetation communities, with pine-oak forests 

increasing the proportions of fire-intolerant species typical of mixed conifer, as well as 

oaks and other potentially shrubby species growing as trees (Appendix C). Finally, we 

found that the proportion of the landscape dominated by shrub cover and the structure 

of shrub patches is influenced strongly by fire severity, with high severity burns 

producing the largest shrub patches as well greater area:stem ratios. Unburned areas 

have the lowest amount of shrub cover, and shrub patches tend to be single-stemmed, 

indicating that sufficiently long fire-free periods can produce monopodial trees that 

would otherwise grow in shrub form. The effects of antecedent disturbance can be 

seen in shrub patch structure, suggesting that the organizing effects of fire can persist 

for decades (Appendix D). Together, this body of work underscores the means by 

which human activities interact with the natural world to produce historic fire regimes, 

and the ecological communities that arise following long periods of fire regime 

disruption.  
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CHAPTER 1: INTRODUCTION 

As an ecological disturbance agent, wildfire is an especially complicated object of 

study. Fire characteristics vary over spatial and temporal scales, and can produce 

highly variable effects on ecological communities and landforms. Fire regime 

characteristics, which include fire frequency, timing, intensity, type, and spatial extent, 

are influenced by natural variability in climate, by the fire weather occurring at the 

time of burning, by the fuels available for combustion, and by the type and density of 

ignition sources. As such, wildfire is sensitive to internal variability in biophysical 

systems, as well as to external influences which can drive changes to fire regimes. 

Humans represent the principal external influence on wildfire characteristics across 

time and space because of our ability to alter ignition timing and density, to prevent 

and suppress fires, to modify fuel complexes, and our capacity to change weather and 

climate conditions.  

There are many potential methodological approaches to the study of wildfire and many 

research methods that can be used to illuminate why and where fires burn, and with 

what effects. Methodological approaches to fire studies that do not carefully consider 

the effects of humans on fire regimes or on the ingredients that are necessary to 

sustain wildfire will never be able to provide a more than partial accounting of why 

and where fires burn, and the effects of those fires and fire regimes. For this reason, 

this study employs a Critical Physical Geography (CPG) approach to the question of 

wildland fire. Critical Physical Geography, in its simplest iteration, recognizes that 

natural and social systems frequently interact and intersect and cannot be productively 

analyzed through a singular, narrow methodological orientation (Lave et al. 2013). 

Critical Physical Geography approaches this methodological dilemma by integrating 

physical geography with critical human geography but with the emphasis on deep 

knowledge of biophysical processes and research methods. In this way, CPG differs 

from its disciplinary antecedent, political ecology, which has tended to explain 

environmental change from a fundamentally human-environmental perspective 

(Blaikie and Brookfield 1987; Robbins 2012). Political ecology, as a theoretical 

approach to understanding ecological change, certainly provides some advantages over 
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apolitical ecology, which can have the tendency to completely elide the materially 

productive interactions between human/social and natural/physical processes and 

interactions. (Robbins 2004). Political ecology research, though, is rarely grounded in 

deep and engaged physical science research; Critical Physical Geography and political 

ecology thus exist as end members of a continuum of research that critically examines 

environmental change by simultaneously crediting rates, types, and processes 

environmental change to the interaction of biophysical and socio-political factors 

(Figure 1). Political ecology tends to privilege social processes and theories in 

explanations of biophysical change, while CPG buttresses examination of biophysical 

process and change with attention to power relations, colonialism, and social 

disparities (Lave et al. 2013).  

 

Figure 1: Methodological approach to this dissertation. Critical Physical Geography (CPG) and 
Political Ecology (PE) represent a continuum of approaches to the study of the coupled natural 
and human drivers of ecosystem change. CPG starts from a deep and abiding knowledge of 
physical science processes and methods, while PE tends to approach similar questions from a 
human geography standpoint. CPG and PE are complimentary approaches, and convey significant 
advantages over apolitical ecology for addressing the influence of human action on ecological 
change.  

Wildfire is a chemical and physical transformation process. On the landscape, it is also 

an ecological disturbance that can affect soils, above- and below-ground components of 

living organisms, hydrology, air quality, and local and regional weather. The wide 

range of potential biophysical effects of wildfire certainly position it as an object of 

study usefully approached through physical science methods. Wildfire, though, is also 

subject to influence by humans, through increases of ignitions or suppression of active 

burns, manipulation of fuels and vegetation, and increasingly, through the impacts of 

global climate change. The polyvalent natural and anthropogenic influences on wildfire 
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position it as an ideal object of study using a CPG approach, which foregrounds 

explanations of fire using physical science methods but is simultaneously attentive to 

the social and human dynamics that can affect fire over spatiotemporal scales. The 

challenge of CPG is that it incorporates research methods based on sometimes 

substantially divergent epistemologies, using data that may operate on different 

temporal and spatial scales. Integrating biophysical and socio-political data can be 

difficult, particularly in situations where the data are partial or biased, as in many 

colonial ethnographic reports (Duvall 2011). Critical Physical Geography approaches 

that combine different types of natural science and social science data tend to work 

best because social and biophysical systems are complex, and are built from internal 

processes that can be used to speak across epistemological divides (Lave et al. 2013; 

Tadaki et al. 2015). Ultimately, what the CPG approach provides is an alternate way of 

understanding the variability, the processes, the influences on, and the outcomes of 

intersecting coupled natural-human dynamics such as wildfire, which are continuously 

co-produced by the continual interaction of humans and the environment (Lane 2017).  

The methodological choices and approach of CPG may also produce research that is 

simultaneously more “just” and more “scientific” (Blue and Brierley 2016). This is 

especially true as human modifications to a broad suite of ecosystems and physical 

processes have accelerated to the point where we may be living in a new geological 

epoch: the Anthropocene (Crutzen 2006). The intense and globally distributed human 

impacts on landscapes, ecologies, disturbance, and climate make the methodological 

approaches central to Critical Physical Geography more important than at any time in 

the past (Lane 2017). As noted by Lave (2014), CPG research might be most easily 

conducted in scientific or environmental fields in which “either the science or policy or 

both are contested,” which creates space for critically oriented scientists with 

sufficiently deep research and analytical skills to examine both the physical and human 

dimensions of the system. The uncertain physical outcomes following mixed-severity 

wildfire, the varying ways in which people can affect fire and fire regimes, the 

interactions of climate and vegetation and fuels, and the intersection of policy with 

wildfire on lands with different physical and political characteristics certainly evokes 
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the type of uncertainty that can productively be addressed through CPG 

methodologies.  

Using a CPG approach, this dissertation examines the effects of different cultural 

occupations on temporal fire regime characteristics in an Arizona Sky Island; explains 

the governance and media techniques employed by the United States government to 

limit and prevent undesired anthropogenic ignitions; provides a detailed exploration of 

the ecological communities that emerge after large and severe wildfires return to the 

land following decades of fire prevention and suppression; and finally presents a fine-

scale exploration of particular mechanisms by which post-fire ecological communities 

recover. This dissertation provides an account how when and how fire regimes have 

changed over time and the emergent ecologies that arise from the uncharacteristically 

severe fires that mark the recent past. Importantly, only a methodological and 

epistemological approach that is open to methods as diverse as tree-ring fire history, 

discourse analysis, and community ecology could arrive at an account that can 

concurrently investigate temporal divergences in historical fire regimes and explain 

when, why, and how those fire regimes were disrupted. Only a strong CPG approach 

can provide an explanation for how fire regimes remained disrupted for so long; 

characterize the new vegetation assemblages that are emerging from repeated burning 

at higher than historical severities; and describe the likely ecological futures of 

contemporary, post-fire forested ecosystems.   

The focus of this dissertation is the Chiricahua Mountains of southeastern Arizona. This 

mountain range, the largest and most biodiverse of the Arizona Sky Islands, represents 

a transition zone between the forests and ecosystems temperate and high-latitude 

North America and the Neotropics (Brusca and Moore 2013). The Arizona Sky Islands, 

which represent both the southern extent of the Rocky Mountains and the 

northernmost extent of the Sierra Madre, shelter species and communities that coexist 

nowhere else on Earth. Owing to steep environmental gradients and topographies that 

exert a profound influence on local climate and moisture availability, the Madrean Sky 

Islands are a test piece for environmental change and human ecosystem alterations, 

which have been going on for centuries and will continue to do so. The human history 
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of southern Arizona, in which the Chiricahua Mountains represent the largest 

mountain feature, extends at least 13,000 years into the past (Haynes and Huckell 

2007). Human societies have been living in the Chiricahua Mountains, and influencing 

the frequency, seasonality, and size of wildfires for centuries (Swetnam et al. 1989; 

Kaib 1998; Seklecki et al. 1996). The particular effects of those human manipulations of 

fire regimes, and the outcomes of dramatic changes in fire frequency, size, and severity, 

are creating a landscape-scale matrix of vegetation, fuels, and human values and 

infrastructure that will continue to create productive interactions between the natural 

and social drivers of wildfire for centuries to come.  
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CHAPTER 2: PRESENT STUDY 

The methods, results, theoretical framings, and conclusions of this research project are 

presented in manuscripts appended to this dissertation. The following is a summary 

and short description of the most important findings from the dissertation appendices 

and of the contributions they make to the dissertation.  

 

Appendix A: “Replacement of Dynamically Stable Fire Regimes by 
Euro-American Settlement and Land Use” 

(Author’s note: The following describes the results of a multi-authored journal 
manuscript in which I was the primary contributor. Coauthors of this research 
contributed funding, analytical, and editorial support. The manuscript is prepared for 
submission to the Annals of the American Association of Geographers, a peer-reviewed 
publication of the American Association of Geographers). 

This manuscript explores the effects of several waves of human occupation on 

temporal fire regime characteristics in various topographic settings and forest types in 

the Chiricahua Mountains of the borderlands of southern Arizona and northern Sonora, 

Mexico. This chapter uses tree-ring based fire histories assembled from distinct 

settings in the mountain range to characterize and statistically test differences in fire 

frequency from as far back as 1434. The oldest part of the tree-ring fire scar record 

contains evidence of pre-Apache fire regimes that may have been influenced by the 

Sobaipuri people (1471-1685). Following Apache arrival in the Chiricahuas in the late 

1600s, we reconstruct Apache-period fire regimes, which show phases of increased fire 

frequency coincident with war and conflict with first the Spanish (1748-1786) and 

later the Mexican and US states (1831-1886), and slackened fire frequencies during 

peacetime (1710-1740; 1787-1830). Finally, permanent Euro-American settlement 

and Apache removal (1876) coincided with the cessation of widespread fire and the 

disruption of a regime of frequent, low-severity surface fires that had been dynamically 

stable stable (characterized by spatiotemporal variability in a fire regime of low 

severity, high frequency fire) for centuries.  

We test for interannual influences on fire-climate relationships using Superposed 

Epoch Analysis, and determine that fires occur during significantly dry years following 
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consistently, but not statistically significantly, wet years. Canyon gallery forests and 

upland pine forests replicate this pattern, while mixed conifer forests show 

widespread fire in somewhat less dry conditions, and following significantly wet years. 

We test for decadal climate influences on fire frequency, and determine that climate 

conditions during peacetime and conflict periods are not significantly different. Fire 

frequency deviations are likely the result of human activity, including increased and 

decreased anthropogenic ignition, and altered fire use patterns, rather than climate.  

This paper provides the first comprehensive, landscape-scale fire history from the 

Chiricahua mountains, and the first fire history that combines low-elevation gallery 

forest fire histories with those from upland and mixed conifer forests. This paper 

contributes to an evolving literature in tree-ring based fire history that investigates 

indigenous fire regimes, none of which have focused on the Arizona Sky Islands. By 

explicitly testing fire-climate relationships in various topographic settings and forest 

types across gradations in widespread fire, including single-tree fires, we uncover 

apparent anthropogenic additions to fire regimes, as expressed through increases in 

fire frequency. 

 

Appendix B: “Smokey Bear and the Pyropolitics of United States 
Forest Governance”  

(Author’s note: The following describes the results of a co-authored journal manuscript in 
which I was the primary contributor. The coauthor of this research provided important 
contributions to the paper’s framing, theoretical approach, and engagement with 
ongoing discussions in the literature. The manuscript was published in Political 
Geography, the peer-reviewed flagship journal of the subdiscipline of political geography, 
which focuses on “the geographical and spatial dimensions of politics and the political”). 

Prior work on the causes of cessation of widespread fire in the western United States 

have tended to identify livestock grazing as the factor that first disrupted the 

continuous fuels that previously allowed fire to spread at landscape scales. In this 

account, grazing was followed by formal fire suppression policies, which served to 

limit fire size and spread, causing cascading changes to forest composition and 

structure, fuel complexes, and landscape fire rotation. What these fundamental 
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assertions about the causes of fire regime change fail to do is to adequately explain a 

complimentary feature of fire regime change: how the US state sought to prevent 

anthropogenic ignitions, and how potential ignitions were suppressed for more than 

70 years.  

We use discourse analysis of US wildfire prevention media to explain how the US 

government accomplished its goal of fire prevention. We trace the evolution of wildfire 

prevention advertisements as they shift to accommodate changes in US culture, 

economics, demographics, and concurrent transformations occurring within the 

forests themselves. We find that the wildfire prevention advertisements are oriented 

toward simultaneous management of biopolitical assemblages representing people and 

forests. The state seeks to manage people through a technique called governmentality, 

by which the state convinces people to take on the task of governing themselves. In the 

case of wildfire, this involves the internalization of state goals such as fire prevention.  

Concurrently, these wildfire prevention media can be seen to be symbolically and 

materially territorializing state power by linking notions of citizenship with fire 

practices that produce particular ecologies. In effect, Smokey Bear and other wildfire 

prevention propaganda are retrospectively cast backwards in history, rhetorically 

supplanting indigenous fire regimes and creating a mythos around fire prevention and 

suppression policies that fit into taken-for-granted logics than reinforce state land and 

fire management goals. As a result, the Smokey Bear campaign continues to 

communicate a message about forests and fire use that has remained virtually 

unaltered for 70 years, framing fire as a perpetual, exogenous and existential threat to 

U.S. forests and wildlands, but one that is endemic to the citizenry, and asserting that it 

is the individual responsibility of citizens to prevent unwanted ignitions. 

Finally, the ecological consequences of fire prevention and fire suppression policies 

create an environmental feedback loop that requires ongoing intervention into fire 

regimes and vulnerable forested environments. In effect, the state positions itself as 

the only actor with the technocratic expertise capable of managing fire, even as fires 

become larger, more dangerous, and consume ever greater proportions of the federal 
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land management agency budgets. This paper provides a complimentary explanation 

to previous work on fire regime change, in the process allowing a fuller view of 

precisely how cessation of wildfire has been accomplished. The pyropolitical 

assemblages produced through state wildfire propaganda link citizenship, state power, 

and ecology of flammable forests. We contribute to evolving literatures in political 

geography about the articulation of state power with more-than-human assemblages; 

this literature has never focused on an ecological disturbance agent such as wildfire. 

We conclude by suggesting several areas for future inquiry, including how a 

pyropolitical research agenda might develop and expand upon the complex 

articulations of citizenship, fire use and state practice.  

 

Appendix C: “Post-Fire Ecological Trajectories Following Repeated 
Burns in a Madrean Sky Island”  

(Author’s note: The following describes the results of a multi-authored journal 
manuscript in which I was the primary contributor. Coauthors of this research 
contributed funding, editorial, and analytical support. The manuscript is prepared for 
submission to Journal of Applied Ecology, Ecological Applications, or Ecosphere, all of 
which are peer-reviewed publications that link ecological theory to empirical studies). 

This paper examines the ecological communities that emerge from ecosystems that 

have sustained multiple mixed-severity wildfires following a century or more of 

disrupted fire regimes following Euro-American settlement. Decades of fire prevention 

and suppression policies, following cessation of widespread fire in the late 1800s, 

created dramatically higher fuel loads and prompted a shift in forest community 

composition, demographics, and structure.  

Two uncharacteristically large and severe wildfires, separated in time by 17 years, 

provide the template for this chapter, in which we inventoried woody plant community 

composition and structure across a full factorial of two-fire severity in three vegetation 

types. We use multivariate analysis of vegetation community composition and 

structure, organized by known sequences of fire severity, to analyze the effects of 

reburning in contemporary Sky Island forests. Variability among species in structural 

types (trees, shrubs), demographic stage (regeneration, mature individuals) and fire 
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tolerance means that members of a community can respond differently to 

combinations of disturbance severity, setting the resulting vegetation communities 

onto divergent recovery trajectories. 

In the process, we determine that the relative balance of post-fire seeding and 

sprouting species produces differential recovery responses in pine-oak versus mixed 

conifer forests. Repeated moderate and high severity wildfire promotes conversion of 

forests to shrublands, with resprouting species dominating areas affected by single or 

multiple high-severity wildfires. Repeated moderate and high severity wildfire tips the 

balance towards shrub species, while unburned areas are typified by compositionally 

different communities. Sequences of unburned, low, and occasional moderate severity 

fire produce ecological communities that appear resilient to repeated low-severity 

disturbance. Unburned areas contained different vegetation communities: unburned 

pine-oak forests tended toward conversion to fire intolerant and species common in 

mesic mixed-conifer forests, and are now characterized by single-stem overstory oaks.  

Analysis of structural forms (Trees x Shrubs x Regeneration; Trees x Shrubs; Shrubs x 

Regeneration) and demographic types (Trees x Regeneration) show differential effects 

of sequences of fire severity on vegetation communities. This paper contributes to an 

expanding literature that investigates the ecological effects of reburns, and is the first 

fine-grained study of this type in the US southwest. Understanding vegetation 

communities after various combinations of multiple mixed-severity disturbances 

enables prediction of ecological tipping points between structural types, and provides 

modelers and managers with enhanced predictions of likely future vegetation 

communities, fuel types, and fire behavior under changing forest conditions. 
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Appendix D: “Fire severity and regeneration strategy influence 
shrub patch size and structure following disturbance”  

(Author’s note: The following describes the results of a multi-authored authored journal 
manuscript in which I was the primary contributor. Coauthors of this research 
contributed funding, editorial, and analytical support. The manuscript was published in 
Forests, an online, fully open-access and cross-disciplinary journal of forest ecology and 
forestry, in a special issue entitled ““Post-Disturbance Forest Management and 
Regeneration Dynamics.”) 

This paper provides a fine-scale investigation of the recovery of shrub species 

following wildfire. We explore the regeneration and recovery capacity of shrub species, 

which are coming to dominate the post-fire landscape in the Chiricahuas following 

multiple uncharacteristically severe wildfires. The plasticity of shrub species enables 

them to alter their structure in response to varying disturbance severity, which may 

confer a competitive advantage over arboreal species with obligate monopodial growth 

forms. Moderate and high severity fire promote expansion of shrub cover on the 

landscape, with implications for future community structure and future fire behavior. 

In this paper, we analyze the relationship between shrub patch size and stem density 

across variations in post-fire reproductive strategy, vegetation type, and fire severity. 

Fire severity has an organizing effect on shrub patch structure and shrub area. Shrub 

patch dynamics respond to fire severity in characteristic ways, with unburned areas 

carrying small, single-stemmed shrub patches. Increased fire severity correlates with 

larger patch sizes and higher stem densities, as well as greater proportions of shrub 

cover in the three vegetation types we studied. This pattern is discernable across 

multiple fire events, suggesting that the response of shrubs to antecedent disturbance 

severity can persist for decades. The reproductive strategy of shrub species plays a role 

in post-fire recovery, with post-fire resprouters dominating pine-oak forests, and post-

fire reseeding species establishing dominance in mixed conifer forests. Similarly, post-

fire resprouters dominate lower severity burned areas, with high severity burned 

areas dominated by post-fire reseeding species. As climate change impacts are felt in 

the Arizona Sky Islands, and as uncharacteristically high severity wildfire affects 

forested ecosystems in the region, the response of shrub species will have long-term 

implications for vegetation communities and ongoing disturbance regimes.  
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This paper provides novel insights into the fine- and intermediate-scale response of 

shrubs to fire severity, in the process explaining a mechanism by which post-fire 

recovery can be expected to occur. Specific-specific regeneration strategies, when 

coupled with community composition information, provide new predictive power into 

the structure of shrub patches and total extent of shrub cover following variations in 

fire severity, including multiple mixed-severity fire events.  
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Replacement of Dynamically Stable Fire Regimes by 

EuroAmerican Settlement and Land Use 

Jesse Minor, Donald A. Falk, Greg A. Barron-Gafford 

 

Abstract 
Fire regimes, especially in the western United States, are frequently understood as a 

function of natural ignitions and the forests and fuels that are promoted and 

maintained by broad climatic patterns and oscillations. Despite having a record of 

human occupation that frequently exceeds the temporal depth of tree-ring based 

reconstructions of fire regime characteristics, the influence of human habitation on 

disturbance regimes has been largely untested. We analyze the associations between 

several waves of human occupation on temporal fire regime characteristics in various 

topographic settings and forest types in the Chiricahua Mountains of the borderlands 

of southern Arizona and northern Sonora, Mexico. Using tree-ring based fire histories 

assembled from distinct settings in the mountain range, we characterize and 

statistically test differences in fire frequency from as far back as pre-1500. The oldest 

part of the tree-ring fire scar record contains evidence of pre-Apache fire regimes that 

may have been influenced by earlier occupation by the Sobaipuri people, a group with 

cultural affiliation with the Tohono O’odham whom the Spanish termed “Pima.” 

Following Apache arrival in the Chiricahuas in the late 1600s, we reconstruct Apache-

period fire regimes, which show phases of increased fire frequency coincident with 

conflict with first the Spanish and later the Mexican and US states, and slackened fire 

frequencies during peacetime. Finally, permanent Euro-American settlement and 

Apache removal coincided with the cessation of widespread fire, and the disruption of 

a regime of frequent, low-severity surface fires that had been dynamically stable for 

centuries. This paper provides a comprehensive, landscape-scale fire history from the 

Chiricahua mountains and the first fire history from the Madrean Sky Islands that 

investigates fire regimes co-produced by natural and human influences and the specific 

site-based factors that contributed to cessation of widespread fire. By explicitly testing 
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fire-climate relationships in various topographic settings and forest types across 

distinct time periods, we uncover apparent anthropogenic additions to fire regimes, as 

expressed through increases in fire frequency and decoupling of climate and fire 

regime characteristics.  

 

Keywords 

Apache; climate regulation; coupled natural-human systems (CNHS); 

dendrochronology; fire frequency; fire history; indigenous burning; Palmer Drought 

Severity Index (PDSI); pyrogeography; wildfire 

 

Introduction 
Decades of research into the temporal and spatial dynamics of wildfire have uncovered 

wide variation in the drivers of fire regimes. Much of this work has focused on the 

influence of biophysical factors such as climate (Swetnam and Betancourt 1990; 

Cleaveland et al. 1992; Veblen et al. 2000; Grissino-Mayer and Swetnam 2000; 

Heyerdahl et al. 2002; Swetnam and Baisan 2003), topography (Heyerdahl et al. 2001; 

Taylor and Skinner 2003), weather (Barro and Conard 1991; Keeley and Fotheringham 

2001; Keeley 2004; Dennison and Moritz 2009), vegetation assemblages (Batek et al. 

1999; Whitlock et al. 2003; Pausas and Bradstock 2007), and fuels (Fulé et al. 1997; 

Grissino Mayer and Swetnam 2000). More recently, research attention has begun to 

turn to the contribution of human cultures and groups to fire regime characteristics, 

both indigenous fire use and effects on fire regimes caused by colonizing groups. 

Generally, indigenous fire use is understood to add ignitions to the background of 

natural ignition sources, including at times of year and in places where natural ignition 

is unlikely or impossible (Barett and Arno 1982; Kaye and Swetnam 1999; Allen 2002; 

Keeley 2002). This addition of anthropogenic fire to the landscape can actually 

minimize the tendency of large fires to organize and burn at landscape scales by 

removing and manipulating fuels on smaller scales, thus “buffering” against large-scale 

burning that might be more typical of natural fire regimes uninfluenced by human 



66 
 

groups (Taylor et al. 2016; Swetnam et al. 2016). Other interpretations of the same 

landscapes suggest that decreases of native populations have the effect of promoting 

forest regeneration and increasing fire frequency (Liebmann et al. 2016). Indigenous 

landscape alterations are not limited to fire ignitions, as native resource extraction 

could also have affected forest structure, with implication for fuels and fire spread 

(Guiterman et al. 2016; Swetnam et al. 2016). Evidence suggests that the migration and 

settlement patterns of indigenous peoples can influence fire regimes (Fisher et al. 

1987; Guyette et al. 2002). A substantial body of work has attributed cessation of fire 

activity in western landscapes to human-induced disturbances and socioeconomic 

upheaval by EuroAmerican settlement (Savage and Swetnam 1990; Kaib 1998; 

Grissino-Mayer et al. 2004).  

Shifts in fire regimes, even if they are coincident with climatic fluctuations, should not 

necessarily be attributed to climate as a causative factor (Pausas and Keeley 2014). In 

addition to human activity, non-climatic shifts in fire regimes can be driven by fauna 

(Burney and Flannery 2005; Holdo et al. 2009; Simard et al. 2011) and by invasive 

species (Coffman et al. 2010; Keeley and Brennan 2012). Finally, non-climatic shifts in 

fire regimes can be attributed to human behavior through a top-down mechanism 

driver: policy (Nevle and Bird 2008; Minor and Boyce 2018) and a bottom-up 

mechanism: socio-economic change that influences fire-use behavior of individuals and 

groups (Pausas 2004). For this reason, deviations of fire regimes on either side of a 

political boundary (e.g., Fulé et al. 2012) probably cannot be explained by climate, 

unless a suite of hypotheses relating to alternate anthropogenic influences are also 

tested and rejected.  

The Arizona Sky Islands, a biogeographic province sharing ecological communities 

with the Sierra Madre to the south and the Rocky Mountains to the north, have been 

settled by successive waves of human cultures. As such, the Sky Islands provide an 

excellent site at which to study the influence of climate and different groups of people 

on fire regimes. Home to indigenous Americans for at least 13,000 years (Haynes and 

Huckell 2007), southern Arizona and its largest Sky Island, the Chiricahua Mountains, 

has likely seen human influences and impacts for millennia. The fire-scarred tree-ring 
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record extends to 1431, into a period of occupation by the Sobaipuri people (DiPeso 

1953). The archaeological and ethnographic record of Sobaipuri landscape and 

resource use is limited, but they are known to have inhabited the Chiricahuas and 

likely influenced fires, fuels, and forests. The Apache, an Athabascan-speaking group, 

likely arrived and settled in southeastern Arizona in the late 1600s, roughly coincident 

with expansion of Spanish missions and presidios in the region (Kaib 1998). Relations 

between the Apache and Spanish were relatively peaceful from 1710-1740, but 

devolved into extended conflict from 1748-1786, with peaceful conditions returning 

from 1787-1830 (Bancroft 1889; Bolton 1919; Brinckerhoff and Faulk 1965; Kaib 

1998). Following Mexican independence in 1821, conflict again broke out between the 

Mexican and U.S. armies and the Apache bands living in the Chiricahuas, and lasted 

from 1831-1886 (Wilson 1987; Kaib 1998). In 1872, the Chiricahua Apache signed 

treaties with the U.S. government, and the Chiricahua Mountains were listed as a 

reservation, only to be delisted by executive order in 1876 (Wilson 1987). Following 

delisting of their reservation, the Chiricahua Apache were removed to San Carlos by 

U.S. forces (Kaib 1998). Apache bands continued to move across the U.S.-Mexico 

international border until 1886, when Geronimo surrendered at Skeleton Canyon in 

the Peloncillo Mountains just to the southeast of the Chiricahuas (Gatewood 1986). 

Following Apache removal, the Chiricahua Mountains were settled immediately by 

EuroAmerican colonists, who began intensive extraction of timber, minerals, wildlife, 

and livestock from the range facilitated by long-range rail transport (Bahre 1995).  

Climate factors are a primary influence on fire regime characteristics, and the 

association between climate and fire can vary over temporal and spatial scales. Fire-

climate associations can also differ across forest types because of topographically 

driven differences in temperature, precipitation, soil moisture, cloudiness and 

insolation, and the type of precipitation delivered. Climate, in this analysis, includes 

both annual-scale climate associations with wildfire and decadal-scale climate. Human 

fire use can alter fire-climate relationships through additional ignitions, through the 

effect of small fires on later fire spread, through fire suppression, and through 

landscape changes that affect fire ignition and spread. To test the influence of human 
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cultural groups on fire regime characteristics in the Chiricahua Mountains over various 

time periods, we analyze fire-climate relationships using fire frequency and Palmer 

Drought Severity Index (PDSI) on interannual and decadal scales, with special focus on 

time periods defined by relative peace and conflict between colonizing groups (the 

Spanish, Mexican, and U.S. States). Given the growing and acknowledgment of 

indigenous peoples’ role in fire behavior and fire regime characteristics, we 

hypothesize that climatic and anthropogenic influences combine to drive patterns of 

fire frequency at landscape or topographic scales. 

 

Methods 
Study Site 

This study was conducted in the Chiricahua Mountains (32°N, 109°W) at the transition 

zone between the Rocky Mountain and Sierra Madre Occidental biogeographical 

regions (McLaughlan 1994). The Chiricahuas are large, biodiverse, and cover 

elevations ranging from 1220-2975 m (Felger and Wilson 1995). Because of its large 

elevational gradients, high-elevation forests in the Chiricahuas share floristic 

characteristics with the southern Rocky Mountains and Colorado Plateau; lower-

elevation forests share similarities with forests and woodlands in northern Sonora and 

Chihuahua (Van Devender et al. 2012; Brusca and Moore 2013). Pine-oak forests and 

woodlands are common between 1700-2740 m, with aspect exerting a strong influence 

over whether conifers or oaks represent the prevalent overstory vegetation at any 

given elevation. Mixed conifer forests are dominant between 2280-2740 m elevation, 

with aspen-mixed conifer forest between common between 2590-2795 m (Malusa et 

al. 2013; Arizona FireScape 2015). 

Climate in the Chiricahua Mountains is moderate, considering its continental 

subtropical location. Precipitation delivery is influenced strongly by the North 

American Monsoon (NAM), with over half (56%) of annual precipitation falling in the 

summer and more than a quarter (27%) falling in the winter season; spring and 

autumn are comparatively dry and represent only 9% and 8% of annual precipitation 

(Sellers et al. 1985). The location of the Chiricahua Mountains just to the west of the 
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lowest elevations along the Continental Divide (the Chiricahua Gap) situates them to 

receive easterly-transported monsoonal moisture (Ralph and Galarneau 2017), with 

the enhanced convection and associated lightning that occurs during the NAM. Drought 

in the Chiricahua Mountains can result from cool-season moisture deficits as well as by 

failure of the summer monsoon (Griffin et al. 2013). Mean annual temperature at 1660 

m elevation (station QCHA3; Chiricahua National Monument) is 14.1 °C (Sawyer and 

Kinraide 1980), and mean maximum annual temperature is 32.1 °C (Moir 1995). 

 

Field Sampling and Laboratory Methods 

Fire-scarred trees (logs, stumps, snags, and a small proportion of living trees) were 

sampled using a chainsaw to remove partial or full cross sections (Arno and Sneck 

1977); living trees were partially sectioned to limit mortality. Rough-cut tree-ring 

samples were trimmed prior to sanding (Minor and Arizpe 2015), and then sanded to a 

polish with progressively finer belts (McBride 1983). Fire scar dates were established 

with annual accuracy and precision by crossdating annual rings (Dieterich 1980, Speer 

2010). In addition to fire year, we also recorded intra-ring position of the scar, which 

corresponds to seasonality of wounding (Baisan and Swetnam 1990), and we noted 

scars or injuries of unknown cause. In addition to wood collected for this study, we 

made use of fire-scarred samples collected for earlier studies (Figure 1), which 

together provide good spatial coverage of conifer forests in the Chiricahua Mountains 

over elevations ranging from 1640-2910 m. Results from previous collections have 

been reported for Rhyolite Canyon (Swetnam et al. 1989; Swetnam et al. 1990; Kaib et 

al. 1996), Pine Canyon (Kaib et al. 1996; Kaib 1998), Turkey Creek (Kaib 1998), Rucker 

Canyon (Kaib 1998), Rustler Park (Seklecki et al. 1996), and Mormon/Ward Canyon 

and mixed-conifer sites (Morino et al. 2000).  
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Figure 1: Location of fire-scarred trees from this study's collection (yellow pins); previous 
collections (green pins), and sites without specified tree locations (white pins). Vegetation types 
are indicated in the transparent overlay. Green colors represent Pine-Oak vegetation; blue 
represents Mixed Conifer, and the transparent white color represents Aspen-Mixed Conifer. Purple 
represents pinyon-juniper vegetation.  

 

Subsetting and Analysis 

We analyzed fire-scarred wood collected for this study and prior collections to 

determine fire regime characteristics in time periods representing settlement and use 

of the Chiricahuas by different cultural groups. Fires occurring before the late 1600s 
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occurred during the period of Sobaipuri occupation. Fires recorded between ~1685 

and 1876 correspond to the period of Apache occupation and use of the Chiricahua 

Mountains, with subperiods reflecting episodes of peace and conflict between Apache 

groups and the Spanish, Mexican, and U.S. states. Fire events occurring after 1876 

reflect occupation and land use by nonindigenous groups associated with colonization 

of the U.S. southwest. The period of time between 1876 and 1886 saw intensification of 

land occupation and land use by EuroAmericans in the Chiricahuas, although Apache 

bands led by Geronimo continued to visit and use the area. Fires occurring after 1886 

correspond to a period of EuroAmerican colonization and occupation. 

We classified fire history collections into three forest types representing their 

dominant topographic position: Canyon gallery forests, upland pine forests, and mixed 

conifer forest. Canyon gallery forests are conifer forests positioned at canyon bottoms 

and frequently surrounded by pine-oak forest, chaparral or shrubland, savanna, or 

grassland. These forests persist because their topographic positions deliver water and 

cold air drainage, allowing a distinct vegetation type to be embedded in more xeric 

vegetation types (Kaib et al. 1996; Barton 1999; Barton et al. 2001). Upland pine 

forests represent upper canyon locations and hillsides dominated by pine species, with 

lesser components of Madrean oaks and conifers (Arizona FireScape 2015). Mixed 

conifer forests exist at the upper elevations of the Chiricahua Mountains and contain 

varying proportions of large pines, Douglas-fir, white fir, aspen, locust, and Gambel oak 

(Malusa et al. 2013; Arizona FireScape 2015). 

We tested for differences in fire regime properties (mean fire interval, Weibull median 

probability interval, and range of years over which 90% of the fires occurred 

(exceedance intervals)) during and across these time periods and in different 

topographic and forest types using FHAES (Fire History Analysis and Exploration) 

software (Brewer et al. 2017). Weibull distributions are used to fit probability 

distributions to event data such as fire dates, and provide statistical descriptors of the 

historical range of variability in wildfire frequency (Grissino-Mayer 1999). We 

conducted the fire history analysis and plotting in the R package burnr (Malevich et al. 

(in review)). Analysis of climate time series in the form of 10-year running Palmer 
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Drought Severity Index (PDSI) provides a way of analyzing fire frequency 

characteristics against a climate variable.. We test for inetannual climate-fire 

associations using burnr in the form of Superposed Epoch Analysis with 95 and 99% 

confidence intervals (SEA; Swetnam and Betancourt 1990), as well as the influence of 

decadal climate using running mean Palmer Drought Severity Index (PDSI; Cook and 

Krusic 2004). We test for correlations between 10-year running fire frequencies and 

10-year running climate (PDSI) using Pearson’s correlation (r). We test natural and 

anthropogenic influences on fire regime characteristics on forest types defined by 

topographic setting: low-elevation canyon gallery forests; mid-elevation upland pine 

forests; and upper-elevation mixed conifer forests. In all analyses, fire dates are filtered 

to at least 10 percent of scarred trees recording fire, with a two-tree minimum. This 

reduces the effect of small fires, and provides an inference about spreading fires that 

affect large areas.  

 

Results 
Fire Regimes across Periods of Cultural Occupation of the Chiricahua Mountains 

Fire history in the Chiricahua Mountains displays temporal variability associated with 

different periods of human occupation, settlement, and land use, which can be 

analyzed at different scales. At the temporally coarsest scale, the mean fire interval 

(MFI) for the entire period of record (1431-2010) in the Chiricahuas is 16.4 years, with 

a Weibull median probability of 11.7 years. At the scale of cultural occupations of the 

Chiricahua Mountains, the time period from 1431-1684 represents the period of 

Sobaipuri occupation in the Chiricahuas and the broader region. This period had a MFI 

of 15.3 years and a Weibull median probability of 10.6 years. During Apache settlement 

and land use (1685-1876), fire frequency increased, with MFI of 10.8 years and 

Weibull median probability of 9.3 years, and with the smallest standard deviations and 

coefficients of variation (Table 1). Colonization of the Chiricahuas and removal of 

Apaches by EuroAmerican interests is coincident with a cessation of widespread fires, 

and stark departures in fire frequency, with MFI of 30.4 years and high standard 

deviation; Weibull median probability and exceedance intervals cannot be calculated 
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on so few fire intervals (Table 1). Analyses presented below break the period of 

Apache occupation into periods of relative peace with the colonizing Spanish (1710-

1740) and with the Spanish and Mexican States (1787-1830) and periods of conflict 

with the Spanish and Sobaipuri (1748-1786) and with the colonizing Mexican and U.S. 

States (1831-1886). 

Table 1: Fire regime statistics for the major human occupation periods in the Chiricahua 

Mountains. Certain fire regime statistics could not be determined for the U.S. occupation period 

because of the limited fire events; those are indicated with “n/c” (not calculated because of too 

few fire intervals since U.S. occupation).   

 

Over the entire fire-recording time period until the late 1800s, the Chiricahua 

Mountains experienced high-frequency fire, with fire intervals ranging from 1 year to 

several decades, and with varying amounts of synchrony in fire years (Figure 2). Fire-

scarred trees cease to record fire roughly coincident with EuroAmerican colonization, 

and that widespread and frequent fires cease burning by the late 1880s. In the 

EuroAmerican period, only one fairly widespread fire (1917) is recorded across 

multiple sites in the range. 

Site 

Mean Fire 

Interval 

(MFI) 

Weibull 

median 

Lower 90% 

exceedance  

Upper 90% 

exceedance  

Standard 

Deviation 

Coefficient 

of 

Variation 

All years 16.4 11.7 2.4 33.7 18. 7 1.1 

Sobaipuri 

occupation 

(>1430-1684) 

15.3 10.6 2.0 32.0 16.6 1.1 

Apache 

occupation 

(1685-1876) 

10.8 9.3 3.0 19.9 8.6 0.8 

U.S. occupation 

(1877-2010) 
30.4 n/c n/c n/c 33.6 1.1 
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Figure 2: Fire history of all trees in the Chiricahua Mountains. The yellow time period ending in 
1684 denotes Sobaipuri habitation and use of the landscape; the blue period from 1685-1876 
represents the period of Apache occupation, and the gray period from 1877-2010 indicates 
colonization of the Chiricahuas and adjacent landscapes by EuroAmerican settlers. Horizontal 
lines are individual fire-scarred trees; vertical tick marks represent fire; triangles represent 
unknown injuries. The panel at the bottom of the figure is a composite fire history with 10% of 
recording trees scarred, two-tree minimum.   

 

Fire regime tendencies, as indicated by MFI and Weibull median distribution, vary 

across the major topographically-defined forest types (Table 2). In canyon gallery 

forests (1471-2011), MFI was 16.4 years and Weibull median was 12.1 years; fire 
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frequencies were shorter in upland pine forests (1622-1994) with MFI of 6.5 years and 

Weibull median of 5.63 years. Mixed conifer had the longest fire frequencies (1626-

1994), with MFI of 20.0 years and Weibull median of 15.4 years. Canyon gallery forests 

had the greatest sample depth and longest fire record, with upland pine forests and 

mixed conifer forests sharing equivalent sample depths (Figure 3). Each of these forest 

types shows evidence of widespread and synchronous fire as well as fires recorded 

across small numbers of trees. Fire is most synchronous in mixed conifer forests 

(Figure 3).  

Forest Type Mean Fire 

Interval  

Weibull 

median 

Lower 90% 

exceedance  

Upper 90% 

exceedance 

S.D. C.V. 

Canyon Gallery 

Forest 

16.4 12.1 2.6 33.3 18.2 1.1 

Upland Pine Forest 6.5 5.6 1.8 12.0 5.2 0.8 

Mixed Conifer 

Forest 

20.0 15.4 3.7 40.2 23.5 1.2 

Table 2: Fire regime statistics for major topographically defined forest types. 
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A 

B 
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Figure 3: Fire history in Canyon Gallery Forests (A), Upland Pine Forests (B), and Mixed Conifer 
Forests (C) across time periods of human occupation, peacetime and conflict with the Chiricahua 
Apache. Peacetime periods are denoted by green shading; conflict by red shading, and the periods 
of occupation by the Sobaipuri and United States are shaded in yellow and gray, respectively. 
Symbology is as in Figure 2 

 

Fire regime characteristics varied across a subset of time periods during Apache 

occupation of the Chiricahuas that correspond with peace and conflict between Apache 

bands and new waves of settlers. Deviations in fire regime statistics are observed 

across major topographically-defined forest types, with altered conditions 

corresponding to the background fire regime characteristics of those forest types 

(Table 3). Periods of peace between the Apache and Spanish (1710-1740; 1787-1830) 

have longer fire frequencies than periods of conflict between the Apache and Spanish 

(1748-1786) and between the Apache and the Mexican and American armies (1831-

1886). Over all forest types, peacetime MFI and Weibull median was 11.4 years, while 

conflict period MFI was 8.0 and Weibull median probability was 7.5 years. Each of the 

forest types displayed increased fire frequency in conflict periods compared to 

C 
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peacetime periods (Table 3). Gallery forests had MFI and Weibull median probability of 

11.4 years during peacetime, but during conflict periods saw shorter intervals of 8.6 

MFI and 7.5 Weibull median probability. Upland pine forests had the shortest fire 

frequencies of all the forest types, with peacetime MFI of 6.9 and Weibull median 

probability of 6.5, compared to conflict period MFI of 5.8 and Weibull median 

probability of 5.7. Mixed conifer forests, which have the longest fire intervals of the 

forest types, saw MFI of 17.2 and Weibull median probability of 16.8 during peacetime 

periods, and MFI of 16.0 and Weibull median of 16.4 during conflict periods. 

Table 3: Fire regime statistics for peacetime (green; 1710-1740; 1787-1830) and conflict (red; 
1748-1786; 1831-1886) in topographically defined forest types.  

 

Fire regimes varied among periods of peacetime and conflict between the Chiricahua 

Apache and the Spanish and later the Mexican and United States armies (Figure 3). Fire 

frequencies increased during times of conflict, and decreased during peacetime 

periods. In canyon gallery forests and upland pine forests, fires appear to be more 

synchronous during peacetime periods.  

 

 

Period Mean 

Fire 

Interval 

(MFI) 

Weibull 

median 

Lower 90% 

exceedance  

Upper 90% 

exceedance  

Standard 

Deviation 

Coefficient 

of 

Variation 

All trees 11.4 11.42 6.94 15.92 4.51 0.40 

All trees 8.0 7.51 3.19 13.28 4.78 0.60 

Gallery Forests 11.4 11.42 6.94 15.92 4.51 0.40 

Gallery Forests 8.6 7.54 2.53 15.62 6.85 0.80 

Upland Pine Forests 6.9 6.54 2.90 11.25 3.87 0.56 

Upland Pine Forests 5.8 5.69 2.94 8.84 2.68 0.46 

Mixed Conifer  17.2 16.78 8.42 26.58 9.0 0.52 

Mixed Conifer  16.0 16.37 12.68 19.41 4.08 0.26 
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Fire-Climate Relationships 

Fire-climate associations were tested using Superposed Epoch Analysis (SEA). In all 

forest types, fires occurred during significantly dry (negative PDSI) years (Figure 4). 

Only in Mixed Conifer forests were fire years significantly dry at the 95% confidence 

interval. In all forest types, fire years were preceded by 1-5 years of increased moisture 

(positive PDSI), although only Mixed Conifer forests were significantly cool/wet in the 

two years leading up to fire years (Figure 4.d).  

 

Figure 4: Associations between fire years and climatic conditions for all trees in the Chiricahua 
Mountains (A), Canyon Gallery forests (B), Upland Pine forests (C) and Mixed Conifer forests (D) 
produced using Superposed Epoch Analysis (SEA). Upper and lower 95% and 99% confidence 
intervals are indicated by dotted and solid lines; fire year is year 0, and years before and after fire 
are indicated on the X axis. Positive and negative departures in mean Palmer Drought Severity 
Index (PDSI) are displayed on the Y axis. 
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The PDSI time series shows oscillation between wet and dry conditions, with mean 

conditions almost never occurring (Figure 5, bottom panels). At the landscape scale, 

the Chiricahua Mountains would seem to show no consistent pattern between negative 

departures in PDSI and increased fire frequency, although several periods (e.g. 1575-

1585; 1780-1785) where low PDSI and high fire frequency co-occur are apparent 

(Figure 5.a). The greatest peaks in fire frequencies occur during times of conflict 

between colonizing groups and the Chiricahua Apache, and do not correspond with 

uncharacteristically wet or dry conditions. Similarly, depressions in fire frequency 

(fewer fires per decade) do not occur during uncharacteristically wet conditions, or 

following extended dry periods. At roughly 1900, fire frequencies drop to zero or one 

fire per decade, which does not have an apparent climatic cause. Correlations between 

decadal climate and decadal fire frequency do not show a strong association between 

the time series. The Pearson’s correlation between 10-year running PDSI and 10-year 

running fire frequencies for the entire Chiricahuas over the time period 1471-2011 

(Figure 5.a) was -0.015. For the topographically defined forest types, correlations 

between decadal PDSI and decadal fire frequency were weakly negative in Canyon 

gallery forests (r = -0.017) and upland pine forests (r = -0.067), and weakly positive in 

mixed conifer forests (r = 0.125).  
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Figure 5: 10-year running fire frequencies and 10-year running Palmer Drought Severity Index 
(PDSI) across topographically defined forest types: all trees (A), Canyon Gallery Forests (B), 
Upland Pine Forests (C), and Mixed Conifer Forests (D). Positive departures in PDSI represent wet 
conditions and negative departures indicate dry conditions. Periods of human occupation are 
indicated using shading: yellow = Sobaipuri; gray = United States. Periods of conflict between the 
Chiricahua Apache and colonizing groups are shaded in green to represent peace periods, and red 
to indicate conflict periods.  

 

Similar patterns are observed within topographically defined forest types. In canyon 

gallery forests (Figure 5.b), periods of hostility between colonizing European and 

United States forces and the Chiricahua Apache show greater decadal fire frequencies, 

indicating an increase in fire activity during those time periods not driven by variation 
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in PDSI. Peace time periods show mean or even below-average fire frequencies, 

indicating a decrease in fire activity at those times. No obvious pattern in decadal PDSI 

occurs during those distinct time periods. In upland pine Forests (Figure 5.c), time 

periods representing peace between Chiricahua Apache and colonizing groups differ 

from one another; the period 1710-1740 has the highest fire frequencies of the entire 

time series, and the period from 1787-1830 the lowest until United States occupation 

of the region. In the period from 1787-1830, decadal fire frequency drops to zero for 

several years, indicating very low fire activity in Upland Pine forests. Periods of conflict 

show heightened decadal fire frequencies over mean conditions and over the 

intervening peace-time period, but no clear pattern between fire frequency and PDSI 

can be discerned. Mixed conifer forests (Figure 5.d) likewise show a lack of obvious 

correlation between decadal fire frequencies and decadal PDSI, with variation in fire 

regimes suggestive of a human influence, but possibly driven by climate factors. As 

with Upland Pine forests, the lowest decadal fire frequencies occur during peacetime 

periods between the Spanish and Apache, with fire frequencies dropping to zero. This 

also occurs during conflict periods, but for briefer periods of time, and overall the 

conflict periods show slightly elevated decadal fire frequencies. Unlike the canyon 

gallery forests and upland pine forests, fire frequencies remain elevated (roughly at 

conflict-period levels) during the early period of United States occupation of the region. 

As with the other forest types, variation in decadal fire frequency does not occur 

during specifically wet or dry period defined by decadal PDSI. 

 

Discussion 
Fire and Climate Associations 

Analysis of the fire history record from the Chiricahua Mountains demonstrates that 

climate patterns and fluctuations have an influence interannual fire regime 

characteristics, but these do not fully explain variability in fire frequencies. We 

acknowledge the significant influence of EuroAmerican policy and practice on fire 

behavior, so why have we not yet fully appreciated the role of indigenous peoples on 

historical fire intervals and fire regimes? 
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Fire events occur during significantly dry years, with the period leading up to fire years 

showing consistently (but not statistically significantly) wet conditions (Figure 5.a). 

The canonical interpretation of this climate-fire relationship of wet years followed by 

burning during a significantly dry year is that the pattern is driven by high-frequency 

variation in winter precipitation, which is particulary influenced by the El Niño-

Southern Oscillation (ENSO). In the U.S. Southwest, El Niño produces cool and wet 

conditions, which suppress fire activity but contribute to biomass production; when 

normal conditions return, or when La Niña accentuates warm and dry winter 

conditions, spreading fire can readily occur (Swetnam and Betancourt 1990). ENSO 

affects fire size and seasonality primarily through its effect on fuels. During warm 

(negative) El Niño conditions, fuels grow and accumulate during wet periods, creating 

continuous surface fuels that contribute to fire spread (Swetnam and Betancourt 1990; 

Swetnam and Betancourt 1998). These surface fuels are then cured and more readily 

burned as fuel moistures drop as ENSO conditions ameliorate to normal, or during cool 

(positive) La Niña phases, leading to larger fires and more widespread burning at 

landscape scales.  

Analysis of the major topographically defined forest types uncovers differences 

between seasonal climate and fire occurrence. In canyon gallery and upland pine 

forests (Figure 5.b & c), fires occur during significantly dry (>99% CI) years, while fires 

typically burn in mixed conifer forests during years that are slightly less dry (>95% CI) 

(Figure 5.d). In all forest types, the fire-climate association is one of antecedent wet 

years leading up to the dry event year, although only in mixed conifer forests is the 

antecedent moist period significant, with >95% CI for 2 years prior to fire year. This 

would suggest that all three forest types are fuel limited and that warm phase El Niño 

conditions promote fuel growth, which is then cured and made combustible by the 

return of normal or by cool (positive)La Niña conditions. Of the three forest types, only 

mixed conifer forests appear to require anomalously wet conditions prior to fire year. 

This suggests that mixed conifer forests are the most fuel limited forest type, and 

require El Niño winter conditions to produce the continuous surface fuels that promote 

widespread fire at landscape scales. This result is somewhat at odds with what might 
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be expected by the elevation and topographic positions occupied by the three forest 

types. Mixed conifer forests are situated at high elevations, which should have the 

greatest precipitation, highest levels of soil moisture, and lowest evaporation rates on 

the landscape. However, the concentration of hydrologic flows of surface water into 

canyon drainage features may increase canyon gallery forest soil moistures, thus 

promoting fine fuel growth and reducing the reliance of climate-fire relationships on 

significantly wet pre-fire periods. The interannual signal of fire-climate associations in 

upland pine forests is one of even less moisture during pre-fire periods, indicating that 

sufficient fuels exist in this conifer-dominated forest type and require only unusually 

dry conditions to achieve widespread fire, regardless of ignition source.   

In addition to fire seasonality and multi-year associations of wildfire with the Southern 

Oscillation, ENSO may play a role in fire frequency because of the semi-regular 

frequency of El Niño events, which range from 2-4 to 4-6 years (An and Wang 2000). 

Episodic wet conditions, particularly those that occur for more than one growing 

season, likely prime southwestern U.S. landscapes for widespread fire. Decadal PDSI 

values (Figure 5, bottom panels) demonstrate a quasi-periodic fluctuation of positive 

and negative soil moisture departures that likely reflect the influence of the Southern 

Oscillation on winter precipitation and thus spring and early growing season soil 

moisture. Over the period of record, PDSI reconstructions display characteristic 

fluctuation between unusually wet and unusually dry conditions, which likely signify El 

Niño and La Niña events. No obvious synchronous pattern between decadal PDSI and 

decadal fire frequencies emerges, and no obvious lag between PDSI and fire frequency 

is observed (Figure 5). Climate variability alone explains essentially none of the 

dynamic between decadal climate and decadal fire frequencies, with correlations 

ranging from -0.067 to 0.125. This suggests that while interannual climate, as 

expressed through ENSO, has an association with fire years, non-climatic factors 

account for a component of variability in fire regimes expressed over time.  

Variations in fire frequency and other fire regime characteristics during distinct time 

periods in the Chiricahua Mountains appears to be influenced jointly by climatic and 

anthropogenic factors. The period of record for tree-ring fire scars does not extend 
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prior to any likely human occupation or use of the Chiricahuas, and as such, a fully 

“natural” (sensu non-human influenced) fire regime is unlikely to be recorded in the 

available tree-ring samples. Because of the lack of extensive or durable archaeological 

records from the Chiricahuas, population sizes for the Sobaipuri and Apache are 

unknown, and existing records probably imperfectly represent their land use and fire 

practices. Nevertheless, we know that some level of human occupation, land use, and 

likely fire use occurred in the Chiricahuas for much longer than the tree-ring record 

can illuminate. In this study, fire regime statistics differed across periods defined by 

different cultural occupation and use of the region, in ways not appearing to reflect 

natural variability in climate or likely natural ignition density. Fire intervals during the 

period of Sobaipuri use and occupation (1471-1685) were higher than during the 

nearly two centuries of Apache occupation, but were roughly half that recorded 

following EuroAmerican colonization (1879) (Table 1). Differences in fire regime 

characteristics of this magnitude were not related to climatic differences between 

periods of human occupation, and more likely reflect the different fire practices and 

land use intensity of the various cultural groups. Long-term Sobaipuri and Spanish 

occupation of the Huachuca Mountains to the east of the Chiricahuas appears to have 

resulted in different fire regimes than in the Chiricahua Mountains, especially during 

conflict periods (Kaib 1998). 

 

Human Influences on Fire Regimes 

Of the ways that humans can have an influence on fire regimes, the simplest is through 

additions to natural ignitions. During times of conflict between Apache bands living in 

the Chiricahuas and the Spanish and later the Mexican and the U.S. armies, decadal fire 

frequencies increased (Figure 5) and fire intervals shortened (Table 3). Shorter fire 

intervals are observed across the three topographically defined forest types, with 

differences in mean and median fire interval among the forest types reflecting fuel 

moisture and productivity limitations. In canyon gallery forests, decadal fire 

frequencies peak during conflict periods, and stabilize around long-term mean 

conditions during peacetime periods. Similarly, Upland Pine forests show elevated 
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decadal fire frequencies during conflict periods, and a mixed effect during peacetime 

periods, with the first peacetime period (1710-1740) showing the highest fire 

frequencies. The second peacetime period (1787-1830) has markedly lower fire 

frequencies, as low as zero for several years at a time (Figure 5.c). Conflict and 

peacetime periods do not differ as dramatically in Mixed Conifer forests, although 

there are suggestive increases in fire frequency of 1-2 fires/decade during some 

portions of the conflict periods. Documentary and ethnographic evidence suggests that 

Apache use was concentrated in canyon gallery forests, with high-elevation sites used 

and visited less frequently because of cultural prohibitions associated with grizzly 

bears and black bears (Castetter and Opler 1936). Decreased resource use intensity in 

mixed conifer forests, for whatever reason, could explain the stronger interannual 

climate signal (Figure 5.d) as well as the lower fire frequency (Figure 6.d). During 

times of conflict, though, it is possible that Apache visitation, resource use, and ignition 

density increased in mixed conifer forests.   

The most dramatic deviations in fire regime characteristics occur at the end of Apache 

occupation of the Chiricahua Mountains, likely caused by reduction of indigenous fire 

practices coincident with the removal of the Chiricahua Apache to San Carlos (Kaib et 

al. 1996). Across the three topographically defined forest types, decadal fire frequency 

drops to zero for long stretches of time, with only canyon gallery forests showing more 

than one fire per decade after 1900 (Figure 5). During this time period, decadal climate 

does not appear to share the same rapid cyclical behavior as in the previous several 

centuries, with an extended average or above-average period in the 1910s-1920s, and 

deep drought in the 1950s and early 2000s. This departure in the regular cycling of 

wet and dry periods does not seem to have caused any increase or decrease in decadal 

fire frequencies. Instead, the near-total elimination of fire from the Chiricahuas likely is 

explained by occupation and intensive land use by EuroAmerican settlers. 
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Land Use Changes and Impacts on Fire Regimes 

Delisting of the Chiricahua Apache reservation by executive order by President Ulysses 

S. Grant in 1876 opened the Chiricahua Mountains to EuroAmerican settlement and 

intensification of land use by commercial interests (Wilson 1987). Colonization 

occurred quickly; the first ranches were founded in 1879 in Bonito Canyon and in West 

Turkey Creek, and all of the lower canyons in the Chiricahuas were claimed and settled 

by 1880 (Bahre 1995; Figure 6). Intensive EuroAmerican land use started well before 

this date in portions of the range, with soldiers stationed at Fort Bowie logging sections 

of lower Pinery and Pine Canyons beginning in 1865 (Wilson 1987, p. 401). The first 

commercial sawmill in the Chiricahuas was established in 1879 in Morse Canyon, and 

by 1902 the range had 11 sawmills in operation (Potter 1902). Logging proceeded 

rapidly in the canyons and gallery forests, with fully 30 percent of the conifer forests in 

the Chiricahuas cut by 1902 (Potter 1902; Figure 6). Intensive resource exploitation in 

the Chiricahua Mountains would have been impossible without the completion of the 

Southern Pacific Railroad across southern Arizona in 1881 (Bahre 1991). The railroad 

linked the Chiricahua Mountains with regional and national capital and markets for 

wood and meat, and allowed the ready import of livestock for grazing in southeastern 

Arizona (Sayre 1999).  

By 1891, the Chiricahua Cattle Company, founded by settlers in West Turkey Creek 

(Wilson 1987, p. 333), was running as many as 30,000 cattle in the range and in 

adjacent portions of the Sulfur Springs Valley, and approximately 20,000 sheep were 

pastured in the mountains (Bahre 1995). Intensive grazing reduces fine fuels and limits 

fire spread even during optimal burning conditions (Savage and Swetnam 1990). 

Intensive logging and cutting likewise breaks up fuel continuity through the creation of 

skid trails and logging roads, and can cause structural changes to forests that reduce 

the likelihood of spreading fire for some time. The interaction of grazing and logging 

likely contributed to the cessation of frequent fire, and prevented the ignitions that did 

occur from spreading around the range. Logging was concentrated in easily accessible 

forested sites, while grazing occurred from low-elevation grasslands up into high 

elevation meadows, and as such represented a blend of spatially constrained but highly 



88 
 

intensive land use (logging) with topographically unconstrained and perhaps intensive 

land use (grazing), both of which could contribute to deviations in fire regimes.  

 

Figure 6: Map of conifer forests and intensive EuroAmerican land use in the Chiricahua 
Mountains (Potter 1902). By the time this survey was conducted, canyon gallery forests had been 
extensively logged, ranches had been established in every canyon, and tens of thousands of 
livestock grazed the mountains, all contributing to a cessation of frequent fire in the Chiricahuas.  
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Physical modification of combustible fuels by grazing and logging clearly played a role 

in the cessation of frequent and widespread fires in the Chiricahuas, but they cannot 

fully explain how disruption of a centuries-long fire regime remained altered for the 

entire 20th century and beyond. Instead, forest and fire policies enacted by the U.S. 

government explain how fire, once removed from the landscape, remained scarce. Fire 

suppression has been an official policy since the inception of federal forest 

management, beginning with emergency spending powers encoded into law in 1908 

that allowed the U.S. Forest Service to redirect any of its budgeted funds towards fire 

suppression (Busenberg 2004; Pyne 1982; Pyne 2001). Forest Service fire suppression 

incentives were expanded in the 1911 Weeks Act, which allowed the U.S. Forest Service 

to provide matching funds to partners in state and local governments to participate in 

joint fire suppression efforts (Kosek 2006, p. 190; Minor and Boyce 2017). Federal fire 

suppression activities were yet further expanded by the 1924 Clark-McNary Act, which 

extended total fire suppression policies to all forest-producing lands in the U.S. 

Organized fire suppression certainly played a role in snuffing out the fires that did 

start, regardless of ignition source.  

Suppression of active fire is a resource-intensive enterprise, especially if ignitions 

remain high and are liberally scattered across the landscape. As a result, the U.S. 

government embarked on a campaign to reduce the ignition density of flammable 

landscapes by targeting the component of wildland fire that is most easily manipulated 

by people. In the process, the U.S. government produced the longest-running media 

campaign in U.S. history, and invented what became the avatar of national fire 

prevention policy: Smokey Bear. Organized wildfire prevention media began 

circulation in the Depression, drawing on the expertise of artists employed by the 

Federal Art Project. Since his invention in 1944, Smokey Bear has headlined the 

mission of preventing unwanted anthropogenic ignitions, by convincing the fire-using 

public to govern themselves in line with U.S. fire control policies (Minor and Boyce 

2018). Fire prevention, in the sense of preventing undesired fire ignitions, thus plays a 

corollary role to fire suppression policies that seek to quickly extinguish fires, 

regardless of ignition source. By reducing the anthropogenic contribution, fire 
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suppression and fire control techniques could more efficiently be brought to bear on 

the uncontrollable natural ignitions. The end result of this two-pronged approach to 

fire control, prevention and suppression, had the effect of reducing fire activity to 

levels unmatched in at least the previous five centuries.  

 

Conclusions 
Climate and occupation and land use by various cultural groups jointly influenced the 

fire regimes of forests in the Chiricahua Mountains of southeastern Arizona, USA. The 

tree-ring fire scar record reflects variation in fire regimes beyond what natural 

ignitions and climatically-driven fire regimes would produce. Fire intervals shorten 

coincident with Apache arrival and occupation of the Chiricahuas, and fluctuate in 

response to periods of peace and conflict with first the Spanish colonists of southern 

Arizona and northern Mexico, and later with the Mexican and the U.S. armies. 

Following delisting of the Chiricahua Apache reservation in 1876 and removal of the 

Apache to San Carlos, fire intervals lengthen to multi-decadal returns for the first time 

in the tree-ring record. Intensive land use and alteration of fuels by grazing and 

logging, in concert with explicit fire suppression policies and a concerted effort to 

reduce unwanted anthropogenic ignitions through having citizens take on the role of 

governing their own fire use, had the effect of removing frequent and widespread fire 

from the Chiricahuas.  

The modification of fire regimes by successive waves of human groups occupying and 

using the Chiricahuas is consistent with similar research elsewhere in the U.S. 

Southwest (Farella 2015; Swetnam et al. 2016; Guiterman 2016). Together, these 

projects are providing a fuller explanation of the causes and variables that have 

created historical fire regimes, in the process providing an account for some of the 

unexplained variance in fire regimes that cannot be accounted for by climatic factors. 

Understanding the contribution of humans to historical fire regimes is important for 

several reasons. First, attention to human influences on this disturbance process 

returns agency to indigenous groups that were forcibly removed from their homes by 

colonizing forces. Crucially, understanding the contribution of indigenous fire to 
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historical fire regimes provides a degree of credit to indigenous groups for the creation 

and maintenance of ecological communities that were stable at landscape scales for 

centuries or millennia. This recognition is critical, because the very forests considered 

worthy of federal protection through creation of the National Forest system and 

organized fire suppression policies was originally produced through the interplay of 

indigenous anthropogenic ignitions and climate dynamics. Second, ongoing restoration 

efforts in the Arizona Sky Islands, Sierra Madre, and Rocky Mountains need to consider 

that historical fire regimes, and the forest structure and demographic characteristics 

that these fire regimes promoted, owe their characteristic flavor to the long-term 

addition of anthropogenic ignitions to the natural seasonal and interannual pattern of 

natural ignitions. Restoration of forested ecosystems, or of fire as a disturbance agent, 

are likely to be successful insofar as there is an understanding that human 

communities have long crafted regional ecologies. Anthropogenic ignitions may in fact 

be necessary to return sufficiently frequent fire to the landscape to avoid unwanted 

fuel accumulation and undesired severe and intense fire, especially in the face of 

accelerating climate change effects.  
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Abstract  
Wildfire prevention advertisements featuring Smokey Bear represent the longest-

standing and most successful government advertising and branding campaign in U.S. 

history. As the public face of U.S. fire control policy, Smokey Bear uses mass media to 

influence the attitudes and behavior of U.S. citizenry in order to accomplish particular 

outcomes related to wildfire prevention and suppression, forest protection, and 

resource management. Smokey Bear can therefore be viewed as a governmental 

instrument that simultaneously targets the behavior of the U.S. public and the 

biophysical materiality of combustible forests. Examining the evolution of Smokey 

Bear and related wildfire prevention media, we explore connections between state 

management of people, territory, and flammable landscapes. Borrowing from Nigel 

Clark (2011), we use the term pyropolitics to describe the resulting more-than-human 

assemblage of citizenship, fire suppression and forest ecology. Importantly, this 

pyropolitical assemblage has substantive and recursive impacts on state practice. 

Through aggressive wildfire prevention and suppression that include and extend 

beyond Smokey Bear, the U.S. state has transformed fuel loads, species compositions, 

and ecosystem dynamics across North America. One result is a heightened propensity 
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toward catastrophic wildfire, requiring additional and sustained state intervention to 

maintain an imposed and unstable equilibrium. Thus even as the economic, social and 

cultural realities of U.S. civic life have changed over the course of the 20th and early 21st 

centuries – and even as knowledge of the ecological benefits of fire to ecosystem health 

has developed over time – the message of Smokey Bear has remained remarkably 

consistent, communicating an official imperative to prevent anthropogenic ignition.  

 

Highlights 
The U.S. state uses advertisement as a biopolitical instrument oriented toward 

simultaneously managing people and forests. 

Smokey Bear symbolically and materially territorializes U.S. state power, linking 

citizenship, fire practices, and ecology. 

Smokey’s message is flexible in the face of social, economic and environmental change. 

Ecological consequences of fire prevention create an environmental feedback loop 

requiring ongoing U.S. state intervention. 

 

Keywords: advertising; biopolitics; environmentality; governmentality; 

posthumanism; state theory; wildfire 

 

Introduction 
In North America the prevention, suppression, and management of wildfire has played 

a critical role in historical processes of colonial dispossession and the institutional 

development, ideological expression and material composition of state power. 

Beginning in the 19th century a singular rationale came to rule this fire management 

regime: total fire suppression. Until the 1970s the official attitude was that wildland 

fire had no inherent ecological benefit and was a destructive force requiring militaristic 

intervention to suppress and eliminate from the American landscape (Pyne 2001: 253-

254).  
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The invention of Smokey Bear in 1944 created a unique platform for the U.S. state to 

channel its fire suppression agenda through influencing the conduct of its citizenry. 

Smokey Bear symbolizes a pivot point at which nationwide fire prevention and 

suppression policies were materialized and communicated through an enormously 

successful advertising campaign that continues to the present. In the process, Smokey 

Bear has become the longest-running public advertising campaign in U.S. history, while 

serving as an avatar, symbol and instrument of fire prevention on U.S. public lands.  

In this paper we examine the evolution of Smokey Bear and related wildfire prevention 

media, exploring connections between state management of people, territory, and 

flammable landscapes. In the process, we contribute to broader conversations in 

political geography that attend to the complex more-than-human articulation of state 

power with the material objects and multiplicities in and through which it acts (Braun 

& Whatmore, 2010; Sundberg, 2011; Dittmer, 2013; Peloquin, 2013; Shaw & Meehan, 

2013; Squire, 2015). Meehan, Shaw, & Marston (2013), for example, unpack the ways 

that non-human objects translate, mediate, and complicate state surveillance and 

policing, oftentimes producing or contributing to outcomes wholly unanticipated by 

their protagonists. More recently Boyce (2016) and Clark & Jones (2016) have 

expanded on this work to explore the ways that non-human multiplicities complicate 

the territorial composition of state power and its geopolitical expression. In this paper 

we pursue a dialogue between the literature above and work that is concerned 

expressly with the emergence of a “state effect” through the prosaic cultivation of 

desired behaviors and practices of citizenship among a media-consuming public 

(Painter, 2006; Mitchell, 1999; Rose, 1999). Governance, in this sense, most closely 

follows Foucault’s definition laid out in Security, Territory, Population, which is 

expressed as “the development of a series of specific governmental apparatuses on the 

one hand, [and, on the other] to the development of a series of knowledges” (Foucault 

2007: 108-109). This process occurs not merely at the level of institutions or the 

discourses these circulate, but through the disciplining and rationalization of subjects 

into self-regulation in service of state goals – a process that Foucault captures through 

his concept of governmentality. According to Garmany (2010), governmentality is a 
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powerful concept for examining the technical expression of state conduct because its 

logic is intimately associated with internally consistent categories like ‘truth’ and 

‘knowledge.’ Government advertising and propaganda, then, is a useful lens for 

examining the production and dissemination of official ‘truths,’ intended for 

consumption by a broad public who would thereby internalize particular attitudes and 

express certain behaviors desired by state actors and agencies. Yet in the case of 

Smokey Bear, and U.S. wildfire prevention advertising more broadly, the target of 

government intervention is not individual attitudes and behavior. Rather, these are 

instrumentalized in order to accomplish a broader set of environmental outcomes 

related to the United States’ expansive forestlands (and fire-prone wildlands, 

woodlands and grasslands), including their availability for extractive accumulation.  

It is through what we call (borrowing from Nigel Clark [2011]) the “pyropolitics” of fire 

control that, we contend, citizenship and state power have become entangled with the 

ecology and composition of forestlands across vast expanses of North America. At the 

same time, the resulting accumulation of fuel loads and dramatic intensification of fire 

size and severity have come to put considerable strain on management agencies. The 

result is a feedback loop in which the physiological transformation of the forest 

requires further and continuous state intervention to maintain an unstable equilibrium 

and prevent catastrophic loss. Indeed, forest management agencies have recently seen 

so much of their budgets devoted to fire suppression and other fire-related tasks that 

this arguably demonstrates a novel form of agency capture (following Clarke & McCool, 

1996) by a demanding constituency: wildfire and its apparatuses.  

A considerable literature already exists examining the environmental feedbacks 

involved in wildfire management and suppression (Pyne, 1982; 1997; 1998; 2001; 

Dods, 2002; Donovan & Brown, 2007; Collins, 2008; Marlon et al., 2012). Of interest to 

us here is the degree to which, even as the consequences of total fire suppression have 

come to be understood, and as U.S. policy has moved haltingly – if decisively – away 

from this management paradigm, the Smokey Bear campaign continues to penetrate 

the U.S. media environment with a message about forests and fire use that remains 

virtually unaltered: framing fire as a perpetual, exogenous and existential threat to U.S. 
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forests and wildlands, but one that is endemic to the citizenry - and asserting that it is 

therefore the individual responsibility of every citizen to prevent uncontrolled ignition.  

On the one hand, the continuity of Smokey Bear’s message is understandable. The U.S. 

wildfire prevention advertising campaign helped to birth a dramatic transformation of 

forest dynamics, while the suppression of routine burning combined with demographic 

shifts in the country to dramatically alter residential settlement patterns, increasing 

the vulnerability of critical infrastructure and millions of homes and persons to 

wildland fire (Radeloff et al., 2005; Gill & Stephens, 2009; Stein et al., 2013; Simon, 

2014; 2016). For this reason, a genealogical examination of the Smokey Bear campaign 

reveals the temporal dimension of those more-than-human assemblages that drive, 

compose and condition state power. In the case of wildfire prevention this process 

exhibits a kind of path dependency, wherein state decisions and initiatives significantly 

impact material conditions and the resources and strategies required to manage these 

many years down the road. Unpacking the temporal dis/continuities of the Smokey 

Bear campaign reveals how non-human objects and ecosystem dynamics may 

articulate with state practice not just by driving unexpected outcomes that “disrupt,” 

“resist” or “unravel” the ambitions and interventions of state actors (Clark & Jones, 

2016; Boyce, 2016; Meehan, Shaw & Marston, 2013), but also by generating outcomes 

and conditions that demand ongoing state intervention – at least if catastrophic loss is 

to be avoided.  

To expand on this argument, we first discuss the methodology we bring to bear on the 

U.S. Forest Service’s wildfire prevention advertising archive. We then review the 

historical background of fire exclusion in North America, in order to contextualize 20th 

century and contemporary wildfire prevention efforts. We provide an abbreviated 

description and genealogy of the wildfire prevention campaign, with special focus on 

the role of Smokey Bear as a powerful and longstanding discursive motif, component 

of, and shorthand for the state’s wildfire prevention advertising effort. Unpacking a 

series of Smokey-related images that track the bear’s nearly 80-year sojourn, we 

explore how Smokey has responded to tremendous changes to the cultural and media 

landscapes of the United States, while simultaneously mobilizing various symbolic 
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motifs to naturalize contemporary management practices and cultivate “proper” 

attitudes about fire and forest use. We then consider the accumulated impacts of these 

attitudes and management practices to explain Smokey’s continued relevance as an 

instrument and medium of governance. In the process, we return to the problems of 

“governmentality” and its corresponding “state effect,” including the temporal, as well 

as spatial, implications of their more-than-human articulation. We conclude by 

suggesting several areas for future inquiry, including how a pyropolitical research 

agenda might develop and expand upon the complex articulations of citizenship, fire 

use and state practice considered below. 

 

A Note on Methodology 
In the text that follows we draw on fire science and environmental history to support 

and contextualize our claims related to Smokey Bear’s unique contributions to the 

project of fire prevention and control on U.S. public lands. It is not our assertion that 

Smokey alone explains any specific set of environmental outcomes. Rather, Smokey 

serves as just one piece of a larger fire control apparatus, whose scientific 

understanding of forest ecology and the policy prescriptions that follow have been 

contested and adapted over time. We focus on Smokey as an object of analysis because 

we believe that this campaign provides a powerful and compelling entrée into the 

“fiery entanglement” (Edwards & Gill, 2016) of forest governance, citizenship and the 

territorialization of state power in North America. We are therefore interested in 

tracing the genealogy of the Smokey campaign, and we understand Smokey himself 

(through his various incarnations and media appearances) as a non-human actor in the 

specific Latourian sense of “[modifying] a state of affairs by making a difference” 

(Latour, 2005: 71). 

Toward this end, we employ a critical visual methodology that examines visual objects, 

including static images and video, in relation to the social conditions of their 

production and their material effects (Rose, 2001: 15). This is pursued using a 

discourse analysis that simultaneously examines image and text, the power relations 

involved in the production and consumption of imagery, and the social and 
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environmental outcomes that can be attributed to these advertisements (at least, 

according to official accounts). Our primary data are wildfire prevention 

advertisements produced from 1939 to 2014, which span a suite of formats ranging 

from printed posters, billboards, radio and TV spots, to contemporary online digital 

advertisements. Most of these items are publicly available through archives housed in 

the Library of Congress, the USDA’s National Agricultural Library, and the website 

SmokeyBear.com, which is jointly maintained by the Forest Service and the Ad Council. 

Several items are drawn from the private collection of Tom Swetnam, a tree-ring 

researcher at the University of Arizona. Citations for these items are compiled in Table 

1.  

Table 1: Citations and locations of figures and videos referred to in the text. 

Figure # or 

Video Name 
Citation 

1 

Staehle, Albert (artist). 1944. Source: “Another enemy to conquer. 

Forest Fires. 9 out of 10 can be prevented.” Special Collections, USDA 

National Agricultural Library. Accessed March 24, 2016, 

https://www.nal.usda.gov/exhibits/speccoll/items/show/456. 

2A 
Poster 516145; Records of the Office of Government Reports, Record 

Group 44; National Archives at College Park, College Park, MD. 

2B 
Poster 514135; Records of the Office of Government Reports, Record 

Group 44; National Archives at College Park, College Park, MD. 

3 

Hirshman, Louis (artist). 1941-1943. Source: Library of Congress Prints 

and Photographs Division Washington, D.C. 20540 USA. Call Number: 

POS - WPA - PA .H57, no. 2. URL: 

http://hdl.loc.gov/loc.pnp/cph.3b49005. 

4 

SmokeyBear.com. 2016. Accessed March 24, 2016, 

https://smokeybear.com/en/smokeys-

history?decade=1940&item=f0b02e30. 
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5A 

Special Collections, USDA National Agricultural Library. URL: 

https://specialcollections.nal.usda.gov/guide-collections/us-forest-

service-smokey-bear-collection/only-you-can-prevent-wildfires. 

5B 

Special Collections, USDA National Agricultural Library. URL: 

https://specialcollections.nal.usda.gov/guide-collections/us-forest-

service-smokey-bear-collection/only-you-can-prevent-wildfires. 

6 
SmokeyBear.com. 1954. Accessed March 24, 2016, 

https://smokeybear.com/en/smokeys-history?decade=1950 

7A 
SmokeyBear.com. 1956. Accessed March 24, 2016, 

https://smokeybear.com/en/smokeys-history?decade=1950 

7B 
SmokeyBear.com. 1956. Accessed March 24, 2016, 

https://smokeybear.com/en/smokeys-history?decade=1950 

8A 

SmokeyBear.com. 1976. Accessed August 31, 2016, 

https://smokeybear.com/en/smokeys-

history?decade=1970&item=e5df2e42 

8B 

SmokeyBear.com. 1975. “Great Americans.” Accessed August 31, 2016, 

https://smokeybear.com/en/smokeys-

history?decade=1970&item=cNRz-rsztWY 

9A 

Martin, B.E. 1943. “Plow around for safety.” Special Collections, USDA 

National Agricultural Library. Accessed March 24, 2016, 

https://www.nal.usda.gov/exhibits/speccoll/items/show/8221. 

9B 1981. Private collection of Dr. Tom Swetnam, Tucson, Arizona. 

10A 

SmokeyBear.com. 1959. Accessed August 31, 2016, 

https://smokeybear.com/en/smokeys-

history?decade=1950&item=9c487d42 

10B 
SmokeyBear.com. 1953. Accessed August 31, 2016, 

https://smokeybear.com/en/smokeys-history?decade=1950 

11 1983. Private collection of Dr. Tom Swetnam, Tucson, Arizona. 
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12 

Unknown. 1974. “Matchbook.” Smokeybear.com. Accessed March 24, 

2016, 

http://www.smokeybear.com/vault/#!prettyPhoto[1970sT]/13/ 

13 

Unknown. 1978. “Remember there are babes in the woods.” Special 

Collections, USDA National Agricultural Library. Accessed March 24, 

2016, https://www.nal.usda.gov/exhibits/speccoll/items/show/449. 

14 

Wendelin, Rudy. 1994. “Trees are Wonderful Friends.” Special 

Collections, USDA National Agricultural Library. Accessed March 22, 

2016, https://www.nal.usda.gov/exhibits/speccoll/items/show/421. 

15A 

Unknown. 1977. “Repeat after me, 'Only you...'.” Special Collections, 

USDA National Agricultural Library. Accessed March 24, 2016, 

https://www.nal.usda.gov/exhibits/speccoll/items/show/458. 

15B 

Unknown. 1989. “Only You.” Special Collections, USDA National 

Agricultural Library. Accessed March 24, 2016, 

https://www.nal.usda.gov/exhibits/speccoll/items/show/459. 

16 

Wendelin, Rudy. 1988. “Nature's Gold Medal Winner.” Special 

Collections, USDA National Agricultural Library. Accessed March 22, 

2016, https://www.nal.usda.gov/exhibits/speccoll/items/show/415. 

17 1948. Private collection of Dr. Tom Swetnam, Tucson, Arizona 

“Bomb in 

the Forest” 

SmokeyBear.com. “Bomb in the Forest.” 1969. Accessed March 24, 

2016, http://www.smokeybear.com/vault/#!prettyPhoto[1960sT]/3/. 

“Do Trees 

Think” 

SmokeyBear.com. “Do Trees Think?” 1989. Accessed March 24, 2016, 

http://www.smokeybear.com/vault/#!prettyPhoto[1980sT]/10/. 

“Neighbors” 

SmokeyBear.com. “Neighbors.” 2011. Accessed August 31, 2016,  

https://smokeybear.com/en/smokeys-

history?decade=2010&item=YZ6sEO1cR30. 

 

We analyze the text and image content of wildfire prevention advertisements spanning 

decades to identify their central message, as well as for visual or textual elements that 

illustrate symbolic or discursive connections to non-wildfire elements such as 
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economic, cultural, social, ecological, or other themes. In particular, we are interested 

in the ways that the advertisements transform to reflect the evolution of national 

identity and culture over the course of the 20th century, all while affirming the state’s 

authority as arbiter and manager of U.S. public lands and reinforcing a consistent 

message related to the control of ignition as an individual moral imperative. This 

message of fire prevention continues in 2017 even as U.S. fire management policy and 

the demographics of forest residents and users changed considerably over the past 70+ 

years. We therefore believe that the temporal depth of these advertisements allows an 

examination of the becoming together of forest ecology, citizenship and land 

management, which recursively interact in complex ways to symbolically and 

materially territorialize state power in North America. But before delving into state-

sponsored wildfire prevention media, it is useful to situate Smokey Bear and 

contemporary U.S. fire and forest management policy within a much longer genealogy 

of aggressive Euro-American fire exclusion in what is today the United States.  

 

Fire Suppression and the Territorialization of the United States 
Fire use is one of the defining characteristics of being human, its manipulation giving 

our species a pronounced advantage in the metabolic processing of energy from our 

environment. The use and manipulation of fire entangles our lives in complex ways 

with the material conditions that sustain us, decisively and continuously altering the 

latter. From aboriginal Australia, to the vast forest lands of the Americas, to 

contemporary swidden agriculture practices the world over, fire is used as a means to 

accelerate the circulation of nutrients and energy within an ecosystem, and to produce 

a variety of boundary and successional ecosystems that attract and promote the 

proliferation of desirable species. 

As elaborated by Pyne (1997; 2001), a great exception to this pattern of landscape 

management was early-modern Europe, where fire was associated with the propensity 

of peasant classes toward waste, mismanagement, and rebellion – leading to fire 

suppression as a mechanism and justification for enclosure (Pyne, 1997; 2001). First, 

the Foresta Regis was established as a preserve for game and timber production that 
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could be channeled to the state’s increasingly urgent needs for resource production to 

support urban construction and shipbuilding. Fire suppression was then extended to 

communally-held lands as a means to rationalize and scientifically manage agricultural 

production (indeed, as Marder [2015] suggests, the project of enlightenment itself 

might be read as an effort to separate the process of illumination from the danger, heat 

and unruliness of combustion). Observes Clark (2011: 177): 

“For the new metropolitan intelligentsia and officialdom, fire was 
experienced primarily as an expression of social unrest or breakdown, 
a mark of excess and disorder. It is no coincidence that the notion of 
curfew, as a means of keeping tabs on the populace, is derived from 
couvre feu, covering or dousing a fire.... Just as unruly urbanites were 
being induced to channel and augment their bodily energies, Europe’s 
peasant farmers were compelled to quell their fires and desist from 
fallow – so as to tighten and amplify the energetic circuits of 
agricultural production”  

On the other hand, as European settlement accelerated in eastern North America, 

longstanding traditions of indigenous burning influenced Euro-American fire use to 

such a degree that colonial-era fire prevention statutes were slow to take hold, and 

social and economic practices centered on broadcast burning persisted until well into 

the 20th century (particularly in the U.S. South. See Pyne, 1982: 146-148; 164). But as 

the U.S. army and settler vigilantes ‘pacified’ those North American territories annexed 

and colonized over the course of the 19th century, Prussian models of forestry made 

their way across the Atlantic, inaugurating a new era of ‘scientific’ forest management 

based on the maximization of timber yields. But before forest growth could be 

rationalized, fire and fire use would have to be brought to heel. F.E. Olmsted perhaps 

best summarized this imperative, stating in 1911: 

“It is said that we should follow the savage’s example of ‘burning up 
the woods’ to a small extent in order that they may not be burnt up to 
a greater extent bye and bye. This is not forestry; not conservation; it 
is simple destruction… the Government, first of all, must keep its lands 
producing timber crops indefinitely, and it is wholly impossible to do 
this without protecting, encouraging, and bringing to maturity every 
bit of natural young growth... Fires and young trees cannot exist 
together. We must, therefore, attempt to keep fire out absolutely.” (in 
Carle, 2002: 20) 
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These attitudes were increasingly incorporated into law beginning with emergency-

spending powers (35 Stat. 251) passed in 1908 that granted the U.S. Forest Service the 

flexibility to redirect any funds within its budget toward fighting wildfire, to be 

subsequently reimbursed by the U.S. Congress (Busenberg, 2004). In 1905 the Forest 

Transfer Act significantly expanded the size of U.S. forest reserves, and placed 

jurisdiction of National Forest lands under the U.S. Department of Agriculture. The 

powers of the Forest Service were expanded still further in 1911 with the Weeks Act, 

which allowed the Forest Service to provide matching funds to enlist state and local 

government agencies in joint fire suppression efforts, with then-chief forester of the 

United States Henry Graves declaring the prevention of forest fire to be “the 

fundamental obligation of the Forest Service [which] takes precedence over all other 

duties” (quoted in Kosek, 2006: 190). Finally, with the 1924 Clarke-McNary Act the 

federal government’s development toward a paradigm of total fire suppression 

expanded to “all forest-producing lands” in the United States. These expansive forest 

holdings, underpinned by new laws and coupled to a nationwide fire suppression 

policy, set the stage for U.S. government agencies to begin aggressively enlisting the 

“public” as an instrument of this emergent political ecology. But it would take several 

decades and a wartime mobilization for the eventual strategy to materialize. 

 

World War and the Advent of Smokey Bear 
Developing in scale and complexity throughout the early years of the 20th century, fire 

suppression techniques in the United States had by the 1940s come to emulate military 

exercises, employing smoke jumpers, bulldozers, and a formal incident command 

structure. But the militarization of fire suppression reached its zenith with the 

outbreak of the Second World War. As discussed by Kosek (2006), wildfire became cast 

as a critical front in the domestic war effort – with fire framed as a threat to public 

order and safety; a costly diversion of labor away from wartime production; and a 

destruction of vital natural resources needed for construction, shipbuilding, and 

energy production.  
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During the early years of the war a small number of wildfire prevention posters were 

produced by the Federal Art Project, a Depression-era program of the Works Progress 

Administration (WPA) that employed thousands of artists to produce public murals, 

sculptures, and posters. The artist Albert Staehle, who was later commissioned to draw 

the first versions of Smokey Bear, produced a late WPA-era poster that positions forest 

fire as an enemy of the state (Figure 1). In effect, these WPA posters reflected an 

attempt to enroll the American public into a wartime domestic front that also included 

resource conservation (scrap drives, water saving, victory gardens, and so forth) and 

civil defense. As the war progressed the Forest Service’s advertising effort became a 

greater priority, with the agency recruiting the Wartime Advertising Council and 

private companies such as FCB West to provide expertise, design support, and strategy 

for the first ever coordinated nationwide fire prevention media campaign. The 

approach they developed depicts the military and geopolitical goals of the Axis as being 

advanced by any combustion on U.S. forestlands. Fire-focused posters demonstrate a 

concern with resource destruction and with the provisioning of war supplies as a 

rationale for conservation. In this sense, the logics of forest protection are entirely 

aligned with a distant war effort, which became so all-encompassing that wildfire 

prevention propaganda began to combine messages about labor and economic 

production (Figure 2) with overtly racist depictions of foreign soldiers (Figure 3).  
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Figure 1: During WWII, forest fire was reimagined as a domestic front for the 
American public. Images such as this 1944 poster by Albert Staehle, the creator of 
Smokey Bear, served to align the forest-using public with state objectives that 
extended into foreign war theaters.  

 
 

 A                                                             B 

Figure 2: Wartime resource production, including timber for shipbuilding and food 
for soldiers and citizens alike, was discursively and rhetorically connected to 
domestic wildfire prevention campaigns. Resource shortages (including labor) were 
tied to the threat of wildfire, including combustion products such as smoke. 
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Figure 3: Racist imagery was used to stoke fears of Japanese incendiarism and 
domestic sabotage of forest resources. Wildfire was envisioned as an exogenous 
threat to forests, simultaneously at risk from foreign aggressors and careless 
domestic sympathizers of U.S. enemies. 

 

Yet crucially, although forest fire is conflated with the existential menace of the 

nation’s overseas enemies, the message of the advertisements reveals that it is the 

conduct of the citizenry that generates the threat, and this must therefore be 

monitored, modified and controlled to prevent unwanted ignition. Fire, viewed 

through this lens, is a ubiquitous, exogenous danger, whose cause is not foreign 

sabotage or infiltration – but carelessness on the part of a fire-using public. Observes 

Kosek (2006):  

“Carelessness becomes an internal weapon in aid of the enemy, one 
that requires the proper internal regulation of the self. Policing moves 
from the protection of borders of the territory to the regulating of 
populations within the territory to the regulating of one’s own 
potentially deviant behavior and carelessness. It is the message of 
carelessness and social deviance that becomes the central tenet of the 
next stage of the advertising campaign.” (Kosek, 2006: 200) 

 
This message is exemplified in Figure 2. While the two posters draw a firm parallel 

between military success and the labor performed in primary economic production in 
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the form of timber cutting and agriculture, each also includes a small inset featuring 

Adolph Hitler and a skeletal, bucktoothed Hideki Tojo, cautioning against careless fire 

use.  

As the war progressed, the Wartime Advertising Council and Forest Service identified a 

need to consolidate the state’s wildfire prevention message through the voice of a 

single messenger – one who would carry the patriotic bravado required by the war, but 

who could also maintain continuity of message in peace time. Enter Smokey Bear – a 

kid-friendly forest mascot who would incorporate multiple state narratives and 

objectives into a benign spokesbear for the national wildfire prevention campaign. On 

August 9, 1944 Smokey debuted in a poster declaring “Smokey says: Care will prevent 

9 out of 10 woods fires!” (Figure 4).  

 

Figure 4: The first ad depicting Smokey Bear (1944) contained language that sought 
to manage fire use and limit forest fire ignitions through influencing fire behavior of 
the U.S. public.  

 

Smokey Bear: Biography of a National Icon 
Since 1944 Smokey Bear has remained a visible national icon, penetrating the U.S. 

media landscape and interpellating the U.S. public into “proper” forest conduct using 

the iconic slogan (first introduced in 1947) that would eventually become synonymous 
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with the bear himself: “REMEMBER: Only YOU Can Prevent Forest Fires.” In the 

process, Smokey has become the longest-running and most expensive government 

propaganda campaign in U.S. history. After the war, the Wartime Advertising Council 

truncated its name to the Advertising (Ad) Council and as of 2017 it continues to 

manage Smokey Bear’s official image, having since expanded to a website and social 

media accounts across Facebook, Twitter, You Tube, and MySpace (see Cooperative 

Forest Fire Prevention Program [CFFPP], 2011). The site of production of Smokey Bear 

and his image results from a peculiar epistemic space in which a national wildfire 

control apparatus intersects with the advertising industry. This public-private nexus 

has proven to be enormously successful at producing state-sanctioned media, and 

mutualisms between the needs of the public face of the advertising industry and the 

biopolitical incentives of the U.S. fire management apparatus have been effective at 

reshaping the U.S. public’s opinions, attitudes, and behavior towards fire. 

As one of the most recognizable faces of government and as an exemplar of state 

wildfire prevention propaganda, Smokey Bear enjoys unique legal protections and 

inhabits a special place in formalized governance. In fact, the U.S. government’s 

protection of Smokey Bear is interpreted to supersede traditional applications of fair 

use of copyrighted materials, which is generally allowed for “transformative” purposes, 

including critique, commentary, and parody. According to a statement on the USDA 

National Agricultural Library’s Special Collections webpage, “The use of Smokey Bear 

images requires the approval of the U.S. Forest Service and must be associated with a 

message of fire prevention.” The website then supplies contact information for the 

National Fire Prevention Coordinator’s office.  

This extraordinary investment in the protection of Smokey Bear’s image, use, and 

copyright was first enacted by legislation in 1952 under PL 82-359, which removed 

Smokey Bear from the public domain and assigned rights to the bear and his image to 

the U.S. Secretary of Agriculture (CFFPP, 2011). Commercial interest in Smokey 

continued to rise, and in 1974’s PL 93-318 the first “Smokey Bear Act” was amended to 

allow commercial licensing, with the caveat that royalties and licensing fees be used to 

extend the message of fire prevention (CFFPP, 2011). A series of additional regulations 
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address the physical manifestation and public presentation of Smokey Bear in the form 

of costumes. These regulations include a list of approved manufacturers of the 

costumes themselves, and a number of mandates and prohibitions (e.g., never 

appearing in less than full costume; no speaking while in costume; a requirement that 

the costumed bear be escorted by a uniformed escort at all times). The above effort to 

control Smokey’s image and prevent unauthorized usage is illustrative of Smokey’s 

special status as a proxy for state power, and an associated determination to maintain 

purity of message whenever Smokey Bear is encountered by the public.  

Due to his profile and attractiveness to children, Smokey Bear received and continues 

to receive a tremendous amount of mail. The volume has been so great that in 1965, 

the government granted Smokey Bear his own zip code by the U.S. Postal Service 

(CFFPP, 2011; Figure 5); the only other celebrity granted a personalized Postal Service 

zip code is the U.S. President. The U.S. Forest Service, in association with its partners in 

the advertising industry and with the National Zoo in Washington, DC, also made a 

considerable attempt to rectify the well-publicized image of their cartoon spokes-bear 

with a ‘real’ physical embodiment of Smokey Bear. In 1950, a black bear cub was 

rescued from a wildfire burning in the Capitan Mountains of New Mexico. The bear was 

quickly approved for residency at the National Zoo and promoted as the ‘real’ Smokey 

Bear. The temporal disjunction between the notional Smokey, who was real enough in 

terms of discourse and content production, and the biological Smokey, has been 

repeatedly elided by “official” histories of Smokey Bear. For example, in “The True Story 

of Smokey Bear,” a publication distributed in 1960 by the Forest Service and the Ad 

Council, Smokey’s “origin story” in New Mexico’s Capitan Fire is illustrated bearing no 

mention of the ad campaign that predated its physical avatar (Ad Council, 1960). This 

kind of temporal slippage is reflective of the broader iconography of the Smokey 

campaign, an issue to which we now turn. 
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Figure 5: Created to be the friendly face of state land management objectives, 
Smokey Bear was immediately successful. Fan mail (1979 (A) and 1961 (B)) sent to 
Smokey Bear was so voluminous that in 1965, the state granted Smokey his own 
personal zip code. 

 

The Symbolic Colonization of Territory and History 
A repetitive motif in the Smokey Bear campaign has been a symbolic and discursive 

colonization of territory and history by associating Smokey with iconic landscapes and 

figures important to U.S. history and identity. In part, such symbolic colonization 

accomplishes a naturalization of contemporary land management practices by 

insinuating continuity with their historical antecedents. It also reflects an effort on the 

part of the state to legitimize its sovereign authority over public lands in North 

America via the image of a benign protector of the forest. Indeed, once total fire 

suppression was enshrined in management agency rules and procedures, this policy 

took on a distinctively nationalist bent. A gigantic Smokey statue was erected in 1954 

on the Canadian border, looking north, as a gatekeeper and symbolic manifestation of 

the United States’ nationwide commitment to a particular form of absolutist fire policy 

(Figure 6). Smokey, standing tall on the U.S. border, bears witness to official attitudes 

and policies towards wildfire and resource management. Other ads project Smokey’s 

benign oversight to western landscapes by evoking iconic landmarks and popular 
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recreational areas, such as Half Dome or the Grand Canyon. The state also made 

symbolic claims to territory by inserting Smokey into the iconography and material 

culture of colonized peoples and traditions (Figure 7). As Kosek (2006) observes, such 

symbolic association ignores and/or erases heterogeneous historical and 

contemporary land and fire-use practices that remain sources of conflict and tension 

with federal authorities. Ad Council-produced imagery that depict lands taken by force 

from indigenous peoples, or that discursively evokes those peoples themselves, 

originates from and perpetuates state power that is projected over spatial, temporal, 

ecological, and cultural scales. 

 

 

Figure 6: Smokey Bear, as an avatar of US wildfire prevention and rational resource 
use, was enrolled in territorial boundary making. By positioning Smokey Bear at the 
U.S.-Canada border, the state created a physical embodiment of its fire control 
policies that were extended over the entire territory behind the bear.  
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A                                                                B 

Figure 7: Officially-sanctioned commercial products featuring Smokey Bear were 
used to extend the reach of the wildfire prevention campaign. Through 
representation of Native American cultural elements (headdress and bison), the state 
made discursive claims to recently colonized territory and peoples, in the process 
erasing their longstanding fire use practices. This image (1956), and Figure 3 and the 
insets in Figure 2, illustrate a sort of thoughtless racism and white supremacy that is 
projected into east Asia and across North America. In the Spanish version, Smokey’s 
hat reads Guardia (Ranger). What community is the Spanish translation meant to 
appeal to? These Dell comics ran from 1956-1961, but apparently very few were 
translated into Spanish. The comics, and a popular 1952 song by country singer Eddy 
Arnold, created longstanding confusion over whether Smokey is ‘the’ Bear.  

 

 

Yet such tensions would seem to be resolved via Smokey’s embrace of patriotic 

bravado accomplished via his anachronistic introduction into proximity with the U.S. 

“Founding Fathers” (Figure 8) and by bestowing him the honorific: “Great American.” 

These advertisements connect particular forms of fire control with cheerily American 

iconography – such as the cowboys and yeomen farmers depicted in Figure 9, which 

are deployed in service to a nostalgic agrarian past that was rapidly receding even as 

Smokey ads were first being produced. Meanwhile, the conflation of Judeo-Christian 

morality with wildfire prevention in Figure 10 provides a moral and metaphysical 
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underpinning to the state’s wildfire prevention program by drawing on taken-for-

granted truths and logics familiar to the U.S. public.  

 

 

Figure 8: The 1975 U.S. bicentennial saw a series of advertisements that discursively 
connect Smokey Bear with American history and the mythos of America’s Founding 
Fathers. By anachronistically inserting Smokey Bear into U.S. history, the state 
attempted to impart a longer temporality to its fire control policies than was factually 
true, while simultaneously drawing on patriotic sentiment.  

 

Figure 9: A series of similar posters evoke nostalgia for America's agrarian past, even 
as the country was rapidly industrializing and formerly rural spaces were filling up 
with housing developments. This represents a process of territorializing history, in 
parallel to associated efforts that discursively territorialize space, culture, and 
people.  
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    A                                                       B 

Figure 10: Conflation of U.S. wildfire prevention with Judeo-Christian morality 
served to reinforce the dominant American culture by aligning it with self-evidently 
beneficial state management of fire and resources and providing this with an easily-
recognizable metaphysical foundation.  

 
 
Deploying religious symbology and imposing contemporary attitudes about fire use 

onto American history imbues a sort of timelessness into practices and policies that 

emerged from a specific moment in history and a particular political ecology of forest 

governance. Thus U.S. management practices are projected backward, eliding and 

obscuring many centuries of fire use by settlers and native peoples that shaped and 

defined ecosystem dynamics and bear no resemblance to the total suppression policies 

embraced during the 20th century. Smokey Bear, then, provides the state with a flexible 

medium through which to visually connect state sovereignty, expressed through claims 

to territory and history, to particular forms of land management.  

 

Smokey and the Cultivation of a “Proper” Fire-Using Citizenry 
As the Smokey Bear campaign evolved, he continued to peddle a distinctly militaristic 

symbology. By the 1960s this reflected the preoccupation of the American public with 

the Cold War and associated anti-communist paranoia. For example, “Bomb in the 
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Forest” (1969) is a TV spot that shows seven hydrogen bomb test explosions timed to 

coincide with a bell tolling with funereal slowness, while a voiceover relates the area 

burned in the previous year (10,000 mi2) to the destructive power of 90 hydrogen 

bombs. Deliberate connections to Cold War themes are also evident in a 1983 poster, 

which features a red telephone evocative of popular culture imaginaries of the ‘Hot 

Line’ between the White House and the Kremlin (Figure 11). In no small way, the 

insertion of Cold War symbolic and discursive elements conflating arson and nuclear 

war once again communicates that uncontrolled ignition is not just a menace to U.S. 

forestlands, but an existential menace both to the forest and to the wellbeing of the 

nation. Happily, though, it is a menace that each individual can help hold at bay, 

through the careful monitoring and control of his or her own conduct.  

 

 

Figure 11: Cold War paranoia is evident in this 1983 poster, which subliminally 
draws parallels between forest fire and global nuclear annihilation. Cold War themes 
echo the military themes that have been prominent in the wildfire prevention 
campaign since its inception.  

 

 
Throughout the latter half of the 20th century the basic contours of this message 

persisted even as its audience underwent substantial changes as an outcome of the 

civil rights revolution of the 1960s and broader shifts in the nation’s values, aspirations 
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and demographic composition. Until the mid-1970s wildfire prevention 

advertisements featured entirely white figures and characters. As Kosek (2006: 214) 

argues, even Smokey Bear is arguably white, judging by his voice in radio and 

television spots and his particular and peculiarly racialized history. Evolving political 

and demographic trends did however lead to the eventual creation of wildfire 

propaganda that depicted or gave voice to non-white subjects. In Figure 12, a 

deliberately multicultural American public is depicted as potential ignition sources 

lined up shoulder to shoulder in a paper matchbook.  

 

Figure 12: Still image from TV spot "Matchbook" (1974) which displayed a 
deliberately multicultural America that differed starkly from the portrayals of woods 
and resource users extending to the earliest wildfire ad campaigns. Subtle shifts in 
the composition of wildfire prevention media mirrored ongoing transformation of 
U.S. culture.  

 
The use of non-white voices and characters in the wildfire prevention project has 

become more common in recent years, corresponding to an ‘urban turn’ in the Smokey 

campaign. 2011’s television spot “Neighbors” plays up a confrontation between two 

suburban neighbors: a white man who leaves a pile of leaves burning in his subdivision 

lawn, and an African-American neighbor who lectures him on his inattention in a 

slangy accent. This advertisement ends with the black neighbor reciting a statistic 

about human-caused ignitions in his normal voice, before Smokey Bear ends the ad in a 

deep, gravely, country-western drawl. “Neighbors” in fact reflects only the second 

advertisement featuring authentic African-American voices, the first being an 
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experimental Ray Charles television ad developed in 1983 wherein against the visually 

impaired musician talks about his experiences listening to forest sounds against an 

entirely blank screen. Although the Smokey Bear campaign did not discursively 

incorporate non-white citizens as potential threats to forests until well after the height 

of the U.S. Civil Rights movement, media produced at the nexus of the state and the 

advertising industry did eventually adjust to evolving national conceptions of citizenry 

and belonging.  

Wildfire prevention advertisements also tracked the rise of the environmental 

movement, featuring bucolic rural scenes with intact ecologies (Figures 13-14), rather 

than infernos and blackened forests. By the 1970s well-publicized environmental 

disasters, including ozone depletion, acid rain, lead exposure, air quality issues, and 

early hints of global warming had begun to emerge alongside a newfound 

environmental consciousness and activism. Radio and TV spots echo this shift towards 

environmental awareness and an expanded environmental ethic, as demonstrated in a 

TV spot titled “Do Trees Think?” (1989). A narrator breathily asks, over the sound of 

flutes and windchimes, “Do trees think? Can plants life feel? Do they fear fire? If they 

do, they’re not alone. More people are moving to our forests, so be careful with fire: 

you could hurt a lot more than trees.” The taken-for-granted logics of 

environmentalism are not divorced from complementary threads in American culture, 

such as gendered and racialized paternalism. Figure 13 illustrates this dynamic clearly 

through its subject matter: Smokey Bear rendered as a soft-featured father figure, 

cuddling and comforting a menagerie of baby animals that are clustered between two 

fir seedlings. Smokey, in this iteration, is a protector of the forest and its vulnerable 

inhabitants in much the same way that contemporary American culture imagined 

masculine gender roles. Meanwhile, Figure 14 literally shows Smokey Bear hugging a 

tree, offering a visual representation of a powerful trope in the U.S. environmental 

movement. Echoing Garmany’s (2010) articulation of governmentality, the Smokey 

Bear campaign harnesses internally logical discursive categories of an emerging 

environmental consciousness, while subtly recalling deeply embedded cultural 
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touchstones. In this way, wildfire prevention media were able to maintain consistent 

focus on state objectives while altering superficial elements of the campaign.  

 

 

Figure 13: In comparison to earlier posters that depicted ecological destruction and 
conflagration, environmental movement-era posters featured species, habitat, and 
intact landscapes. The rise of the U.S. environmental movement carried with it 
vestiges of paternalism and the gendered history of Smokey Bear.  

 

Figure 14: U.S. environmentalism is often imagined through the lens of bucolic, 
parklike recreational landscapes. Many wildfire prevention advertisements from this 
era contained images of recreational use of federal lands, such as boats, tents, and 
picnicking families.  
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Over the course of 70+ years, Smokey’s central moral, inexorably tied as it is to taken-

for-granted logics of forest health, became so deeply internalized by a media-

consuming public that by the 1970s and 1980s that the Forest Service and Ad Council 

could truncate and elide Smokey’s full message without sacrificing its meaning. In 

Figure 15, Smokey’s iconic slogan is abbreviated to its essential element: “Remember, 

Only YOU,” and “Only YOU,” while Smokey’s accusatory finger, pointed generically at an 

anonymous reader, renders clear his meaning: it is each and every individual in the 

United States, through the carelessness or carefulness of his or her behavior, who 

bears ultimate responsibility for ignition and acreage burned on the nation’s forest 

lands. This represents a striking success in the deployment of mass media to 

manipulate popular conduct to support the state’s landscape management agenda, and 

illustrates the process of governmentality through which state goals are accomplished 

through the self-regulation of its citizenry. Indeed, Figure 16 suggests that by 1988 the 

Ad Council and the U.S. Forest Service were so unambiguously impressed with 

Smokey’s accomplishments that they awarded him a gold medal. Considering the 

image’s site of production, Figure 16 illustrates a retrospective and reflexive self-

congratulation on the part of the Ad Council and the state. It is no coincidence that at 

the same time that Smokey was enjoying self-referential accolades, and when his 

message was so irresistibly present in the minds of the U.S. public that it could be 

abbreviated without loss of function (Figure 15), wildfires were at their historical nadir 

(Westerling et al., 2006; Abatzoglou & Williams, 2016). But as time passes and fuels 

accumulate in the forest, the material consequences of “success” have become 

increasingly unbearable, demanding renewed and ever-increasing attention from the 

state in a project of fire and forest management that still deploys Smokey Bear as its 

most public messenger.  
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Figure 15: By the late 1970s, the message and motivation of Smokey Bear had been 
so ingrained in the national consciousness that Smokey's tagline "Only You Can 
Prevent Forest Fires" could safely be elided to this truncated phrase. Smokey’s 
central message was so successful that the state could count on ad viewers to fill in 
the missing words, and to govern themselves accordingly.  

 

 

Figure 16: In this 1988 poster, the state appears to be congratulating itself on a long-
running and successful advertising campaign, even as changes to forest structure and 
fuel loads were making prevention and suppression of wildfire an ever more 
Sisyphean task. This poster is unusual in that it breaks down the 4th wall and depicts 
a wildfire prevention ad in the making. In the process, this poster illuminates the site 
of production of wildfire prevention media, which occurs at the intersection of the 
U.S. state and the advertising industry.  
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Blowback: Fire Control and the Material Transformation of U.S. 
Forestlands 

Reviewing the more than seven decades of the Smokey Bear campaign, we have argued 

that in the United States citizenship, nation and territory have been constituted, at least 

in part, through managing the relationship between the forest and its imagined Other: 

fire. Indeed, it was in the interest of fire prevention that the state first sought to 

intervene in popular attitudes and behavior in order to control an enemy that was at 

once represented as foreign to the forest but internal to the citizenry – and that could 

therefore only be contained through the proper conduct and disciplined behavior of a 

forest-using public. Importantly, the general features of this campaign remained 

flexible and responsive to profound shifts in the values, aspirations and demographic 

composition of the U.S. nation, even as the core tenets of this message remained more-

or-less unchanged – thus allowing for the enrollment of a newly-expansive polity into 

the fire prevention enterprise. As wildfire prevention media depicted new people and 

places, the underlying enterprise of technocratic and intensive sovereign state 

management of wildfire remained unchallenged. 

In many ways, the fire prevention advertising campaign personified by Smokey Bear is 

illustrative of Michel Foucault’s concept of ‘governmentality,’ which he describes as an 

evolving array of power whose origins lie in Medieval and early-modern pastoral and 

confessional practices; and whose logic is oriented not so much toward “political 

structures or the management of states,” (Foucault, 1982; 790) but rather those 

“mechanisms” through which “one can direct, in a fairly constant manner and with 

reasonable certainty, the conduct of others” (ibid.; 794. See also Foucault, 2007; 192-

193). Yet it bears emphasis that in the case examined here, the object of the state’s 

intervention is never really the conduct of the population itself; rather their attitudes 

and behavior were and are instrumentalized toward a particular set of environmental 

management outcomes, which are themselves coupled with a military and colonial 

project of extractive resource management and state territorialization in North 

America. The above complicates a binary reading of the state and subject – with 

landscape as a third, its non-human composition both an object and means of 
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territorialization for which the citizen-subject is neither irrelevant nor the precise 

target of intervention.  

This then suggests the purchase of mobilizing Foucaultian concepts like 

“governmentality” and “biopolitics” beyond a strict focus on human beings and their 

conduct, to an examination of how humans and non-humans may be operationalized as 

a coupled assemblage in the context of state intervention. Indeed, this is not so far from 

the direction toward which Foucault himself gestures in his 1975-1976 lectures at the 

Collège de France, suggesting that “[b]iopolitics’ last domain is . . . control over relations 

between the human race, or human beings insofar as they are a species, insofar as they 

are living beings, and their environment, the milieu in which they live. This includes 

the direct effects of the geographical, climatic or hydrographic environment…” 

(Foucault, 2003: 244–245). Philo nicely summarizes Foucault’s argument, asserting 

that “what appears in his lectures are now milieu… full of lively, risky, unpredictable 

‘stuff’ whose co-incidental juxtapositions can release all manner of disruptive effects” 

(Philo, 2012: 508). U.S. forestlands in the 21st century are exemplary of this disruptive 

possibility, and yet the ways that this ‘unpredictable milieu’ may come to affect state 

practice merit greater attention.  

It is here that we return to the dis/continuities in the Smokey Bear campaign, by which 

we mean the divergence between the transformation of scientific knowledge and U.S. 

land management practices, on the one hand, and the consistency of Smokey’s message 

in the face of these changes, on the other. We believe that an explanation for these 

dis/continuities can be found in the biophysical transformation of U.S. forests and of 

U.S. residential settlement patterns – changes for which Smokey bears some 

responsibility. These changes are well documented in the established literature on fire 

ecology and environmental history (Pyne, 1982; 1997; 1998; 2001; Dods, 2002; 

Donovan & Brown, 2007; Collins, 2008; Marlon et al., 2012; Simon, 2014; 2016), so 

here we highlight the most important relationships. We begin with the forest.  

Over the course of its decades-long lifespan, the United States government attributes to 

the Smokey Bear wildfire prevention advertising campaign a 40% reduction in wildfire 
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events, resulting in a decline from 22 million to 8.4 million acres burned annually 

(USDA Forest Service, 2004; Ad Council, 2016).1 Indeed, despite recent claims by the 

U.S. Forest Service that 2015 saw the greatest acreage burned since recordkeeping 

began, early wildfire prevention advertisements cited annual burning at 30 million 

acres (Figure 17). But the consequences of decades of fire prevention and suppression 

set into motion a host of unruly forest dynamics that present myriad challenges to 

those state agencies tasked with controlling and containing fire-related hazards to life 

and property.  

 

Figure 17: Despite recent claims that contemporary fire sizes and overall area 
burned are higher now than in the past, historical wildfire prevention posters from 
the 1940s and early 1950s report very extensive annual burning. As with 
contemporary wildfires, the state demonstrates a recognition that anthropogenic 
ignitions affect a sizeable proportion of the area affected (1948).  

                                                        
1 The U.S. Forest Service has long correlated forest users with ignitions, going so far as 
to credit the Smokey Bear campaign with reducing 1956’s burn extent from a potential 
58 million acres to the 8.8 million acres that actually burned (Grant, 1957). This 
estimate was arrived at by correlating the fire rate to the number of forest users before 
the advent of Smokey Bear, and subsequently estimating how much fire would have 
been expected from a greater number of forest users who are axiomatically viewed as 
potential ignition sources.  
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At the turn of the 20th century U.S. land management agencies inherited landscapes 

that were reasonably resilient to wildfire, especially the surface fire regimes 

characteristic of many ecosystems as they entered federal management. As described 

above, these landscapes were the product of millennia of fire use by indigenous 

peoples and later European settlers whose land use practices were largely compatible 

with aboriginal fire regimes. As an outcome, early fire suppression efforts were 

remarkably successful, even with modest expenditures of labor and money. But the 

inevitable combined effects of fire prevention and suppression was a slow buildup of 

unburned fuels, encroachment of woody plants into grasslands, and other dramatic 

structural changes to forest ecology. Donovan & Brown (2007: 73) catalogue some of 

these outcomes, which include a shift to less fire-tolerant species; increases in stand 

density and forest stocking rates; increases in the amount and spatial distribution of 

flammable fuels; and an intensification in fire behavior, which is often followed by 

additional changes to vegetation communities. In turn, these changes to forests require 

the state to intensify its response to ignitions, and to expend ever-greater resources on 

fire suppression activities.  

At the same time, the expansive growth in U.S. population centers; the demographic 

transfer of the U.S. population toward the Sunbelt and the Mountain West; and a taken-

for-granted belief, promoted for decades by Smokey Bear, that fire is an alien 

interloper in the forest, have all contributed to a monumental increase in what has 

come to be known as the wildland-urban interface, or “the area where houses meet and 

mingle with undeveloped wildland vegetation” (Glickman & Babbitt, 2001). Indeed, 

based on a mapping of census blocks and fine-resolution vegetation data, Radeloff et al. 

(2005) estimate that this zone today contains 44.8 million homes, or fully 39% of all 

housing units in the United States. 

The combined outcome is that fires are more likely to ignite; more likely to burn at 

higher intensity; more likely to cause long-term harm to human life, property and 

forest health; and much more difficult and expensive to fight. As a result, wildfire 

suppression costs have crept up and the balance of management agency personnel has 

tipped towards fire-related staff over other functions, representing what we believe is 
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a novel form of agency capture driven by an ecological disturbance process that is itself 

an artifact of state intervention (Clarke & McCool, 1996). Indeed, as of 2015, a majority 

of U.S. Forest Service personnel are in fire-related positions, and more than half the 

Forest Service’s budget is devoted to fire suppression; projections of budget allocations 

predict that as much of 2/3 of the Forest Service’s budget could be consumed by fire 

management in the next decade (USDA Forest Service, 2015). Yet, exacerbated by 

climate change and the continuing buildup of fuel loads, catastrophic wildfires 

continue to rage across the western United States, causing acute damage to property, 

ecosystem health and human life. 

Various measures have been introduced to try to control these hazards. The 2000 

National Fire Plan and 2003 Healthy Forests Restoration Act both provided additional 

resources for fire suppression and post-fire recovery, and for fuel reduction through 

prescribed burn and mechanical removal. But fuel reduction strategies require a 

considerable investment of money, planning, equipment and personnel – either to 

control and mitigate the hazards of prescribed burn or to physically remove huge 

quantities of organic material from a forest area (Busenberg, 2004). In no small 

measure, then, the decades-long buildup of fuels that occurred under Smokey Bear’s 

watchful gaze has created fires that cannot be suppressed without tremendous 

expenditure of labor and public treasure – and some contemporary fires cannot be 

safely or successfully suppressed but instead burn until they run out of fuels or reach 

impermeable firebreaks. The contemporary wildland fire crisis is at once a result of 

state practices that combine direct fire suppression and indirect attempts at governing 

fire practices of the populace, and it requires ongoing and accelerating investments in 

fire control as flammable landscapes refuse to submit to state power.  

In a sense, then, although it is the argument of this paper that we cannot understand 

the material composition of contemporary forest and fire dynamics in the United States 

independent of Smokey Bear and the policies he represents, the forest and its 

propensity to burn must also be understood as a driver of contemporary state practice 

and the intensification of intervention strategies over time. In other words, rather than 

merely an effect of the state, or an expression of what Painter (referencing Hirsch 
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[1983]) calls a process of “statification” (in which “the state apparatus extends deeper 

into the social organism and connects closer to the social structure” [Painter, 2006: 

753]), we might rather consider the North American forest as a vector of state power – 

a space of intervention driving non-linear environmental changes that generate a need 

for additional fire management resources, which further transform forest ecology, 

which then demand additional state intervention, and so on. Smokey Bear has been 

and remains a key medium for mobilizing and enlisting the public’s participation in 

this vector of state power – not merely as an ideological effect, but as a material 

assemblage that requires ongoing state intervention to avoid a catastrophe whose 

conditions of possibility it has itself produced.  

 
 

Conclusion: Pyropolitics and the Combustible Dimensions of 
Collective Life 

 
The Smokey Bear campaign has not eased from its emphasis on fire prevention, even as 

a number of federal and state management agencies have shifted funds and efforts into 

prescribed fire, ‘let burn’ policies in wilderness and remote areas, and strategies that 

allow fire to burn for the benefit of various resources. Yet the U.S. Forest Service and 

Ad Council have entered at least one small change to Smokey’s iconic message: in 2001, 

Smokey’s tagline was edited from “Only you can prevent forest fires” to say “Only you 

can prevent wildfires” (emphasis added), reflecting the agency’s changing management 

practices, along with an increasing concern with fires burning in non-forested 

ecosystems including the volatile and politically complicated wildland-urban intermix 

(Cohen, 2008). Yet while Smokey Bear advertisements have themselves remained 

essentially unchanged in their message of total fire prevention, a more nuanced 

understanding of wildfire is available from Smokeybear.com, a website jointly 

managed by the Ad Council and the U.S. Forest Service. This website contains 

information on the benefits of natural fire rotation, fire-dependent ecosystems, the 

legacies of indigenous fire use, discussion of the efficacy of prescribed fire, and a 

forthright discussion of why fire severity and intensity is increasing. They attribute 

amplified fire effects to the legacy of decades of fire suppression policies, in 
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conjunction with climate change, more severe fire weather, and housing development 

in fire-prone environments. Despite this clear-eyed assessment that recent changes to 

wildfire size and severity are owed in part to Smokey’s own legacy, the website 

concludes with a reassertion of the legitimacy of Smokey’s message by posing the 

question “Is Smokey Wrong?” The website simply answers: “No.”  

In part, Smokey Bear’s message can remain consistent in the face of dramatic 

environmental change precisely because of his focus on fire prevention rather than 

suppression. Even as the U.S. fire control apparatus moves away from total fire 

suppression policies and begins to restore fire to diverse landscapes across North 

America, Smokey Bear can still push his message of ignition prevention because 

Smokey’s message sounds innocent and logical: by preventing unauthorized ignitions, 

fire can remain wisely managed by the technocratic expertise of the state. But the 

apparent logic of ignition prevention only makes sense if we ignore the environments 

produced and maintained by anthropogenic fire regimes. By discursively projecting 

Smokey Bear back into American colonial history and across North American 

ecosystems, the U.S. wildfire prevention campaign erases human contributions to fire 

regimes and successfully reinforces contemporary fire policies as the wisest possible 

course of action.  

The durability and immutability of Smokey’s message in the face of intractable 

ecological change would appear paradoxical were it not made legible via simultaneous 

attention to those more-than-human forces and conditions that have responded to 

governmental intervention over time, but in ways both unanticipated and difficult to 

control. Thus, even as the U.S. fire control apparatus has adjusted to respond to novel 

conditions and growing scientific understanding of those conditions, techniques of 

governance targeting the fire practices of the lay public remain essential for controlling 

and curbing when and where ignition occurs. In this sense, Smokey Bear and his media 

campaign still plays a central role in the U.S. fire control apparatus because of how 

state power is expressed in these more-than-human pyropolitical entanglements. In 

the case of wildfire, successful implementation of governmentality involves 

simultaneous discursive claims over territory, history, cultural elements, and about the 
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central role of the state as the central repository for fire management knowledge. 

Smokey’s message does not need to change, because although ecological conditions 

and disturbance severity are radically different than at the advent of formal fire 

suppression policies, the state is successfully positioned as the only viable actor for fire 

control and fire use. 

Of course, the approach to fire governance adopted by the United States and 

personified by Smokey Bear is not the only possible model for managing fire-prone 

landscapes and human use of and habitation therein. Certainly, there are many 

examples of fire suppression within colonial and postcolonial contexts (Kull & Laris, 

2009; Kull, 2004; Mathews, 2003). Yet around the world, various “publics” maintain 

heterogeneous relationships with fire that are sanctioned or tolerated by state officials 

(Nigh & Diemont, 2013; Eriksen, 2007; Kull, 2002). As Pyne (1998) points out, in 

Australia – another fire-prone settler colonial context – state officials remain eager to 

foster the participation by rural inhabitants in controlled burning (itself a policy that is 

heavily contested – see Buizer & Kurz, 2016; Edwards & Gill, 2016).  

Nevertheless, it is toward a study of such heterogeneous fire regimes and the ways 

these become entangled with questions of citizenship, territoriality and environmental 

change that we have sought to signal with use of the term “pyropolitics.” Taking a cue 

from Clark (2011), we have argued here that by centering combustion and its 

governance in our approach to politics and collective life, we may obtain novel insights 

into the complex entanglement of state power with the material multiplicities in and 

through which it is exercised – along with the ways that these continuously act and 

react over time, changing in surprising and unanticipated ways that in turn drive novel 

strategies and practices of intervention to respond to material conditions as these 

evolve.  

Unpacking the generative and recursive dynamics set in motion by those non-human 

targets of governmental intervention reveals an important temporal quality to their 

articulation with state practice. On the one hand, this suggests that by displacing and 

suppressing previous fire regimes what have also been displaced and suppressed are 
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previous and alternative forms of collective life, and the political ecologies that subtend 

these – a point so elegantly illustrated by Kosek (2006) in his ethnographic 

examination of the anger and resentment leveled at Smokey Bear by rural forest users 

in northern New Mexico. Much more could be written on the intersections of fire 

control with historical geographies of dispossession, in North America and beyond. For 

example, writes Dods (2002: 476):  

“The Smokey campaign was remarkably successful. It represents a 
mindset associated with mythic forests of the past in which the 
wilderness was unmanaged, and in which forest fires were an 
unmitigated ecodisaster. With few exceptions and until quite recently, 
it obscured the recognition that the past and present ‘wilderness’ 
comprised many types of managed, cultural landscape. Of course the 
recognition of these means the recognition of a myriad of troublesome 
ideas – ideas about original ownership and all that this could, would 
and should entail.”  

  
On the other hand, this also suggests an ethical and political responsibility toward the 

future. There are promising intersections here to be explored with literature on risk 

and governance (Olson et al., 2017; Simon, 2014; Collins, 2008; Tàbara, Saurí & Cerdan, 

2003) which, approaching the problem from a different angle, have also been expressly 

concerned with the kinds of political-cultural-biophysical feedback loops considered in 

this paper. And of course, a research agenda that would tackle the temporal qualities of 

collective life and its more-than-human articulations has implications for questions of 

power and combustion (including its internal variants), whose implications are global 

and geologic in scale – and with whose long-term, nonlinear consequences we are only 

beginning to conduct a reckoning (Clark & Yusoff, 2014; Mitchell, 2011). Indeed, 

Smokey provides merely one window into the co-articulation of state, citizenship and 

combustion, and this remains a salient area of inquiry that can mobilize posthumanist 

thought, environmental history and scientific understanding of ecosystem dynamics as 

critical components of political geographic scholarship.  

Reviewing a selection of U.S. wildfire prevention advertisements, we have examined 

the ways that this media campaign contributes to a materialization of citizenship, 

territory and environmental policy through the mutable ecology of North American 
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forestlands. The above includes a host of unruly, pyrogenic ecosystem dynamics that 

finally drive and demand additional state intervention in order to mitigate the 

accelerating threat of large and severe wildfire, and Smokey Bear continues to play a 

distinguished role as a preferred symbol and medium of this landscape management 

agenda. Our paper concludes here with the suggestion that political geographers pay 

greater attention to combustion and its governance as a constitutive, if heterogeneous, 

dimension of modernity and collective life. Pursuit of such an agenda promises 

important insight into the temporal and geographic articulation of state power with 

the more-than-human multiplicities in and through which it is exercised – including 

the quotidian, unexpected and nonlinear ways that the biophysical realities of 

terrestrial space not only respond to, but also drive, shape and condition particular 

regimes of governance. 
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Post-fire ecological trajectories following repeated burns in 

a Madrean Sky Island 

Jesse Minor, Donald A. Falk, Greg A. Barron-Gafford 

 

Abstract 
Disturbance can reshape ecological communities, and set trajectories of recovery that 

can be altered by later disturbances. Understanding and predicting the response of 

vegetation communities to multiple mixed-severity disturbances requires 

incorporating the relative influence of prior and recent disturbance on structural and 

compositional elements of vegetation communities. Variability among species in 

structural types (trees, shrubs), demographic stage (regeneration, mature individuals) 

and fire tolerance means that members of a community can respond differently to 

combinations of disturbance severity, setting the resulting vegetation communities 

onto divergent recovery trajectories. Managing forest lands requires a better 

understanding of the longer-term outcomes of post-disturbance trajectories, especially 

in systems that are impacted by repeated fire at the multi-decadal scale. We analyzed 

the effects of two mixed-severity fires separated in time by 17 years in species-rich 

montane pine-oak and mixed conifer forests in a large Madrean Sky Island mountain 

range. We evaluated the response of species grouped into fire-relevant plant functional 

types and differentiated by structural type to identify reburn severity sequences that 

promoted either structural type conversions or resilience to repeated disturbance. The 

uneven distribution of post-fire resprouting and seeding species across the gradient of 

elevation produced differential recovery responses in pine-oak and mixed conifer 

forests following sequences of mixed-severity fire. Repeated moderate and high 

severity disturbance promoted type conversion of forest to shrubland, with 

resprouting species dominating areas experiencing single or multiple high-severity 

disturbances in pine-oak ecosystems and post-fire seeding species becoming dominant 

in former mixed conifer forests. Repeated high severity disturbance suppressed tree 

regeneration and favored shrub species. Pine-oak vegetation types were dominated by 
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post-fire resprouting species, while many mixed conifer forests converted to aspen-

locust patches dominated by post-fire seeding shrubs or rhizomatous bracken fern. 

Unburned areas contained different vegetation communities: unburned pine-oak 

forests tended toward conversion to fire intolerant and species common in mesic 

mixed-conifer forests, and are now characterized by single-stem overstory oaks. 

Understanding vegetation communities after various combinations of multiple mixed-

severity disturbances enables prediction of ecological tipping points between 

structural types, and provides modelers and managers with enhanced predictions of 

likely future vegetation communities, fuel types, and fire behavior under changing 

forest conditions. 

 

Keywords 

alternative stable states; fire effects; Madrean Archipelago; mixed conifer forest; 

mixed-severity fire; multiple fire effects; nonmetric multidimensional scaling; 

ordination; pine-oak forest; plant functional type; resilience; Sky Island; succession; 

wildfire 

 

Introduction 
Many terrestrial ecosystems are resilient to disturbance under a characteristic set of 

conditions, and deviations from these conditions can promote altered ecosystem 

composition or function (Chapin et al. 1997; Bengtsson et al. 2000; Folke et al. 2004; 

Stevens-Rumann and Morgan 2016). Within any given ecosystem, typical disturbance 

conditions include frequency and seasonal timing, severity, duration, and spatial 

extent. Recently observed increases in wildfire size and severity (Dennison et al. 2014; 

Westerling et al. 2006) and decreases in the proportions of wildfires that burn at 

unburned and low severity (Dennison et al. 2014) raise questions about the likely 

recovery trajectories of burned areas. Patch size within burned areas is also increasing 

(Miller et al. 2009). These trends create additional uncertainties about recovery 

trajectories within unprecedentedly large patches, and the ability of various species to 
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recover or recolonize large burned areas containing spatially extensive moderate and 

high severity patches (Haire and McGarigal 2010). 

The initial ecological conditions emerging after a fire can have profound implications 

for long-term vegetation response and recovery (Palmer et al. 1997; Coppoletta et al. 

2016; Stevens-Ruman and Morgan 2016). Initial conditions are not limited to the 

species that remain or regenerate on disturbed sites; physical conditions including soil 

structure and moisture, nutrient availability, topography, and insolation also play a 

critical role (Palmer et al. 1997). Recovery relies upon the species present after 

disturbance, through survivorship and ongoing reproduction, as well as from 

germination from soil seed banks and from resprouting tissues that survive fire 

(Cramer et al. 2008). There is uncertainty as to whether ecological communities 

sharing similar environmental conditions are likely to recover into similar post-

disturbance communities, or whether a range of post-fire communities might emerge 

(Chase 2003). Species-rich ecosystems such as those found in the Arizona Sky Islands 

might be predicted to recover into multiple stable or metastable equilibria following 

mixed-severity disturbance because of the interactions of many species in 

topographically complex terrain covering large elevational and ecological gradients 

(Chase 2003). 

Ecosystem interactions can facilitate or inhibit recovery to pre-disturbance states, and 

community response following multiple disturbance events can be highly variable. The 

recovery of vegetation communities following fire interacts with successional 

dynamics, which can operate independently of disturbance and which may cause post-

disturbance trajectories to vary in space and time (Suding et al. 2016). Disturbance 

may reset succession to an earlier stage (Pickett et al. 2009), or it may alter 

fundamental biotic and abiotic ecosystem factors and put the system onto a different 

recovery trajectory (McClain et al. 2011; Suding et al. 2004). Vegetation recovery 

depends upon the available species pool, some of which may be unable to recolonize 

disturbed areas because of barriers to dispersal (such as large disturbance patches), 

changes to the physical environment (including edaphic modifications and altered 

insolation and hydrology), and biotic interactions (which may include competition and 
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herbivory pressure) (Fattorini and Halle 2004; Matthews et al. 2009; HilleRisLambers 

et al. 2012). Large species pools increase the likelihood of divergent recovery 

trajectories (Cleland et al. 2015). At landscape scales, discrete communities can form 

and persist under identical conditions (Beisner et al. 2003), but may be favored by 

particular disturbance characteristics and landscape configurations (Haire and 

McGarigal 2010; Moritz et al. 2013). Ecological disturbance can cause the trajectories 

of ecosystem collapse over time and space to differ from recovery trajectories 

(hysteresis), with post-disturbance communities exhibiting altered form and function 

(Standish et al. 2014; Dakos et al. 2015; Suding et al. 2016).  

Uncertainties in post-disturbance community composition and structure are especially 

acute in areas experiencing reburning in large, severe wildfires. In comparison to 

single-fire outcomes, the effects of multiple wildfires on ecological communities has 

received relatively little attention, and is more difficult to characterize (but see Savage 

and Mast 2005; Miller et al. 2012; Parks et al. 2104b; Coop et al. 2015; and Coop et al. 

2016). In US Southwest montane ecosystems, pyrogenic reductions in fuels likely 

persist for at least two decades, and mixed-severity reburning on shorter temporal 

scales may produce disproportionate effects on vegetation communities (Parks et al. 

2014b). However, as larger areas experience repeated wildfires, reburning becomes 

more likely. Thus it is especially important to accurately assess and predict the 

combinations in fire severity that may promote structural and compositional tipping 

points in vegetation communities. Similarly, it is crucial to identify the resilience of 

vegetation types and communities to particular fire severity combinations as they 

recover into ecological configurations that may be metastable in the face of future 

mixed severity disturbance and changing climate (Gunderson 2000; Fukami and 

Najakima 2001; Elmqvist et al. 2003; Adams 2013). Biotic and abiotic factors that are 

reorganized by fire can result in post-fire community configurations that differ from 

pre-disturbance states that reflect particular interactions of climate and disturbance 

regime characteristics (Folke et al. 2004; Schoennagel et al. 2004). Post-fire community 

recovery can follow multiple possible recovery trajectories, including recovery to pre-
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disturbance conditions, or recovery into a range of community types that either reflect 

existing assemblages elsewhere in the region, or into entirely new configurations.  

Wildfire can alter vegetation communities through several mechanisms. Moderate and 

high severity fire can promote structural changes between functionally different 

communities (e.g., forest to shrubfield; savannah to grassland; grassland to chaparral) 

by killing overstory plants and creating conditions favorable to different plant types 

(Lippett et al. 2013; Guiterman et al. 2017). By contrast, repeated low-severity 

disturbance can maintain conditions that are favorable to fire-resistant species, and 

can cause otherwise unstable communities to persist (Bataineh et al. 2006; Fornwalt 

and Kaufmann 2014) . Structural changes to vegetation typically co-occurs with 

changes to species composition, but in some cases forests or woodlands can be 

converted to shrubfields simply by prompting a change in structure (tree to shrub) 

without altering the species composition, as when an oak forest recovers from fire by 

resprouting as a shrubfield (Minor et al. 2017).  

Characterizing and predicting vegetation response to multiple mixed-severity 

disturbance events requires understanding the relative influence of prior and recent 

disturbance on various structural elements of vegetation communities. Structural 

types, defined as physical growth form (tree or shrub) or demographic stage (adult 

tree or regeneration), can respond differently to combinations of disturbance severity. 

The variable fire tolerances of species, in combination with the structural form in 

which they occur, can produce differential responses to disturbance severity. These 

differential responses to single and multiple disturbances by wildfire creates divergent 

recovery trajectories across vegetation communities. 

In this study, we present analyses of the effects of repeated mixed-severity fires in 

species-rich montane pine-oak and mixed conifer forests from two large fires that 

occurred 17 years apart. We assess the response of species grouped into fire-relevant 

plant functional types and differentiated by structural form to identify reburn severity 

combinations that produced structural type conversions. We also evaluate plant 
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functional type response to mixed-severity disturbance to identify severity thresholds 

below which plant communities are resilient to disturbance.  

To assess the effects of multiple mixed-severity disturbance on montane vegetation 

communities, we first address the relative contribution of prior disturbance severity in 

relation to recent disturbance severity. We test a null hypothesis that fire severity in 

the more recent event is more dominant than prior disturbance severity. Specifically, 

we investigate the response of assemblages of plant functional types across structural 

forms, to evaluate whether prior disturbance produces legacy effects on vegetation 

composition. Second, we address whether unburned areas differ in structure or 

assemblages of plant functional types in comparison to burned areas. We hypothesize 

that unburned areas differ significantly from areas that have experienced repeated 

disturbance, with effect size increasing with disturbance severity. Finally, we evaluate 

whether repeated moderate and high severity disturbance promotes changes in 

vegetation composition (species assemblages) and structure. We hypothesize that 

repeated moderate and high severity wildfire has no effect on vegetation composition, 

with the alternate hypothesis that repeated moderate and high severity fire alters 

vegetation composition and produces characteristic type conversions in vegetation 

structure.  

 

Methods 
Study Area 

This study was conducted in the Chiricahua Mountains, the largest and most biodiverse 

of the Arizona Sky Islands (Felger and Wilson 1995; Brusca and Moore 2013), which 

together represent the northern extent of the Madrean Archipelago (Figure 1). Located 

between the Rocky Mountain and Sierra Madre Occidental biogeographical regions, the 

Chiricahuas have strong floristic affinities with forests and woodlands in northern 

Sonora and Chihuahua as well as Arizona and New Mexico at lower elevations, and 

with the Colorado Plateau and southern Rocky Mountains at higher elevations 

(McLaughlan 1994; Richardson, 2000; Van Devender et al. 2012; Brusca and Moore 

2013). The Chiricahuas cover elevations ranging from 1220–2975 m and support a 
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diversity of vegetation types along this gradient. South-facing slopes are more xeric at 

any given elevation compared to shady, north-facing slopes (Malusa et al. 2013; 

Arizona FireScape 2015). Semi-desert grasslands and upland scrub ecosystems occur 

at the lowest elevations (1220-2000 m depending on aspect), above which are located 

pinyon-juniper-oak woodlands at elevations from 1450-2600 m. Between 1700-2560 

m, lower pine-oak forests and woodlands are common; upper conifer-oak forest and 

woodlands are dominant between 2070-2740 m, with aspect strongly influencing the 

elevations at which conifers or oaks are the prevalent overstory vegetation. The 

dominant vegetation type between 2280-2740 m is dry-mesic mixed conifer, and the 

Chiricahuas are topped by aspen-mixed conifer forest between 2590-2795 m. Most soil 

groups in the Chiricahuas are derived from acidic volcanic rhyolites, monzonites, and 

welded tuffs, with siltstones, shales, and limestones present in the Cave Creek drainage 

in the northeastern part of the range (Drewes and Williams 1973; Sawyer and Kinraide 

1980). Soils on most south-facing slopes are gravel overlain by a thin layer of topsoil, 

with north slopes supporting thicker humus soils; the soil moisture potential on north 

slopes is twice that of south aspects (Robinson 1968). At the elevations in this study, 

soils are podzol lithosols with distinctly variable soil particle sizes and azonal profiles 

(Robinson 1968).  

Located at roughly 32° N, the Chiricahuas experience a moderate climate for the 

latitude: mean winter temperature at Chiricahua National Monument headquarters 

(station QCHA3), at 1660 m elevation, is 5.7 °C (42.3 °F); mean annual temperature is 

14.1 °C (57.4 °F) (Sawyer and Kinraide 1980); and mean maximum annual 

temperature is 32.1 °C (89.8 °F) (Moir 1995). Precipitation is bimodal and reflects 

dominance of the North American Monsoon (NAM), with the bulk of precipitation 

falling in the summer (56%) and winter (27%). Mean annual precipitation at 1660 m is 

442 mm, with autumn contributing 9% of the annual total and spring precipitation 

providing 8% (Sellers et al. 1985). The Chiricahuas are located just west of the lowest 

elevations along the Continental Divide (the Chiricahua Gap), and receive abundant 

easterly-transported monsoonal moisture as a result of their geographic setting (Ralph 

and Galarneau 2017). 
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Forested vegetation types burned frequently before EuroAmerican settlement and 

associated livestock grazing, logging, and fire suppression. High elevation mixed 

conifer forests record frequent fires (mean fire interval 10-16 years), with little 

evidence of stand-replacing fire (Morino et al. 2000). Lower elevation pine-oak forests 

and canyon gallery forests demonstrate evidence of very frequent fire, with mean fire 

interval 4-6 years (Kaib et al. 1996). Large wildfires tended to occur in abnormally dry 

years following unusually wet years (Swetnam and Betancourt 1990; Barton et al. 

2001), with the largest areas burning during the pre-monsoon drought and the 

greatest number of ignitions occurring during monsoon season (Swetnam et al. 2001). 

Tree-ring fire scar records from the Chiricahuas demonstrate that nearly half (43%) of 

the fires are recorded only on single trees, and are frequently interpreted as small 

lightning fires burning less than several hectares (Swetnam 2005). Longer fire-free 

periods, possibly in conjunction with favorable climatic conditions (Fulé and Covington 

1997) may provide a crucial window for individual plants or cohorts to germinate and 

grow to maturity or to fire resistant states (Swetnam et al. 2001; Barton et al. 2001).  

Various canyon sites in the Chiricahuas record cessation of widespread fires at 

different times in the late 1800s, with the last widespread fire occurring in Pine 

Canyon in 1876, in Rhyolite Canyon in 1886, and Rustler Park in 1892 (Swetnam et al. 

2001). Other than a 1917 fire recorded in multiple canyons, and a smaller fire in 1953 

recorded at several sites, few widespread fires occurred in the Chiricahuas in the 

1900s prior to the 11,130 ha 1994 Rattlesnake Fire (Morino et al. 2000). Between 

1994 and 2011, when nearly the entire Chiricahuas burned in the 90,226 ha Horseshoe 

2 Fire (Figure 1), the only fires that occurred were several prescribed burns in upper 

pine-oak and lower mixed conifer forests.  
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Figure 1: Sampling locations within the Rattlesnake and Horseshoe 2 Fires in the Chiricahua Mountains, 
Arizona, USA. The 2011 Horseshoe 2 Fire (90,226 ha) burned nearly the entire mountain range , while the 
smaller 1994 Rattlesnake Fire burned 11,130 ha at the crest of the Chiricahuas. RMRS plots refer to 
vegetation sampling points monitored by the USDA Forest Service Rocky Mountain Research Station (Ganey 
et al. 2017), data from which are used in this study.  
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Sampling and Vegetation Measurements; Data Processing 

We conducted nondestructive vegetation measurements in the summers of 2013, 

2014, and 2015 within 0.1 ha (17.85 m radius) circular plots (N = 169). Sampling sites 

were located in the Coronado National Forest, within the perimeters of the two recent 

large, mixed-severity wildfires: the 1994 Rattlesnake Fire and the 2011 Horseshoe 2 

Fire (Figure 1). We used soil burn severity imagery accessed through the Monitoring 

Trends in Burn Severity (MTBS) program (MTBS.gov) to situate sampling locations 

using the delta Normalized Burn Ratio (dNBR), which is a refinement of Normalized 

Burn Ratio (NBR) (Miller and Yool 2002). NBR is an index of vegetation health that 

quantifies healthy vegetation (high reflectance in the near-infrared spectrum) 

compared to burned areas (high reflectance in the shortwave infrared spectrum) using 

the equation NBR = (NIR-SWIR)/(NIR+SWIR) (Key and Benson 1999). To identify fire 

effects and assign severity classifications, dNBR compares NBR values from pre-fire 

and post-fire images, differentiating post-fire vegetation from pre-fire vegetation: 

dNBR = NBRpre-fire – NBRpost-fire (Lentile et al. 2006; Miller and Thode 2007; Parks et al. 

2014a; MTBS.gov). 

Sampling locations were situated in three distinct vegetation types: Madrean Lower 

Pine-Oak Forest and Woodland; Madrean Upper Conifer-Oak Forest and Woodland; 

and Southern Rocky Mountain Dry-Mesic Montane Mixed Conifer Forest and Woodland 

(Malusa et al. 2013; Arizona FireScape 2015). These vegetation types correspond 

roughly to LANDFIRE Existing Vegetation Type (EVT) classifications of Madrean Lower 

Pine-Oak Forest and Woodland and Southern Rocky Mountain Dry-Mesic Montane 

Mixed Conifer Forest and Woodland, with the major refinement being a differentiation 

between upper and lower pine-oak (Malusa et al. 2013). The principle distinction 

between the mapped vegetation types used in this study and LANDFIRE EVTs is that 

Madrean Upper Conifer-Oak Forest and Woodland contains >50% Douglas-Fir and 

large pines but is otherwise similar in species assemblages as Madrean Lower Pine-

Oak Forest and Woodland, albeit in different relative abundances (LANDFIRE 2015). 

For purposes of simplicity, the three vegetation types are referred to henceforth as 
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“Lower Pine-Oak,” “Upper Pine-Oak,” and “Mixed Conifer.” Additional information on 

sample locations is found in Table A-1, Appendix A.  

In each vegetation type we constructed a two-way fire severity factorial of the 1994 

Rattlesnake and the 2011 Horseshoe 2 Fires (Table 1). Each cell in the factorial has at 

least three replicates of fire severity combinations. Sampling plots were located near 

the center of large patches created by both fires (at least 1 ha) to minimize edge effects. 

Topographic variables such as slope, elevation, aspect, or slope position were not used 

to site sampling locations, and these variables are not systematically biased by 

topographic position (Figure A-1, Appendix A).  

 

 

  

Lower Pine-Oak Forest and Woodland 

 Horseshoe 2 Fire 

Rattlesnake 
Fire 

Severity U L M H 

U 5 11  14 7 

L 3 9 7 3 

M 3 3 3 3 

H 3 3 3 3 

Upper Pine-Oak Forest and Woodland 

 Horseshoe 2 Fire 

Rattlesnake 
Fire 

Severity U L M H 

U 5 9 4 4 

L 3 3 3 3 

M 3 3 3 3 

H 3 3 4 4 

Montane Mixed Conifer 

 Horseshoe 2 Fire 

Rattlesnake 
Fire 

Severity U L M H 

U 3 3 3 5 

L 3 5 5 3 

M 3 4 3 3 

H 3 3 6 3 
Table 1: Sampling density across multiple mixed-severity fire events and three vegetation types. Replicates 
for vegetation type and fire severity combinations are indicated in the grid cells. Sample sizes indicated 
include plots measured in 2013-2015, as well as 2015 remeasurements of RMRS plots established in 1991. 
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Within each plot, we measured the diameter of every tree > 4.0 cm at breast height 

(DBH; 1.37 m); alternative diameter measurements were taken at stump height (0.5 m) 

and at root crown (basal flare of the bole) for trees that could not yield an accurate 

DBH measurement because of decay or char. Trees were evaluated by condition class: 

Live (Excellent, Good, Fair, Poor) or Dead (Standing/Fallen/Stump; Fine Foliage 

present, Bark present, Limbs present, Bole present, Rotten). Shrub canopy cover was 

determined by calculating ellipses from measurements of the major and minor axis of 

each shrub patch to the nearest 0.1 m (Minor et al. 2017). Tree regeneration was 

tallied for tree species less than 4.0 cm DBH. Vegetation was identified by species, with 

the exception of taxonomically difficult Rubus spp., as well as less frequently 

encountered Echinocereus and Agave species. Bunchgrass cover was measured, but 

grass species were not identified.  

To expand the available vegetation data, we added data from 32 pre-existing plots 

sampled in 2015 by the USDA Forest Service Rocky Mountain Research Station (RMRS) 

in addition to the 169 plots described above (n = 201 total plots). The RMRS transects 

were established in 1991 to monitor neotropical migratory birds, and are randomly 

located and oriented (Ganey et al. 2017); the RMRS plots fall heavily within Lower 

Pine-Oak, and many lie outside the perimeter of the 1994 Rattlesnake Fire (Table 1; 

Figure 1). The measurement protocol for the RMRS plots is identical to that used in this 

study, with the difference that trees were defined as ≥ 10 cm and were measured to the 

nearest centimeter, and shrub stems were counted rather than measuring canopy 

cover (Ganey et al. 2017; Minor et al. 2017). RMRS plots were evaluated using MTBS 

satellite imagery for 1994 Rattlesnake Fire and 2011 Horseshoe 2 Fire severity, and 

were classified into the appropriate fire severity and vegetation type combinations 

(Table 1). Three of the RMRS plots sampled in 2015 lie outside the Horseshoe 2 Fire 

perimeter but are within the 2010 Horseshoe Fire perimeter and were classified by 

burn severity using MTBS, as described above.  

To reduce the effect of outlier values and to increase the detectability of database-rare 

species, we relativized and normalized species plot data. Relativization and 

normalization of vegetation measurements provides a balance between measures that 
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are influenced by large numbers of individuals or by smaller numbers of large 

individuals (Curtis and McIntosh, 1951). Because of the differential responses to fire 

effects exhibited by various species encountered in this study, data relativization 

provides a suitable basis for comparison of vegetation across ecological gradients. As 

species encountered in sampling plots occur in multiple growth forms, species data 

were differentiated by structural or demographic type as they were collected (tree, 

shrub, or regeneration). Tree species plot data were relativized and normalized by 

calculating Importance Values (IVs), the average or two or more relativized factors 

measured or calculated from plot data (McCune and Grace 2002). IVs provide a useful 

metric for vegetation analyses because the calculations balance the effects of relative 

dominance, relative density, and frequency (McCune and Grace 2002). For tree species, 

we calculated IVs using plot-based measures of relative dominance and relative 

density. Relative dominance is derived from diameter measurements taken at nominal 

breast height (1.37 m) or regressed to breast height from stump height (0.50 m) or 

root crown (at the basal flare of the bole) diameter measurements at 0.1 cm precision. 

Relative dominance is expressed as a ratio of the basal area of any tree species as a 

proportion of the total basal area of all species contained in the plot. DBH values were 

converted to basal area values by multiplying diameter values (cm) by 0.00007854 to 

obtain basal area in m2 (Curtis 1982). Relative density is the ratio of the density of 

individuals of a species as a proportion of the number of all individuals of all species 

contained in any given plot. IVs are calculated by adding the relative dominance and 

relative density for each species in the plot, and dividing by two.  

To differentiate trees from regeneration, we relativized and normalized the number of 

tree seedlings and saplings (DBH < 4.0 cm) separately from trees (DBH ≥ 4.0 cm). We 

calculated species regeneration dominance by summing the total seedling and sapling 

tally within each plot, and dividing each species total by the plot total.  

For shrub species, we relativized and normalized shrub canopy cover at the plot level, 

with species dominance calculated by summing the cover measurements for each 

species present in the plot and dividing by the total cover area of the plot. Because 

shrub cover measurements lack a frequency measure (patches do not necessarily 
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represent individual shrubs), we could not calculate IVs for shrub species. In the case 

of data provided by the RMRS, we relativized shrub data using stem counts rather than 

shrub canopy area.  

Plot-level normalization and relativization was also conducted on combinations of 

plant structural types (e.g., trees and shrubs), to test post-fire effects on different 

components of the vegetation. In these cases, the plant functional types (described 

below) were summed separately for structural type (trees, shrubs, and regeneration) 

within every plot, and then divided by the number of those structural types present in 

any given plot. 

 

Vegetation Classification, Ordination, and Analysis 

We classified the species encountered in sampled plots according to a suite of fire-

relevant plant functional traits (Table 2; Appendix B). Within broad taxonomic groups 

(gymnosperm, angiosperm, pteridophyte, or angiosperm monocot), species were 

categorized by their post-fire reproductive strategy, as identified by species-level 

reviews in the Fire Effects Information System (FEIS (https://www.feis-crs.org/feis/)). 

Species were classified as post-fire seeders, post-fire resprouters, or post-fire 

facultative seeders (a regeneration strategy combining seeding and resprouting) 

(Ackerly 2004, Clarke et al. 2013). Species were then classified by seasonal leaf 

retention as either deciduous or evergreen, and then by fire tolerance, as identified 

using FEIS reviews. Groups of species classified by plant functional type were then 

coded by their structural characteristic (tree, shrub, or tree regeneration) to 

differentiate the separate structural types. This categorization allows for comparison 

of species (grouped as plant functional types) even as they occur in different forms 

(tree or regeneration; tree or shrub), and allows for tests of differential post-fire effects 

on vegetation structure and function. These plant functional type codes are used in plot 

analyses, and function as species in the ordination analysis described below and 

associated Figures.  

 

https://www.feis-crs.org/feis/
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Division Post-Fire 

Reproduction 

Leaf 

Retention 

Fire 

Tolerance 

Structure Plant 

Functional 

Type Code 

Gymnosperm 

Seeder Evergreen 

High 

 

Tree gSdtol_t 

Regen gSdtol_r 

Low 
Tree gSdint_t 

Regen gSdint_r 

Resprouter Evergreen High 
Tree gSptol_t 

Regen gSptol_r 

Angiosperm 

Seeder 

Deciduous 
High Shrub aSDtol_s 

Low Shrub aSDint_s 

Evergreen 
High Shrub aSEtol_s 

Low Shrub aSEint_s 

Facultative 

Seeder 

Deciduous High 
Tree aFDtol_t 

Shrub aFDtol_s 

 Low Shrub aFDint_s 

Evergreen 
High 

Tree aFEtol_t 

Shrub aFEtol_s 

Low Shrub aFEint_s 

Resprouter 

Deciduous 

High 

Tree aPDtol_t 

Shrub aPDtol_s 

Regen aPDtol_r 

Low 

Tree aPDint_t 

Shrub aPDint_s 

Regen aPDint_r 

Evergreen 

High 
Tree aPEtol_t 

Shrub aPEtol_s 

Low 
Tree aPEint_t 

Shrub aPEint_s 
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Angiosperm 

monocot 
Resprouter N/A High Shrub Grass_s 

Pteridophyte Resprouter N/A High Shrub Pterid_s 

Table 2: Plant functional types derived for the 62 species encountered in this study. The species that 
comprise each plant functional type are listed in Appendix B. Species scientific names, authority, and codes 
are found in Appendix C. Plant functional type codes read as follows: in the first character, a = angiosperm; 
g = gymnosperm. For gymnosperms, in the second and third characters, Sd = post-fire reseeder; Sp = post-
fire resprouter. For gymnosperms, the 4th-6th characters represent fire tolerance: tol = fire tolerant; int = 
fire intolerant. Following the underscore (_), t = tree; r = regeneration. For angiosperms, the second 
character describes post-fire regeneration strategy: S = post-fire reseeder; F = post-fire facultative seeder; 
and P = post-fire resprouter. The fourth character represents seasonal leaf retention, with D = deciduous 
and E = evergreen. Fire tolerance for angiosperms is coded the same as described above for gymnosperms. 
Structural form is denoted in the final character, with t = tree; s = shrub, and r = regeneration.  

Sampling plots and species grouped into plant functional types were analyzed using 

nonmetric multidimensional scaling (NMS) in the PC-ORD software package (McCune 

and Mefford 2011). Because NMS does not require statistical assumptions about data 

form, it is appropriate for heterogeneous datasets that contain a mixture of abundant 

and rare species (Clarke 1993; McCune and Grace 2002). Ordinations were run for 

combinations of plant structural types, and include Tree x Shrub x Regeneration; Tree 

x Regeneration; Tree x Shrub, and Shrub x Regeneration. These combinations of plant 

structural types are designed to test questions of post-fire effects on different 

components of the vegetation. NMS ordinations were performed using the Sörensen 

(Bray-Curtis) distance measure, which is recommended for community data (Bray and 

Curtis 1957; Blasi et al. 2010; McCune and Grace 2002; Ricotta and Podani 2017); ties 

in the distance matrix were not penalized, which reduces stress in the ordination 

distances but does not alter the final ordination configuration (McCune and Mefford 

2011). Ordinations were evaluated on the basis of variance explained, which evaluates 

the quality of data reduction performed by the ordination. To evaluate whether species 

assemblages differed in plots with varying fire severity sequences, we evaluated the 

degree of overlap and distance between convex hull centroids for sampling plots coded 

by vegetation type. Evaluations of the percent of variance in the ordination distance 

matrix were performed using the same distance matrix as that of the ordination. PC-

ORD rotates the principal axes such that each axis is orthogonal (statistically 

independent) of the other axes and produces graphs of the axis pairs that best explains 



164 
 

trends in the data (McCune and Mefford 2011). In these ordination plots, the axes 

represent variable species ordination space corresponding to the plant functional type 

groups found in the sampled plots.  

Following ordination analysis, we determined differences among vegetation types 

using PC-ORD’s Multiple Response Permutation Procedure (MRPP) (Biondini et al. 

1988; McCune and Mefford 2011). MRPP is a nonparametric method useful for testing 

multivariate difference among pre-defined groups. The MRPP test statistic indicates 

whether average within-group distance exceeds expected distances. We used MRPP-

derived test statistics and p-values to evaluate whether vegetation types differ 

significantly from each other.  

To provide detailed relationships between the individual data points (plant functional 

types and sampling plots defined as a combination of fire severities), we used Two-way 

Cluster Analysis (Blasi et al. 2010; McCune and Mefford 2011). Two-way Cluster 

Analysis produces dendrograms of both the rows (sampling plots) and columns (plant 

functional types) based on their similarities, and provides a graphical display of 

similarities and differences among groups. Basal branches indicate similarity; lower 

rates of information remaining indicate relative difference among groups. Plant 

functional group presence in plots is displayed using percentiles, which provides a 

visual display of dominance of various plant functional types.  

 

Results 
Vegetation Type 

Vegetation types used to position sampling locations (Figure 1; Table 1) segregated in 

ordination space (Figure 2). Convex hulls show that Mixed Conifer plots differed from 

most Pine-Oak plots, especially Lower Pine-Oak. Upper Pine-Oak plots reflected an 

intermediate elevation and community position between Lower Pine-Oak and Mixed 

Conifer. Ordination of Lower Pine-Oak and Upper Pine-Oak plots using all three plant 

functional groups (trees, seedlings, shrubs) shared a high degree of overlap in species 

ordination space, but MRPP test statistic and p-values indicate that the vegetation 



165 
 

types are significantly different. Axis 1 has a strong correlation with bracken fern (r = 

0.50), which occurred infrequently in Lower Pine-Oak and was relatively uncommon in 

Upper Pine-Oak, but common in Mixed Conifer. The opposite end of Axis 1 is correlated 

strongly with resprouting gymnosperm trees such as Chihuahua Pine and Alligator 

Juniper (r = -0.63), and evergreen sprouting shrubs and trees such as the Madrean oaks 

and beargrass (Nolina microcarpa) and Rhamnus species (r = -0.63 (shrubs); r = -0.53 

(trees)).  

Upper Pine-Oak and Mixed Conifer overlapped to a lesser degree, while Lower Pine-

Oak and Mixed Conifer plots shared the least overlap, largely because some Mixed 

Conifer species did not occur in Lower Pine-Oak, and some xeric-affinity species were 

either absent or very uncommon in Mixed Conifer. Axis 1 reflects a strong influence 

from elevation (r = 0.67), and Axis 2 represents a gradient in plant functional types 

with positive response from gymnosperm regeneration and gymnosperm trees (r = 

0.69 & 0.45), and strong negative response from sprouting angiosperm shrubs (r = -

0.59) and regeneration (r = -0.42).  
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Figure 2: Sampling plots displayed by vegetation type. 1=Lower Pine-Oak (red outline); 2= Upper Pine-Oak 
(green outline); and 3=Mixed Conifer (blue outline). Sampling plots are graphed as unlabeled triangles, and 
are color coded by vegetation type. To aid visual interpretation, ordination graphs contain convex hulls 
enclosing plots coded by vegetation type. Convex hull centroids are plotted onto the ordination graphs, and 
plant functional types are plotted as dots. Vegetation types have distinct plot centroids in species ordination 
space, indicating that vegetation assemblages measured in the plots are distinct. Mixed Conifer and Lower 
Pine-Oak share little overlap in species ordination space, while the two Pine-Oak vegetation types share 
considerable overlap but are statistically distinct. 
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Sequences of disturbance severity influence vegetation communities 

Plots in unburned and low severity areas, particularly those that were unburned in 

both of this study’s fires, segregated strongly from plots with combinations of 

moderate and high severity (Figure 3). Unburned-unburned plots occupied the lowest 

position on Axis 3, and cluster near plots that were unburned or experienced low 

severity fire in 2011. Axis 3 has high positive correlations with bracken fern (r = 0.39), 

bunchgrass (r = 0.34), and evergreen sprouting angiosperm shrubs such as Madrean 

oaks (r = 0.40) and negative correlations with sprouting evergreen angiosperm trees 

(Madrean oaks; r = -0.41) and fire-tolerant seeding gymnosperm regeneration such as 

Arizona, ponderosa, and Apache pine, Douglas-fir, and pinyon (r = -0.40). Many of the 

plots clustered at the lower end of Axis 3 underwent low or moderate severity fire in 

1994, but some 1994 high and moderate severity plots (41, 32, 31) showed greater 

similarity to plots that recorded repeated low-severity fires than to recent high-

severity burn plots. Repeated high severity fire (33, 34, 42, 43, 44 *4) produced plots 

that do not cluster closely with any others; the plant functional type assemblages and 

structural types differ from plots that recorded lower severity combinations. 

Moderate-moderate, moderate-high, and low-high severity sequence plots (33, 43, 24) 

clustered together because of large components of bracken fern, bunchgrass, and 

sprouting evergreen angiosperms such as Madrean oaks and beargrass and agaves, 

yuccas, and madrone shrubs in the vegetation community (Figure 3).  

Ordination of all vegetation demographic types (trees, shrubs, and regeneration) 

segregated into two large general groupings of fire severity: plots with high- and 

moderate-severity fire, and plots that were primarily low severity and unburned. 

Within this larger clustering, only the sequence of high-unburned followed a different 

pattern. Repeated low and moderate severity fire clustered with the less severe fire 

sequences, and repeated moderate severity fire ordinated with antecedent and recent 

high severity fire.  

The sequence of disturbance severity in the two fires had a strong influence on 

vegetation communities after the 2011 fire. Plots recording high severity fire in 1994 

that reburned under low, moderate, or high severity (42, 43, 44) contain similar 



168 
 

vegetation communities, while plots with 1994 high severity fire that went unburned 

in 2011 produced vegetation communities that ordinated similarly to plots 

experiencing low and moderate severity disturbance. High-unburned (41) plots 

clustered most closely with unburned-low (12) severity plots, and shared substantial 

similarity with plots with unburned-moderate, low-moderate, and low-low fire 

severity sequences (13, 23, 22) (Figure 3). Similarly, plots with low severity in 2011 

formed a diffuse cluster, regardless of antecedent fire severity, and co-occurred with 

plots representing low-low (22), unburned-low (12), unburned-moderate (13), low-

moderate (23), and moderate-low (32) severity fire. Plots with 1994 high severity (4*) 

clustered strongly together, with the exception of high-unburned (41).  

 

Figure 3: Centroids of fire severity combinations; the first term refers to the 1994 Rattlesnake Fire, and the 
second to the 2011 Horseshoe 2 Fire. 1=Unburned; 2=Low; 3=Moderate; 4=High. Unburned-unburned (11) 
plots and High-High (44) burned plots occupied non-overlapping areas of this species ordination space. 
Unburned-unburned plots clustered closest with plots that were unburned in the 2011 Horseshoe 2 Fire or 
received relatively low combinations of burn severity.  
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Unburned plots (11), located at the upper end of Axis 2 and the lower end of Axis 3, 

showed differences in species assemblages. These plots contained greater proportions 

of deciduous and fire-intolerant shrub and tree species, relatively smaller proportions 

of fire tolerant seeding and sprouting species, and much lower occurrence of 

bunchgrass and ferns. Unburned areas typically supported monopodial oaks, and did 

not show evidence of type conversion from forest to grass or fern meadow. 

 

Type conversion from forest to shrubfield 

Repeated burning resulted in changes in the structure of vegetation communities. In 

Lower Pine-Oak plots (Figure 4.a), recent high severity fire (*4) clustered at one end of 

Axis 1, with plant functional types represented by shrub growth forms in species that 

can occur as trees or shrubs. Recent high severity fire was also characterized by 

resprouting evergreen angiosperm species, mostly Madrean oaks with strong 

correlations with Axis 1 (r = 0.86), and chaparral species (evergreen angiosperm 

seeders) such as manzanita and Fendler ceanothus (r = 0.48). High severity fire was 

negatively associated with the plant functional group that contains sprouting 

gymnosperm species such as alligator juniper and Chihuahua Pine, which occupy the 

other extreme of Axis 1. Sequences of unburned, low, and low-moderate/moderate-low 

severity fire did not promote shrub dominance; these fire sequences were 

characterized by resprouting gymnosperm trees, fire tolerant sprouting angiosperm 

trees, and fire-intolerant deciduous angiosperms.  
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Figure 4: Effects of multiple fires on structural components of vegetation assemblages. 1=Unburned; 
2=Low; 3=Moderate; 4=High severity. Clustering of plot centroids shows that in all three vegetation types, 
combinations of moderate and high severity fire promoted structural shifts in vegetation, in particular 
transitions from tree to shrub dominance.  

In Upper Pine-Oak, plots that underwent repeated high and moderate severity fire (*4, 

33, 43) formed a cluster along Axis 2, which represents a gradient of dominance by a 

variety of fire-tolerant sprouting (r = 0.49) and seeding (r = 0.45) angiosperm shrubs 

(Figure 4.b). The other pole of Axis 2 is correlated negatively with grass (r = -0.66) and 

gymnosperm trees (r = -0.64), which are favored by combinations of moderate, low, 

and no fire. Sequences of high and moderate severity fire ordinates with a range of 

sprouting and seeding angiosperm shrubs. High-moderate, moderate-moderate, and 

moderate-high severity combinations clustered closely with facultative seeding fire 

tolerant angiosperm trees. Bunchgrass was situated on Axis 2 near the centroids for 

high-low and high-unburned fire severity combinations.  
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In Mixed Conifer, plots with recent high severity fire (*4) clustered at one pole of Axis 

2, which represents sprouting and facultative seeding angiosperm shrubs (aFDtol_s r = 

-0.49; aPDtol_s r = -0.20), bracken fern (r = 0.31), and bunchgrass (r = -0.13) (Figure 

4.c). Unlike in Pine-Oak ecosystems, sequences of moderate severity fire clustered 

closely with low-moderate, moderate-unburned, and low-low fire severity 

combinations. Unburned-unburned plots (11) had little overlap with other fire severity 

combinations, mostly because of strong positive response of seeding gymnosperm 

trees (r = 0.88), and low occurrence (<20% dominance) of shrub plant functional types.  

 

Shifts in proportional abundance by fire severity sequence 

Similar patterns of ecosystem dominance by trees and shrubs reflected in changing 

proportional abundances of major structural types (gymnosperm tree, angiosperm 

tree, angiosperm shrub, grass, and fern) was observed following repeated fire (Figure 

5; Appendix D). Pine-oak ecosystems have the greatest shrub component regardless of 

fire severity, as seen in the unburned and low severity (unburned-unburned, low-

unburned, unburned-low, and low-low) plots. In Lower Pine-Oak, recent high severity 

fire and repeated moderate severity fire plots were dominated by shrub growth forms, 

with angiosperm trees (largely from sprouting species) contributing a consistently 

important component of the vegetation and conifers essentially absent (Figure 5.c). 

High severity fire, regardless of prior fire severity, produced ecosystems that are as 

much as 80-90% shrubs. Grass and fern never dominated Lower Pine-Oak plots, rarely 

achieving more than 20% proportional dominance even after repeated high severity 

fire. Grass cover was highest under conditions of repeated low and moderate severity 

fire, as well as when high severity fire was followed by low severity fire or the plot did 

not reburn. Gymnosperm trees never dominated the vegetation type (proportional 

dominance 0-49.2%); the greatest presence of gymnosperm trees was after repeated 

moderate severity fire, as well as combinations of low, moderate, and unburned. 

Gymnosperm trees were absent or very nearly so for all plots that experienced high 

severity in either 1994 or 2011, with the exception of evidence of recovery after the 

high-unburned severity sequence.  
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Upper Pine-Oak showed largely the same pattern of dominance by angiosperm shrubs 

as Lower Pine-Oak, but with angiosperm trees less dominant in the ecosystem (Figure 

5.b). Gymnosperm trees were more proportionally abundant in this vegetation type, 

and were consistently present in combinations of unburned, low, and moderate 

severity fire. As in Lower Pine-Oak, gymnosperms were absent from all plots that 

experienced high severity in either fire, with the exception of recovery after high-low 

and high-unburned fire severities. As with Lower Pine-Oak, high severity fire could 

produce plant assemblages that are as much as 90% angiosperm shrubs, regardless of 

antecedent fire severity. Shrubs dominated all plots with high severity in 1994, 

indicating a persistent vegetation transition, but were less abundant in other moderate 

and low severity Upper Pine-Oak plots. Bunchgrass was a more important component 

of Upper Pine-Oak communities (2.1-73.6%), but showed no consistent pattern across 

fire severity combinations. Bunchgrass cover was highest in plots following recent low-

severity fire (high-low = 73.6%; moderate-low = 24.2%; low-low = 42.8%; unburned-

low = 11.4%) and generally lowest in recently unburned plots when those plots were 

compared to other fire severities with the same antecedent severity (unburned-

unburned = 2.1%; low-unburned = 3.4%; moderate-unburned = 10.9%; high-unburned 

= 29.2%). 

Mixed Conifer plots contained up to 51.6% of bracken fern following repeated high and 

moderate severity disturbance and after single high-severity events, but bracken fern 

was present in Mixed Conifer plots even at low fire severity combinations (Figure 5.a). 

Shrub growth forms were dominant or co-dominant with grasses or bracken fern after 

high and moderate severity fire, and largely represent post-fire seeding species such as 

gooseberry and elderberry, although sprouting species such as mountain mahogany, 

snowberry, locust, and Gambel oak contribute to this dominance. At low and unburned 

fire severities, gymnosperm trees were consistently a large fraction (25-50%) of the 

mixed conifer vegetation type. Gymnosperms did recover under sequences of 

moderate and high severity fire (moderate-moderate =47.1%; high-moderate = 25%; 

moderate-high = 16.7%) except for repeated high severity events (0% dominance). 

Angiosperm trees were relatively uncommon compared to Lower Pine-Oak and Upper 
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Pine-Oak (range 0-30.1%), with the highest abundances occurring in high-unburned 

(30.1%), low-moderate (15.0%), and moderate-low (10.2%) severity plots. 

 

Figure 5: Forest structural type responses to sequences of fire severity in (a) Mixed Conifer, (b) Upper Pine-
Oak, and (c) Lower Pine Oak plots. Severe disturbance, and repeated high and moderate disturbance, 
shifted communities into shrub, grass, and fern structural types. X-axis abbreviations represent fire severity 
sequences of the 1994 Rattlesnake Fire and the 2011 Horseshoe 2 Fire: H = high; M = moderate; L = low; 
and U = unburned. Thus HH = high-high; MH = moderate-high, etc. Plot variation by fire severity sequence is 
displayed in Appendix D. Legend items refer to plant functional groups, with subscripts denoting tree or 
shrub form. Grass_s is bunchgrass; bracken fern is Pterid_s; gymnosperm trees are gym_t; angiosperm trees 
are ang_t; and angiosperm shrubs are ang_s. Tree regeneration was not included in this figure. Recent high 
severity fire shifts Pine-Oak vegetation types towards shrub dominance, and shifts Mixed Conifer towards 
grass and fern meadows. Sequences of unburned, low, and moderate severity fire do not considerably alter 
the balance of trees and shrubs.  
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Fire severity effects on trees and regeneration 

Sequences of mixed severity fire had different effects on ordinations of trees and 

regeneration compared to ordinations of trees and shrubs. As with analysis of 

ordinations of shrub cover and tree basal area, the effects of multiple mixed severity 

fire on tree basal area and regeneration differed by vegetation type. In Mixed Conifer 

forests (Figure 6.a), recent high severity fire (*4) was situated on one end of Axis 1 and 

correlated strongly with deciduous sprouting angiosperms, such as maple and quaking 

aspen (r = -0.72). Recent high severity fire did not cluster tightly, indicating a range of 

vegetation responses by life stage to high severity disturbance. Recent high severity 

fire, regardless of prior disturbance severity, was characterized by regeneration rather 

than tree survivorship, particularly among sprouting angiosperms and seeding and 

sprouting gymnosperms. Regeneration of any plant functional type was located on the 

left end of Axis 1 (-0.72 ≤ r ≤ 0.09), as were the centroids for plots with 1994 or 2011 

high severity fire. Recent unburned areas had a range of species responses and did not 

ordinate in a single cluster, and were driven by tree dominance rather than 

regeneration (Axis 1 tree range 0.84 ≤ r -0.12). Plots with high-unburned fire 

sequences ordinated with sprouting deciduous angiosperm trees such as box elder, 

ash, and walnut, while low-unburned plots ordinated with deciduous sprouting 

angiosperms such as mountain mahogany and Gambel oak and by fire intolerant 

gymnosperm seeders such as white pine, white fir, Engelmann spruce, and one-seed 

juniper (r = 0.33). Other tree plant functional types clustered with sequences of 

unburned, low, and moderate severity fire.  
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Figure 6: NMDS ordinations of postfire trees and regeneration in (a) Mixed Conifer, (b) Upper Pine-Oak, and 
(c) Lower Pine Oak plots. Centroids of fire severity combinations; the first term refers to the 1994 
Rattlesnake Fire, and the second to the 2011 Horseshoe 2 Fire. 1=Unburned; 2=Low; 3=Moderate; 4=High. 
Clusters of fire severity sequence centroids display similar ordinations of plant functional types and 
structural types, while dispersion of centroids suggests differences in post-fire structural or functional 
types.  
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Pine-oak forests showed different response from Mixed Conifer. Pine-Oak forests had 

less spread in ordination of fire severity sequences and plant functional types than 

Mixed Conifer. In Upper Pine-Oak, nearly all plot types clustered together, and no 

obvious pattern in fire severity sequences emerged (Figure 6.b). Most plot types 

clustered in the center of ordination space, as did many of the plant functional types 

and structural types. In Lower Pine-Oak, fire severity sequences still clustered more 

tightly than in Mixed Conifer, but a stronger pattern emerged in ordination space 

(Figure 6.c). Recent high severity fire plots (*4) clustered, as did plots with a sequence 

of high and moderate severity followed by low or unburned (4*, 31). Repeated 

unburned, low, and moderate severity fires were situated in the center of ordination 

space. Angiosperm and gymnosperm sprouting was represented strongly in Pine-Oak 

forests, and fire severity influenced the relative dominance of tree basal area versus 

regeneration tallies. After recent high severity fire, Mixed Conifer plots contained low 

basal area of tree survivorship, and were dominated by sprouting angiosperm and 

gymnosperm seedlings. With sufficient time for recovery, high and moderate fire plots 

contained fire intolerant gymnosperm and angiosperm trees, such as white fir and 

Gambel oak. Repeated low and moderate severity fire ordinated with tree-form plant 

functional types, as well as fire intolerant, obligate post-fire seeding gymnosperm 

regeneration.   

 

Discussion 
Vegetation Type 

Vegetation types provide useful analytical categories that can be compared to existing 

data sets and incorporated into modeling efforts. The similarities between the 

vegetation types used in this study and LANDFIRE EVTs (Malusa et al. 2013) facilitate 

useful comparison of previously published work on fire effects in these systems as well 

as forward modeling of ecological recovery, changes to fuel complexes, and likely fire 

behavior under a range of possible conditions.  

The vegetation types used to define sampling locations differ across species ordination 

space, which supports separate analysis of post-fire effects and ecological trajectories 
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by individual vegetation type (Figure 2). Typical of many Madrean systems, the forests 

analyzed in this study are species rich; we identified 62 species in our sampling plots, 

of which 32 (52%) were trees, 28 (45%) were shrubs and two (3%) were bunchgrass 

and bracken fern. Many of these species, however, are fairly rare in the dataset and do 

not occur in many plots. Large numbers of dataset-rare species can cause mathematical 

difficulties in nonmetric multidimensional scaling, and obscure patterns in post-fire 

species response (Swan 1971; Wharton et al. 2012). This is particularly true when 

species are further split into structural categories (tree, shrub, regeneration), which 

has the effect of increasing the number of absent records (zeros) in the dataset. For this 

reason, we combined species into plant functional types (Table 1; Appendix B). 

Taxonomic species show even sharper differences between vegetation types in 

ordination space than species grouped into plant functional types, because some 

taxonomic species occur in only one or two vegetation types; 35 species occur in all 

three vegetation types analyzed in this paper, but many of those only occur 

infrequently (often in only one plot) at the upper or lower range of their distribution. 

Nine species occur in only a single vegetation type, and 18 occur in two vegetation 

types. For this reason, taxonomic species grouped into plant functional types tend to 

collapse differences between vegetation types, as species that occur in only one 

vegetation type may be grouped with species occurring only in another vegetation 

type, which has the effect of decreasing the distances between plant functional types in 

ordination space (Figure 2). Nevertheless, vegetation types show consistent 

differences, especially Lower Pine-Oak and Mixed Conifer, which justifies separate 

analysis of post-fire structural changes by vegetation type.  

 

Sequences of disturbance severity influence vegetation communities 

Repeated high-severity fire produces vegetation assemblages and structural forms that 

differ fundamentally from less severely burned areas. In species ordination space 

(Figure 3), plots experiencing repeated high-severity fire segregate clearly from plots 

with high severity followed by low- and mixed-severity fire exposure. Repeat high 

severity plots rarely contain live trees, although fast-growing quaking aspen can 



182 
 

achieve that diameter in a matter of years, and often represent some of the only living 

trees in repeated high-severity plots. Repeated moderate and high severity fire 

promotes dominance by bunchgrass and bracken fern, and increases the abundance of 

shrub growth form, especially fire tolerant Madrean oaks, chaparral species such as 

manzanita and Fendler ceanothus, and post-fire facultative seeding shrubs (Figure 3).  

The sequence of fire severity has implications for post-fire vegetation community 

composition. Regardless of antecedent severity, sufficient recovery time (decades) in 

Madrean forests produces vegetation assemblages that are substantially similar in 

plots that recorded various combinations of unburned, low, and moderate severity fire 

(Figure 3). In contrast, recent high-severity plots with antecedent unburned, low, and 

moderate severity fire more closely resemble moderate-moderate severity plots than 

they do high-high severity plots, suggesting that repeated high severity disturbance 

alters recovery trajectories. Lower-severity disturbance following high severity fire 

can produce vegetation communities that ordinate similarly to areas that recorded low 

and moderate severity disturbance. This suggests that Madrean forested ecosystems 

have a degree of post-fire resilience to high-severity disturbance, provided that the 

following disturbance severity is less severe.   

Unburned areas differ from plots experiencing repeated moderate and high severity 

fire in the structural features of its vegetation community. Madrean oak species are 

frequently a dominant component of vegetation assemblages (Fulé and Covington 

1998; Barton 1999), especially in Upper and Lower Pine-Oak systems. In unburned 

areas, these species tend to occur as trees rather than shrubs, indicating that with 

sufficient periods of time between disturbance, arboreal growth forms can come to 

dominate (Minor et al 2017). Our data cannot distinguish between Madrean oak trees 

that germinated from seed versus those that sprouted following prior disturbance, but 

in many unburned locations, growth form suggests that the oaks established from seed. 

Some unburned plots show evidence of self-pruning among oak trees, with smaller-

diameter stems emerging from the root crown, and occasional smaller dead stems still 

extant. Many unburned oaks, however, have a single large-diameter stem and do not 

show evidence of having emerged from a thicket of post-disturbance resprouts. In the 
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absence of repeated disturbance, the recovery trajectory of resprouting species 

remains somewhat unclear, in particular whether resprouting oak shrub patches will 

ultimately convert to large-diameter overstory trees, or will remain in shrub form. It 

seems evident that long fire-free periods promote the germination of tree species, 

which can grow to overstory canopy position, but the long-term successional trajectory 

of shrub patches is unclear.  

 

Type conversion in Lower Pine-Oak 

Ordination of tree and shrub structural types in Lower Pine-Oak demonstrates that 

recent high severity fire clusters away from all other fire severity combinations, 

including those in which earlier high severity fire is followed by other fire severities 

(Figure 4.c). This result suggests that the characteristic changes to vegetation produced 

by high severity fire can recover to states produced or maintained by alternate 

combinations of fire severity. This may occur because Lower Pine-Oak contains higher 

proportions of shrub cover in the understory than other vegetation types, and post-fire 

recovery of Lower Pine-Oak always includes a sizable component of shrub species 

regeneration. For that reason, repeated combinations of unburned, low, and moderate 

severity fire do not differ as greatly from various permutations of post-high severity 

recovery as might be expected. Repeated moderate severity fire clusters closely with 

moderate-unburned and high-unburned, suggesting that the higher proportion of 

shrub cover that emerges from repeated moderate severity fire is not substantially 

different from that which emerges from a moderate or severe event followed by more 

than a decade of fire-free recovery.  

 

Type conversion in Upper Pine-Oak 

Ordination of trees and shrubs in Upper Pine-Oak show a different pattern of fire 

severity responses, with recent high severity fire sharing ordination space with high-

moderate and moderate-moderate fire severity combinations. In general, Upper Pine-

Oak ecosystems contain lower amounts of shrub cover than Lower Pine-Oak but 
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following high severity fire have roughly the same shrub abundance. Unburned-

unburned, low-unburned, and low-moderate severity plots share a cluster, with 

unburned-low, unburned-moderate, and moderate-unburned ordinating nearby. 

Bunchgrass ordinates near the centroids for sequences of high-low and high-unburned 

fire severity, indicating the positive response of bunchgrass to high and moderate 

severity fire requires recovery under undisturbed or low severity disturbance 

conditions (Figure 4.b). 

 

Type Conversion on Mixed Conifer 

Mixed Conifer ecosystems have the lowest fraction of shrub cover, and also display the 

least amount of clustering in plots experiencing recent high severity fire. In Mixed 

Conifer, high-high fire severity combination is isolated in ordination space, with the 

closest severity combinations being low-high and high-unburned; all of the severity 

combinations that include high severity fire fall on the lower end of Axis 2, signifying a 

common effect promoted by high severity fire, regardless of antecedent fire severity or 

the severity of later fire (Figure 4.a). Mixed Conifer appears to be very sensitive to 

high-severity disturbance, with ecological transformations and lengthy recovery 

periods emerging from severe fire. Intense fire can alter understory vegetation 

communities, with the duration of these changes depending to some degree on 

overstory forest recovery (Huisinga et al. 2005) and seedling success (Stevens-Rumann 

and Morgan 2016). The order of high- and low-severity fire can affect seedling 

survivorship, with high-low severity sequences producing dramatically lower seedling 

survivorship than low-high severity fire sequences (Stevens-Rumann and Morgan 

2016). High and continuous fuel loads in mixed conifer can create large (tens to 

hundreds of hectare) patches under high severity fire, which can reduce post-fire 

seedbanks and limit inseeding of forest species (Lentile et al. 2007), in part because 

prior high and moderate severity fire in mixed conifer ecosystems can have a tendency 

to promote future high severity burning as a result of post-fire shrub growth and 

retention of standing snags (Coppoletta et al. 2016).  
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Type conversions in Mixed Conifer can be substantially different than Pine-Oak type 

conversions. High severity and repeated moderate severity fire can promote bracken 

fern, a rhizomatous and highly fire resilient species that can persist for long periods of 

time and suppress tree regeneration through light competition and increased seed 

predation (George and Bazzaz 1999; den Ouden 2000). Bunchgrass is most 

proportionally abundant after moderate severity fire, and after low-high, unburned-

high, and high-low fire severity combinations, and does not appear to represent a type 

conversion of forest to grassland, never achieving more than 40% proportional 

dominance (Figure 5). Bunchgrass tends to grow alongside substantial fractions of 

gymnosperm tree cover, which further suggests that grass cover does not represent 

fundamental post-fire alteration of forested ecosystems. Gymnosperm trees are 

sensitive to high severity fire, but are absent only in high-high and low-high severity 

combinations, indicating that recovery following repeated high and moderate severity 

fire events is possible. Notably, the overall dominance of gymnosperm trees is 

markedly lower following repeated high and moderate severity disturbance, and shrub 

and fern canopies tend to become proportionally more dominant. Shrub species rarely 

exceed 40% of total dominance in Mixed Conifer plots, and occur after high severity 

fire, and after unburned-moderate severity fire, possibly because of higher fuel loads 

accumulated by longer unburned periods. Another mode of post-fire recovery in Mixed 

Conifer is conversion of gymnosperm forest to aspen stands, which can occur after high 

severity fire (unburned-high and high-unburned). Aspen stands are frequently 

interspersed with angiosperm shrubs representing post-fire colonizers, including New 

Mexico Locust (Robinia neomexicana) and raspberry (Rubus species). Alteration of 

formerly conifer-dominated Mixed Conifer forests into aspen stands or mixed locust-

raspberry meadows represents a shift into alternative and potentially stable states, 

which can be maintained in the new assemblage by ongoing moderate and high 

severity disturbance (Dahms and Geils 1997; Cocke et al. 2005).  
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Type conversion from forest to shrubfield 

The effects of high severity fire on Madrean forested ecosystems can be significant, and 

are expressed differently across vegetation types. In all cases, high severity fire shifts 

vegetation assemblages towards shrub dominance, but the trend is most pronounced 

in Pine-Oak vegetation types (Figure 4.b & c). Pine-Oak ecosystems also contain higher 

proportions of post-fire resprouting species than Mixed Conifer; these species have an 

advantage over post-fire seeding species in terms of rapid post-fire recovery because 

they can draw on below-ground reserves of carbohydrates to support resprouting 

(Poulos 2009; Schwilk and Ackerly 2005). Following high severity fire, shrub 

dominance can range between 75-90% of the vegetation in Lower Pine-Oak and 62-

90% in Upper Pine-Oak.  

Some post-fire recovery trajectories are associated with a likelihood of producing 

durable type conversions (Fulé and Covington 1998; Elmqvist et al. 2003; Folke et al. 

2004). Changes to vegetation may lead to different outcomes following future fires, 

because of the interactions between vegetation, fuel type, and characteristic fire 

intensity and severity. Initial conditions, which in this context includes the starting 

point post-fire recovery of Chiricahua forested landscapes following multiple mixed-

severity wildfires, can produce variable but somewhat predictable outcomes and 

cement the future vegetation assemblages. The dynamic interplay of disturbance 

severity, species-specific regeneration responses, and future disturbance frequency 

and severity can combine to alter ecosystems into new, metastable states (Gunderson 

2000; Fukami and Nakajima 2011; Adams 2013). In the Chiricahuas, type conversions 

associated with altered disturbance frequency and severity include the shift of pine-

oak ecosystems to shrub dominance, the increase of bunchgrass cover, and the 

conversion of mixed conifer forest to bracken fern and bunchgrass meadows. In each 

case, the effects of altered vegetation types on post-fire recovery of any intensity is 

likely to differ from previous vegetation type-fire regime interrelationships.  

Unlike pine-oak forests containing gymnosperm trees and arboreal-form oaks, pine-

oak vegetation types with a greater proportion of shrubs may experience higher-

severity fire and greater overstory tree mortality in future wildfires if the shrub 
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patches act as ladder fuels, or if combustion of shrubs causes mortality of tree 

seedlings and saplings. Evidence from tree-ring reconstructions of fire regime 

characteristics suggests that pine-oak forests historically sustained frequent low 

severity wildfire without promoting type conversions (Swetnam et al. 1992; Barton et 

al. 2001). The vegetation assemblages emerging from the Rattlesnake and Horseshoe 2 

Fires may not have the structural characteristics to support frequent fire without 

causing catastrophic loss of overstory tree canopy cover, and without suppressing 

gymnosperm regeneration (Barton 2002).  

Mixed conifer forests may also experience altered fire regimes associated with changes 

to species assemblages and structure. Unlike pine-oak ecosystems, shrub cover rarely 

exceeds 40% of total dominance in mixed conifer systems (Figure 5.a). Instead, 

increased bunchgrass and especially bracken fern cover are likely to signify vegetation-

initiated changes to fuels and fire regime characteristics. Bracken fern represents a 

highly flammable and volatile fuel type, because its density and spacing allow for high 

heat output and rapid spread (Agee and Huff 1987; Adie et al. 2011). In addition, the 

rhizomatous nature of bracken fern, its rapid growth rate, and nearly immediate post-

fire response can effectively suppress tree regeneration, particularly in dense patches. 

Large increases in bunchgrass cover could negatively affect tree species regeneration, 

even under conditions of frequent low-severity fire, but increased grass cover in 

conjunction with overstory gymnosperm cover is unlikely to signify type conversion or 

fuel types likely to significantly alter vegetation assemblages. Bunchgrass cover 

coupled with fern and shrubs may represent a tendency toward durable type 

conversion of forest into alternate metastable states, in which tree regeneration would 

require lengthy fire-free periods to grow to maturity (Barton et al. 2001).  

The apparent type conversions in vegetation structure may herald threshold changes 

between forest and shrubfield or forest and meadow. Species that can recover rapidly 

following disturbance, such as resprouting species, have an advantage over species 

that must rely on seed dispersal to enter a burned area, especially if the soil seed bank 

was destroyed by intense heat. Thus, the initial abiotic and biotic conditions after 

mixed-severity fire may have profound implications for long-term vegetation response 
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and recovery (Palmer et al. 1997; Johnstone et al. 2010; Collier and Mallik 2010) and 

future disturbance severity (Coppoletta et al. 2016). If resprouting shrubs come to 

dominate previously forested areas, they may suppress regeneration and persist in 

shrub form for decades, particularly if ongoing disturbances continue to kill tree 

seedlings and saplings and promote post-disturbance resprouting. In this way, high 

severity wildfire and particular sequences of disturbance severity may indicate 

“tipping points” between structural types from which recovery to pre-disturbance 

conditions is difficult (Suding et al., 2016). Climate changes may also favor shrub and 

chaparral species in areas formerly dominated by forest, as conditions favorable to 

mesic-affinity tree species occur less frequently (Savage and Mast 2005; Williams et al. 

2010).  

 

Ecological futures of Madrean forests 

Recovery following multiple mixed-severity disturbances hinges on the relative 

importance of surviving trees, regeneration, and shrub cover (Barton 1999; Poulos et 

al. 2007; Coop et al. 2016). Long-term recovery trajectories are strongly influenced by 

intervening disturbance severity, which can alter community composition and 

structure. If disturbances are infrequent, then successional trajectories may tend to 

recover toward pre-disturbance assemblages and structure given enough time, 

although infrequent disturbance in Madrean ecosystems likely tends to produce severe 

short-term effects. Likewise, if disturbances are low severity, then community 

composition and structure may be relatively unaffected. In cases where severe 

disturbance is repeated, or followed by lower severity disturbance, vegetation 

communities may recover in markedly different ways. Following high severity fire, the 

balance of post-fire vegetation communities is defined by regeneration; this is true in 

Pine-Oak and Mixed Conifer systems, in which regeneration plant functional types 

cluster with recent high-severity fire, and in which tree cover clusters with sequences 

of lower-severity disturbance (Figure 6.a & b). In certain cases, tree species 

survivorship and regeneration is entirely absent, pointing to wholesale type 

conversion of formerly forested areas to other functional groups. Sequences of 
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unburned-high severity disturbance in Upper Pine-Oak produce vegetation 

assemblages with no surviving trees and with no regeneration, possibly because of 

competition from shrubs, ferns, and grasses. In Lower Pine-Oak, sequences of 

unburned-high severity are associated with low rates of regeneration from resprouting 

gymnosperms and stronger resprouting response from fire tolerant angiosperms.   

Comparison of tree and regeneration responses in mixed conifer forests to sequences 

of mixed-severity disturbance illustrate the powerful effect of recent high severity 

disturbance. In the systems we studied here, severe initial disturbance replaced conifer 

forest with sprouting angiosperm species such as quaking aspen and New Mexico 

locust (Figure 6.a). If high severity fire is repeated by high or moderate severity 

disturbance, these angiosperm-dominated ecosystems can recover relatively quickly, 

and are likely to remain as shrubfields or early-successional forest, even following 

successive severe disturbances. Thus, these community types are relatively resilient in 

the face of repeated disturbance, and once established, may be unlikely to convert to 

other vegetation types (Dahms and Geils 1997; Cocke et al. 2005; Guiterman et al. 

2017). Post-disturbance landscapes dominated by sprouting angiosperms may persist 

for decades in the absence of repeated disturbance, as even-aged aspen stands grow to 

maturity and typical successional dynamics play out. By contrast, sequences of 

unburned-low, low-unburned, and low-low severity fire appear unlikely to strongly 

affect mixed conifer structure and composition, although superficial changes to shrub 

communities and to grass-fern-shrub ratios may occur. Lengthy disturbance-free 

periods are likely to reshape mixed conifer forests, with some stands increasing the 

overall survival and frequency of regeneration, and others exhibiting a decrease in 

shrub cover because of tree canopy shading.  

Mixed conifer forests show some evidence of species assemblage shifts following 

disturbance, with sprouting gymnosperm species such as alligator juniper encountered 

following multiple high severity disturbances at uncommonly high elevations. 

Similarly, Apache and Chihuahua pines were encountered in mixed conifer following 

high severity disturbance, and Arizona pine may be establishing in areas previously 

dominated by ponderosa pine, given that 24% of Arizona pine and 36% of Ponderosa 
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pine seedlings were encountered in Mixed Conifer. Arizona pine is believed to be more 

tolerant of xeric conditions than Ponderosa, and despite their superficial similarities 

Arizona pine may be more successful at colonizing highly disturbed areas under 

contemporary climate conditions than Ponderosa (Barton et al. 2001).  

Pine-oak forests demonstrate a slightly different range of likely recovery trajectories 

than mixed conifer. Following high severity fire, upper pine-oak forests at high 

elevation and north aspects can recover as aspen and locust forests, although this is a 

less common outcome than in mixed conifer ecosystems. More typically, sprouting 

angiosperms can dominate post-fire upper pine-oak, either through increases in shrub 

cover or as germinating acorns and resprouting patches grow to tree size as single or 

multi-stemmed individuals. Repeated high severity disturbance can also entirely 

remove the conifer component of upper pine-oak forests, such that post-fire recovery 

proceeds as fire tolerant sprouting and seeding angiosperms, mostly Madrean oak and 

chaparral. Regeneration of conifer species tends to match pre-fire overstory tree 

composition, and regeneration can be robust if shrub cover is not too great. In contrast, 

sequences of unburned-low, low-unburned, low-low, moderate-low, unburned-

moderate, and low-moderate severity disturbance do not radically alter upper pine-

oak composition or structure. If upper pine-oak forests do not experience fire 

disturbance for 50 years or more (Barton 1999), species compositions to begin to shift 

to more mesic-affinity species such as Gambel oak, white fir, southwestern white pine, 

and Douglas-fir.  

Lower pine-oak forests record much the same pattern of post-disturbance recovery as 

upper pine-oak, but with a greater overall component of shrub cover, and slightly 

different typical vegetation assemblages. As with upper pine-oak, unburned-unburned 

areas show evidence of overstory species assemblage shift to include mesic-affinity 

tree species, and can contain atypically high amounts of Douglas-fir, white fir, 

southwestern white pine, and Gambel oak. Repeated high severity disturbance can 

completely replace the conifer component with seeding and sprouting angiosperms 

such as Ceanothus and the diverse suite of Madrean oak species. Among the systems 

studied here, lower pine-oak contains the greatest component of resprouting 
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gymnosperm species, which are uniquely situated to recover rapidly following high-

severity disturbance and which may preserve some degree of conifer representation in 

species composition that would otherwise be replaced by seeding and sprouting 

angiosperms. Post-fire lower pine-oak forests represent a dynamic balance between 

shrub cover and tree basal area, and repeated unburned, low, and sequences of low-

moderate and moderate-low severity disturbance contribute to sustained tree 

presence in the community, largely because of high fire resistance among 

gymnosperms.   

The accelerating effects of global climate change, as expressed through rising 

temperatures, decreasing precipitation, increasing variability, and longer fire seasons 

may put Madrean ecosystems onto new recovery trajectories (Falk 2013). Higher 

temperatures are correlated with increases in fire severity, even under conditions in 

which precipitation is unchanged (Flannigan et al. 2000). Changes in Madrean forest 

structure and composition may be expressed through increased mortality following 

single or multiple high-severity fires, and the resultant loss of seed sources, physical 

structure, and associated functions of overstory forest plants. Higher temperatures and 

lower or more variable precipitation regimes are expected to reduce potential 

regeneration, because the climate niche for regeneration of many Madrean forest 

species is more constrained than the climate niche for mature individuals (Grubb 

1977; Jackson et al. 2009). Even though individuals and stands of Madrean species 

such as Douglas-fir, white fir, ponderosa pine, or Gambel oak can tolerate periods of 

drought and high temperatures, they may be unable to successfully reproduce under 

future climate change conditions. Coupled with high fire-related mortality, 

regeneration failure could entirely eliminate mesic-affinity species from certain 

elevational bands or aspects. Suppressed regeneration of Madrean forest species, or 

regeneration of species tolerant of xeric conditions, may possibly reshape Madrean 

ecosystems into entirely new configurations, or into vegetation communities that are 

more frequently observed at lower elevations and on drier sites. Species that are 

primed to resprout following disturbance by drawing on below-ground energy 
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reserves are also likely to dominate under future climate change conditions (Barton 

1999; Schwilk and Ackerly 2005; Poulos 2009).  

 

Conclusions 
Fire in forested ecosystems can have a range of effects on vegetation communities 

expressed through variations in community composition and structure. Sequences of 

mixed-severity fire can have disparate effects across vegetation types, largely because 

of differences in species composition and in the relative proportions of overstory trees 

and shrubs in different vegetation types. The resulting post-fire recovery trajectories 

are influenced strongly by the relative abundance of trees and shrubs, and by the post-

fire regeneration method of community members. Resprouting species have an innate 

advantage after severe disturbance, but repeated severe wildfire can kill resprouting 

species, which favors species that can germinate from inseeding or surviving soil seed 

bank.  

In the Madrean Sky Islands of southern Arizona, sequences of mixed-severity wildfire 

affect Pine-Oak and Mixed Conifer ecosystems differently. In Mixed Conifer, high and 

moderate severity fire followed by a sufficiently long disturbance-free period allow 

recovery to pre-disturbance conditions. Repeated moderate- and high-severity fires 

promote shifts in species abundance, favoring angiosperm trees and shrubs, and 

producing vegetation type conversions to aspen and locust stands and fern-dominated 

meadows. Repeated low severity wildfire does not reshape the vegetation community 

or structural type of Mixed Conifer forests. Pine-Oak ecosystems are more resilient to 

repeated sequences of moderate severity wildfire because of the capability of a large 

proportion of the vegetation community to resprout. Repeated moderate and high 

severity fire reduces the proportion of overstory trees in Pine-Oak vegetation types 

through mortality and suppressed regeneration. Cessation of disturbance in Pine-Oak 

forests leads to a shift in vegetation communities towards monopodial oaks, reduced 

shrub cover, and higher proportions of mesic-affinity trees normally encountered at 

higher elevations or moist sites.  
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Because of the diversity of tree and shrub species encountered in the Madrean Sky 

Islands and the considerable gradients in topography and ecological conditions, 

repeated mixed-severity wildfire does not produce a singular suite of effects on 

vegetation communities and structural types. Instead, future post-fire recovery 

trajectories of multiply burned ecosystems will embark on a range of recovery 

trajectories, some of which will produce novel ecosystem configurations, even in the 

absence of nonnative species, and others which may reflect historical ecosystem 

conditions. On timescales of decades to centuries, the recovery and response of 

multiply reburned forested ecosystems will prove to be variously resilient to ongoing 

disturbance and changing climate conditions, with some ecological configurations 

remaining metastable over time, and others shifting into new assemblages and 

structural arrangements.  
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Appendix A: Site Table 
Location and site details for sampling locations. Waypoint names include a 2-character code representing fire severity 
sequences from the 1994 Rattlesnake Fire and the 2011 Horseshoe 2 Fire. Fire severities are also represented using numerical 
codes. U/1 = unburned; L/2 = low severity; M/3 = moderate severity; H/4 = high severity. Vegetation type is indicated in the 
waypoint names, and also by numerical code. 1 = Lower Pine-Oak; 2 = Upper Pine-Oak; 3 = Mixed Conifer. Unique plot replicates 
are indicated at the end of the waypoint name with a numeral. 

Waypoint 
Rattlesnake 
Severity  

Horseshoe 2 
Severity 

Vegetation 
Type 

UTM E UTM N Elevation (m) Slope (%) Aspect Slope Position Plot tag 

HH Lower Pine-Oak 1 4 4 1 668022 3521779 2265 48 123 valley bottom 372 

HH Lower Pine-Oak 2 4 4 1 666475 3526218 1996 29 13 footslope 313 

HH Lower Pine-Oak 3 4 4 1 659726 3531424 2357 36 196 ridgetop 377 

HH Mixed Conifer 1 4 4 3 663960 3528916 2675 81 88 backslope 101 

HH Mixed Conifer 2 4 4 3 663573 3530398 2484 61 16 backslope 125 

HH Mixed Conifer 3 4 4 3 663537 3531414 2455 22 30 shoulder 329 

HH Upper Pine-Oak 1 4 4 2 664706 3523468 2495 38 165 footslope 355 

HH Upper Pine-Oak 10 4 4 2 663770 3530939 7950 34 228 shoulder CM H4 

HH Upper Pine-Oak 2 4 4 2 665233 3524180 2451 71 23 shoulder 365 

HH Upper Pine-Oak 3 4 4 2 664657 3527268 2365 81 55 backslope 354 

HL Lower Pine-Oak 1 4 2 1 664929 3527369 2293 91 314 backslope 316 

HL Lower Pine-Oak 2 4 2 1 659144 3531037 2291 80 351 shoulder 209 

HL Lower Pine-Oak 3 4 2 1 659822 3531658 2292 24 60 ridgetop 375 

HL Mixed Conifer 1 4 2 3 661999 3527399 2772 59 239 backslope 337 

HL Mixed Conifer 2 4 2 3 661937 3529699 2621 71 276 backslope 333 

HL Mixed Conifer 3 4 2 3 662329 3530223 2763 8 280 ridgetop 146 

HL Upper Pine-Oak 1 4 1 2 661561 3530451 2503 46 62 shoulder 347 

HL Upper Pine-Oak 2 4 2 2 661990 3530716 2605 20 76 ridgetop 149 

HL Upper Pine-Oak 3 4 2 2 664546 3533690 2330 39 10 backslope 6 

HM Lower Pine-Oak 1 4 3 1 668226 3521970 2376 57 216 ridgetop 371 
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HM Lower Pine-Oak 2 4 3 1 667657 3524879 2287 64 169 backslope 308 

HM Lower Pine-Oak 3 4 3 1 665140 3527638 2299 60 345 shoulder 317 

HM Mixed Conifer 10 4 3 3 663645 3531281 8040 26 100 backslope CM H8 

HM Mixed Conifer 11 4 3 3 663015 3530808 8400 17 46 footslope CM H11 

HM Mixed Conifer 3 4 4 3 662262 3530610 2668 57 269 backslope 147 

HM Mixed Conifer 4 4 4 3 663337 3530672 2490 56 74 backslope 127 

HM Mixed Conifer 5 4 4 3 662262 3530957 2615 64 266 backslope 152 

HM Mixed Conifer 6 4 3 3 663666 3531288 2439 36 86 backslope 159 

HM Upper Pine-Oak 1 4 3 2 661057 3527809 2587 68 304 shoulder 339 

HM Upper Pine-Oak 10 4 3 2 663839 3531383 7720 21 355 backslope CM H7 

HM Upper Pine-Oak 2 4 3 2 661648 3530899 2392 93 304 backslope 328 

HM Upper Pine-Oak 4 4 4 2 663853 3531316 2399 81 82 backslope 131 

HU Lower Pine-Oak 1 4 1 1 658966 3531609 2223 62 63 backslope 203 

HU Lower Pine-Oak 2 4 1 1 659796 3531468 2344 26 36 ridgetop 378 

HU Lower Pine-Oak 3 4 1 1 659548 3532091 2222 61 332 ridgetop 373 

HU Mixed Conifer 1 4 1 3 664363 3524115 2839 57 173 shoulder 311 

HU Mixed Conifer 2 4 1 3 664220 3524590 2780 76 342 backslope 312 

HU Mixed Conifer 3 4 1 3 664740 3524847 2678 72 346 shoulder 368 

HU Upper Pine-Oak 1 4 1 2 664053 3521715 2691 62 257 ridgetop 394 

HU Upper Pine-Oak 2 4 1 2 665246 3524542 2520 65 159 ridgetop 366 

HU Upper Pine-Oak 4 4 1 2 665457 3521920 2709 28 196 ridgetop 395 

LH Lower Pine-Oak 1 2 4 1 660054 3530549 2408 63 202 ridgetop 380 

LH Lower Pine-Oak 2 2 4 1 659165 3530860 2280 68 58 backslope 206 

LH Lower Pine-Oak 3 2 4 1 659839 3531192 2238 52 158 footslope 383 

LH Mixed Conifer 1 2 4 3 662433 3532013 2518 21 296 footslope 105 

LH Mixed Conifer 2 2 4 3 662810 3532303 2542 28 244 footslope 198 

LH Mixed Conifer 6 2 4 3 663108 3532124 2682 58 130 ridgetop 167 

LH Upper Pine-Oak 1 2 4 2 660360 3530655 2292 52 60 footslope 381 
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LH Upper Pine-Oak 2 2 4 2 660266 3531248 2288 53 217 shoulder 382 

LH Upper Pine-Oak 3 2 4 2 661412 3531311 2360 76 238 backslope 327 

LL Lower Pine-Oak 1 2 2 1 659323 3531092 2235 70 52 shoulder 214 

LL Lower Pine-Oak 10 2 2 1 658896 3527654 6940 42 286 backslope CM B7 

LL Lower Pine-Oak 11 2 2 1 666826 3526653 5220 124 34 footslope CM F5 

LL Lower Pine-Oak 12 2 2 1 666820 3526422 5760 97 117 toeslope CM F6 

LL Lower Pine-Oak 13 2 2 1 667055 3526370 5960 63 278 toeslope CM F7 

LL Lower Pine-Oak 14 2 2 1 667115 3526883 6060 11 320 footslope CM F9 

LL Lower Pine-Oak 2 2 2 1 665483 3531334 2085 25 39 ridgetop 53 

LL Lower Pine-Oak 3 2 2 1 665191 3531502 2036 51 42 backslope 38 

LL Lower Pine-Oak 4 2 2 1 665273 3532662 2162 40 64 backslope 19 

LL Mixed Conifer 10 2 2 3 663186 3530937 8240 63 15 shoulder CM H10 

LL Mixed Conifer 11 2 3 3 662878 3530720 8600 5 308 footslope CM H12 

LL Mixed Conifer 2 2 2 3 662926 3529221 2718 67 165 backslope 136 

LL Mixed Conifer 3 2 2 3 663688 3529982 2691 48 141 shoulder 120 

LL Mixed Conifer 4 2 2 3 661346 3531812 2323 56 350 backslope 322 

LL Upper Pine-Oak 1 2 2 2 659650 3525846 2268 79 325 shoulder 391 

LL Upper Pine-Oak 3 2 2 2 665084 3532946 2236 19 150 shoulder 2602 

LL Upper Pine-Oak 4 2 2 2 664595 3533497 2354 50 17 shoulder 10 

LM Lower Pine-Oak 1 2 3 1 665400 3530587 2150 41 70 backslope 43 

LM Lower Pine-Oak 10 2 2 1 658595 3527080 6750 15 240 valley bottom CM B9 

LM Lower Pine-Oak 11 2 1 1 658315 3526611 6570 25 224 valley bottom CM B10 

LM Lower Pine-Oak 12 2 2 1 666832 3526998 5720 58 285 valley bottom CM F3 

LM Lower Pine-Oak 13 2 3 1 667081 3526691 6000 38 20 valley bottom CM F8 

LM Lower Pine-Oak 3 2 3 1 659163 3531326 2195 56 26 footslope 217 

LM Lower Pine-Oak 5 2 3 1 665536 3532689 2078 25 69 shoulder 80 

LM Mixed Conifer 1 2 3 3 663716 3526614 2745 69 131 backslope 351 

LM Mixed Conifer 10 2 3 3 663129 3530636 8480 51 312 backslope CM H1 
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LM Mixed Conifer 11 2 3 3 663390 3530783 8160 26 164 shoulder CM H2 

LM Mixed Conifer 2 2 3 3 664143 3526651 2575 72 141 backslope 352 

LM Mixed Conifer 3 2 3 3 662941 3531954 2667 42 134 ridgetop 324 

LM Upper Pine-Oak 1 2 3 2 659761 3530833 2272 36 342 ridgetop 384 

LM Upper Pine-Oak 2 2 3 2 660742 3531303 2240 68 94 backslope 325 

LM Upper Pine-Oak 3 2 3 2 661126 3531324 2333 74 328 backslope 326 

LU Lower Pine-Oak 1 2 1 1 658698 3531554 2348 12 122 ridgetop 194 

LU Lower Pine-Oak 2 2 1 1 659968 3532116 2154 43 352 backslope 220 

LU Lower Pine-Oak 3 2 1 1 659421 3532346 2045 71 314 valley bottom 185 

LU Mixed Conifer 1 2 1 3 663969 3532261 2479 62 336 backslope 95 

LU Mixed Conifer 2 2 1 3 664246 3532483 2411 85 30 backslope 90 

LU Mixed Conifer 3 2 1 3 663170 3531450 2534 48 11 backslope 332 

LU Upper Pine-Oak 1 2 1 2 668173 3522017 2350 56 328 shoulder 396 

LU Upper Pine-Oak 2 2 1 2 668020 3522115 2317 64 67 ridgetop 399 

LU Upper Pine-Oak 3 2 1 2 666871 3524939 2370 54 347 shoulder 309 

MH Lower Pine-Oak 1 3 4 1 666693 3526744 1892 28 2 footslope 310 

MH Lower Pine-Oak 2 3 4 1 659603 3530642 2341 17 74 ridgetop 385 

MH Lower Pine-Oak 3 3 4 1 666479 3526481 1939 44 77 footslope 314 

MH Mixed Conifer 1 3 4 3 662447 3530728 2690 56 43 shoulder 341 

MH Mixed Conifer 2 3 4 3 662356 3531164 2641 70 300 ridgetop 340 

MH Mixed Conifer 3 3 4 3 663487 3531353 2453 53 145 shoulder 330 

MH Upper Pine-Oak 1 3 4 2 665545 3523927 2337 64 230 ridgetop 364 

MH Upper Pine-Oak 2 3 4 2 665385 3525114 2462 56 55 backslope 369 

MH Upper Pine-Oak 3 3 4 2 659572 3530191 2243 66 330 ridgetop 379 

ML Lower Pine-Oak 1 3 2 1 659208 3531140 2220 61 346 footslope 210 

ML Lower Pine-Oak 2 3 2 1 658924 3532083 2175 98 94 backslope 374 

ML Lower Pine-Oak 3 3 2 1 659486 3532190 2126 54 307 backslope 180 

ML Mixed Conifer 1 3 2 3 664800 3532782 2281 45 34 backslope 14 
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ML Mixed Conifer 10 3 2 3 663559 3530903 7980 36 60 toeslope CM H3 

ML Mixed Conifer 2 3 2 3 664959 3533019 2269 38 180 valley bottom 5098 

ML Mixed Conifer 3 3 2 3 664645 3533093 2349 45 213 shoulder 2606 

ML Upper Pine-Oak 1 3 2 2 665759 3524726 2570 97 130 shoulder 358 

ML Upper Pine-Oak 2 3 2 2 664857 3533428 2259 42 123 backslope 85 

ML Upper Pine-Oak 3 3 2 2 664340 3533749 2343 60 32 shoulder 1 

MM Lower Pine-Oak 1 3 3 1 658966 3530702 2252 24 234 ridgetop 387 

MM Lower Pine-Oak 2 3 3 1 659564 3531442 2328 68 225 shoulder 376 

MM Lower Pine-Oak 3 3 3 1 665207 3528290 2120 49 153 footslope 318 

MM Mixed Conifer 1 3 3 3 663191 3530577 2597 70 76 ridgetop 389 

MM Mixed Conifer 2 3 3 3 663035 3530723 2555 34 76 backslope 388 

MM Mixed Conifer 3 3 3 3 663355 3530885 2485 18 43 toeslope 390 

MM Upper Pine-Oak 1 3 3 2 665011 3523463 2399 73 157 backslope 356 

MM Upper Pine-Oak 2 3 3 2 665273 3523867 2415 78 172 backslope 363 

MM Upper Pine-Oak 3 3 3 2 665781 3525353 2340 67 281 shoulder 370 

MU Lower Pine-Oak 1 3 1 1 658796 3531409 2335 29 34 ridgetop 193 

MU Lower Pine-Oak 2 3 1 1 659001 3531728 2184 73 345 ridgetop 204 

MU Lower Pine-Oak 3 3 1 1 659647 3532068 2205 75 70 backslope 225 

MU Mixed Conifer 1 3 1 3 662083 3529934 2602 69 257 backslope 334 

MU Mixed Conifer 2 3 1 3 662665 3530352 2736 60 157 shoulder 335 

MU Mixed Conifer 3 3 1 3 663182 3531384 2545 27 46 ridgetop 331 

MU Upper Pine-Oak 1 3 1 2 665022 3524716 2663 49 167 shoulder 367 

MU Upper Pine-Oak 2 3 1 2 664642 3526734 2459 92 34 backslope 353 

MU Upper Pine-Oak 3 3 1 2 665647 3524860 2590 64 354 ridgetop 357 

UH Lower Pine-Oak 1 1 4 1 659422 3530467 2290 78 190 backslope 386 

UH Lower Pine-Oak 10 1 4 1 663657 3534633 7480 17 88 shoulder CM G3 

UH Lower Pine-Oak 11 1 4 1 664137 3534778 7720 38 252 ridgetop CM G5 

UH Lower Pine-Oak 12 1 4 1 664358 3534903 7560 40 244 footslope CM G6 
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UH Lower Pine-Oak 13 1 4 1 663886 3535067 6981 111 220 shoulder CM G8 

UH Lower Pine-Oak 2 1 4 1 658588 3531277 2303 33 174 shoulder 190 

UH Lower Pine-Oak 3 1 4 1 665302 3533070 2140 76 19 backslope 349 

UH Mixed Conifer 1 1 4 3 662732 3530090 2645 35 114 backslope 141 

UH Mixed Conifer 10 1 4 3 663426 3531102 8120 21 38 footslope CM H9 

UH Mixed Conifer 2 1 4 3 662425 3531503 2618 99 311 backslope 154 

UH Mixed Conifer 3 1 4 3 663057 3531822 2582 47 126 valley bottom 164 

UH Mixed Conifer 4 1 4 3 662810 3532096 2557 36 266 footslope 100 

UH Upper Pine-Oak 1 1 4 2 662128 3531883 2495 65 151 ridgetop 110 

UH Upper Pine-Oak 10 1 4 2 663917 3534733 7480 53 124 footslope CM G4 

UH Upper Pine-Oak 2 1 4 2 662164 3532115 2466 50 229 shoulder 320 

UH Upper Pine-Oak 3 1 4 2 664381 3534207 2295 38 48 footslope 1323 

UL Lower Pine-Oak 1 1 2 1 664828 3531160 2129 55 35 valley bottom 29 

UL Lower Pine-Oak 10 1 2 1 658523 3524350 7150 68 246 footslope CM A2 

UL Lower Pine-Oak 11 1 2 1 657566 3526380 6280 42 180 shoulder CM B1 

UL Lower Pine-Oak 12 1 2 1 658062 3526280 6400 17 306 ridgetop CM B12 

UL Lower Pine-Oak 13 1 2 1 671059 3524818 6200 87 107 valley bottom CM E4 

UL Lower Pine-Oak 14 1 2 1 671410 3524536 6680 70 250 valley bottom CM E7 

UL Lower Pine-Oak 15 1 2 1 666828 3526856 5840 49 244 valley bottom CM F4 

UL Lower Pine-Oak 16 1 2 1 667133 3527154 6040 36 292 shoulder CM F10 

UL Lower Pine-Oak 17 1 2 1 663105 3534627 6960 34 210 footslope CM G12 

UL Lower Pine-Oak 2 1 2 1 665615 3531319 2027 70 90 valley bottom 59 

UL Lower Pine-Oak 3 1 2 1 666161 3528460 1937 25 32 toeslope 319 

UL Mixed Conifer 1 1 2 3 663220 3527860 2847 27 206 ridgetop 336 

UL Mixed Conifer 2 1 2 3 663177 3531003 2506 69 165 toeslope 132 

UL Mixed Conifer 3 1 2 3 664400 3533154 2391 17 82 shoulder 5661 

UL Upper Pine-Oak 1 1 2 2 660683 3529440 2281 37 276 footslope 346 

UL Upper Pine-Oak 10 1 2 2 658488 3524636 6820 65 304 footslope CM A1 
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UL Upper Pine-Oak 11 1 2 2 658584 3523663 8060 55 62 ridgetop CM A5 

UL Upper Pine-Oak 12 1 2 2 658605 3523394 8140 53 83 footslope CM A6 

UL Upper Pine-Oak 13 1 2 2 658878 3523657 8040 65 2 backslope CM A8 

UL Upper Pine-Oak 14 1 3 2 658872 3523940 7900 58 342 footslope CM A9 

UL Upper Pine-Oak 15 1 2 2 658858 3524168 7520 73 80 backslope CM A10 

UL Upper Pine-Oak 2 1 2 2 661811 3531905 2350 20 264 valley bottom 115 

UL Upper Pine-Oak 3 1 2 2 661454 3531950 2293 61 213 valley bottom 321 

UM Lower Pine-Oak 1 1 3 1 665636 3528746 2035 27 153 footslope 315 

UM Lower Pine-Oak 10 1 3 1 658824 3524409 7440 73 50 backslope CM A11 

UM Lower Pine-Oak 11 1 3 1 658811 3524670 7240 90 38 toeslope CM A12 

UM Lower Pine-Oak 12 1 3 1 657753 3526581 6230 55 304 toeslope CM B2 

UM Lower Pine-Oak 13 1 3 1 658784 3527417 6680 49 200 backslope CM B8 

UM Lower Pine-Oak 14 1 3 1 658177 3526406 6600 46 322 footslope CM B11 

UM Lower Pine-Oak 15 1 3 1 663407 3534439 7160 38 214 footslope CM G1 

UM Lower Pine-Oak 16 1 3 1 663551 3534557 7400 73 230 backslope CM G2 

UM Lower Pine-Oak 17 1 3 1 663643 3534938 7840 51 352 shoulder CM G9 

UM Lower Pine-Oak 18 1 3 1 663438 3534842 7680 44 267 backslope CM G10 

UM Lower Pine-Oak 19 1 3 1 663294 3534740 7280 46 256 backslope CM G11 

UM Lower Pine-Oak 2 1 3 1 665957 3530295 1996 46 346 footslope 362 

UM Lower Pine-Oak 3 1 3 1 665576 3532637 2056 60 138 footslope 350 

UM Lower Pine-Oak 4 1 3 1 665600 3532605 2054 19 72 toeslope 360 

UM Mixed Conifer 1 1 3 3 662105 3531579 2439 52 322 footslope 323 

UM Mixed Conifer 2 1 3 3 663026 3532415 2508 27 260 footslope 63 

UM Mixed Conifer 3 1 3 3 662675 3532464 2532 22 241 footslope 200 

UM Upper Pine-Oak 1 1 3 2 664229 3528099 2484 71 0 shoulder 359 

UM Upper Pine-Oak 10 1 3 2 658900 3523402 8300 73 285 ridgetop CM A7 

UM Upper Pine-Oak 2 1 3 2 664519 3534130 2262 34 74 footslope 300 

UM Upper Pine-Oak 3 1 3 2 665000 3533600 2210 53 42 backslope 348 
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UU Lower Pine-Oak 1 1 1 1 666298 3530142 1975 51 352 footslope 361 

UU Lower Pine-Oak 10 1 1 1 671206 3524598 6600 58 300 valley bottom CM E6 

UU Lower Pine-Oak 11 1 3 1 664098 3535243 7800 21 180 ridgetop CM G7 

UU Lower Pine-Oak 2 1 1 1 664996 3531187 2152 64 27 backslope 33 

UU Lower Pine-Oak 3 1 1 1 665259 3531206 2139 90 10 backslope 48 

UU Mixed Conifer 1 1 1 3 661765 3528307 2663 63 287 backslope 338 

UU Mixed Conifer 2 1 1 3 662900 3532511 2553 14 225 footslope 199 

UU Mixed Conifer 3 1 1 3 662882 3530958 2572 21 47 toeslope 342 

UU Upper Pine-Oak 1 1 1 2 662487 3520045 2523 69 242 ridgetop 393 

UU Upper Pine-Oak 10 1 1 2 658543 3524117 7490 76 23 backslope CM A3 

UU Upper Pine-Oak 11 1 1 2 658565 3523919 8010 65 356 ridgetop CM A4 

UU Upper Pine-Oak 2 1 1 2 662765 3520170 2490 74 140 shoulder 392 

UU Upper Pine-Oak 3 1 1 2 664770 3530980 2206 48 34 valley bottom 24 
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Figure A-1 
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Appendix B: Table of Plant Functional Types  
Plant Functional Types derived for the 62 species encountered in this study. Some species occur in more than one structural 

category, so are included in the appropriate plant functional type codes wherever appropriate. Plant functional type codes are 

presented in Table 2, and species scientific names, authority, and species codes are found in Appendix C. 

 

Division Post-Fire 

Reproduction 

Leaf 

Retention 

Fire 

Tolerance 

Structure Plant Functional 

Type Code 

Species 

Gymnosperm 

Seeder Evergreen 

High 

 

Tree gSdtol_t PIAZ, PIDI, PIEN, PIPO PSME 

Regen gSdtol_r PIAZ, PIDI, PIEN, PIPO PSME 

Low 
Tree gSdint_t ABCO, CUAR, JUMO, PCEN, PIST  

Regen gSdint_r ABCO, CUAR, JUMO, PCEN, PIST 

Resprouter Evergreen High 
Tree gSptol_t JUDE, PILE 

Regen gSptol_r JUDE, PILE 

 

 

 

 

 

 

Angiosperm 

 

 

 

 

Seeder 

Deciduous 
High Shrub aSDtol_s RIPI, SACO 

Low Shrub aSDint_s PTTR 

Evergreen 
High Shrub aSEtol_s ARPU, CEFE 

Low Shrub aSEint_s ECH-SP 

Facultative 

Seeder 

Deciduous High 
Tree aFDtol_t PRVI 

Shrub aFDtol_s HODU, PREM, PRVI, RHTR, RUNE, RU-SP 

 Low Shrub aFDint_s CEIN, PHMI 

Evergreen 
High 

Tree aFEtol_t GAWR 

Shrub aFEtol_s GAWR 

Low Shrub aFEint_s OP-SP 

Resprouter Deciduous High Tree aPDtol_t CEBE, CEMO, POTR, QUGA, RONE, SASC 
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Angiosperm 

Shrub aPDtol_s 
ACGR, AMUT, CEBE, CEMO, MIBI, QUGA, RONE, 

SASC, SYOR, SYPA, SYRO  

Regen aPDtol_r ACGL, ACGR, POTR 

Low 

Tree aPDint_t ACNE, FRVE, JUMA 

Shrub aPDint_s ACNE, PHMO 

Regen aPDint_r ACNE, FRVE, JUMA 

Evergreen 

High 

Tree aPEtol_t QUAR, QUEM, QUGR, QUHY, QUOB, QURE, QUTU 

Shrub aPEtol_s 
NOMI, QUAR, QUEM, QUGR, QUHY, QUOB, QURE, 

QUTU, RHBE, RHCA 

Low 
Tree aPEint_t ARAR 

Shrub aPEint_s AGAVE, ARAR, YUBA, YUSC 

Angiosperm 

monocot 
Resprouter N/A High Shrub Grass_s 

BUNCHGRASS 

Pteridophyte Resprouter N/A High Shrub Pterid_s PTAQ 



217 
 

Appendix C: Fire Effects References Used to Classify Species 
References used to categorize shrub species by post-fire regeneration strategy. Note: in 

some cases, classification into post-fire regeneration strategy was made on the basis of 

similar species within the same genus.  

Abies concolor (Gord. & Glend.) Lindl. ex Hildebr.   (ABCO) 

Zouhar, Kris. 2001. Abies concolor. In: Fire Effects Information System, [Online]. U.S. 

Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire 

Sciences Laboratory (Producer). Available: http://www.fs.fed.us/database/feis/ 

[2017, April 12]. 

Acer glabrum ssp. douglasii (Hook.) Wesmael   (ACGL) 

Anderson, Michelle D. 2001. Acer glabrum. In: Fire Effects Information System, 

[Online]. U.S. Department of Agriculture, Forest Service, Rocky Mountain Research 

Station, Fire Sciences Laboratory (Producer). Available: 

http://www.fs.fed.us/database/feis/ [2017, April 12].  

Acer grandidentatum Nutt. var. sinuosum (Rehd.) Little   (ACGR) 

Tollefson, Jennifer E. 2006. Acer grandidentatum. In: Fire Effects Information System, 

[Online]. U.S. Department of Agriculture, Forest Service, Rocky Mountain Research 

Station, Fire Sciences Laboratory (Producer). Available: 

http://www.fs.fed.us/database/feis/ [2017, April 12].  

Acer negundo var. arizonicum Sarg.   (ACNE) 

Rosario, Lynn C. 1988. Acer negundo. In: Fire Effects Information System, [Online]. U.S. 

Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire 

Sciences Laboratory (Producer).  Available: 

http://www.fs.fed.us/database/feis/plants/tree/aceneg/all.html [2017, April 12]. 

Amelanchier utahensis Koehne   (AMUT) 

Zlatnik, Elena. 1999. Amelanchier utahensis. In: Fire Effects Information System, 

[Online]. U.S. Department of Agriculture, Forest Service, Rocky Mountain Research 
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Station, Fire Sciences Laboratory (Producer). Available: 

http://www.fs.fed.us/database/feis/ [2017, April 12].  

Arbutus arizonica (Gray) Sarg.   (ARAR) 

Pavek, Diane S. 1993. Arbutus arizonica. In: Fire Effects Information System, [Online]. 

U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire 

Sciences Laboratory (Producer).  Available: http://www.fs.fed.us/database/feis/ 

[2016, January 20]. 

Arctostaphylos pungens K. Kunth.   (ARPU) 

League, Kevin R. 2005. Arctostaphylos pungens. In: Fire Effects Information System, 

[Online]. U.S. Department of Agriculture, Forest Service, Rocky Mountain Research 

Station, Fire Sciences Laboratory (Producer). Available: 

http://www.fs.fed.us/database/feis/ [2017, April 12].  

Ceanothus fenderli   (CEFE) 

Carmichael, R. S.; Knipe, O. D.; Pase, C. P.; Brady, W. W. 1978. Arizona chaparral: plant 

associations and ecology. Res. Pap. RM-202. Fort Collins, CO: U.S. Department of 

Agriculture, Forest Service, Rocky Mountain Forest and Range Experiment Station. 16 

p. 

Pase, Charles P.; Brown, David E. 1982. Interior chaparral. In: Brown, David E., ed. 

Biotic communities of the American Southwest--United States and Mexico. Desert 

Plants. 4(1-4): 95-99. 

Zedler, Paul H. 1981. Vegetation change in chaparral and desert communities in San 

Diego County, California. In: West, D. C.; Shugart, H. H.; Botkin, D. B., eds. Forest 

succession: concepts and application. New York: Springer-Verlag: 406-430. 

Zouhar, Kristin L. 2000. Ceanothus greggii. In: Fire Effects Information System, 

[Online]. U.S. Department of Agriculture, Forest Service, Rocky Mountain Research 

Station, Fire Sciences Laboratory (Producer). Available: 

http://www.fs.fed.us/database/feis/ [2016, January 20]. 
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Ceanothus integerrimus Hook. & Arn.   (CEIN) 

Howard, Janet L. 1997. Ceanothus integerrimus. In: Fire Effects Information System, 

[Online]. U.S. Department of Agriculture, Forest Service, Rocky Mountain Research 

Station, Fire Sciences Laboratory (Producer). Available: 

http://www.fs.fed.us/database/feis/ [2017, April 12].  

Cercocarpus betuloides Nutt.   (CEBE) 

Cronquist, Arthur; Holmgren, Noel H.; Holmgren, Patricia K. 1997. Intermountain flora: 

Vascular plants of the Intermountain West, U.S.A. Vol. 3, Part A: Subclass Rosidae 

(except Fabales). New York: The New York Botanical Garden. 446 p. 

Keeley, Jon E.; Keeley, Sterling C. 1988. Chaparral. In: Barbour, Michael G.; Billings, 

William Dwight, eds. North American terrestrial vegetation. Cambridge; New York: 

Cambridge University Press: 165-207. 

Cercocarpus montanus Raf.   (CEMO) 

Gucker, Corey L. 2006. Cercocarpus montanus. In: Fire Effects Information System, 

[Online]. U.S. Department of Agriculture, Forest Service, Rocky Mountain Research 

Station, Fire Sciences Laboratory (Producer). Available: 

http://www.fs.fed.us/database/feis/plants/shrub/cermon/all.html [2017, April 12]. 

Fraxinus anomala Torr. ex. Wats   (FRVE) 

Reed, William R. 1993. Fraxinus anomala. In: Fire Effects Information System, [Online]. 

U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire 

Sciences Laboratory (Producer). Available: http://www.fs.fed.us/database/feis/ 

[2017, April 12]. 

Garrya wrightii Torr.   (GAWR) 

Hibbert, Alden R.; Davis, Edwin A.; Scholl, David G. 1974. Chaparral conversion 

potential in Arizona: Part I: water yield response and effects on other resources. Res. 

Pap. RM-126. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky 

Mountain Forest and Range Experiment Station. 36 p. 



220 
 

Pase, Charles P.; Lindenmuth, A. W., Jr. 1971. Effects of prescribed fire on vegetation 

and sediment in oak-mountain mahogany chaparral. Journal of Forestry 69: 800-805. 

Uchytil, Ronald J.  1990.  Garrya wrightii.  In: Fire Effects Information System, [Online]. 

U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire 

Sciences Laboratory (Producer). Available: http://www.fs.fed.us/database/feis/ 

[2016, January 20]. 

Hesperocyparis arizonica (Greene) Bartel   (CUAR) 

Sullivan, Janet. 1993. Hesperocyparis arizonica. In: Fire Effects Information System, 

[Online]. U.S. Department of Agriculture, Forest Service, Rocky Mountain Research 

Station, Fire Sciences Laboratory (Producer).  Available: 

http://www.fs.fed.us/database/feis/ [2017, April 12]. 

Holodiscus dumosus (Nutt.) Heller   (HODU) 

Bradley, Anne F.; Noste, Nonan V.; Fischer, William C. 1992. Fire ecology of forests and 

woodlands in Utah. Gen. Tech. Rep. INT-287. Ogden, UT: U.S. Department of 

Agriculture, Forest Service, Intermountain Research Station. 128 p. 

Fryer, Janet L. 2010. Holodiscus dumosus. In: Fire Effects Information System, [Online]. 

U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire 

Sciences Laboratory (Producer). Available: http://www.fs.fed.us/database/feis/ 

[2016, January 20]. 

Haire, Sandra L.; McGarigal, Kevin. 2008. Inhabitants of landscape scars: succession of 

woody plants after large, severe forest fires in Arizona and New Mexico. The 

Southwestern Naturalist 53(2): 146-161. 

Stickney, Peter F. 1989. Seral origin of species comprising secondary plant succession 

in Northern Rocky Mountain forests. FEIS workshop: Postfire regeneration. 

Unpublished draft on file at: U.S. Department of Agriculture, Forest Service, Rocky 

Mountain Research Station, Fire Sciences Laboratory, Missoula, MT. 10 p. 
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Juglans major (Torr.) Heller.   (JUMA) 

Pavek, Diane S. 1993. Juglans major. In: Fire Effects Information System, [Online]. U.S. 

Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire 

Sciences Laboratory (Producer). Available: http://www.fs.fed.us/database/feis/ 

[2017, April 12]. 

Juniperus deppeana Steud.   (JUDE) 

Tirmenstein, D. 1999. Juniperus deppeana. In: Fire Effects Information System, [Online]. 

U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire 

Sciences Laboratory (Producer). Available: http://www.fs.fed.us/database/feis/ 

[2017, April 12]. 

Juniperus monosperma (Engelm.) Sarg.   (JUMO) 

Johnson, Kathleen A. 2002. Juniperus monosperma. In: Fire Effects Information System, 

[Online]. U.S. Department of Agriculture, Forest Service, Rocky Mountain Research 

Station, Fire Sciences Laboratory (Producer). Available: 

http://www.fs.fed.us/database/feis/ [2017, April 12].  

Mimosa aculeaticarpa Ortega var. biuncifera (Benth.) Barneby.   

(MIBI) 

Cable, Dwight R. 1975. Range management in the chaparral type and its ecological 

basis: the status of our knowledge. Res. Pap. RM-155. Fort Collins, CO: U.S. Department 

of Agriculture, Forest Service, Rocky Mountain Forest and Range Experiment Station. 

30 p. 

Uchytil, Ronald J. 1990. Mimosa aculeaticarpa var. biuncifera.  In: Fire Effects 

Information System, [Online]. U.S. Department of Agriculture, Forest Service, Rocky 

Mountain Research Station, Fire Sciences Laboratory (Producer). Available: 

http://www.fs.fed.us/database/feis/ [2016, January 20]. 

Wright, Henry A.; Bailey, Arthur W. 1982. Fire ecology: United States and southern 

Canada. New York: John Wiley & Sons. 501 p. 
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Nolina microcarpa S. Wats.   (NOMI) 

Gucker, Corey L. 2007. Nolina microcarpa. In: Fire Effects Information System, [Online]. 

U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire 

Sciences Laboratory (Producer). Available: http://www.fs.fed.us/database/feis/ 

[2017, April 12].  

Picea engelmannii Parry ex Engelm.   (PCEN) 

Uchytil, Ronald J.  1991.  Picea engelmannii.  In: Fire Effects Information System, 

[Online]. U.S. Department of Agriculture, Forest Service, Rocky Mountain Research 

Station, Fire Sciences Laboratory (Producer). Available: 

http://www.fs.fed.us/database/feis/plants/tree/piceng/all.html [2017, April 12]. 

Philadelphus microphyllus   (PHMI) 

Carey, Jennifer H. 1995. Philadelphus lewisii. In: Fire Effects Information System, 

[Online]. U.S. Department of Agriculture, Forest Service, Rocky Mountain Research 

Station, Fire Sciences Laboratory (Producer). Available: 

http://www.fs.fed.us/database/feis/ [2017, April 12]. 

Physocarpus monogynus   (PHMO) 

Habeck, R. J. 1992. Physocarpus malvaceus. In: Fire Effects Information System, 

[Online]. U.S. Department of Agriculture, Forest Service, Rocky Mountain Research 

Station, Fire Sciences Laboratory (Producer). Available: 

http://www.fs.fed.us/database/feis/ [2016, January 20]. 

Fischer, William C.; Bradley, Anne F. 1987. Fire ecology of western Montana forest 

habitat types. Gen. Tech. Rep. INT-223. Ogden, UT: U.S. Department of Agriculture, 

Forest Service, Intermountain Research Station. 95 p. 

Pinus arizonica Engelm.   (PIAZ) 

Howard, Janet L. 2003. Pinus arizonica. In: Fire Effects Information System, [Online]. 

U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire 

Sciences Laboratory (Producer). Available: 

http://www.fs.fed.us/database/feis/plant/tree/pinarz [2017, April 12].  
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Pinus discolor Bailey & Hawksworth   (PIDI) 

Pavek, Diane S. 1994. Pinus cembroides. In: Fire Effects Information System, [Online]. 

U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire 

Sciences Laboratory (Producer). Available: http://www.fs.fed.us/database/feis/ 

[2017, April 12]. 

Pinus engelmannii Carr.   (PIEN) 

Pavek, Diane S. 1994. Pinus engelmannii. In: Fire Effects Information System, [Online]. 

U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire 

Sciences Laboratory (Producer). Available: http://www.fs.fed.us/database/feis/ 

[2017, April 12]. 

Pinus leiophylla Scheide & Dieppe var. chihuahua (Engelm.) Shaw.  

(PILE) 

Pavek, Diane S. 1994. Pinus leiophylla var. chihuahuan. In: Fire Effects Information 

System, [Online]. U.S. Department of Agriculture, Forest Service, Rocky Mountain 

Research Station, Fire Sciences Laboratory (Producer). Available: 

http://www.fs.fed.us/database/feis/plants/tree/pinleic/all.html [2017, April 12]. 

Pinus ponderosa var. brachyptera (Engelm.) Lemmon   (PIPO) 

Howard, Janet L. 2003. Pinus ponderosa var. brachyptera, P. p. var. scopulorum. In: Fire 

Effects Information System, [Online]. U.S. Department of Agriculture, Forest Service, 

Rocky Mountain Research Station, Fire Sciences Laboratory (Producer). Available: 

http://www.fs.fed.us/database/feis/plants/tree/pinpons/all.html [2017, April 12]. 

Pinus strobiformis Engelm.   (PIST) 

Pavek, Diane S. 1993. Pinus strobiformis. In: Fire Effects Information System, [Online]. 

U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire 

Sciences Laboratory (Producer). Available: http://www.fs.fed.us/database/feis/ 

[2017, April 12]. 
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Populus tremuloides Michx.   (POTR) 

Howard, Janet L. 1996. Populus tremuloides. In: Fire Effects Information System, 

[Online]. U.S. Department of Agriculture, Forest Service, Rocky Mountain Research 

Station, Fire Sciences Laboratory (Producer). Available: 

http://www.fs.fed.us/database/feis/plants/tree/poptre/all.html [2017, April 12]. 

Prunus emarginata (Dougl.) Walp.   (PREM) 

Esser, Lora L. 1995. Prunus emarginata. In: Fire Effects Information System, [Online]. 

U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire 

Sciences Laboratory (Producer). Available: http://www.fs.fed.us/database/feis/ 

[2017, April 12]. 

Prunus virginiana L.   (PRVI) 

Johnson, Kathleen A. 2000. Prunus virginiana. In: Fire Effects Information System, 

[Online]. U.S. Department of Agriculture, Forest Service, Rocky Mountain Research 

Station, Fire Sciences Laboratory (Producer). Available: 

http://www.fs.fed.us/database/feis/ [2016, January 20]. 

McKell, Cyrus M. 1950. A study of plant succession in the oak brush (Quercus gambelii) 

zone after fire. Salt Lake City, UT: University of Utah. 79 p. Thesis. 

Sampson, Arthur W. 1944. Plant succession on burned chaparral lands in northern 

California. Bull. 65. Berkeley, CA: University of California, College of Agriculture, 

Agricultural Experiment Station. 144 p. 

Volland, Leonard A.; Dell, John D. 1981. Fire effects on Pacific Northwest forest and 

range vegetation. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific 

Northwest Region, Range Management and Aviation and Fire Management. 23 p. 

Pseudotsuga menziesii (Mirbel) Franco   (PSME) 

Steinberg, Peter D. 2002. Pseudotsuga menziesii var. glauca. In: Fire Effects Information 

System, [Online]. U.S. Department of Agriculture, Forest Service, Rocky Mountain 

Research Station, Fire Sciences Laboratory (Producer). Available: 

http://www.fs.fed.us/database/feis/plants/tree/psemeng/all.html [2017, April 12].  
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Pteridium aquilinum (L.) Kuhn.   (PTAQ) 

Crane, M. F. 1990. Pteridium aquilinum. In: Fire Effects Information System, [Online]. U.S. 

Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences 

Laboratory (Producer). Available: http://www.fs.fed.us/database/feis/ [2017, April 12]. 

Ptelea trifoliata (L.) ssp. pallida (Greene)   (PTTR) 

USDA Natural Resources Conservation Service. Conservation Plant Characteristics. 

“Ptelea trifoliata L., common hoptree, PTTR. 

http://plants.usda.gov/java/charProfile?symbol=PTTR&format=print. Accessed 

January 20, 2016.  

Quercus arizonica Sarg.   (QUAR)   

Carmichael, R. S.; Knipe, O. D.; Pase, C. P.; Brady, W. W. 1978. Arizona chaparral: plant 

associations and ecology. Res. Pap. RM-202. Fort Collins, CO: U.S. Department of 

Agriculture, Forest Service, Rocky Mountain Forest and Range Experiment Station. 16 

p. 

Pavek, Diane S. 1994. Quercus arizonica. In: Fire Effects Information System, [Online]. 

U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire 

Sciences Laboratory (Producer). Available: http://www.fs.fed.us/database/feis/ 

[2016, January 20]. 

Quercus emoryi Torr.   (QUEM) 

Cable, Dwight R. 1975. Range management in the chaparral type and its ecological 

basis: the status of our knowledge. Res. Pap. RM-155. Fort Collins, CO: U.S. Department 

of Agriculture, Forest Service, Rocky Mountain Forest and Range Experiment Station. 

30 p. 

Pavek, Diane S. 1994. Quercus emoryi. In: Fire Effects Information System, [Online]. U.S. 

Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire 

Sciences Laboratory (Producer). Available: http://www.fs.fed.us/database/feis/ 

[2016, January 20]. 

http://plants.usda.gov/java/charProfile?symbol=PTTR&format=print
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Quercus gambelii Nutt.   (QUGA) 

McKell, Cyrus M. 1950. A study of plant succession in the oak brush (Quercus gambelii) 

zone after fire. Salt Lake City, UT: University of Utah. 79 p. Thesis. 

Simonin, Kevin A. 2000. Quercus gambelii. In: Fire Effects Information System, [Online]. 

U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire 

Sciences Laboratory (Producer). Available: http://www.fs.fed.us/database/feis/ 

[2016, January 20]. 

Quercus grisea Liebm.   (QUGR) 

Pavek, Diane S. 1994. Quercus grisea. In: Fire Effects Information System, [Online]. U.S. 

Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire 

Sciences Laboratory (Producer). Available: http://www.fs.fed.us/database/feis/ 

[2017, April 12]. 

Quercus hypoleucoides   (QUHY) 

Not listed in the Fire Effects Information System (FEIS) database, but are inferred to 

share post-fire sprouting characteristics with the other oaks in this study. 

Quercus oblongifolia Torr.   (QUOB) 

Pavek, Diane S. 1993. Quercus oblongifolia. In: Fire Effects Information System, 

[Online]. U.S. Department of Agriculture, Forest Service, Rocky Mountain Research 

Station, Fire Sciences Laboratory (Producer). Available: 

http://www.fs.fed.us/database/feis/ [2017, April 12]. 

Quercus rugosa   (QURE)  

Not listed in the Fire Effects Information System (FEIS) database, but are inferred to 

share post-fire sprouting characteristics with the other oaks in this study.  

Quercus turbinella Greene   (QUTU) 

Tirmenstein, D. 1999. Quercus turbinella. In: Fire Effects Information System, [Online]. 

U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire 
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Sciences Laboratory (Producer). Available: http://www.fs.fed.us/database/feis/ 

[2017, April 12].  

Frangula californica (Eschsch.) Gray   (RHCA/RHBE) 

Baldwin, Bruce G.; Goldman, Douglas H.; Keil, David J.; Patterson, Robert; Rosatti, 

Thomas J.; Wilken, Dieter H., eds. 2012. The Jepson manual. Vascular plants of 

California, second edition. Berkeley, CA: University of California Press. 1568 p. 

Keeley, Jon E. 1987. Role of fire in seed germination of woody taxa in California 

chaparral. Ecology 68(2): 434-443. 

McMurray, Nancy E. 1990. Frangula californica. In: Fire Effects Information System, 

[Online]. U.S. Department of Agriculture, Forest Service, Rocky Mountain Research 

Station, Fire Sciences Laboratory (Producer). Available: 

http://www.fs.fed.us/database/feis/plants/shrub/fracal [2016, January 20]. 

Sampson, Arthur W. 1944. Plant succession on burned chaparral lands in northern 

California. Bull. 65. Berkeley, CA: University of California, College of Agriculture, 

Agricultural Experiment Station. 144 p. 

Rhus trilobata Nutt.   (RHTR) 

Anderson, Michelle D. 2004. Rhus trilobata. In: Fire Effects Information System, 

[Online]. U.S. Department of Agriculture, Forest Service, Rocky Mountain Research 

Station, Fire Sciences Laboratory (Producer). Available: 
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Appendix D: Proportional Abundance of Functional Types 
Proportional abundance by functional group representing the demographic types of trees 
and shrubs within individual plots. Values in this table were averaged by fire severity 
sequence to produce Figure 5. In this table, and in Figure 5, the finer classifications of 
plant functional groups displayed in Table 2 are collapsed into the major categories of 
trees (coded with _t) and shrubs (coded with _s). Columns represent bunchgrass (Grass_s), 
bracken fern (Pterid_s), gymnosperm trees (gym_t), angiosperm trees (ang_t) and 
angiosperm shrubs (ang_s). Plots are coded by fire severity sequences and vegetation 
type, with the first two characters representing the 1994 Rattlesnake Fire followed by the 
2011 Horseshoe 2 Fire. H = high severity; M = moderate severity; L = Low severity, and U = 
unburned. The second set of letters refers to vegetation type: ML = Madrean Lower Pine-
Oak; MU = Madrean Upper Pine-Oak, and MC = Mixed Conifer. The final number refers to 
the individual plot number.  

Plot Grass_s Pterid_s gym_t ang_t ang_s 

HH_ML_1 9.893433 0 0 0 90.10657 

HH_ML_2 0 0 0 50 50 

HH_ML_3 10.38424 0 0 0 89.61576 

HL_ML_1 0 0 0 50 50 

HL_ML_2 32.28352 0 0 0 67.71648 

HL_ML_3 29.1208 18.96238 0 50 1.916826 

HM_ML_1 2.275775 0 6.056873 43.94313 47.72422 

HM_ML_2 21.42627 0 0 50 28.57373 

HM_ML_3 15.45334 0 0 50 34.54666 

HU_ML_1 9.712716 8.848306 0 0 81.43898 

HU_ML_2 41.6523 0 4.213942 45.78606 8.347696 

HU_ML_3 0 0 20.57011 29.42989 50 

LH_ML_1 7.659021 0 0 0 92.34098 

LH_ML_2 1.450005 0 0 0 98.54999 

LH_ML_3 17.58846 0 0 0 82.41154 

LL_ML_1 15.13915 0.039634 27.70117 22.29883 34.82122 

LL_ML_10 0 0 8.648396 41.3516 50 

LL_ML_11 3.804348 0 12.59789 37.40211 46.19565 

LL_ML_12 13.125 0 34.56919 15.43081 36.875 

LL_ML_13 15.23605 0 18.69258 31.30742 34.76395 

LL_ML_14 22.29299 0 34.8129 15.1871 27.70701 

LL_ML_2 17.10325 0 16.70372 33.29628 32.89675 

LL_ML_3 31.42679 0 36.19927 13.80073 18.57321 
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LL_ML_4 0 0 13.29966 36.70034 50 

LM_ML_1 38.44979 0 1.724148 48.27585 11.55021 

LM_ML_10 9.15493 0 0 50 40.84507 

LM_ML_11 11.42322 0 33.21883 16.78117 38.57678 

LM_ML_12 19.21642 0 0 50 30.78358 

LM_ML_13 12.34177 0 19.72231 30.27769 37.65823 

LM_ML_3 6.777971 0.148972 50 0 43.07306 

LM_ML_5 41.97804 0 23.67385 26.32615 8.021964 

LU_ML_1 32.0659 0 50 0 17.9341 

LU_ML_2 3.703529 2.777647 47.49745 2.502549 43.51882 

LU_ML_3 0.98786 1.899731 50 0 47.11241 

MH_ML_1 0 0 0 0 100 

MH_ML_2 2.994743 0 0 0 97.00526 

MH_ML_3 0 0 0 50 50 

ML_ML_1 21.78236 9.800362 50 0 18.41728 

ML_ML_2 8.069458 0 0 50 41.93054 

ML_ML_3 25.26296 4.356913 18.6761 31.3239 20.38013 

MM_ML_1 0 0 25.665 24.335 50 

MM_ML_2 12.1043 0 50 0 37.8957 

MM_ML_3 0 0 0 50 50 

MU_ML_1 4.422066 0 0 50 45.57793 

MU_ML_2 9.119802 0 0 50 40.8802 

MU_ML_3 13.0377 0 49.22629 0.773706 36.9623 

UH_ML_1 6.780263 0 0 0 93.21974 

UH_ML_10 31.9084 0 0 0 68.0916 

UH_ML_11 9.057971 0 0 0 90.94203 

UH_ML_12 9.005629 0 0 0 90.99437 

UH_ML_13 5.900621 0 9.513625 40.48638 44.09938 

UH_ML_2 23.62467 0 0 0 76.37533 

UH_ML_3 9.706849 0 0 0 90.29315 

UL_ML_1 0 0 50 0 50 

UL_ML_10 10.21505 0 9.710936 40.28906 39.78495 

UL_ML_11 19.90291 0 13.09702 36.90298 30.09709 

UL_ML_12 0 0 11.13189 38.86811 50 

UL_ML_13 0 0 31.00602 18.99398 50 
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UL_ML_14 0 0 39.39115 10.60885 50 

UL_ML_15 14.64968 0 18.30614 31.69386 35.35032 

UL_ML_16 18.80342 0 5.558459 44.44154 31.19658 

UL_ML_17 22.91667 0 24.48738 25.51262 27.08333 

UL_ML_2 9.607015 0 5.812212 44.18779 40.39298 

UL_ML_3 45.14411 0 14.94541 35.05459 4.85589 

UM_ML_1 40.76901 0 9.466657 40.53334 9.230994 

UM_ML_10 19.34673 0 0 50 30.65327 

UM_ML_11 17.17172 0 14.4536 35.5464 32.82828 

UM_ML_12 9.84456 0 22.68805 27.31195 40.15544 

UM_ML_13 11.66667 0 5.517914 44.48209 38.33333 

UM_ML_14 0 0 25.70334 24.29666 50 

UM_ML_15 45.94272 0 0 0 54.05728 

UM_ML_16 33.33333 0 0 0 66.66667 

UM_ML_17 12.5 0 50 0 37.5 

UM_ML_18 21.34831 0 14.21867 35.78133 28.65169 

UM_ML_19 20.40359 0 16.56751 33.43249 29.59641 

UM_ML_2 16.48078 0 10.74045 39.25955 33.51922 

UM_ML_3 36.28583 0 6.861612 43.13839 13.71417 

UM_ML_4 29.99008 0 15.11393 34.88607 20.00992 

UU_ML_1 1.120825 0 26.49642 23.24218 49.14057 

UU_ML_10 9.821429 0 23.12627 26.87373 40.17857 

UU_ML_11 25.85227 0 0 0 74.14773 

UU_ML_2 0 0 12.85382 37.14618 50 

UU_ML_3 30.11979 0 8.371122 41.62888 19.88021 

HH_MU_1 1.899553 1.61462 0 0 96.48583 

HH_MU_10 2.616279 10.75581 0 50 36.62791 

HH_MU_2 0 0 0 50 50 

HH_MU_3 28.39704 0 0 0 71.60296 

HL_MU_1 72.73224 7.491148 0 0 19.77662 

HL_MU_2 100 0 0 0 0 

HL_MU_3 47.97971 0 50 0 2.020288 

HM_MU_1 0.05877 0 0 0 99.94123 

HM_MU_10 0.892857 0 0 50 49.10714 

HM_MU_2 12.98301 0 0 0 87.01699 
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HM_MU_4 0 0 0 50 50 

HU_MU_1 49.51268 0.487317 50 0 0 

HU_MU_2 0.115115 8.013019 0 50 41.87187 

HU_MU_4 37.82186 12.103 45.27674 4.723264 0.075139 

LH_MU_1 34.26056 0 0 0 65.73944 

LH_MU_2 13.99396 0 0 0 86.00604 

LH_MU_3 4.672806 51.9088 0 0 43.41839 

LL_MU_1 47.80135 0 50 0 2.198652 

LL_MU_3 35.01679 0 30.51959 19.48041 14.98321 

LL_MU_4 45.57043 0 27.03009 22.96991 4.429573 

LM_MU_1 26.48973 0.002697 44.8526 5.1474 23.50758 

LM_MU_2 4.44229 0 0 50 45.55771 

LM_MU_3 7.604794 0 50 0 42.39521 

LU_MU_1 10.13721 0 46.28696 3.713042 39.86279 

LU_MU_2 0.131475 0 41.68287 8.317133 49.86853 

LU_MU_3 0 0 44.57597 5.424035 50 

MH_MU_1 9.600261 0 0 0 90.39974 

MH_MU_2 5.498533 12.66284 0 0 81.83863 

MH_MU_3 0.040849 0 0 0 99.95915 

ML_MU_1 0 0 33.80195 16.19805 50 

ML_MU_2 23.20659 0 28.66079 21.33921 26.79341 

ML_MU_3 49.52225 0 50 0 0.477745 

MM_MU_1 11.00265 0 25.78805 24.21195 38.99735 

MM_MU_2 1.410541 0 0 0 98.58946 

MM_MU_3 9.196068 0 24.13978 25.86022 40.80393 

MU_MU_1 32.71704 0 25.66727 24.33273 17.28296 

MU_MU_2 0 0.416463 28.17859 21.82141 49.58354 

MU_MU_3 0 0 50 0 50 

UH_MU_1 18.96466 0 0 0 81.03534 

UH_MU_10 4.615385 0 0 0 95.38462 

UH_MU_2 66.64485 9.676375 0 0 23.67878 

UH_MU_3 0 0 0 0 100 

UL_MU_1 27.92087 0 46.06909 3.930905 22.07913 

UL_MU_10 18.75 1.52027 50 0 29.72973 

UL_MU_11 6.048387 0 47.90557 2.094429 43.95161 
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UL_MU_12 6.25 0 50 0 43.75 

UL_MU_13 9.52381 0 49.56458 0.43542 40.47619 

UL_MU_14 3 0 46.43392 3.56608 47 

UL_MU_15 21.13208 0 11.7475 38.2525 28.86792 

UL_MU_2 10.20249 29.9125 50 0 9.88501 

UL_MU_3 0 0 2.676028 47.32397 50 

UM_MU_1 9.92148 0 50 0 40.07852 

UM_MU_10 7.142857 0 50 0 42.85714 

UM_MU_2 0 0 0 0 100 

UM_MU_3 15.87078 0 20.39984 29.60016 34.12922 

UU_MU_1 0 0 50 0 50 

UU_MU_10 6.060606 0 48.13374 1.86626 43.93939 

UU_MU_11 2 0 38.70516 11.29484 48 

UU_MU_2 2.357902 0 33.81338 13.44297 50.38575 

UU_MU_3 0 0 25.51969 24.48031 50 

HH_MC_1 0 5.362292 0 0 94.63771 

HH_MC_2 0 0 0 0 100 

HH_MC_3 8.129888 91.80894 0 0 0.061177 

HL_MC_1 4.236317 23.66066 50 0 22.10302 

HL_MC_2 11.5346 82.24312 0 0 6.22228 

HL_MC_3 79.65383 0 0 0 20.34617 

HM_MC_10 5 40 50 0 5 

HM_MC_11 12.12121 3.030303 50 0 34.84848 

HM_MC_3 51.41229 39.04356 0 0 9.544151 

HM_MC_4 0 92.1103 0 0 7.889697 

HM_MC_5 34.88805 21.5873 0 0 43.52466 

HM_MC_6 19.34204 29.9541 50 0 0.703856 

HU_MC_1 42.63158 0 0 0 57.36842 

HU_MC_2 0 1.756919 0 50 48.24308 

HU_MC_3 0 0 9.85854 40.14146 50 

LH_MC_2 58.59149 41.40851 0 0 0 

LH_MC_6 5.531268 0 0 0 94.46873 

LL_MC_10 10 10 50 0 30 

LL_MC_11 7.894737 15.78947 50 0 26.31579 

LL_MC_2 36.37811 0.094496 45.72852 4.271475 13.5274 
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LL_MC_3 25.43103 19.22726 50 0 5.341717 

LL_MC_4 0 0 43.38038 6.619625 50 

LM_MC_1 0 0 9.675247 40.32475 50 

LM_MC_10 32.42604 0 0 0 67.57396 

LM_MC_11 7.653061 15.81633 50 0 26.53061 

LM_MC_2 8.682379 6.038852 39.27787 10.72213 35.27877 

LM_MC_3 0 0 26.27878 23.72122 50 

LU_MC_1 47.12293 0.562905 50 0 2.314164 

LU_MC_2 19.41859 12.94573 31.75103 18.24897 17.63568 

LU_MC_3 0 0 50 0 50 

MH_MC_1 0 94.67402 0 0 5.325982 

MH_MC_2 0 0 0 0 100 

MH_MC_3 0.728431 49.27157 50 0 0 

ML_MC_1 28.99898 0 34.38585 15.61415 21.00102 

ML_MC_10 21.42857 20.71429 50 0 7.857143 

ML_MC_2 37.67837 0 26.90197 23.09803 12.32163 

ML_MC_3 40.90853 0 47.7684 2.231605 9.091468 

MM_MC_1 7.192821 2.529735 41.39172 8.608277 40.27744 

MM_MC_2 0.101585 47.93057 50 0 1.967841 

MM_MC_3 1.079018 48.92098 50 0 0 

MU_MC_1 19.58349 7.994485 50 0 22.42203 

MU_MC_2 0 49.96634 50 0 0.033657 

MU_MC_3 23.92704 25.97884 50 0 0.094119 

UH_MC_1 4.078242 95.92176 0 0 0 

UH_MC_10 29.03226 70.96774 0 0 0 

UH_MC_2 33.67022 0 43.59536 6.404644 16.32978 

UH_MC_3 38.32037 59.66452 0 0 2.015104 

UH_MC_4 66.2901 31.57706 0 0 2.132844 

UL_MC_1 3.89314 40.91153 50 0 5.195328 

UL_MC_2 5.296341 41.93664 50 0 2.767016 

UL_MC_3 50 0 50 0 0 

UM_MC_1 41.30036 0 0 0 58.69964 

UM_MC_2 41.81405 0 48.58946 1.41054 8.185951 

UM_MC_3 33.57261 16.42739 50 0 0 

UU_MC_1 0 0 49.56893 0.431067 50 
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UU_MC_2 49.74653 0 50 0 0.253475 

UU_MC_3 0 0 50 0 50 
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APPENDIX D:  

FIRE SEVERITY AND REGENERATION STRATEGY INFLUENCE SHRUB PATCH SIZE 

AND STRUCTURE FOLLOWING DISTURBANCE 
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Abstract 
Climate change is increasing the frequency and extent of high-severity disturbance, 

with potential to alter vegetation community composition and structure in 

environments sensitive to tipping points between alternative states. Shrub species 

display a range of characteristics that promote resistance and resilience to disturbance, 

and which yield differential post-disturbance outcomes. We investigated differences in 

shrub patch size and stem density in response to variations in fire severity, vegetation 

community, and post-disturbance reproductive strategies in Sky Island forested 

ecosystems in the southwestern United States. Patterns in shrub structure reflect the 

effects of fire severity as well as differences among species with alternate post-fire 

reproductive strategies. Increased fire severity correlates with larger patch sizes and 

greater stem densities; these patterns are observed across multiple fire events, 

indicating that disturbance legacies can persist for decades. High severity fire produces 

the largest shrub patches, and variance in shrub patch size increases with severity. 
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High severity fire is likely to promote expansion of shrub species on the landscape, 

with implications for future community structure. Resprouting species have the 

greatest variability in patch structure, while seeding species show a strong response to 

disturbance: resprouting species dominate at low disturbance severities, and obligate 

seeders dominate high severity areas. Differential post-fire reproductive strategies are 

likely to generate distinct patterns of vegetation distribution following disturbance, 

with implications for community composition at various scales. Shrub species 

demonstrate flexible responses to wildfire disturbance severity that are reflected in 

shrub patch dynamics at small and intermediate scales. 

 

Keywords 

ecological disturbance; Madrean archipelago; North American Monsoon; plant 

structure; plasticity; reproductive strategy; shrubfield; sprouting; tipping points; 

wildfire 

 

Introduction 
The resilience and resistance of vegetation to disturbance events is a primary influence 

on ecological succession. Post-disturbance vegetation response and recovery reflects 

uncertainties in community composition, structure, and recovery trajectories [1–3]. 

Wildland fire is an especially complicated disturbance agent because spatial and 

temporal variability in fire severity can compound one another to produce highly 

variable outcomes [3,4]. In addition, species-specific responses to disturbance 

influence the composition and structure of post-fire vegetation communities. In forests, 

shrubs are particularly vulnerable to pyrogenic effects, including direct combustion of 

canopy and supporting stems and convective heat damage to cambial tissue and roots, 

because of their low stature growth forms [2,5]. Perhaps because of their short stature 

and vulnerability to fire effects, shrub species have evolved a suite of life history 

strategies for recovery following disturbance, including germinating from seed, 

sprouting from surviving tissues, and combinations of seeding and sprouting [5–8]. 
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These adaptations allow shrubs often to dominate early post-fire succession, 

sometimes persisting in situ for multiple decades after fire [9–11]. 

 

Ecological Resilience in Shrub Systems 

Ecological resilience can be defined as the capacity of ecosystems to withstand 

disturbance without altering important structures and processes [12,13]. Shrub 

species have evolved a range of traits that promote resistance and resilience to 

disturbance, and which yield differential post-disturbance outcomes, including 

plasticity in growth form, post-disturbance regeneration strategies, and physiological 

characteristics that minimize damage from disturbance [1,6,7]. Shrub stands exemplify 

fire-resilient communities because of high fire tolerance and rapid post-disturbance 

recovery of many of the constituent species [10,14,15]. Shrub communities tend to be 

dynamically stable in the face of pyrogenic disturbance, until fire cessation or 

biological invasion alters community composition or structure. At this point, the 

reapplication of disturbance can cause a restructuring of species composition or 

growth forms that modifies future disturbance regimes. 

The dynamics and stability of shrublands and forests are of particular interest to 

managers, ecologists, foresters and range specialists, and economic users of 

landscapes, especially in systems that are sensitive to disturbance-mediated tipping 

points between alternate structural types or stable states [13,16,17]. The composition, 

density, and structure of vegetation communities following disturbance can prove 

highly resilient in the face of later changes, and may resist reverting to pre-disturbance 

conditions because of altered ecosystem dynamics [18]. 

The capacity for fire resistance seen in many of the taller shrub species in 

southwestern North America (most markedly in Quercus) allows some shrubs to take 

single-stemmed, arboreal form, thereby lifting the canopy above the direct influence of 

flames and convective heat from low-intensity fire [2]. Because many species can take 

either tree or shrub form following injury by fire, the structure of shrub patches 

(defined here as the relationship between canopy area and stem density) has 
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important implications for forest structure after wildfire disturbance. The plastic 

response of shrub species to disturbance has implications for understanding potential 

“tipping points” in the structural trajectory of an ecosystem after wildfire disturbance 

[17,19]. Ecological disturbance, especially when severity is high or disturbance is 

unusually frequent, can promote changes in species composition and vegetation 

structure [6,17]. Importantly, even when species composition is unaffected, 

disturbance can ‘tip’ ecological communities into alternate structural states, such as 

shrubby growth form versus arboreal form [9]. Given a sufficiently long fire-free 

period, single-stemmed shrub patches, most of which germinate from seed, are more 

likely to grow into monopodial trees, which can withstand repeated low- and 

moderate-intensity wildfire without converting to low-profile shrub form [20,21]. In 

contrast, multi-stemmed shrub patches tend to persist in the face of disturbance by 

resprouting as low-profile shrub patches [2,5]. Both of these outcomes in shrub species 

reflect varying degrees of resilience and resistance to disturbance. Consequently, shrub 

species are able to resist pyrogenic change by altering their structure to accommodate 

different fire regimes: low severity fire allows some shrub species to grow above the 

flame height and survive even frequent application of low-intensity fire, while some 

shrub species subjected to high-severity fire can either resprout or initiate from seeds 

following canopy mortality. Thus, the plasticity of growth form represents a form of 

resilience to disturbance, because some shrub species can recover from high-severity 

disturbance by changing structure into multiple-stemmed shrub patches. 

 

Climate and Fire Severity in the North American Monsoon Region 

In contrast to research on fire and climate effects of shrub species growing in 

Mediterranean ecosystems, the literature on shrub dynamics in forested ecosystems 

dominated by the North American Monsoon (NAM) is relatively sparse. Unlike 

Mediterranean ecosystems, which receive the bulk of precipitation in the winter, this 

NAM-dominated region experiences two wet seasons, with 
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>50% of precipitation falling between July and September and most of the remaining 

precipitation falling between December and March [22]. The increase in humidity and 

precipitation during the summer influences fire extent and severity throughout the fire 

season (during the fore-monsoon drought versus during the monsoon), as well as post-

fire recovery, regrowth, and germination. Whereas Mediterranean ecosystems tend to 

experience the greatest fire severities and burned-area extent in autumn, before winter 

rains commence [23,24], NAM-dominated ecosystems have the highest fire severities 

and greatest area burned in the fore-monsoon drought of May through early July, with 

many smaller fires ignited during the monsoon period [25,26]. 

Considerable literature on shrub dynamics in the NAM region has focused on shrub 

encroachment into grasslands (e.g., [27–30]), and on impacts of shrub 

evapotranspiration on desert hydrology (e.g., [31,32]). Less research has focused on 

the dynamics of shrub species in montane forest ecosystems, particularly as those 

shrub species are affected by wildfire disturbance. Generally, research into pyrogenic 

influences on shrub species in the NAM region evaluates the differential responses of 

conifers versus angiosperm species to fire severity and post-fire regeneration, with a 

focus on pre- and post-fire frequency and dominance, rather than investigating shrub-

specific responses [9,11,33]. In the face of low-intensity fire, many shrub species 

exhibit resistance to fire injury [33,34], but at higher fire severities these species may 

persist following fire either by resprouting or by germinating from soil seed banks or 

from inseeding [35]. Shrub life history strategies reflect differential methods of gaining 

advantage after disturbance, including resprouting, germinating from seed, and 

combinations of the two strategies (facultative seeding; [1]). 

The structure and composition of montane forests and woodlands has important 

implications for future fire severity, post-fire recovery trajectories, and associated 

resource management issues that include watershed function, habitat for species of 

special concern, and recreational amenities. Here, we describe the architectural 

responses of shrub species to fire injury across fire severities, with implications for 

potential tipping-point responses between forests and shrubfields in montane forest 

ecosystems. To that end, we investigate the dynamics of shrub structure (patch size 
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and stem density) in response to variations in fire severity, legacies of prior 

disturbance, vegetation community, and post-disturbance reproductive strategies in 

Madrean Sky Island forested ecosystems, to address shrub species’ resistance and 

resilience to pyrogenic disturbance. Finally, we ask whether prior fire severity may 

influence shrub structure in the decades following disturbance. 

 

Materials and Methods 
Study Area 

This study was conducted in the Chiricahua Mountains of southeastern Arizona, USA 

(Figure 1). The Chiricahuas are the largest and most biodiverse of Arizona’s montane 

Sky Islands, characterized by strong floristic affinity with Madrean archipelago forests 

that extend into the northern Mexican states of Sonora and Chihuahua, as well as 

across southern Arizona and the Mogollon Rim [36–38]. Climate in the Chiricahuas is 

fairly moderate for the latitude, with 14.1 °C mean annual temperature at 1660 m 

elevation, and mean winter temperature of 5.7 °C [39]. Mean annual precipitation at 

1660 m is 442 mm, with the bulk of precipitation falling in the summer (56%) and 

winter (27%). Spring precipitation provides 8% of the annual total, and autumn 

contributes 9% [39]. The Chiricahuas span an elevational range of 1220–2975 m, and 

support a wide range of habitats along this gradient, with slope aspect providing a 

strong influence on moisture availability, and hence the vegetation type. Semi-desert 

grasslands and upland scrub ecosystems are found at the lowest elevations (1220–

2000 m), and are replaced by pinyon-juniper-oak woodlands at elevations from 1450–

2600 m. Lower pine-oak forest and woodland is common between 1700–2560 m, and 

upper conifer-oak forest and woodlands are dominant between 2070–2740 m, with 

aspect strongly influencing the elevations at which oaks or conifers are dominant. At 

the highest elevations, dry-mesic mixed conifer is the dominant vegetation type 

between 2280–2740 m, and the range is topped by aspen-mixed conifer forest between 

2590–2795 m. South-facing slopes generally carry more xeric vegetation at any given 

elevation compared to shady, north-facing slopes [40,41]. Fires are common in 

forested vegetation types in the Chiricahuas, with pine-oak forests showing historical 
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evidence of frequent fire (mean fire interval 4–6 years) [42]. High-elevation mixed 

conifer forests also experienced frequent fires (mean fire interval 10–16 years), with 

little evidence of stand-replacing fire [43]. The Chiricahuas have a long history of 

frequent, low-intensity fire, with tree-ring based fire histories from as early as the 

1400s [44] demonstrating an historical dynamic interplay of climatic and 

anthropogenic influences on fire frequency [42,44,45]. Decades of fire suppression 

have produced structural changes to forests and fuels in the Chiricahuas that have led 

to a recent increase in fire severity and longer fire intervals [9,33,42,46]. 

 

Figure 1. Plot locations within three Ecological Systems in the Chiricahua 
Mountains, Arizona, USA. White areas within the Horseshoe 2 Fire perimeter 
correspond to xeric grassland, savanna, and woodland vegetation types that were 
not included in this analysis. Plot frequencies are indicated by both fire severity and 
vegetation type. No plots were sampled within the high-elevation Aspen-Mixed 
Conifer vegetation type. 
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Twenty-five sampling plots were positioned in the Coronado National Forest (Figure 1) 

within the perimeter of the 2011 Horseshoe 2 Fire, which burned nearly 91,000 ha 

between 8 May and 25 June during the hot and dry fore-monsoon drought period. 

Almost 42% of the area affected by the Horseshoe 2 Fire burned at moderate and high 

severity [47]. These plots had been unburned since at least the 1994 Rattlesnake Fire, 

which burned 10,210 ha between 28 June–29 July. Unlike the Horseshoe 2 Fire, which 

consumed its fuels and was controlled before seasonal initiation of the NAM, the 

Rattlesnake Fire ignited during the fore-monsoon drought and burned into the more 

humid monsoon period, with 44% of the area burned at moderate and high severity 

[44]. Sixteen study plots were located within the perimeter of both fires, allowing for 

analysis of the effects of two mixed-severity fires on forest and shrub patch structure. 

Sampling locations were selected to represent a range of elevational settings, 

topographic variables, vegetation types, and Horseshoe 2 and Rattlesnake Fire soil 

burn severities. Soil burn severity was mapped using the Differenced Normalized Burn 

Ratio (dNBR), which is a refinement of Normalized Burn Ratio (NBR). NBR is an index 

of vegetation health that assesses healthy vegetation (high reflectance in the near-

infrared (NIR) spectrum) in comparison to burned areas (high reflectance in the 

shortwave infrared (SWIR) spectrum): NBR = (NIR − SWIR)/(NIR + SWIR). To assess 

fire effects on vegetation, dNBR takes pre-fire and post-fire images and compares NBR 

values, and provides a good comparison of post-fire vegetation compared to pre-fire 

vegetation: dNBR = NBRpre-fire − NBRpost-fire [47]. 

We situated the 25 sampling locations in three ecological systems: Madrean Lower 

Pine-Oak Forest and Woodland; Madrean Upper Conifer-Oak Forest and Woodland; 

and Southern Rocky Mountain Dry-Mesic Montane Mixed Conifer Forest and Woodland 

[40,41]. These three ecological systems roughly correspond to the U.S. government’s 

LANDFIRE Existing Vegetation Type (EVT) classifications of Madrean Lower Pine-Oak 

Forest and Woodland and Southern Rocky Mountain Dry-Mesic Montane Mixed Conifer 

Forest and Woodland, respectively. The principle distinction between “ecological 

systems” and LANDFIRE EVTs is that Madrean Upper Conifer-Oak Forest and 

Woodland consists of >50% Douglas-Fir and large pines, but otherwise contains the 
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same species assemblages as Madrean Lower Pine-Oak Forest and Woodland, albeit in 

different relative abundances [48]. For purposes of simplicity, the three vegetation 

types are referred to here as “Lower Pine-Oak”, “Upper Pine-Oak”, and “Mixed Conifer” 

(Figure 1). 

 

Shrub Measurements 

Shrub patch measurements were conducted in 25 1000 m2 (17.85 m radius) circular 

plots. Within each plot, the canopy area of every individual shrub and shrub patch (n = 

867) was measured by taking the major and minor axis of each shrub patch to the 

nearest 0.1 m. Ellipses representing shrub patch area were calculated from these two 

axes. Within every shrub patch, the number of living stems per patch was counted. 

Using these two metrics of shrub structure (area and stem counts), we calculate stem 

density by dividing the number of stems in a patch by the canopy area. Shrub patches 

were measured to the edge of the plot in cases where the patch extended beyond plot 

boundaries, and shrubs were identified to species. In addition to species presented in 

this paper, measurements were taken of cactus, agave (Agave spp.), yucca (Yucca spp.), 

and beargrass (Nolina) species, as well as grass, fern, and Rubus species. Rubus species 

were not analyzed in this paper because their thicket-like growth form makes accurate 

stem counts difficult, and roseate shrubs such as agave, yucca, and beargrass are 

almost always single-stemmed. Data for shrub species not analyzed in this paper are 

presented elsewhere [46]. 

 

Shrub Classification 

Shrub species have developed several distinct life history strategies for regenerating 

and propagating following disturbance by wildfire, including germinating from seed, 

sprouting from root collars or rhizomes, or combinations of these two strategies [7,8]. 

For purposes of analysis, we grouped the species identified in this study by post-fire 

regeneration strategy (Table A1 in Appendix A), obtained from the Fire Effects 

Information System [15]; species citations provided in Appendix B. Obligate seeders 
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are species that must germinate from seeds after pyrogenic disturbance, whereas 

obligate resprouters are species that characteristically regenerate post-fire from 

existing stump or root collars or from root rhizomes, generally because their seeds are 

highly sensitive to damage from fire [49–51]. Facultative seeders can germinate from 

seed or resprout from preexisting stumps, roots, or rhizomes following disturbance by 

fire [1]. We excluded facultative seeding species from our analysis because an 

insufficient number were sampled for this study. 

We additionally tested whether particular post-fire regeneration strategies are 

associated with predominance in patches of single stem individuals. We hypothesized 

that obligate seeding species would be observed more commonly as single-stemmed 

patches, because these shrubs require germination from seeds after fire disturbance. 

By contrast, obligate resprouters have the capability to send up multiple stems from 

root collars and rhizomes, which would produce shrub patches with continuous 

canopy supported by multiple stems. 

 

Statistical Testing and Regression Analysis 

The effects of outlier observations were evaluated using influence tests, and 

observations with a Cook’s D over 1.0 were discarded [52]. We used pairwise Student’s 

t-tests to evaluate significance (α = 0.05) of differences in shrub structure observed 

across variations in fire severity, vegetation type, and post-fire regeneration strategy. 

Because the raw shrub patch data were not normally distributed, data were log 

transformed to achieve normality and thus to conform to the assumptions of Student’s 

t-test. We used linear and nonlinear regression of shrub patch data to model the 

relationships between shrub patch area and the number of live stems supporting that 

canopy. Regressions were performed for individual species and combinations of 

species across independent variables including fire severity and vegetation type. 

Species combinations include the shrub species that co-occurred on plots, as well as 

species grouped by post-disturbance regeneration strategies. Regression residuals 

were checked for normalcy, and no trend was observed in the residuals. Z statistics 
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were calculated to test significant relationships between proportional abundances, and 

coefficients of variation of shrub patch size and stem density were calculated to assess 

shrub variability in relation to the mean. 

 

Results 
Fire Severity Influences Shrub Patch Size and Stem Density 

Antecedent fire severity plays a significant role in structuring shrub patch canopy area 

at moderate and high severities and in determining shrub patch stem density, 

especially in unburned, low-, and moderate-severity burn areas of the study sites 

(Table 1). While average shrub patch size remains roughly constant across fire severity 

classes, shrub canopies in high-severity burned areas are nearly twice as large on 

average (Table 1). Shrub species respond to increasing fire severity from unburned to 

moderate-severity fire with steady decreases in the mean and median patch sizes and 

with increases in the maximum patch size (Table 1). 

 

Table 1. Descriptive statistical characteristics of shrub patch structure (patch area and 
stem density) across fire severity categories. 

 Patch Area (m2) Stem density (stems/m2) 

Fire Severity Mea

n 

Media

n 

Maximu

m 

C.V. Mea

n 

Media

n 

Maximu

m 

C.V. 

Unburned (n = 

84) 

1.7 1.3 6.5 0.9 4.1* 3.1 6.4 1.2 

Low (n = 286) 1.5 0.9 26.4 1.6 3.9 4.6 2.3 0.6 

Moderate (n = 

312) 

1.4* 0.6 28.1 1.6 2.6* 4.8 0.7 0.5 

High (n = 184) 2.7* 1.6 30.6 1.4 2.0* 2.6 0.9 0.6 

n = number of patches sampled, in the study area. Coefficients of variation (C.V.) is the 
ratio of standard deviation to the mean. Asterisk (*) indicates significance of the mean 
at α = 0.05. 
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Increasing fire severity also influences shrub stem density, steadily reducing the mean 

and maximum stem density per patch, with significant differences observed in all but 

low-severity burned areas (Table 1). We also find a reduction in the variation (C.V.) in 

stem density among plots with increasing fire intensity. Pairwise comparisons of fire 

severities (unburned vs. low, unburned vs. moderate, unburned vs. high, etc.) 

demonstrate that the canopy area of shrubs growing in unburned areas do not differ 

from shrubs in low-severity plots, but that canopy area differs across all the other 

comparisons (Table 2). Similarly, stem density does not differ between unburned and 

low-severity plots, or between unburned and high-severity plots, but all other 

relationships are significantly different (Table 2). 

 

Table 2. Mean shrub patch size and mean stem density across pairwise fire severity 
comparisons, in the study area. 

Fire Severity 
Stem Density (stems/m2) 

Unburned Low Moderate High 

C
a

n
o

p
y

 A
re

a
 

(m
2
) 

Unburned  8.7 10.9** 5.6 

Low 1.5  10.0** 7.0* 

Moderate 1.4* 1.3*  8.7** 

High 2.4* 2.0** 2.0**  

Values above the diagonal line represent shrub stem density, and values below the 
blank diagonal represent shrub canopy area. Relevant comparisons are made in the 
columns. For example, in column 1, Unburned-Low compares unburned and moderate-
severity fire in terms of canopy area. Significance was tested using pairwise Student’s 
t-Tests; a single asterisk (*) indicates significance at α = 0.05 and double asterisk (**) 
indicates significance at α = 0.001. 

 

Shrub Variability across Vegetation Types 

The distribution and dominance of shrub species varies by vegetation type, which 

transitions from Lower Pine-Oak to Upper Pine-Oak and Mixed conifer with increases 

in elevation. The three vegetation types contain roughly the same number of shrub 

species, and a number of species are present across the elevational gradient 
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represented by these three vegetation types (Table 3). Several species tend to cluster 

in lower or higher elevational positions; the greatest number and overlap in species is 

found in the Upper Pine-Oak vegetation type, which occupies an intermediate 

elevational position between Lower Pine-Oak and Mixed Conifer forests. Pairwise 

testing of significance shows shrub patch structure differing significantly across 

vegetation types. Stem density per patch is significantly different across all vegetation 

types (p = 0.001 for Lower Pine-Oak vs. Upper Pine-Oak; p < 0.001 for Mixed Conifer vs. 

both Pine-Oak types), and patch area differs significantly between mixed conifer and 

the two pine-oak vegetation types (p < 0.001). 

 

Table 3. Relative dominance of shrub species by vegetation type within the study area 
located in the Chiricahua Mountains, Arizona, USA. 

Vegetation 

Type 

Species  Total 

Shrub 

Patch Area 

(m2) 

% of 

Measured 

Shrub 

Cover 

# of 

Measured 

Patches 

Lower Pine-

Oak 

Quercus arizonica 435.6 47.8% 199 

Quercus hypoleucoides 325.3 35.7% 139 

Ceanothus fenderli † 50.7 5.6% 116 

Quercus emoryi 36.7 4.0% 40 

Quercus rugosa 23.1 2.5% 6 

Mimosa biuncifera 21.5 2.4% 34 

Quercus gambelii 8.0 0.9% 5 

Symphoricarpos rotundifolius 6.3 0.7% 2 

Robinia neomexicana 3.7 0.4% 4 

Physocarpus monogynus 0.2 0.1% 1 

Total  911.1 - 546 

Upper Pine-

Oak 

Quercus hypoleucoides 142.0 27.0% 76 

Robinia neomexicana 134.5 25.6% 56 
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Quercus arizonica 93.8 17.9% 39 

Ceanothus fenderli † 63.3 12.1% 25 

Quercus gambelii 49.7 9.5% 22 

Quercus rugosa 21.9 4.2% 5 

Cercocarpus betuloides 8.9 1.7% 2 

Frangula betulaefolia 3.8 0.7% 5 

Physocarpus monogynus 1.7 0.3% 1 

Arbutus arizonica 1.5 0.3% 1 

Symphoricarpos rotundifolius 0.7 0.1% 3 

Ribes pinetorum † 0.2 0.1% 2 

Total  522 - 237 

Mixed 

Conifer 

Robinia neomexicana 73.7 65.0% 23 

Ribes pinetorum † 17.6 16.2% 36 

Ptelea trifoliate † 5.6 5.7% 15 

Quercus hypoleucoides 3.6 3.9% 4 

Sambucus coerulea † 3.0 3.4% 1 

Frangula betulaefolia 2.2 2.8% 1 

Ceanothus fenderli † 0.2 1.1% 1 

Symphoricarpos rotundifolius 0.05 1.0% 1 

Quercus arizonica 0.01 0.9% 1 

Total  106.0 - 84 

Shrub dominance declines across the vegetation types used in this study in terms of 
both total shrub patch area and the number of patches measured. Shrub cover often 
represents a small fraction of the total area of measured plots, but certain species tend 
to dominate the distribution of shrub patch area. Within each vegetation type, species 
are sorted by total measured patch area and proportional dominance. Post-fire seeding 
species are indicated with †. 

Lower Pine-Oak shares 80% of its shrub species with Upper Pine Oak, and the Mixed 

Conifer vegetation type shares 70% of its species with Upper Pine-Oak, while only 38% 

of the species are common to all three vegetation types. The overall dominance of 

shrub species declines with elevation (Table 3). 
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Post-Disturbance Regeneration Strategies Affect Shrub Patch Dynamics 

Post-fire regeneration strategy appears to play a role in structuring the relationships 

between shrub canopy and the number of stems supporting that canopy when all 

vegetation types and fire severities are combined (Figure 2). Obligate seeding species 

have a much stronger relationship (R2 = 0.704) between shrub patch area and number 

of stems than do obligate resprouters (R2 = 0.04). Differences observed in patch area 

and stem density between these post-fire regeneration strategies is significant (p < 

0.001). 

 

Figure 2. (a) Shrub patch structure of obligate post-fire reseeding species; and (b) 
shrub patch structure of obligate post-fire resprouting species, in the study area. Shrub 
species show a differential response in the relationships between shrub patch area and 
stem density across regeneration strategies. 

 

When shrubs are analyzed for dissimilarities in patch structure across variations in fire 

severity and regeneration strategy, a different pattern emerges. Obligate resprouters 

show only a weak relationship of shrub structure across variations in fire severity, 

with the strongest relationship emerging in oak species growing in unburned areas (R2 

= 0.256; slope coefficient = 0.322; data not shown). When obligate sprouting species 
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are analyzed across sprout source (root crown versus rhizome), no pattern in post-fire 

shrub patch structure emerges. This suggests that the sprout location (root versus 

rhizome) of post-fire shrub sprouts is independent of fire severity, and that fire effects 

do not promote one sprouting strategy after pyrogenic disturbance. 

By contrast, obligate seeders show a variable response to shrub structure across fire 

severity classes. Among obligate seeders, the strongest relationships between shrub 

structure and fire severity are observed in unburned (R2 = 0.922; slope coefficient = 

0.244) and high-severity areas (R2 = 0.754) (Figure 3), with weaker relationships in 

moderate (R2 = 0.398; slope coefficient = 0.135; data not shown) and low fire severity 

(R2 = 0.141; slope coefficient = 0.045; data not shown). 

 

Figure 3. Fire severity effects on obligate seeding species across fire severities in:  
(a) unburned plots; and (b) high severity plots, in the study area. Obligate sprouting 
species show no pattern in shrub structure in any fire severity class, but obligate 
seeders growing in unburned, moderate-severity, and high-severity burned areas 
demonstrate characteristic patterns in shrub patch structure. 

 

When regeneration strategy is evaluated across fire severities (Figure 4), obligate 

resprouters are proportionally much more common at lower fire severities. At high 
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severities, obligate seeders are proportionally more abundant, whether measured by 

stem density or canopy area. The dominance of obligate post-fire seeders in high-

severity burn areas is significant. 

 

 

Figure 4. (a) Proportional abundance of stem density among shrub species by post-fire 
regeneration strategy across fire severity classes; and (b) Proportion of patch area 
among shrub species by post-fire regeneration strategy across fire severity classes, in 
the study area. The pattern of proportional dominance is similar regardless of which 
metric of shrub patch structure is used. Obligate seeding and obligate resprouting 
species are significantly different at every fire severity in terms of both stem density 
(Unburned p = 0.001; Low p < 0.001, Moderate p < 0.001; High p = 0.049) and patch 
area (p < 0.001 for all severities). 

When regeneration strategy is evaluated across vegetation types, we see a strong 

tendency for obligate resprouters to dominate Pine-Oak ecosystems, and for obligate 

seeders to dominate in Mixed Conifer (Tables 3 and 4). Lower and Upper Pine-Oak 

communities are significantly weighted towards obligate resprouters. In contrast, 
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Mixed Conifer plots show significant dominance by obligate seeders (63.9%), with 

obligate resprouters representing 36.1%. 

Table 4. Proportional abundance of shrub species by post-fire reproductive strategy, 
in the study area. 

Vegetation 

Type 

Obligate 

Seeders 

Obligate 

Resprouters 

Total n 

Lower Pine-Oak 21.2 78.8* 546 

Upper Pine-Oak 11.4 88.6* 237 

Mixed Conifer 63.9* 36.1 84 

Significant differences (indicated by asterisk (*)) are observed between dominance of 
obligate seeders in Mixed Conifer and obligate resprouters in Pine-Oak vegetation 
types (p < 0.001; Z = 9.35). 

 

Of the shrub patches measured, 16% were composed of single-stemmed individuals. Of 

these, 61.0% of the single-stemmed shrub patches encountered were resprouters, and 

38.3% were obligate seeders (data not shown). Only 15.2% of multi-stemmed shrub 

patches were comprised of obligate seeders, whereas 80.1% of multiple-stemmed 

shrub patches were composed of resprouters. Single-stemmed and multi-stemmed 

patches differ significantly (p < 0.001) from one another in patch size and stem density, 

and the variance in multi-stemmed patches (7.60) is greater than in single-stemmed 

patches (0.96). 

 

Vegetation Type Does Not Predict Variability in Shrub Structure 

Shrub species occur in differing abundances across vegetation types based on their 

post-fire regeneration strategy. Vegetation types, as a broad set of plant associations 

and a proxy for elevational position, do not display any characteristic patterns in terms 

of shrub structure, although significant differences are observed between the three 

vegetation types in stem density, and between mixed conifer and the pine-oak 

vegetation types for patch area. When all shrub species are combined within a 

vegetation type, relationships between shrub patch cover and stem density were weak 
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in Lower Pine-Oak (R2 = 0.397, slope coefficient = 0.294, p < 0.001) and Upper Pine-

Oak (R2 = 0.218, slope coefficient = 0.230, p < 0.001) plots, but stronger in Mixed 

Conifer plots (R2 = 0.576, slope coefficient = 0.948, p < 0.001) (data not shown). 

 

Fire Severity Influences Shrub Structure 

When the entire shrub community is considered, the relationship between stem 

density and patch area becomes stronger with increasing fire severity in successive 

fires (Figure 5). Unburned areas have the weakest relationship (R2 = 0.257, slope 

coefficient = 0.101) between stem density and area, with low severity areas (R2 = 

0.334, slope coefficient = 0.229) reflecting weak relationships between patch area and 

stem density (data not shown). Higher fire severities strengthen the relationship 

between patch area and stem density, increasing in moderate-severity areas (R2 = 

0.588), and strongest in high-severity areas (R2 = 0.662) (Figure 5). 

 

 

Figure 5. (a) Shrub patch structural relationships for moderate-severity fire; and (b) 
Shrub patch structural relationships for high-severity fire, in the study area. Fire 
severity has an organizing effect on shrub patch structure. Increases in fire severity 
show a strengthening in the relationship between shrub canopy area and stem density. 
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The organizing effects of antecedent fire severity on shrub patch dynamics are also 

stable through time. When plots that were unburned in 2011 are analyzed by prior 

(1994) fire severity, the same pattern illustrated in Figure 5 emerges. In plots 

unburned in 2011, 1994 fire severity plays a role in structuring shrub structure (Figure 

6), with shrubs growing in areas that did not experience fire in 1994 and 2011 having a 

very weak pattern in terms of shrub structure (R2 = 0.003, slope coefficient = 0.008). 

The relationship between canopy area and stem density strengthens in plots that were 

burned at low severity (R2 = 0.503, slope coefficient = 0.337) and high severity (R2 = 

0.727, slope coefficient = 0.252) in 1994 but went unburned in 2011 (Figure 6). An 

insufficient number of 1994 moderate-severity plots were sampled for this analysis. 

 

Figure 6. Shrub patch structural relationships of (a) plots that did not experience fire 
in 1994 or 2011; (b) plots that experienced low-severity fire in 1994 and went 
unburned in 2011; and (c) plots that experienced high-severity fire in 1994 and went 
unburned in 2011, in the study area. The organizing effect of increasing fire severity 
observed in plots burned in 2011 (Figures 3 and 5) can be observed in plots burned in 
1994 and unburned in 2011. The organizing effect of fire severity on shrub patch 
structure may persist for decades. 
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Discussion 
Fire Effects on Shrub Patch Structure 

In Madrean Sky Island ecosystems, disturbance by wildfire produces predictable 

patterns in shrub stand structure in terms of canopy size and the relationship of 

canopy area to the stem density across fire severity classes. The organizing effect of 

fire severity can persist for decades, which suggests that the legacy effects of 

disturbance can endure long enough for subsequent disturbance to occur, thus 

providing a strong influence on post-disturbance recovery patterns. This is an 

important factor in post-disturbance recovery, because spatial distribution, species 

composition, and structural features of pre-disturbance vegetation influence post-

disturbance recovery trajectories and influence community-level resilience and 

resilience to disturbance. Equally important, pre-disturbance vegetation patterns can 

have strong effects on subsequent disturbance severity. Recursive relationships 

between shrub responses to disturbance followed by vegetation influences on later 

disturbance severity provide important insights into important and management-

relevant ecological dynamics in forested environments [5,9,53]. 

Increases in patch size variance and maximum patch size (see Table 1) with fire 

severity are likely attributable to the effect of increasing fire severity in removing and 

reducing overstory canopy, which opens space for enhanced germination and 

sprouting of shrub species, as well as for individual shrubs to merge and intersect into 

larger patches. This is probably the result of pyrogenic changes to overstory tree 

canopy, which is unchanged in unburned areas, removed entirely in high-severity 

areas, and affected moderately in low and moderate fire severity areas. Low-severity 

fire alters only understory vegetation components, with minimal overstory and canopy 

effects, while moderate-severity fire can remove overstory canopy and have large 

effects on understory composition. In low and some moderate fire severity areas, 

shrub regeneration may occur from both resprouting and seed germination, which 

might weaken the relationships observed in obligate reseeding species. 

The variable outcomes of understory and overstory vegetation in low and moderate 

fire severity areas suggests the potential for divergence of fire effects on vegetation 
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independent of soil burn severity, followed by post-fire response of the vegetation 

itself. The differences observed in shrub patch structure in low-severity burned areas 

compared to moderate- and high-severity plots may also reflect a distinction between 

patches composed of single individual shrubs versus consolidated patches. As 

disturbance effects from fire become more pronounced, the shrubs regenerating 

become more regular and predictable in their growth form. This trend is evident across 

a fairly large range in terms of both shrub canopy area and stem density. The 

regulation of shrub canopy by fire severity is likely due to the increasingly strong 

effects of moderate- and high-severity fire on overstory tree canopy. In the absence of 

competition from overstory canopy, shrub patches develop in a more regular fashion, 

with less variance in shrub patch structure. 

Lower fire severities promote smaller patches of shrubs that are carried by 

proportionally greater stem densities. Increases in patch area are not due to increased 

stem density, and the overall correlation between patch size and the stem density is 

relatively high (Pearson’s r = 0.639). High-severity fire represents such a dramatic 

ecosystem reset that the shrubs that sprout or germinate can grow large canopies 

carried by a smaller number of stems. It is possible that high-severity burned areas do 

not share the trend in declining shrub stem density because the lower soil burn 

severity classes have upper bounds, but high severity does not; in effect, the range of 

fire effects can be greater in high-severity burned areas than in lower severity patches. 

In this sense, moderate-severity fire may not have a unique effect on shrub stem 

densities, but rather represent only the overall trend in fire effects on shrub patches 

along a severity gradient. 

 

Post-Fire Regeneration Strategy Affects Post-Disturbance Shrub Patch Dynamics 

Important variations in shrub patch structure occur because of post-fire regeneration 

strategies of shrub species. Shrub patch dynamics also vary across fire severity classes, 

demonstrating that increasing fire severity has an organizing effect on the relationship 

between shrub patch canopy cover and stem density. Moreover, the organizing effects 
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of fire severity on shrub patch dynamics can persist for decades, even with the ongoing 

processes of succession, competition, and species-specific responses to age and time. In 

the absence of fire for long periods of time, shrubs appear to be structured differently 

under closed or nearly-closed overstory canopy compared to shrubs growing in more 

recently burned areas. This result suggests that the observed pattern of increasing fire 

severity strengthening the relationship between the components of shrub structure, 

and explaining progressively increasing amounts of variance in shrub canopy-to-stem 

ratios, may be stable over longer periods of time. 

Fire severity, vegetation type, and the behavior of individual species are insufficient to 

explain variance in shrub structure among obligate resprouters. Sprouting appears to 

be an effective regeneration strategy that yields high variability in post-fire shrub 

structure. Obligate resprouting species can regenerate from rhizomes or from the root 

crown, and some species are capable of regenerating from both root crowns and 

rhizomes [7,8], and even of spreading asexually through adventitious rooting of aerial 

stems [54]. Adventitious rooting produces new sites at which post-fire sprouting could 

occur, and although this phenomenon was not directly observed in this study, it could 

have effects on shrub patch structure [54]. When regeneration strategy is evaluated 

across fire severities (Figure 4), obligate resprouters are proportionally much more 

common following lower fire severity, probably because unburned and low-severity 

burned areas are characterized by intact overstory canopy, and low-severity fire does 

not totally kill the root and stump rhizomes of sprouting species. In part, the stronger 

relationship observed between stems and shrub canopy area arises from the fact that 

obligate seeders germinate from seeds, whereas obligate resprouters could send up a 

number of shoots from a small area of a root or stump collar. However, in cases where 

tightly clumped seeds all germinate into a single patch, variable canopy areas could be 

sustained by differential numbers of stems. Despite that likelihood, the relationship 

and structure of shrub cover appears markedly different across post-fire regeneration 

strategy, indicating considerable plasticity in post-disturbance response. 

Obligate seeding species are proportionally most abundant in the highest-elevation 

vegetation type and in high-severity burned areas. In part, this likely reflects large 
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canopy openings as well as destruction of below-ground plant tissues from which 

resprouts could emerge, in part because resprouting vigor may be greatest following 

moderate-severity fire [55]. In high-severity patches, shrub regeneration frequently 

relies on seed rain from unburned or less-severely-burned areas because of soil 

seedbank mortality [35,56,57] and destruction of rhizome and root crown tissue 

[2,56]. Some post-fire seeding species may have a competitive advantage over 

resprouting species following intense wildfire because of their long-lived, heat-

resistant seeds [58] and the tendency of seeds to be fire stimulated [59]. Germination 

from seed can be prompted by several fire cues, including charred wood [60], smoke 

[57], ash [57], and heat [56,57], all of which can confer an advantage on seeding 

species if severe fire effects have killed or decreased the resprouting vigor of 

competing plants [8,55]. The post-fire seeding species contained in this study rely on 

durable, heat-resistant seeds [58,61] and heat scarification to promote germination 

[58,62]. In low and moderate burned areas, post-fire resprouting appears to be a more 

effective strategy than seeding, based on proportional abundances of resprouters 

compared to seeders (Figure 4). This is likely a result of the competitive advantage 

obtained from undamaged pre-fire biomass [2,5,8] over germination. 

Vegetation type does not exert an influence on patch structure, but the proportion of 

shrub patches differs across vegetation types. The decline in shrub cover across an 

elevational gradient of vegetation types signifies the considerable importance of shrub 

cover at lower-elevation sites, and the relatively lower importance of shrub cover as a 

component of higher-elevation mixed conifer ecosystems. Unburned and low-severity 

burned areas are colonized by very small patches of obligate seeding species. These 

small patches are generally emergent from single seeds that are spatially disaggregated 

(or else they would have been measured as multi-stemmed patches) as is evident in 

Figure 3. The more dramatic disturbance associated with high-severity fire creates 

much larger patches carried by numerous stems. 
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Climate Influences on Fire Effects on Shrub Species 

Shrub species growing in NAM-dominated ecosystems may demonstrate different 

responses to disturbance by fire compared to Mediterranean ecosystem shrubs 

because of seasonal differences in soil moisture and humidity. The seasonality of 

burning can play an important role in shrub recovery following fire, although most 

understory species are not significantly affected by season of fire [63,64]. Because soil 

and fuel moistures influence fire severity, late dry-season fires in Mediterranean 

climates have a disproportionate effect on shrub cover and species richness, 

particularly at small scales [64]. In contrast, late-season fires in NAM-dominated 

forests coincide with greater humidity, higher soil and fuel moistures, and increased 

precipitation. Thus, late-season fires in NAM-dominated ecosystems may promote 

lower disturbance severity compared to fires in Mediterranean climates, with 

implications for post-disturbance recovery of shrub species. The seasonality of burning 

can affect resprouting species particularly strongly, with burning early in the growing 

season causing high mortality because non-structural carbohydrates have not yet been 

assimilated into plant tissues [65,66]. Thus, the phenology of certain shrub species may 

produce increased vulnerability to wildfire occurring at different times of year. 

The bimodal distribution of seasonal precipitation in NAM-dominated climates 

influences disturbance timing and severity, with the spatially most extensive and 

ecologically most severe fires burning in May and June, and with fire size and intensity 

moderating with the onset of the monsoon season [67]. For this reason, the highest fire 

intensities observed over large spatial scales are likely to be experienced in the middle 

of the growing season, with growth-promoting rainfall falling before the growing 

season ceases. By contrast, Mediterranean-climate shrubs are reliant on soil moisture 

from cool-season precipitation, meaning that shrub recovery may be delayed until 

conditions are favorable for germination and resprouting [68]. Shrub species growing 

in Mediterranean climates tend to recover quickly from early season fires, which occur 

when soil and fuel moistures are highest [64]. 
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Tipping Points between Forest and Shrubfields 

Elevated disturbance severity in Madrean forested ecosystems is predicted to promote 

conversion of forest ecosystems to woodlands or shrubfields [9,18]. Many Madrean 

shrub and tree species display traits that make them variously more resistant to 

damage by wildfire, or resilient after disturbance [1]; Appendix B, which might confer 

community-scale resilience and resistance to disturbance, especially low and moderate 

severity wildfire. 

Increased disturbance severity is likely to have differential effects on trees and shrubs, 

particularly since only one Madrean pine (Chihuahuan pine, P. leiophylla Scheide & 

Deppe) is resilient to crown fire through post-fire resprouting [69,70]. By contrast, all 

the Madrean oaks and many shrub species are capable of resprouting, either from 

rhizomes or root collars [71,72]; Appendix B. Oaks growing in regions characterized by 

mixed fire regimes invest in belowground carbohydrate stores, which aid in post-fire 

resprouting, and may delay allocations in bark thickness, which would confer 

additional resistance to fire [73]. For this reason, high-severity disturbance that kills 

monopodial trees can promote conversion of forest to shrubland, in the process 

producing stable vegetation types that can weather repeated moderate- and high-

severity disturbance through resprouting. In this sense, type conversion of pine-oak 

forest into oak shrublands could represent a change to more resilient vegetation that is 

suited to this region’s likely future climate and disturbance regimes. 

Type conversion of forest to shrubland can reflect changes in dominant plant 

functional types (e.g., loss of conifers) but does not necessarily herald changes to the 

relative abundance of species, as when arboreal-form oak trees are top-killed and 

resprout as low-profile shrubs. Shrubby species, with their lower canopies, are more 

susceptible to canopy injury from less-intense burning than tree-form species with 

lofted canopies [73]. Low- and moderate-severity fire has disproportionate effects on 

small-diameter stems, which promotes resprouting in species that are capable of it and 

simultaneously promotes persistence of large-diameter stems. Thus, subsequent 

disturbance of shrubfields and the vigorous post-fire recovery of shrub species is likely 

to produce shrub patches that are resistant to change in either species composition or 
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structure and resilient in the face of repeated disturbance [9,33]. In this sense, shrub 

species are both resistant and resilient in the face of disturbance, which suggests that 

areas that are dominated by shrub species may remain so, especially under conditions 

of repeated moderate- and high-severity wildfire. Shrublands may persist until 

disturbance ceases for a sufficient time for later-seral stage species such as pines and 

other conifers to regenerate, or for management actions to alter community 

composition and structure to favor alternate forest states. Management actions may be 

necessary to influence the balance between conifers and oaks, because tree seedlings 

grow more slowly than post-disturbance sprouts [33] and can be rapidly outcompeted. 

Once established, many Madrean conifers are resistant to low and moderate fire 

severity, but are not high-severity disturbance, and tend not to endure except under 

specific disturbance regimes. Lengthy disturbance cessation favors certain pine 

seedlings, as their growth rate accelerates following more than a decade of 

establishment [74]. On the other hand, biomass accumulation from long fire-free 

periods, coupled with the growth of ladder fuels, increases fire intensity and severity 

and likely favors oak dominance. 

In pine-oak woodlands, which may be sensitive to tipping between conifer dominance 

or oak dominance with altered disturbance regimes [75], high frequency of low- to 

moderate-intensity fire promotes abundant tree seedling regeneration, but 

paradoxically produces low survivorship of recently-established seedlings [9,76,77]. In 

the Madrean Sky Islands, high frequency, low-severity fire interacts with resilient pine 

and pine-oak forests, but these forests may not be resistant to elevated disturbance 

severity. Moderate-intensity disturbance will tend to favor fire-resistant species, at 

least initially, by top-killing plants with lower canopies. Species that can resprout 

rapidly or regenerate from seed following disturbance by fire can gain biomass 

relatively quickly and become co-dominant in mixed pine-oak systems. Stem 

elongation growth rates of resprouting oaks can exceed 50 cm per year [33], which 

could allow oak shrub patches to become the dominant canopy post-fire. 
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Conclusions 
Disturbance by wildfire produces predictable patterns in shrub structure in terms of 

canopy size and the relationship of canopy area to stem density across fire severity 

classes. The organizing effect of fire severity on forest structure and composition can 

persist for decades, suggesting that the legacy effects of disturbance may endure long 

enough for subsequent disturbance to occur. This is an important factor in post-

disturbance ecological recovery, because spatial distribution, species composition, and 

structural features of pre-disturbance vegetation all influence post-disturbance 

recovery trajectories. Equally important, these post-disturbance vegetation patterns 

can have strong effects on subsequent disturbance severity. Recursive relationships 

between shrub responses to disturbance followed by vegetation influences on later 

disturbance severity provide important insights into important and management-

relevant ecological dynamics in forested environments. 

In the Madrean Sky Islands, shrub species respond to fire disturbance through changes 

to patch size, total canopy area, and shrub patch structure, all of which vary along a 

gradient in fire severity. The post-fire regeneration strategy of shrub species influences 

post-fire recovery and relative dominance among shrub communities. The persistence 

of established vegetation means that recovery of shrub species to mixed-severity fire 

creates legacies that may persist for decades. This is especially crucial because 

pyrogenic changes to vegetation communities can alter the interactions of understory 

and overstory vegetation, with important management implications for forest and 

woodland ecosystems. The response of shrub species to fire severity in NAM-

dominated ecosystems likely differs from species in Mediterranean ecosystems 

because of temporal divergences in rainfall and humidity. Differences in seasonal 

rainfall in NAM-dominated ecosystems can modulate the intensity of disturbance 

relative to the phenological responses of shrub species, with late spring or early 

summer fires causing overstory tree mortality and setting the stage for post-fire shrub 

recovery. NAM-dominated ecosystems generally experience the highest severity fires 

during the growing season, which allows seeding and resprouting species to recover 

following summertime rains. Additionally, fires occurring during the monsoon season 
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generally burn at lower severities than in the fore-monsoon drought, and may not tend 

to alter the persistent structure of both tree and shrub species. 

These findings provide new insights into the post-disturbance structure and dynamics 

of shrub species in NAM-dominated forested ecosystems, a climate region in which 

shrub species have received relatively little research attention. Ultimately, 

understanding the post-fire response of shrubs to variations in fire severity provides 

land and fire managers with valuable information not only for predicting immediate 

post-fire recovery and canopy structure of various shrub species, but also for 

forecasting potential vegetation structure for decades into the future. Widespread tree 

mortality and increasing fire size and severity combine to place additional importance 

on understanding the post-fire dynamics of shrub species in forested ecosystems. 
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Appendix A: Post-fire regeneration strategy by species 
Table A1. Species identified in sampling plots, categorized by post-fire regeneration 
strategies based on the Fire Effects Information System (FEIS) [15]. 

Study Species by Post-Fire Regeneration Strategy Number of 

Patches (n=867) 

Obligate Seeder 197 

Ceanothus fendleri  (Rhamnaceae) 143 

Ptelea trifoliata, (Rutaceae) 15 

Ribes pinetorum  (Grossulariaceae) 38 

Sambucus coerulea  (Adoxaceae) 1 

Obligate Resprouter 670 

Arbutus arizonica  (Ericaceae) 1 

Cercocarpus betuloides  (Rosaceae) 2 

Mimosa biuncifera  (Fabaceae) 34 

Physocarpus monogynus  (Rosaceae) 2 

Quercus arizonica  (Fagaceae) 239 

Quercus emoryi  (Fagaceae) 40 

Quercus gambelii  (Fagaceae) 27 

Quercus hypoleucoides  (Fagaceae) 219 

Quercus rugosa  (Fagaceae) 11 

Frangula betulaefolia  (Rhamnaceae) 6 

Robinia neomexicana  (Fabaceae) 83 

SymphorIcarpos rotundifolius  (Caprifoliaceae) 6 
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Appendix B: References for post-fire regeneration strategy 
References used to categorize woody shrub species by post-fire regeneration strategy. 
Note: in some cases, classification into post-fire regeneration strategy was made on the 
basis of similar species within the same genus. 

Arbutus arizonica (Gray) Sarg. 

Pavek, D.S. Arbutus arizonica. In Fire Effects Information System; U.S. Department of 

Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory 

(Producer): Fort Collins, CO, USA, 1993. Available online: 

https://www.fs.fed.us/database/feis/plants/tree/arbari/all.html (accessed on 20 

January 2016). 

Cercocarpus betuloides Nutt. 

Gucker, C.L. Cercocarpus montanus. In Fire Effects Information System; U.S. Department 

of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences 

Laboratory (Producer): Fort Collins, CO, USA, 2006. Available: 

http://www.fs.fed.us/database/feis/plants/shrub/cermon/all.html (accessed on 20 

January 2016). 

Ceanothus fenderli 

Zouhar, K.L. Ceanothus greggii. In Fire Effects Information System; U.S. Department of 

Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory 

(Producer): Fort Collins, CO, USA, 2000. Available online: 

https://www.fs.fed.us/database/feis/plants/shrub/ceaint/all.html (accessed on 20 

January 2016). 

Mimosa biuncifera 

Uchytil, R.J. Mimosa aculeaticarpa var. biuncifera. In Fire Effects Information System; 

U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire 

Sciences Laboratory (Producer): Fort Collins, CO, USA, 1990. Available online: 

https://www.fs.fed.us/database/ feis/plants/shrub/mimacub/all.html (accessed on 

20 January 2016). 

 

http://www.fs.fed.us/database/feis/plants/tree/arbari/all.html
http://www.fs.fed.us/database/feis/plants/shrub/cermon/all.html
http://www.fs.fed.us/database/feis/plants/shrub/ceaint/all.html
http://www.fs.fed.us/database/
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Physocarpus monogynus 

Habeck, R.J. Physocarpus malvaceus. In Fire Effects Information System; U.S. Department 

of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences 

Laboratory (Producer): Fort Collins, CO, USA, 1992. Available online: 

https://www.fs.fed.us/database/feis/plants/ shrub/phymal/all.html (accessed on 20 

January 2016). 

Ptelea trifoliata (L.) ssp. pallida (Greene) 

USDA Natural Resources Conservation Service. Conservation Plant Characteristics. 

Ptelea trifoliata L., Common hoptree, PTTR. Available online: 

http://plants.usda.gov/java/charProfile?symbol= PTTR&format=print (accessed on 20 

January 2016). 

Quercus arizonica Sarg. 

Pavek, D.S. Quercus arizonica. In Fire Effects Information System; U.S. Department of 

Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory 

(Producer): Fort Collins, CO, USA, 1994. Available: 

https://www.fs.fed.us/database/feis/plants/tree/queari/all.html (accessed on 20 

January 2016). 

Quercus emoryi Torr. 

Pavek, D.S. Quercus emoryi. In Fire Effects Information System; U.S. Department of 

Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory 

(Producer): Fort Collins, CO, USA, 1994. Available online: 

https://www.fs.fed.us/database/feis/plants/tree/queemo/all.html (accessed on 20 

January 2016). 

Quercus gambelii Nutt. 

Simonin, K.A. Quercus gambelii. In Fire Effects Information System; U.S. Department of 

Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory 

(Producer): Fort Collins, CO, USA, 2000. Available online: 

https://www.fs.fed.us/database/feis/plants/tree/quegam/all.html (accessed on 20 

January 2016). 

http://www.fs.fed.us/database/feis/plants/
http://plants.usda.gov/java/charProfile?symbol
http://www.fs.fed.us/database/feis/plants/tree/queari/all.html
http://www.fs.fed.us/database/feis/plants/tree/queemo/all.html
http://www.fs.fed.us/database/feis/plants/tree/quegam/all.html
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Rhamnus californica 

McMurray, N.E. Frangula californica. In Fire Effects Information System; U.S. 

Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire 

Sciences Laboratory (Producer): Fort Collins, CO, USA, 1990. Available online: 

http://www.fs.fed.us/database/feis/plants/shrub/ fracal (accessed on 20 January 

2016). 

Ribes pinetorum 

Marshall, K. A. Ribes montigenum. In: Fire Effects Information System; U.S. Department 

of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences 

Laboratory (Producer): Fort Collins, CO, USA, 1995. Available online: 

https://www.fs.fed.us/database/feis/plants/shrub/ ribmon/all.html (accessed on 20 

January 2016). 

Robinia neomexicana Gray. 

Pavek, D.S. Robinia neomexicana. In Fire Effects Information System; U.S. Department of 

Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory 

(Producer): Fort Collins, CO, USA, 1993. Available online: 

https://www.fs.fed.us/database/feis/plants/tree/robneo/all.html (accessed on 20 

January 2016). 

Sambucus coerulea 

Crane, M.F. Sambucus nigra subsp. cerulea. In Fire Effects Information System; U.S. 

Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire 

Sciences Laboratory (Producer): Fort Collins, CO, USA, 1989. Available online: 

https://www.fs.fed.us/database/feis/plants/ shrub/samnigc/all.html (accessed on 20 

January 2016). 

Symphoricarpos rotundifolius 

Scasta, J.D.; Engle, D.M.; Harr, R.N.; Debinski, D.M. Fire Induced Reproductive 

Mechanisms of a Symphoricarpos (Caprifoliaceae) Shrub after Dormant Season 

Burning. Bot. Stud. 2014, 55, 80. 

http://www.fs.fed.us/database/feis/plants/shrub/
http://www.fs.fed.us/database/feis/plants/shrub/
http://www.fs.fed.us/database/feis/plants/tree/robneo/all.html
http://www.fs.fed.us/database/feis/plants/
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Bates, J.D.; Sharp, R.N.; Davies, K.W. Sagebrush Steppe Recovery after Fire Varies by 

Development Phase of Juniperus occidentalis Woodland. Int. J. Wildland Fire 2014, 23, 

117–130. 

Aleksoff, K.C. Symphoricarpos oreophilus. In Fire Effects Information System; U.S. 

Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire 

Sciences Laboratory (Producer): Fort Collins, CO, USA, 1999. Available online: 

https://www.fs.fed.us/database/feis/plants/shrub/ symore/all.html (accessed on 20 

January 2016). 
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