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ABSTRACT

Dendroecological, documentary, and ethnoecological evidence were combined to
provide an integrated understanding of past natural and cultural fires in the Southwest
Borderlands. Fire frequency for the desert grasslands was inferred from synchronous
intercanyon fire events. Mean fire intervals range between 4-8 years in canyon pine-oak
forests, 4-9 years in the intervening desert grasslands, and 5-9 years in the mixed-conifer
forests. Riparian canyon pine-oak forests were important corridors for fire spread-
between the desert grasslands and higher-elevation forests. The decline of post-
settlement (>1870s) fires typical of most forests in U.S., is not evident south of the
border in Mexico.

Documentary evidence reveals the Apache had detailed knowledge of fire, that
burning practices were controlled and limited, and ecosystem enhancement through
intentional burning was not suggested. However, the common exception was burning
practiced during wartime periods, principally by the Apache but also by the Spanish,
Mexicans, and later Americans. Fire reconstructions indicate that wartime-period fires
were significantly more frequent than peacetime periods at several canyon-rancheria

sites.
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CHAPTER 1

1.1 Introduction to Thesis

Known by the Spanish as Apacheria, the Southwest Borderlands encompass the
international 4-corners region of Arizona, New Mexico, Chihuahua, and Sonora. This
basin and range region is renown for isolated mountains with biotic communities
stratified across elevational and aspect gradients (Whittaker and Niering 1964, 1965,
1968, 1975). This is the northern range for many Madrean species especially those
associated with pine-oak forests (Axelrod 1958, 1975). Although generally temperate,
this biome supports both sub-alpine and neotropical flora and fauna (i.e., orchids, palms,
milkweeds, coati, thick-billed parrots, and jaguars), and notable species diversity and
richness (Felger et al. 1995; Dobson et al. 1997). Climate and fire relations
reconstructed from tree rings indicate episodic drought and fires were “keystone”
processes that strongly influenced past landscape ecologies in the Southwest Borderlands
(Holling 1980; Swetnam and Baisan 1996b; Swetnam and Betancourt 1997).

It is well acknowledged that fires played an important role in most ecosystems of
the Southwest Borderlands (Baisan and Swetnam 1990; Swetnam and Baisan 1996a).
Also, it is generally accepted that early-settlement landscape fragmentation (post-1870s
land-use), and later fire suppression resulted in the extinction of widespread episodic
surface fires, and later related vegetation changes (Hastings and Turner 1965; Humphrey
1987; Bahre 1991). Today, in many National Forests of the Southwest U.S., severe
biomass accumulation (i.e., about 100 years) has substantially increased the vulnerability

of these ecosystems to anomalous stand-replacing fires, that undermine the sustainability
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and productivity of these forested watersheds (Weaver 1951; Cooper 1960; Covington

and Moore 1994). Hazardous fuel buildup and related wildfire problems have reached a
critical level in many forests of the Southwest U.S., especially in riparian canyon pine-
oak forests of the Southwest Borderlands where resource values are greatest.

This research provides new information-on historical fire regimes in ecosystems
of the Southwest Borderlands, at a time when fire is being further acknowledged as a
necessary ecosystem process, and increasingly used as a tool to restore biological and
watershed resources (Allen 1996; Edminster 1996). For example, together the Malpai
Borderlands Group and the Coronado National Forest have conducted several extensive
prescribed burns over the last several years. The Baker Burn in 1995 was about 2,800
hectares, the Maverick Burn in 1997 was around 5,600 hectares, and the proposed
Johnson Peak fire planning area encompasses 12,800 hectares in the western Chiricahua
Mountains. Additionally, the Chiricahua National Monument has conducted several
smaller burns, and Mexico’s forestry agency (SEMARNAP) has allowed recent lightning
fires to burn in the Sierra de los Ajos Reserve. This research provides presettlement
(pre-1880) fire reconstructions that span centuries for desert grassland, riparian canyon
pine-oak forest, and mixed conifer forest communities in this region. Reconstructed fire
histories furnish new information that can be applied to long-term fire planning, to better
manage fires in an ecological and historical context, across the landscape at ecosystem
and watershed scales.

The thesis objective was to provide a better understanding of the historical

character, frequency, and connectivity of past fires in the desert grasslands, riparian
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canyon pine-oak forests, and higher-elevation mixed-conifer forests in the Southwest
Borderlands. Additionally, the influence of anthropogenic fires on past fire regimes was
investigated using documentary, ethnoecological, and tree-ring fire reconstruction
evidence. The background, methods, discussion, findings, and conclusions of both
research topics are addressed in two related chapters (Ch. 2 and 3), followed by a
summary and conclusions of the thesis in chapter four.

Recent developments in fire management and prescribed burning have fueled
interest in the historical role of fires in Madrean ecosystems of the Southwest
Borderlands (i.e., Debano et al. 1995; Ffolliott et al. 1996). Past attempts to reconstruct
presettlement fire history in the desert grasslands, have been surrounded by uncertainty
with wide ranging results, due to limited paleoecological and historical evidence.
However, historical and tree-ring evidence suggest many fires spread into and between
the canyon forests via the grasslands. Therefore, fire-scarred pine evidence from lower
riparian-canyon forests can be used to make reasonable inferences about past fire
regimes in the intervening desert grasslands. Chapter two reconstructs fire histories
using crossdated fire-scarred pine evidence from six riparian canyon pine-oak forests.
Canyon-fire reconstructions are analyzed for synchronous fire events, to infer and
reconstruct fire history for the intervening desert grasslands. Finally, desert grassland,
riparian canyon pine-oak forest, and higher-elevation mixed-conifer forest fire histories
are graphically and statistically analyzed to interpret fire spread between ecosystems and

connectivity across the landscape.
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The influence of humans on past fire regimes has become a popular research
topic (e.g., Williams 1994; AA Society Meeting 1996; Fish 1996; White et al. 1997), in
particular with respect to the use of fires in ecosystem management to emulate
presettlement fire and ecosystem processes. The controversy is that this region has one
of the highest levels of lightning-fire activity in North America, but also, numerous
historical accounts have recorded common anthropogenic fires and burning. In chapter
three, documentary, ethnoecological, and dendrochronological (tree-ring) evidence are
analyzed to infer possible influences of humans on past fire regimes. This
multidisciplinary approach explores the historical, cultural, and wartime burning practices
that may have influenced past fire histories and ecosystems in the Southwest

Borderlands.
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CHAPTER TWO

FIRE HISTORY IN RIPARIAN CANYON PINE-OAK FORESTS AND THE
INTERVENING DESERT GRASSLANDS OF THE SOUTHWEST
BORDERLANDS

2.1 Abstract — Fire-scarred pine samples were crossdated to reconstruct fire histories
in riparian canyon pine-oak forests, and to infer the fire frequency of the intervening
desert grasslands. Fire chronologies that date back to the 1600s were analyzed for six-
canyon sites within the Southwest Borderlands. Evidence suggests that in the past
extensive fires were common in riparian canyon forests and the desert grasslands.
Surface fires in canyon pine-oak forests occurred on average once every 5 to 9 years,
and were estimated to have covered an area of at least 50 km”. Synchronous fires
recorded between canyon sites and documentary evidence suggests that the desert
grasslands burned approximately every 5 to 10 years. These fires probably ranged
between 10 to hundreds of km’ in size. Wider spread basin-wide fire events were
recorded at less commonly about every 7 to 10 years, and ranged between approximately
500 to more than a 1000 hectares. Basin-wide synchronous fire events recorded by three
to four of the six fire history sites suggest fires spread between canyons and mountains
via the lower grasslands, and through canyons to higher-elevation mixed-conifer forests.
Tree-ring and climate evidence suggests that these broader-scale fire patterns were
associated with dry years (La Nifia, narrow annual rings) when preceded by one or more

wet El Nifio years.
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2.2 Introduction
2.2.1 Background

The Southwest Borderlands is the Basin and Range Province of southern Arizona
and New Mexico, and northern Sonord and Chihuahua, Mexico (Fig. 2.1). This
"mountain island" region is a biological convergence zone between the temperate Rocky
Mountains, and the subtropical Sierra Madres (Gelbach 1981; Wilson 1995; Ffolliott et
al. 1996). On the eastern and weétern boundaries of this semiarid region, the Chihuahua
and Sonoran Deserts provide a notable biophysical influence. Episodic patterns of
severe drought and associated widespread fires entrain biological processes over this
region, both within and across ecosystems (Swetnam and Betancourt 1998).

Vegetation patterns today originate from climate warming that commenced some
11,000 years ago following the last ice age (Martin 1963; Van Devender and Spaulding
1979; Van Devender 1995). Charcoal particles in sediment cores appear in greater
abundance after this period, suggesting that climate and vegetation changes had
generated conditions conducive for periodic fires (Davis 1994). Packrat midden
evidence shows that by at least 4,000 years ago present-day climate patterns and
vegetation horizons were well established (Betancourt et al. 1990). Tree-ring
reconstructions and historical records indicate that episodic fires were common over the
past three to four centuries throughout most ecosystems in this region (excluding the
deserts and subalpine forests; Wright and Bailey 1982; Bahre 1991; Swetnam and Baisan
1996b). European-American settlement in the 1880s developed far reaching livestock

economies that resulted in an abrupt and widespread extinction of frequent surface fires
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FIGURE 2.1 The Southwest Borderlands fire history reconstruction sites encompassing the lower Sulfur Spring and upper San Pedro Valleys.
Canyon pine-oak sites are clockwise from the northwest; Rhyolite (1), Pine (2), Turkey Creek (3), and Rucker (4) Canyons in the western
Chiricahua Mountains; Cafion del Oso (5) in the Sierra Ajos, and McClure (6) Canyon in the Huachuca Mountains. Upper-elevation mixed-con:
forest sites include Barfoot/Rustler Park (7), Cafion Evans Saddle (8), and Sawmill/Pat Scott Peak (9) sites in contiguous mountain ranges.
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(Leopold 1924; Marshall 1962; Bahre 1985; Swetnam and Baisan 1996b). Early

twentieth century fire suppression became notably more effective after WWIL. This
ensured that fires were severely limited throughout the borderland ecosystems,
producing an unprecedented accumulation of woody fuels that exist today (Wright and
Bailey 1982; Bahre 1991).

Widespread vegetation changes and related ecosystem health concerns have led
to contemporary land stewardship referred to as ecosystem management or restoration
ecology. Watershed managers are now using prescribed fire as a tool to emulate
presettlement ecosystem conditions and to restore biological process and watershed
resources (USDA 1992, 1993a, 1993b; Dahms and Geils 1997). The historic roles and
variability of past fires in borderland ecosystems have been an important consideration
for ecosystem management and restoration ecology (Allen 1994; Kaufmann et al. 1994;
Morgan et al. 1994; Swanson et al. 1994). This investigation reconstructs and compares
the range and variability of past fires in riparian canyon pine-oak forests, desert
grasslands, and higher-elevation mixed-conifer forests.

The Southwest Borderlands is a unique region where agrarian culture, rural
lifestyles, wide-open spaces, and low-population densities still prevail. The Malpai
Borderlands Group of land owners, agencies, and managers are breaking new ground
with innovative cooperative range and fire management practices, directed at sustainable
grazing and ecosystem stewardship (Fig. 2.2; Klinkenborg 1995; Page 1997). This
cooperative land-management affiliation is responsible for over a million acres (400,000

ha) of forest and grassland. A goal of the Malpai Group is to jointly manage livestock
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FIGURE 2.2 Animas Valley in the “Malpai Borderlands”. Open desert grasslands with pronghorn antelope
(Antilocapra americana) in the foreground.
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grazing and fire in these areas in a historical and ecological context. An underlying
objective is to strengthen the regions ecological and socioeconomic viability in order to
sustain the wide-open landscapes in the Southwest Borderlands. This is a noteworthy
objective when considering demographic trends in other areas of the Southwest U.S.
(i.e., Cochise and Santa Cruz Counties, AZ), where large tracts of lands are now rapidly
being developed and subdivided. This research will provide presettlement (pre-1880)
fire reconstructions that date back to the 1600s encompassing a vegetation gradient from
desert grasslands to mixed-conifer forest. This evidence will provide a reference for
future long-term ecosystem and fire management in the Southwest Borderlands.
Characteristics of past fire regimes in the desert grasslands have been estimated,
but considerable uncertainties have persisted due to the paucity of high-resolution
historical and paleoecological evidence. For example, historical records and
photographs have been used to assess presettlement fire frequencies (Humphrey 1987;
Hastings and Turner 1965; Bahre 1995a, 1991). Also, tree-ring, ecological, and isotopic
evidence have been used to estimate past fire frequencies and vegetation changes (e.g.,
Marshall 1962, 1963; Swetnam et al. 1992; McPherson 1995). Rhyolite Canyon is the
only prior canyon pine-oak forest fire reconstruction relative to this investigation.
Swetnam and others (1989, 1991, 1992) showed that extensive fires occurred in this
canyon forest about once every 10 to 15 years, however, they indicated that flood and
debris flows also likely influenced fires at this unique site. In the desert grasslands fire
frequencies have been estimated by some investigators to have occurred around every

three to seven years, by many at least every 10 years, and by a few, to be infrequent or
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rare (i.e., Griffiths 1910; Buffington and Herbel 1965; Hastings and Turner 1965; Cable

1973; Humphrey 1984; Bahre 1991; McPherson 1995). However, limited evidence
particularly for the grasslands, has resulted in wide disparities in the estimates of past fire
frequency. Even less is known about the presettlement temporal variation, spatial extent,
and connectivity of past fires in riparian canyon pine-oak forests and the desert
grasslands.

The primary goal of this investigation is to provide original evidence to
strengthen our understanding of the frequency, dimensions, and ecosystem connectivity
regarding past fires in riparian canyon pine-oak forests, the intervening desert grasslands,
and higher-elevation mixed-conifer forests. Fire patterns reconstructed from fire-scarred
pines back to the mid-1600s provide direct evidence of the range of I;ast fire frequency in
canyon pine-oak forests. Desert grassland fire frequency was inferred through graphical
and statistical analysis of synchronous fire events recorded between six canyon sites.

The spatial extent of past fires were estimated from fire-scarred trees that were located
on topographic maps and analyzed within and between sites. Additionally, independent
historical evidence from newspapers, journals, and early written accounts were used to
help corroborate the character and spatial extent of past fires. Finally, by analyzing
synchronous fire patterns between canyon forests and upper-elevation sites, the relation
of fire frequency and spread between the desert grasslands, pine-oak forests, and mixed-

conifer forests was inferred.
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2.2.2 Historical and Cultural Context

Written records in the Southwest Borderlands began in the late 1600s with Spanish
colonization and documentary relations from mission and presidio settlements. Knowﬁ
to the Spanish as the Pimeria Alta, and later as Apacheria, this region experienced many
cultural changes around the early historic period. Pima, Sobaipuri, Apache, Spanish, and
others forged a new order along the borderlands over centuries of intercultural disputes,
war, trade, religion, and marriage. Intrepid Apache raiding and warfare assured that this
was one of the last provinces in North America to be permanently settled by Europeans.
In 1848, the Treaty of Guadalupe Hidalgo established a new boundary between Mexico
and the United States. The present day border established by the Gadsden Purchase in
1854, is closely aligned with the chain of Spanish military presidios along the northern
frontier of New Spain (Bancroft 1889; Officer 1987).

European-American colonization of the Southwest Borderlands resulted in
unrivaled cultural and ecological changes. By the late 1870s, after centuries of raiding
and warfare, most Apache groups were settled on reservations in the Southwest U.S..
American settlement economies were based on mining, sawmills, scattered agriculture,
and predominantly ranching (Figs. 2.3 and 2.4; Morrisey 1950; Wagoner 1952, 1961;
Bahre 1991). The completion of the transcontinental Southern Pacific Railroad in 1881
marks the beginning of widespread land-use changes in the Southwest U.S.. Tens of
thousands of livestock were transported rapidly to feedlots and new markets, from east
to west. Homestead cattle, sheep, and goat ranches, and larger more organized ranching

companies, endeavored to meet the rising demands for livestock (Hasket 1935, 1936;



FIGURE 2.3 Sulfur Spring Valley desert grasslands and grazing circa 1880
(Bahre 1991)
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FIGURE 2.4 Morse Canyon (Turkey Creek) sawmill circa 1885 (Bahre 1991).
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Bailey 1994). In the last decades of the 19" century, massive livestock herds had spread

out over the grasslands throughout the Southwest U.S.. This agrarian economy had
expanded beyond the capacity of these semiarid lands, removing grasses and forage over
extensive areas, soil structure was impaired, fires no longer spread, and vegetation
change took root (Glendening1952; Wagoner 1952; Buffington and Herbel 1965; Bahre
1995a, 1995b). Environmental degradation in these overstocked ranges was inescapable
and severely compounded by droughts.

By comparison, land-use history in Mexico is less well known. Evidence
suggests that land-use intensification and extensification began decades later in the
forests of Mexico around the 1940s. Historical records indicate these notable land-use
changes in northern Mexico were associated with land tenure reforms in the late 1940s,
and strengthened economic ties between the U.S. and Mexico beginning with the Second

World War (Sheridan 1988).

2.2.3 Historical Land Use Patterns

Substantial fire and vegetation changes stemming from late-19th century land-use
patterns are well documented (Bahre 1991; McPherson et al. 1993; Swetnam and Baisin
1996b; Villanueva 1996). Historical and ecological research indicate that prior to
widespread grazing in the late-1880s, desert grasslands were more robust and extensive,
with fewer woody species (Hastings and Turner 1965; Cable 1973; Archer 1989, 1994,
Bahre and Shelton 1993). More diverse riparian canyon pine-oak forests also

experienced astonishing changes, including increased canopy closure, biomass
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accumulation, and reduced bird, fish, and amphibian diversity (Marshall 1957, 1963;

Minkley and Deacon 1991; Rinﬁe 1995; Sredl and Howland 1995). Landscape
fragmentation during the settlement period, at the very least contributed to arroyo
cutting across the region (Rich 1911; Meinzer et al. 1913; Hastings 1959; Cooke and
Reeves 1976). Decades of heavy grazing and later organized fire suppression resulted in
the elimination of frequent surface fires. These factors also resulted in increases to
unpalatable and fire-intolerant species, further exacerbating vegetation changes (Leopold
1924; Glendening 1952; Smith and Schmutz 1975; Bahre and Bradbury 1978). The
regional extermination of prairie dog towns in the early 20™ century most likely had a
profound influence on the desert grasslands and fires (Weltzin 1990), however, their
function in soil nutrient cycling and desert grassland landscape ecology is poorly

understood.

2.3 Site Description and Geographical Context

Fire history reconstruction sites were located in mountain canyons of the Sulfur
Spring and upper San Pedro watersheds (Table 2.1; See Fig. 2.1). Canyon sites with
suitable material for fire history analysis were difficult to find in this region, however, six
were located in the lower Chiricahua, Los Ajos, and the Huachuca Mountains. All sites
were within riparian canyon pine-oak forests linked by lower adjacent desert grasslands
and higher-elevation mixed-conifer forests (Figs. 2.5 and 2.6). Each canyon was
sampled for the best fire-scarred pine evidence that could be located using a stratified

grid between 1600 and 2400 meters. Existing fire histories from Rhyolite Canyon



Table 2.1. Riparian canyon pine-oak forest and adjacent higher-elevation mixed-conifer
forest, fire history reconstruction site information.

Elevational Number Number Inner Ring - Land
Site, (map #; reference) Gradient of of Fire Outer * Mamgenent
(meters) Sanmples  Scars  Ring Date Responsibility
Canyon Pine-Oak Forest Sites

Western Chiricatmia Mourtains, North to South

Rhyolite Cartyon (1; Swetnamet al. 1989) 1700-2200 56 96 1460-1987  USDI,Chiricahua N.M.

Pine Canyon  (2; Kaib et al. 1996) 1700-2500 27 57 1540-1995  USDA, Coronado N.F

Tirkey Creek (3) 1700-2500 26 92 1600-1996  USDA, Coronado N.F

Rucker Canyon (4) 1700-2500 21 84 1550-1996  USDA, Coronado N.F
Sierra de los Ajos

Canyon Oso and Saddle (5) 1600-2100 19 84 1607-1996 SEMARNAP

National Forest Reserve

Fort Huachuca

McClure Canyon (6) 1700-2400 18 88  1480-1996 Fort Huachuca

Miilitary Reserve
Adjacent Upper-Elevation Mixed-Conifer Forest Sites
Barfoot-Rustler Park 2400-2600 58 74 1460-1995  USDA, Coronado N.F
(7; Seklecki et al. 1996)
Sierra de los Ajos, Cafion Evan Saddle, Mexico  2000-2100 13 127  1438-1996 SEMARNAP
(8; Dieterich 1983a) National Forest Reserve
Sawmill Cartyon / Pat Scott Peak 2000-2700 57 150  1499-199%4 Fort Huachuca
(9; Danzeret al. 1996) Mihtary Reserve

8C
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FIGURE 2.6 Desert grasslands, oak woodlands, and riparian pine-oak forest in the western Chiricahua Mountains o
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(Swetnam et al. 1989) and higher-elevation mixed-conifer forest sites were also included
in this analysis (Dieterich 1983a; Swetnam and Baisan 1996a; Danzer et al. 1996;
Seklecki et al. 1996).

Grassland ecosystems (desert, mixed, and plains) provide ground cover and
connective fuel that link many ecosystems across the landscape, increasing the
probability of fire spreading between areas. Grasslands form a vegetation matrix
covering lowland basins, south-facing canyon slopes, and linking canyon forests to
higher-elevation forests, across elevations between 1000 to at least 3000 meters
(Whittaker and Niering 1964, 1975; Cable 1975; Brown 1982; Brady et al. 1989).
Desert grassland biomass production and continuity are also strongly influenced by soil
and climate variability, fire regimes, and land-use patterns (Wooten 1916; Wright and
Van Dyne 1976).

In the desert grasslands, biomass productivity is the lowest of North American
grasslands (Gentry 1957; Herbel et al. 1972; Simms and Singh 1978). Several
consecutive seasons or years (i.e., El Nifio Years) of above average rainfall favors
ignition and spread of fires in these ecosystems due to the greater mass and cover of fine
fuels (McLaughlin and Bowers 1982; Rogers and Vint 1987; Swetnam and Betancourt
1990, 1997). Desert grasslands can recover rapidly following a burn or limited grazing,
usually within one to three growing seasons depending upon antecedent range conditions
and subsequent precipitation patterns (Reynolds and Bohning 1957; Morenno 1968;

Bock et al. 1976, 1984; Chew 1982; Robinett 1994).
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Desert grasslands of southeast Arizona and the adjacent Mexican Borderlands

cover about 40 % of this region and occupy an ecological zone characterized by semiarid
climate, sandy-loam soils commonly with caliche horizons, and in the past, recurrent fires
(Whitefield and Beutner 1938; Humphrey 1984; McClaran 1995). By comparison, low-
elevation riparian canyon pine-oak forests are confined to canyon systems bounded by
igneous or sedimentary formations on soils formed from recent alluvium. These forests
occupy a topographic niche that affords shelter from the elements, cool-air drainage,
increased runoff from higher elevations, and greater productivity (i.e., increased fuels)
than neighboring communities (Marshall 1957; Barton and Teeri 1993; Barton 1994;
Baker et al. 1995). Community ecotones typically occur at separate geologic
formations, alluvial fans, and aspect transitions where the mesic nature of these mountain
canyons allow pine-oak forests to "inter-finger" into oak woodlands and lower desert
grasslands (See Figs. 2.5 and 2.6).

It is evident that in the past riparian-canyon forests extended further into the lower
grasslands. Early accounts describe these "gallery" forests as the most accessible sources
of timber for Fort Bowie and Rucker, and later for Bisbee and Tombstone (See Fig. 2.1;
Bahre 1985; Wilson 1995). Also, historical records and in some areas remnant stumps
indicate that these pine-oak forests once extended further into the desert grasslands
(Hayes 1992; Bahre 1995b; Wilson 1995). Additionally, by far the majority of this fire-
scarred pine evidence was collected from sawed stumps that typically had outer-ring

dates in the late 1800s.
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There is a very high floristic diversity within and between vegetation communities
in this region (Dobson et al. 1997). These mountain islands have floras with at least 500
to 1000 species (Felger et al. 1995; McLaughlin 1995). Major vegetation communities
found dispersed along these canyons include Madrean pine-oak and southwest riparian
forests; oak, pinyon, juniper, and mesquite woodlands; interior chaparral; and plains and
desert grasslands (Brown and Lowe 1980; Sawyer and Kinraide 1980; Brown 1982;
Muldavin et al. 1996). Flora of the Chiricahua Mountains have been described by
Reeves (1976) and Bennett and others (1996), the Huachuca Mountains by Wallmo
(1955), and the Sierra de los Ajos by Fishbien and others (1995). For this study
predominant vegetation types found along selected riparian canyon sites include desert
grasslands, oak woodlands, Madrean pine-oak forests, and at higher-elevations mixed-
conifer forests.

Precipitation in these areas is extremely variable and only slightly greater than
nearby deserts, averaging between 20 to 45 cm annually (Shreve 1915, 1944; Humphrey
1958; Sellers and Hill 1974). The orographic influence of isolated mountains produces
more precipitation in the higher elevations than in lower desert grasslands (Shreve 1915;
Niering and Lowe 1984; Barton and Teeri 1993; Barton 1994). Annual rainfall has a
bimodal distribution with up to 60 % falling during the winter months and the rest falling
during the summer monsoons (Douglas et al. 1993; Stensrud et al. 1995). These
percentages are reversed to the south in Mexico, where "las aguas" or monsoon rains
typically contribute substantially to increase overall annual precipitation (Shreve 1915;

1944; Stensrud et al. 1995). The Southwest Borderlands also has two dry seasons, one
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in the late spring or early summer, and the other in the fall. However, high levels of
lightning coincide only with the late-spring and early-summer dry period, prior to and
during the summer monsoon season (Barrows 1978; Gosz et al. 1995).

Although it is possible for fires to burn at almost any time of the year, the peak
burning season occurs between May and July when early monsoon storms provide
abundant lightning and extremely variable precipitation (Sellers and Hill 1974; Barrows
1978; Baisan and Swetnam 1990). Usually during this time, temperatures are high and
the perennial vegetation is dried. Also, many trees and shrubs including several oaks .
species release their older leaves, a process that is particularly apparent during drought
years (Pers. Obs. and Comm. with Fred Shoeffler). According to fire statistics, fires are
frequently ignited by "dry" lightning storms that occur with the early monsoons. The
position of fire scars within the annual rings, also indicates that the majority of
presettlement era fires in this region occurred during the late-spring and early-summer
seasons (Swetnam and Baisan 1996b).

Historical and tree-ring research indicates that in the past fires spread across
extensive areas throughout the Southwest Borderlands (Bahre 1991; Swetnam and
Baisan 1996a). Widespread fire years have been strongly correlated with drought years
when preceded by years of above average precipitation and associated fine fuel
accumulation (Swetnam 1990; Swetnam and Betancourt 1990). Intense monsoon
lightning activity contributes to the majority of fire ignitions in these areas (Jandrey
1975). The National Lightning Detection System and climate data also illustrate that

lightning strikes in the summer months are sufficient to support very frequent fire
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FIGURE 2.7 Lightning strikes in study area for the month of July 1996 (n = 3,016). Data for
positive and negative current, cloud to ground lightning, from the National Interagency Fire
Center, (NIFC; Boise, Idaho) Lightning Detection System (Krider et al. 1980).
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regimes (Fig. 2.7; Barrows 1978; Gosz et al. 1995). In figure 2.7, over 3,000 lightning

strikes occurred within the study area surrounding the Chiricahua Mountains during the

month of July 1996.

2.4 Methods
2.4.1 Fire History

Five riparian canyon pine-oak forest sites were selected after a thorough
reconnaissance of dozens of canyon sites in this region (See Fig. 2.1 and Table 2.1).
These canyon sites were chosen for their presence 6f fire-scarred pine evidence, and
proximity and connectivity to the lower desert grasslands. An existing fire history
reconstruction from Rhyolite Canyon was added to the analysis (Swetnam et al. 1989,
1992). Fire history evidence was collected from a total of 167 trees at these sites along
an elevational gradient between 1700 and 2500 meters. A chain saw was used to obtain
partial and full cross sections from fire-scarred Apache pine (Pinus engelmannii, Carr.),
Arizona pine (Pinus arizonica, Engelm.), and ponderosa pine (Pinus ponderosa, Dougl.
ex Laws) stumps, logs, and snags (Baisan and Swetnam 1990). A limited number of
samples were also collected from living trees with non-destructive methods to extend the
chronologies to the present decade (Arno and Sneck 1977; Dieterich 1980b; McBride
1983). Fire-scarred cross sections were protected in the field with polyethylene
packaging wrap and fiberglass tape for transportation to the laboratory (Brown and
Swetnam 1994). At the Laboratory of Tree-Ring Research, fire-scarred pine samples

were re-sectioned with a band saw and finely sanded with a belt sander using a series of
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coarse to fine papers (i.e., 50 to 400 grit). Specimens were crossdated using
dendrochronology techniques (Stokes and Smiley 1968; Fritts 1976; Swetnam et al.
1985).

Crossdated fire scars were used to reconstruct fire history from the mid-17th
century to the present using compositing and fire interval analysis methods (Dieterich
1980a, 1983b; Dieterich and Swetnam 1984; Grissino-Mayer 1995). Desert grassland
fire history and descriptive statistics were inferred and reconstructed from synchronous
fire events recorded between canyon sites. Descriptive statistics were also compiled and
compared with adjacent higher-elevation mixed-conifer forest sites from prior fire history
studies (Dieterich 1983a; Baisan and Swetnam 1995; Danzer et al. 1996; Seklecki et al.
1996).

The relative extent of past fires was inferred from mapped fire-scarred pine
samples and the analysis of synchronous fire events within and between collection sites.
Fire-event size classes were inferred by analyzing fire chronologies for increasingly
greater percentages of trees that recorded specific fire events (Swetnam and Baisan
1996a, Baisan and Swetnam 1990). The finest-scale canyon-fire events were interpreted
as those recorded by the fewest numbers of fire-scarred samples (n = 1-3) on a specific
year. Fire events recorded by 10 % or more of the samples were interpreted as site-wide
fire events that ranged between about five to at least 10 km’. Fire events recorded by
25% or more samples were interpreted to have extended beyond the sampled area,
probably canyon-wide fire events or larger, that ranged between 10 to at least 50 km” in

extent. The spatial extent of past fires were estimated from fire-event size classes and
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the distance between fire-scarred trees, canyon sites, canyon and upper-elevation forest

sites, and among multiple fire history sites between mountain ranges.

2.4.2 Graphical Analysis of Fire History Reconstructions

Fire history was analyzed for each site using graphical and statistical software
(Grissino-Mayer 1994). Graphical analysis was used to interpret the temporal and
spatial patterns of historical fires within and between canyon pine-oak forests (i.e.,
grassland spreading fires) and adjacent mixed-conifer forest sites over the past 300 years.
Within sites, fires recorded by fewer trees (i.e., n = 1-3) were inferred to be relatively
smaller, patchy fires, while those recorded by a greater proportion of trees (i.e., 10 to 25
%) were interpreted as larger fires that probably spread across the majority or at least the
entire site. Likewise, synchronous fire events recorded by adjacent canyon sites were
interpreted as more extensive fires that probably spread between sites across intervening
desert grasslands. Synchronous fire events were also compared between canyon and
upper-elevation fire history sites. The assumptions and limitations of this approach will

be explained in the discussion section.

2.4.3 Synchronous Intercanyon Fire Patterns

Synchronous fire events between canyon sites were used to estimate the range of
past fire frequency in the intervening desert grasslands. Descriptive statistics were
computed for these synchronous intercanyon fire events as proxy fire-interval data for

the desert grasslands. Four adjacent western Chiricahua Canyon Sites were analyzed for
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fires recorded by at least 2, 3, and by all 4 sites. Additionally, sites in the Huachuca and

Los Ajos Mountains (upper San Pedro Basin) were analyzed for synchronous-fire events.
Finally, synchronous-fire events recorded between at least 2, 3, 4, and 5, of the 6 canyon
sites, were analyzed to illustrate the potential range of progressively larger desert

grassland fire events.

2.4.4 Statistical Analysis of Fire History Reconstructions

A series of statistical tests were performed on the 6 canyon pine-oak and 3
adjacent mixed-conifer forest sites. A range of descriptive statistics over several time
periods were compiled for all sites from the fire interval distributions. These include the
mean, median, Weibull median probability interval (WMPI), minimum and maximum fire
intervals, and the last 3 recorded fire dates. Fire-interval data commonly have non-
normal distributions, and m this case they were all skewed right (i.e., a disproportionate
number of short fire intervals). In the case of skewed distributions, the WMPI provides
a more robust measure of central tendency, and it also provides a probabilistic
framework for interpreting fire interval distributions (Weibull 1951; Johnson and Van
Wagner 1985; Johnson and Gutsell 1994; Grissino-Mayer 1995).

All fire chronologies were analyzed for two primary historical periods, 1650
through 1880 and 1700 through 1880. Fire-interval statistics were calculated and
analyzed for these two time periods using 3 different criteria: Fire-scar dates recorded at
each site by (1) any tree (2) 10 % or more trees, and (3) fires recorded by 25 % or more

trees. These criteria were chosen because they span a progressive range of relative fire
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extent. Smaller patchy fires were interpreted as those recorded by only a few trees at a
site, site-wide fires were recorded by 10% or more of the samples, and more extensive
fire events were recorded by 25% or more trees at a site, and often by several sites
(Swetnam and Baisan 1996a).

Analysis periods and criteria were chosen with consideration of the limited
numbers fire-scarred pine specimens and fire scars available in earlier time periods. Due
to the natural decay rates of older trees, wood, and fire-scarred samples, less fire history
information was available from earlier time periods. Segments of the fire reconstructions
from the earliest time periods are probably incomplete, having temporal and spatial gaps
in the fire history record. Fire-scar statistics for the earlier analysis period, 1650 to 1880
for example, record longer intervals (means and maxima) than the analysis between 1700
and 1880. The earlier period was still used because of the objective to reconstruct
presettlement (pre-1880s) fire regimes over the longest time interval. For these reasons,
the reconstructed MFI’s are considered conservative. The year 1880 was selected as the
ending date for the analysis due to the dramatic changes in fire regimes that began
around this decade north of the border. By contrast, very fire-scarred specimens dated
prior to the 1760s at the forest sites in Mexico and they recorded fire well into the 20™
century. Therefore, the Sierra Ajos sites were analyzed using the same criteria, however,

for the period between 1760 and 1970.
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2.4.5 Analysis of Spatial Patterns

Fire patterns are strongly influenced by regional climate, creating on any given year
interrelated vegetation, fuel, and fire conditions. If climate is the primary factor
influencing fire regimes at these sites, then no substantial fire-pattern differences should
exist between si’pes. -Additionally, fire spread between canyon sites was probably an
importént.contributing factor for related fire patterns at these sites linked by intervening
desert grasslands. However, if differences do exist, they must be explained by other
factors besides climate and intersite fire spread. Alternative factors include geomorphic
differences and anthropogenic influences. Chi-squared (X°) tests were used to analyze
relative intercanyon fire pattern similarities. The X tests for association were first used
by Swetnam and Dieterich (1985) and Swetnam (1993) to test for climate influences, and
later by Grissino-Mayer (1995) to investigate climate influences and intersite fire spread.
In this study area climate influences and intersite fire spread are mutually inclusive
factors. During El Nifio wet years, fuel accumulates, and when subsequent La Nifia
drought years occur, so do extensive fire years (Swetnam and Betancourt 1990).
Conversely, the humid conditions of wet years reduce the chances for fire ignitions and
spread. Chi-squared tests were used here to analyze the relative differences or strengths
of association of fire patterns between all fire history sites.

Chi-squared 2 x 2 and 2 X 1 tests were conducted for all sites to test the relative
statistical association or disassociation of fire and non-fire events between sites
(Swetnam 1993; Grissino-Mayer 1995). The 2 X 2 test uses binary data to analyze

patterns of fire (+) and non-fire years (-) between paired sites (i.e., ++,+-,-+,--). The null
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hypothesis was that fire patterns are statistically independent or have no association
between sites. The null hypothesis was rejected when the 2 X 2 test was statistically
significant at a probability level of less than 0.05. A rejected null hypothesis suggests
alternatively, fire pattern association between sites due to statistically high numbers of
synchronous or asynchronous fire patterns (i.e.,‘ due to intercanyon fire spread and
climate relations).

The more stringent 2 x 1 X* analysis tests only for statistical association of
synchronous and asynchronous fire events (++,+-,-+). Synchronous non-fire years (--)
are not considered by the 2 X 1 test. Because the 2 X 1 tests only for association of
synchronous and ésynchronous fire events, it is a more rigorous statistical test than the 2
X 2 analysis (Gﬁssino-Mayer 1995); The null hypothesis states that patterns of fire years
are statistically independent or have no association between sites. The 2 x 1 null
hypothesis was also rejected at a probability level less than 0.05, and the alternative
hypothesis was accepted (HA: fire pattern association exists between sites). Statistical
significance for the 2 X 1 may result if the number of observed synchronous (++), or
asynchronous fire events (+-,-+), are greater than those expected by chance. Chi-
squared tests of association were also used to evaluate the relative association of fire

patterns between canyon and higher-elevation mixed-conifer forest sites.

2.4.6 Historical Evidence
Historical fire and land-use information was collected for the study areas and

throughout the Southwest Borderlands to evaluate in context with fire history
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reconstructions. Historical archives and documents from this region provide
independent sources of information that illustrate the nature and character of past fires in
these areas. Accounts come from a variety of documentary sources including journals,
newspapers, and military reports located at the libraries of The University of Arizona.
Sources were also collected from library archives at the University of New Mexico in
Albuquerque. A larger set of documentary sources were evaluated in the following
chapter especially with reference to cultural fire influences. A few historical examples
relative to desert grassland fire character and spread were transcribed to illustrate the

nature of past fires in the Madrean Borderlands.

2.5 Results
2.5.1 Graphical and Statistical Analysis

Graphical analysis and summary statistics indicate that frequent surface fires
occurred in the riparian canyon pine-oak forests at the very least over the 230 year
analysis period (Table 2.2). A high degree of fire synchrony between fire history sites
suggests that many of these fires were extensive, spreading across desert grasslands,
between and through canyon sites, and also to higher elevation forests. Fire history
reconstructions for Turkey Creek and McClure Canyons in the Chiricahua and Huachuca
Mountains are typical of the canyon forest fire. Graphical reconstructions of fire
patterns show that fire events were recorded often by only a few trees along these
canyon sites (i.e., solitary vertical fire-scar hatch marks for a given year), suggesting

smaller patchy burns reconstructions (Figs. 2.8 and 2.9). For example over the 230 year



TABLE 2.2. Summary of descriptive fire statistics for six riparian canyon pine-oak forest sites, for period
between 1650 and 1880, unless otherwise shown. Fire size classes recorded by 10 % or more ofthe trees
are interpreted as site-wide fires, those recorded by 25 % or more are interpreted as canyon-wide fires.

Site n= Fire Size Minimum Maximum Last 3
n= Fire Class Mean Median WMPI Fire Fire Fire Years
Trees Intervals Interval Interval > 2 trees

Rhyolite Canyon AllFires 3.52 3 3.01 1 15 1924

56 64 10% 9.38 -9 9 1 21 1886

25% 13.87 14 12.82 1 31 1882

Pine Canyon AllFires 4.33 4 4.04 1 12 ' 1859

27 57 10% 491 4 4.56 1 12 1856

25% 6.91 6 6.51 3 22 1854

Turkey Creek AllFires 3.05 2 2.76 1 10 1917

26 73 10% 4.29 4 4.05 1 10 1910

25% 8§.91 7 7.78 3 35 1899

Rucker Canyon AllFires 3.15 3 2.85 1 12 1890

21 72 10% 3.66 3 3.3 1 12 1886

25% 7.23 6 6.73 2 16 1877

McClure Canyon AllFires 3.78 3 3.54 1 10 1946

18 60 10% 4.83 4 4.71 2 10 1918

25% 6.69 6 6.09 2 21 1911

Canon de Oso AllFires 4.59 3 3.46 1 38 1972

19 34 10% 5.03 3 3.81 1 38 1964

25% 7 5 5.62 2 38 1960

Canon de Oso 1760-1970

19 34 AllFires 3.18 3 2.95 1 10 1972

10% 3.92 3 3.68 1 10 1964

25% 5.23 4 4.8 2 18 1960
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analysis period, 74 total fire events were recorded at Turkey Creek, of which 38 were
recorded by at least two trees, while only 23 were recorded by at least three or more
trees. McClure recorded 61 total fire events; 35 by at least two trees, while 32 were
recorded by at least three or more trees. Additionally, Rucker Canyon recorded 73 total
fire events; 48 were recorded by at least two trees, while only 30 were recorded by at
least three or more trees.

Five new fire reconstructions were combined with Rhyolite Canyon to
provide strong evidence of past fire frequency and variability in these riparian canyon
pine-oak forests. In evaluating statistics for all six canyon sites (See Table 2.2) over the
230 year analysis period, finer-scale fire events were recorded by two to three trees on
average once every four to five years. Broader-scale fire events occurred about once
every seven to nine years. They are illustrated by the graphical fire reconstructions with
the alignment of vertical fire-scar hatch marks for several to many trees on certain years
(See Figures 2.8 and 2.9).

Fire events reconstructed at Rhyolite suggest less frequent fire occurrence when
compared to the other five canyon sites (See Table 2.2). Based on flood-scarred tree
evidence, Swetnam and others (1989, 1991) concluded that fire spread at Rhyolite was
limited at times by periodic floods and debris flows (i.e., the early 1800s in the middle
part of the canyon). However, such gaps in the fire record were not evident at the other
canyon sites (See Figs. 2.8 and 2.9). Fire-scar evidence indicates substantial flood and
debris flows recognized at Rhyolite, and other canyons at geological-time scales (Wohl

and Pearthree 1991), were not common in the other five riparian canyon sites during the



48

same 230 year analysis periods, or that they were not extensive enough to affect canyon-
wide fire spread. More importantly, the five new fire histories indicate that frequent
canyon site-wide and more extensive fires occurred about every five to nine years within
the larger set of riparian canyon pine-oak forest sites.

Fires recorded by at least 10 % of the trees at the canyon pine-oak forest sites,
occurred at mean fire intervals (MFIs) ranging between one and 12 years. MFIs
recorded by at least 25 % of the trees range between two and 24 years. This wide range
between minimum and maximum fire intervals is probably an artifact of an incomplete
fire-scar record (especially during the earliest periods), and therefore the maxima should
be considered very conservative. Strong synchrony of fire events between adjacent
canyon forest sites suggest that fires spread commonly between canyons via the
intervening desert and mixed grasslands. Additionally, existing fire histories from mixed-
conifer sites show that site-wide and more extensive surface fires also occurred in these
adjacent higher-elevation forests, about every five to nine years (Table 2.3; Ahlstrand
1980; Moir 1982; Grissino-Mayer et al. 1995; Swetnam and Baisan 1996b; Seklecki et
al. 1996; Danzer et al. 1996).

Almost all fire history reconstructions north of the international boundary show a
dramatic decrease in fire activity coinciding with the settlement period in the 1880s. This
decline in surface fires was common throughout the Southwest United States and
strongly associated with increased livestock grazing and later fire suppression (Swetnam
and Baisan 1996a, 1996b). This pattern is clearly evident at Turkey Creek and McClure

Canyons. McClure has had slightly more recent 20th century fires when compared to



- TABLE 2.3. Summary of descriptive fire statistics for 3 adjacent upper-elevation mixed-conifer forest sites, for
the period between 1650 and 1880. Fire-event size classes recorded by 10 % or more of the trees are interpreted
as site-wide fires, fire events recorded by 25 % or more are interpreted as canyon-wide or greater, size fires.

n= n= Fire Fire Size Mean Median WMPI Min Fire Max. Fire Last 3 Fire
Trees Intervals Class ' Interval Interval  Years; > 2 trees

Rustler and Barfoot Park, Chiricahua Mountains

58 68 All Fires 3.26 3 2.78 1 16 1994
10% 3.93 3 3.42 1 16 1892
25% 4.78 4 4.3 1 16 1886

Ridge and Saddle, Sierra de los Ajos

25 59 All Fires 3.63 3 3.48 1 9 1972
10% 4.18 4 4.05 1 9 1964
25% 9.17 7 8.06 2 33 1960

Sawmill Canyon and Pat Scott Peak, Huachuca Mountains

57 80 All Fires 2.85 3 2.67 1 9 1977
10% 4.56 4 4.35 1 11 1914
25% 9.81 7 8.74 3 26 1902
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other canyon sites in the U.S.. Fort Huachuca records show that routine military

maneuvers have caused many fires (Biggs 1997; Sheridan Stone Pers. Comm.). The
seven fire history reconstruction sites in the U.S., were analyzed through the year 1880,
the beginning of widespread European-American settlement and fire regime changes.
Also, the fire events recorded nearest to the settlement period (ca. 1880) by 2 or more
trees at a site were generally interpreted as the last widespread surface fire, of a similar
character to presettlement conditions. Overall, fire records decline earliest at canyon
forests when compared to higher-elevation mixe&-conifer forest sites. This pattern
probably reflects the early influences of grazing, hay harvesting, fuelwood cutting, and
logging on these more accessible grasslands and forests (Bahre and Hutchinson 1985;
Bahre 1987). For example, widespread fires at three Chiricahua Canyon sites were
disrupted earlier than the adjacent mixed-conifer sites at Rustler and Barfoot Park (See
Tables 2.2 and 2.3). Pine Canyon showed the earliest fire regime change of all sites,
with the number of recorded fire events and samples declining sharply after the 1860’s
(Kaib et al. 1996b). This is possibly due to early sawmill logging that was corroborated
by historical accounts from fort Bowie (Wilson 1995), illustrating how tree-ring and
historical accounts can provide evidence of the timing and magnitude of timber harvests
at specific sites.

Fire and land-use history in many areas of northern Mexico contrast sharply with
nearby sites in Arizona and New Mexico. Fire regime changes in the late 1800s typical
of most Southwest U.S. fire histories, did not occur in the Sierra de los Ajos in Sonora,

Mexico (Fig. 2.10). At the lowest elevation, the Cafion del Oso site in the Sierra Ajos
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experienced a decline in fire activity beginning in the 1940s. This pattern may be

associated with the establishment of communal ejido lands used for livestock production,
fuelwood, and timber beginning in the late 1940s. It probably reflects the early -
influences of intensified land use on the lower grasslands, oak woodlands, and pine-oak
forests. By comparison the higher-elevation Sierra Ajos saddle and ridge sites continue
to burn with limited influence from land use or fire suppression. The most recent
lightning fire in these upper-elevation forests occurred in May of 1997 and burned
mostly as a surface fire over approximately 1,400 hectares.

Several other fire history reconstructions in northern Mexico do not experience a
decline in surface fires associated with land-use and fire suppression until the late-20th
century if at all (Leopold 1937; Minnich 1983; Fule and Covington 1994, 1995, 1996,
1997; Swetnam and Baisan 1996b). Preliminary fire reconstructions from Sierra el Tigre
and Sierra Bacadéhuachi, respectively about 100 and 175 kilometers southeast of the
Sierra Ajos, show that fire regimes remain unaltered in these more remote forests of
Mexico. The last widespread fires in these forested mountains were recorded in the
1990s (Kaib, unpublished data). Fires continue to burn through these Madrean pine-oak
forests even after centuries of land-use for local subsistence, and limited grazing. The
fact that frequent surface fires continue in these Mexican pine-oak forests alone suggests
they are still relatively undisturbed ecosystems, far less altered than neighboring forests
in the U.S.. The relatively undisturbed state of these Madrean forests makes them very
important for future research on forest ecology, watershed management, and biological

conservation in the U.S. and Mexico.
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Unharvested forests in Mexico have become almost as rare as in the U.S..

Economic developments (i.e., GATT, NAFTA) have begun to put great pressure on
most regions of the Sierra Madres. Mexican and International corporations are
extracting large tracts of mineral and timber resources from the Sierra Madres in areas
previously inaccessible (i.e., along the newly paved road between Hermosillo and
Chihuahua). Sawmills and logging roads are being constructed with modern technology
at unprecedented rates (Gingrich 1993). These dramatic land-use changes are
reminiscent of early settlement patterns in the Southwest U.S., however, 20™ century
technology yields more efficient extraction, transportation, and processing. Also the
global markets have increased demands for limited resources. The majority of these
logging ventures were undertaken with external capitol, limited community participation,
little or no environmental planning, and in cases they are subsidized by Mexico and other
government organizations (i.e., World Bank). Also these ventures often benefit only a
handful of the local populace, sometimes even in places where land-use rights are
communally shared (Gingrich 1993). The majority of timber harvesting investments in
the northern Sierra Madres are no longer using hatchets, saws, and mules and cables.
External markets, new roads, sawmills, and chainsaws are driving this natural resource
boom, that is bound to be short lived, and to undermine the long-term sustainability of
the future forest and watershed resources. Unfortunately, the rural Native and Mestizo
communities who have subsisted off these forest products for centuries will be at
greatest risk to long-tern socioeconomic, ecological, and cultural losses. Furthermore,

the far-reaching affects of unplanned timber harvesting will also eventually influence the
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water and energy budget costs of reservoir-dependent population centers in the states of

Chihuahua and Sonora.

2.5.2 Intercanyon Fire Synchrony and Desert Grassland Fire Frequency
Intercanyon fire synchrony suggests that extensive fires commonly spread
between riparian canyon pine-oak forests across the intervening desert grasslands below.

Descriptive statistics of synchronous fire events recorded between the six canyon sites
are compiled in Table 2.4 and depicted by Figures 2.11 and 2.12. MFIs of paired fire
events recorded between any two to three of the Chiricahua canyon sites, ranged
between four to six years. MFIs of paired fire events recorded between any three to four
of the Chiricahua canyon sites, ranged between six to eight years. Synchronous fire
events recorded between the more distant McClure Canyon and Cafion del Oso
(approximately 100 linear km) have MFIs that ranged between six to eight years. These
fires were considered as intercanyon to basin-wide spreading fires that probably extended
over areas 10 to more than 500 km’. When considering all six riparian-canyon sites,
encompassing an area covering about 1000 square kilometers, MFIs of synchronous fires
recorded by any five or more sites, ranged between nine to twelve years. These fires
were probably extensive interbasin-wide fires that spread over hundreds and possibly
thousands of kilometers across desert grasslands, through canyon forests, and also to
higher-elevation forests.

At the Laboratory of Tree-Ring Research, Thomas W. Swetnam and others

(Swetnam and Baisan 1996a, 1996b) have gathered extensive evidence from more than
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TABLE 2.4. Descriptive statistics of synchronous fire events between riparian canyon pine-oak forest sites,
inferred to be desert grassland fires.

Time Fire Size  Total Fire Mean Median WMPI Min. Fire Max Fire
Period Class Intervals Interval Interval

Western Chiricahua Canyon Composite of All4 Sites

1650-1880 All Fires 144 1.58 1 1.48 1 6
2 or more Sites 71 3.17 3 2.89 1 9
3 or more Sites 32 6.44 6 5.92 1 20
, All 4 Sites 13 8.85 10 8.51 3 16
McClure Canyon and Lower Sierra Ajos; Oso Canon and Saddle sites.
1700-1880 2 Sites 19 8.95 6 7.06 2 39
» 1750-1880 2 Sites 13 8.46 7 7.37 2 25
Composite of all 6 Canyon pine-oak forest sites
1650-1880 All Fires 167 1.36 1 1.3 1 5
1650-1880 2 or more sites 104 2.18 2 2.03 1 7
1700-1880 2 or more sites 89 1.99 2 1.84 1 7
1650-1880 3 or more sites 47 447 4 4.1 1 15
1700-1880 ‘. 3 or more sites 43 4.12 4 3.89 1 9
1700-1880 = 4 or more sites 27 5.41 5 5.18 2 14
1700-1880 5 or more sites 8 14.3 12.5 12.55 3 30
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70 sites in the Southwest U.S., indicating broad-scale climate related fire years occurred
in the past at semi-decadal periods. Synchronous fire patterns between all sites in this
study also suggest such a climate-fire relation. Uncertainties arise from increasingly
larger spatial scales which require more sample data to make inferences with similar
confidence. There are also the limitations already mentioned with tree-ring evidence
diminishing for the earliest time periods. Therefore, this data indicates that the lower
range of synchronous fire intervals recorded between adjacent canyons, may more
appropriately reflect the true fire frequency in the desert grasslands. Such desert
grassland fires probably covered areas ranging between 10 to hundreds of km’, and

occurred about once every 5 to 9 years.

2.5.3 Fire-Event Size Classes and Inferred Spatial Extent of Past Fires

How large was the fire when it started? (Joke; Pretty Minuscule). Fire-event size
classes were inferred by analyzing fire chronologies for increasing percentages of trees
that record specific fire events (Table 2.5). The spatial extent of past fires were
estimated from fire-event size classes and the distance between fire-scarred trees, canyon
sites, canyon and upper-elevation forest sites, and among multiple fire history sites
between mountain ranges (See Table 2.5). The finest-scale canyon-fire events (1-3
samples; MFI = 3-4 years) were estimated to range between .01 to five km’. Site-wide
canyon-fire events ( > 10 % of trees; MFIs = 4-5 years) ranged between about five to at
least 10 km’®. Fire events recorded by 25% or more (MFIs = 6-8 years) of the canyon

samples were interpreted to have extended beyond the sampled area, probably



TABLE 2.5 Summary of mean fire interval (MFI) distributions and spatial interpretation of fire events for all sites.

Fire-Event Size Classes Fire Size Average Range of Estimated Fire
Description MFIs (Years) Size (km?2)
Riparian Canyon Pine-Oak Forests
1-3 trees Finest-Scale 3-4 .01-5
10% of the Samples Site-Wide 4-5 5-10
25% of the Samples Canyon-Wide or Greater 6-8 10-50

Higher-Elevation Mixed-Conifer Forest Reconstructions

1-3 trees Finest-Scale 4-5 .01-5
10% of the Samples Site-Wide 5-6 5-10
25% of the Samples Extending Beyond the Site 6-9 10-50

Synchronous intercanyon fire event reconstructions inferred to be desert grassland fires.

2 Sites Finest-Scale 2-3 5-10
2- 3 Sites Intercanyon 4-6 10-100
3 to 4 Sites, and McClure-S.Ajos Analysis Basin-Wide 6-9 100-500
5 or More Sites Interbasin-Wide, Extensive 9-12 500-1000

6S



60
canyon-wide fire events or larger, that ranged between 10 to at least 50 km’ in extent.

The limitations and uncertainties concerning spatial inference will be discussed in section
2.7.

For the higher-elevation mixed-conifer sites, the finer-scale fire events were
recorded by the fewest trees (n = 1-3) on any given year. These fires occurred about
once every five to six years and were estimated to range between .01 to five km’. Site-
wide fires ( > 10% of samples) occurred around once every six to seven years, and
extended between about five to at least 10 km’. More widespread fire events ( > 25 %
of the samples) were considered to have extended beyond the sampled area. These more
extensive fires occurred about every seven to 10 years and extended approximately
between 10 to at least 50 km’.

The synchronous intercanyon fire events inferred to be desert grassland fires
occurred less frequently than in the adjacent pine-oak and higher-elevation forests, but
probably were more extensive fire events. The finest-scale fire events, recorded between
any two canyon sites (Intercanyon MFIs = 2-3 years), encompassed areas ranging
between about five to 10 km®. Synchronous fire events, recorded between any two to
three canyon sites (Intercanyon MFIs = 4-6 years), encompassed areas ranging between
about 10 to 100 km®. Synchronous fire events recorded by more widely separated sites,
any three to four of the six canyon sites, were interpreted as basin-wide fire events (MFIs
= 6-9 years) that extended over areas estimated between 100 to over 500 km®. The

broadest-scale synchronous fire patters were recorded by at least five of the six sites.
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These fires were considered to be interbasin-wide fire events (MFIs = 9-12) that spread

over extensive areas ranging between hundreds to thousands of km’.

2.5.4 Analysis of Differences in Fire Patterns between Fire Reconstructions
Chi-squared 2 x 2 and 2 X 1 tests were used to determine intersite association of
synchronous-fire, asynchronous-fire, and non-fire events. Each test was conducted
between paired chronologies for all 6 canyon sites, for all fire events, and those recorded
by at least 10 % of the trees (Tables 2.5 and 2.7). Additionally, composites were
analyzed between canyons and nearby upper-elevation mixed-conifer forest sites, for all
recorded fire events (Table 2.8). Chi-squared values with probability levels of p < 0.05
were considered statistically significant. When the chi-squared value was greater than
would be expected by chance at this probability level, the null hypothesis was rejected
(HO: paired-canyon fire chronologies are not associated). Both X tests provide
indications of the relative strength of fire pattern association between canyon forest sites.
All 2 X 2 pair-wise comparisons between Chiricahua canyon sites resulted in
significant X values except the two most widely separated canyons, Rhyolite and
Rucker (See Tables 2.6 and 2.7). Also the highest degree of fire pattern association was
found at Turkey Creek and Rucker, with chi-squared 2 X 2, and 2 X 1 values
respectively of 43 and 21 (p £ .005). These two canyon sites are separated by less than
15 kilometers via the lower grasslands and provide the only significant 2 X 1 test with
higher numbers of synchronous fire events than predicted by chance. Strong association

of fire patterns are also found between Pine Canyon and adjacent Turkey Creek, and



TABLE 2.6. Chi-squared 2 X 2 and 2 X 1 analysis of all fires, for synchronous-fire, asynchronous-fire, and non-fire year events between
caryon sites from 1650 to 1880, except where shown. Significart: p <.005%, p < .01**, p < .05*** ; 2 X1 significance de to statistically

high fire synchrony, or fire asynchrony as abbreviated; Not Significart; 1s.

Sites Al Fire Rhyolite Trkey Rucker McClure Pire Total
Years Significant
Pire 2X2 13.19* 17.36* 12.82% 2% e 3
2X1 157" 0.52™ 1.46™ 7 % M— 1
(Asyrc)
Tirkey 2X2 507%% e e 122" 1
2X1 328 e e 825 1
(Asyrr)
Rucker 2X2 295" VR — (X — 2
2X1 516" 3 — 018* 2
(Asyrc) (Syrc)
Rhyolite 2X2 e e e 1Y) — 0
2X1 e e e 1543 1
(Asyre)
Cafiondel Oso, Lower Sierra de los Ajos
1780-1880 2X2 46" 03" 58 1.05™ 0.0" 0
2X1 368" 339" 197 1.85™ 19.5 1
(Asyne)

29



TABLE2.7. Chi-squared 2 X2 and 2 X 1 analysis of fires, recorded by at keast 10 % of the trees at each site, for synchronous-fire,
asynchronous-fire, and non-fire years between canyon sites from 1740 to 1880. Significart: p < .005%, p < .01**, p < .05%** ;

2 X 1 significance due to statistically high fire synchrory, or fire asynchronyas abbreviated; Not Significart; ns.

Sites >10% Rhyolite Tukey Rucker MoClre Pine Total
scars Significant
Pire 2X2 11.03* 29.18* 18.19* 20 e 3
2X1 2.0 1.06™ 01 X A— 1
(Async)
Tirkey 2X2 6.37%% e e 0.16° e 1
2X1 455" 868 2
(Async) (Async)
Rucker 2X2 4,455+ 713 ;. S— 9.05%  eme- 3
2X1 638" 1174 L — 1174 L — 1
(Async)
Rhyolite 2X2 e e e 073" e 0
2X1 e e e 1641 - 1
(Async)
Ajos 2X2 0.00™ 0.16° 0.00™ 1.50™ 1.88" 0
1780-1880 2X1 10.13° 526" 6.01%#% 2.98" 3,20 3
(Asyrc) (Asyrc) (Asyrc)
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TABLE2.8. Chi-squared 2 X2 and 2 X 1 amalysis, of synchronous fire, asynchronous fire, and non-fire years between riparian canyon
forests and upper-elevation Madrean forest sites from 1650 to 1880. Significart: p <.01*; p < .005** ; 2 X1 significance due to

statistically high fire synchrony, or fire asynchrony as abbreviated; Not Significart; ns. Upper Ajos inchudes the saddle and ridge sites.

Sites All Fire Rustler- Lower Ajos Pat Scott- Sites Total
Years Barfoot Sawmill Significant
Rixyolite 2X2 16.19%* e 20.88** <=—=McClure 2
2X1 S £ S — 02 0
Pine 2X2 32,13 ——— e e
2X1 ;. St nui e — 0
Turkey 2X2 23.98+* 35,18+ — Upper Ajos 2
2X1 39" 7.15* (Syrc) < 1780-1880 1
Rucker 2X2 25.08** e e e
2X1 e — 0
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Pine and the more distant Rucker Canyon (about 30 linear km). This high degree of

association between adjacent sites suggests that fires spread between nearby canyons
through the desert grasslands below. Out of 30 total tests, 13 were significant for the 2
x 2, and 14 out of 30 were significant for the 2 X 1 tests. The high degree of fire
synchrony and the X* analysis indicates fire pattern association between Chiricahua
canyon sites, also suggesting intercanyon fire spread through the intervening desert -
grasslands, and possible orographic and El Nifio climate influences on broader scales.

The more stringent 2 x 1 tests also suggest that some canyon-fire patterns are also
associated. Although X tests indicate that fires spread between canyon sites through the
lower grasslands, significance due to asynchronous patterns also suggest fires were at
times and places limited to single canyon systems and peripheral areas. This pattern may
be influenced by the high spatial variability of monsoon precipitation in these areas,
which contributes substantially to desert grassland productivity (McClaran 1996).
Antecedent-fire events and anthropogenic fire influence are also possible factors
affecting intersite association due to asynchronous-fire patterns, especially between sites
where 2 X 2 analysis is not significant.

Chi-squared tests between canyon sites and the upper-elevation mixed-conifer
forests further suggest intercanyon grassland fire spread (See Tables 2.6, 2.7, and 2.8).
Although the tests between Pine Canyon and Rustler-Barfoot Park suggest fire spread
through Pine Canyon to higher elevation forests, the weaker degree of association
between Rustler-Barfoot Park and the lower canyon sites, and the stronger X

association between canyon sites, together suggest that intercanyon grassland fire spread
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was likely more common in the western Chiricahuas. Only 1 of the 2 X 1 tests were

significant between the lower canyon and upper-elevation mixed-conifer forest sites.

The 2 X 1 chi-squared tests also show greater fire pattern association between canyon
sites than between canyon and upper-elevation Madrean forest sites. These statistical
tests suggest that fires spread more commonly between the lower-canyon sites than
between canyons and the higher-elevation sites, further supporting the inference that fires
commonly spread between canyons through the intervening desert grasslands.

Therefore, synchronous fires recorded between canyon sites should provide at the very

least conservative estimates of fire frequency in the intervening desert grasslands.

2.5.5 Analysis of Multiple Lines of Evidence

Although the size of historical fires remains uncertain, several lines of
evidence indicate that extensive episodic fires occurred in the past. Historical
descriptions refer to extensive and vigorous pre-1880 desert grasslands (Bahre 1991;
McClaran 1996; McPherson 1996). Hutton (1859) notes in 1859, that in Sulfur Spring

Valley;

“the entire valley and foothills of the mountains (were) covered with a luxuriant

growth of gramma and other grasses (Leopold 1951:310)”.

The Tombstone Epitaph (Sept. 17, 1881) reports on the abundance of wild hay

harvested in the desert grasslands in southern Arizona.
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“The rank crop of grass that has sprung up all over Arizona, as a result of the late

rains, opens a fine opportunity to hay makers. There are millions of tons which
can be cut by mowers and cured and stacked at a cost not to exceed 4 to 5
dollars a ton. Tens of thousands of acres of mesa land are covered with grass

from 2 to 4 feet high (Bahre 1987:70).”

Vegetation maps élso delineate a mosaic of extensive grassland coverage encompassing
the lowland basins and valleys that link all canyon sites (Brown 1982).

The most distant canyon sites, encompass a area ranging between 50 to more
than 100 linear kilometers, all between which synchronous fire events were recorded on
a regular basis (See Figs 2.1, 2.11, and 2.12; and Table 2.5). The adjacent canyon sites
where synchronous fires are recorded most frequently are separated by about 15 linear
kilometers. Of course fires neither spread linearly, rectangle-like, or circular, but
irregular and elliptical shapes (i.e., wind-blown, and uphill fire spread) are most common.
Synchronous fire events and the X° analysis strongly suggest that fires commonly spread
between adjacent mountain sites (Approximate MFI s 4-6 years), but not as commonly
between more distant mountain ranges or basin-wide events (Approximate MFI 6-9
years). Chi-squared tests and intersite fire synchrony suggests that orographic
precipitation strongly influenced fire activity and regimes surrounding isolated mountain
sites. Regional El Nifio-related climate fire years had extensive multiple fires that spread
across and between entire desert grasslands basins. These regional fire years were

inferred from synchronous fire events recorded by five of the six canyon sites (MFI =9
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to 12 years), estimated from historical and tree-ring evidence, to range between hundreds
to thousands of square kilometers. Documentary sources indicate that in the past fires
spread across and between entire grassland valleys, and also into adjacent woodlands and

forests. For example The Arizona Daily Star reported about fires on April 16", 1882:

"Prairie and wood fires have been raging in southern Arizona and western New
Mexico recently. The territory burned over is reported to cover forty miles

square [408,800 hectares], and the damage done is immense (Bahre1985:192)."

This report also shows the early European-American sentiment concerning the
destructive nature and threat of past fires, that brought about fire suppression measures
around the turn of the 19™ century. Historical records also document the ability of these
grasslands to rejuvenate rapidly following fires, and thus their resilience to frequent fires.

For example, The Arizona Daily Star reports on September 2nd, 1880 (Bahre 1991);

“the grass over areas that were burned over this season is now knee high and

looks as fresh as spring time in this locality (Patagonia, AZ).

In combination, graphical, statistical, and historical evidence suggests that many
fires spread throughout and between these riparian canyon pine-oak forest sites.
Extensive fire events were recorded by many adjacent sites, and also more distant ones,

as illustrated by the graphical comparisons of synchronous fires (See Figs. 2.11 and
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2.12). All evidence indicates that past surface fires burned through riparian canyon pine-

oak forests on average at least once every five to nine years. Also, evidence suggests the
intervening desert grasslands burned almost as frequently, and probably on many of the
same years, occurring approximately between every five to 10 years. These findings are
within the range of the less conservative estimates by Humphrey (1958, 1963, 1984),
who concluded that fires burned in the desert grasslands approximately once every 4 to 7
years. The bulk of the evidence now indicates that at two increasingly broader scales,
mountain-wide orographic to interbasin-wide regional climate influenced fire events,
occurred at a very minimum once every 10 years in the Southwest Borderlands
(Swetnam and Betancourt 1998). These fires probably spread across desert grasslands,
through canyon pine-oak forests, and to higher-elevation mixed-conifer forests over
many weeks during the dry, summer and fall months. The riparian canyon pine-oak
forests furnished corridors for fire connectivity between the lower grasslands and higher-
elevation forests. The landécape ecology of these more extensive fire events would have
been irregular and broken by a mosaic of finer-scale fire patterns or patches having more

frequent fire occurrence.

2.6 Discussion
Tree-ring and documentary evidence indicate that fires in the past were important
processes in the riparian pine-oak forests and desert grasslands, burning frequently and

sometimes over extensive areas. These historic fires often burned for months at a time,
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they covered thousands of hectares, and spread throughout many vegetation types, as

described by John Bartlett (1854) while on the U.S.-Mexico Boundary Survey.

On May 29th, 1851, northwest of Bacoachi, Sonora: "The valleys and mountain
sides were covered with oaks, while the summits, as far as I could judge, were
covered with pines. . The whole country during the night had been on fire,
including the mountain; so that everything around us was now black and

gloomy."

Seven days later on June 5th northeast of Arizpe, Sonora: "It was nearly dark,
and we were in a narrow gorge of the mountains where there was barely room
for the wagons to pass. The whole earth had lately been burned over to the very
mountain tops, which were even now throwing up columns of flame and smoke;
not a blade of grass was to be seen, no water was near, and there was not a level

spot to pitch our tents."

Eight days later on June 13th near Guadalupe Pass, in the Peloncillo Mountains,
New Mexico: "A fire has passed over it, destroying all the grass and shrubbery,
and turning the green leaves of the sycamores into brown and yellow. The
surface of the earth was covered with black ash, and we scarcely recognized it as
the enchanting place of our former visit. At first we feared that this devastation

had been caused by our own neglect; but on reaching the spot where we had
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encamped, which was separated from the surrounding hills by the rocky bed of

the stream, we found the dry grass still around the place, which alone had

escaped the fire [Bartlett 1854:274, 287,295-296)."

Bartlett’s observations provide important evidence about presettlement fires. They
describe an extensive area that was burned over a period of at least two weeks,
encompassing a linear distance of more than 200 kilometers. These fires probably
covered several thousand hectares. Bartlett also notes from their location in the already
burned canyon, that the fire had passed through several vegetation types including
grasslands, oak woodlands, and higher-elevation pine forests. The year 1851 was also a
regional climate-fire event recorded by sites throughout the Southwest (Swetnam and
Baisan 1996a; Swetnam and Betancourt 1998) and by four of the canyon fire history
sites (See Fig. 2.12). Note that as Bartlett described, the fire did not burn the grasslands
of an earlier encampment. This may have been related to the prior influence of the
boundary commission’s livestock grazing and general camp use. Three decades later the
influence of extensive livestock grazing became more visible.

Livestock provided important economic and subsistence security to migrating
settlers in the late-1800s, but intensive grazing soon began to change the landscape
ecology of the Southwest. In his journals about Apache campaigns in the 1880s, Captain

John Bourke boasts:
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"as for the grasses one has only to say what kind he wants, and lo! It is at his

feet-from the course sacaton which is deadly to animals except when it is very
green and tender; the dainty mesquite, the bunch, and the white and black grama,
succulent and nutritious... I must say, too, that the wild grasses of Arizona
always seemed to me to have but slight root in the soil, and my observation is
‘that the presence of herds of cattle soon tears them up and leaves the land bare

(Bourke 1891:140)."

Bourke witnessed the early consequences of overstocking the ranges. The influence of
overgrazing upon fires was also observed by many in the late 1800s. Early foresters
commonly encouraged grazing to prevent wildfires, considered at these times to be
detrimental to timber and forage production (Pearce 1899; Leopold 1924).
Unfortunately, the long-term effects of eliminating frequent surface fires were not
forecast, and even though Aldo Leopold sounded the warning in 1924, it was not
heeded. Many desert grasslands were severely overgrazed during the settlement period
and later entrenched with gullies, leaving the watersheds and grassland communities
degraded (Meinzer et al. 1913; Leopold 1951). At the time, elimination of periodic fires
was considered to be good and of little concern. Prior to the settlement period, episodic
low-intensity fires were important ecosystem structuring and nutrient cycling processes.
The resulting widespread and varied changes to ecosystems and the overall landscape are
associated with the removal of episodic fires. Hazardous fuel loading is now common

throughout most Southwestern U.S. oak, pine, and mixed-conifer forests, and high-
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intensity crown fires have begun to replace the low-intensity surface fires of the past.
The opposite is true for desert grasslands, invaded, and in some areas dislodged by
increased woody species, to such an extent that these areas can no longer support a
surface fire (Humphrey 1987; Bahre 1991; Archer 1994).

One of the many important ecosystem roles of past fires is described inadvertently
by Bartlett. While surveying the desert grasslands, Bartlett recorded fire effects on
mesquite in his Southwest Borderlands "explorations and incidents". Bartlett notes on
several occasions "the scarcity of firewood" in the desert grasslands and, while in these
areas, their dependence upon large underground mesquite roots for fuel (Bartlett
1854:75, 186, 344). Bartlett refers to the age-old influence of repeated grassland fires

on mesquite, that in the past, severely limited competing woody species.

"Where the prairies are frequently burned over, the tree is reduced to a shrubby
state, a great number of small branches proceeding from one root, which goes on
developing and attains a great size... These roots, dug up and dried, are highly

prized for fire-wood (Bartlett 1854:75)."

This important process was upset with settlement landscape fragmentation beginning in
the late-1800s. In places of the San Simon, Sulfur Spring, and San Pedro Valleys,
mesquite and other woody species have now spread over large areas that were once
dominated by desert grasslands (Hastings and Turner 1965; Bahre and Bradbury 1978;

Bahre and Shelton 1993; Biggs 1997).
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Over the last century land use has severely altered the character and function of

fire in the borderland ecosystems (Leopold 1924; Marshall 1962). Today’s desert
grasslands generally have less biomass, and over large areas, woody plants now dominate
the landscape. Woodland and forest ecosystems that were once linked by grassland
cover and low-intensity surface fires are now connected by multiple layers of
accumulating fuel. This dramatic transformation in forest structure (Weaver 1951;
Cooper 1960; Marshall 1962), has resulted in a shift from frequent surface fires, toward
extraordinary (historically in size and intensity) stand-replacing fires. By contrast, the
grasslands have been reduced to such an extent in some areas, from woody species
encroachment, that fires of any size are rare. Many Southwestern U.S. forests are now
experiencing anomalous stand-replacement burns, that undoubtedly are very different
from the fires recorded over centuries in the past (i.e., The Dude and Rattlesnake Fires in
Arizona).

Having worked in fire suppression and management in this region for 13 years, I
strongly believe as the evidence suggests that the forests in the Southwest U.S. have
reached a ecological threshold. Combined with favorable climatic conditions and
inevitable lightning-fire ignitions, these human-altered forests will increasingly be
threatened by intense stand-replacing fires. Historically anomalous, such fire events
certainly affect the socioeconomic attributes, biological conservation efforts, and the
long-term sustainability of the watershed and forest resources. Multiple pathway
ecological-succession theory (Cattelino et al. 1979; Noble and Slatyer 1980) suggests

that these forests can now proceed in at least two plausible trajectories. The pathway
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with the greatest probability, includes increased stand-replacement wildfires of the most

extreme intensity, with high nutrient volatilization and associated soil effects (Medina et
al. 1996; i.e., reduced organic matter, acidity, nitrates, sulfates, and porosity, hence,
overall more erosion potential). These types of fires are indeed becoming more common
as indicated by several recent catastrophic fires in the Southwest U.S.. Such anomalous
fires are illustrated by the Chiricahua Mountain Rattlesnake Fire in 1994, and associated
watershed degradation (Figs. 2.13 and 2.14). The alternative pathway includes fire
planning that begins with less intensive and smaller burns (i.e., Johnson Peak Prescribed
* Burn Plan). Planning to initially break-up forest homogeneity, reduce hazardous fuel
accumulations, designed to successively allow larger burns and lightning fires, to
ultimately provide a process once again in these ecosystems. Both alternatives involve
humans, however, catastrophic stand-replacing fires and related watershed degradation
can only be mitigated through further development of the later.

Compared to the Southwest U.S., the forests of northern Mexico have far less
altered fire histories. Fire history sites in the Sierra de los Ajos display uninterrupted fire
regimes into the 20th century (See Fig. 2.10). Also in other areas currently being studied
in the Sierra Madres fire regimes continue unaltered. Delayed fire-regime changes in
Mexico probably result from historically less intensive and extensive land use, limited fire
suppression, and land-tenure reforms that began in the 1940s (Marshall 1962; Sheridan
1988; Florintino Garza, Pers. Comm.). The more accessible basin valleys, canyons, and
mountain foothills particularly near water sources were affected earliest, as shown by the

rapid decline in fire frequency at Cafion del Oso in the 1930s. However, the higher-
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FIGURE 2.13 Bird’s eye view of the Rattlesnake Fire in the Chiricahua Mountains. This fire

burned mostly as a stand-replacing fire, in areas that had recorded presettlement MFIs ranging
between 5 - 9 years (Arizona Daily Star, 1994).
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FIGURE 2.14 Upper ward canyon gully erosion associated with the Rattlesnake Fire in the Chiricahua
Mountains. This formation was approximately 10 meters deep and 20 meters wide in September 1996, two years
after the fire. The lowest exposed strata of sedimentary clay layers were estimated to be tens of thousands of
years old (Pearthree Pers. Comm.), suggesting how unusual this fire may be (Photo by Jason Rech).
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elevation forest sites in the Sierra Ajos continued to record fires, as do other more
remote forests in the northern Sierra Madres.

The less disrupted forests in the northern Sierra Madres and outlying ranges can
provide important ecological information applicable to related forests in the Southwest
U.S.. These forests in Mexico can be used as a benchmark to evaluate and quantify the
magnitude of anthropogenic vegetation changes that plague many forests in the
Southwest U.S.. Better documentation of the contrasting land uses and fire histories in
the less-disturbed forests in Northern Mexico, will be important for future international

forest research, management, and conservation efforts.

2.7 Uncertainties and Limitations of the Evidence

Although several lines of evidence suggest that extensive fires spread between
canyon sites through the iﬁtervening grasslands, it is also probable that some
synchronous fires were the influence of climate and multiple fires, rather than a single
widespread fire. Additionally, the statistical association between canyon and mixed-
conifer forest sites suggests that some fires did possibly spread "backing" from the
higher-elevations, down through canyon areas. It is also possible that some of these fires
spread between canyon sites via higher-elevation forests.

There are also some uncertainties with spatial inferences. Adjacent canyon sites
are nearest spatially, they have fewer fire-spread barriers, and the highest probability of
all sites for intercanyon fire spread via the grasslands. Therefore, synchronous fire

events recorded between adjacent canyons have greater meaning, with respect to
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estimating desert grassland fire intervals, than those recorded between mountain ranges,
and across basins. Also, broader-scale inference of interbasin-wide fire events are
complex, and due to increased influential factors (i.e., natural fire barriers, vegetation
types, multiple ignitions and fires, time for spread, and climatic factors) the certainty of
the spatial inference is weakened. Limited numbers of samples and their non-uniform
and non-random coverage of the sampled area results in considerable uncertainty with
spatial interpretations. For example, finer-scale fire events may have been more
extensive due to irregular and patchy burning patterns or because of limited coverage by
fire-scar evidence. Some fires could also be much larger than inferred, by extending
beyond fire history sites, and at times beyond the larger study area..

After consideration of the many possible limitations of this evidence, it is likely
that some fires originated in the higher-elevations, spreading throughout mixed-conifer
and adjacent forests. However, regardless of a fires origin, once they spread into the
lower grassland communities, they could then potentially spread over much greater
distances. Multiple lines of evidence (i.e., a basic law of physics; hot air rises, as do fires
and smoke), continue to eﬂ'ectiveiy demonstrate that frequent surface fires (MFI =4 <9
years; See Table 2.5) spread between riparian canyon pine-oak forests, through the
intervening desert grasslands, and to higher-elevation mixed-conifer forests, regularly
from below.

Anthropogenic fire influences suggested by historical and ethnographic evidence,

also must be considered, and accordingly, this will be the topic of the following chapter.



80

2.8 Management Considerations in Restoration Ecology

Fire management policy in the Southwest United States has recently entered a new
era. In some forests and grasslands, lightning and prescribed fires, are now being used to
manage areas under the ecosystem mahagement mandate (Baker 1992; USDA 1992,
1993b). This approach allows managers to plan for inevitable and essential natural
processes, such as fires, to be restored to these landscapes (Allen 1994; Kaufmann et al.
1994; Edminster 1996). Such fire planning has substantially reduced fire management
costs, while also reducing threats to firefighters, watershed resources, and biological
diversity.

The use of prescribed fires is a direct response to particular dilemmas faced by land
managers in the Southwest Borderlands (Kaufmann et al. 1994; Morgan et al. 1994;
Swanson et al. 1994). In the past episodic surface fires were common in many different
vegetation communities throughout the Southwest Borderlands. Fires provided
important processes in fuel and nutrient cycling, and ecosystem structure and function.
After over a century in places without fires, numerous forests in the Southwest U.S. now
have extreme fuel loading and related health problems. The biological and watershed
resources of these forests are also at high risk to volatilization by unusual stand-
replacement fires. Historic fire suppression policies have exacerbated and prolonged the
situation, costing more while perpetuating greater cumulative risks to life, property, and
natural resources. Ecosystem management allows more flexibility to the manager to use
natural and prescribed burns to reduce fuel loading, to maintain important ecosystem

processes, and to improve ecosystem productivity and overall health.
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The biological and economic importance of grassland and forest ecosystems must
be considered in light of the current political ecology. Riparian canyon pine-oak forests
harbor corridors of high biological diversity and richness that include many endangered
species. Additionally these forests provide some of the most sought after real-estate and
recreational sites in southern Arizona. At higher-elevations where pine-oak and mixed-
conifer forests dominate, a substantial portion of the water budget for the entire
watershed, and hence the regions water budget, is amassed (Shreve 1915).
Unfortunately, vegetation changes from decades of fire suppression have left these
upper-watershed forests, resembling “tinder boxes” or “funeral pyres”, at very high risk
to intense stand-replacing fires. Decades of accumulated biomass have created an
extremely volatile situation that now threatens many éanyon and upper-elevation forests.
Fires will always be an process in these areas with common lightning occurrence and as
long as they are maintained as natural areas. The future of our National Forests is now
dependent on ecosystem and fire management, that will only succeed if periodic planned
and controlled fires are accepted at ecosystem and landscape scales.

This investigation reconstructed past fire regimes, across a landscape that
includes several biotic communities, to help guide future fires management in these areas. ..
The full range of reconstructed fire statistics are provided for desert grasslands, riparian
canyon pine-oak forests, and mixed-conifer forests for further interpretation by land
managers (See Tables 2.2, 2.3, 2.4, and 2.5). In general across this study area and these
ecosystems, recorded presettlement mean fire intervals ranged between every 3 to 9

years. This range of fire intervals can probably be applied to long-term fire planning and



82

prescriptions in more-remote areas with limited resource values. However, in other
areas with greater resource values, fires managed conservatively at decadal intervals or
less, would still greatly reduce the hazards of fuel buildup, while sustaining watershed

and ecosystem resources.

2.9 Conclusions

Canyon-fire reconstructions demonstrate that fires burned commonly between
canyon pine-oak forests through the intervening desert grasslands. Paired canyon
analyses of 6 sites encompassing the international Sulfur Spring and San Pedro Basins
suggest episodic fires were common in the desert grasslands. Fire reconstructions
indicate that site-wide fires occurred in the canyon riparian pine-oak forests on the
average at least every five to nine years, while the adjacent desert grasslands burned
often at the same time but somewhat less frequently around every five to 10 years. It is
also probable that many of these same fires spread to higher-elevation mixed-conifer
forests where fires occurred on average once every six to 10 years. This is also
suggested by how comparable the range of reconstructed fire frequencies are between
these three vegetation communities and across the elevational gradient. More extensive
climate-related fire events also occurred, spreading across and between entire desert
grassland basins, on average at least every 10 to 13 years.

In the past fires have been an important process in these ecosystems with respect

to fuel and nutrient cycling, vegetation structure, and spatial diversity. The importance

of elevated rainfall interception and evapotranspiration, has hardly been considered with
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respect to 20™ century fuel accumulations. In the past, episodic low-intensity surface
fires reduced forest biomass and resulted in greater water infiltration, underground flow,
storage, and surface runoff (Baker et al. 1996). Historical records also indicate higher
water tables and perennial stream levels, with springs and wet cienega areas being more
common (Meinzer et al. 1913; Leopold 1951). As the old saying goes “you cannot
squeeze water out of a turnip”, nonetheless, by restoring periodic fires within the range
of historical fire regimes, related ecosystem processes will also be renewed. At the other
extreme, stand-replacing fires can leave extensive areas denuded of vegetation and soil
nutrients, influencing mass erosion, and watershed degradation.

Fire is a tool that can be used to restore the sustainability of Southwest
Borderland ecosystems. The linkage of ecosystems through fire spread has been greatly
underestimated, especially for the riparian canyon pine-oak forests. Although ecosystem
connectivity has been disrupted by land use and development in some areas, there are
places where fires can still burn from lower grasslands through canyon forests to higher-
elevation forests. This research indicates ecosystem connectivity via surface fires was an
important process in the past, and therefore such fire prescriptions should be applied to
fire planning where possible. Natural and wilderness areas managed without the
consideration of fundamental ecosystem processes will eventually become anthropogenic
vegetation preserves, far more vulnerable to catastrophic degradation, and unlike the
natural landscapes and wilderness areas envisioned by Aldo Leopold (1924) or mandated
by the Wilderness Act of 1964. Fires managed in an ecosystem context within the range

of presettlement fire regimes will help restore needed biological and physical processes,



sustain biological diversity, and overall improve watershed resources for future

generations.
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CHAPTER THREE

FIRE IN APACHERIA: THE INFLUENCE OF HUMANS ON PAST FIRE

REGIMES IN THE SOUTHWEST BORDERLANDS

3.1 Abstract. — The ecological role of fire in the Southwest Borderlands is generally
acknowledged, however, the influence of humans upon past fire regimes remains the
subject of considerable uncertainty. Multidisciplinary analysis is used to evaluate the
influence of cultural fires and burning upon fire regimes and ecosystems in the Southwest
Borderlands. Many historical records document the Chiricahua Apache use of canyon-
fire reconstruction sites, and extensive use and knowledge of fire. They also indicate
close association between cultural burning practices and raiding and wartime periods.
These records suggest prevalent fire use in Apache raiding and warfare, and also to a
lessor extent by the Spanish, Mexicans, and later Americans. Graphic fire history
reconstructions show increased fire activity in relation to wartime periods. The
combined evidence suggests that anthropogenic burning altered fire regimes at specific
times (wartime periods) and places (rancheria campsites within canyon pine-oak
forests). Also burning practices commonly documented during wartime periods may
have inflated past estimates of the overall importance of Native American burning in this
region. Climate, lightning, and fire history evidence suggests that broader-scale fire
patterns were probably influenced more by regional climate and vegetation patterns, than

by ignition sources.
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3.2 Introduction

Uncertainty surrounds the complex interrelation between humans and past fire
regimes. Fire environments depend on an ever-changing matrix of vegetation (fuels) and
periodic dry climatic conditions that coincide with ignition sources from lightning and
humans. North America has at least 15 climate-fire regions with over 75 distinct
vegetation communities (Barbour and Billings 1988; Schroeder and Buck 1970). The
continent easily also has more than 50 distinct Native American linguistic groups (US
Bureau of Ethnology 1891). Some vegetation types burned frequently (e.g., grasslands
and pine forests) and others less frequently or rarely (e.g., alpine forests and deserts;
Wright and Bailey 1982). Globally, fire environments range from regions where
anthropogenic burning contributed to the majority of fires (i.e., California Coastal
Environments), while in others where lightning activity accounted for most fires (i.e.,
Florida Everglades; Steward 1933; Lewis 1973, 1983; Barrett and Arno 1982; Pyne
1995; Williams 1994). Moreover, cultural change and burning patterns are responses to
specific environmental conditions. These wide-ranging spatial conditions and temporal
scales have often been overlooked by sweeping generalizations that lack specificity to
place and time. Intentional and inadvertent Apache fires, and those of other Native
Americans, have been suggested to be the prevailing influence on fire regimes and
ecosystems throughout this region and beyond (Holsinger 1902; Stewart 1963; Dobyns

1981; Pyne 1982, 1990). Consider the following examples:
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“The modification of the American continent by fire at the hands of Indians was
the result of repeated, controlled, surface burns on a cycle of one to three years,
broken by occasional holocausts from escape fires and periodic conflagrations

during times of drought (Pyne 1983:9).”

“Worldwide patterns of aboriginal burning plus repeat photographs and other fire
frequency data all indicate that most montane prairies, meadows, and open-
forests. .. were the product, primarily, of aboriginal not lightning fires (Kay and

White 1995:123).”

“Since I am convinced by a massive amount of evidence that primitive man with
fire as a tool has been the deciding factor in determining the types of vegetation
covering about a fourth of the globe, I judge primitive man’s role in the

ecological equations of utmost importance (Stewart 1963:124).”

The importance of humans in controlling past fire regimes at local and regional
scales, has also often been underestimated and under appreciated, especially by
ecologists. However, a healthier understanding of the great diversity in fire ecologies
and histories is not served by either overstating or over generalizing. Understanding the
contribution of humans to past fire regimes is important for many reasons (Barrett and
Arno 1982). Extensive areas of Federal Lands are now being managed with fire to

restore presettlement ecosystem conditions (pre-1880). For that reason, if in the past,
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lightning fires were the primary influence driving fire regimes, then managers could plan

for lightning ignited fires alone to possibly restore these ecosystems. However, if
humans contributed substantially to past fire regimes, then lightning fires alone may not
be enough to restore presettlement ecosystems or desired conditions (Barrett and Arno
1982). In any case, the influence of humans on fire histories is important for future
planning and management of fires, at ecosystem and landscapes scales. And particularly
in the Southwest Borderlands where prescribed burning and ecosystem management are
being actively demonstrated.

- An objective of this study was to investigate the influence of humans on past fire
regimes by analyzing documentary, ethnoecological, and fire history evidence from this
region. The goal was to provide a better understanding of cultural burning practices and
fire influences on past fire histories in the Southwest Borderlands.

This region provides a unique opportunity to investigate the influence of humans
on past fire regimes. Known by the Spanish as Apacheria, the Southwest Borderlands
region has one of the highest levels of lightning activity in North America, but also
Native American burning has commonly been documented by historical records. A
fundamental fire history question in this region is: Which ignition source, humans or
lightning, dominated past fire regimes, and at what relative scales were these ignition
sources important? This paper assesses two fundamental theories; 1) Apache burning
was the primary factor controlling past fire regimes in the Southwest Borderlands, and 2)
Past fire regimes were elevated by anthropogenic burning associated with historical

Apache raiding and wartime periods.
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3.3 Nature of the Evidence

Archival documents were searched, read, and compiled into a bibliography of
citations with regard to cultural-fire use and knowledge, cultural ecology, wartime
periods, and intercultural relations. Ethnohistoric relations about fires come from many
unique time periods, and varied cultures and sources. This evidence may be broadly
categorized as written accounts, reports, journals, newspapers, letters, and transcribed -
oral histories. Also included were ethnographic and ethnoecological research based on
archival materials and field notes. Chronologies of important events were also compiled
to facilitate the evaluation of historical sequence and context. Using these diverse types
of evidence, cultural fire patterns were developed from the documentary bibliography of
the Southwest Borderlands (Appendix A).

Major ethnobotanical resources of the Apache were compiled along with their
specific fire adaptations and resilience, using the USDA Forest Service fire-effects
database (www.USDA). Fire resilience was defined as the average time interval
necessary for a plant species to recover to a level equal to prefire conditions. Fire
resilience intervals (FRIs) were estimated from bibliographic resources found in the
Forest Service database. Fire effects and ecology data were used to assess potential
plant species and vegetation communities that may have been burned to enhance
resource benefits.

High levels of lightning are illustrated in this region by National lightning detection
system data (Krider et al. 1980; Gosz et al. 1995). Also U.S. Forest and Park Service

records demonstrate an abundance of lightning ignited fires in these areas with reference
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to general occurrence by vegetation type (Jandrey 1975; Barrows 1978; Baisan and
Swetnam 1990).

Because pines are very sensitive to basal scarring by fires once initially injured,
fire history reconstructions from tree rings provide the most complete record of past fires
for specific locations, including those originating from both lightning and human sources.
Some fire history studies have also considered possible anthropogenic influences (i.e.,
Barrett and Arno 1982; Baisan and Swetnam 1990, 1997; Kaib et al. 1996a; Morino -
1996; Seklecki et al. 1996; Wilkinson 1997). When combined with other types of

evidence, fire histories can also be tested for the presence of cultural fire patterns.

3.4 Background
3.4.1 Fire Patterns in the Southwest Borderlands

The Southwest Borderlands is a semiarid basin and isolated mountain region of
southern Arizona and New Mexico, and northern Sonora and Chihuahua. Considerable
anthropological, historical, and ecological investigations have been conducted in this fire
endemic region (Hastings and Turner 1965; Gehlbach 198; Wilson 1995). Thus, it
provides a suitable locality to analyze the importance of anthropogenic fire in an
ecological context. Contemporary data demonstrates this region has one of the highest
levels of lightning activity in North America, nonetheless, ethnohistorical records also
indicate that many fires were human caused, particularly by the Apache. Therefore, the
pertinent fire history questions that this study investigates are: When and where did the

Apache and other cultures alter past fire regimes in this region? Can we detect changes
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or differences in the reconstructed fire histories between places and times, and

distinguish between natural (e.g. climatic, lightning) and cultural causes?

3.4.2 History of Cultures and Land-Use

Early Spanish exploration parties led by Cabeza de Vaca, Coronado, Esteban,
aﬁd Fray Marcos de Niza in the 16th century resulted in the earliest European
descriptions of this Tierra Incognita (Bancroft 1884, 1889; Bolton 1908, 1949; Officer
1987; Sheridan 1995). By the late-17" centilry Spanish colonists, missionaries, and
military personnel began to record frontier life (Fig. 3.1; Nentvig 1764; Bolton 1919,
1936; Barns et al. 1981). Also written at this time were the first detailed descriptions of
the Pima, Sobaipuri, and Apache cultures and of their interrelations, and interactions
with the Spanish (Velarde 1716; Spicer 1962; Naylor and Polzer 1986). Through the
late-17th and 18th century, Apache raids and wartime periods maintained the
borderlands in an unsettled state, hence its renown as "Apacheria" (Forbes 1960; Park
1961; 1962; Worcester 1971, 1979; Griffen 1979, 1985). Mexican and American
records in the 19th century document similar patterns of Apache raiding and warfare
(Basso 1971; Griffen 1988a, 1988b).

Apache groups immigrated into the Southwest Borderlands region by the late
1600s. Comanche and Spanish pressure, all along the Rio Grande Valley, was a driving
force behind these southwesterly migrations (John 1975). This was also a time
coinciding with Padre Kino’s extension of Jesuit missions north (Bolton 1919; Worcester

1941; Forbes 1959a, 1959b). The Apache had long raided Native American villages and
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Spanish settlements in the Rio Grande region (John 1975), and the borderlands provided

new and unlimited raiding opportunities.

The Apache dominated the region for over 2 centuries, living in semi-nomadic
clans loosely composed of 10 to 30 extended families (Opler 1983b, 1983c¢), led by
influential chiefs and spiritual leaders. Large gatherings took place at times for
reciprocity, social events, hunting and gathering, seasonal migrations, and notably during
raiding and warfare activities (Goodwin 1942; Basso 1971). Apache hunting and
gathering strategies included horseback raids, to capture livestock wealth and other
attractive provisions like alcohol, sugar, chocolate, etc., and occasionally captives
(Forbes 1957; 1959a; 1959b). Raiding also provided an important economic and cultural
status in Apache society t(Basso 1971). ;is.olatred Apache raiding throughout the
Southwest Borderlands, resulted in repeated confrontations with the Sobaipuri, Pima,
and the Spanish who at times joined forces to defend against the common enemy.

Early Spanish defense was very limited. A line of Spanish military presidios was
constructed along the northern frontier beginning in the late 1600s to deal with Apache
depredations (Brinkerhoff and Faulk 1965; Moorhead 1968, 1975; Naylor and Polzer
1986). Spanish policy vacillated during specific time periods and places, from aggressive
warfare to establecimientos de paz or peace establishments. These trappings of peace in
the late 1700s provided basic staples to the Apache, and encouraged commerce by
allowing peaceful Apache groups, Apache Mansos, to encamp near presidio and mission
settlements. Spanish peace establishments set the example for later reservation

settlements in the Southwest U.S..



94

Apache groups were extremely independent, and while some made peace treaties,
others continued to raid, and some did both. Intermittent raiding resulted in perpetual
conflicts, lack of trust on both sides, eventually better organization of Spanish defenses,
and recapitulation of several wartime periods that spanned several decades (Forbes 1960;
Bannon 1964; Officer 1987; Griffen 1988a, 1988b).

Based on the historical facts, three unique wartime periods (WTP1, WTP2, and
WTP3) and two intervening peacetime periods (PTP1, PTP2) were identiﬁed. The -
earliest and lesser known Spanish-Indian wars (WTP1) began in 1680 with the Pueblo
and Pima Revolts and declined roughly around 1710 (Spicer 1962; John 1975; Griffen
1979). The early decades of the 18" century between 1710 to the 1740s were relatively
calm, so this was the first documented peacetime period (PTP1). The Spanish-Apache
wars (WTP2) between 1748 and 1786, and later the Mexican and American, Apache
wars (WTP3) between 1831 and 1886 are well documented in history (Bancroft 1884;
Bartlett 1954; Bourke 1887-1888; Cole 1988). The intervening peacetime period
spanned four decades, roughly from 1787 until 1830 (PTP2). While these wartime and
peacetime periods were selected for this analysis, they may be further refined by future
research.

The wartime periods commence with written records in the late-17th century, a
time when Native Americans began to rebel against brutal Spanish control of lands and
resources. Spain reacted by expanding the presidio military network to protect their
northern frontier investments (DiPeso 1979). Native American military strategies,

tactics, and scouts were gradually adopted by the Spanish, Mexicans, and later
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Americans. Through the 18th and 19th centuries Spanish policy involved both

aggressive military campaigns and peace establishments. The "carrot and big stick"
tactics of the Spanish compelled many Apache groups to pursue peace. However,
Independence of Mexico in 1821, led to a breakdown of the peace establishments, and
the region was launched into another raiding and wartime period (WTP3).

The present U.S.-Mexico border exists where it does today in part due to the
northern frontier presidio line established by the Spanish. With the Treaty of Guadalupe
Hidalgo in 1848, partial acquisition of Apacheria was negotiated by the United States for
a southern travel route. The border was finalized with the 1854 Gadsden Purchase
(Bancroft 1889). The combined efforts between Mexican and American troops began to
take its toll on the Apache by the late 1800s (Cremony 1877; Howard 1907; Clum
1963). Many Apache bands requested peace and signed reservation treaties by the mid-
1870s, and most groups including the Chiricahua, were settled by then on several
reservations in the Southwest United States (Lockwood 1938; Cole 1988; Sweeney
1991). Despite these assorted efforts over centuries, the intrepid hit-and-run tactics of
several Apache groups continued sporadically in some places until 1886 (possibly later in
Mexico), ending with the surrender of Geronimo and Naiche, with the last band of the
Chiricahua Apache.

Although the last Apache group did not surrender until the end of WTP3 in 1886,
the completion of the transcontinental Southern Pacific Rail Road marks the beginning of
European American colonization of the Southwest Borderlands. Mining, logging, fuel-

wood cutting, wild hay harvesting, and primarily ranching were land-use activities that



96
spawned the development of this newly colonized territory (Bahre 1985, 1987, 1995a,

1995b; Bahre and Hutchinson 1985). The Railroad brought unprecedented numbers of
pioneers and homesteaders, and it provided means for creating wealth through the
development of far-reaching livestock economies (Wagoner 1952; 1961). Also free and
open ranges were advertised to encourage settlement in Arizona. The railroad
epitomizes the beginning of a new era of "extractive" land use in the Southwest U.S.
(Sheridan 1995). This dramatic land-use change is strongly associated with the
elimination of episodic surface fires (Leopold 1924; Marshall 1962; Swetnam and Baisan
1996a, 1996b), and related to forest and grassland changes documented decades later

(Weaver 1951; Marshall 1957; Bahre 1991).

3.5 Site Description

Isolated mountains are scattered across this region which provide strong
orographic influence as evidenced by their distinct ecological gradients (Fig. 3.2).
Vegetation is coarsely stratified by elevation, aspect, and geomorphic conditions.
Lowland basins and alluvial fans are occupied by desert grasslands which extend further
upward into oak woodlands and riparian canyon pine-oak forests, mostly on the southern
aspects (Marshall 1957; Reeves 1976; Brown 1982). Higher elevations are occupied by
Madrean pine-oak and mixed-conifer forests (Whittaker and Niering 1965, 1975; Sawyer
and Kinraide 1980).

Impressive habitat diversity can be found along riparian canyon pine-oak forests

where water is available most seasons, and ecotones are formed between grasslands,
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FIGURE 3.3 Desert grasslands looking up into the foothills of Pine Canyon, a riparian pine-oak forest in the western
Chiricahua Mountains 2



FIGURE 3.4 Open Madrean pine-oak forest at Sawmill Canyon, in the northeastern Huachuca Mountains
(Photo by C. Baisan).
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woodlands, and pine-oak forests (Figs. 3.3 and 3.4). In these areas, geomorphic canyon
systems create mesic conditions with perennial water and cold-air drainage. These
mountain canyons were common rancheria sites of the Chiricahua Apache for
subsistence advantages and the defensive cover they afforded.

A set of fire history sites from several mountain ranges this region are used to
analyze cultural fire patterns. The Chiricahua and surrounding mountains are managed
by the Coronado National Forest, National Park Service, The Malpai Borderlands
Group, The Nature Conservancy, and the Fort Huachuca Military Reserve. The Sierra
de los Ajos in Sonora, Mexico are managed by the Secretary of the Environment,
Natural Resources, and Fisheries (SEMARNAP).

Fire history data was analyzed from four riparian canyon pine-oak forest sites in
the western Chiricahua Mountains (See Fig. 3.2; Swetnam et al. 1989, 1991; Kaib et al.
1996b) and a contiguous higher-elevation mixed-conifer forest site (Seklecki et al.
1996). Additionally, fire histories were analyzed from canyon pine-oak forests and
higher-elevation mixed-conifer forest sites in surrounding mountains, including the
Animas, the Sierra Ajos, and Huachuca ranges (Dieterich 1983a; Danzer et al. 1996;
Swetnam and Baisan 1996a). All fire history sites were sampled, initially to reconstruct
fire histories for these particular ecosystems (See Preceding Chapter 2).

Major plant associations dispersed along these mountain foothills and canyons
include plains and desert grasslands, oak/pinyon/juniper woodlands, interior chaparral,
riparian pine-oak forest, Madrean pine-oak forest, and southwest riparian forest

(Marshall 1957; Brown and Lowe 1980; Brown 1982; Muldavin et al. 1996). Riparian
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pine-oak forests are unique to mesic canyons in the Southwest Borderlands. They
represent possibly the most diverse ecosystem in this region, bounded by ecotones and
including both Madrean pine-oak and southwest riparian forest species. Common tree
species include; ponderosa pine (Pinus ponderosa), Arizona pine (P. arizonica), Apache
pine (P. englemannii), Chihuahua pine (P. leiophylla), and pinyon pines (P. discolor and
P. edulis); junipers (Juniperus deppeana, J monospermay); oaks (including Quercus
arizonica, Q. emoryi, Q. hypoleucoides, Q. oblongifolia, and Q. rugosa); and madrone
(Arbutus arizonica). Common riparian species include the Arizona sycamore (Platanus
wrightii); cottonwood (Populus fremontii); willow (Salix gooddingii), and walnut
(Juglans major). The upper elevation mixed-conifer forest sites are typically less
diverse, with ponderosa pine, Arizona pine, and southwestern white pine (P.
strobiformis), Douglas fir (Pseudotsuga menziesii), white fir (4bies concolor), and
Englemann spruce (Picea englemannii) as predominant tree species (Sawyer and
Kinraide 1980). The flora of the Chiricahua Mountains was described by Bennett et al.
(1996.), the Huachuca Mountains by Wallmo (1955), and the Sierra de los Ajos by
Fishbien et al. (1995). These mountain islands have very diverse floras ranging between
more than 500 to 1,000 species (Felger et al. 1995; McLaughlin 1995).

Rainfall is extremely variable in these areas and only slightly greater than nearby
deserts, averaging between 230 and 460 mm annually (Humphrey 1958; Sellars and Hill
1974; McClaran 1995). Orographic influence near mountains produces at the higher
elevations almost twice the precipitation when compared to the lower surrounding

deserts (Shreve 1915; Nierring and Lowe 1984; Barton 1994). Annual precipitation falls



102
almost equally in two seasons with up to 60 % falling during winter months, and the

remainder falling during summer monsoons (Douglas et al. 1993; Stensrud et al. 1995).
Percentages are reversed to the south in Mexico where /as aguas, the monsoon rains,
contribute up to sixty % to increase the average annual precipitation (Shreve 1944).
Accordingly, this region also has two dry seasons in the early summer and fall.
However, high levels of lightning and fire activity coincide only with the period prior to
and during the summer monsoon (Barrows 1978; Gosz 1995).

Although fires in the Southwest Borderlands can often ignite and burn from April
to November, the peak fire season occurs between May and July when pre-monsoon
storms provide sufficient lightning and extremely variable precipitation (Sellers and Hill
1974; Barrows 1978; Baisan and Swetnam 1990). This is a time when perennial
vegetation is cured, annuals are stressed from hot-dry weather, and ignition by "dry"
lightning precedes the wet monsoon thunderstorms. This region has one of the highest
levels of lightning activity in North America, suggesting that ignition sources during the
summer-monsoon season were not a factor limiting past fire regimes. Figure 3.5
illustrates the high concentrations of lightning strikes that occur within the study area
over short periods during the summer monsoon season. Twentieth century U.S. Forest
Service reports show that 73 % of fires in this region originate from lightning (Baisan
and Swetnam 1990; Bahre 1991). Chiricahua National Monument fire data over 29
years indicate 83.6 % of fires were caused by lightning (Jandrey 1975). Data from the
national lightning detection system also illustrates the seasonal abundance of lightning

strikes in this region (See Fig. 3.5; Gosz et al. 1995). The classic study by Barrows
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(1978) on 20™ century lightning fires in southwestern forests, showed that 48 % of

lightning ignitions occurred in ponderosa-pine forest, and 26 % in the lower grassland
communities.

Twentieth century records are difficult to interpret due to widespread vegetation
changes, however, historical accounts provide independent sources that illustrate the
character and origins of presettlement fires. Human-caused fires in the past were
commonly documented in these areas by historical accounts (Pyne 1982; Bahre 1985).
Past fires often burned for months at a time and covered thousands of hectares
(Swetnam 1990; Bahre 1991). Prior to European-American settlement (pre-1880s),
throughout the grasslands, woodlands, and pine-oak forests, grasses provided an
important component in the fuel matrix (Leopold 1951; Bahre 1996). Thus, relatively
few ignitions could result in extensive areas being burned and frequent fires in areas

exposed to multiple sources of fire (Swetnam and Baisan 1996a).

3.6 Methods
3.6.1 Documentary Evidence

Documentary evidence was assembled from Spanish, Mexican, Native American,
and later American sources, principally on cultural-fire records and information, but also
including ethnoecological, wartime, and intercultural relations. Chiricahua Apache
residence and use of canyon rancheria sites were also documented (Cole 1988; Sweeney
1991). All documentary evidence, including ethnohistorical and ethnographical reports,

were compiled into a bibliography with over 200 citations (Appendix A). Reference to
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culture, location, and key words preface each bibliographic citation (when available).
Fire uses and descriptions were categorized and tabulated from the documentary
sources. Warfare and non-warfare uses were two primary categories. All categories of
fire use were ranked by the number of times cited, and by the percentage of times a

particular culture was cited within the bibliography.

3.6.2 Ethnoecology

Ethnoecological analysis involved compiling major food and ﬁber resources of the
Apache. This data set was developed primarily from the documentary evidence in
Appendix A. All plant names were checked with botanical research in these areas
(Sawyer and Kinraide 1980; Bennet et al. 1996). A table was compiled of major food
and fiber species used by the Apache including trees, shrubs, grasses, and succulents.
Additional information was assembled on the fire adaptations and resilience of these
ethnobotanical species, using the USDA Forest Service Fire Ecology and Effects
Database (www.USDA.Forest Service). A fire resilience interval (FRIs) was defined as
the average time interval in years required for a particular plant to recover to prefire
conditions following a surface fire. FRIs were estimated from the USFS database using
all available ecological, tree-ring, and prescribed fire research. This information was
unavailable or qualitative for some species. Apache fire uses were then interpreted in
context of the fire ecology and resilience of specific plant species and vegetation types in

these areas. My assumption is that if a particular plant responds rapidly after burning
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(i.e., low FRI), then the greater the chance that manipulation could have occurred via

Native American burning.

3.6.3 Fire History

Fire-scarred cross sections were obtained with a chainsaw from logs, stumps, and
snags of primarily Apache and Arizona pines but also some ponderosé (Arno and Sneck
1977). Samples were resectioned and finely sanded ”then crossdated using
dendrochronology methods (Douglass 1941, 1946; Stokes and Smiley 1968; Fritts 1976;
Swetnam et al. 1985). Multicentury fire histories were reconstructed from fire-scar
dates at several sites, and for analysis combined with existing fire history reconstructions
in the Southwest Borderlands (Dieterich and Swetnam 1983; Swetnam and Baisan
1996a; Danzer et al. 1996; Seklecki et al. 1996). Although initially these sites were
collected for ecological research, the cultural significance of some canyon sites
warranted further investigation.

Fire history sites were selected across a hypothesized gradient of human influence
that includes four riparian canyon pine-oak forest sites, an adjacent higher-elevation
mixed-conifer forest site in the Chiricahua Mountains, and sites within three surrounding
mountain ranges. All four of the riparian canyon pine-oak forest sites were documented
as historic Apache rancherias or encampments. Fire reconstructions at canyon rancheria
sites were compared with an upper-elevation forest site nearby, and also with sites in the
surrounding mountains. Fire reconstructions in the surrounding mountains include

collections from riparian canyon pine-oak and mixed-conifer forest sites.
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The hypothesized gradient of anthropogenic fire influence starts at the canyon

rancheria sites in the Chiricahua Mountains, with the adjacent higher-elevation site being
intermediate. The surrounding mountain sites, that were on the periphery of the
Chiricahua Apache range, possibly may be less influenced from anthropogenic fire
influence. The site gradient analysis was chosen for several reasons. Documentary
evidence suggests in presettlement times (pre-1880s) common long-term Apache use of
the rancheria canyon sites. The higher-elevation sites were used less due to relatively
limited resources and prohibitions associated with grizzly and black bears (Castetter and
Opler 1936). Additionally, the adjacent mountains are smaller, closer to Spanish military
establishments, and therefore offered less protection from enemies. These surrounding
mountain sites also have relatively little to no documentation of use as Chiricahua
Apache encampments compared to the Chiricahua Canyon strongholds (Opler 1983b).
In total, eight fire history reconstructions were graphically and statistically analyzed for
cultural fire patterns.

Mean fire intervals were compared between wartime and intervening peacetime
periods identified by the documentary evidence. The Student’s t-test was used to
analyze differences between fire interval distributions. The null hypothesis was that there
were no differences between wartime and peacetime mean-fire intervals. Each of the
wartime periods (WTP1: 1680-1710, WTP2: 1748-1790, and WTP3: 1831-1886) were
tested for differences between intervening peacetime periods (PTP1: 1711-1747, PTP2:
1791-1830). All WTPs were analyzed with the subsequent PTP, except for WTP3,

which was tested with the preceding PTP2. This was because following WTP3 in the
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1880s the region was settled by European-Americans, Chiricahua Apaches were

removed to distant reservations, and extensive grazing eliminated the episodic
widespread fires of the past (See Chapter 2).

Assumptions of this analysis include: (1) Data from each wartime period was
independent of each peacetime period being tested. (2) The two independent fire-
interval sets have normal distributions. (3) Sample sizes were adequate, and (4) Periods
chosen were appropriate and valid. The first assumption was accounted for by choosing
non-overlapping wartime and peacetime periods. Because fire-interval data are rarely
normally distributed, the second assumption was addressed with fire-history software
(FHX?2) that transforms fire-interval distributions to approximate normality (Grissino-
Mayer 1994). Fire-history collections included on average about 30 samples, a sample
size shown to be adequate for most Southwestern fire history studies at spatial scales of
about 100 to 1000 hectares (Swetnam et al. 1989, 1996a, 1996b). Wartime and
peacetime analysis periods were well documented by historical sources. However, there
may be some uncertainties about the comparability of peacetime and wartime period
interval lengths, that ranged between 30 to 55 years.

Fire reconstructions were assessed for anthropogenic fire influences along both
ecological and spatial gradients. Wartime fire patterns were analyzed and compared
between canyon, adjacent forest, and surrounding mountain sites, to infer the spatial
extent of cultural-fire influences across this area. Finally, wartime burning influences
were assessed for desert grassland, riparian canyon pine-oak forest, and mixed-conifer

forest ecosystems.
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3.7 Results

3.7.1 Raiding and Wartime Periods and Burning Practices

The compilation of documentary evidence suggests that cultural burning patterns
were strongly associated with Apache raiding and wartime periods (See Appendix A). A
chronology of historical events in the Southwest Borderlands helps to demonstrate the
context of wartime (WTP) and peacetime periods (PTP; Table 3.1a, 3.1b, 3.1c). WIP1
(1680 to 1710) was an era of increased Spanish influence in Southwest North America
with the first written reports documenting widespread Native American revolts. WTP1
commences with Pima, Pueblo, and Apache Revolts in 1680. The following account

illustrates the early Spanish and Pima alliance against Apache raiding.

In 1693: "The vowed enemies, the Hocomes, Sumas, Mansos, and Apaches,
who between great and small numbered about six hundred.....showed their
arrogance by attacking the rancheria at daybreak... They killed its captain... and
forced them to retreat to their fortification. But the enemy, defending themselves
and covering themselves with many buckskins, approach the fortification,
climbed upon its roof, destroying it and burning it... They (Apaches) sacked and
burned the rancheria... and began to roast and stew meat and beans... But
meantime the news reached the neighboring rancheria of Quiburi... its captain, El
Cora, came to the rescue of his brave people, together with other Pimas who had
come from the west to barter for maize,... Thereupon all the rest of the enemy

began to flee, and Pimas followed them through all those woods and hills for



TABLE 3.1a. Southwest Borderlands chronolo gy of late-17th Century historical events.

circa

Historical Events

1680
1683
1687
1688
1690
1692
1693
1694
1696
1697-
1698

Pueblo and Pima Revolt

El Paso Presidio Established

Padre Eusebio Kino Establishes Nuestro Senora de los Delores
Pima Uprising in the Upper Santa Cruz Valley

Janos Presidio Established, Pima Uprising

Fronteras Presidio Established

Compania Volantes Established at Presidios, Texas Indian Uprising
Pima and Sobaipuri Uprising Suppressed in Huachuca Mountains
Pima Revolt

Pimas and Sobaipuri Allied Against the Apache to the East
Sobaipuris Abandon San Pedro Valley Due to Apache Raids until 1705

0L



Table 3.1b. Southwest Borderlands chronology of historical events in the 18th Century.

Circa  Historical Events

1700  San Xavier del Bac Founded

1702  Missions Founded at Tumacacori and Guebavi

1702  "Reglemento de los Presidios" Authorizes Pursuit and Annihilation of Hostile Indians

1710  Spanish Regain Tentative Peace with Help of Pima and Sobaipuri Allies

1724  Pedro de Rivera, Begins 4 Year Inspection of Northern Frontier Presidios

1725  Fronteras Attacked by Large Group of Apache with Torches (100-200 Apache)

1729  "Reglamento of 1729 ": Rivera Reports Presidio Inefficiencies and a New Uniform Code

1742  Terrenate Presidio Established on Santa Cruz River

1748  Spanish Viceroy Declares War Against Apaches

1751 Pima Revolt, Tubac Presidio Established

1756 Guevavi and San Xavier Missions, and Tucson Visita Abandoned

1762  Apache Raids Force Sobaipuris to Abandon San Pedro Valley for the Santa Cruz

1766- Marques de Rubiand Nicolds de Lafora Inspect Presidios of New Spain

1767  Jesuits Expelled from New Spain

1768  Marques de Rubiand Nicolds de Lafora: "Dictamenes” Reorganizes Presidios

1768  Franciscans Take Over Missions, San Xavier del Bac Burned by Apaches

1772 "Reglamento de 1772" by Hugo O'Conner, Orders Coordinated Campaigns Against Apaches
1775 San Bernardino and Bacoachi Presidios Established

1776 ~ Tubac Presidio Moved to Tucson, Fronteras to San Bernardino, and Terrenate (Santa Cruz) to Quiburi
1779  Tucson Attacked by About 350 Apaches, Fronteras Re-established Because San Bernardino too Risky
1780 Santa Cruz de Quiburi Presidio and Terrenate Settlement Abandoned

1782  New Spanish Policy of "Establecimientos de Paz" later Reinforced by Galvez

1786  Bernardo de Galvez "Instrucciones” Decreed Vigorous War on Apaches Not at Peace

1786  Lipan and Mescalero Apaches Establish Peace Treaties with Spanish

1787  Opata Presidio Established at Bavispe

1789 Peace Establishment at Bacoachi, Sonora, Has Over 200 Apaches

1790 Gileno Apache Peace Establishments Commence in Bacoachi, Fronteras, Santa Cruz, and Tucson
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Table 3.1c. Southwest Borderlands chronology of historical events in the 19th Century.

circa

Historical Event

1810
1820s
1821
1830
1831
1840
1843
1846-
1848
1851-
1854
1861-
1866
1872
1874
1876
1881

Beginning of Mexican Revolution

Mexican War of Independence, Peace Establishments Begin to Break Down
Mexico Declared Independent from Spain

Peace Establishments Abandoned, Apache Raids and Wartime Period Begins
Mexican Government Sets Bounty on Apache Scalps and Ears

Pima Unrest lasting until 1841 After Several Battles with Mexican Forces

San Rafael Valley Abandoned Due to Apache Depredations
Mexican-American War

Tubac and Tumacacori Destroyed by Apaches, Treaty of Guadalupe Hidalgo
U.S. Boundary Commission, Bacoachi Attacked and Houses Burned
Gadsden U.S. Official Purchase of Lower New Mexico (Arizona) Territory
Bascom Affair Catalyst for Increased Apache Raiding and Warfare

American Civil War Resulted in Neglect and Increased Apache Hostilities
Cochise and General Howard Sign Treaty, Chiricahua Reservation Established
Most Apache Groups Settled on Reservations

Chiricahua Apache moved to San Carlos and Mescalero

Southern Pacific Rail Road Completed Across Southern Arizona
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more than four leagues, killing and wounding more than three hundred

(Manje1693:249).”

Although early historical records usually only specified losses to property and
personal effects, it is probable that many of these fires spread to adjacent lands, when
considering the undeveloped nature of early Native American villages. Incidentally, a
fire was also recorded in 1693 by several sets of fire-scarred trees in the Huachuca
Mountains.

Presidio establishment dates and periods of activity also help illustrate the historical
context of these time periods (Table 3.2; See Fig. 3.1). In WTP1, the cultural ecology of
Athapascan horseback raiding, general intercultural warfare, and the Spanish reconquest
of tribal lands and labor, resonated across the Spanish frontier for subsequent decades.
The Spanish reorganized at the northern Presidios, and with assistance from the plains
Comanche, they regained control of the Middle Rio Grande around the late 1600s. This
encouraged Apache migrations south and west into the mountain "strongholds" of the
Southwest Borderlands (Worcester 1941). Farther west, the Spanish had begun mission
and presidio settlements along the Rio Sonora, Santa Cruz, and San Pedro river basins.
A relatively complacent time period (PTP1: 1710-1747) ensued with the western alliance
between the Spanish, Sobaipuri, and Pima, and the strengthened Spanish presence along
the Rio Grande to the east. However, in a short time the Apache became established in
their canyon strongholds and began to renew their raiding, hence the origin of regions

renown as Apacheria.



TABLE 3.2. Presidio establishment dates and periods of activity (adapted from Officer 1987)

Tucson
-~ Tubac
Santa Cruz de Terrenate
Terrenate
San Bernardino
Fronteras
Bavispe
Bacoachi
Las Nutrias
Santa Cruz

Altar

1776-1821

1751-1776, 1787-1821
1776-1780

1742-1775

1775-1779

1692-1775, 1779-1821
1778-1821

1784-1821

1775, 1780-1787
1787-1821

1753-1821

Il
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The next WTP1 account describes what appears to be a large fire that occurred

at a canyon in the western Chiricahua Mountains. The report also suggests that this

“heavy smoke” was a signal fire initiated by the Spanish.

“On September 16, 1695...located in an arroyo of the (western) Chiricahua
Mountains. When we saw heavy smoke rising from the canyon at the head of
this arroyo, we knew that the thirty-six troops under the command of Lieutenant
Antonio de Sélis who had left the night before were in combat, because they had

been told to send us a smoke signal (Naylor and Polzer 1986:640).”

Later wartime and peacetime periods were better documented by the general
increase in historical materials (See Tables 3.1b and 3.1c; Bolton 1919; Hackett 1926,
1937; Bannon 1974). WTP2 (1748 to 1787) commenced when the Spanish Viceroy
declared war against the Apache in 1748, beginning a period of renewed presidio
development and wartime hostilities (Forbes 1966). By this time the Spanish had
improved relations with the Pima and Sobaipuri, and their ‘combined forces commonly
fought off Apache raids. Presidios were at their peak of combat readiness in the mid to
late 1700s (See Table 3.2; Griffen 1987). Ethnohistorical research on Apache raiding
and warfare political ecology suggests increasingly volatile battles occurred during the
mid-18™ century wartime period (Griffen 1988a, 1988b). By the end of the 1780s many
Apache bands began to request peace, and Spanish peace establishments were promoted

and developed, leading to PTP2 (1788-1830) in the Southwest Borderlands.



116

These following accounts demonstrate the popular Apache practice of burning
enemy pasturage. This practice was also recorded by several other documentary
sources. Grasslands were essential for the livestock herds that European cavalries
required for food and transportation. Apache burning on these occasions were used to

control enemy movements by limiting forage in places, particularly around water holes.

“In the spring (1786) Alferez Vergara, with troops from Fronteras, Bacoachi, and
Bavispe, made a reconnaissance from the Chiricahuas (Mountains). He found
large swaths of grasslands burned off, apparently to destroy fodder for Spanish
horses. He then marched to the Pitaicachi and Embudos Mountains and to
Cucuverachi where he attacked over one hundred Apache warriors who were

there with their families making mescal (Griffen 1988a:48).”

In May, 1788; “Cordero, reinforced by eighty-five men from San Elizario,
veered his course to the west into the Las Animas and El Hacha Mountains. His
men saw no Apaches but Apaches saw them and burned off the grass around the
water holes, thus depriving the Spanish horses of much pasturage (Griffen

1988a:62).”

The following incident documents another Apache practice of burning off

grasslands in raiding and warfare. Mr. Fife recalled this encounter with 35 Chiricahua
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Apache warriors in Pinery Canyon (on April 13™, 1882 or 1883), decades after it

occurred.

”After a while I saw two Indians down on the floor of the canyon pulling dry
grass and piling it in a horseshoe shape around the ridge I was on. They lit the
fire, and the smoke was soon billowing up upon me. I dug a hole in the ground
and put my head in it. I looked up once to see a breeze coming across the top of
the ridge folding the smoke back into the canyon. In a little while, when the fire
came close I decided to try to run through it. I did and got to the bottom of the

canyon (Tucson Daily Citizen, Mon., November 15, 1933; Bahre 1991).”

This fire more likely occurred in 1882 as documented shortly thereafter by Briggs (1932)
and also as recorded by a nearby fire reconstruction in Pine Canyon.

Warfare burning practices were also utilized by European cultures. By the mid-
18" century, Spanish presidio troops were better organized and equipped (Griffen 1988a,
1988b). Compaiiia volantes or flying companies pursued the Apache to their rancherias
and camps, usually to find the Apache had already retreated (Figs. 3.6 and 3.7).
Typically when rancherias were discovered any resources of value were taken or
destroyed with fire including the rancheria camps, wigwams, and any human effects.

This popular warfare strategy is illustrated in the following reports.
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FIGURE 3.6 Geronimo (right horse) and Naiche, the son of Cochise (right horse).
Respectively, the war chief and medicine man, leaders of the last group of
Chiricahua Apache raiders (Ball 1970).
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UNDER ATTACK

FIGURE 3.7 Soldados de Cuera, 18" century Spanish presidio soldiers in military regalia
including a lance, sword, two pistols, and a carbine. The companias volantes, or flying companies
traveled light in groups of fifty or more, to protect frontier settlements from Apache raids
(Brinckerhoff and Faulk 1965).
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“Reglamento de 1772 to all frontier commanders: troops were to take the
offensive and wage a relentless war on the Apaches, attacking them at their camp
sites and removing all opportunity for the rancherias to unite. All places known
to be frequented by the Apaches camps, water holes, and mescal harvesting areas

were to be scoured (Griffen 1988a:56).”

“New reforms culminated in the Royal Regulations of 1772. Troops marched
from Sonora to Tejas in massive pincer movements, burning abandoned

rancherias and recapturing vast numbers of horses (Moorhead 1975:71-72).”

In the following incident, Texas pioneers attacked and burned an Apache rancheria, near

the Huachuca Mountains on July 2, 1849.

“Indians continually sent up sky-reaching signal smokes, telegraphing our
movements. The sun was about to rise when twelve men in front and ten in the
rear charged the Indian rancheria, expecting each moment to slay the tenants as
they rushed forth. The wigwams of thatched grass were soon ignited. Our
approach had been observed. Bucks, squaws, and families had had time to get a
mile away, up the steep slope (Possibly at Santa Cruz Peak, Huachuca
Mountains) with all their horses except one American mare and thirty-nine cows

having Spanish brands, fresh lance marks, and tender feet---proving they had



121
recently been stolen and driven there (Harris 1849; Dillon (ed.) 1960; cited by

Hadley and Sheridan 1995).” °

Incidentally, a fire was recorded on the same year by several fire histories in the nearby
Huachuca Mountains. Lieutenant Rucker’s Cavalry Report dated<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>