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FIRE, j
NATIVE PEOPLES, |  “rerrorrrone.

and AN ECOLOGICAL HISTORY OF

THE NATURAL - FIREINTHE UPLAND SOUTHWEST
LAND S CAPE ﬁ Craig D. Allen

Was the pre-European Southwest a region of wild landscapes, shaped
primarily by natural processes like lightning-ignited fire, or did people
substantially mold tiese lands into regional-scale artifacts through their
use of fire and other means? Perspectives on this question have varied
markedly through time and between scholars, as evident from the quotes
interspersed through this chapter (see Box 5.1). As the American fron-
tier closcd around the turn of the nineteenth century, lightning was
rarely considered a primary cause of fire, with most fires in western
forests assumed to be human-ignited. Native Americans were thought to
have been the primary source of burning in the Southwest until Euro-
Americans usurped that role after ca. 1850. Today, lightning-ignited fire
is widely acknowledged to be an ancient and essential ecological process
in the American Southwest (Pyne 1995a:282-283; Swetnam and Baisan
1996a; Bogan et al. 1998), for millennia structuring landscapes from
low-elevation desert grasslands to montane forests. However, because
the Southwest has been home to people for more than 12,000 years,
with large human populations for over 1,000 years (Plog et al. 1988),
some scholars continue to assert the dominance of aboriginal burning in
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’tIl}:. fire rcgimcs of this region (Dobyns 1981; Pyne 1995a, 1996 1997)
1sl ;i)say focusc.s on the roles of lightning versus human igni,tions in.
pre-1900 fire regimes of the upland forests and woodlands of the South-

: » the Southw i i i
ties to assess the relative importance of tf(j:hp:z:;?'zls azrgci?litopllb?rmm-
in the ecological history of fire (Swetnam et al. 1999) e fators
andTIgz “zl\lr\n/;;liizn Sout};v.vcst' as dis‘cu'ss'cd here is centered on Arizona
R €0, extending into adjoining portions of Mexico, the Col-

ateau in Utah and Colorado, and western Texas. The emphasis

;i,grl:l)]n, rar;ging from isolated mountain “sky islands” in the deserts of
€rn Sonora to the extensive subalpine fe
Rocky Mounmui b e ext! alp orests of the southern
exico. The forests and woodl d
the Southwestern uplands i e o Soak
. provide the most extensive and detai
- : tail
regional sca.lc network of fire history data available in the world (S\:':S
zzr: tarlthalsan 1996a; Sv\‘fetnam etal. 1999). I will give particular atten-
h.olt e Jemez MounFalns area in northern New Mexico (Figure 5.1)
;sr Cth.lst agdsscapchcxemphﬁcs one of the most humanized portions of ‘the?
1Stonc Southwest, with abundant fire histor ‘ inf
' ‘ . S and land u -
tion aval‘lablc.' It is also the landscape I know anzli love best e informa
| (Ii\/lultlpl.c lmfts of evidence contribute to the southwestern fire and
and use- histories used here (Allen et al. 1998; Swetnam et al. 1999):

Figure 5.1. Location of the
Jemez Mountains in New
Mexico. The box outlines the
area displayed in Figures 5.2,
5.4, and 5.5.
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dendrochronological reconstructions of fire history, forest age struc-
tures, and climate; charcoal from bogs and other sedimentary records;
repeat photography; modern observations of lightning and fire activity;
documentary archives; and a variety of data from archeological surveys
and excavations. This review begins with a consideration of the natural
history of fire in the Southwest, then addresses the role of humans in
modifying the fire regimes of this region’s landscapes. I assert that fre-
quent fire is an intrinsic, natural feature of the uplands of the Southwest,
primarily driven by nonhuman factors such as climate, availability of sur-

. face fuels, and lightning ignitions. Modern claims of extensive aboriginal

burning of southwestern landscapes are shown to be based upon broad
overgeneralizations and uncritical extrapolations from a few historical
reports of localized fire use. Yet within the overall regional context of
generally natural fire regimes, people have significantly modified patterns
of fire during particular times and in particular places. Since the ecolog-
ical history of southwestern fire involves interactions among both natu-
ral and cultural histories, generalizations about “pristine” versus
“humanized” landscape conditions need to consider the particulars of
variation in the relative effects of people through time and space.

The Natural History of Fire in the Southwest

Fire belongs in the mountain Southwest, and unless the
peaks flatten, the monsoon evaporates, the seasons homog-
enize, or the biota vanishes, those fires will continue. (Pyne
1995a:295)

The paleoecology of the southwestern United States, including records
of fire occurrence, is documented as well as for any region on Earth
(Betancourt et al. 1990; Swetnam et al. 1999). Packrat middens (Van
Devender and Spaulding 1979; Betancourt et al. 1990) and pollen
deposits (R. S. Anderson 1993; Weng and Jackson 1999) show that
modern climate /vegetation patterns basically developed in the South-
west during the early Holocene, ca. 11,000 to 8,000 years ago. Sub-
stantial fire activity apparently emerged in the Southwest during that
time, as evidenced by the contemporaneous and rapid spread of fire-
adapted ponderosa pine forests across the region (Anderson 1989) and
by the abundant charcoal deposits found in lake and bog scdiments
(Petersen 1988; Brunner-Jass 1999; Weng and Jackson 1999). For
example, Weng and Jackson (1999) link increases in fire activity to the
establishment of ponderosa pine forests on the Kaibab Plateau between
about 10,000 and 11,000 years ago, while charcoal sediments from
Alamo Bog in the Jemez Mountains indicate essentially continuous fire
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activity extending back to at least 8,000 years ago (Brunner-Jass 1999).
Other evidence includes a regional network of dendrochronologically
dated fire-scar chronologies that documents the patterns of frequent and
extensive fire which have characterized most southwestern forests over at
least the past 300 to 500 years (Swetnam and Baisan 1996a; Swetnam et
al. 1999), while the fire suppression records of land management agen-
cies provide a direct record of abundant fire activity during the twenti-
eth century (Barrows 1978; Snyderman and Allen 1997; Rollins et al.
1999). It is apparent that the uplands of the Southwest have experienced
widespread- and recurrent fires for thousands of years. Although fire-
using people were present in the Southwest throughout this time period,
the dominant view among fire ecologists is that most of the regional pat-
terns of fire occurrence across the prehistoric and historic Southwest are
adequately explained by natural factors (Swetnam and Baisan 1996a),
including an abundance of lightning ignitions (Barrows 1978) and
receptive climate/fuel conditions (Swetnam and Betancourt 1998).

A key feature of the southwestern environment that naturally fosters
the occurrence of fire is a plentiful source of fire ignitions through high
levels of lightning activity (Barrows 1978; Orville and Silver 1997).
Convectional thunderstorms that generate lightning occur frequently in
the Southwest, particularly during the summer monsoon season when
warm temperatures and influxes of moist maritime air trigger near-daily
cloud buildups over mountain areas. For example, 62 thunderstorm-
days per year are observed in the Jemez Mountains at Los Alamos (U.S.
DOE 1979), generating large numbers of lightning strikes. An auto-
mated lightning detection system (Krider et al.-1980) recorded 165,117
cloud-to-ground lightning strikes over a 775,554 ha area centered on
the Jemez Mountains during the period 1985-1994. The annual num-
ber of recorded lightning strikes varied between 9,410 and 23,317 (see
Figure 5.2). Although lightning activity clearly peaks during the summer
monsoon (Figure 5.3), strikes were recorded in every month. Particu-
larly important for fire ignitions is the substantial lightning activity dur-
ing the warm, dry, foresummer months of April through June (Figure
5.3), when many lightning strikes occur from sporadic storms or clouds
generating only virga (rain that evaporates while falling and thus fails to
reach the Earth’s surface). These strikes are the most significant sources
of fire ignition because lightning is much more likely to start a spread-
ing fire if it strikes dry fuels. Because lightning ignitions are so frequent
and ubiquitous in the Southwest (Barrows 1978), climate and fuel con-
ditions are the main drivers of fire regime dynamics in this region (Swet-
nam and Betancourt 1990, 1998; Swetnam and Baisan 1996a).

Patterns of precipitation variability in the Southwest favor frequent
and extensive fire activity. The generally dry climate of this interior conti-
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nental region permits fuels to burn readily much of the year, especially
during the warmer months of April through October (Barrows 1978).
Dry seasons typically occur in the spring and fall between the winter
period of cyclonic storms and the summer monsoon, with most precipi-
tation received during the monsoon (Figure 5.3). The spring dry season
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and extended opportunities for the ignition and spread of fires. To the
north, into southern Colorado and Utah, the distinctive climate of the
Southwest grades into a colder and more continental pattern dominated
by fall-to-spring moisture from cyclonic storms embedded in the polar
front jet stream, without pronounced spring drought and with less light-
ning activity (as a result, fire occurrence begins to shift from spring to
midsummer, and natural fire frequencies decrease [Brown et al. 1999]).
To the south, down the continental spine of the Sierra Madre Occidental
into Durango (Mexico), key fire-enhancing features of the southwestern
climate remain evident, including the pattern of warm, dry spring condi-
tions broken by the influx of lightning-yielding summer moisture from
the tropics (Fulé and Covington 1999).

Fuel conditions in the Southwest also promote fire activity. The

" buildup of herbaceous and woody plant materials through plant growth

and slow decay processes provides sufficient fuel periodically to support
spreading fires in most Southwestern ecosystems. However, fuel types
(e.g., grass versus logs), quantities (tons/ha), flammabilities, and rates ot
buildup depend upon patterns of vegetation structure, productivity, and
species composition—these vary considerably across the major topo-
graphic, elevational, and ecological gradients that characterize south-
western landscapes (cf. Bogan et al. 1998). General zonational patterns
can be discerned (Merriam 1890; Brown 1982): low-elevation grass-
lands grade upslope into woodlands of pinyon ( Pinus edulis) and juniper
(Juniperus) species, then into open ponderosa pine (Pinus ponderosa)
forests, then becomg denser forests of mixed-conifer species (including
Psendotsuga menziessi and Abies concolor), ending with the high, cold,
wet forests of spruce (Picea engelmanni) and corkbarkfir (Abies lasio-
carpa var. arizonica), which in turn grade into subalpine and alpine veg-*
ctation on the highest peaks. The high frequency of spreading surface
fires observed in the fire-scar record (Swetnam and Baisan 1996a) indi-
cates that fine fuels (grasses and needle litter) have long been primary
fuels in many southwestern ecosystems. Prior to changes initiated by the
heavy grazing of introduced sheep and cattle (Leopold 1924; Cooper
1960; Baisan and Swetnam 1997; Bogan et al. 1998), herbaceous under-
stories dominated by perennial grasses were present from valley grass-
lands up through ponderosa pine forests and into many highland mixed-
conifer forests. Herbaceous plants create fine-textured surface fuels that
dry out quickly (hours to days), particularly when exposed to sun and
wind in open forest settings; as a result such fuels are often in suitable
condition to burn. Since fire-adapted perennial grasses and herbs regen-
erate rapidly after fire, fuel quantities and continuities can often recover
sufticiently to allow fire to recur in just a few years. Similarly, the needle
litter trom long-needled ponderosa pine trees dries out quickly, contains
highly flammable terpenoid compounds, and rebuilds a surface litter
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cover within 3 to 7 years of removal as senescent needles drop from the
trees—all characteristics that support high-frequency surface fires.

The factors of ignition, climate, and fuels combine to create a
regional pattern where fire frequencies are greatest at the middle eleva-
tions along montane topographic gradients in the upper ponderosa pine
zone (Swetnam and Baisan 1996a). Since high fire frequencies feed back
to maintain relatively open forest structures that favor persistent herba-
ceous ground cover and long-needled ponderosa pines, these conditions
generally co-occurred in the Southwest. At lower elevations (e.g.,
pinyon-juniper woodlands) herbaceous productivity declines due to drier
conditions, thereby reducing fuel continuities and increasing the time
needed for fuels to recover between fires. In contrast, vegetation pro-
ductivity is enhanced at higher elevations, but the cooler, moister climate
is only suitable for burning during shorter time windows, resulting in
less frequent and patchier fires, denser mixed-conifer and spruce-fir
forests, stifled herbaceous understories, and the dominance of slower-
drying woody fuels (including the more compacted and less flammable
litter of these shorter-needled conifers).

Twentieth-century records of fire suppression efforts illustrate the fire-
prone nature of southwestern ecosystems. During the period 1960-1975,
80 percent of the fires on the national forests of Arizona and New Mex-
ico were ignited by lightning, averaging 1,873 lightning fires per year
(ranging from 1,184 to 2,841) for the highest rate of lightning fire igni-
tion in the United States (Barrows 1978); for all protected private, state,
and federal lands the regional average was 2,371 lightning fires per year.
In southwestern national forests between 1940 and 1975, more than
1,000 lightning fires occurred during all but two fire seasons, 1941 and
1955; 187 lightning fires were ignited on the Gila National Forest alone
in a 7-day period in 1974 (Barrows 1978:34). Area burned by lightning-
caused wildfires peaks in June before the onset of the summer rains,
although lightning ignitions are at a maximum in July (Barrows 1978).
Southwestern fire activity is generally enhanced by drought (Barrows
1978; Rollins et al. 1999), with higher levels of regionally synchronized
fire activity occurring in dry La Nifia years (Swetnam and Betancourt
1990, 1998). Fires would have repeatedly burned across widespread por-
tions of the Southwest during the twentieth century if these numerous
lightning-ignited fires had not been vigorously suppressed by fire-fighting
actions. Fuel availability has become less of a limiting factor in recent
decades due to the landscape-wide buildups of woody fuels associated
with a century of fire suppression (Covington et al. 1997; Bogan et al.
1998). As a result the frequency and severity of wildfire activity (includ-
ing lightning-ignited fires) has been escalating despite increasing human
suppression efforts, as the mean number of lightning fires per year in the
Southwest grew by more than 50 percent from 1940 to 1975 (Barrows
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across a 380,691 ha area in the Jemez Mountains, compiled from an array
of administrative records (Snyderman and Allen 1997), suggest a high fre-
quency of lightning fires in the most flammable vegetation types. Light-
ning caused 68 percent of the fires, with human ignitions clustered about
roadways, campgrounds, habitations, and other human use areas. Area
burned is greatest in June, while July records the most lightning-fire igni-
tions, consistent with local lightning occurrence and precipitation data
(Figure 5.3). In contrast, area burned by management-ignited “pre-
scribed” fires is greatest in the fall after the end of the summer monsoon,
when conditions are often dry enough to sustain fire but controllability is
greater than in the spring. Note that this record of modern fire occurrence
in the Jemez Mountains is certainly conservative and substantially under-
estimates the actual occurrence of fire during this time period, as many
small fires were likely never reported (especially prior to ca. 1945) and the
database is riddled with multiple large gaps where data are obviously
incomplete or missing (Snyderman and Allen 1997). For example, it is
visually apparent that the greatest concentration of lightning fires is
recorded in the southeastern flank of the Jemez Mountains at Bandelier
National Monument (Figure 5.4), where a more complete administrative
record of fires since 1934 has survived (yet even the Bandelier record lacks
any data for 9 years since 1941). The Bandelier fire record indicates a per
ha rate of lightning fire ignitions five times greater than the Jemez Moun-
tains—wide data, reflecting the incompleteness of the overall Jemez record.
Still, consistent patterns ¢merge from the large total number of fires in
these records. From 1934 to 1997, lightning caused 341 fires at Bandelier
(86 percent of all wildfires), with ignitions peaking in July and higher lev-
els of fire activity occurring in dry years (Foxx and Potter 1978). Light-
ning ignited at least one fire per 2,134 ha per year during this period at
Bandelier, with the greatest frequency of fires occurring in ponderosa pine
forests at mid-elevations. Many of these fires would have spread widely in
the absence of suppression efforts. The data from Bandelier, moreover, are
not unique: despite a variety of problems with the completeness of fire sup-
pression records, high levels of lightning-ignited fire are clearly observed
in the modern landscapes of the Southwest (Barroys 1978; Snyderman
and Allen 1997).

The extensive regional network of fire-scar chronologies (Fulé and
Covington 1996; Swetnam and Baisan 1996a, 1996b; Touchan et al.
1996; Abolt 1997; Baisan and Swetnam 1997; Fulé et al. 1997; Allen et
al. 1998; Kaib 1998; Kaufmann et al. 1998; Morino et al. 1998; Wolf
and Mast 1998; Fulé et al. 2000; Swetnam et al. 2001) provides a pre-
cisely dated, multicentury perspective on fire regimes in the Southwest
that is strikingly consistent with modern observations of lightning-
caused wildfire activity. While substantial variability existed in pre-1900
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fire regimes (Swetnam and Baisan 1996a), high‘. frequency, low-i.ntcnsmy
surface fires were common in the Southwest, with the shortest mtcrv'aIS
between fires found in mid-elevation ponderosa pine forests. Extensive
fire activity was often recorded in the same year across landscape a.nd
regional scales, indicating that fires spread w1<.icly in the abscx?cc of active
human suppression and artificial fuelbreaks like hv;stock trails and road
networks (Allen et al. 1998; see also httg://bzolagy.u.:gs.‘gov/luhna/
chap9.html). The absence of spreading fires in consecutive years from
stand-scale fire histories in the Southwest indicates that' rates of fuel
recovery were one constraint on maximum ﬁr.c.frcqucnacs. The land-
scape context of topographic and fuel conditions could cnhancg or
inhibit the spread of fire into particular stands (Swetnam and Baisan
1996b). _ . .

Climate variability acted to synchronize regional ﬁrc‘ activity, as major
fire years were clearly associated with drought conditions, while wet
periods recorded little fire activity (Swetnam and Bctancourt 1990'). The

xtensive fire activity in ponderosa pine forests occurred in dry

n 1 to 3 years of wet conditions; this pattern of
major fire years suggests the importance of both fuel prod.u.ction apd fuel

moisture in these fire regimes, with antecedent wet conditions stm.ulllat-

ing the buildup of continuous fuels and subsequent drought condl.nons

enabling the fuels to burn widely. The common occurrence of persistent
drought conditions in the Southwest likely fallqkacd some fires to bu.rn
for months, potentially allowing even a few ignitions to cause extensive
fire activity. The importance of climate in determining southwcstcrn fire
regimes is highfighted by evidence from fire-scar chronolo‘gxcs' of
responses to climate variations at annual, decadal, and centennial nmc.
scales (Swetnam and Baisan 1996a; Swetnam and Betancourt 1998;
Grissino-Mayer and Swetnam 2000). .

In most cases the seasonality of fire occurrence can be mfcrrCfi by the
relative position of a fire scar within the annual growtl? rings (Baisan and
Swetnam 1990). The regional patterns of fire seasonality dc.vclf)p'cd frpm
prehistoric fire scars and modern fire records are gc.ncra.lly indistinguish-
able (Swetnam et al. 2001), indicating thaF pr'Chl‘StOl'lC fires occurrc:fi
during the same seasons as modern lightning-ignited fires—predomi-
nantly in the spring and summer (Grissino-Mayer and chtnam 2090).
Unusual patterns of “excess” fall fires have bccg found in ﬁrc-scar'hlsto—
ries only for brief time periods at a few localities (e.g., Secklecki et al.
1996).

O\)/crall, regional fire-scar chronologi‘cs show that prc-l'900 fire
regimes in upland forests were characterized by frequent, widespread
fires that favored the open forest stand structures and abundant herba-
ceous vegetation that have been well documented across the Southwest

most €
years that followed withi
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by early photographs, historical writings, early land surveys, and den-
drochronological reconstructions of stand conditions (Weaver 1951;
Cooper 1960; Bahre 1991; Covington and Moore 1994; Fulé et al.
1997; Allen et al. 1998; Kaufmann et al. 1998; Swetnam et al. 1999). At
higher elevations and in more mesic forests, surface fire regimes became
patchier and increasingly mixed with more intense fires occurring at
longer return intervals (Grissino-Mayer et al. 1995; Touchan et al. 1996;
Romme et al. 1999b), eventually grading into the (little-studied) stand-
replacing fire regimes that apparently characterized subalpine spruce-fir
forests in the absence of spreading surface fires. Historic records, syn-
chronous fire-scar dates from canyon forest stringers linked by semi-
desert grasslands, and ecological inferences suggest a substantial role for
fire prior to the late 1800s in some lowland ecosystems in the Southwest
(e.g., Humphrey 1974; Bahre 1991; Archer 1994; Swetnam et al.
2001). In contrast, ecosystems where fires were apparently scarce include
deserts and some subalpine and alpine communities.

The fire-scar record from the Jemez Mountains (Allen 1989; Allen et
al. 1996; Touchan et al. 1996; Morino et al. 1998) is consistent with
regional patterns. Dendrochronologically dated fire-scar collections have
been made from forty-two localities in and adjoining the Jemez Moun-
tains (Figure 5.5), with more than 4,000 pre-1900 fire-scar dates deter-
mined from more than 600 sampled trees, snags, logs, and stumps. Fire
dates extend back to A.D. 1422. Sampled forest types and landscape set-
tings range from low-elevation stands of ponderosa pine intermixed with
semiarid pinyon and juniper woodlands up to high-elevation montane
forests dominated by Engelmann spruce. The Jemez Mountains fire-scar
chronologies show that high-frequency fire (with mean return intervals
of 6 to 15 years) characterized the pre-1900 fire regimes at most sites
(Touchan et al. 1996), with maximum frequencies found in upper-ele-
vation ponderosa pine stands (e.g., Figure 5.6). Fire activity commonly
occurred over extensive areas (Figure 5.5; Allen et al. 1998); for exam-
ple, watershed-wide fires occurred approximately every 16 years across
the 15-km-long Frijoles watershed in Bandelier (Allen 1989). Stand-
level fire frequencies were affected by topographic features that would
inhibit or enhance the spread of fires into the site from the larger sur-
rounding landscape (e.g., reduced frequencies where rocky cliffs act as
isolating barriers, versus greater frequencies on the upper portions of a
large smooth plateau slope), indicative of natural controls on fire regimes
(Allen and Snyderman 1997). Years with extensive fire activity were tied
to dry conditions in all forest types, with lagged relationships to wet
years in ponderosa pine forests (Touchan et al. 1996). The fire-scar sea-
sonality data show that most prehistoric fire scars in the Jemez Moun-
tains formed during the dry spring and early summer months (about 94
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Opverall, the patterns of lightning-ignited fire observed in the modern
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landscapes of the Southwest are strikingly consistent with, and generally
sufficient to explain, the prehistoric and historic fire regimes indicated by
the fire-scar record. This natural history of frequent lightning-ignited
fires in most upland ecosystems, modulated by climate and fuel condi-
tions, provides the context against which potential human alteration of
southwestern fire regimes though time and space must be assessed.

The Cultural History of Fire in the Southwest

The natural history of southwestern fires overlaps with a history of

human occupancy. The two worlds of nature and people interact to give

a history of southwestern landscapes.

Prebistoric Human Effects on Southwestern Fire Regimes
(11,000 B.Cc.—A.D. 1600)

That extraordinary fire load is not simply a product of nat-
ural processes. For millennia humans have busily restruc-
tured the geography and seasonality of Southwestern fire—
sometimes complementing and sometimes countering the
natural order. Lightning had to compete not only with rain
but with aboriginal firesticks. Human inhabitants added
other sources of ignition in the service of hunting, raiding,
foraging, and horticulture, and as an inadvertent by-prod-
uct of a seasonal nomadism whose routes became trails of
smoke from camp fires, signal fires, and escaped fires of
diverse origins. (Pyne 1995a:284)

The American Southwest has a long record of occupation by humans
(Cordell 1997), the fire-using species (Pyne 1995a), extending back to
the Clovis Paleoindian sites that document Native American presence
here for more than 11,000 years. These tirst known people ot the South-
west were apparently big-game hunters who likely moved frequently as
they pursued their primary food resources. Their small populations and
mobile way of life likely caused few lasting changes to regional ecosys-
tems, although it is possible that these early hunters contributed to the
extinction of the “Pleistocene megafauna” through overhunting (Martin
and Klein 1984), which indirectly had substantial ecological effects.
Paleoindian use of tire to manipulate southwestern landscapes is possible
(e.g., as a hunting method), but entirely speculative at this point. “It is
ditficult to reconstruct the impact of early humans, whose firesticks coin-
cided with the colossal climatic fluctuations that ended the last ice age”
(Pyne 1995a:294).
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With the development of foraging lifeways during the Archaic period
(ca. 5500 to 500 B.C.), hunting and gathering by small, mobile groups
of people became the norm. The primary ecological effects of these peo-

-ple were likely localized, with frequent movements allowing any over-
harvested resources to recover. Based upon cross-cultural surveys of fire
use by hunting and gathering societies in the western United States and
the rest of the world, Fish (1996) has suggested that Archaic peoples of
the Southwest may have made substantial use of fire to modify vegeta-
tion, although direct supporting evidence is absent.

By ca. 2000 B.C., cultigens from Mexico (e.g., maize) initially appear
in the Southwest, beginning the slow transition toward sedentary agri-
cultural societies with higher populations. With increasing reliance on
agriculture, human populations and societal complexity increased, as did
their ability to modify landscapes to support their growing resource
demands. By ca. A.D. 800, substantial human populations had developed
across much of the Southwest; population growth in the Colorado
Plateau area accelerated (Euler 1988); and evidence of human effects on
at least local environments can be discerned in various paleorecords
(Plog et al. 1988), such as in the Dolores River Valley of southwestern
Colorado (Kohler and Mathews 1988). By ca. A.D. 1100, large popula-
tions of sedentary agriculturalists were found across the Southwest,
including the Hohokam irrigators of the Arizona desert river valleys, the
Mogollon of the Mogollon Rim uplands (e.g., Mimbres), and the

Anasazi of the Colorado Plateau (e.g., the Chaco region and Mesa
Verde). Anasazi (ancestral Puebloan) occupations were focussed on
pinyon-juniper ecosystems, which occur widely across the upland mesas,
plateaus, and mountain footslopes of the Four Corners region. With the
decline of the Chacoan system in the 1100s and the general abandon-
ment of the Colorado Plateau by the late 1200s, these ancestral
Puebloan populations largely shifted toward the northern Rio Grande
valley, including the Jemez Mountains. Throughout the late prehistoric
period (A.D. 1200-1600) the northern Rio Grande region was the cen-
ter of large Puebloan populations; at the time of European settlement in
A.D. 1598, the Pueblo world consisted of about 100,000 people associ-
ated with about 100 communities (Schroeder 1992). While greatly
reduced over the next several centuries by diseases and other impacts of
the Spanish Entrada, their descendants are the modern Puebloan peoples
who continue to live in this region (Hopi, Zuni, and the numerous
pueblos of the northern Rio Grande watershed). Most of these contem-
porary communities have been occupied since before European contact.
In addition, unknown numbers of more nomadic peoples were. present
in the Southwest by the 1400s, including the ancestors of the modern
Utes, Paiutes, Navajos, and Apaches (Towner 1997).
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from permanent habitations. We know that aboriginal southwesterners
certainly were capable of utilizing remote resources, such as transporting
thousands of logs more than 75 km trom mountain source areas to

“great houses” in Chaco Canyon (Betancourt et al. 1986). Another

indication of extensive human influence is the evidence that populations

of large mammals, particularly elk, may have been depleted over broad

areas by prehistoric southwestern hunters (Lang and Harris 1984;

Osborn 1993; Allen 1996b; cf. Kay 1994; Martin and Szuter 1999).

How might the various aboriginal peoples of the Southwest have

modified fire regimes in the late prehistoric period (ca. A.D.

1200-1600)? Since prehistoric documentation of specitic burning prac-

tices does not exist, most of our perspectives about the effects of carly

Indian burning in the Southwest must be inferred from indirect lines of

evidence ranging from archeological and paleoecological information to

historic accounts of aboriginal fire use (cf. Fish 1996; Kaib 1998).
Although an extensive ethnographic literature describes cultural uses of
fire by Native Americans from many regions of North America (Hough
1926; Stewart 1951, 1955, 1956, 1963; Day 1953; Lewis 1973, 1985;
Sauer 1975; Barrett and Arno 1982; Boyd 1986; M. K. Anderson 1993,
1996; Gottesfeld 1994; Clark and Royall 1995; Pyne 1997; Williams
1997, 2000; Delcourt and Delcourt 1998; Bonnicksen 2000), relatively
little information exists for the Southwest (but see the thorough review
of fire use.in Apacheria by Kaib [1998]). General reasons given for
Indian burning in North America (Pyne 1997; Kaib 1998; Williams
2000) include hunting, crop management, improvement of plant
growth and yield, insect collection, pest management, fireproofing areas,
warfare and signaling, clearing areas for travel, and felling trees. The sub-
stantial Native American populations of the prehistoric Southwest may
have used fire for all these purposes, (Dobyns 1981; Bahre 1991; Pyne
1997), but a paucity of region-specific data renders speculative most of
our conclusions about the effects of aboriginal burning at landscape
scales (areas at least several kilometers in extent).

Yet some scholars have painted a region-wide picture of substantial
aboriginal burning effects by extrapolating broadly froém a few historical
anecdotes and statements of questionable authority or accuracy (cf. For-
man and Russell 1983). For example, influential overviews by Cooper
(1960:138) and Pyne (1995a:284-285, 1987:519) extensively quote
Holsinger (1902) (see Box 5.1) as important evidence for widespread
Indian burning in the Southwest, even though the Holsinger article (1)
cites no evidence for its assertions of Native Americans as primary
sources of fire ignition; (2) clearly views fire as a negative influence that
degraded forest cover and thereby worked against a utilitarian vision of

preserving desired watershed conditions; (3) emphasized fire as unnatu-

\ ' PE ;161
LOTS OF LIGHTNING AND PLENTY OF PEOPLE

in the
BOX 5.1. Varied perspectives on the cause of early fires in
Southwest. arked influ-
. : i have exerted am )
« istoric aborignes [SIC] must e e of the
T:cC ffpg:?:c (chctation of the countr);. Th];nr :;z;, zcr)lsdtil:i(:)sn O e
en ¢ the
; ly account for en €€
. racc;, g;ql?sgcl?gzzzd to the Gulf of Califorma thctshccslsgll?t%f
forests. . . . ET : . biding place was - - - in
d at will, but their abl g : ] fringe, SO
Pt:opl(zrrli?1 g:fcnsivc ruins indicate that they mhabntc(c)ir;?:g t;1 cigr vy
o .ak_of the forests which, like vanguarclis, W;‘: wmost potent and
td0 P frz)m the mountain tops tO the plamg_ cwas o P rebrand.
o verk 1 weapon in the hands of these aborigines o antelope, and
Powcrml':zcugcd to capture the deer, the elk, and t ocu::ain tl:ai’l and
T t or vanquish the enemy. It cleared their rt“u How far
‘:il:(:t: Zylglthc cover in which t!]dr ?iu}:rr[);):zo :(ri[)is ﬁzs ‘rét.ardcd the
of the prchistonc and his . " been no
o Occueffngrcsting it is impossible to say, but it m‘zsl: t::)vcy “nd the
e Were it not for the long Indian occup now barren
small fact;):‘. . ‘i;jcident to their habitancy, vast territories O toleinger
:;vagcs Oastlcr: might be covered with a forest growth.
esert w
1902:23, 24) ohmi _caused fires, reliably dOCL!-
“Gj :+h incidence of lightmning o Indi-
G“:rl‘w;hni(:%rnl data, the relative importance of fires set by
mente o .
an: is probably moot.” (lBal;rc lziiélégzsomcd \nd the Southwest
« ieinal rule, tine " ‘ 1o see
b %:)O“:E; often. Lightning and firestick compzm,{ (Pyne
bl;xl;n;d vsgs:lyi burn a particular site or in what season.
whid

1995a:285)

i i obvious bias toward blan.ung .all
e PrCVCntatbl;;]?)‘:El:l)’cl:] ga;rl:icularly Indians; an'd (4) pn;réz:)l())'}
e - Prf' scns::s on undocumented ancient burnll?g pract1 e O
thoug’ loosely ive Americans who left obvious archntccrumh‘Stor.lc
southwesternl Na.nvc ther than Apaches or other cgntcmporary b 'lancc
(C.-g-, e Amsaz?éé%-l%) indicates that “There 18 abundant Ctlh fen®e
tribes. CPOPcr (rC rcs' onsible for many fires,” bu.t thf: s(;lurcsc;uthwcst.
that Lo o )\ hgarsa claims of Indian bgrm'ng in the o
cites convey large Y99;a.g);.9_360, 1997:615) indicate (')nly a few cher
b e (t‘hat ‘ha.;-ély providc solid support for'hns asscsrsl?:;‘:/ har
anccc.iOtal. SONuri-CS American burning was important In t'hc uhwes
F';‘rlfhl;tcc;rilsf thaar ;l‘:'ihacological, anthropological, and historic sou
e fa



162 Craig D. Allen

ﬁrcFrcgimcs in the Southwest.
Or example, consider the uge of fire for i

prO ecCt rCS.dCDCCS Cro; pl)
¢ 1 Y PS, and fuCl Sy lie I ])CSC lati()l |alCS t
) S. O constr aimn
thc appllCathﬂ Ol ﬁI'C are Cqua"y V. lld N« €re 1n € uthw |
a Cl Wh T i th SO h est.

Localized burp;
urning by agricultuali
« . ralists may have i i
natu.ral. fire regimes of extensive upland )a,\reas caused lee ehange i the
Slmxlarl_y, the use of fire as 3 huntin -

broad areas by aborig;
ginal peoples (Stewart 1956), i
southwesterners (Holsinger 1902; Cooper lg;élgfllgobyn 1981
; 5 s )

LOTS OF LIGHTNING AND PLENTY OF PEOPLE 163

ancient: fire for hunting”). However, in the Southwest the idea of land-
scape-scale hunting fires is based upon an insubstantial foundation of
minimal documentation. For example, - although Pyne (1987:519)
specifically propagates the view of extensive Apache fire use in the South-
west for purposes that included hunting, an extremely thorough review
of Apache fire use in the U.S./Mexico-borderlands portion of the
Southwest finds only evidence for localized fire use for small game
drives, not widespread fire-drive hunting (Kaib 1998:140). While Kaib’s
review documents that historic-era Apaches certainly used fire for a vari-
ety of other purposes (most significantly wartare), he emphasizes that
they had good reasons and sufficient skills to control the spread of most
fires. Fish (1996) also downplays the idea of extensive burning by pre-
historic southwestern hunters, as it would work against “attracting and"
concentrating game in a precise, predictable location for hunters,”
defeating the supposed aboriginal purpose. Primary evidence for land-
scape-scale burning for hunting purposes is nearly nonexistent in the
Southwest, and supporting rationales are weak.

A lack of archeological or ethnographic evidence on aboriginal use of
fire is similarly apparent in the Jemez Mountains area, despite an overall
wealth of archaeological information (e.g., Powers and Orcutt 1999)
and the continuity of relatively intact native Puebloan cultural traditions
since prehistoric times (Henderson and Harrington 1914; Harrington
1916; Robbins et al. 1916). For example, a detailed “Ethnographic Lit-
erature Search and Consultation” to document traditional Indian uses of
the cultural and natural resources of Bandelier National Monument
uncovered no irfformation on fire use (Levine and Merlan 1997). Sur-
prisingly little information is available on cultural uses of fire by ancestral
Puebloan peoples (cf. Hough 1926). '

Overall, the archeological and ethnographic evidence in the South-
west supports the notion that human-set fires likely enhanced prehistoric
fire frequencies in localized areas, as fire-using people were present
throughout the region. However, there is little evidence of landscape-
scale burning practices in the Southwest, as aboriginal peoples likely
emphasized “controlled rather than comprehensive [i.e., broadcast] uses
of fire” (Fish 1996). There are severe limitations on our ability to reli-
ably infer the prehistoric ecological effects of cultural fire use from
anthropological information sources alone in a region where the rate of
natural fire occurrence is so high. Assertions that emphasize aboriginal
burning as a major ecological process in the Southwest are largely based
upon overgeneralized amplifications of anecdotal information or biased
and unsubstantiated statements in historical writings.

However, another emerging source of evidence exists—the detailed
temporal and spatial records of past fire activity contained in den-
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continued occupation of Jemez Puebloan peoples near this forested
highland site until as late as ca. 1620, when the Spanish forcibly reset-
tled them in the adjoining Jemez Valley (Elliott 1993). Similarly, early
fire-scar chronologies from other areas near prehistoric or historic
Puebloan communities (e.g., the Frijoles watershed in Bandelier, near
Cochiti and San Ildefonso Pueblos, and Gallina Mesa near Santa Clara
and San Juan Pueblos) also do not show higher fire frequencies in the
late prehistoric or early historic eras (Touchan et al. 1996; Allen et al.,
unpublished data). Although fire-scar sample sizes are generally small for
prehistoric time periods, in the Jemez Mountains alone there are cur-
rently six fire-scar chronologies with earliest fire dates in the 1400s and
six more with initial dates between A.D. 1503 and 1601. If human burn-
ing was an important ignition source, one would expect to see declines
in fire frequencies in the early historic period with decreased Puebloan
use of the mountains, but most fire chronologies in the Jemez Moun-
tains show no sustained decline in fire frequencies from ca. 1600 to 1850
(although perhaps increased use of the mountains by Navajo and
Apaches added a compensatory set of new aboriginal ignition sources).
The fire-scar record can be used to directly test some claims about
Indian burning practices. For example, Lewis (1985:76) expansively
asserts that “there are four general considerations used by hunter-gath-
erers that distinguish their fire regimes from natural ones: the seasonal-
ity of burning, the frequency with which fires are set, the intensity of
fires, and the selection of preferred sites. These . . . considerations are
shown from North American Indians across a broad range of habitats
...” (sec also Borfiicksen et al. 1999:444). Overall, the extensive fire-
scar record in the Southwest is strikingly consistent with modern pat-
terns of lightning fire ignition, revealing few indications of early human
modification to natural fire-regime patterns of seasonality, frequency,
intensity, or locality. For example, Stevenson (1881) “stated that Indians
set fire to the timber on the mountain ranges of New Mexico each fall in
order to drive deer down into the canyons” (in Cooper 1960:138).
However, this claim is not supported by the abundant fire-scar seasonal-
ity data from New Mexico’s mountains, as fall fire scars were rarely
recorded in the pre-1900 period, and the proportion of late-season fire
scars actually declines in the 1800s relative to preceding centuries (Allen
1989:91-94; Grissino-Mayer 1995:199-201), likely due to a shift in
regional climate (Grissino-Mayer and Swetnam 2000). Indeed, the fire-
scar record across the Southwest shows that prehistoric fires generally
occurred in the same April to July window as modern fires (Baisan and
Swetnam 1990; Touchan and Swetnam 1995; Swetnam and Baisan
1996a; Grissino-Mayer and Swetnam 2000; Swetnam et al. 2001).
Given the suitability of fall conditions for human-ignited burning, the
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radic Spanish exploration from the 1530s onward (e.g., Cabeza de Vaca,
Coronado, Espejo), culminating in Onate’s colonizing settlement at the
foot of the Jemez Mountains in 1598 and the establishment of Santa Fe
in 1610. For the purposes of this overview, A.D. 1600 will be used to
mark the approximate divide between the prehistoric and historic eras
when Euro-Americans began markedly reshaping the Southwest, even
though their Old World diseases, livestock, and cultures likely started to
affect the region during the 1500s. Still, large portions of this region
remained outside Euro-American control (and written documentation)
until the last half of the nineteenth century, and some prehistoric land
use patterns persisted among the diverse Indian lifeways of the historic
Southwest. For example, although the subjugated Puebloan farmers
were greatly reduced in numbers, concentrated in river valleys, and
incorporated into the colonial Spanish economy of farming and livestock
husbandry, they also maintained much of their indigenous culture and
undoubtedly continued to utilize adjoining upland areas for resource
procurement (medicinal plants, game) and other traditional uses (Hen-
derson and Harrington 1914; Harrington 1916; Robbins et al. 1916;
Levine and Merlan 1997). At the other extreme, some nomadic peoples
(e.g., Apaches and Utes) held onto their independence and many aspects
of their prehistoric hunter-gatherer-raider lifeways through the middle to
late 1800s, while enhancing their mobility with horses. Navajo hunters
and farmers developed along a somewhat intermediate path, also main-
taining their freedom through mobility and warfare, while adding sheep
husbandry ang raiding to their economies. There was also a blending of
land use practices here at the frontier of the Spanish Empire—by trade
and warfare among these groups, including commerce in captive slaves;
by Spanish settlement of Europeanized Indians in peripheral genizaro
communities as buffers against warring tribes; and by intermarriage
between Euro-Americans and Native Americans (Meinig 1971; deBuys
1985; Scurlock 1998). The presence of such diverse cultures suggests
that fire use likely varied markedly through time and space across the his-
toric Southwest.

Given the 400-year duration of the historic period here, it is conceiv-
able that intermingled Native American and Euro-American impacts on
southwestern fire regimes have been going on long enough to appear
natural to many modern observers. However, assertions of landscape-
scale burning by southwestern peoples during the historic era are subject
to the same criticisms as the prehistoric claims reviewed above. Overall
these claims are largely speculative due to the paucity of firm informa-
tion on this topic found in archaeological, anthropological, and historic
sources (with some exceptions reviewed here). Eyewitness accounts of
broadcast burning by Indians are quite rare in the Southwest (Kaib
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1998). In addition, the regional network of fire-scar chronologies shows
relatively consistent patterns of pre-1900 fire occurrence through time
and space, indicating that the fire regimes at most sampled sites were pri-
marily driven by natural and synoptic climatic factors rather than by local
and ephemeral cultural burning practices. However, unique local fire his-
tories that differ markedly from regional patterns provide some indica-
tions of probable human interactions with southwestern surface fire
regimes during the historic period.

As noted above, some southwestern fire-scar chronologies (e.g., Fig-

ure 5.7) hint that human ignitions were raising fire frequencies above
natural levels during the transition between late prehistoric times and the
early historic era (Baisan and Swetnam 1997). Interestingly, the abrupt
end of the higher fire-frequency period at several sites in New Mexico is
roughly coincident with the Pueblo Revolt of 1680 (Baisan and Swet-
nam 1997; Figure 5.7). The 1600s were a tumultuous time in New
Mexico, likely with lots of undocumented Indian use of upland areas
around the Spanish-dominated valley settlements, perhaps including use
of fire. On the other hand, the 1600s and 1700s were generally a time
of relatively high frequency and less well synchronized fires across the
Southwest, and after ca. 1800 increased synchronization and lower fre-
quencies are regionally evident, regardless of local Indian site histories
(Grissino-Mayer and Swetnam 2000).

One of the strongest cases for extensive aboriginal burning in the
Southwest is associated with the use of fire during historic warfare peri-
ods by Apachean peoples, or their enemies, in the U.S./Mexico border-
lands region. Several recent fire-scar studies document enhanced fire fre-
quencies or partially altered fire seasonalities, in concert with weaker
fire /climate relationships, suggesting anthropogenic ignitions in partic-
ular localities frequented by Apaches during documented times of raid-
ing and warfare. At Fillmore Canyon in the Organ Mountains, Morino
(1996) found high fire frequencies and weak correlations with climate
during the 1700s, a time of known Apache use and warfare in this area.
Kaye and Swetnam (1999) interpret atypical occurrences of late-season
fires, in concert with tree peel scars, as clues of probable Apache war-
related fires near Dog Canyon in the Sacramento Mountains during the
late 1700s, although they note that alternative explanations exist. Seck-
lecki et al. (1996) suggested that an unusually large proportion of late
winter or early spring fires, in concert with a high fire frequency during
the period 1760-1786, may indicate Apache burning in a high-elevation
portion of the Chiricahua Mountains during this brief time of local war-
fare. Kaib (1998) more broadly reviews fire histories tor several moun-
tain ranges in Apacheria along the U.S./Mexico border, finding evi-

dence for warfare-related burning in parts of the Chiricahua Mountains
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Historic Euro-Americans and Fire

How did historic Euro-Americans influence southwestern fire regimes?
The best evidence for ecologically significant enhanced ignition rates
comes from the period of initial Anglo-American rule during the last half
of the 1800s, a time of Euro-American-set conflagrations elsewhere in
the United States (e.g., Veblen and Lorenz 1991:25; Agee 1993; Pyne
1997). Some historical evidence suggests that large even-aged forests of
aspen, mixed conifer, and spruce-fir may have regenerated after crown
fires dating to this period throughout the southern Rocky Mountains
and farther into the Southwest (Personal Communication, W. de Buys).
Anglo settlement and exploitation of the Southwest in the last half of the
1800s likely contributed to higher frequencies of large stand-replacing
fires in high-elevation mixed-conifer and spruce-fir forests, where the
availability of ignitions during brief dry periods may have been a limiting
factor (Box 5.2). However, fire history and age structure studies in aspen
and spruce-fir forests by Romme et al. (1996, 1999a, 1999b) do not
show anomalously high rates of disturbance for this period in the San
Juan Mountains of southwestern Colorado, and Baker (in review) has
found frequent lightning ignitions (but infrequent weather-controlled
fire spread) in Rocky Mountain spruce-fir forests farther north.

In an odd twist, Kay (1997) broadly asserts that western aspen is
“doomed” due to the European suppression of earlier fire regimes that
he attributes to Indians (“The very presence of aspen, for instance, indi-
cates that aboriginal burning was once widespread. . . . Unlike lightning
fires, which tend to be infrequent, high-intensity infernos, native burn-
ing produced a higher frequency of lower-intensity fires.”). However,
Kay’s paradigm is historically and ecologically incorrect in the South-
west, where lightning ignitions are frequent and aspen stands generally

develop by resprouting from clonal rootstocks after high-intensity crown
fires free them from the competition of more shade-tolerant conifers.

The apparent pulse of careless burning by early Euro-Americans in
the late nineteenth and early twentieth centuries notwithstanding, there
appears to have been a substantial bias among Arglo observers at that
time toward a belief in human ignition as the primary cause of fire in the
western United States, including the Southwest (Box 5.3). Fire was gen-
erally considered to be an unnatural agent of destruction that wasted
timber resources, degraded the ability of forests to regenerate and pro-
tect essential watersheds, and threatened the ability of foresters to exert
management control over the newly created forest reserves. Human-

caused fires were considered preventable, and pressure was building to
protect forests from purposeful underburning as well as wildfire confla-
grations. Perhaps the late-1800s prejudice that Indians set many fires
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BOX 5.3. Selected historical references on fire causation in the
western United States (emphasis added to first quote).

1897: “Fires are particularly destructive to the forests of western
North America. . . . Fires in western forests are started by careless or
ignorant hunters and campers, who often leave their camp fires burn-
ing or, in utter wantonness, ignite coniferous trees to enjoy the
excitement of the conflagration. They can be occasionally traced to
the effects of lightning, which locally is held responsible for
many forest fires, although in reality fires set in this way are very
rare, as lightning is usually accompanied or followed by copious
rains, which extinguish them before they can gain headway; and very
rarely they are produced by the rubbing together of adjacent
trees swayed by the wind. The right of way of every railroad cross-
ing the Rocky Mountains and the other interior ranges of the conti-
nent is marked by broad zones of devastation due to fires which have
started from the camps of construction gangs or the sparks of loco-
motives; and thousands of acres of timber are destroyed annually by
the spread of fires lighted by settlers to clear their farms.
“Prospectors in search of valuable minerals frequently set fires in
wooded regions to uncover the rocks and facilitate their operations;
and the shepherds who drive their flocks to pasture during the summer
months in the mountain forests . . . make fires in the autumn to clear
the ground and improve the growth of forage plants the following year.
“. . . Such conflagrations have occurred in the West since it was set-

tled, and they will always menace the prosperity of that part of the
country.” (National Academy of Sciences 1897:44)

1898: “It has often been claimed that many forest fires are due to
lightning. Little credence was at first given to this. . . . It is possible
that lightning fires may be much more frequent in the Cascades than
has been supposed, and the subject is certainly one worthy of further
investigation.” (Coville 1898:32, 33, Cascade Forest Reserve, Ore.)

1900: “The origin of the oldest fires is unknown. They are not even
accredited, as in the White River region, to the Ute Indians. . ..
While the general belief among settlers that most fises are due to care-
less campers is true in the main, there are also other agencies. The
extensive coal mining carried on at various points in and near the
reserve, with the constantly burning ‘slag piles,” can not fail to be a
prolific source of ignition. . . . Sheep men are charged with starting
fires to improve the pasture. Hunters, cattlemen, sheep herders,
sawmill operators, logging crews, ranchmen, settlers, and transient
travelers are the people responsible for fires originating in the reserve.
Doubtless some are blameless, while others are guilty of neglecting
camp fires. . . . Circumstantial evidence, at least, points to these par-
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BOX 5.4. Historic views of fire in the Southwest by the U.S.

Bureau of Biological Survey.

Vernon Bailey of the U.S. Bureau of Biological Survey spent major por-
tions of at least nine field seasons between 1889 and 1908 conducting
biological inventories in the Southwest, including efforts to syntheti-
cally describe these landscapes in the life-zone system developed by C.
H. Merriam (1890). Bailey noticed the obvious signs of past fire occur-
rence in many southwestern landscapes, and he consistently attributed
these to human causes, particularly to efforts to burn off forests to cre-
ate better pastures during this era of peak livestock grazing intensities.
In 1903, Bailey described extensive evidence of fire in the high eleva-
tion forests of today’s Pecos Wilderness in the Sangre de Cristo Moun-
tains, which he linked to the influence of people: “The forest (now
included in the Pecos River Forest Reservation) has been sadly thinned
by burning, tully three fourths of it having been burned over and a
large part of the coniferous forest replaced by poplars [aspen] or kept
open by repeated burning for grazing land” (Bailey 1903).

In 1904 Bailey spent over two weeks reconnoitering the “Gallinas
Mountains” (actually, the northwest portion of the Jemez Mountains,
including the San Pedro Parks plateau), noting: “Canadian Zone cov-
ers the tops and upper slopes of the mountains and is marked by both
dense forests and extensive grassy parks. Its timber ... has been
burned over as far as possible & replaced to a great extent by Populus
tremuloides.” (Bailey 1904a). On this trip Bailey provided a classic
description of widespread fire-structured pondecrosa pine forests:
“Transition Zone is the most extensive in the mountains and includes
the most extensive and perfect yellow pine (Pinus ponderosa) torest
that I have ever seén. It covers the broad basal slopes of the range from

8,000 to 9,700 Teet on S.W. slopes or 7,000 to 9,000 on N.E. slopes
and is generally an open park like forest with well spaced trees and
clean grama turf beneath. The trees are large and symmetrical, ofien 5
feet in diameter and 80 to 100 feet higzh with beautifully smooth
trunks. . . . Fire has left little havoc in this open forest” (Bailey 1904a).
Yet Bailey’s field notes for this same expedition show that he viewed
fire to be a relatively recent anthropogenic intrusion rather than a long-
term natural disturbance process in these mountain forests: “The tim-
ber has been burnt oft as far as possible, but fortunately the yellow
pines stand burning pretty well and have not been injured much while
much of the higher spruce forest will not burn. This leaves much of the
forest in good condition” (Bailey 1904b). In contrast, dendrochrono-
logical fire histories developed in the past decade from this northern
portion of the Jemez Mountains provide evidence of frequent surface
fires extending back into the late 1400s at Mesita del Caoncito Seco,
into the mid-1500s at three other sites, and back to ca. A.n. 1600 at
four additional sites (Touchan et al. 1996). These early fires precede the

Spanish colonization and introduction of livestock into this region, and

thus were not set by people to create grazing lands.
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National Forest (1910-1920) occasionally noted “goatherders” and
“brushburning” as causes of fire, Leandro Salazar told me that shepherds
certainly no longer set fires by 1922, when he began herding sheep in
the Jemez Mountains (Allen 1984:131).

Associated with the late-1800s emphasis on the human role in setting
destructive fires (cf. Agee 1993) was the downplaying of a natural role
for lightning ignitions (Box 5.4). Although many people knew that
lightning started fires, they did not recognize the commonness of light-
ning ignitions. The turn-of-the-twentieth-century references that are
cited today as evidence for the importance of human ignitions in south-
western fire regimes are tainted by the prevailing bias that people started
almost all fires. However, evidence regarding the importance of light-
ning-caused fires was eventually assembled, especially after the establish-
ment of the U.S. Forest Service (in 1905), which quickly developed a
firefighting organization that systematically collected data on fire causes
(Plummer 1912a, 1912b). Improvements in fire-detection methodolo-
gies during the 1930s and 1940s (Swetnam 1990) also increased the
incidence of reported lightning fires by picking up many small lightning-
strike ignitions in remote locations. Eventually, over the course of several
decades, the discussion of fire as a natural disturbance process in the
Southwest began to emerge above the insistent utilitarian mantra of uni-
versal fire control (Leopold 1937; Weaver 1951; Pyne 1997). The evo-
lution of perspectives on fire causation, from emphasis on human igni-
tions to recognition of lighting as a dominant source, is evident from a
review of written accounts through time (Box 5.4). It is now apparent
that lightning is the"leading cause of fires throughout the West, igniting
more than 64 percent of all recorded fires (an average of 6,253 lightning
fires per year) in western national forests from 1960 to 1975 (Barrows-

1978:5).

The relative importance of lightning fires in the pre-1900 Southwest
is further confirmed by the observation that surface fire frequencies in
ponderosa pine and many mixed-conifer forests generally declined some-
what by ca. 1840 (Grissino-Mayer and Swetnam 2000), decades before
the onset of suppression, despite the turn-of-the-nineteenth-century
perception that Anglo ignitions were the main cause of fires after ca.
1850. This suggests that Euro-American ignitions were insignificant rel-
ative to background levels of lightning-ignited surface fires in these
ecosystems even during this “Wild West” period of fire use.

Further, cessation of spreading surface fires occurred at most south-
western fire-scar sites between ca. 1880 and 1900 (Swetnam ct al.
1999), despite continued Euro-American fire sources and a general lack
of organized suppression activities until ca. 1910 (Pyne 1997). Indeed,
the greatest impacts of historic people on southwestern fire patterns have
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(Wooton 1908; Bogan et al. 1998; Frederickson et al. 1998), and sur-

face fire regimes collapsed in most places (Swetnam ct al. 1999). In the

Jemez Mountains area, spreading surface fires cease earliest near the

encircling river valleys and latest in the most interior portions (Allen,

unpublished data), consistent with the spread of livestock trom valley

settlements up into more remote and dangerous uplands. Fire cessation

dates at particular sites correspond to the Jocal initiation of intense live-

stock grazing, not to the cessation of human ignitions associated with
local declines in Indian activities. For example, fire activity (and thus
ignitions) continued for decades in many mountain ranges of the
1.S./Mexico borderlands region after Apache removals, with subse-
quent declines associated with either overgrazing impacts on fine fuels or
the start of active fire suppression (Swetnam ct al. 2001). In contrast,
relatively natural fire regimes persisted in the few areas of the Southwest
where heavy livestock grazing and active fire suppression were excluded
by topography or land use history, such as forested kipuka islands amidst
forbidding lava-flow seas at El Malpais National Monument (Grissino-
Mayer 1995), an inaccessible butte summit at Zion National Park
(Madany and West 1983), isolated plateaus in the Grand Canyon (Fulé
et al. 2000), portions of the rugged and remote Animas Mountains of
the New Mexico boothee! (Swetnam et al. 2001), and the Sierra de los
Ajos and other isolated mountains in northern Mexico (Swetnam et al.
2001). These unique local situations show that natural lightning igni-
tions can sustain surface fire regimes even where human ignitions have
been inconsequential, particularly where Indians and their potential fire-
sticks are long gone.

Inadvertent disruption of fire regimes by livestock graded into active
fire suppression across the American Southwest in the early 1900s (Pyne
1997), with suppression methods becoming increasingly eftective
through ca. 1950 (Swetnam 1990). The resultant fuel buildups have
promoted increased numbers of large and intense fires (Swetnam and
Betancourt 1998), while the negative ecological etfects of long-term fire
suppression have become ever more apparent across the Southwest
(Weaver 1951; Cooper 1960; Covington and Moore 1994; Bogan et al.
1998). In recent decades a consensus has emerged among federal wild-
land managers that the strategy of suppressing all fires has become coun-
terproductive and that “wildland fire use” has many benefits
(USD1/ USDA 1995). Powell would likely grant himself a smile at the
current popularity of prescribed burning, taking it as confirmation of his
once maverick position in support of “Pauite forestry” (Powell 1890;
Pyne 1997). However, vigorous debate persists over the notion that fire
can be used to restore more natural conditions in wilderness areas (Pyne

1995b; Swetnam et al. 1999).
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fuels are magnified as the primary drivers of southwestern fire regimes—
it is unnecessary to invoke human agency. Mid-elevation wild lands in
the Southwest naturally included frequent fires, regardless of human
burning practices.

Proponents of aboriginal modification of North America through fire
use are generally well aware of the age-old importance of lightning fires
in the American Southwest: “It is more difticult to interpret fire in the
Southwest, where lightning, not humans, normally supplies ignition”
(Pyne 1995a:295). Yet some would cast a humanistic perspective across
the entire continent, transposing a global view of the dominance of land-

" scape-scale aboriginal burning to the Southwest, despite much contrary

evidence and only meager support from a few historic documents about
localized fire use.

Still, anthropogenic effects on fire regimes are discernable in particu-
lar times and places in the southwestern uplands. Human-set fires likely .
enhanced natural fire frequencies in local areas over the already high lev-
els initiated by lightning. Yet, even during these limited time periods
only a few localities show irregularities consistent with possible anthro-
pogenic enhancement of fire frequencies, such as periods with unusually
high fire frequencies, less within-stand synchrony of fire dates, weaker
fire-climate relationships, aberrant patterns of fire seasonality, or drastic
changes in fire regime through time. As summarized by Swetnam et al.
(2001) for the Apacheria Borderlands situation: “quantitative fire history
studies in the region . . . all conclude that, if Apaches or Europeans intlu-
enced pre-1900 fire regime patterns, these influences were probably very
time and place. specific, and not generalizable across broader temporal
and spatial scales.” Native American burning practices, by Apaches or
other Indians, had little regional effect on pre-1900 fire regimes in the
Southwest. Overall, the most profound anthropogenic etfects on south-
western fire regimes are the pervasive but relatively modern impacts of
fire suppression.

Of course, it is possible that prehistoric Native Americans used fire
widely in the Southwest, but little evidence has survived to our current
day due to the “tading record” problem (Swetnam et al. 1999). ‘This
presumption has likely contributed to the casually documented claims
about the essential role of aboriginal burning in the Southwest and else-
where (e¢.g., Bonnicksen et al. 1999:443; Krech 1999:113; Bonnicksen
2000:355; Pyne 2000; Williams 2000). Yet even if we assume that sub-
stantial, undocumented aboriginal fire use occurred, the potential eco-
logical eftects of prehistoric Indian burning in the Southwest are greatly
diminished by the intrinsic natural background of trequent lightning

fires.
The role of people in southwestern fire regimes relates to a larger
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quession: Were the pre-European landscapes of the Southwest in the
1500s pristine wildernesses or humanized culturescapes? The relative
effects of people upon wild nature in the Southwest were contingent
upon the particulars of time and place and culture, with spatial gradients
of impacts associated with the varying intensities of human occupation
and use. For example, the extensive portions of the Pajarito Plateau on
the eastern flank of the Jemez Mountains that sustained large Anasazi
populations into the mid-1500s are likely still in recovery from prehis-
toric land uses that cleared mesatops for agriculture and consumed large
quantities of wood, suggested by the modern lack of old-growth pinyon-
juniper woodland in the area. In general, prehistoric aboriginal impacts
in the Southwest were greater at lower elevations, in woodland and val-
ley settings where many people lived year-round (and where a den-
drochronological record of human land uses is usually poorly preserved
due to centuries of human wood use). Still, despite a variety of early
human land uses, most mountains in the Southwest retained a domi-
nantly wilderness character until the advent of Anglo-American exploita-
tion in the late nineteenth century, as evidenced by the persistence of
natural fire regimes until this time.

While available evidence asserts the long-term primacy of lightning-
ignited fires, we will never know for certain the varied roles of aborigi-
nal Americans in the fire regimes of the prehistoric Southwest. However,
precise determination of Indian burning effects is unnecessary to justify
wildland fire programs in this region, for we can be sure that “lots of
lightning” and frequent fire naturally characterize the mesas and moun-
tains of the Southwest, even in the absence of burning by “plenty of
people.”
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