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ABSTRACT 

Historically, wildfires in mixed conifer forests of Southwestern sky islands were 

fi-equent events. Dendrochronological methods were used to reconstruct fire regimes 

and stand age structures in the Huachuca Mountains of Southeastern Arizona. Pre-

settlement {i.e., before ca. 1870) fire intervals ranged fi-om 4 to 10 years, with many fires 

spreading over the entire sample area. Stand age distributions show an increase in more 

shade-tolerant tree species. Although ponderosa pine is still the dominant overstory tree 

species, recent recruitment is predominantly southwestern white pine and Douglas-fir. 

Establishment of Ft. Huachuca in 1877 was a precursor to extensive use of timber, 

mineral, range and water resources in the Huachuca Mountains. The fire regime was 

altered at this time, with only one subsequent widespread surface fire recorded in 1899. 

Settlement era land-use practices may be responsible for changes in stand structure and 

composition. 
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1. INTRODUCTION 

1.1 Overview 

Fire is an essential ecological process responsible for structural patterns and 

species composition in forest communities of the Southwest. Historically, frequent, 

lightning-ignited, surface fires maintained a diverse mosaic of forest patches, prevented 

build-up offijels, and maintained open, park-like stands (Cooper 1960, Covington and 

Moore 1994). In the late 19th century, largely as a result of Euro-American settlement, 

several factors combined to cause a virtual exclusion of fires in Southwestern ponderosa 

pine forests (Leopold 1924, Weaver 1951, Cooper 1960, Savage and Swetnam 1990, 

Bahre 1991, Covington and Moore 1994, Touchan et al. 1995). These factors included 

intensive livestock grazing, logging, fiael-wood cutting, and an active policy of fire 

suppression. Variations in climatic patterns combined with the human-related factors to 

alter fire regimes (Dieterich 1980, Baisan and Swetnam 1990, Swetnam 1990, Barton 

1994, Grissino-Mayer et al. 1994). The outcome of these factors was pervasive and had 

extensive effects on the ecology and age structure of ponderosa pine forests (Leopold 

1924, Weaver 1951, Cooper 1960, Bahre 1991, Covington and Moore 1994). Altered fire 

regimes resulted in changes in forest composition and density, and increased fijel loads, 

which in turn has led to an increase in the size and intensity of recent fires (Swetnam and 

Baisan 1996a, Covington and Moore 1994, Sackett et al. 1994). 

To understand how both natural processes and human-related impacts affect forest 
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ecosystems, knowledge about the temporal and spatial patterns of stand history is 

fundamental. Dendrochronology offers methods for simultaneously reconstructing tree 

age and size distributions, fire history, and climatic variations (Fritts and Swetnam 1989). 

A reconstructed local fire history is essential to evaluate the historical role of fire in a 

landscape, because fires can have differential effects on overstory/understory structure and 

tree seedling dynamics, depending on their intensity and seasonality. Although fire 

frequencies may be similar among forest types, there is considerable variability across 

spatial scales (Swetnam and Baisan 1996a). As a result, stand structure varies 

significantly, due not only to fire occurrence, topography, and other local factors, but also 

to different spatial and temporal patterns of land-use history. Comprehensive 

reconstructions of stand history should, therefore, incorporate fire and land-use history, 

tree age and size distributions of the forest community and interactions with climate. 

1.2 Purpose of This Study 

This study was designed to characterize stand level forest dynamics at the juncture 

of the Garden and Ramsey Canyon watersheds in the Huachuca Mountains of 

southeastern Arizona, and to improve our understanding of these dynamics in the context 

of the historical fire regime and human land-use. The term "dynamics" as used in this 

study describes changes in tree recruitment patterns as a result of natural and 

anthropogenic disturbances. Many factors that influence growth and stand demography 

including climate, competition, succession, and disturbance (Daniel et al. 1979). Because 
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areas undisturbed by humans are rare, forest dynamics must be studied in the context of 

anthropogenic as well as natural disturbance. 

Two specific objectives were addressed. The first objective was to reconstruct the 

historical fire regime, including the fi^equency, relative spatial extent, and seasonality of 

past fires over an elevational gradient using fire-scar analyses. The second objective was 

to use dendroecological methods to assess stand structure {i.e., tree recruitment dates and 

species composition) in areas fi-om which the fire-scarred samples were collected. Forest 

structure and composition were then compared graphically with the historical fire 

chronology, and the land-use history derived fi*om the documentary record. 

1.3 Questions Addressed by This Research 

This research addressed several questions: 

1) What were the temporal characteristics of fire regimes (e.g., fire fi-equency, 

size, seasonality), and were there any changes in these 

characteristics through time? 

2) What is known (fi-om documentary sources) about the land-use history of the 

study area? 

3) How was tree recruitment affected by fire and land-use history and how has 

forest stand composition changed since the pre-settlement period? 

4) Were there correspondences between fire, land-use patterns, climate and 

stand structure patterns? 
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5) Can we differentiate between (and assess the relative magnitude of) 

effects of fire regime and human impacts on stand structure? 

Frequency and spatial extent of fire patterns in the Huachuca Mountains of 

southeastern Arizona are unknown. Also unknown is the specific effects of pre-settlement 

fires, fire suppression, large 20th century fires, and land management practices on 

vegetation communities. A fire history reconstruction along an elevational gradient would 

provide detailed information on both the relative areal extent and occurrence of historical 

fires. Including a detailed reconstruction of stand structure using age-class distributions 

and species composition, would add to the value of the fire history by supplying 

information that may reveal the impacts of fire and land management practices on forest 

community patterns. By reconstructing stand history and making comparisons at different 

points in time we can quantify the extent of stand alterations and gain insight into the 

processes that created these changes. 

This study will provide baseline information on fire, climate, and land-use history 

and their effects on the forest community in the Huachucas, as required by U.S. Forest 

Service policy and as outUned in the Lone Mountain/Redrock Canyon Ecosystem 

Management Plan (1995). Any effective management policy in this type of ecosystem 

should be based on knowledge of the role of fi^equent disturbances and their effects on the 

ecological community. 
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1.4 Organization of Thesis 

This thesis is comprised of five chapters. Chapter 2 includes a brief outline of the 

background of fire history studies in the southwest, and stand dynamics and climate 

studies related to this project. Chapter Three begins with information on the physical 

setting of the study site and concludes with methods and materials, including field, 

laboratory and statistical methods used. The fourth chapter provides the results of the 

study, and the results are summarized, in relation to fire, climate and land-use history in 

Chapter Five. Chapter Six concludes the study and provides management implications. 

Conclusions are followed by one Appendix of all abbreviations used throughout the text, 

and a list of all references. 
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2. BACKGROUND 

2.1 The Role of Fire in Ponderosa Pine Forests 

Spatial and temporal patterns of Southwestern ponderosa pine communities were 

historically controlled by the fire process. Presettlement {i.e., the period of time before 

extensive settlement by Euro-Americans in the late 1800s) stands were often characterized 

as open and park-like, with well-spaced, mature trees, sparse younger trees and abundant 

herbaceous vegetation (Beale 1858, Merriam 1890, Cooper 1960). The fi^equent, 

lightning- and human-ignited surface fires that consumed accumulated needles and grass 

maintained open stand conditions. These fires prevented establishment of less fire-tolerant 

tree species and limited the reproduction of fire-tolerant tree species. Fires also created 

mineral soil seedbeds and reduced grass competition allowing pine seedling establishment 

in small canopy gaps (Cooper I960). Frequent presettlement surface fires occurring 

roughly every 2 to 12 years in ponderosa pine-dominant forests of the Southwest have 

been documented by many researchers (Weaver 1951, Dieterich 1980, Swetnam 1983, 

Baisan and Swetnam 1990, Grissino-Mayer 1995, Swetnam and Baisan 1996b). 

2.2 Factors affecting forest structure 

Forest structural changes may be attributed to a combination of changes in the fire 

regime, to human impacts, and to climatic variation. Changes in the fire regime include 
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changes in fire fi-equency, intensity, areal extent, and type (e.g., surface vs crown fires). 

Humans impact the fire regime directly through logging and livestock grazing, and 

indirectly through fire suppression, each of which has an impact on forest structure. 

Variations in precipitation and temperature have direct and indirect short-term impacts on 

forest structure, while variations in global-scale climatic patterns (e.g., events such as El 

Nino-Southern Oscillation) have direct and indirect long-term impacts. 

2.2.1 Anthropogenic Factors Contributing to Changes in Forest Structure 

Although there are many studies that document fire patterns and changes in fire 

regimes in ponderosa pine forests of Southwestern mountain ranges ( Dieterich 1980, 

Baisan and Swetnam 1990, Swetnam el al. 1989, Swetnam and Baisan 1996a, 1996b ), 

only a few studies have quantitatively described and compared the existing age structure 

and species composition with detailed fire history reconstructions (Savage 1991, Barton 

1996, Villanueva-Diaz 1996, Fule et al. 1997 ). These studies are necessarily site-specific 

because of the variability in fire regimes and land-use practices through space and time. 

Savage (1991) documented three trends in forest structure following disturbance in 

the Chuska Mountains of Northwestern New Mexico, 1) stands that remain all-aged, 2) 

stands that reveal major regeneration pulses in the early decades of this century, 

converting all-aged stands to dense even-aged stands, and 3) invasion of trees into 

meadows. Intense 19th century grazing pressure by sheep herds and 20th century logging 

contributed to the development of even-aged stand structure in many areas. 
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Villanueva-Diaz (1996) compared age- and size-class distributions between conifer 

communities in the Animas Mountains, New Mexico and the Sierra Los Ajos, Sonora, 

Mexico (Villanueva-Diaz and McPherson 1994). Differences between mountain range 

stand structures were attributed to different land-use histories. Although grazing 

intensities in the Animas are not reliably known, changes in the fire fi'equency are 

attributed to livestock grazing as a result of an increase in Anglo settlement in the area in 

the late 19th century following subjugation of the Apaches. A study of stand structure in 

the Animas indicates that maximum tree establishment occurred after 1900. Southwestern 

white pine, which is somewhat less fire tolerant but more shade tolerant than ponderosa 

pine, has increased in importance in the Animas since fire frequencies were reduced in the 

20th century. In contrast, on the Mexican side of the border, the Sierra Los Ajos have 

retained frequent 20th fires and a dominant ponderosa pine community. 

Several reasons may explain why surface fire regimes in some Mexican ranges 

were uninterrupted. Swetnam and Baisan (1996) observed that removal of the Apaches 

fi-om the Borderlands had no obvious effects on fire fi'equency. Also, there was an 

apparent lack of intensive grazing by livestock, and no effective fire suppression by the 

Mexican government in the Sierra Los Ajos, resulting in a current stand structure that is 

probably similar to historical (presettlement) stand structure. 

2.2.2 Effects of Climatic Variation on Forest Structure 

Seasonal distribution of temperature and precipitation are important factors that 
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influence seedling production and establishment of ponderosa pine. Many studies in 

Arizona and New Mexico have documented a bumper seed crop in 1919 and subsequent 

establishment of a massive ponderosa pine cohort (Cooper 1960, Schubert 1970, White 

1985). A study by Savage et al. (1996) concurs that 1919 was a unique year for 

germination in southwestern ponderosa pine forests and attributes this to a relatively rare 

and contingent set of climatic factors prior to, during, and following germination. Above 

normal temperatures in April and May of one year, followed by a week of continual 

moisture is necessary for seed production (Schubert 1970). Wet and warm spring 

conditions preceded the 1919 germination, followed by ample early to mid-summer 

moisture, then mild winter temperatures, again with suflScient moisture. In this century, 

only 1992 shares many of the same seasonal temperature and precipitation characteristics 

as 1919 (Savage e/a/. 1996). 

Several studies have documented the inter-seasonal and inter-aimual relationships 

between climatic variation and fire occurrence, which has an effect on local ecological 

processes (Baisan and Swetnam 1990, Swetnam 1990, 1993, Swetnam and Betancourt 

1990). Baisan and Swetnam (1990) compared a fire history chronology developed for the 

Rincon Mountains of southeastern Arizona with reconstructed July Palmer Drought 

Severity Index (PDSI) and found that rainfall during the two years preceding the fire year 

was significantly greater than rainfall during the fire year. This analysis supports the 

hypothesis stated by McLaughlin and Bowers (1981) that high fire occurrence follows two 

consecutive wetter-than-normal winters because of the increased production of fine fuels. 
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Rogers and Vint (1987) also concluded that two wetter-than-normal winters preceded 

desert fire occurrence in the Tonto National Forest (Arizona). Although this pattern of 

two consecutive wet years followed by a drier fire year is demonstrated in ponderosa pine 

forests throughout the Southwest, the pattern is different for mixed-conifer stands 

(Swetnam and Baisan 1996a). In pre-settlement ponderosa pine stands, fine fiael 

production combined with previous year's moisture levels was important to the spread of 

frequent fires. In mixed-conifer stands, however, no significant lagging relationship has 

been documented between fire and climate. In these forests regional fires are restricted to 

years when prevailing conditions are extremely dry, and are therefore limited by fiiel 

moisture rather than by fine fijel production. 

In addition to the short-term {i.e., inter-seasonal) relationship between climate and 

fire, several studies have documented a close linkage between large-scale {i.e., inter-

decadal to inter-centennial)(Grissino-Mayer 1995, Swetnam and Betancourt 1997) 

climatic processes and the regional synchrony of fire occurrence throughout the 

Southwest. Swetnaun and Betancourt (1990, 1992, 1997) show that large areas of 

ponderosa pine and mixed conifer forests throughout Arizona and New Mexico bum after 

dry springs associated with the high phase (La Nina) of the Southem Oscillation, and 

conversely (and more consistently) smaller area bums during the low phase (El Nino). 

Using a reconstruction of long-term variability of annual precipitation in northern 

New Mexico, Grissino-Mayer (1995) found the period 1800 to the mid-1900s to be one of 

the wettest periods during the last 900 years. He hypothesized that around ca. 1800, 
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regional-scale shifts in atmospheric circulation patterns were responsible for changes in the 

intra-annual distribution of rainfall, which began to change from winter- to summer-

dominant. Grissino-Mayer found that this inferred climatic change was coincident with 

changes in fire frequency as well as the fire seasonality from late season fires to early 

season fires. 

2.3 The Role of Lightning 

Lightning is a common source of wildfire ignition in Southwestern mountain 

ranges. Although the lightning season extends from April through October, the highest 

rate of fire occurrence is in July, in conjunction with summer monsoons (Barrows 1978). 

The peak burning season, however, is during May and June, when dry conditions prevail 

(Baisan and Swetnam 1990). According to Baisan and Swetnam (1990), the largest 

percentage of fire ignitions occur on steep slopes (>40%), within an elevational zone of 

1700 - 2000 m. Forty-eight percent of these fires occur in ponderosa pine forests, with 

fire ignitions distributed randomly by aspect. In the Huachucas, this elevational zone 

corresponds on the low end to an oak woodland vegetational zone, where oaks are 

sometimes intermixed with Chihuahua pine (Firms leiophylla var. chihuahnaim) (e.g., on 

north-facing slopes), and on the high end to a ponderosa pine-oak woodland vegetational 

zone (Wallmo 1955). The upper elevation site in this study ranges from 2347 to 2390 m 

and is dominated by ponderosa pine. 
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3. METHODS AND MATERIALS 

3.1 Cultural and Natural Backgrouad 

3.1.1 Physical Setting 

The Huachuca Mountains are located in southeastern Arizona, extending into 

Mexico, at approximately 31°34' N latitude and 110° 26' W longitude. They are part of 

the Basin and Range Province (Hunt 1967), and consist of a single northwest-southeast 

trending ridge approximately 40 km long and 7 km wide. The highest summit is Miller 

Peak at 2879 m. The Huachucas are separated from other mountain ranges by the San 

Pedro River Valley to the north and east and the Santa Cruz River Valley to the south and 

west. 

3.1.2 Geology 

The Huachuca Mountains, which have been modified by extensive faulting and 

folding, are geologically diverse. On the eastern flanks, granite slopes are overlaid by 

quartzite, which is capped by limestone several hundred feet thick (Wallmo 1955). 

Western flanks are composed largely of calcareous clastics, and in some areas, of volcanic 

material. The bajada between the mountains and the San Pedro River is a conglomeration 

of these materials. Geologic diversity contributes to highly variable soils, which, in 

conjunction with aspect and elevation, influences development of plant communities 

(McAuliffe 1995). 
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3.1.3 Climate 

Southeastern Arizona has a bimodal precipitation regime, with a winter rainy 

season from December through February and a summer rainy season from July through 

September, the latter accounting for over half of the amiual precipitation (Sellers and Hill 

1974). Mean armual precipitation measured at Fort Huachuca is 40.3 cm and may exceed 

76 cm in the higher elevations. Snow may persist on several peaks throughout the winter. 

The climate is semiarid, with temperatures in the upper elevations ranging from 38°C in 

May through September to below freezing during the winter (Wallmo 1955). 

3.1.4 Vegetation 

The Huachucas are part of the Madrean Archipelago or "sky islands" of 

southeastern Arizona. They are floristically diverse (Bowers and McLaughlin 1994, 

Wallmo 1955) as a result of the geographic conjunction of a variety of floras (e.g.. Rocky 

Mountain, Cordilleran, Sonoran and Chihuahuan), complex topography, and variation of 

precipitation and temperature with elevation (Gottfried et al. 1994). There is an upward 

transition of vegetation from Sonoran Desert scrub at around 1200 m, to encinal 

woodland from 1520 m to 2130 m, pine-oak woodlands from 1680 m extending to 2290 

m, and mixed conifer forest from as low as 1980 m to over 2800 m, as described by 

Shreve (1915). Overstory vegetation changes as a function of elevation and moisture 

gradients (Whittaker and Niering 1965, Barton 1994). Chihuahua pine {Pimts leiophylla 
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Schiede & Deppe) exist at the lowest elevation (—1750 m), mixed with Emory oak 

(Ouerctts emoryi Torr. in Emory), silverleaf oak {O. hypoleitcoides A. Camus), Arizona 

oak (Q. arizonica Sarg.), alligator juniper (Junipems deppeatm Steud.) and Mexican 

pinyon (Finns discolor Zucc.)- At —1900 m Chihuahua pine mixes with Apache pine 

{Piims engelmcmnii Carr.) and with increasing elevation Emory and Arizona oak 

populations diminish. Apache pine hybridizes with three-needled ponderosa pine {Pimis 

ponderosa var. scopttlonim Dougl. ex Laws ), and five-needled Arizona pine {Pimis 

ponderosa var. arizonica (Engelm.) Shaw) at higher elevations (Conkle and Critchfield 

1987). Low elevation oaks are successively replaced by canyon live oak (jO. chrysolepis 

Liebm.), netleaf oak {Q. rugosa Nee), and Gambel oak {Querciis gambelii Nutt.). 

Intermixed with the ponderosa pines are southwestern white pine {Pirns strobiformis 

Englem. in Wisliz.) and/or Douglas-fir {Pseitdotsiiga menziesii (Mirb.) Franco), depending 

on aspect. 

3.1.5. Land-Use History 

3.1.5.1 Anthropogenic Disturbance 

Anthropogenic disturbance is increasingly recognized as a factor in the 

development of landscapes. One of the challenges in reconstructing stand history is 

investigating the human impact on the landscape, whether indirectly (/.e., fire suppression) 

or directly {i.e., logging and livestock grazing). There is a large body of literature on 

historical land uses in Southeastern Arizona, derived fi-om both military and local historical 
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sources. The following sections will briefly review the most relevant aspects of this 

history to the current study. 

3.1.5.1.1 Apaches and flre 

Although no specific records were found referring to Apaches purposefially setting 

fires in the Huachuca Mountains, Native American use of fire has been well documented 

by historians, albeit primarily fi-om hear-say accounts and, rarely, eye-witness accounts. 

Dobyns (1981), Pyne (1982), and Bahre (1985), for example, review some of the available 

evidence of Apache use of fire. Apaches used fire for a variety of purposes, including for 

cooking, heating, and smoke signaling for communication. Fire was used to open travel 

corridors in dense vegetation, to drive game, and for warfare (Castetter and Opler 1936, 

Opler 1941, Basso 1971). Historical records suggest that Apaches often set fires during 

dry periods under the belief that fire and smoke brought rain (Holsinger 1902, Bahre 

1985) and that they "fired" the forests of their enemies (Bell 1870). The Apaches were 

probably unjustly blamed for many lightning ignited fires due to the intense animosity 

between settlers and the Apaches in the late 19th century (Bahre 1985). 

The extent and overall impacts of Apache fire on the landscape is a subject of 

many debates. Some historians contend that the Apaches alone were largely responsible 

for the fi-equency of fires seen in the historical record (Hastings and Turner 1965). Fish 

(1995) suggests that, because of the mobile lifestyle and low Apache populations during 

the last few centuries, it was unlikely that they extensively altered the landscape with fire. 
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Increased fire fi"equencies correlate with periods of heightened Apache warfare, however, 

in some Borderland tree-ring studies (Seklecki et al. 1996, Kaib, in press). Some 

documentary sources also suggest this may be the case. For example R.S. Kellogg (1902) 

stated that" ..repeated fires have swept over the Huachucas, but they are less 

fi^equent-.than in the days of Apache warfare.." Although it is possible that fire regimes in 

some areas may have been altered by Native American use of fire, these impacts were 

likely place and time specific (Swetnam and Baisan 1996a). 

Many fire histories fi-om the Southwestern U.S. (Arizona and New Mexico) 

document a marked decrease in fire fi-equency fi^om the late-1800s to the early 1900s 

(Swetnam and Baisan 1996a). This marked decline of fires is attributed to cessation of 

hostilities with Apaches as well as a rise in the livestock industry, and in the early 20th 

century, to fire suppression. However, fire regimes were unaltered in mountains on the 

Mexican side of the border, indicating that removal of the Apaches fi^om the Borderlands 

and other human-related factors {e.g. grazing, logging, fire suppression) had no obvious 

effect on fire fi-equency in those areas (Swetnam and Baisan 1996b). 

3.1.5.1.2 Early Euro-American Settlement and Grazing 

Many authors have argued that grazing animals decreased fire occurrence and 

extent by eliminating fine fiaels that promote fire ignition and spread (Leopold 1924, 

Weaver 1951, Cooper 1960, Dieterich 1980, Savage and Swetnam 1990). There is 

evidence that cattle, horses, sheep, goats, burros and mules occupied the valleys in 
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Southeastern Arizona between 1700 and 1840 (Bahre 1991, 1995). Apache raids were so 

frequent and widespread that settlement was minimal, therefore livestock numbers were 

also kept in check, and except tor localized areas, the region was probably not overgrazed 

(Pyne 1982, Bahre 1991). Mountain areas were particularly dangerous areas for running 

livestock because of the greater possibilities for ambush. Many changes occurred within 

the ensuing 40 years. With the rediscovery of mineral deposits in the 1870s, and the 

increasing military presence, especially establishment of Ft. Huachuca in 1877, the 

population of settlers began to increase throughout the area. Completion of the Southern 

Pacific Railroad line in 1881 further opened up the rich grasslands to prospective 

cattlemen (Wagoner 1961). Changes in Texan range laws forced many ranchers to move 

their livestock operations to the open Arizona and New Mexico ranges. These changes, 

along with the subjugation of the Chiricahua Apaches, led to an increase in settlement in 

the area. By 1886 the Apaches had either been killed, deported, or settled on reservations 

(Pyne 1982). This development enabled ranchers to expand their operations, as well as 

increased logging and mining operations in the mountains. 

An early 1880s census showed that there were thousands of cattle grazing the San 

Pedro and Santa Cruz valley ranges, with a 20-fold increase by the late 1880s (Wagoner 

1961, Hadley and Sheridan 1995) and a peak in cattle numbers by 1891. In addition, 

according to census reports, sheep and goats outnumbered cattle before the 1890s (Bahre 

1991). Because the entire territory was considered public domain, it is likely that not only 

were the surrounding valleys heavily grazed but that the mountains, now fi^ee from Apache 
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ambushes, were as well. 

Intensive livestock grazing in the mountains was probably a key to subsequent 

changes in the fire regime, although there are no known records of exactly where in the 

upper elevations grazing animals may have been present or what their numbers were. 

Grazing animals eliminate fine fiiels needed to carry fires, thus directly and immediately 

impacting firequency and distribution of fires (Leopold 1924). Livestock eflfectively 

remove fine fiiels which supply an ignition source for wildfires (e.g.^ by lightning), and 

create trails, which break up fiiel continuity, therefore inhibiting fire spread over large 

areas. Arthur Noon, one of the first rangers in the Huachuca [Reserves] stated that "..the 

Huachucas were so fiill of cattle and cattle trails that the trails served as good firebreaks" 

(Bahre 1991). In many Southwestern mountain ranges, timing of the last widespread fires 

correspond in time more closely to the advent of intensive livestock grazing than to the 

removal of Native Americans as an ignition source or to active fire suppression by U.S. 

government agencies (Swetnam and Baisan 1996a). 

In the 1890s cattlemen began to consolidate their holdings into larger companies, 

and made use of homesteads, forest, Indian reservation and state-leased land, in addition 

to public grazing domain (Wagoner 1961). The animals would however, most likely be 

centered where there was reliable water, and by this time there were few reliable springs in 

the higher elevations in the Huachucas. Grazing pressure continually diminished through 

the early part of this century, due to changing markets, the degradation of grasslands, and 

the realization by land management agencies that overgrazing was mostly to blame for this 
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3.1.5.1.3 Logging 

The Huachuca Mountains were one of the most extensively timber harvested 

ranges in southeastern Arizona (Bahre 1991). Timber resources were most heavily 

exploited from the 1880s through the early 1900s, and the timber products were tied 

mainly to local and regional markets (Pyne 1982). In the late 1800s there were several 

relatively small-scale logging operations in accessible canyons in the Huachuca Mountains, 

such as in Sawmill Canyon (part of the study site). Garden Canyon, Sunnyside Canyon and 

below Ramsey Peak on the military reservation. Large-scale logging was primarily carried 

out on "the Reef, a less precipitous area below Carr Peak. An account in the Weekly 

Nugget (June 10, 1880) states that "..after exhausting timber in that vicinity, [Tanner's 

sawmill] moved to the top of the mountains, 8,000 feet altitude". Another record of 

logging, in the Tombstone Weekly Epitaph (June 12, 1880), states that another mill was 

"..one mile above Tumerville [east side of the Huachucas in Ramsey Canyon]... upwards 

of 50 men employed..the Huachuca Saw Mill [Turner and Campbell's] is situated high up 

on the northern side of McCloskey [Carr] Canyon..." There was a great demand for 

lumber at this time due to an increase in mining activity in the Huachucas and the 

surrounding mountains (Wilson 1995). Holsinger (1902) stated that "the Huachucas 

contain many more mir\ing claims... (in comparison to the Pinaleno, Chiricahua, Santa 

Catalina Mountains) and were also within freighting distance of other large camps; 
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consequently all the good timber was cut out years ago". 

Clearcutting, and high grading { i .e., cutting only the best trees) were the logging 

methods employed in these mountains, and were probably important factors contributing 

to changes in forest structure. After clearcutting, large piles of slash were typically left 

behind. A combination of logging slash and prolific plant regeneration probably provided 

fuel for widespread fires occurring in the latter part of the century. Late 19th century fires 

terminated all large-scale logging operations in the Huachucas by consuming most of the 

remaining, easily accessible timber (Wallmo 1955; Wilson 1995). 

3.1.6 Establishment of the Forest Reserves 

The Huachuca Forest Reserve was established on November 6, 1906, became 

Huachuca National Forest in 1907, part of Garces National Forest in 1908 and merged 

with the Coronado National Forest in 1911. One of the important mandates of the Forest 

Reserves was to protect timber resources and remove them fi-om public exploitation 

(Hadley and Sheridan 1995). With the Reserves under the protection of the Forest 

Service, a system of grazing permits regulating the number of stock on National Forest 

land were installed. Under this system, the carrying capacity of animal units for the 

reserve land was determined and a fee was charged per grazing animal unit. Although the 

number of cattle in the valley were substantially lower in the early 1900s than the late 

1800s, initially there were no fences to keep an excessive number of cattle out of the more 

productive areas. 
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The Miller Peak Wilderness Area, established through the Arizona Wilderness Act 

1984, is completely contained within current grazing allotments (J. McDonald, U.S.F.S. 

pers. communication). Grazing, at least in this part of the Wilderness, was likely limited, 

however, due to steep topography on the southwest side and presence of Ft. Huachuca on 

the northeast side, on which cattle grazing was harmed. 

Since the creation of the Coronado National Forest in the early 20th century, all 

observed wildfires within the forest boundaries, both from natural and human ignitions, 

have been suppressed. Results of suppression can be seen in several locations within the 

study site. Many areas contain high fiiel loads, which include woody debris and relatively 

dense stands of young trees. It is likely that these unbumed areas are similar to those 

areas that were burned in the high intensity fires of the late 19th century. 

3.1.7 Site Description and Location 

An aerial reconnaissance was conducted to assist in choosing a study site within 

the Huachuca Mountains. The site chosen marks the boundary between the Fort 

Huachuca Military Reservation and the Miller Peak Wilderness Area (Figure 1). It was 

selected based on its proximity to the coniferous forest ecological unit described in the 

Lone Mountain Area Plan (1995), and on accessibility. 

A gated, barbed-wire fence that crosses the Arizona Crest Trail marks the 

boundary between Ft. Huachuca (FHA) and the Miller Peak Wilderness Area (MPW), at 

an elevation of approximately 2500 m. A large, formerly forested area, burned by the 
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Figure 1. Map of study site located at the boundary between Ft. Huachuca and the Miller 
Peak Wilderness Area. Coordinate system in UTMs). 
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Pat Scott Peak fire in 1983 is visible from the trail. The trail continues in a southerly 

direction in the MPW, adjacent to the burned area, along a broad saddle between several 

unnamed peaks and Pat Scott Peak. The fence follows the burned area east then 

northwest along a steep ridge, behind Ramsey Peak. Overstory vegetation consists mainly 

of 5-needle ponderosa pine, mixed with southwestern white pine and Douglas-fir in the 

interior stand, and alligator juniper, Gambel oak, mountain mahogany, and pinyon pine on 

the more xeric edges of the stand. Detailed stand descriptions (e.g., species composition 

and density) will be presented in the result section. 

3.2 Field Methods 

3.2.1 Tree-ring Chronology Development 

Standard field methods were used to sample ponderosa pine trees for tree-ring 

width chronology development (Stokes and Smiley 1968). Thirty living trees were cored 

to help develop a local tree-ring width chronology for crossdating purposes and also for 

study of long-term climatic variations on the site. Ponderosa pine trees adjacent to the 

1983 bum site were cored using an increment borer. Two cores were extracted fi^om 

opposite sides of each tree at breast height (-1.4 m above the ground surface) parallel to 

the contour of the slope. Cores were stored in paper drinking straws and labeled. In 

addition to these cores, the ring-width series fi"om a subset of fire-scarred cross-sections 

were also used to extend the length of the chronology as far back in time as possible 

(Dieterich and Swetnam 1984). 
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3.2.2 Fire History Reconstruction 

Fire occurrence patterns over the past several centuries for a particular area can be 

determined by collecting full and partial cross section samples from living and dead trees 

that contain wounds caused by repeated low-intensity surface fires (Amo and Sneck 

1977). By dendrochronologically dating these samples an exact calendar year can be 

assigned to each ring (Stokes and Smiley 1968) and consequently to each fire scar 

(Dieterich and Swetnam 1984). Seasonality can be determined by noting the portion of 

the ring in which the scar occurred (Dieterich and Swetnam 1984, Baisan and Swetnam 

1990, Brown and Swetnam 1994). Inferences about the spatial extent of any given fire are 

dependent on the size of the area over which samples are collected (Amo and Petersen 

1983) and proportion of trees recording fires (Swetnam and Baisan 1996a). 

Fire-scarred samples were collected along an elevational gradient in the Garden 

Canyon watershed ranging from 1830 m to 2590 m. Full cross-sections from 65 fire-

scarred logs, snags, and stumps, and partial cross-sections from 4 living trees were 

collected throughout this portion of the watershed. Of the cross-sections, 44 were 

ponderosa pine and the remaining were southwestern white pine. Approximately half of 

the samples (30) were collected along an elevational gradient below 2500 m, in the Fort 

Huachuca (FHA) portion of the study site (throughout Sawmill Canyon). The other half 

(35) were collected from within and adjacent to the burned area centered around Pat Scott 

Peak in the Miller Peak Wilderness area (MPW), at an elevation above 2500 m (Figure 1). 

Criteria used to select the samples were: 
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1) presence of multiple wounds as a result of repeated low-intensity surface fires, 

2) quality of sample preservation (i.e. degree of decay), and 

3) spatial dispersion within the study area (Swetnam and Baisan 1996a). 

The area was intensively searched to find samples that met these criteria. The 

objective of this method was to obtain a complete and extensive record of fires that 

occurred within the study site. A random sample of the same number of fire-scarred trees 

in this type of conifer forest would be unlikely to provide as complete a record as a 

systematic sample does, because most fire-scarred trees contain a partial and incomplete 

record of fires. An emphasis on high quality specimens with multiple, well-preserved fire 

scar records, therefore, is the most efficient sampling strategy. The samples selected 

provided an "inventory" of fire events in ponderosa pine forests that typically sustained 

high fi-equency, low-intensity fire regimes (Brown and Sieg 1996, Swetnam and Baisan 

1996a). 

3.2.3 Stand Structure Characterization 

To characterize the effects of fire and land-use on stand structure over as extensive 

an area as possible, the line-transect method was used. Areas adjacent to the 1983 bum 

with sufficient numbers of trees to analyze stand structure were limited due to steep 

topography and rocky outcrops. 

Stand structure transects were established adjacent to the boundary between FHA 

and MPW on the FHA side, and in stands adjacent to the 1983 Pat Scott Peak fire on the 
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MPW side. Six 100 meter transects were established within the area of the fire-scarred 

samples to evaluate age- and size- distribution and species composition of the forest 

community. Criteria for transect placement was based on continuity of forest cover along 

a single contour and proximity to fire-scarred samples distributed throughout the study 

site. Three transects were established in the Garden Canyon watershed (FHA), and three 

in the MPW (Figure 1). Transect Tl-FHA was located in FHA at an elevation of-2530 

meters, while transect T2-FHA was placed immediately adjacent to Tl-FHA on the same 

contour. These transects trend northwest along an azimuth 322° of true north, with a 

southwest aspect. T3-E^HA was established ~50 meters along the same contour west of 

T2-FHA. The third transect trends northwest along an azimuth of 275° of true north, with 

a northeast aspect. All transects were on a slope of 35 - 40%. In the MPW, Tl-MPW 

was located several meters southwest of the junction between the Copper Glance Trail, 

and the Crest Trail. Slope ranged fi"om 5% to <10%, with a northeast aspect. T2-MPW 

and T3-MPW were established -100 m east of the Crest Trail above the Pat Scott Canyon 

spring. Slopes ranged fi^om 5 - 10%, with an east aspect. 

Each transect was systematically sampled along its length in two meter increments. 

Although this sampling method provides a representative sample of tree species, sizes and 

ages, it is difficult to estimate sample variance (Avery and Burkhart 1994). Because the 

trees were relatively widely spaced, a distance of 30 meters on either side of the transect 

line was chosen to limit the area fi^om within which trees would be sampled. Starting at 

the 2 m point, the tree closest to the transect line, on either side of the transect line, with a 
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root collar diameter (drc) of >12 cm, was selected. The selected tree had to be within 0.5 

meters on either side of the point (along the transect line) and either on or perpendicular 

to the transect line. If there was no tree within 30 meters on either side of the transect 

line, no tree was chosen for that point. With this method, between 45 and 50 trees were 

sampled per transect. To represent trees <12 cm in diameter, all seedlings and saplings 

within one meter of both sides of the transect line (a 2 meter belt) were counted and their 

diameters measured to the nearest 0.1 cm. 

To obtain the germination date of the trees or the oldest date possible, all trees 

were cored close to the ground surface, above the root collar. Tree diameter was 

measured at this height. Two cores were extracted from each tree. In general, trees were 

cored parallel to the contour. If a significant dam of soil and debris had been created on 

the uphill side of the stem, the tree was sampled on the downhill side. Ten random trees 

per transect were cored and measured at dbh, for comparison of age versus diameter 

between the two cored positions: immediately above the root collar (drc), and at breast 

height (dbh). 

Tree species, diameter at core height, and core height above the ground surface 

were recorded. Distance from each tree to the transect line was measured, allowing for 

the calculation of the total area from which transect trees were sampled. 

3.2.3.1 Stand Density Measurements 

Stand density is a quantitative term used to describe the degree of stem crowding 
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in a stand. Two measures of stand density were taken within the sample area by point 

sampling, basal area (BA), and stems/hectare. Variable plot sampling is a method that 

selects trees based on size rather than frequency of occurrence (Avery and Burkhart 

1994). Basal area, which is the cross-sectional area at diameter breast height (dbh) (in 

square meters) of all stems expressed on a per-ha basis, was measured at 3 equi-distant 

points (0 m, 33 m, 66 m) eilong each transect. At each sample point, the number of stems 

was counted in a 360° arc with a relascope, which automatically corrects for slope. Basal 

area was calculated using: 

BA per acre = (Total trees tallied/Number of points) x BAF 

where BAF = basal area factor, a predetermined multiplier used to convert trees counted 

to basal area (BA) in ft^/acre, which was then converted to m^/ha. The chosen BAF 

provided an average of 10 trees per sample point. Density was measured using a BAF of 

10 at 13 of 18 sample points and a BAF of 5 at the remaining 5 sample points, because of 

higher tree density. 

Diameter at breast height for each tree, by species, was recorded in conjunction 

with the BAF measurements. These data were then used to calculate stems per hectare for 

each transect. To calculate stems/ha, all trees measured were divided into categories by 

dbh classes, then a per-ha conversion factor was computed for each class and summarized 

over the range of sizes to provide an estimate of trees (stems) per hectare. Stems per 

hectare was calculated using; 
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Stems per hectare = fno.trees tallied bv size classUoer-ha conversion factor) 
total no. of points 

3.2.3.2 Additional Samples 

Examination of cores revealed that transect samples did not contain many trees 

>100 years of age. Because the oldest age classes provide the longest time frame for 

analyses of the temporal patterns of past tree recruitment episodes, additional old-

appearing trees from within the area of each transect were sampled. Old-appearing trees 

were chosen on the basis of bole size, presence of thick (large), downtrending branches. 

Additional number of trees sampled per plot ranged from 7 to 23. Although these trees 

were not tagged, their position (/.e?., direction and distance) from the closest tagged tree 

was recorded. 

3.3 Laboratory Methods 

3.3.1 Increment Cores 

In the laboratory, each core was glued onto grooved, wooden stick mounts with 

tracheid cells vertically oriented. All increment cores were surfaced with a razor blade, 

then fine surfaced with 600grit sandpaper to help define ring boundaries. Each core was 

crossdated by comparing patterns of narrow and wide rings between samples allowing for 

exact calendar years to be assigned each annual ring. Crossdating is possible because 

variation in ring width is often a result of environmental factors that affect trees similarly 
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from the regional level to the stand level (Fritts 1976). Crossdating also enables the 

dendrochronologist to identify "false" and "missing" rings. False rings are intra-annual 

bands of thick-walled cells that are formed when a tree is subjected to an environmental 

stress such as seasonal drought (Kramer and Kozlowski 1979). Formation of false rings is 

a common feature of ponderosa pines in certain areas of the Southwest where moisture is 

limited before the onset of summer rains. False ring morphology is similar to that of true 

ring morphology, except false rings typically do not have a well-defined boundary of cells 

between the latewood and the following earlywood cells. Rings may be locally absent due 

to inhibition of cambial activity in portions of the stem and branches as a result of an 

extreme climate event, (i.e., drought), insect infestation, fire or other injuries during the 

growing season (Fritts 1976). 

The pith or innermost date for each tree was determined to estimate recruitment 

dates. If the core did not reach the pith, a pith estimator was used to determine the inside 

year. The pith estimator is a template that contains a series of concentric rings with 

several different growth rates. The template selected closely matches the curve of the 

inner rings of each sample and is then used to estimate number of rings to the center of the 

tree, assuming a perfect circle (Applequist 1958). To obtain an estimate of age from 

Gambel oak, the rings were counted not crossdated. Gambel oak was often difficult to 

crossdate because growth was suppressed (i.e., reduced ring-widths), ring boundaries 
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were difficult to identify, and frequently, the innermost rings were missing due to rot. 

The pith of each core was visually assessed to determine whether trees became 

established in the open or under a canopy. In general, when not limited by other factors, 

trees growing in open stand conditions early in their life will have relatively large rings 

near their centers, and will progressively decrease their growth as the canopy closes. 

Suppression any time within the lifetime of a tree, however, can be a result of several 

factors, including injury, either by fire or some other agent, competition for light or some 

other resource, and climate, including low precipitation and cool temperatures during the 

growing season. Growth suppression often occurs in individual trees that established 

underneath an existing canopy (Veblen 1966). 

Criteria used to determine whether early growth was suppressed were I) visual 

assessment of the first 10 rings in relation to other decades within the same core, and 2) 

rate of growth near the pith relative to cores from other trees within the same area of the 

transect. One problem with this assessment is that cores did not always extend to the pith, 

although a pith estimator was used to determine the inside date. If there appeared to be 

more than 10 rings missing to the center (estimated by the pith locator), growth patterns 

were not assessed for that tree. 

3,3.2 Cross-sections 
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Fire-scarred cross-sections were surfaced with a belt sander using progressively 

finer grit sandpaper until ring boundaries were clearly defined. Using a 10x30 variable 

power binocular dissecting microscope each sample was then crossdated against the 

established chronology. Once crossdated, the years in which fire scars were present as a 

result of fire were recorded for each individual tree. Fire scar injuries are identified by 1) 

presence of charcoal in the wound, 2) curvilinear growth over the wounded area, and 3) 

vertical lines on the scar face representing subsequent growth of the tree over the edge of 

the injured region (Stokes 1980). Using these criteria it is possible to determine the exact 

calendrical year of scar formation. Other characteristics recorded were intra-ring fire-scar 

position and occurrence of injuries by unknown factors. Season of fire occurrence was 

inferred by noting the relative position of a fire scar within rings relative to earlywood and 

latewood. The seasonal estimates were based on knowledge of the seasonal timing of 

cambial growth in southwestern Arizona conifers (Fritts 1976, Dieterich and Swetnam 

1984, Swetnam e/a/. 1989). 

3.4 Statistical Analysis 

Fire-scar data for each sample were entered into FHX2, a fire history analysis 

computer program (Grissino-Mayer 1995). Sample identification, date of inner-most ring, 

date of outer-most ring, calendar year dates of all fire scars, inter-annual position of fire 
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scars, and dates of other unidentified injuries are entered into the program. The FHX2 

program creates a composite fire interval chart (Dieterich 1980) which graphically displays 

the temporal and spatial fire patterns fi^om the samples entered. The program also 

computes a variety of descriptive statistics for the fire interval data. 

3.4.1 Measures of Central Tendency 

Mean fire interval (MFI) and the median fire interval are two measures of central 

tendency computed fi^om the fire interval data. The mean fire interval (MFI), is the 

arithmetic mean of all fire intervals (Romme 1980), while the median fire interval is the 

middle value in a ranked list of fire intervals that has an equal number of short and longer 

intervals. The MFI is the least biased measure of central tendency when the fire-interval 

distribution is relatively symmetric {i.e., normal). For more asymmetric distributions, the 

median fire interval may be a more representative measure of central tendency. Range, 

skewness, kurtosis and standard deviation are calculated, to describe the shape of the fire-

interval distribution. 

3.4.2 Modeling the Fire-Interval Distribution 

Fire interval data are seldom symmetrically distributed because there is no upper 

limit for the maximum interval, while the lowest possible limit is one year (Baker 1992, 
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Grissino-Mayer et a/. 1994). As a result, fire interval data are usually positively skewed. 

Asymmetry in fire interval distributions is controlled by ecological and other factors that 

affect fire occurrence and spread (Johnson and Outsell 1994). These include production of 

fine fiiels, which provide fire continuity, as well as topographic barriers. Skewed data are 

better modeled with the Weibull, a flexible model that provides a better fit to moderately 

or highly skewed data than the normal distribution (Johnson and Van Wagner 1985). The 

better fit provides a more robust characterization of central tendency (the Weibull Median 

Probability Interval [WMPI]) than the normal distribution, and fire interval distributions 

can be readily converted to probabilistic estimates, which can be very usefiil for modeling. 

3.4.3 Percentage-Scarred Classes 

To objectively identify years in which fires were probably more widespread, the 

percentage- scarred classes were calculated. Percent scarred is calculated using number of 

trees scarred by fire in each year relative to the total number of trees that have already 

incurred at least one scar. In the statistical summary the "AH" percentage-class includes 

fire intervals derived from a composite of all trees and all fire events. Filtering the fire-

scarred data to larger proportions of trees recording individual fire dates provides 

information on fire interval distributions of increasingly larger fires (or larger area burned). 

The 10 and 20 percent-classes include only those fire events that were also recorded by a 
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minimum of two trees, thus excluding many of the fires that were probably less important 

in the study area or that were spatially patchy. Synchronous fire dates throughout the 

study site probably represent larger areas burned by a single fire, but could also represent 

larger areas burned by multiple fires. In either case, synchronous fires recorded by many 

trees probably represent larger relative areas burned than asynchronous fires recorded by 

only a few trees. In this study, fire years in which 10 to 20 percent of the sampled trees 

were scarred were interpreted as intermediate-sized fires, and fire years in which greater 

than 20 percent were scarred were interpreted as relatively large fires. 

3.4.4 Period of Best Sample Replication 

In this study, the period 1689 through 1880 was selected as the period of best 

sample replication based on sample depth (J.e., number of specimens capable of recording 

fires at a point in time). Sample depth is a fiinction of number of trees that have been 

previously scarred at least once, and still contain datable rings. A majority of the fire-

scarred samples recorded fires between 1650 and 1900. The initial year 1689 was chosen 

because seven trees recorded a fire in that year, even though several specimens prior to 

1689 concurrently recorded 2 or 3 fires. The late 1800s mark the onset of Euro-American 

settlement at this site as well as throughout the Southwest (Bahre 1991, Savage 1991, 

Covington and Moore 1994). Because after 1880 the study site was greatly affected by 
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human-related disturbances (e.g., logging), this year marks the end of the so called period 

of reliability for determining the natural fire regime. 

3.4.5 Climate - Fire Patterns 

Temporal fire patterns in the Huachuca Mountains were compared to a regional 

climate reconstruction to assess possible associations between precipitation and fire 

occurrence. I used a climate reconstruction of average cool-season (November - April) 

precipitation fi-om A.D. 1470 to 1968 based on data fi-om 12 climate stations, including 

the San Pedro River Basin, but extending outside the basin boundaries (e.g., Tucson and 

Willcox) (Meko 1997). A five-year event window was analyzed including the fire year 

and five years prior to the fire event, using all fire dates. This 5-year window is found to 

be optimal for sites in the Southwest, because it includes data for antecedent moisture 

conditions in years prior to a fire (Baisan and Swetnam 1990, Swetnam and Betancourt 

1990, Swetnam and Baisan 1996a, Touchan el a/., 1996). The superposed epoch analysis 

(SEA) program superimposes the list of actual fire dates onto the climate reconstruction 

and computes means for each year in the event window. Confidence intervals are 

computed fi-om 1000 repetitions of a random selection of the same number of dates 

(Holmes and Swetnam 1994). For comparison between sites, the analysis was performed 

on the period of best sample replication (1689 to 1880) for the entire sampled site (Garden 
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Canyon), the upper elevation site (Pat Scott Peak) and the lower elevation site (Sawmill 

Canyon). The data were then divided into two sub-periods of 1689 - 1788 and 1789 -

1880 and analyzed for the entire watershed, and for upper and lower sites, to determine if 

there was a change in climate conditions between the two centuries. In addition, the data 

were filtered to include only fire years considered widespread, {i.e., fire dates that were 

common between the different sites), for the above divisions between site and time 

periods. 

3.5 Analysis of Stand Structure using Tree Age Distributions 

Stand structure was analyzed using tree age distributions rather than size 

distributions. Age distributions can provide information on past and present stand-level 

processes e.g., disturbance and successional patterns, whereas size is a better indicator of 

reproductive capacity (Harper 1977, Veblen 1992). Due to possible errors in obtaining 

the exact year of establishment, trees were grouped into 10-year increments by inside date, 

and plotted for each species and transect. Tree recruitment dates were also combined by 

site {i.e., three transects in FHA and three in MPW) to produce a site age-structure 

composite to be compared to the fire and land-use history. Because only recruitment 

dates of live trees were obtained, with no mortality dates for dead trees, this study only 

examined the surviving population. To show net survival through time, and to compare 
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age structure for each species by site, a cumulative age distribution was also graphed by 

10-year age-classes (Knowles and Grant 1983, Parker and Peet 1984). Demographic 

characteristics of natural plant populations can be emphasized through descriptions of age 

distributions. A graph of the cumulative age distributions points out only the observed 

ages of trees in the study, reflecting a static age structure, or a "snap-shot" from one point 

in time (Johnson et al. 1994). However, inflection points in the cumulative age curve can 

indicate the impact of disturbance or other changes in stand conditions. 

3.6 Analysis of Tree Species Composition 

To assess the biological contribution of each tree species to forest composition 

throughout the study site, importance values were determined. Importance values (IV) 

are defined as the sum of relative dominance, relative density, and relative frequency 

(Curtis and Mcintosh 1951). Each of these measures are expressed as a percentage, with 

the maximum value for any species as 100%, and the maximum for all three parameters as 

300%, resulting in the IV of any species ranging from 0 - 300 (Skeen 1972). Percentages 

are calculated for each parameter as follows: 1) relative dominance (%basal area) of 

individual species to other species, 2) relative density (stems/ha) of individual species to 

other species, and 3) relative frequency of individual species (number) to the sum of all 

species. Results of each calculation are summed, then each species is ranked. 
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4. RESULTS 

4.1 Master Tree-Ring Chronology 

Crossdating was applied to all fire-scarred sections and increment cores collected 

throughout the study site. This method matches patterns of wide annual rings 

(corresponding to wet years) and narrow annual rings (corresponding to dry years) 

between specimens (Stokes and Smiley 1968). Cross-dating at this site was facilitated 

using common sequences of narrow rings including 1900-1902-1904, 1863-1864, 1841-

1842, 1820-1821-1822, 1797-1798, 1773-1774, 1748-1751-1752, and 1669-1670. False 

or double annual rings, although a common feature in many rings of most trees at this site, 

were easily identified, and therefore not a hindrance to the dating process. Many 

increment cores had five to more than 30 missing rings from 1950 to the present. A 

master tree-ring chronology ("skeleton plot") for the Huachuca Mountains, which was 

constmcted fi"om a composite of fire-scarred specimens and increment cores, ranges fi^om 

A.D. 1499 through A.D. 1995 (497 years). 

4.2 Fire History 

4.2.1. Record of Fire Events 

Thirty-two cross-sections collected fi^om the upper elevation site (Pat Scott Peak), 

ranging fi-om 2370 m to 2621 m, and 25 cross-sections collected fi-om the lower elevation 

site (Sawmill Canyon), ranging fi^om -1830 m to 2225 m, were used to reconstruct the fire 
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history and to analyze spatial distribution of major fires in the Garden Canyon Watershed. 

The remaining 12 samples were not datable for various reasons such as severely reduced 

ring growth, decay, or anomalous ring patterns. Of the 502 individual dated fire scars in 

these 57 cross-sections, 112 separate fire events were recorded (Figure 2). Individual 

samples contained fi"om 1 to 28 fire scars, with the first fire scar on any sample occurring 

in A.D. 1532, the last scar in 1983. Twentieth century fires were recorded in 1902, 1906, 

1914, 1932, 1977 and 1983. 

The following sections describe the temporal characteristics of the historical fire 

regimes, addressing the first objective of this study. 

4.2.2 Fire Event Synchroneity 

Although many fires appear to have been relatively small, scarring few trees, {i.e ., 

little synchrony among fire dates), other fires probably burned over the entire sample area 

{i.e., high synchrony among fire dates). This high synchrony of fire dates may be a result 

of individual widespread fires or of several smaller fires burning during the same year 

within the site. Of the 112 fire dates, 38 percent were synchronous in both the upper and 
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lower watershed. Forty-four percent of all fire dates were recorded in the upper 

watershed only, while 18 percent were recorded in the lower watershed only. When the 

data were analyzed using the period of best sample replication (1689 to 1880) and fihered 

to include only fire years in which more than two trees were scarred per fire (thus 

eliminating fires that were probably smaller), the total number of years with fire was 74. 

Of these, 41 percent were synchronous throughout the sample area, 39 percent occurred 

in the upper watershed only and 20 percent occurred in the lower watershed only. 

The high degree of synchroneity of fire events between the upper and lower 

portions of the Garden Canyon watershed are an indication that, historically, surface fiiels 

provided continuity for fire spread over large areas. Also, topographic boundaries (e.g., 

ridgelines, canyon bottoms, etc.) were not limiting to fire spread. 

A change in both fi^equency and spatial distribution of fires is visible after 1874. 

The fire reconstruction fi-om these data shows few patchy fires after 1880 and no 

widespread fires until 1899. Changes in the fire regime may be attributed to expansion of 

Anglo-American settlement in the 1870s and early 1880s (Bahre 1991, 1995). This 

expansion resulted in intensive land-use practices, including mining developments, and 

cattle ranching which affected amounts, types, and continuity of fiiels needed for fire 

ignitions and spread. 

4.2.3 Seasonality of Fires 
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Of the 514 individual fire scars recorded throughout the sampled area fi'om 1532 

through 1914, the season of fire occurrence was determined for 86.9 percent (435) of the 

observed scars. Seasonality of the remaining fire scars could not be determined due to 

either highly suppressed growth in the region of the scar or to decay of the sample. 

Presence of false rings facilitated estimation of fire seasonality. False rings in southern 

Arizona pines are typically formed by the end of June, before the onset of summer rains 

(Fritts 1976, Baisan unpublished report). Scars formed before or during false ring 

formation are strong evidence of fires occurring between the onset of growth in early 

spring, and the beginning of summer rains (Ortloflf 1996). 

Seasonality was determined for the upper and lower elevation sites separately 

(Figure 3). Percent earlywood scars (dormant through middle earlywood) for both sites 

are similar, indicating that a majority of fires probably occurred before the onset of the 

summer rainy season, typically before the first week in July, However the percent of fire 

scars occurring in the middle earlywood appear to be slightly higher for the Sawmill 

(lower) site than the Pat Scott Peak (upper) site. A test of proportions indicated that the 

difference between occurrence of fire scars in the middle earlywood between elevations 

is statistically significantly (z=1.98) at p <0.05. 

Several factors can contribute to fire scar position inconsistencies, including 



Figure 3. Fire scar positions are designated by (D) Dormant, 

(EE) Earlywood, (ME) Middle Earlywood, (LE) Late Earlywood, 

and (LA) Latewood. 
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differences in the amount of ring development at the time of fire, different degrees of 

injury to the cells, very small rings that prevent accurate determination of seasonality, and 

observer subjectivity (C.Baisan, personal communication). There may also be a difference 

in number of growing days for trees between an elevation of 1850 and 2500 m which, 

given fires of equal intensity across elevational gradients, could result in different fire-scar 

positions. 

4.2.4 Summary Statistics 

Summary statistics (Table 1) are based on fire-scarred tree data fi^om the entire 

Garden Canyon watershed, and Pat Scott Peak (PSP - upper site) and Sawmill Canyon 

(SAW - lower site) divisions, using the period of best sample replication 1689 to 1880, 

with a minimum of 2 trees scarred per fire event. The total period of best sample 

replication was divided into two subperiods 1689 - 1788 and 1789 to 1880, to compare 

measures of central tendency between time periods. This break point was chosen based 

on values of central tendency (MFI and WMPI). Any other time division gave values of 

central tendency similar to those for the entire time period. 

The MFI for the entire data set ranges from 3.6 to 9.6 years; the median ranges 

from 3.0 to 5.0 years; the WMPI ranges from 3.5 to 8.4 years (Table I). In all cases the 
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Table 1. Summary statistics for the Garden Canyon watershed. GCW (Garden Canyon 
Watershed), SAW (Sawmill Canyon), PSP (Pat Scott Peak) using period of best sample 
replication 1689 to 1880. ALL is based on all fire events, 10% (medium fires), and 20% 
(large fires), with a sample depth of ^ trees scarred per fire event. Heading abbreviations 
are; MFl (mean fire interval), MED (median fire interval), WMPI (Weibull median 
probability interval), StdDev (standard deviation), CV (Coefficient of variance). Skew 
(skewness), Kurt (kurtosis), Min (minimum). Max (maximum). 

Site %Scar 
Time period 
Beg End MFI MED WMPI 

Std 
Dev CV Skew Kurt Min Max 

GCW ALL 1689 1788 3.7 3.0 3.6 1.7 0.47 1.14 1.69 1 9 
10% 4.0 3.0 3.8 2.3 0.57 1.66 2.39 1 11 
20% 9.6 6.5 8.4 7.6 0.79 2.04 -0.25 3 26 
ALL 1789 1880 3.6 3.0 3.5 1.5 0.43 1.15 0.93 2 8 
10% 4.5 4.0 4.5 1.8 0.41 1.36 1.94 2 10 
20% 5.7 5.0 5.6 2.5 0.43 0.64 1.26 3 10 
ALL 1689 1880 3.7 3.0 3.6 1.6 0.45 1.09 1.29 1 9 
10% 4.3 4.0 4.2 2.2 0.50 1.37 1.50 1 11 
20% 7.4 5.0 6.8 5.4 0.73 1.98 3.85 3 26 

SAW ALL 1689 1788 9.0 5.0 7.6 8.3 0.92 1.46 0.48 3 28 
10% 9.0 5.0 7.6 8.3 0.92 1.46 0.48 3 28 
20% 9.6 5.5 8.3 8.5 0.88 1.34 0.09 3 28 
ALL 1789 1880 4.6 4.0 4.6 2.0 0.44 1.46 1.45 2 10 
10% 4.6 4.0 4.6 2.0 0.44 1.46 1.45 2 10 
20% 5.5 5.0 5.5 2.1 0.39 0.75 -0.62 3 10 
ALL 1689 1880 6.2 5.0 5.6 5.5 0.88 2.84 7.57 2 28 
10% 6.2 5.0 5.6 5.5 0.88 2.84 7.57 2 28 
20% 7.2 5.0 6.6 5.7 0.79 2.55 5.96 3 28 

PSP ALL 1689 1788 4.8 3.5 4.4 3.1 0.64 0.83 -0.78 1 11 
10% 4.8 3.5 4.4 3.1 0.64 0.83 -0.78 1 11 
20% 8.5 7.0 7.5 5.7 0.68 0.76 -0.61 1 20 
ALL 1789 1880 4.5 4.0 4.5 1.9 0.41 0.19 -1.25 2 8 
10% 4.8 4.5 4.7 2.0 0.42 0.43 -0.80 2 9 
20% 5.7 5.0 5.7 2.2 0.38 0.62 -0.81 3 10 
ALL 1689 1880 4.8 4.0 4.5 2.6 0.54 0.77 -0.42 1 11 
10% 4.9 4.0 4.6 2.6 0.54 0.73 -0.59 1 11 
20% 7.1 6.0 6.6 4.2 0.60 1.37 -1.63 1 20 
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WMPI values were similar to the MFI values, indicating that both measures of central 

tendency adequately describe the data. Results of Students t-test between sub-periods 

1689 - 1788 and 1789 - 1880 for the entire GCW and for the upper (PSP) site showed 

that there was no statistically significant difference in MFI values (p>0.05)(Table 2). 

There was, however a statistically significant difference (p >0.05) in MFI values between 

sub-periods at the lower site (SAW). The MFI for the early period was higher (indicating 

less fi-equent fires) than for the later period in SAW. Results of Students t-test over the 

total period 1689 - 1880 between the PSP and SAW sites revealed statistically significant 

differences between MFI values at p = 0.07, again indicating less frequent fires at the 

lower site. A higher MFI at the lower site may be a result of several factors. Prior to 

1788 the longer period between fires may be a result of difference in fiiel type and fiiel 

continuity. Lower elevation sites contain larger amounts of oak species that retain leaves 

throughout the year. Leaf litter fi-om these trees may not bum as readily as conifer 

needles, and may provide an effective barrier to low intensity fires under certain 

conditions. From 1788 through 1880 an increase in human use in Sawmill Canyon may 

have contributed to an increase in fire fi-equency. 

The 20% category had the highest values for all measures of central tendency 

for all data sets for this time period, possibly indicating that very large fires {i.e., 

widespread) required special conditions (i.e., climatic, fijel) for their distribution. Mean 
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Table 2. Two-sided test of differences in fire intervals between 1689 - 1788 and 1788 -
1880 in the entire GCW, PSP (upper), and SAW (lower) fire chronologies, filtered to 
show large fires (20% scarred) with ^ trees scarred per fire event. Asterisk (*) indicates 
value p>0.05. 

Time period GCW PSP SAW 

MFi nsn 
1689 - 1788 3.7 (10) 
1789- 1880 3.6 (14) 
|t| value 0.04 
probability of t 0.96 

MFI nsn MFIfN^ 
4.8 (13) 9.0 (10) 
4.5 (15) 4.6 (15) 
0.24 1.9* 
0.80 0.08 
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fire intervals during the entire time period (1689 - 1880) for all three data sets were 

positively skewed (Figure 4). 

4.2.5 Superposed Epoch Analysis 

SEA was conducted using all fire events fi-om 1689 to 1880, over the entire 

watershed and divided into the upper and lower sites. This period was also divided into 

two subperiods 1689 - 1788 and 1789 - 1880, to assess possible changes in fire-climate 

relations through time. SEA was then conducted on data that were filtered to include only 

fires that were common to both the upper and lower site (large fires). 

There were no statistically significant departures fi'om mean precipitation values 

for the Garden Canyon watershed as a whole or when divided into upper and lower sites 

over the entire period. However, during the early period (1689 - 1788) for the entire 

Garden Canyon watershed only, using all fire events, the mean values of precipitation two 

years prior to the year of fire were significantly higher (p<0.05) (Figure 5). Analysis of 

the filtered data (fires common to both sites) revealed that, for the entire watershed and 

each individual site, only the second year prior to the fire year was statistically significant 

(p<0.05) for the late period (1788 - 1880). 
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Figure 4. Fire interval distributions for all fires during period of best sample 
replication, 1689 to 1880 for the entire GCW, PAT (upper site), and SAW 
(lower site). 
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Figure 5. Superposed epoch analysis of entire period of best sample replication ^ 1 
(1689 - 1880), and subperiods 1689 to 1788 and 1789 to 1880. Asterisks (*) 
indicate significance at p<0.05. 
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4.3 Stand Dynamics 

4.3.1 Stand Structure Analysis 

Tree age and size data are commonly used to reconstruct stand history {e.g. 

disturbances) and development (Veblen 1986, 1992). While size data relates more to 

canopy position, reproductive status, and survival probability, age data is more useful in 

reconstructing stand history. A record of fire events was obtained by analyzing fire-

scarred samples distributed throughout the study site. Stand structure was reconstructed 

only in upper Garden Canyon. Although the reconstructed fire history spans several 

centuries, tree age structure can only be reconstructed confidently for the last 100 years 

because of a declining number of samples in older age groups. Other reasons include the 

fact that only living trees were sampled, and that mortality, burning and decay has resulted 

in loss of part of the earlier forest structure. Additional trees cored fi^om within the area 

of each transect provided a greater sample depth of the oldest age classes, but their 

numbers were not large enough to reconstruct and evaluate earlier patterns of recruitment. 

Transect characteristics are shown in Table 3. 

Both the 3-needle and 5-needle species of ponderosa pine are present 

throughout the study site. None of the data analyses of stand structure distinguishes 

between the two species. All ponderosa pine species are simply labeled as ponderosa pine 



Table 3. Transect characteristics. 

FHA MPW 

T1 T2 T3 T1 T2 T3 
Elevation (m) -2530 -2530 
Transect length (m) 100 ICQ 
% Slope 35 35 40 <15 <15 <15 
Aspect NW NW NE NW NE NE 
Total no.trees sampled 57 65 57 73 62 65 
Sampled area (ha) 0.51 0.6 0.27 0.39 0.28 0.46 
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{Pimisponderosa) (PEPO). 

4.3.1.1 Tree Age Distribution 

Tree age distributions were graphed in 10 year intervals by year of establishment for each 

site by transect (Figures 6 and 7). Variability between recruitment years, and errors 

obtaining the precise year of recruitment through cross dating or ring counting {e.g., oaks) 

are smoothed by grouping trees into decadal age classes. Tree ages are distributed over a 

longer time period for the FHA (Figure 6) site than the MPW (Figure 7) site. Neither site 

shows recruitment after about 1980 (except for seedlings, which were not graphed) 

because trees <12 cm in diameter were excluded in the sampling process. 

Although the majority of trees became established between 1880 and the early 

1900s, pulses of tree recruitment vary both in time and magnitude, and by tree species for 

each site. A cumulative age distribution, representing total tree age distribution through 

time, by species, is shown in Figure 8. These data reflect the limitations of a static age 

structure reconstruction because they describe age structure of surviving trees, and do not 

include trees that were present at earlier times, but died. The shape of the curve may have 

been different if data on recruitment in the younger age classes had been collected. This 

pattern, however, suggests a forest recovering from disturbance (Parker and Feet 1984), 

because there are few trees in older age classes, and relatively even-aged trees 
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Figure 6. Age distribution and species composition for FHA by lO-year age classes. 
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Figure 7. Age distribution and species composition for MPW transects by lO-year 
age classes. 
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Figure 8. Cumulative age distribution by species, FHA and MPW transects 

combined. 
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(recmitment dates mostly within several decades) in the other age classes. At this site, 

lack of fire is the major disturbance, combined with successful tree recruitment without 

subsequent thinning. 

4.3.1.1.1 Tree Composition and Age Structure on the Fort Huachuca Site 

Based on the systematic sampling, ponderosa pine is the dominant species along 

all transects (Table 4) and has the oldest individuals, mainly in T3. Most of the ponderosa 

pine regeneration remains fairly constant during this century along all transects, but has 

peaks from 1920 through 1940 in Tl, fi^om 1890 through 1920 in T2, and from the 1950s 

in T3. 

Southwestern white pine is next in abundance, increasing from 1930 and 

continuing to the present in all transects. Douglas-fir is present in all of the transects but 

comprises 22% of the composition of T3, where it shows a sharp increase from about 

1950 to the present. Although there is considerable Gambel oak and alligator juniper, they 

are more common in the xeric environments of Tl and T2. Gambel oak is present both as 

large individuals, and as multi-stemmed clumps, and ranges in age from 56 to 181 years 

with the oldest and largest oaks in T2. Although a majority of trees in the current stands 

are < 95 yrs., old, 24% (n=31) of those sampled range in age from 100 to 250 years. Only 

seedlings/saplings (<12 cm in diameter) of oak are present in Tl and T2. 
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Table 4. Percent species composition by transects based on systematic sampling. 

Transect PIPO PIST PSME QUGA Other 

FHA 
T1 56 20 8 10 8 
T2 74 0 3 21 2 
T3 52 26 22 0 ~ 

MPW 
T1 39 61 — — — 

T2 50 50 0 — ~ 

T3 86 14 
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Seedlings/saplings in T3 are divided between ponderosa pine and southwestern 

white pine (38% each) and Douglas-fir (24%), although only a total of eight 

seedlings/saplings were present along the transect (Table 5). 

Tree density increases from T1 to T3 (Table 6) probably as a function of aspect, 

which changes from southwest facing (Tl) to north-facing (T3), with soil moisture 

conditions going from xeric to mesic. Basal area averaged 27.9 m^/ha for all trees >12 cm 

dbh at the site. 

4.3.1.1.2 Tree Composition and Age Structure on the Miller Peak Wilderness Site 

On the MPW site, tree composition consists primarily of ponderosa pine and 

southwestern white pine. Along each of the transects, except for one or two individuals, 

most older trees (>100 years) are ponderosa pine. Most of the ponderosa pine 

regeneration dates fi^om the late 1890s through the 1920s. Percent species composition 

changes from 39% ponderosa pine in Tl to 86% ponderosa pine in T3. 

Southwestern white pine is the dominant overstory tree species in Tl. Regeneration 

occurs mainly from the early 1900s to the present, with the largest numbers of white pine 

trees occurring in Tl from 1920 through 1940. It is present mostly in the understory in 

the remaining two transects, mainly because the overstory is dominated by ponderosa 

pine. 
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Table 5. Percent seedling/sapling distribution by stem diameter (cm). Age categories 
were determined by counting nodes of each seedling/sapling. 

Site Soecies n 0-.5 cm nvr> >1.0 cm r4vr> 

MPW 
T1 PIPO 24 8.3 29.2 

PIST 12.5 50.0 
T2 PIPO 19 — 15.8 

PIST 5.3 10.5 
PSME — 67.4 

T3 PIPO 101 — 99.0 
PSME — l.O 

FHA 
T1 PIPO 4 — — 

PIST — — 

PSME — — 

QUGA — 100.0 
T2 PIPO 4 — — 

PIST — — 

PSME 
QUGA — 100.0 

T3 PIPO 8 — 38 
PIST -- 38 
PSME -- 24 
QUGA 



Table 6. Measurements of stand basal area and density 
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BA' 
Site n' # Points BAF^ m^/ha Stems/ha 

MPW 
TI 57 3 10 43.6 96.2 
T2 76 3 10 58.2 179.7 
T3 32 2 10 36.7 45.9 
T3 35 1 5 40.2 61.4 
average 44.7 95.8 
std.dev. 9.4 59.8 

V. 
Tl 37 3 10 29.1 145.6 
T2 78 3 5 29.8 186.0 
T3 27 2 10 31.0 162.4 
T3 19 1 5 21.8 268.0 
average 27.9 190.5 
std.dev. 4.2 54.3 

' number of trees tallied 
^ basal area factor 
" basal area 
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Seedling establishment is dominated by southwestern white pine in Tl, by Douglas-fir 

in T2, and by ponderosa pine in T3 (Table 5). Within each transect here are Douglas-fir 

seedlings/saplings, and in the more xeric, open areas alligator juniper and Mexican pinyon 

pine occur. Basal area averaged 44.7 m^/ha fiar trees >12 cm dbh, with the highest density 

inT2. 

4.3.2 Tree Composition Based on Importance Values 

Ranking tree composition based on importance values confirms that ponderosa pine is 

still a dominant component throughout the study site (Table 7). However, while PIST 

appears co-dominant on the MPW site, based on the systematic sampling shown in Figure 

7, the combined values of relative density, dominance and fi^equency are several 

magnitudes lower than those calculated for PIPO. Inclusion of trees <12cm in the initial 

sampling, and of seedlings/saplings may have increased PIST values, therefore providing a 

better representation of the direction of current regeneration. 

On the FHA site, QUGA is ranked second and the value for relative dominance 

(based on basal area) is much higher than any other tree species. Based on the systematic 

sampling, QUGA appears to be a minimal component of the sites tree composition (Figure 

6). Oak regeneration is much more significant than that of any other tree species at this 

site, based on numbers of seedlings/saplings present at the time of sampling, although only 



Table 7. Importance values (I. V.) derived from relative density, relative dominance and 
relative frequency. 

Species Relative Relative Relative I.V. 
Density Dominance Frequency I.V. Rank 

MPW 

PIPO 84.5 89.0 83.0 256.5 1 
PIST 14.4 6.0 16.1 36.5 2 
PSME 1.0 5.0 0.9 6.9 3 

FHA 

PIPO 51.4 33.3 54.7 223.8 I 
QUGA 25.4 20.1 21.8 67.3 2 
PSME 10.9 13.3 11.3 35.5 3 
PIST 5.1 12.1 6.3 23.5 4 
CEMO 5.1 11.5 2.2 18.8 5 
JUDE 2.2 9.7 3.6 15.5 6 
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in Tl and T2. Occurrence of significant amounts of oak within these transects may be a 

result of more xeric conditions (related to aspect) compared to T3, and presence of large, 

relatively old (>100 yr), oak individuals serving as a seed source. 

4.3.3 Assessment of Inner Rings 

Visual assessment of the inner rings of each core provided information on whether 

trees became established in the open (large inner rings) or under a canopy (small inner 

rings). Generalizations of this inner ring assessment are: 

1) 23% of trees had suppressed rings on the FHA site; 16% of trees had 

suppressed rings on the MPW site. 

2) Most of the trees with suppressed inner rings consist of young PIST and 

PSME (<50 years in age), and most of the QUGA. 

3) FIFO inner growth was suppressed only in trees that became established 

close to a fire date or in the early decade of the 1900s (1900 through 

1910). 
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S. DISCUSSION 

S.l Spatial Distribution of Fires 

Two types of fires were common in the Garden Canyon watershed - frequent 

patchy fires and less fi^equent, widespread fires. Patchy fires (indicated by the less 

synchronous fire dates among samples) may indicate a discontinuity of fuels that prevented 

fires fi^om becoming widespread. This discontinuity may have been a result of a short 

interval between fires, which prevented sufficient fiiel build-up and continuity, therefore 

limiting fire to small areas or to a very patchy distribution of burned and unbumed areas. 

One fire-scarred sample, PSC26, (Figure 2) found on the north face of a hilltop 

overlooking the present-day Sierra Vista and Ft. Huachuca, recorded fires every two years 

from the 1870s through the 1880s. As no other trees in the vicinity records this same high 

frequency, this tree may possibly have been adjacent to an Apache smoke signal site, 

visible throughout the valley below. It is also possible that, because of this tree's position 

on the slope, it may simply have been in a location fi-equently struck by lightning, or in the 

path of fires spreading fi-om many locations. 

Widespread fires within the watershed were indicated by synchronous fire dates on 

fire-scarred pines collected within a 6-km (linear) range. Samples collected in a 

companion study conducted in McClure canyon (Kaib et al. 1996), which is approximately 
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a distance of 6 km from this study site, have similar historical fire dates and fire 

frequencies (Figure 9). Between 1689 and 1880 41% of the fire years were synchronous 

between McClure Canyon and this study site, indicating that widespread fires were 

common, and perhaps more important events than spatially patchy fires in these 

mountains. The common occurrence of widespread fires prior to 1880 suggests fiiel 

continuity, and few topographic boundaries to inhibit fire spread, at least throughout the 

study site. Local annual variations in or lack of suflficient seasonal precipitation may also 

have contributed to the widespread nature of fire. With 4-10 years (MFI) of 

accumulated fiiels, and fiiel continuity, once ignited, fires probably easily spread 

throughout this part of the watershed. 

After circa 1874 there was a visible change in frequency and distribution of fires 

(Figure 2). These changes were probably an indirect result of a chain of events. The first 

was the establishment of Fort Huachuca in 1877, resulting in subjugation of the Apaches. 

The subsequent influx of settlers created a sharp expansion in the cattle industry (Wagoner 

1961). Prior to extensive livestock grazing, grassland fires were fairly frequent, either as a 

resuh of lightning or human ignitions (Bahre 1991, 1995). Some of these fires may have 

been a source for upper elevation fires (Swetnam et al. 1992, Kaib et al. 1996). 

Overgrazing and fire suppression not only affected the grasslands, but had an effect on 

plant communities from the grasslands through conifer forest elevations (Swetnam et al. 
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1992). Livestock grazing decreased in the early 1890s, as a result of destruction of the 

rangelands by overgrazing and several years of drought (Bahre 1991, 1995). Thickets of 

young trees, and an accumulation of woody debris {i.e., from natural processes and from 

activities such as logging) during 25 years of limited fire activity between 1874-1899, in 

conjunction with decreased grazing through the 1890s, probably contributed to the 

severity of the widespread 1899 fire. Several years following this fire, however, the forest 

reserves were established. Although intensive over-grazing had already occurred, initially 

the Forest Service encouraged grazing in the reserves to continue reducing fire hazards, 

therefore, promoting successful tree recruitment (Leopold 1924). 

S.2 Relationship Between Climate and Fire Synchroneity 

Regional synchroneity of fire events has been correlated to inter-annual climatic 

variability (Swetnam and Betancourt 1990, Swetnam 1993). These studies show that fires 

in the southwestern U.S. tend to decrease during El Nino (wet) years and increase during 

La Nina (dry) years, both on local and regional scales. Patchy fires may sometimes have 

resulted from years in which ftiel production was limited because of low seasonal 

precipitation. Patchy fires may also have resulted from highly frequent fires that 

maintained low fiiel continuity. Non-fire years were often wet years. During these wet 

years, growing conditions for vegetation were more favorable, and fiiels accumulated and 
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became more continuous. With drier conditions, the larger amounts of fine fiiels fi^om 

previous wet years likely enabled lightning ignitions to be sustained and allowed surface 

fires to become widespread (Swetnam and Baisan 1996a). 

A reconstruction of cool-season (November - April) precipitation using a tree ring 

chronology for the entire San Pedro valley (Meko 1997) was used to analyze the 

relationship between inter-annual climate and fire variations in the Huachuca Mountains. 

When the entire Garden Canyon watershed was analyzed using superposed epoch analysis 

(SEA), it was shown that fires commonly occurred following two years of favorable 

precipitation during the early subperiod of 1689 - 1788 (Figure 5). During the fire year, 

climate was often drier (/.«?., lower precipitation) than previous years, although this 

relationship was not statistically significant. Because this pattern of two wet years prior to 

a relatively drier fire year is seen over the entire watershed and not at the individual sites, 

it is likely that these conditions encourage larger fires but are not important for smaller, 

more local events. This pattern is typical for other sites studied in the southwestern United 

States (Swetnam and Baisan 1996a, Villanueva-Diaz 1996). 

For the later time period, particularly after 1800 there was no distinct pattern of 

consistent above-normal precipitation prior to the fire year. This may indicate a change in 

either regional precipitation patterns or atmospheric circulation, which has been suggested 

by other studies in the Southwest (Swetnam and Dieterich 1985, Grissino-Mayer et al. 
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1994, Grissino-Mayer 1995). Other explanations for this change in pattern could be due 

to human intervention on the landscape as a result of 1) livestock grazing, particularly in 

the late 1800s, which decreased amounts and continuity of fine fuels, and 2) increases in 

Apache warfare, and therefore increased use of human-ignited fires, during different time 

periods (Seklecki et al. 1996). The addition of human-set fires may have changed the 

overall relations and dynamics of the fiiel-fire system. 

5.3 Location of Fire Ignitions 

Analysis of fire scar synchroneity show that 39% of the fires occurred in the upper 

ponderosa pine forest only (above 2300 m), suggesting that the upper area may be a 

primary source of fires. The observation that a larger percent of fires occurs at an 

elevation >2100m is in agreement with observations fi^om other studies (Barrows 1978, 

Baisan and Swetnam 1990). The high elevation ponderosa pine sites may produce more 

continuous fiiels and may be more susceptible to lightning-ignited fires. Therefore, under 

the right climatic conditions, these sites may be more likely to ignite and bum. According 

to a study by Barrows (1978) the peak zone of lighting fire occurrence by elevation in 

southern Arizona is 1700 - 2100 m. Baisan and Swetnam (1990) record a high incidence 

of lightning ignitions above 2000 m in elevation in the Rincon mountains, concentrated in 

pine-oak forests, in areas with ample fiiel. In general, the ponderosa pine-oak zone occurs 
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between 2100 m and 2450 m in the Huachucas (Shreve 1915, Wallmo 1955). Wallmo 

states the generalization that the larger the mountain range the lower the mesic (conifer) 

communities will grow. Since the Huachuca Mountains are a relatively small mountain 

range, the conifer community occurs relatively high in elevation (of course there are 

exceptions), therefore, it seems reasonable to infer that the ponderosa pine forest above 

2100 m was the most important source for lightning ignitions in the presettlement era. 

High incidence of lightning, frequent high winds, and hot, dry conditions, in conjunction 

with variable fuel loads, would promote fire spread. Although 20% of fires were 

documented in the lower elevation site only, these fires may have been initiated in 

grasslands as a result of lightning or human-related ignitions (Kaib et al. 1996, Swetnam et 

a/. 1992). 

Kaib et al. (1996) inferred a fire frequency ranging between 4 and 8 years in 

semidesert grasslands bounded by lower elevation pine-oak forests. These grasslands 

likely provided an ignition source to the lower elevation conifer areas (-1700 m) in certain 

areas within the Huachucas. In addition, Swetnam et al. (1992) conclude that the oak-

pine gallery may be a conduit to fire spread across elevational gradients. This pattern was 

evident in Rhyolite Canyon in the Chiricahua mountains, but may also apply to the 

Huachucas because of similar topography, and vegetation patterns. There may also be 

controls limiting fire occurrence in the lower elevations, including variable soil and fiael 



moisture levels, which are dependent on elevation, slope, and aspect, topographic 

boundaries and different fuel types. 
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S.4 Stand Dynamics 

5.4.1 Patterns of Tree Growth 

Tree growth is affected by a variety of external factors. Local external factors 

include competition for resources, and disturbance, and regional external factors include 

climate variables. Tree growth of the sampled trees was visually assessed by comparing 

size of inner rings between trees within the study site. Large inner rings may indicate that 

trees grew under open canopy conditions, with suflRcient resources (e.g., suflBcient 

moisture and minimal competition), while suppressed irmer rings may indicate that trees 

grew under closed canopy conditions, or were otherwise stressed (e.g., became 

established close to a fire year). Because growth was not suppressed on inner rings of 

most trees (77% FHA, 84% MPW), it is likely that they became established in open areas, 

with sufficient resources. 

Large numbers of trees throughout the study site became established around the 

turn of the century, probably under fairly open canopy conditions (Figure 8). This pattern 

of tree establishment corresponds to patterns observed throughout the Southwest by other 

studies (Savage 1991, Fule et al. 1997, Villanueva-Diaz and McPherson 1994). Large 
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numbers of tree establishment dates prior to 1900 are generally attributed to human impact 

(/.<?., livestock grazing, fire suppression) resulting in a change in the historical fire regime. 

Trees established prior to 1899 in the Huachucas (the year of the last widespread fire) 

probably grew in response to lack of fire as a result of logging, and/or livestock grazing. 

Trees established after 1899 probably grew in areas opened up by the 1899 fire and as a 

result of fire suppression. The 1899 fire may have been a crown fire in a large area or in 

several areas, and may have eliminated or decreased overstory trees. With Ft. Huachuca 

firmly established and the Forest Reserves in place by the early 1900s, fire suppression 

enabled not only significant numbers of ponderosa pine to become established but less fire-

resistant trees such as Douglas-fir and Southwestern white pine to become established as 

well. 

There is significant overlap of tree diameter sizes in any given age class. Growth 

suppression contributes to this overlap. The ability of ponderosa pine to tolerate extreme 

conditions (e.g., low seasonal precipitation) by either adding only a small amount of 

annual growth or failing to put on a complete growth ring in a dry year is a partial 

explanation for diameter variability. Southwestern white pine and Douglas-fir are more 

shade-tolerant and may suppress growth for many years, until conditions are more 

favorable for release of radial growth or until the canopy reaches the same height as the 

overstory canopy. While these shade-tolerant trees persist in the understory, they 
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comprise ladder fuels, which enable fires to reach the overstory canopy, therefore 

contributing to crown fires. Many ponderosa pine increment cores had fi-om between five 

to greater than 30 rings missing fi^om 1950 to the present. This reduction of radial growth 

may be the result of reduced availability of moisture caused by increase in competition and 

moisture retention by the fine fiiel layer (grasses), and understory tree species (Cooper 

1960, Clary and Ffolliot 1969). Weaver (1951) observed that growth in dense stands of 

trees was stagnant and postulated that use of soil moisture by pine thickets decreased 

availability of moisture to mature trees. Growth reduction may also be a result of a wide-

scale drought during the 1950s that resulted in death or suppression of growth in many 

tree species throughout the Southwest (Graybill and Rose 1992, Swetnam and Betancourt 

1997). 

5.4.2 Effect of Fire on Stand Development 

Although the study site has a history of high human use, which has likely affected 

stand density through logging and livestock grazing, the greatest effect on stand 

development in the 20th century has been from lack of fi-equent surface fires, and 

occasional high intensity fires, starting with the 1899 fire. The 1899 fire may have been 

the first in a series of severe, stand-replacing fires associated with major changes in forest 

structure. Year and size of high intensity fires occurring within the last 25 years in the 
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Huachucas are shown in Table 8. All of these fires were suppressed. 

Prior to 1899, fiiel consumption by fi^equent fires probably inhibited the 

occurrence of crown fires. In contrast to the low-intensity, pre-settlement fires, several 

large crown fires have occurred within the last 100 years in the upper elevation conifers in 

the Huachuca Mountains (1977 Carr Peak fire, 1983 Pat Scott Peak fire). Although 

crown fires destroyed all overstory vegetation over large areas, surface fires occurred 

within some portions of the study and sample area, as indicated by surviving trees and fire 

scars for these dates. Crown fire devastation is due in part to an accumulation of surface 

fiiels that provide horizontal fiiel continuity, and to ladder fiaels that provide vertical fuel 

continuity, as well as steep terrain, leading to more intense and larger fires. Historically, 

the ponderosa pine forest consisted of a mosaic of even-aged (Cooper 1961) or all-age 

tree groups (White 1985), interspersed with Gambel oak and probably southwestem white 

pine. As a result of the stand-replacing, 20th century fires, these areas are slow to 

recover, possibly due to lack of seed trees in some areas. Some areas currently contain 

predominantly shrubby, multi-stemmed Gambel oak, while other areas have a continuous 

herbaceous cover. Most areas, except for those adjacent to areas with remaining forest, 

have sparse pine seedlings/saplings (personal observation). 

5.4.3 Regeneration in FHA 
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Table 8. High-intensity fire occurrence in the Huachucas since 1970. 

Fire Name Year of Fire Size(ac) 

CarrPeak 1977 9300 
Pat Scott 1983 532 
Hunter 1985 260 
Tank 1986 407 
Peak 1988 9625 
French 1988 958 
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Timing and type of regeneration at each site varies, probably as a result of fire 

intensity and aspect. In FHA, more trees predate the 1899 fire indicating the fire may 

not have been severe in this area {i.e., crown fires) or it simply may not have been heavily 

logged. Most of the regeneration, however, dates after the 1899 fire, particularly in T1 

and T3. The fire probably burned through T2 as a surface fire, which borders the drainage 

between the other transects, as evidenced by the existence of large and old Gambel oaks. 

Gambel oak (tree and shrub form) is a common understory component in this 

forest, despite evidence that fires burned through these forests frequently. Although a 

majority of the oaks sampled on this site were multi-stemmed and relatively young in age 

(<100 yrs), large, single-stemmed oaks were common. Many of these larger oaks were 

several centuries old (by ring count) and some had basal fire scars. Presence of large, 

single-stemmed oaks, suggest that the frequent fires recorded by fire scars on pines in 

these stands were relatively low-intensity fires. More intense fires would not only kill the 

above ground stems of a large oak, but would initiate reproduction of multiple stems or 

the oak shrub form by suckers (sprouts growing from surface roots) (Brown 1958). 

Trees are widely spaced in T1 and T2 and tree regeneration, except for Gambel 

oak, which occurs in shrub form, is sparse. Trees on T1 especially are sparse, probably 

because of exposure to and desiccation by sun and wind. The presence of considerable 
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mountain mahogany and several large alligator junipers attest to the xeric conditions on 

this exposed slope. Transect T3 however, enjoys more mesic conditions mainly due to 

aspect, as evidenced by the extensive undergrowth and presence of southwestern white 

pine and Douglas-fir which have become important components of the understory since 

1940. Douglas-fir has probably always been at least a minor component at this site, 

although it is a major component of the overstory at other mesic sites within the mountain 

range. 

5.4.4 Regeneration in MPW 

Although stand structure in the MPW is similar to FHA, there are some distinct 

differences. Around the turn of the century the previous stand was decimated, either by 

fire or logging or both, leaving few surviving trees (9%) older than 100 years (Figure 8). 

There are few stumps in the remaining forested areas that would indicate that the area was 

cut over. Most of the samples (snags, logs, stumps) used to reconstruct fire history were 

taken fi^om within the 1983 Pat Scott Peak fire boundary. Both TI and T3 are very open 

stands, through which 20th century fires may have burned as surface fires, consuming 

most or all remaining stumps. In addition, because regeneration did not occur until the 

early 1900s (centered around 1920) in TI, this part of the study site may have been more 

heavily affected by either fire or logging in the early part of this century. Southwestern 
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white pine and ponderosa pine are co-dominant in Tl, probably because both were able to 

become established under open conditions and seed was available for both species from 

near-by sources. The two other transects, which are several hundred meters from Tl, 

show a large pulse of ponderosa pine regeneration around the turn of the century, with 

diminishing regeneration towards the present and smaller numbers of southwestern white 

pine. Douglas-fir is also a small component of the understory, mostly in T2. Transect T2 

also contained a significant amount of woody debris, including logs, snags, branches, 

bushes and downed woody fiiel in a variety of sizes. The 1983 Pat Scott Peak fire was 

successfully suppressed adjacent to T2. Current fuel loads in T2 are probably similar to 

fuels loads that were in the adjacent burned area. Had the fire not been suppressed, this 

area would likely have been heavily impacted as well. 

5.4.5 Site Productivity and Fire 

Kellogg (1902) considered the Huachuca Mountains to have high regeneration 

capabilities. He remarked that "..the best reproduction [of pine], compared to the 

Pinalerio, Chiricahua, and Santa Catalina Mountains, is in the Huachucas". He cataloged 

areas with 5,000 to 10,000 trees/acre, averaging five feet in height, and remarked that 

"..reforestation is going on well when the course of nature is not disturbed..", referring to 

the ideology of the time that fires destroy the productiveness of the forest, wdthout 
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acknowledgment of the natural ecological role of fire in ponderosa pine. 

Although regeneration of ponderosa pine in the study site may reflect high seedling 

establishment due to the large seed crops in the early 20th century, tree densities today are 

highly variable. Seedling densities of any tree species along any transect in FHA are 

relatively low, with <10 seedlings/transect (—200 trees/ac), and only slightly higher in 

MPW ranging fi'om 19 to 101 seedling/transect (400 - 2000 trees/ac) (Table 6). The 

largest amounts of seedlings are in MPW - T3, which currently has large gaps that are 

being filled in by new pine growth. Of the 101 seedlings/saplings counted in this transect, 

the majority are four years old or older. 

Limited pine seedling establishment in FHA, particularly T1 and T2, may be a 

result of several factors. These include but are not necessarily limited to I) harsh 

conditions {i.e., desiccation i.e., limited soil moisture, limited shelter for seedling 

establishment), 2) steep, rocky topography, 3) growth inhibition by herbaceous and 

shrubby plants (i.e., competition), and 4) insufficient seed crops. There is at least one 

southwestern white pine on T1 in which growth is so suppressed, it physically resembles 

Mexican pinyon. In addition, there is no evidence of a surface fire in this area within the 

past 20 years. 

In general, the spatial distribution of trees along each transect are a collection of 

numerous small, loosely grouped, young trees, and few, large, widely spaced mature trees. 



The fact that so many new trees were able to become established (mainly in inA-T3 and 

MPW) probably reflects the absence of abundant grasses that historically provided an 

efficient barrier to seedling establishment, and lack of fire that historically decreased their 

populations. 
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6. CONCXUSIONS 

6.1 Fire History and Stand Structure 

The purpose of this study was to reconstruct past fire occurrence in the Garden 

Canyon watershed and to interpret the effects of fire, climate, and human-related impacts 

on stand structure. This study demonstrated that widespread fires were an important 

component of this landscape, and that the pattern of fi-equent, widespread, low intensity, 

stand maintenance fires has been altered to one of infi^equent, widespread, high intensity, 

stand-replacing fires. The historical fire fi^equency of 4 to 10 years and the widespread 

nature of fires in the Garden Canyon watershed in the Huachuca Mountains is similar to 

what is reported for similar vegetation types throughout the Southwest (Swetnam et al. 

1989, Baisan and Swetnam 1990, Dieterich and Hibbert 1990, Savage 1991, Grissino-

Mayere/a/. 1994). 

The Huachuca Mountains and surrounding plains sustained heavy land-use, 

particularly in the latter part of the 19th and early 20th century. Intense livestock grazing 

pressure, extensive logging, and mining activities in the late 19th century probably 

contributed to structural changes {e.g., species composition, tree age distribution) within 

most vegetation communities in the Huachucas. The first (possibly) stand-replacing fire 

in the Huachuca Mountains occuixed in 1899, and spread fi"om the commercially logged 



94  

"Reef area (Carr Canyon) through the study site, following 25 years without fire. Stand 

structure adjacent to the Pat Scott Peak fire boundary reflects either the stand-replacing 

nature of this fire, the effects of logging, or a combination of the two, in addition to total 

fire suppression. 

Similarities exist between this site and studies of disturbance in other southwestern 

ponderosa pine forests previously mentioned (Savage 1991, Fule et al. 1997, Villanueva-

Diaz and McPherson 1994). First, tree establishment dates centered around the turn of 

the century correspond with tree age distributions of tree species fi"om other southwestern 

sites. The observed pulses of regeneration are a result of changes in the fire regime {e.g., 

fire fi-equency, size) which are in turn indirectly related to livestock grazing and/or 

logging, and directly related to fire suppression. Second, although the study site is still 

dominated in older age classes by ponderosa pine, stand composition may be changing to 

include a larger proportion of less fire-resistant tree species including Southwestern white 

pine and Douglas-fir. 

Inclusion of less fire-resistant understory trees in a dominantly ponderosa pine 

overstory in some areas may predispose this forest to high intensity stand replacing fires. 

Not only are these tree species less fire-resistant, but dead, lower branches typically extend 

fi-om live crown to the surface, creating a vertical fiiel complex, enabling surface fires to 

be carried step-wise into tree crowns via ladder fijels. Although fine herbaceous fuels 
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needed to carry surface fires are minimal, and unevenly distributed, substantial downed 

woody fuels (e.g., needle-cast, small twigs, branches) within the stands contribute to the 

fire potential within these stands. 

Another result of the high intensity fires that have occurred within the 20th century 

in the Huachucas was occurrence of large debris flows that altered channel morphology 

(Wohl and Pearthree 1991). Similar extreme erosion events have occurred since the 1995 

Rattlesnake fire in the Chiricahua Mountains during the rainy season following the 

Rattlesnake fire (F.Escobedo, unpublished report). 

6.2 Management Implications and Recommendations 

Although Sawmill Canyon was chosen as a study site primarily because of 

continuity of conifers and easy access into the Miller Peak Wilderness area, several other 

adjacent canyons, {e.g., Scheelite and Ramsey Canyons) have similar vegetation 

continuity. Historical evidence indicates that, due to lack of topographical barriers, and to 

fiiel continuity, fires were widely distributed throughout this portion of the watershed. In 

many areas of the Huachucas, high-intensity, stand-replacing fires, as evidenced by the 

1977 Carr Canyon and 1983 Pat Scott Peak fires have replaced low-intensity surface fires. 

These high-intensity fires are a result of an increase in stand density and surface fiiels due 

to fire suppression. 
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Land managers face the difiScult task of managing and protecting their resources, 

which includes identifying threatened and endangered species, maintaining biotic diversity, 

and restoring ecological processes such as fire. The historical range and variability of past 

fire regimes undoubtedly affected and sustained the biota that was present at that time. 

While fire history provides information on the historical seasonality and fi^equency of those 

fires, stand history provides information on current stand structures, which are probably 

very different fi-om pre-settlement structures, as a result of fire suppression. Although 

these data represent different periods of time, can knowledge of historical fires be applied 

to management of current stand structures? The answer is yes and no. Yes because 

historical patterns provide a reference point for re-introduction of fire, and no because 

some work will have to be done in current stands prior to allov^dng a natural fire to bum in 

them. 

An important point to consider is that, concerning fire occurrence and spread, the 

Huachuca Mountains are a continuous "firescape" {i.e., fire landscape) without political 

boundaries. Within this firescape plant community structure is highly variable. Areas 

where tree densities and fuel loads are high should be identified, because they may need 

treatment {e.g., removal, thinning) before prescribed fire can be introduced, or natural fires 

allowed to run their course. Ultimately, to sustain native biota, fire frequency within the 

chosen areas should be within the natural range of 4 - 10 years. Initially however. 
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management ignited fires may have to be conducted prior to or after the natural May -

June fire season, to minimize accumulated fuel loads. Later, bums in these same areas 

may incorporate natural fires, when the hazard for stand-replacing fires has been 

minimized. 

The potential of widespread fire in the Huachucas underscores the importance of 

cooperation needed between the various management jurisdictions within this mountain 

range, to maintain and manage not only the ponderosa pine-mixed conifer communities, 

but also all plant communities. Because the Huachuca Mountain range is relatively small, 

there is a unique opportunity to implement fire management objectives with cooperation 

from all border jurisdictions, including the U.S Forest Service, the Fort Huachuca Military 

Reservation, The Nature Conservancy, The National Park Service, and private 

landowners. 

Fire was historically, and should continue to be, an important ecological process in 

plant communities throughout the Huachuca range. Future management plans might 

incorporate a schedule for burning based on the pre-1870 fire history. Because of the 

variabilities in climate, and management constraints, these targets cannot be absolute or 

rigid. With continuous maintenance, future "accidental", human-caused fires may not be 

as devastating as they have been in recent years, both in terms of their stand-replacing 

nature or widespread potential. 



ABBREVIATIONS USED IN TEXT 

BA Basal area 

BAF Basal area factor 

CEMO Cercocarpus montanus (mountain mahogany) 

DBH Diameter at breast height 

DRC Diameter at root collar 

FHA Fort Huachuca 

GCW Garden Canyon watershed 

JUDE Juniperus deppeana (alligator juniper) 

MFI Mean fire interval 

MPW Miller Peak Wilderness Area 

PIPO Pinus ponderosa (3-needle) (ponderosa pine 

PIST Pinus strobiformis (Southwestern white pine) 

PSME Pseudotsuga menzdesii (Douglas-fir) 

PSP Pat Scott Peak (also PSC) 

QUGA Quercus gambelii (Gambel oak) 

SEA Superposed epoch analysis 

T(n) Transect (n) 

WMPI Weibull Median Probability Interval 
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